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INTRODUCTION

Pediatric functional gastrointestinal disorders (FGIDs) include conditions in which a variable
combination of often, age-dependent, chronic, or recurrent symptoms, such as vomiting,
constipation, abdominal pain, are not explained by structural or biochemical abnormalities.
As the child is programmed to develop, some functional disorders which occur during childhood
accompany normal development, or may triggered by age appropriate but maladaptive behavioral
response to internal or external stimuli. According to a biopsychosocial conceptualization of the
pathogenesis and clinical expression of the FGIDs, early in life and genetics, in addition to
environmental factors such as family influences on illness expression, abuse, major losses, or
exposure to infections, may affect one’s psychosocial development in terms of one’s susceptibility
to life stress or psychological state and coping skills, as well as susceptibility to gut dysfunction,
abnormal motility, altered mucosal immunity, or visceral hypersensitivity. Furthermore, these
“brain-gut” variables reciprocally influence their expression. Therefore, FGIDs are the clinical
product of this interaction of psychosocial factors and altered gut physiology via the brain-gut axis
(1).

Genetic factors may predispose some individuals to develop FGIDs, whereas in others,
environmental factors contribute to the phenomic expression of these conditions, as well as patient
attitudes and behaviours (including health care seeking) relating to it. Some infants may inherit a
genetic susceptibility to FGIDs characterized by a particular gastrointestinal reactivity to stress.
This temperament-sensitive reactivity seems to be associated to other biological systems such as the
cardiovascular, neuroendocrine and immunologic (2). Several pathways may be involved in this
genetic predisposition, including lower levels of IL-10 (an anti-inflammatory cytokine) in some
patients with IBS (3) that may effect gut mucosal neural sensitivity, serotonin reuptake transporter
polymorphisms that can effect levels of 5-HT neurotransmitter, or the response to 5-HT blocking
agents (4,5) g-protein polymorphisms that can affect both CNS and gut-related actions (6) and 2-
adrenoreceptor polymorphisms that affect motility (7). Serotonin reuptake transporter
polymorphisms have effects on mood disturbances (8) and may be a genetic link to disorders of
brain-gut function such as IBS. This represents an interesting area for future studies.

The aggregation of FGIDs in families (9) is not only genetic. Also environmental factors
during early life may play a role in the development of FGIDs. Plasticity of the neonatal brain
allows early life events to program physiologic response to stress during infancy that may be
perpetuated into adulthood (10). Furthermore, what children learn from parents may contribute to
the risk of developing an FGID(11, 12) In fact, children of adult patients with IBS make more
health care visits (and incur more health care costs) than children of non-IBS parents (13,14), so the
family should be aware about the role that psychosocial factors play in the development and
perpetuation of FGIDs.

Nevertheless psychosocial factors do not define the FGIDs and are not required for
diagnosis, research in this field yields three general observation: 1) psychological stress exacerbates
GI symptoms; 2) psychosocial factors modify the experience of illness and illness behaviours such
as health care seeking; 3) a functional gastrointestinal disorder may have psychosocial
consequences on one’s general well-being, daily function status, one’s sense of control over the
symptoms, in one word on one’s quality of life.

Patients with FGDIs often exhibit sensory afferent dysfunction of the digestive tract that is
manifested as altered sensitivity to luminal distention or other stimuli, and that selectively affects
the visceral territory (15). Sensation and motility represent the two aspects of gut physiology most
relevant to the FGIDs. In health, physiological stimuli from the gut induce motor reflexes, but these
remain largely unperceived, with the exception of those related to ingestion and excretion.
Depending on specific organs affected, visceral hypersensitivity may underline common symptoms
in the FGIDs such as chest pain, abdominal discomfort, abdominal bloating, urgency defecation.
Gut sensitivity is intimately related to gut motility. Sensory and motor functions of the
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gastrointestinal tract are mediated through the enteric nervous system (ENS) and through the
extrinsic nerves that connect the gastrointestinal tract to the central nervous system.

The major functions of human digestive tract motility are to accomplish propulsion along
the gut, to mix gut contents with digestive secretions and expose them to the absorptive surface, to
facilitate temporary storage in certain regions of the gut, to prevent retrograde movement of
contents from one region to another, and to dispose of residues. Motility is controlled by reflexes,
both central and peripheral, as well as by descending modulation from the brain-gut axis.
Communication between various regions of the gut is facilitated by the transmission of myogenic
and neurogenic signals longitudinally along the gut (16). Gastrointestinal contractions may be
classified on the basis of their duration; contractions may be of short duration (phasic contractions)
or may be more sustained (tone).

Tone is clearly recognized in organs with reservoir function, such as the proximal stomach
(accommodation response to a meal) and the colon (response to feeding), as well as in sphincter
regions.

Compliance refers to the capability of a region of the gut to adapt to its content; it is
expresses as the ratio of the change in volume to the change in pressure and is obtained from the
pressure-volume curve. Compliance reflects the contribution of several factors, including the
capacity (diameter) of the organ, the resistance of surrounding organs, the elastic properties of the
gut wall, and its muscular activity. Wall tension, related to compliance, describes the force acting
on the gut wall and results from the interaction between intraluminalcontent and the elasticity of the
wall.

Gut sensation is influenced by tonic or phasic contractions, and several observations
suggest that this is mediated in part by an effect on wall tension; assessment of wall tension is
therefore important in the interpretation of results of tests assessing perception of visceral stimuli.
Transit refers to the time taken for intraluminal contents to traverse a specified region of the
gastrointestinal tract. It reflects the combined effects of the various phenomena outlined earlier.
Most measurements of transit are based on detecting intraluminal movements of an extrinsic marker
labelling the luminal content. Transit depends on many factors, such as the physical (eg, solid,
liquid, and gas) and chemical (eg, pH, osmolality, and nutrient composition) nature of both gut
contents and the administered marker. Measurement of transit is influenced by the state of gut
motility at the time of marker administration (eg, fasted vs fed motility) and any preparation of the
gut (eg, cleansing of the colon). Some symptoms characteristic of the FGIDs, such as constipation
and diarreha, are suggestive of dysmotility including alteration in contractile activity, tone,
compliance and transit in various regions of the GI tract.

In the context of the FGIDs, gastrointestinal dysmotility can develop through dysfunction of
the control mechanisms at any level from the gut to the CNS. For example, inflammatory, immune,
infiltrative, degenerative, or other processes may directly affect the muscle and/or other elements of
the enteric nervous system,whereas psychosocial stressors can induce profound alterations in
motility (17-26). Because patients with FGID tend to have a greater gastrointestinal motor response
to stressful conditions than do healthy subjects, psychosocial stressors are particularly relevant to
the symptomatic manifestations of the FGIDs (27-31).

In the FGIDs, sustained and inappropriate gut hypersensitivity, as well as gut dysmotility,
are well documented. These sensory-motor dysfunctions seem related to alterations in neural
processing in the brain-gut axis and in visceral reflex pathways. Their underlying causes and their
relevance to symptom generation are the subject of ongoing research.

Despite recent progress in our understanding of pathophysiologic mechanisms underlying
some forms of FGIDs, no biologic marker exists yet to allow a final diagnosis of FGID. Without
any anatomic or biochemical labels, the FGID have required a classification based solely on
symptoms.



In 1997, a pediatric working team met in Rome to standardize diagnostic criteria for various FGIDs
in Children. The pediatric Rome II criteria for FGIDs were published for the first time in 1999
(32). Instead of classifying disorders according to target organs, as in the adult population, the
pediatric working team divided disorders according to main complaints reported by children or their
parents. The diagnoses were divided into 4 categories according to the following symptoms:
vomiting, abdominal pain, diarrhea, and disorders of defecation. The Rome II criteria did not
represent an end-point but a starting point to enhance new well-designed studies with the aims of 1)
screening large populations to show that these diseases exist across time and cultures; 2)
determining if the symptom based criteria are accurate in separating children with functional
disorders from those with disease. However, although this publication generated scientific interest
and contributed to the recognition of these disorders as diagnostic entities, a limited number of
studies as been published since (33-42).

Recently, Caplan et al (33) developed the Questionannaire on pediatric GI symptoms (QPGS). The
QPGS was designed as a both a parent report and child self-report measure based on the pediatric
Rome II criteria for FGID. It was constructed in English, translated into French and pilot tested in
both languages. The conclusion of the study was that the QPGS parent report is a valid and reliable
measure for children 4 to 9 years old. For children 10 to 18, the QPGS child report is more reliable
and should be used whenever possible. The same group of Authors examined the validity of the
Pediatric Rome II criteria using the QPGS as reliable measure of GI symptoms for the different age
group and found that more than half of patients classified as having a functional problem met at
least one pediatric Rome II diagnosis for FGID (34). Subsequently, Di Lorenzo C et al (43) reported
that the interobserver reliability of the Rome II criteria among pediatric gastroenterologist and
fellow were low and that further validation of the criteria were necessary. More user friendly
criteria probably needed to be developed in order to enhance their diagnostic accuracy and clinical
utility. A possible explanation is that as fellows have less clinical experience, they may have
adhered more closely to the criteria, while some of the specialist may have used it more loosely or
may have applied their clinical experience to establish the diagnosis of the cases without consulting
the criteria. This study supported the findings of previous investigations that the criteria were too
restrictive and exclusive of many cases of specific FGIDs in children as reported by previous
studies (35,40,41).

The above-mentioned publications have offered valid criticism of some disorders and
provided preliminary validation of others and all this represented an appropriate background for the
Rome III criteria (44, 45). The revised version of the Rome criteria has separated the pediatric
criteria in two groups, based on an arbitrary division between  infants/toddlers, and
child/adolescent.

Rome III criteria has been revised in order to make diagnostic criteria more applicable
to clinical practicewith the following end points: better care for children; better research
to understand the genetic,developmental, familial and cultural componentsof these
disorders.

This document includes papers published or in press that have explored the interesting field of
FGIDs and gastrointestinal motility in children. We started with the evaluation of the development of
esophageal and gastrointestinal motility in humans in order to obtain information about the normal
physiology of the gastrointestinal tract. In this way, indirectly, we aimed to better understand the
possible pathophysiologic mechanisms that underline FGIDs and targets for more tailored therapeutic
interventions. In the second chapter we studied the epidemiology of two specific FGIDs, the
gastroesophageal reflux (GER) and the disorders of defecation, in unselected populations of children.
In addition, in the first study we evaluate the natural history of GER in infants followed for the first
two years of life; while in the second study we evaluate the clinical applicability and validity of the
new pediatric Rome III criteria for functional defecation disorders. In the same chapter a third clinical



trial has examined the relation among the pathopysiology of two specific FGIDs, functional dyspepsia
(FD) and functional constipation (FC).

On the contrary, the third chapter contains four papers addressing to the following arguments of
diagnosis and therapy : 1) the validity and applicability of a new tool for the study of esophageal
motility in children: the high resolution manometry; 2) the temporal correlation between chronic
chough and GER and the role of esophageal pH-metry and the symptomatic indices: the traditional
symptom (SI) and symptom sensitivity (SSI) indices vs the new symptom association probability
(SAP); 3) the usefulness of maintenance therapy for gastroesophageal reflux disease in children and
finally; 4) the correlation between migraine and FGIDs and the efficacy of flunarizine in migainous
children affected by FGIDS.

-How did we get to Rome?
Annamaria Staiano, Gabriella Boccia.
J Pediatr Gastroenterol Nutr 2005;41:S28-29
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How Did We Get To Rome?

Annamaria Staiano and Gabriella Boccia

Department of Pediarrics, University of Naples “Federico 11", Naples, Iraly

Throughout history the biomedical model of clinical
practice has supported the theory that symptoms are
caused by disease, and disease is defined by anatomic or
biochemical abnormality. Clinician’s responsibility was
limited mainly to finding and curing disease: if dis-
ease was not found, the patient was (often by exclusion)
considered to have a functional disorder. This approach
was not cost-effective to make a diagnosis using di-
agnostic tests that exclude other disease. and it dimin-
ished our understanding of these conditions as true
clinical entities.

In 1989, a group of investigators met in Rome and
developed a consensus opinion to assist in the positive
diagnosis of functional gastrointestinal disorders (FGIDs)
in adults. hereafter known as “Rome Criteria™. Criteria
for FGIDs in childhood were firstly discussed at the
consensus conference in 1997 and published in 1999 as
the Pediatric Rome II Criteria (1). The aims ol the Rome
criteria were the following: 1) develop a symptom based
classification system, 2) establish diagnostic criteria for
research and clinical care, 3) provide a rigorous., sys-
tematic review of the literature for these conditions, 4)
validate and/or modify the diagnostic criteria through an
evidence based process.

FGIDs are defined as a variable combination of chronic
or recurrent gastrointestinal symptoms not explained by
structural or biochemical abnormalities. In adults, they
affect an estimated 25 million Americans and cost the US
economy billions of dollars annually in lost wages and
decreased productivity.

The Rome II criteria do not represent an end-point but
a starting—point to enhance new well-designed studies
with the aims of 1) screening large populations to show
that these diseases exist across time and cultures; 2)
determining if the symptom based criteria are accurate in
separating children with functional disorders from those
with disease.

Recently we (2) performed a prospective survey to
determine the prevalence and natural history of FGIDs
in a general pediatric population using the Rome II

Annamaria Staiano, MD (e-mail: staiano @unina.it).
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criteria and to evaluate their accuracy for diagnosis.
Of 194 children who received a diagnosis of FGIDs,
97.5% continued to satisfy the diagnostic criteria or
were improved at 12 month follow-up. We concluded
that Rome II criteria provide the clinician with positive
diagnosis of FGIDs in childhood, thus minimizing
an exhaustive “rule out™ workup. However the study put
in evidence the need for validate guestionnaires for
patients and parents. in order to eliminate bias in data
collections.

Loening-Baucke reported that the Rome II criteria for
functional fecal retention (FFR) are too restrictive and do
not identify many children with encopresis who have
symptom of FFR (3). The author suggested revising the
criteria for FFR by taking other features into consider-
ation, such as a history of bowel movements that obstruct
the toilet, chronic abdominal pain relieved by enema or
laxatives, abdominal or rectal fecal mass.

Another study showed that, despite the total preva-
lence of functional defecation disorders evaluated com-
paring the Roma II criteria and the Classic lowa criteria
was similar, 16% of the patients fulfilling the pediatric
constipation criteria were not recognized by the Rome 11
criteria (4). The study suggested the need for new vali-
dated questionnaire and for revision, including encop-
resis and rectal digital examination and excluding arbitrary
age limits and retentive behavior.

Finally Walker et al. provided the first systematic
empirical evidence that recurrent abdominal pain (RAP),
as defined by Apley’s, includes children with symptoms
consistent with the Rome symptom criteria of several
FGIDs (5). The study highlighted the difficulty of de-
fining symptom criteria for non specific abdominal pain
in children. Children’s symptoms are often reported by
parents and may not reflect children’s own perceptions of
their symptoms.

In the light of emerging scientific research and the
age appropriate guestionnaires, the pediatric working
team for FGIDs met for the second time in 2004 and
established the Rome HI criteria. Two committees were
formed, one for infants and toddlers and the second
for children and adolescents. The Rome III criteria
represent the sign that diagnostic criteria could be
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validate and modified in the course of the time through
a constructive criticism, on the basis of an evidence-
based process.
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CHAPTER 1
ONTOGENY AND NORMAL PHYSIOLOGY OF THE ESOPHAGEAL AND
GASTROINTESTINAL MOTILITY.

- Annamaria Staiano; Gabriella Boccia. Development of motility. In: Feeding during late infancy
and early childhood: impact on health. Hernell O, Schmitz J eds. Nestle Nutr Workshop Ser Pediatr
Program, 2005; 56:85-98.

- Gabriella Boccia, Annamaria Staiano. Intestinal motility: Normal Motility and Development of
the Intestinal Neuroenteric System. In: RE Kleinman, O-J Goulet eds.Walker’s Pediatric
gastrointestinal disease. Patophysiology, diagnosis, management (Fifth edition, in press).

- Annamaria Staiano, Gabriella Boccia, Gennaro Salvia, Donato Zappulli, Ray E Clouse.

Development of Esophageal Peristalsis in Preterm and Term Neonates. Gastroenterology
2007;132:1718-1725
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Introduction

Advance in neonatology over the past 2 decades have resulted in survival of very preterm
infants. However, the major limiting factor for survival of such infants is now the ability to initiate
and maintain adequate nutrition.

Multiple maturational events are necessary for successful enteral nutrition of the infant :
coordination of sucking and swallowing; effective gastric emptying; forward propagation of small
intestinal contents and, finally, colonic elimination. Since normal gastrointestinal function relies on
the integrated maturation of absorbitive, secretory and motor function, a delay in any one of these
processes will result in disturbed gastrointestinal function. Immature gastrointestinal motility
manifested by vomiting, abdominal distention, delay in stooling and constipation commonly
pospone the time of full enteral feeding in premature infants.

Recent advances in biomedical engineering have allowed the study of gastrointestinal
motility even in very premature infants. By using miniaturized feeding catheters with an outer
diameter of less than 2 mm, multiple recording sites and sleeve sensors and with rates of water
infusion ranging between 0.005 to 0.04 ml/min, we have learnt a great deal about the functional
ontogeny of esophageal and antroduodenal motility in humans. In contrast, due to the difficulty to
study the human colon in physiologic condition, very little is known about the development of
colonic motility. Placement of manometric or barostat catheters in the colon requires endoscopy
and cannot be justified in healthy infants while non-invasive techniques such as scintigraphic transit

studies or ultrasonographic evaluations have not been standardized yet in children.
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Development of myogenic control

The fetal development of the structure and function of the gastrointestinal tract is a complex
process. Throughout the intestine, three layers of muscle contract in a coordinated fashion: the
muscularis mucosa, a thin layer that lies beneath the villi; the circular muscle, wich lies outside of
the muscularis mucosa and serves as the pacemaker for gut muscle contraction; and the longitudinal
muscle, the most outer layer of the three muscles. These muscles have oscillatory membrane
potentials and their contraction rate is reflective of the electrical slow waves. The slow wave has
different frequency at each level of the gut (i.e., 3 to 5 time per minute in the stomach, 9 to 11 time
per minute in the duodenum, 8 to 10 times per minute in the jejunum and so forth). Thus, at each
level of the gut, there is an intrinsic phasic contraction rate.

The muscular layers derive from the mesenchymal tissue in the gut by the 4™ to the 6™ week
of gestation in a rostral caudal fashion (1). The circular muscle layer appears first, followed, after
2 to 3 weeks, by the longitudinal muscle coat, while the muscularis mucosa is formed later, by 22 to
23 weeks gestation. Similarly, the contractile proteins of smooth muscle cells in animal models
appear in a hierarchic manner; however, no such information is available in humans (2). Just as the
developmental changes of the contractile proteins occur, the frequency of the slow waves or electric
control activity (ECA) of the smooth muscle cells also changes. The frequency of ECA increases
with the increasing of postconceptional age, reflecting developmental changes in the activity of
membrane iron pumps or in their modulation (3).

Until recently, some investigators suggested that groups of muscle cells located in the
circular layer differentiated to form the interstitial cell of Cajal (ICCs), specialized cells provided of
multiple processes that projects in an ascending and descending manner throughout the length of the
circular muscle and to the longitudinal muscle. These cells act as pacemakers by driving the slow

wave frequency and coordinate neural input to gut smooth muscle (4). The ICCs are distinct from
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neurons and smooth muscle cells, and they play important roles in the regulation of gastrointestinal
motility.

Anatomic studies characterizing the distribution of ICCs measure immunoreactivity to c-Kit,
a proto-oncogene coding for a receptor tyrosine kinase. Six distinct ICCs population were
identified in the gut, including intramuscolar ICCs, ICCs within the myenteric plexus, submucosal
ICCs in the colon and ICCs in the deep muscular plexus of the small intstine. A recent study has
reported regional variability in colonic ICC density with the highest numbers observed in the
transverse colon (5).

ICCs are present from an early stage in human gut development. Intrauterin maturation of
ICCs correlates with the initiation of electrical rhytmicity, in fact in mutant mice lacking ICCs, no
spontaneous pacemaker activity is seen (6). Such loss of pacemaker function leads to distruption of
organized luminal propagation.

Recent studies have reported that a delayed maturation of ICCs could be involved in the
pathophysiology of gastrointestinal dismotility seen in some neonates and children (7-8) and
abnormalities in the density and distribution of ICCs have been described in human Hirschsprung
disease and infantile hypertophic pyloric stenosis (9-10). However, since ICCs development
continues well into postnatal life, interpretation of apparent abnormalities in their distribution as
being of pathological significance should be tempered.

The finding that c-kit positive ICCs are present from 9.5 weeks when neural crest
colonization of the gut is approching completion, is consistent with a modulating effect of the fetal

enteric nervous system (ENS) on ICCs development.

Development of neurogenic control

Initiation and coordination of muscle contraction is regulated by neural and hormonal input.
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Extrinsic neural regulation refers to all nerves that have cell body located outside of the intestinal
tract. Extrinsic neural input to the gastrointestinal tract comes from the central nervous system
(CNS, the sympathetic and the parasympathetic systems. Intrinsic neural regulation refers to all
nerves whose cell bodies reside in the intestine. The enteric nervous system (ENS), or gut brain,
provides most of this regulation. It is capable of functioning indipendently of the exstrinsic nervous
system in animals when connections to the extrinsic nerves have been served (1).

Components of the ENS are formed in a temporal sequence that parallels the maturation of
the muscle layers. Neural crest cells migrate out to the intestine via the vagal and sacral portion of
the spinal cord. The indifferentiated cells are first detected in the stomach and duodenum at 7
weeks and than in the rectum at 12 weeks. They quickly differentiate along a rostral caudal axis
and establish the myenteric and submucosal plexuses by week 12 to 14. Contacts between enteric
nerves and the circular and longitudinal muscle cells develop between 10 and 26 weeks (11). It
appears that there is intimate cross talk between the developing muscle and nerves and if either of
the two fail to develop properly, maturation of the other is arrested .

Several observations suggest that development of the enteric nervous system continues after
birth and through at least the first 12 to 18 months of life. Study of the argyrophilia of neurons in
the sigmoid colon of human neonates shows that, prior to term, nerves are unable to take up silver
and that, during the first 6 months of life, neurons in the myenteric plexus gradually assume
argyrophilia (12). Thus evidence suggests that, just the majority of CNS development takes place
through fetal life and continues through the first 18 months of life, a similar pattern occurs in ENS.

Neurotransmitters are elaborated by the end of first trimester as almost all of the hormones
and peptides. N-methyl-D aspartate (excitatory) and nitric oxide (inhibitory) have been shown to be
neurotransmitters in animal studies and may be the most potent agents in modulating bowel motility
(13).

Recent studies have indicated that nitric oxide is involved in the non adrenergic-non

cholinergic (NANC) innervation of the gut, mediating its relaxation. Brandt et al. (14) reported that

15



the onset and place of development of nitrergic innervation are similar to adrenergic and cholinergic
innervation and occur before peptidergic innervation. Bowel segments from the esophagus,
pylorus, ileocecal and rectosigmoid regions of 14 fetus (gestational age range from 12 to 23 weeks)
were studied with nicotinamide adenosine dinucleotide phosphate (NADPH) diaphorase
histochemestry. By 12 weeks gestation, nitrergic neurons had appeared in the myenteric ganglia, at
all level of the gut, and had begun plexus formation. Nitrergic innervation of the submucous plexus
becames evident after 14 weeks. By 23 weeks gestation a complete nitrergic pattern, as observed
in the postnatal gut, had maturated.
These NANC nerves mediate the reflex opening of sphincters in the alimentary tract and the
descending inhibition during intestinal peristalsis. Defects of nitrergic innervation recently have
been found in congenital gut anomalies such as pyloric stenosis and Hirschsprung’s disease, which
suggests that a lack of nitric oxide-mediated NANC inhibitory control may be responsible for the
failure of relaxation of the pylorus and hindgut, respectively (15).

The combined maturation of the enteric and central nervous system, together with their
interconnections, is likely to be resposible for many of the mayor ontogenetic changes observed in

intestinal motor activity before and after birth.

Characterization of motor activity

Gastric motility

Many aspects of gastrointestinal motility appear to be less mature in the preterm infant than in the

term infant, and those of the term infant less mature than those seen in the child and adult.

Although fetuses in utero are able to swallow amniotic fluid from as early as 20 weeks of gestation,
the sucking mechanism does not appear until 32 to 34 weeks gestation (16). Gastric emptying of

swallowed amniotic fluid into the intestine may be demonstrated in the human fetus at 30 weeks’

16



gestation (17). Between 28 and 38 weeks gestational age, the gastric antral contraction amplitude
increases from 10 to 40 mmHg. Emptying half-time doubles when newborns of 28-34 weeks are
compared with full-term neonates indipendent of feeding.

Contractions may occur singly, but occasionally phasic contractions may be sustained for 3
to 5 minutes. However preterm infants had fewer antral clusters coordinated with duodenal clusters

than term infants (18).

Small intestinal motility

Although complete interdigestive cycles can be observed occasionally in term infants, they are very
rarely seen in preterm infants. Approximately 75% of the recording obtained from neonates are
occupied by a motor pattern that is not tipically seen in adults: the nonpropagating cluster of
contraction. This pattern consists of bursts of 11 to 13/minute contractions last 1 to 3 minutes and
do not migraite from the proximal gut to the distal gut (1). With increasing gestational age, motor
contractions become more organized, the duration of a single cluster become longer as is the
duration of the motor quiescence separating clusters. As a result this dominant pattern still occupy
75% of the recordings of term infants but clusters are longer (3-4 minutes) and their occurrence is
lower (6 to 8 times per minute). The migrating motor complexes (MMC) appears between 32 to 35
weeks postconception, as the overall occurrence of clusters decreases (19). Some of these MMC

are poorly organized with slower propagation velocities.

In spite of an apparent immaturity of fasting activity, intestinal motor activity pattern in
preterm and term infants change in response to feeding. However the appearance of fed pattern is
different at different gestational ages. Term neonates shown a fed pattern similar to that seen in
adults. In contrats to term infants, only 25% of preterms infants display a mature type of fed pattern
while about 75% display a prompt cessation of motor contraction after feeding. This pattern,

associated with a delay in gastric emptying, is probably due to immaturity of vagal regulation.
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Feeding and development of motility

There is convincing evidence that acute response of motor activity and peptide release are present
with the first enteral feeding and that the provision of early enteral feedings facilitates functional maturation
of the human intestine. Babies can respond to enteral nutrition as early as 25 weeks of gestational age (20).
These evidences suggest that the small intestinal fed response is a more primitive form of motor activity than
is the fasting motor activity. For this reason the practice of delaying the use of enteral nutrition in the very

low birth weight infant may not coincide with preterm intestinal physiology of motor function.

Several studies have shown that gut function and subsequent milk tolerance is improved by
trophic feeding. Trophic feeding (minimal enteral feeding, gut priming, early hypocaloric feeding)
is a practice that involves feeding small volumes of milk, nutritionally insignificant but beneficial to
the developing gut. Recent studies have reported that this practice accelerates the whole gut transit
probably by enhancing the MMC. The mechanism by which trophic feeding exerts its influence is
unknown. It is responsible for surges in the plasma concentration of several enteric hormones and
peptides which alter gut motility (motilin, gastrin, neurotensin and peptide YY) and may cause
stimulation of the ENS (21).

The manner in wich babies are fed may also trigger differences in motor responses.
Maturation of motor function requires that nutrient be fed to the neonates because feeding sterile
water does not produce this effect (22). Preterm infants fed by a 2 hour infusion display a brisk
increase in motor contraction that is associated with a faster gastric emptying compared with
infants fed by 15-minutes bolus. Feedings volumes that provide as little as 10% of daily fluid
intake significantly induce the premature appearance of MMC as those that provide 30% or 100%
(23).

In conclusion minimal feeding volumes can be used to trigger maturation of motor function

avoiding at the same time the risk of enterocolitis that larger feeding volumes incute. However,
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since cluster rapresents 60-75% of the motor activity in the term infants who have complete
interdigestive cycle, the motor activity in these neonates is still very dissimilar from that seen in the

adult, suggesting that further changes occur throughout infancy.

Colonic motility
The role of trigger that the enteral nutrition occupies in the development of gastrointestinal

function rapresents a major factor in the ontogeny of colonIC motility, too. It seems that colonic
motilty matures late in gestation and has different characteristics in the infants compared to the

older children and adults.

Meconium can be found in the fetal rectum after the 21 week of gestation and as much as 10
to 20% of total amniotic fluid proteins derive from the fetal gut. These data suggest that defecation
in utero occurs physiologically during the late stages of pregnancy and it is now believed that the
detection of meconium in the amniotic fluid might reflect impaired clearance of meconium rather
than excessive or inappropriate elimination in the amniotic fluid .

The correlation among early enteral feeding, passage of the first stooling, stool frequency
and consistency had been largely discussed in pediatric literature.

Coordinated sucking and swallowing, required for the independent utilisation of milk feeds,
is not achived until 32-34 weeks’ gestation, after which time most preterm infants are capable of
taking feeds by mounth. This gestational age coincides with a significant increase in defecation rate
and a surge in circulating concentrations of intestinal regulatory polypeptides (gastrin, motilin and
neurotensin) in response to milk feeds.

In newborn infants, who do not have voluntary control, evacuation probably occurs in
response to an increasing volume of stool in the rectum. In a large study observing bowel habits in
844 preterm infants, a direct relation between the volume of milk ingested and stool frequency
throughout the first eight weeks after birth was reported (24). Infants who received no milk had a

modal frequency of one stool each day whereas those receving greater than 150 ml/Kg/day passed
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between three and four stools each day. Infants receiving human milk had consistently higher
defecation rate, and passed softer stools, than those receiving formula milk, irrespective of
gestational age and feed volume. The finding of a modal frequency of one stool each day in the
unfed neonate suggests that there is an intrinsic pattern of large bowel motor activity present as
early as 25 weeks’ gestation. This daily passage of stool may perform the “housekeeping” function
of clearing the colon of intestinal secretions and other unwanted material. Probably, milk feeds
override the intrinsic fasting motor activity of the colon and induce regular defecation at a
frequency determinated directly by the volume of the products of digestion that reach the rectum:
the more feeds, the more stools.

In full term and preterm infants, the peak stool frequency occurs during the first week after
birth, after wich there is a decrese, in spite of increasing milk intake, indicating a maturation of the
water conserving ability of the gut. It is not known, however, whether this is due to the increasing
efficiency of small inetstinal absorption or colonic water retention.

Term newborn infants average four bowel movements/day for the first week of life. The
frequency of defecation decreases with age, so that 85% of children 1-4 years old defecate once or
twice daily. High amplitude (> 60 mmHg) propagating contractions (HAPCs) are the manometric
correlate of the radiologic “mass movements” and are responsible for the rapid movement of feces
in the aboard direction. The presence of HAPCs together with an increase in colonic motility after a
meal, are markers for neuromuscolar integrity of the colon in toddlers and children (17). HAPCs
decrease in frequency from several per hour after a meal in awake toddlers to just a few per day in
adults (25). The gastrocolonic response seems also more prominent in younger compared to older
children. Nevertheless the colon in toddlers seems to have fewer tonic and phasic non-HAPCs
contractions compared to the colon of older subjects. Informations about age related changes in
colonic tone are absent.

The ongoing developmental maturation of bowel function results in intestinal hypomotility

with consequent postponement of meconium passage. The first studies to measure intestinal transit
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in humans used amniography; aboral transport of contrast did not occur in the intestinal tract of
fetuses younger than 30 weeks gestation. Using amniography, Mc Lain observed that gastro-
intestinal motility increased with advancement of gestational age; progression of contrast material
from the oral cavity to the colon took as long as 9 hours at 32 weeks of gestational age, but only
half of that time by the time of labour (16). Intestinal transit is approximately three times slower in

preterm infants compared with that seen in the adults.

It has been noted previously that more than 90% of full term infants and 100% of post-term
infants passed their meconium within the 24 hous. There has been agreement on the general
principle that defecation should be avoided in utero and that lack of defecation after birth is a sign
of disease. In fact it is generally believed that the passage of meconium into the amniotic fluid is an
indicator of fetal distress. Nevertheless meconium-stained amniotic fluid is found up to 30% of all
deliveries, and no cause of fetal distress is found in up to 25% of all occurrences of meconium
stained amniotic fluid (26).

In premature infants with a birth weight of 1000 g or less the first stool is passed at a median
age of 3 days and 90% have their first stool by 12 days after birth (27). Meetze et al (28) found a
median age of 43 hours for passage of the first stool in 47 patients with birth weights 1259 g or less.
One forth of these infants had not passed stool by 10 days of age. Weaver and Lucas (24) reported
32% delay in passing meconium greater than 48hours with an inverse relation between gestational
age and the time of first bowel action. Extreme prematurity and delayed enteral feeding were
significantly associated with delayed passage of the first stool in more than one study (29-30).

Therefore a delayed passage of meconium and constipation could be induced by a delayed
itestinal transit in particular evident at the level of the colonic segments. Naturally, a normal
development of the upper gastrointestinal tract (stomach; small intestine) is essential to warrant a

correct maturation of the colonic motility, too.
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In conclusion, we have underlined as the ontogenesis of gastrointestinal motor activity is
influenced by several factors such as the smooth muscle activity, the CNS, the ENS and the
neurohumoral system.

We have also seen that early enteral feeding occupies a main role in the promotion of development
of small intestinal functions and colonic motility.

Further understanding about the timing of specific motor patterns in humans and their
control mechanisms may allow neonatologists to rich the optimal feeding strategies to induce the

better gastrointestinal function and to obtain the optimal feeding tolerance.
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24.1

Normal Motility and Development of the Intestinal
Neuroenteric System

Gabriella Boccia, MD
Annamaria Staiano, MD

NORMAL ASPECTS OF SMALL
INTESTINAL MOTILITY

Gastrointestinal motility is a complex process
deriving from the integration of several mecha-
nisms including myoelectrical activity and con-
tractile activities tone compliance and transit. Ini-
tiation and coordination of muscle contraction is
regulated by neural and hormonal input. Under
physiologic conditions, in the postprandial and
fasting period, two basic organized motor patterns
characterize the small intestine contractility.

In the fasted state, motor activity is highly
organized inte distinet and cyclically recurrent
events known as the inferdigestive cyele.'? The
interdigestive cycle consists of at least three
distinct phases that occur in sequence, with
a combined total average duration of about
60 to 90 minutes (Figure.l). At first, the gut is
relatively quiet and exhibits very few contrac-
tions. This absence of motor contraction lasts
for approximately 60% of the total cycle and is
called motor quiescence, or phase 1. Phase I is
gradually replaced by a pattern characterized by
increasing but irregular contractions, phase 1L
Phase Il represents the hallmark of the fasting
condition and reflects the neuromuscular func-
tion. This final pattern is called the migrating
motor complex (MMC) and consists of a series
of intense phasic contractions that are sustained
for approximately 5 to 10 minutes and sweep
distally throughout the intestine from the distal
stomach to the ileum. The propagation velocity
also varies, with about 10 cm/min in the duo-
denum, 7 ecm/min in the proximal jejunum. and
about 1 cm/min in the distal ileum.

Most phase III complexes originate in the
gastroduodenal region, but about one-third of
them begin distal to the ligament of Treitz. It has
been reported that the terminal pressure waves of
phase III in the proximal duodenum are mainly
retroperistaltic.’ The MMC develops before birth
and persists in a stable fashion throughout life: it
is responsible for the aboral movement of intralu-
minal contents and has such been termed the gut
“housekeeper.”

An additional brief period of transitional
motor activity from the intense phase III to the
quiescence of phase I (the phase 1V) has been
observed.

When nutrients are ingested, the cycling
activity of the interdigestive cycle is interrupted
by a second motor pattern. The postprandial pat-
tern is induced 5 to 10 minutes after ingestion
of a meal, peaks after 10 to 20 minutes and per-
sists as long as food remains in the stomach.
The myoelectric pattern of a meal consists of
random bursts of spike potentials with the motor
findings of continuous sustained contraction
of variable amplitude superimposed on small
changes of tone (Figure 2). This pattern of mus-
cle contractions results in the mixing and churn-
ing of nutrients so that they may be mixed with
gastrointestinal secretions and peptides and than
exposed to the mucosal surface for absorption.
The length of the fed motor period is depen-
dent upon the type of nutrients ingested and the

number of calories consumed, with fats induc-
ing a more prolonged fed pattern than proteins
or carbohydrates.*

The type of nutrients ingested together with
the manner in which babies are fed and the tim-
ings of enteral feeding have been shown to be
crucial factors in the development of intestinal
motor activity in children. Recent advances in
biomedical engineering have allowed the study
of gastrointestinal motility even in very prema-
ture infants. By using miniaturized feeding cath-
eters with an outer diameter of less than 2 mm,
multiple recording sites and sleeve sensors, and
with rates of water infusion ranging between
0.005 and 0.04 mL/min, we have learned a great
deal about the functional entogeny of esophageal
and antroduodenal motility in humans.
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Figure 1 Fasting antroduodenal
motor activity. The manometric
tracing shows the sequence of
phase I, phase TI, and the migrating
motor complex (MMC).
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2 PARTIN / The Intestine

Development of Small Intestinal Motility
in Children

There is convincing evidence that acute response
of motor activity and peptide release are present
with the first enteral feeding and that the provi-
sion of early enteral feedings facilitates functional
maturation of the human intestine. Babies can
respond to enteral nutrition as early as 25 weeks
of gestational age.™® The evidence also suggests
that the small intestinal fed response is a more
primitive form of motor activity than is the fast-
ing motor activity. For this reason the practice of
delaying the use of enteral nutrition in the wvery
low birth weight infant may not coincide with pre-
term intestinal motor physiclogy . Several studies
have shown that gut function and subsequent milk
tolerance is improved by trophic feeding.” 2

Trophic feeding {minimal enteral feeding. gut
priming, early hypocaloric feeding) is a practice
that involves feeding small volumes of milk, nutri-
tionally insignificant but beneficial to the devel-
oping gut. Typical volumes are from 1 to 24 mL
daily/kg/body weight.™® Several studies have
reported that this practice accelerates the whole
gut transit probably by enhancing the MMC. The
mechanism by which trophic feeding exerts its
influence is unknown. It is responsible for surges
in the plasma concentration of several enteric hor-
mones, neurctransmitters and other peptides that
alter gut motility (motilin, gastrin, neurotensin,
and peptide YY). For example. infants who are
given small enteral feedings have more mature
small intestinal pattern and higher plasma gastrin
and motilin concentration than do infants who
have been given no feeding.” Furthermore, tro-
phic feeding may cause stimulation of the enteric
nervous system (ENS) directly via nociceptors or
indirectly via hormone release.'” In fact, in the pre-
term intestine it has been reported that minimal
enteral feeding can stimulate motor activity also
independently from hormonal response.

The manner in which babies are fed may also
trigger differences in motor responses. Matura-
tion of motor function requires that nutrient be
fed to the neonates because feeding sterile water
does not produce this effect."! Preterm infants fed
by a 2-hour infusion display a brisk increase in
maotor contraction that is associated with a faster
pastric emptying compared with infants fed by
I 5-minute bolus. Feedings volumes that provide
as little as 10% of daily fluid intake induce the
premature appearance of MMC as well those that
provide 30 or 100%."2

In conclusion minimal feeding volumes can
be used to trigger maturation of motor function
avoiding at the same time the risk of enteroco-
litis that larger feeding volumes incute. How-
ever, since clusters represent 60 to 75% of the
meotor activity in term infants who have complete
interdigestive cyele, the motor activity in these
neonates is still very dissimilar from that seen in
the adult, suggesting that further changes occur
throughout infancy.

Although complete interdigestive cycles can
be observed occasionally in term infants, they are

very rarely seen in preterm infants. Approximately
75% of the neonatal intestinal motor activity is
occupied by a motor pattern that is not typically
seen in adults: the nonpropagating cluster of con-
tractions. This pattern consists of bursts of 11 to
13/min contractions last | to 3 minutes, which do
not migrate distally from the stomach to the dis-
tal gut and is prominent in both term and preterm
infants."™" With increasing gestational age, motor
contractions become more organized, the duration
of a single cluster becomes longer as does the dura-
tion of the motor quiescence separating clusters.

Preterm neonates of 27 to 28 weeks” gesta-
tional age have short clusters of activity, with a
duration of less than 1.5 minutes, that are sepa-
rated by brief periods (0.25 to 0.5 minutes) of
motor quiescence. Compared with older children
and adults, the clusters occur more frequently,
with a rate of 12 to 14 times per minute. With
increasing gestational age. the duration of a sin-
gle cluster and moter quiescence periods become
longer, with period of activity of 2 to 3 minutes
occurring 8 to 10 times per minute at 32 weeks
of gestation,.'” As a result, in term necnates
this dominant pattern still occupies 75% of the
recordings, but clusters last 3 to 4 minutes and
their occurrence 1s lower with a frequency of 6 to
8 times per minute.

The migrating motor complexes (MMCs)
appear between 32 and 35 weeks” posteconception,
as the overall occurrence of clusters decreases.'®
Some of these MMCs are poorly organized with
slower propagation velocities.

In spite of an apparent immaturity of fasting
activity. the intestinal motor activity pattern in
preterm and term infants changes in response to
feeding. However, as with the fasting pattern, the
fed pattern shows a different activity at differ-
ent gestational ages.'” Term neonates report a fed
pattern similar to that seen in adults. After feed-
ing of at least 15 minutes, the fasting pattern is
immediately interrupted by sustained bursts of

motor contractions. In contrasts to term infants,
only 25% of preterms display a mature type of
fed pattern. About 75% of preterm neocnates dis-
play a prompt cessation of motor contraction after
feeding that lasts for approximately 15 to 20 min-
utes. This pattern of sustained motor quiescence.
assoclated with a delay in gastric emptying, is
probably due to immaturity of vagal regulation.

COLON MOTILITY: NORMAL
FEATURES AND DEVELOPMENT

The physiology of the human colon requires
motor activities that are different from those of
the upper gut, to propel intraluminal contents dis-
tally, to mix them in a continuous manner and to
store and eventually expel the residuals.

Colonic motility may be divided into two
main patterns of contraction: the segmental activ-
ity and the propagated activity." The segmen-
tal activity is represented by single contractions
or bursts that appear usually arrhythmical and
constitute most of the overall colonic motility
(Figure 3). Only in a small percentage of time
(<26% of the overall contractile daily activity)
will these contractions assume a rhythmic fre-
quency with ranges of 3 cycles'min. This motor
pattern has the function of moving the fecal mat-
ter distally toward the rectum, allowing absorp-
tion of water, electrolytes, short-chain fatty acids,
and bacterial metabolites.'”

The propagated activity could be classified, on
the basis of the contraction wave amplitude, as low-
amplitude propagated contractions (LAPCs) and
high-amplitude propagated contractions (HAPCs)
(Figures 4 and 5). LAPCs appear with an amplitude
of less than 50 mmHg and a high frequency (more
than 100 event/die). They allow the transport of
fluid contents within the colon, the passage of flatus
and the distention of lumen. HAPCs are powerful
contractions with an amplitude of more than 100
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Figure 4 Manometric tracing of colonic propagated activity.
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mmHg that occur about 6 times/d. These contrac-
tions play a key role in the defecatory mechanism,
as they precede the expulsion of stools.>”

Periodic motor phenomena, the “rectal motor
complex™ and the “periodic colonic motor activ-
it¥” have been documented in the rectum and in
the more distal colonic segments, respectively. !
No cyelic or periodic motor activity has been
documented in the anal canal. Furthermore, a cir-
cadian trend is recognizable with a peak of activ-
ity after awaking in the morning and after meals
and a deep inhibition during sleep. However, the
major stimulus for colonic motor activity is rep-
resented by ingestion of food with an increase in
smooth muscle tone and in segmental contrac-
tions. The tvpe of nutrients influences the motor
response with fatty meals eliciting a more sus-
tained motor response than carbohydrates. ™

In contrast to the upper gastrointestinal tract,
wvery little is known about the development of
colonic motility in infants and children. Place-
ment of manometric or barostat catheters in the
colon requires endoscopy and cannot be justified
in healthy infants while noninvasive techniques
such as scintigraphic transit studies or ultrasono-
graphic evaluations have not been standardized
yet in children.

Enteral nutrition represents a major factor in
the ontogeny of colon metility. It seems that colon
motilty matures late in gestation and has differ-
ent characteristics in infants compared to older
children and adults. Meconium can be found in
the fetal rectum after the 21 weeks of gestation
and as much as 10 to 20% of total amniotic fluid
proteins derive from the fetal gut. These data sug-
gest that defecation in utero occurs physiclogi-
cally during the late stages of pregnancy and it is
now believed that the detection of meconium in
the amniotic fluid might reflect impaired clear-
ance of meconium rather than excessive or inap-
propriate elimination in the amniotic fluid. Term
newborn infants average 4 bowel movements/day
for the first week of life. The frequency of defeca-
tion decreases with age, so that 85% of children 1
to 4 years old defecate once or twice daily.

As described previously, HAPCs (= 60 mmHg)
are the manometric correlate of the radiologic
“mass movements” and are responsible for the
rapid movement of feces in the aboral direc-
tion. The presence of HAPCs together with an
increase in colonic motility after a meal, are
markers for neuromuscular integrity of the colon
in toddlers and children.”® HAPCs decrease in
frequency from several per hour after a meal in

e

awake toddlers to just a few per day in adults.®*
The gastrocelonic response seems also more
prominent in younger compared to older chil-
dren. Nevertheless the colon in toddlers seems
to have fewer tonic and phasic non-HAPCs con-
tractions compared to the colon of older subjects.
Information about age related changes in colonic
tone is absent.

The ongoing developmental maturation of
bowel function results in intestinal hyvpomotility
with consequent postponement of meconium pas-
sage. The first studies to measure intestinal transit
in humans used amniography and aboral transport
of contrast did not occur in the intestinal tract of
fetuses younger than 30 weeks® gestation. Using
amniography, McLain observed that gastroin-
testinal motility inereased with advancement of
gestational age. Progression of contrast material
from the oral cavity to the colon took as long as
9 hours at 32 weeks of gestational age, but only
half as long by the time of labor.** Intestinal tran-
sit is approximately three times slower in preterm
infants compared with that seen in the adults.

It has been noted that more than 90% of full-
term infants and 100% of post-term infants passed
their meconium within the 24 hours. It is gener-
ally believed that the passage of meconium into
the amniotic fluid is an indicator of fetal distress.
MNevertheless, meconium-stained amniotic fluid is
found up to 30% of all deliveries, and no cause of
fetal distress is found in up to 25% of all occur-
rences of meconium stained amniotic fluid.*®

In premature infants with a birth weight of
1000 g or less the first stool is passed at a median
age of 3 days and 90% have their first stool by
12 days after birth.?” Meetze and colleagues®®
found a median age of 43 hours for passage of
the first stool in 47 patients with birth weights
1259 grams or less. One-fourth of these infants
had not passed stool by 10 days of age. Weaver
and Lucas® reported 32% delay in passing meco-
nium greater than 48 hours with an inverse rela-
tion between gestational age and the time of
first bowel movement. Extreme prematurity and
delayed enteral feeding were significantly asso-
ciated with delayed passage of the first stool in
several studies. ™!

There is a well demonstrated correlation
between early enteral feeding. passage of the
first stool and stool frequency and consistency.
Coordinated sucking and swallowing. required
for the independent utilization of milk feeds, is
not achieved until 32 to 34 weeks” gestation, after
which time most preterm infants are capable of
taking feeds by mouth. This gestational age coin-
cides with a significant increase in defecation rate
and a surge in circulating concentrations of intes-
tinal regulatory polvpeptides (gastrin, motilin,
and neurotensin) in response to milk feeds.

In newborn infants, who do not have voluntary
control, evacuation probably occurs in response
to an increasing volume of stool in the rectum.
In a large study of bowel habits in 844 preterm
infants, a direct relation between the volume of
milk ingested and stool frequency throughout the
first eight weeks after birth was reported.®® Infants
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who received no milk had a modal frequency of
one stool each day whereas those receiving greater
than 150 mL/kg/d passed between three and four
stools each day. Infants receiving human milk had
consistently higher defecation rate, and passed
softer stools, than those receiving formula milk,
irrespective of gestational age and feed volume.

The finding of a modal frequency of one stool
each day in the unfed neonate suggests that there
is an intrinsic pattern of large bowel motor activ-
ity present as early as 25 weeks of gestation. This
daily passage of stool may perform the “house-
keeping™ function of clearing the colon of intesti-
nal secretions and other unwanted material. Prob-
ably milk feeds override the intrinsic fasting.

Motor activity of the colon and induce regular
defecation at a frequency determined directly by
the volume of the products of digestion that reach
the rectum: the more feeds, the more stools.

In full term and preterm infants, the peak
stool frequency occurs during the first week after
birth. after which there is a decrease, in spite of
increasing milk intake, indicating a maturation
of the water conserving ability of the gut. It is
not known, however, whether this is due to the
increasing efficiency of small intestinal absorp-
tion or celonic water retention.

REGULATION OF GUT MOTILITY

The fetal development of the structure and func-
tion of the gastrointestinal tract is a complex pro-
cess. Normal intestinal motility requires the coor-
dinated development of the smooth muscle layers,
nerve plexi, and interstitial cells of Cajal (1CC) in
the gut wall. These structures allow all the inte-
grated intestinal functions, such as myoelectrical
activity, contractile activity, tone, complmnce,
and transit by generation and modulation of local
and eirculating neurchumoral substances.

Throughout the intestine, three layers of mus-
cle contract in a coordinated fashion: the mus-
cularis mucosa, a thin layver that lies beneath the
villi; the circular muscle, which lies outside of the
muscularis mucosa and serves as the pacemaker
for gut muscle contraction: and the longitudinal
muscle, the outer most layer of the three muscles.
These muscles have oscillatory membrane poten-
tials and their contraction rate is reflective of the
electrical slow waves., The slow wave has a dif-
ferent frequency at each level of the gut {ie, 9 o
11 time per minute in the duodenum., 8 to 10
times per minute in the jejunum. and so forth).
Thus, at each level of the gut, there is an intrinsic
phasic contraction rate.

The muscular layers differentiate from the
mesenchymal tissue in the gut by the 4th to the
6th week of gestation in a rostral to caudal fash-
ion. The circular muscle layer appears first, and is
presenting the small intestine and colon by week
8, followed, after 2 to 3 weeks, by the longitudi-
nal muscle coat, while the muscularis mucosa is
formed later, by 22 to 23 weeks® gestation.**3
Similarly, the contractile proteins of smooth mus-
cle cells in animal models appear in a hierarchic

manner; however, no such information is avail-
able in humans.

Just as the developmental changes of the con-
tractile proteins occur, the frequency of the slow
waves or electric control activity (ECA) of the
smooth muscle cells also changes. The frequency
of ECA increases with increasing postconcep-
tional age. reflecting developmental changes in
the activity of membrane iron pumps or in their
modulation. The precise mechanisms that trig-
ger and set the pace of slow waves 1s unknown.
Only a few neurchumoral inputs are capable of
influencing the amplitude of plateau potential
and the frequency of spike potential determining
the magnitude and occurrence of slow waves and
phasic contractions in the intestinal cells.#*

The evidence for the origin of rhythmicity
in intestinal contraction suggests that groups of
mesenchymal progenitor cells differentiate to
form the ICC, specialized cells capable of mul-
tiple processes that project in an ascending and
descending manner throughout the length of the
circular muscle and to the longitudinal muscle.
These cells act as pacemakers by driving the slow
wave frequency and coordinate neural input to
gut smooth muscle? The ICC are distinct from
neurons and smooth muscle cells, and they play
important roles in the regulation of gastrointesti-
nal motility. By regulating ionic conductance in
ICC, neurchumoral substances can influence the
resting potential and the excitability of smooth
muscle cells®* ICC have in fact receptors for
both the inhibitory transmitter NO and excitatory
tachykinin; musecarinic and VIP receptors.**37

ICC are present from an early stage in human
gut development and Wallace and colleagues *?
identified Kit-positive ICC in the human intestine
by week 9, after the colonization of the gut by
neural crest cells and following the differentia-
tion of the circular muscle layer. The finding that
c-Kit positive 1CC are present when neural crest
colonization of the gut is approaching comple-
tion, is consistent with a modulating effect of the
fetal ENS on ICC development.

Anatomic studies characterizing the distribu-
tion of ICC have measured the immunoreactivity
to ¢-Kit, a proto-oncogene coding for a recep-
tor tyrosine kinase. Six distinct ICC populations
were identified in the gut, including intra-muscu-
lar ICC, ICC within the myenteric plexus, sub-
mucosal ICC in the colon and ICC in the deep
muscular plexus of the small intestine. A regional
variability has been reported in colonic ICC with
the highest density observed in the transverse
colon.*

Intrauterine maturation of ICC correlates with
the inmitiation of electrical rhythmicity. In fact, in
mutant mice lacking 1CC, no spontaneous pace-
maker activity is seen.*® Such loss of pacemaker
function leads to disruption of organized luminal
propagation. Recent studies have reported that
a delayed maturation of ICC could be mvolved
in the pathophysiology of gastrointestinal dys-
motility seen in some neonates and children. !
However, since ICC development continues well
into postnatal life, interpretation of apparent

abnormalities in their distribution as being of
pathological significance should be tempered.

In conclusion it appears that there is an inti-
mate cross talk in the gut between the developing
muscles, ICC and extrinsic and intrinsic neural
interconnections invelved in the control of intes-
tinal motility. Extrinsic neural regulation refers
to all nerves that have cell bodies located out-
side the intestinal tract. Extrinsic neural input to
the gastrointestinal tract comes from the central
nervous system (CNS), the sympathetic and the
parasympathetic systems. Intrinsic neural regula-
tion refers to all nerves whose cell bodies reside
in the intestine. The ENS provides most of this
regulation. It is capable of functioning indepen-
dently of the extrinsic nervous system in animals
when connections to the extrinsic nerves have
been severed.

DEVELOPMENT OF THE INTESTINAL
NEUROENTERIC SYSTEM

The ENS comprises a large number of phenotyp-
ically different neurons and glial cells, arranged
in enteric ganglia interconnected in complex
plexiplexi. These plexiplexi are situated between
the smooth muscle lavers to form the outer
myenteric and the inner submucosal plexiplexi.
The main functions of the ENS are: to control
gut propulsive motor activity {such as peristal-
sis and MMC) by regulating the contractility of
the intrinsine smooth muscle; to modulate the
activity of secretory glands present within or
associated with the gastrointestinal tract and to
regulate the blood flow and the mechanisms of
secretion/absorption.

In many aspects, the ENS of vertebrates is
similar to the CINS, which has led to its character-
ization as the “second brain.™ In fact, unlike the
innervation of other organs, the ENS is capable of
mediating reflex activity in the absence of input
from the brain or spinal cord, due to the pres-
ence of motor circuits including sensory neurons,
intrinsic primary afferent neurons, interneurons,
and excitatory and inhibitory motor neurons.

During the development of the gastrointesti-
nal tract, neuroectoderm-derived neuronal pre-
cursors colonize the lengthening gut and become
distributed in concentric plexi within the gut wall
to form the ENS. All neurons and glial cells of
the ENS are derived from the neural crest. Neural
crest cell (NCC) ablation studies.** quail-chicks
interspecies grafting,* and other cell-tracing
experiments* have allowed the origin of ENS
cells to be assigned to the vagal region of the neu-
ral crest, adjacent to somites 1-7, which popu-
lates the entire length of the gut. A second region
of the neuraxis, the sacral neural crest, posterior
to somite 28, was also shown to provide cells to
the hindgut.*

Vagal derived ENS progenitors, which give
rise to the majority of neurons and glia of the
enteric ganglia, enter the foregut mesenchyme
and migrate in an anteroposterior direction
colonising the entire length of the gut (primary
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migration wave). Lineage and genetic studies in
mouse embryos have suggested that the enteric
component of the vagal neural crest generates
two distinet lineages: the sympathoenteric lineage
which is derived from neural tube at the level of
somites 1-5 and contributes to the formation of
the enteric ganglia and the superior cervical gan-
glia of the sympathetic chain, and the second,
the sympathoadrenal lineage, which generates
progeny that colonizes primarily the enteric gan-
glia of the foregut (esophagus and stomach)™ A
secondary migration wave of NCCs takes place
across the radius of the developing gut in mice
and chicks.**#7 In the small and large intestine of
mice and small intestine of chicks, neurons and
glia initially coalesce into ganglion plexiplexi
in the myenteric region, while the submucosal
plexus develops later.*** However, the sub-
mucosal plexus develops before the myenteric
plexus in the large intestine of chicks. In con-
trast to the vagal derived NCCs, the vast major-
ity of the sacral-derived neural crest progeny is
restricted to the colorectum, whereas, far fewer
cells are also present in the ceca and in the pos-
tumbilical intestine.”

Numerous studies have investigated the
phases of NCCs spatio-temporal migration within
the gut. the possible prespecification of NCCs as
ENS precursors and the possible factors impli-
cated in the coordinated migration, proliferation,
differentiation. and survival of NCCs within the
developing gut. The combination of quail-chicks
interspecies grafting to selectively label sub-
populations of NCCs, together with antibody dou-
ble-labeling to identify quail cells and neuronal
and glial phenotypes within chick enteric ganglia,
has allowed the identification of the subsequent
phenotypes of crest-derived cells within the gut
and consequently the vagal and sacral NCCs
spatiotemporal migration pathways. **#°5 Vagal
NCCs initially accumulate in the caudal branchial
arches, then enter the foregut mesenchime at E3
and migrate in a single rostrocaudal wave reach-
ing the level of umbilicus in the chicken at ES,
the cecal region at E6 and the colorectum at E7.5.
The entire length of the chick gut is colonized by
ES8.5. Sacral NCCs colonize the gut in an oppos-
ing caudorostral direction. They were found to
initially congregate in the dorsal wall of the hind-
gut where they form the nerve of Remak untl E7,
when nerve fibres project into the hindgut, than
migrate into the gut along these nerve fibres colo-
nising the hindgut in large numbers from E10.
From these findings, the sacral NCCs appear to
colonize the hindgut 2 to 3 days after it had been
colonized by vagal NCCs, supporting the idea
that sacral crest derived cells require the presence
of signaling molecules released by vagal-derived
cells in order to colonize the hindgut.

The same authors demonstrated that unlike the
colorectum in avians and mammals, where NCCs
initially colonize the myenteric plexus while
the submucosal plexus arises from the second-
ary migration of cells throughout the myenteric
region, in chicks vagal NCCs colonize the sub-
mucosal region first, before migrating outwards
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through the circular muscle layer to populate the
myenteric plexus region in a second movement.*
Furthermore, these experiments revealed differ-
ences in the migration pathways of vagal NCCs
within different regions of the chick gut. In fact,
migrating crest cells appear randomly distributed
within the mesenchyme in the colonization of
preumbilical intestine, being muscle layers unde-
veloped. In the postumbilical intestine the vagal
NCCs migration front is initially located in the
outermost layers of the mesenchyme, adiacent
to the serosal ephitelium. As the circular mus-
cle laver begins to develop, while the crest cells
progress along the gut to reach the cecum, they
become orientated on either side of the circular
muscle layers to form the presumptive myenteric
and submucosal ganglia*®

The topographical pattern of differentiation
of human NCCs and gut mesenchyme have been
recently studied by Fu and colleagues 200432 Pre-
vious studies reported that vagal NCCs migrate
from the foregut to the hindgut of human embryos
between gestational age week 4 and week 7 and
that the NCCs at level of the colon differentiate
into neurons and glia by week 7 without coalesc-
ing into ganglion plexus. !

Fu and colleagues.®® reported that rostral to
caudal colonization of the entire gut by the NCC is
completed by week 7 of gestation. The formation
of the myenteric plexus follows a rostral to cau-
dal pattern. Coalescence of neurons and glia into
the myenteric plexus coincides with the differen-
tiation of the longitudinal and cireular muscles
between gestational weeks 7 and 14. The submu-
cosal plexus develops after the appearance of the
myenteric plexus and before the differentiation
of the muscularis mucosae. A discernable myen-
teric plexus first appears at the foregut in week 7
when the mesenchyme surrounding the ganglion
has started to differentiate into muscle. At week
7. neurons and glia are localized at the hindgut
mesenchyme but are randomly distributed and
have not coalesced into recognizable ganglion
plexus. Neurons and glia coalesce into plexi in
the myenteric region at the hindgut by week 9,
2 weeks after the appearance of myenteric plexus
at the foregut. The myenteric plexus is small and
consists of a few, closely packed neurons and
glia at week 7. From week 12 to week 20 plexus
increases in size and neurons and glia become
less packed. Intraplexus nerve fascicles become
clearly visible from week 14 to week 20. The
submucosal plexus develops after the appearance
of the myenteric plexus and before the differen-
tiation of muscularis mucosae. Scattered NNCs
and glia are first seen at the presumptive submu-
cosa of the foregut and mid gut at week 9 and
coalesce inte small ganglion plexi in the submu-
cosa inner to the nascent circular muscle laver in
these sites. By week 12 the submucosal plexus at
the foregut increases in size, remaining relatively
small in the midgut. By week 14 inter-cellular
spaces and intraplexus nerve fascicles are visible
at the foregut and midgut. At the same gestational
age the submucosal plexus is seen at the hind-
gut, firstly localized at the submucosa inner to the

circular muscle. By week 20 it is also localized in
the inner submucosa further away from the cir-
cular muscle layer at the foregut and the midgut
and intraplexus nerve fascicles are evident in the
hindgut submucosal plexus. The observation that
in the human fetal gut neurons and glia initially
coalesce into ganglion plexi at the myenteric
region, and that the submucosal plexus develops
later, argues for a secondary migration of NCCs
from the myenteric region to the submucosa.

The temporal development of ganglion plexi
in the human fetal gut is in line with that reported
in mice and the small intestine of chicks, but dif-
fers from the large intestine of chicks. ¥* The
molecular mechanisms that control the spatio-
temporal development of the ENS in the gut are
multiple and represent a field of research in con-
tinuous evolution.

enals and Molecules that Control the
Development of ENS

Crest derived cells probably do not migrate as
an uniform array of committed and uncommitted
precursors, but appear to constitute a heteroge-
neous population that changes progressively as a
function of developmental stage. both as the cells
migrate and after they arrive in the target bowel.
Several studies, performed over the past sev-
eral decades, have clarified that since vagal and
sacral NCCs differentiate into specific neuronal
phenotypes when transplanted elsewhere along
the neuraxis, it is possible that NCC precursors
may have some level of prespecification or some
special migratory properties that. together with a
particular favorable and permissive environment,
allow and regulate their spatiotemporal migration
within the gut.*?* Another important concept is
that vagal and sacral populations seem to pres-
ent differences in the migratory properties. the
rostral vagal NCCs being endowed with a higher
invasive and proliferative capacity than sacral
cells.* In fact by transplanting sacral crest to
the trunk region and vice versa, Erckson and col-
leagues.™ found that crest cells behaved accord-
ing to their new position, rather than their site
of origin, concluding that sacral NCCs have no
cell autonomous properties that allow them to
colonize the gut and that at the sacral level the
environment is sufficient to allow crest cells from
other axial levels to enter the gut mesenchyme.
Along their route of travel the crest derived
precursors have ample opportunity to interact
with microenvironmental signaling factors, which
include growth factors and elements of extracel-
lular matrix (ECM) that irreversibly influence the
precursors and contribute to the determination of
their fate. The migration. proliferation, survival,
and differentiation of enteric NCCs are primar-
ily regulated by interactions between diffusible
chemoattractive molecules that originate in the
gut mesenchvme and their specific receptors
expressed on the enteric NCCs. These essential
factors include: glial cell line-derived neuro-
trophic factor (GDNF) and its receptor tyrosine
kinase RET and Gfral ***7 neurotrophin-3 (NT-3)
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and TrkC receptor,”™ endothelin-3(EDN-3) and
endothelin receptor-B (EDNRB). netrin (NTN)
and deleted in colorectal cancer (DCC), * bone
morphogenetic proteins 2 and 4 (BPM2, BPM4)
and the BPM receptors,” sonic hedgehog *?

Two intercellular signaling pathways are
absolutely necessary for complete colonization of
the gut by neural precursors: those mediated by
RET and EDNRBE.

THE GDNF GFRa-RET MEDIATED
PATHWAY

RET is a transmembrane tyrosine kinase and rep-
resents the signaling component of multi-subunit
receptor complexes for the GDNF family ligands
(GFLs). There are four distant members of the
transforming growth factors TGF-B superfamily:
GDNF, neurturin {NRTN), artemin{ ARTN), and
persephin (PSPN).** RET activation requires a
glycosylphosphatidilinositol (GPI)-linked core-
ceptor {Gfirael-4) that determines RET ligand
specificity. Gfrael interacts preferentially with
GDNF; Gfra2 with NRTN: Gira3 with ARTN,
and GRFeoed with PSPN.*

The role of RET in ENS development is well
documented and several studies have demon-
strated the role of RET-positive NCCs as mul-
tipotential ENS progenitors. Taraviras and col-
leagues.* studied the response to GDINF and NTN
of primary neuronal cultures {peripheral sensory
and central dopaminergic neurons) derived from
wild-type and RET-deficient mice and showed
that the absence of functional RET receptors abro-
gates the biological responses of neuronal cells to
both GDINF and NTMN. Furthermore. cultures of
Ret™-NCCs, isolated from the gut of rat embryos
failed to survive or differentiate in the absence
of neurotrophic factors. These findings suggest
that GDNF and NRTN promote the survival, pro-
liferation. and differentiation of multipotential
ENS progenitors present in the gut rat embryos at
relatively early stage of embryogenesis (E12.5 to
13.5). These effects seem to be stage specific, since
similar ENS cultures established from later stage
embryos (E14.5 to 15.5) had a drastically reduced
response to both neurothrophic factors. On the
contrary another neurotrophic factor, NT-3, has
no effect on early Ret™-NCCs progenitors while
it promotes the generation of neurons and glia in
late NCC derived cultures (E14.5) #055-5¢

Despite the comparable ability of GDNF and
INRTN to promote ENS precursors proliferation and
axonal extension in vitro, the phenotype of Gdnf™'~
and Nrin™" mice is very different. Gdnf™'~ mice
have hypoganglionosis in the stomach and gangli-
onosis of the small bowel and colon.®” Nrtn™'~ mice
have a normal number of myenteric neurons but a
reduced neuronal fiber density and abnormal intes-
tinal contractility.™ Gianino and colleagues.™ have
examined the ENS in mice deficient in both GDNF
and NRTN (Gdnf ~~/Nern™7) and in mice hetero-
zygous for GDNF (Gdnf*~) as well as Gdnf ¥~/
Nrtn™'", Ret™ ™ and Gfral *'~. They confirmed that
Gdnf™~ mice have enteric hypoganglionosis that

occurs because GDNF availability determines the
rate of ENS precurser proliferation.

Unlike most other parts of the nervous system,
neuron number in the wild-type ENS appears to
be largely determined by controlling ENS precur-
sor proliferation rather than by programmed cell
death. By contrast, NRTN availability determines
acetvlcholinesterase-stained neuronal fiber den-
sity in the mature ENS. but does not influence
myenteric neuron number; it may play a minor
rele in determining submucosal neuron number.
Heterozygous mutation produces motility defects,
but no major neuron-anatomical changes within
the ENS. The hypoganglionosis in Gdnf"~ mice
and the reduction in neural cell size and acetyl-
chilinesterase-stained myenteric fiber density in
Ntrn™'~ mice provides strong evidence that mature
enteric neurons and their precursors are trophic
factor dependent. This dependence appears to
switch during development. In the early stages of
cell migration and proliferation. GDNF activation
of Ret via GRFal is absolutely required for both
survival and proliferation of all ENS precursors
in the small bowel and colon. As development
proceeds, many enteric neurons become depen-
dent on NTRN and GFR«2 for trophic support.
However, because of the complexity of the ENS,
it seems likely that subpopulations of enteric neu-
rons will be supported by distinet neurotrophic
factors and neuropoietic cytokines.

Yang and colleagues® demonstrated that mes-
enchymally derived GDNF in addition to its role
in survival, proliferation. and neuronal differenti-
ation, plays a role in retaining vagal NCCs within
the gut mesenchyme so that they do not migrate
into the neighboring tissues via mesentery and
promote the migration of NCCs along the gut.
The authors postulated that GDNF protein lewv-
els could be higher in more caudal uncolonized
areas that could act as GDNF “sinks.” So the net
direction of neuronal precursor cell migration,
and the direction of axon projection pattern of the
first enteric neurons, could be attracted towards
these areas with higher levels of untapped GDNF
protein in a gradient-dependent manner. Fur-
ther supporting this evidence i1s the study from
Natarajan and colleagues.”” The authors found
that NCCs present within fetal small intestine
explants migrate towards an exogenous source
of GDNF in a RET-dependent fashion. The che-
moattractant role of GDNF is likely to depend
on the spatial and temporal regulation of GDNF
expression along the developing bowel. When
vagal cells colonized the foregut, GDNF expres-
sion was high in the stomach and when present in
the midgut, GDNF expression was upregulated in
a more posterior region, the cecum.

The progressive wave front of the NCCs fol-
lowing the areas with GDNF upregulation has not
been described in the hindgut. It appears that dur-
ing hindgut colonization by ENS progenitors, the
cecal domain of GDNF expression extends poste-
riorly alongside the front of migration cells. This
suggests a permissive, rather than an instructive
role for GDNF in the postcecal region with distinct
mechanisms directing hindgut colonization.

The role of GDNF in promoting proliferation
and survival of ENS precursors seem to be modu-
lated by EDN3 which had been shown to inhibit
the differentiation of migrating NCCs ensuring that
sufficient ENS precursors are available to colonize
the entire gut. In fact, in the absence of EDN3,
enteric precursors differentiate prematurely and
fail to colonize the entire length of the gut.

The EDN3/EDNRB-Mediated Pathway

Endothelins -1.-2 and -3(EDN1-3) constitute a
small family of 21 amino acid peptides which
activate heptahelical G-protein-coupled receptors.
Only EDN3 is known to be required for normal
enteric neurodevelopment. EDN3 is produced
by mesenchymal cells adjacent to NCCs as they
colonize the gut and the skin, and is expressed
at particularly high levels in the ileccecum.™
Mature endothelins are produced from large
precursor molecules. called pre-proendothelins
that are cleaved enzymatically to produce 38-41
amino acid long biologically inactive intermedi-
ates, the “big endothelins.” The big endothelins
are than cleaved by endothelin converting enzyme
1 {ECE-1} to the biologically active 21 amino acid
long endothelins.

Mice deficient in ECE-1 exhibit craniofacial
and cardiac abnormalities and fail to generate
enteric neurons and melanocytes, reproducing the
phenotype observed in EDIN3 and EDNB-deficient
animals.”' These findings confirm that ECE-1 is
the protease responsible for the in vive forma-
tion of active EDN-1 and EDN3. In vitro stud-
ies of cell cultures of ENS precursors suggest that
EDNRB activation inhibits differentiation.” A
similar phenomenon is believed to occur in vivo
to maintain a critical mass of mitotically active
crest cell precursors, which are required to colo-
nize the entire length of the large intestine. In the
absence of EDNRB or EDN3, colonization of the
small intestine is slightly retarded and spread of
neuronal precursors from the distal ileum to the
cecum is severely impaired. The most commonly
held hypothesis is that EDN3 activity maintains
the pool of enteric NCC precursors by promoting
their proliferation and inhibiting their differentia-
tion into neurons. While several studies have con-
firmed the capacity of EDN3 to inhibit neurogene-
sis in cultured NCCs, it has been recently reported
that the absence of EDNRB in enteric neural steam
cells, does not increase neurogenesis.”

Recently Nagy and colleagues™ have studied
the role of EDMN3 during formation of the avian
hindgut ENS. They created chick-quail intestinal
chimeras by transplanting preganglionic quail
hindguts into the coelomic cavity of chick embryos.
The quail grafts develop two ganglionated plexi of
differentiated neurons and glial cells originating
entirely from the host neural crest. The presence of
excess of EDN3 in the graft results in a significant
increase in ganglion cell number, while inhibition
of EDNRB signaling in the hindgut leads to severe
hypoganglionosis. This hypoganglionosis does
not derive by increased apoptotic cell death. The
EDN3-induced hyperganglionosis can result from
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effects on NCCs proliferation, survival, and/or dif-
ferentiation. This result is consistent with previous
in vitro works where EDIN3 promoted proliferation
of cultured NCC and of undifferentiated enteric
crest derived cells.™ In the absence of EDN3 sig-
naling there are only enough NCCs precursor to
populate the intestine to the level of the cecum.

The cecum seems to occupy a very central role
in EDN3 function. The cecal expression of EDN3
and GDNF in avians appears just prior to the
arrival of crest-derived cells at E5.5, suggesting
that these factors may locally influence, directly
or indirectly, enteric NCCs and the migratory
wavefront. Inhibition of EDNRB activity in the
avian gut leads to arrested migration precisely
at the level of the cecum,®® while EDN3 signal-
ing is only required between E10.5 and E12.5 in
mice, just when migrating crest cells are cross-
ing the ileocecal junction. Furthermore, NCC
migration appears normal in EDN3 and EDNRB
mutant mice until those cells reach the cecum, at
which time there is a transient migratory arrest.”
These observations suggest that EDN3 may have
a specific effect on migrating crest-derived cells
as they reach the cecum. serving to expand the
population precursors at that point so that they
can populate the remaining intestine.

While several studies have supported the
capacity of EDN3 to promote NCCs proliferation.,
it has been reported that the absence of EDNRB
in enteric neural stem cells does not increase neu-
rogenesis and that EDN3 also inhibits neuronal
differentiation in the ENS, as demonstrated by
the absence of nNos-expressing cells in EDN-3
treated hindgut.®*™ In contrast, terminally dif-
ferentiated crest-derived cells are present in the
cecum reflecting their premature differentiation
and inability to migrate further along the gut and
confirming the role of EDN3 in expanding the
population of precursors in the cecum to allow
migration in the remaining intestine where they
mature. The role of EDN3-EDNBR signaling 1s
relevant not only in the cecum but also in the
hindgut, where EDN3 becomes expressed as
MNCCs are arriving; in this way, deficient EDN3
activity may create a hindgut environment that
does not allow normal colonization by enteric
crest derived cells.®

One of the most exciting areas of investiga-
tion concerns potential genetic and molecular
interactions between the GDNF/RET/GFRal
and EDN3/ENDRB pathways.

Coexistent alterations in genes from both
pathways confer a significantly greater risk of
enteric aganglionosis than the same genetic alter-
ations in isolation. In contrast with homozygotes.,
Ret ¥~ heterozygotes do not exhibit agangliono-
sis. Similarly, Ednrb™® mice, have ganglion cells
throughout their gastrointestinal tracts. On the
contrary, aganglionosis is observed in 100% of
Ret™ ™ :Ednrb™™, indicating that mutations at one
locus will modify the phenotype associated with
mutations at the other locus.

The restriction of aganglionosis in EDNRB
and EDN3 deficient mouse to the distal colon ini-
tially suggested that this pathway could play a
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role only during late stages of gut colonization
suchas E11.5 to E12.5, during which time enteric
NCCs cross the cecum and colonize the proxi-
mal colon.”™ Recent studies in humans and mice
have demonstrated that an interaction between
the RET and EDNBR loci regulates ENS devel-
opment not only in the distal colon,” but also
into prececal segment.”™ Barlow and colleagues™
studying double mutant embryos, reported that
EDN3 specifically cooperates with GDNF to pro-
mote the proliferation of the uncommitted ENS
progenitors; this function in addition to its antago-
nistic effects on neuronal differentiation, suggests
that endothelins represent a class of extracellular
signals that regulate the number of undifferen-
tated neurcectodermal precursors. At the same
time, activation of the EDNRB inhibits the che-
moattractive effect of GDNF on ENS progeni-
tors. In fact, EDIN3 is expressed at highest levels
just near and ahead of the front of migration of
enteric NCC, probably regulating the orderly col-
onization of the gut. In this respect, it is interest-
ing that in EDN3 deficient mice, ectopic ganglia
have been identified in the pelvic region outside
the enteric musculature in the adventitia of the
colon™ indicating a possible derivation from ENS
progenitors that fail to follow the correct migra-
tory pathways established by GDNF. The mecha-
nism by which EDN3 blocks GDNF-induced che-
muoattraction wavefront seems to be related to the
inhibition of a protein Kinase A (PKA)™
Finally, EDN3 may also affect the environment
through which NCCs migrate, in fact in vivo and
in vitro studies have shown that EDNRB-mRNA
is expressed by non-NCCs in the gut wall; these
cells produce high levels of laminin when EDN3
is deficient.”** These findings support the hypoth-
esis that a non-neural crest, ECM mediated, indi-
rect effect of EDN3/EDNRB signaling promotes
premature differentiation of neural precursors.
Extracellular matrix molecules could con-
tribute in several ways to ENS development.
They provide the matrices for navigation dur-
ing cell migration, promote neronal overgrowth,
neuronal differentiation, and cell survival.
Alterations in ECM molecules including lam-
inin, collagen type IV, tenascin, fibronectin,
and nidegen have been documented in patients
with Hirschsprung's disease, thus implicating
ECM molecules in enteric neurogenesis.®*%3
The production and deposition of the neuro-
trophic factors and ECM molecules changes as
the gut mesenchyme differentiates. The migra-
tory NCCs may recognize the differentiation
state of the mesenchyme by the interpretation of
the repertoire of neurotrophic factors and ECM
molecules as microenvironmental cues.

The Netrin/DCC Mediated Pathway

Netrins are members of a family of laminin-
related proteins which include the UNC-6
gene product of nematodes, netrin A and B of
Drosophila, netrins 1 and 2 of chicks, netrin 3
of mice and NTN2ZL of humans. They attract or
repel sets of axons; the chemoattractant effects

are mediated by the DCC family of plasmalem-
mal receptors. The adenosine A2b receptor also
binds netrins probably acting as a DCC corecep-
tor.** Whether effects of netrins are attractive or
repulsive depends on coreceptors.®

Unlike the colorectum in birds, in the intes-
tine of mammals including humans, NCC initially
colonize the myenteric plexus. Then cells migrate
from the outmoster layers of gut mesenchyme
taking a critical perpendicular turn and entering
the submucosa to give rise to the submucosal
plexus *** Recent studies have implicated netrins
in the guidance of this secondary migration to the
submucosa and pancreas respectively.®® These
authors demonstrated that netrins and netrins
receptor DCC, neogenin and the adenosin A2b
receptor, are expressed in the fetal mucosa and
pancreas at early stages in development. DCC
expression quantified in the murine gut, was
detectable as early as E11 when crest-derived
cells are known to be present in the small intes-
tine.*” By E13 DOCC expression reaches a peak;
this is the period in which the hindgut is colonized
{E12.3to E14.5) and coincides with the secondary
migration of the NCCs in the small intestine from
the outer gut mesenchyme to the submucosa.

A subset of enteric crest derived cells thus
expresses DCC. These cells migrate towards
endogenous sources of netrin within the gut,
inwardly through the developing circular muscle
and give rise to the submucosal plexus. Expres-
sion of DCC by enteric NCCs is maximal when
they make their turn to colonize the submuco-
sal plexus and when others enter the pancreas.
Transgenic mice that lack DCC lack both the
submucosal plexus in the bowel and gangha in
the pancreas, confirming that netrins interact with
DCC expressed by crest-derived precursors to
guide these cells to the submucosa and pancreas.

A repulsive signal, which prevents crest-
derived cells from migrating any further than the
submucosa is laminin. Laminin, secreted in abun-
dance by the developing enteric mucosa, con-
wverts the attractive effect of netrin to repulsmn,“
preventing NCC from entering the mucosa and
encouraging these precursors to differentiate only
in the submucosa.

The presence of netrin in the outer gut mes-
enchyme may be important also in preventing
premature apoptosis among the migrating crest
derived cells; in fact, in the absence of ligands,
DCC mediates apoptosis. ®7##

It can be concluded that the netrin/DCC sig-
naling pathway play a critical role in the devel-
opment of the ENS for the formation of the
submucosal and pancreatic plexi. However, this
pathway may also play a role in the establishment
of the extrinsic vagal innervation if the intestinal
ganglia, the development of intraenteric connec-
tions and the regulation of cellular apoptosis.

The Role of Sonic Hedgehog (Shh) and the
Bone Morphogenetic Proteins (BMP)

The molecular mechanism that controls the sec-
ondary migration of NCCs together with the
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spatiotemporal development of the annular struc-
tures of the gut wall are poorly understood. The
development of the annular structure of the gut
wall seems to be regulated by the mucosal secre-
tion of the Sonic hedgehos (Shh) into the under-
lying mesenchyme. In response to Shh induction,
mesenchyme produces and secretes BMPs into
the ECM. 5%

In developing gut it has been shown that Shh
is expressed in the endodermal epithelium and
induces patched and BMP4 expression in the mes-
enchyme of gut.”™' Sukegawa and colleagues.®
have investigated the expression and function of
the genes that regulate the molecular mechanisms
invelved in concentric differentiation of chicken
gut mesenchyme. They reported that all gut mes-
enchymal cells have the potency of differentiat-
ing into smooth muscle cells and that epithelium
inhibits this differentiation. Epithelium seems to
inhibit also proliferation of enteric neurons and
controls their distribution within the gut mesen-
chyme. The authors demonstrated that Shh could
mimic the effect of epithelium on the topographi-
cal differentiation of the gut.

Shh secretion is first detected in the endoder-
mal epithelium just after the establishment of the
digestive tube and continue throughout develop-
ment.”' Later in development Shh is involved in
the region-specific differentiation of both epithe-
lium and mesenchyme. Shh-mediated signaling
inhibits differentiation of smooth muscle result-
ing in differentiation of nonmuscle layers such
as the lamina propria and submucosa. The influ-
ence of this molecule on the mesenchyme can be
monitored by the expression of Shh-responsive
genes such as patched and BMP4. These genes
are expressed in cells in close proximity of epi-
thelium that are the main sources of Shh.

Shh alse inhibit the differentiation of enteric
neuronal cells which appear restricted to regions
distant from the sources of Shh. It has been
reported that Shh-Knockout mouse shows an
alteration in smooth muscle differentiation and
in the increase of the number of enteric neuro-
nal cells that appear abnormally distributed in the
mesenchyme. The gradient of Shh concentration
across the radius of the gut may regulate the sec-
ond migration and differentiation of NCC by the
modulation of competence of NCCs towards spe-
cial microenvironmental “cues” such as GDNF
and EDN3 from the differentiated mesenchyme.

Shh has been shown to inhibit neuron dif-
ferentiation of NCC in the gut by inducing
BMP4,%* while it controls smooth muscle
differentiation directly or via induction of fac-
tors other that BMP4. However, studies in the
rat gut in vivo have demonstrated that BMP2
induces neuron differentiation of NCC due to
the addition of mesenchyme derived factors.®?
In response to Shh induction, mesenchyme pro-
duces and secretes BMPs.

Bone morphogenetic proteins (BMP) com-
prise a subgroup of the TGF-B family of secreted
signaling molecules. BMP2, 4, and 7 transduce
their signal by binding to a heterodimer consist-
ing of a type 1 receptor, BMPRIA, or BMPRIB

or, in case of BMP7, activin receptor like kinase
(Alk-2) and type I (BMPRII) receptor. Receptor
activation leads to phosphoryvlation and activation
of the Smad-signaling cascade.*”*! BMP regulates
multiple eritical functions during organogenesis
including the epithelial-mesenchymal interac-
tions that underlie specification, regionalization,
and differentiation within the developing gut. In
the early embryo BMP directs the formation of
MNCCs in the dorsal neural tube. During the neural
crest migration they continue to act as local envi-
ronmental cues to promote the development of
autonomic neurons. Later in development, expo-
sure to BPM promotes dendrite specific process
outgrowth, promoting differentiation to an auto-
nomiec neurenal fate and modulating trophic fac-
tor responsiveness in primary svmpathetic cul-
tures in cell lines.”

The role of BMP signaling in enteric neuro-
nal differentiation is controversial. BMP4 has
been to shown to either promote or inhibit enteric
neuronal differentiation while BMP2 promotes
neuronal differentiation of post-migratory enteric
crest cells.”!

Pisano and colleagues™ reported that BMP2
influences the number of neurones that develop
from sympathetic and enteric precursors cells,
acting through multiple mechanisms that include
regulation of differentiation, proliferation, and
survival. The acquisition of trophic factor respon-
siveness and the increase in expression of neu-
rofilament proteins. in conjunction with studies
showing BMP-dependent regulation of neuro-
peptide expression and dendritic development,
argue that BMP promotes neuronal maturation in
neural crest derived lineages. The final phenotype
of these neurons is determined by BMP signal in
the context of other signals expressed in the local
envirenment. This medel of multiple interacting
signals is supported by studies demonstrating
that BMP act in conjunction with retinoic acid
to induce expression of a GDNF receptor and
to enhance the acquisition of GDNF and NT-3
responsiveness. ™"’

Recently Goldstein and colleagues.” reported
that targeted inhibition of intestinal BMP activity
using the BMP inhibitor noggin. leads to impaired
migration of enteric crest cells by interfering with
their responsiveness to GDNF. Enteric crest cells
underwent a significant delay in their migration
and failed to reach the distal hindgut until well
beyond the stage at which this normally occurs.
Multiple factors can contribute to delay in migra-
tion: increased cell death, premature neuronal
differentiation or direct effect on migration. The
authors found that there was no change in the rate
of cell death or in the timing of neuronal and glial
differentiation. Since BMP4 alone is not suffi-
cient to promote migration of crest-derived cells
from the gut, they demonstrated that BMP4 can
meodulate the effect of a known migratory factor:
the GDNF.

This observation extend the previously
reported data that an interaction between GDNF
and BMP4 synergystically enhances enteric neu-
ronal development).®™* The migratory response

B N

of ENS cells to GDNF is known to be mediated
by several factors, the activation of RET signaling
pathways and the interaction with neuronal cell
adhesion molecule (NCAM). In addition, both the
EDN3 and Shh pathways appear to be invelved,
inhibiting the migration of crest-derived cells
in response to GDINF 761636499 Qinee BMP4 is
expressed both in crest and noncrest derived cells
within the gut, its influence on migration may be
cither a direct effect on the crest cells itself or an
indirect one through other molecules produced
by the intestinal microenvironment.

Secondly. in the absence of BMP activity.
fewer numbers of NCC reach the hindgut and
subsequently fail to aggregate normally into clus-
ters to form ganglia. Studies in vitro and in vivo
show that BMP2 and BMP4 are required to pro-
mote aggregation of isolated enteric neurons to
form clusters of cells simulating the appearance
of enteric ganglia. This mechanism also requires
activation of GDNF which increases the number
of neurons per clusters and the ganglion size ®*%

In conclusion, development of the ENS is a
complex process during all of embryvogenesis and
continues in fetal and early postnatal life. Its spatio-
temporal determination is dictated by innumerable
and complex interactions between different inter-
cellular signaling systems. Alterations in this subtle
equilibrium could induce anatomic and physiclogic
defects in the gut wall, some of which are recog-
nized as specific forms of intestinal dyvsmotility
patterns in humans. Further studies of ENS devel-
opment and all of the molecules involved in its
complex mechanisms of control will improve the
understanding of these conditions, leading to better
diagnosis and treatment of affected individuals.
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Development of Esophageal Peristalsis in Preterm and Term Neonates

ANNAMARLA STAIANO,* GABRIELLA BOCCIA,* GENNARC SALVIAF DONATO ZAPPULLLF and RAY E. CLOUSE®

"Department of Pediatrics, University Federico li, and *UTIN Ospedale Fatebenefratell, Naples, Ital; and the $Division of Gastroentarology, Washington University

School of Medicing, St Lows, Missour

Background & Aims: High-resolution manometry
demonstrates a chain of 3 sequential pressure seg-
ments that represent esophageal peristalsis in chil-
dren and adults. We performed high-resolution ma-
nometry in prererm and term neonares to determine
the ontogenesis of esophageal motility with regard
to this segmental architecture. Methods: Sixteen
preterm (gestational age 32.9 += 2.6 weeks at exami-
nartion) and 14 rerm neonares (38.9 * 1.6 weeks)
underwent manometry with a 9-lumen perfused cath-
eter having recording side holes spaced at 1-cm inter-
vals. Pressure responses to swallows were evaluated
for the presence of peristaltic segments on isobaric
contour maps by an investigaror who was blinded to
gestational age. Results: The second segment was
well developed in =50% of swallows in all preterm
and term neonates. In contrast, the first segment was
present in =350% of swallows in only 2 preterm neo-
nates (12.5%) and 8 term neonates (57.1%; P < .05 for
each compared with second segment) wirh idenrical
findings for the third segment (12.5% preterm and
57.1% term neonares; P < .05 for each). Complered
peristalses with intact segmenrtal contraction se-
quences throughour the esophageal body were
present in 26% * 6% of swallows in preterm neo-
nates vs 55% =+ 9% in term neonates (P = .01).
Conclusions: The second pressure segment in the
midesophagus (proximal smooth-muscle region) is
well developed before term. Presence of other seg-
ments significantly improves at term, but peristalsis
remains incomplete in nearly half of swallows. Con-
trol mechanisms for both striated- and smooth-mus-
cle esophageal regions are incomplerely developed in
neonates, the outcome of which could participate in
infant reflux disease.

Gastroesophagcal reflux disease (GERD) remains a
source of significant morbidity in neonates and
infants, a disorder attributed primarily to esophageal
mortor dysfuncrion.!-+ Using convenrional perfusion ma-
nometry, Omari et al showed in 1995 thar esophageal
peristalsis was poorly formed in many swallows by pre-
term infants aged 33-38 weeks postconception at time of
study.® These and earlier findings suggested that poor
development of esophageal clearance mechanisms may

be in part responsible for GERD and its complications.s-¢
However, later works by Omari et al indicated thar the
dominant defect in preterm infants was increased acid
reflux from transient lower esophageal sphincter (LES)
relaxarions.®” Swallow-induced peristalses typically were
thought to be complerte, shifting the emphasis away from
clearance to sphincter-related processes® The ability to
determine the pathophysiology of GERD in a very young
population was arcributed by these authors largely to the
development of microluminal extruded catheters allow-
ing low water burdens from their pneumohydraulic per-
fusion devices.®

These same rechnical advances have contribured to the
development of high-resolution manomertry, wherein re-
cording sites are increased in number and spaced closely
in the axial direcrion, and interpolation of pressure dara
across sites is accomplished to visualize becter the space-
time relationships using 3-dimensional isobaric contour
maps.'®!! These rechniques have revealed in adules that
esophageal peristalsis is composed of a chain of 3 con-
traction segments—1 in the striated muscle and 2 in the
smooth-muscle region—that culminate in LES contrac-
ton.12-14 Although interswallow and intersubject varia-
tion occurs in the location of the defining intersegmental
pressure rroughs along the esophageal lengrh, all 3 seg-
ments can be identfied in >85% of subjects. 1314

High-resolurion manomertry has been reported in pre-
liminary fashion in a small number of pediatric patients
across the age range within this specialcy.t® Although the
3 contraction segments could be identified in each age
subgroup (necnares, infants/toddlers, children), the per-
centage of complete peristaltic chains appeared reduced
in the very small number of neonates studied. We pre-
sumed that high-resolurion manometry could berrer de-
termine the development of peristalsis in the neonaral
period and thereby demonstrate wherher faulty esopha-
geal clearance mechanisms potenaally contribute to
GERD in infancy. Preterm and term neonates were stud-
ied to see whether all segments of the peristaltic pressure
wave are present lare in the gestarional period.

Abbreviations used in this paper: LES, lower esophageal sphincter;
UES, upper esophageal sphincter.
@ 2007 by the AGA Institute
0016-5085/07/$32.00
doi:10.1053/).gastro.2007.03.042
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Table 1. Clinical Characteristics of the Study Population

Pretarm Term

neonates? neonates®

Characteristic n =16 n =14

Female sex, n (%) & (50.0) 5 (35.7)
Gestational age at birth, wk 31.8x 3.2 38.0x2.0
Gestational age at examination, wk 32.9+26 382 +1.6
Age since birth, days 9.6 +93 6.1=x+49
Weight at examination, kg 1.8+ 0.5 2.8+0.8

3Grouped data reported as mean = SD.

Patients and Methods
Subjects

Investigarions were performed on 16 preterm ne-
onates (8 male and 8 female) and14 full-term neonares (9
male and 5 female). Clinical characteristics of the infants
at birth and at examination are shown in Table 1. Ges-
tational age ar birth was determined using a combination
of maternal history, physical examination (calculation of
the Dubowitz score), and early ultrasonography. 1617 Ges-
tational age at examination was calculated as the sum of
gestational age at birch and tme following birch until
manometry was performed.

The neonates chosen for study were healthy and had
no evidence of neurologic dysfuncrion. They were receiv-
ing expressed breast milk (20-24 calorie/ounce) and/or
similarly concenrrated infant formula at a mean volume
of 100 mL/kg/day (range, 75-120 mL/kg/day). The pre-
term neonates were gavage fed per nasogastric tube until
gestational age of 34 weeks. Following this, the neonartes
were bottle fed every 2-3 hours. None of these infants
were receiving prokinetic drugs or any other agent that
would affect esophageal motility. The study protocol was
approved by the Ethical Research Commirttee of the Med-
ical School, University Federico II, Naples, Italy, and
informed consent was obtained from the parents in writ-
ing before the studies were performed.

Manoemetrvic Methods

The manomerry catheter used in this study per-
mitted measurement of esophageal pressures at a very
low rate of warer perfusion with an assembly thar also
could be used for gavage feeding of preterm neonates. An
extruded silicone catheter (outside diameter, 2.25 mm)
was employed in which 9 microlumina with recording
sicde holes spaced at 1-cm intervals were arranged around
a larger feeding channel (Dentsleeve, Waywville, South
Australia). The catheter was designed such that it could
be autoclaved berween studies. Perfusion of the catheter
with srerile distilled water for pressure recording was
accomplished using a pneumohydraulic device created
for this purpose (Mui Scientific, Mississauga, Ontario,
Canada). The modifiable device characteristics and rate of
warter perfusion (0.05 mL/min/lumen) were selected ro
record pressure upstrokes of at least 100 mm Hg/s based

PERISTALTIC DEVELOPMENT IN NEONATES 1719

on previously published data® and on technical informa-
don from the manufacturer. Bubble formation and en-
trapment were minimized by carbon dioxide flushing.
Pressure data were acquired with a system designed spe-
cifically for high-resolution manometry (MMS, Enschede,
Holland).

All infants were studied after ar least 2-3 hours of
fasting, and esophageal meortility recording time did not
exceed 20 minuces. The catherer was intreduced transna-
sally and positioned initially so thart at least 1 distal
recording side hole was in the stomach below the LES.
Nares-to-LES distance of the infants studied ranged from
14 to 17.5 cm. Because the focus of this investigation was
on esophageal body motility and not on LES character-
istics, a specific maneuver for measuring LES resting
pressure was not performed. Small volume (0.25-0.5 mL)
ambient temperature boluses of 5% glucose solution were
offered ar least 15 seconds after any motor activity was
recorded® until responses to at least 8-10 swallows were
obrained. In the case of the preterm infants, spontaneous
swallows were considered if they met the same timing
criterion. If needed to record from the upper esophageal
sphincter (UES) and proximal esophageal body, depend-
ing on esophageal length, the catheter was repositioned
such that the most proximal recording location rested in
the UES region. Pressures from this most proximal side
hole were recorded from a water-filled microlumen that
was not perfused. In the proximal catheter position, 8-10
swallows were again recorded, total recording time was
noted, and catheter was removed or used subsequently
for gavage feeding.

Swallowing was determined by the characteristic open-
ing and movement of the UES seen with high-resolution
manometry. 11519 Because the UES was not visualized
when the catheter was in the distal positdon, a surface
submenrtal electromyogram also was recorded to deter-
mine the presence of a pharyngeal swallowing phase.
Stereorypical deflections of the elecrromyogram thar cor-
responded with UES opening when the UES was visual-
ized were determined for each infant on post hoc review.
These same stercotypical deflections were then used to
confirm the presence and time the onset of a swallow
when the catheter was positioned distally. The number of
evaluable swallows in the distal position was therefore
reduced during analysis if presence of a swallow could
not be verified by a clear electromyographic signal.

Data Analysis and Statistical Methods

The pressure data were reviewed on the system
hardware to determine consecutive swallows that met
criteria for inclusion (ie, adequatre demonstration thar a
swallow had occurred and no motor activity for ar least
20 seconds preceding the swallow). Dara from the se-
lected swallows were then exported to a plotring program
(Golden Software, Golden, Colorado) for crearion of iso-
baric contour maps, as has been described previously for
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the analysis of high-resolution manometric dara.!o-14
Lowest contour lines were drawn 5 mm Hg above gastric
baseline?® and at 5- to 10-mm Hg increments, the incre-
ment determined by the best demonstration of the seg-
mental pressure architecture of peristalsis for that infant.
The selection of swallows, creation of plots, and subse-
quent analyses were performed by an investigator who
was unaware of the gestational age of the infant.

Presence of the major pressure segments and interseg-
mental troughs thar have been described previously in
children and adults were determined for each swal-
low.10-15 In children and adults, respectively, a first pres-
sure trough is found at 26.5% and 25.4% of esophageal
length separating the first and second pressure segments,
presumptively striated and proximal smoorth-muscle seg-
ments.2! The second trough dividing the proximal and
distal smooth-muscle segments (second and third seg-
ments) roughly in half is found ar 66.0% and 63.4% of
esophageal lengrh in children and adulrs, respecrively,
and the rthird trough separating the third segment from
LES after-contraction is found at 96.0% and 99.8% esoph-
ageal length, respectively.!*!* Landmarks resembling
these reporred in previous srtudies were sought on the
pressure maps for each swallow from the neonates. Pres-
ence of a segment required the finding of a pressure
region with concentric contour lines focused on that
region (ar least 20 mm Hg ar peak) and separated by
pressure troughs from neighboring areas. When the ma-
jor pressure troughs could not be i1dentified on an iso-
baric contour map, the average location determined from
the other swallows for rhat infant was applied to see
whether a pressure segment could be identified between
troughs. The studies were evaluated subjectively for ad-
ditional segments and pressure troughs.

The location of pressure troughs was reported in cen-
rimeters above the LES and as a percentage of esophageal
length from distal margin of the UES to the proximal
margin of the LES. For comparison across subjects and
incorporating the varying number of evaluable swallows
on which the segment might have been observed (raking
into consideration the 2 catheter positions), each study
was graded for consistency of segment presence on a scale
from O to 3 (0, absent; 1, present, bur in <50% of
swallows; 2, present in =50% but <<80% of swallows; 3,
present in =80% of swallows). Swallows also were exam-
ined for the propagarion direction in the 2 smooth-
muscle segments (peristaltic or nonperistaleic, including
retrograde contraction) based on prior observations of
nonperistaltic responses in neonates.S Intergroup compari-
sons were performed using Fisher exact test P value <.05
was required for 2-railed testing. Grouped dara are pre-
sented as mean * SD.

Results

The enrtire esophageal body and borh sphincrers
could be visualized in 1 catheter positon in 14 of cthe

Segment length
(%% esophageal
length)

] 17.5%

62.6%

Recording site

24 6%

Flgure 1. Demonstration of the typical peristaltic pressure segments in
a term infant {left panal) and a preterm infant (230 wesks gestational age
at examination; nght panel). lsobaric contour lines begin & mm Hg
above gastric bassline pressure in this and other Figures. In the fleft
panel, the catheter is in the proximal position, and only the upper esoph-
ageal sphincter and part of the esophageal body are visualized. The first
pressure trough (7) separating the first ssgment (striated muscle) from
the second segment (upper portion of the smooth muscle escphagus)
and the sscond pressure trough (2) separating the smooth muscle
segments are seen. Locations of these troughs were verified when the
catheter was moved to the distal position. In the right panel, the esoph-
agus was sufficiently short to visualze all pressure troughs (7-3) and
saegments in one catheter position. (Sphincter locations were verified by
catheter movernent.) Lengths of the individual segments relative to total
ezophageal body length are showm for the right panel as calculated for
this swallow.

infanrts, whereas 2 catherer positions were required in the
remainder. Ten of the studies in which only 1 catheter
position was required were in the preterm neonate group.
An average of 8 £ 3 swallows were evaluared in the
preterm neonates and 15 * 5 swallows in the term
neonates, the difference reflecting the catheter reposi-
toning more commonly required in the latter group.
There were no complications relared ro manometric eval-
uarion in these infanrs.

The same segmental architecture to peristalsis was
observed in borth infant groups as had been reported
previously in children and adults (Figure 1), and no
additional pressure segments or troughs were identified
by subjective review of the maps. On average, the first
pressure trough was found 21.0%-23.4% esophageal
length, and there was no significant difference in location
between preterm and term neonates (Table 2). Likewise,
the second pressure trough was located 63.9%-64.5%
esophageal length, roughly dividing the smooth-muscle
region in half (Table 2). The segmental architecture was
distinctive for each infant such thart identifying peristal-
tic sequences was simple using high-resolurion mano-
metric techniques (Figure 1).
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Table 2. Location of the Peristaltic Segmental Pressure Landmarks

Intersegmental pressure trough location as
percentage esophageal length?®

Intersegmental pressure trough location
in centimeters above LES

Esophageal
Subject group length (cm) Trough 1 Trough 2 Trough 3 Trough 1 Trough 2 Trough 2
Preterm neonates (n = 18) 8.1+ 0.8 210+ 86 5845+ 11.8 943+ 45 4.7 086 21 +086 0.4=x03
Term neonates (n = 14) 7.1+ 1.8° 234+ 45 53.9 + 6.4 90.5 + 7.3 5.4 +0.9° 26+ 09 0.7 + 0D.6°

MOTE. All results reported as mean = SD.
SFrom proximal to distal esophagus.
bp = 05 compared with pretenm necnates.

Each of the individual segments was intermittencly
present on the swallow maps (Figures 2—4). The segment
typically was completely formed when present and easily
differentiated from the adjacent segments. The second
and third segments overlapped in the distal esophagus as
they do in adules'# such thar part of the segment would
extend into the neighboring region, yer a ser of concen-
tric isobaric contour lines focused on the region (the
defining characreristics of a segment) was absent (Figures
3 and 4). The first and third segments were present
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Flgure 2. Two swalows from a tenn neonate demonstrating presence
of the first segment in one swallow and abesnce in ancther. The second
segment is well seen on both swallows with the catheter in a proximal
recording position.

in =50% of swallows in very few of the preterm neonates
and in a significancly larger proportien of full-term neo-
nates— bur still only approximarely half of the infants
(Figure 5). In contrast, the second segment was well
developed in =50% of swallows in all preterm and full-
term neonates, even in the youngest of studied subjects
(Figure 5). As would be expected from these segmental
findings, the percentage of completed peristalses in-
creased with development, nearly doubling from preterm
to full-term evaluation (26% * 6% vs 55% £ 9%, respec-
tively, P = .01). Antegrade propagation was observed in
both complete and incomplete peristalses for swallows in

Swallow
1 .

\ i o .
) M/ UES distal margin

1st trough region

[
=
7
o
=
e
=3
3
oc 2nd trough region
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LES upper margin
81 |-
9 L T
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Figure 3. This swallcw from a preterm neonate (35 wesks gestational
age at examination) shows the entire esophagsal body with the catheter
in one position. The first segment is not cbserved at its usual location
extending distal to the UES, the second segment is well developed, and
the third segment is missing. Location of the sscond trough was iden-
tified from other swallows that contained the second and third seg-
ments.
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Flgure 4. Presence of the first and second segments in a pretenm (et
pansl) and term necnate (right panal) with absence of the third segment
above the LES. The second segment overlaps into the region of the
absent third segment ineach case. The location of the escond pressure
trough (2] is derived from its average location on remaining swallows in
which the trough could be identified. Swallow onset was determined by
distinctive electromyographic deflections when the UES was not
present on the map.

which at least 1 of the smooth-muscle segments was
present; retrograde sequences were not observed.

Discussion

In this report, we found that, as in older children
and adules, 3 sequential pressure segments compose
esophageal peristalsis in preterm and term neonates. The
segmental architecture wvery closely resembles thar de-
scribed in previcus reports of high-resolution manometry
in older subjects, with intersegmental rough locatons
being at similar locations proportional to esophageal
lengrh across all age groups.'>-'S Although all the seg-
ments can be identified in infants as young as 27 weeks
of gestational age at the time of examinarion, the con-
sistency of their presence continues to increase through
the normal gestational period. At full term, only 55% of
swallows have a complete segmental chain, indicating
that further development occurs in early infancy. These
results support a potential role of inadequate esophageal
body motor funcrion in the presenration or manifesta-
tions of GERD in infants.

Findings from prior reports can be reconciled with
these new observarions,®”222% the principal explanarion
for discrepancies being that the pressure segments iden-
tified by high-resolution manometry are not detected
easily by convenrional manometric techniques. Individ-
ual sensors positioned in the distal esephagus cannot
interpret the appropriate axial associarions of the pres-
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sure measurement, such as in regions in which owverlap-
ping segments occur (see Figures 3 and 4). Omari et al
initially thought that incomplete peristalses were present
in more than one third of swallows from preterm infants
aged 33-38 weeks (postconceprual age).® The sensors
were positioned 1.5, 3, and 4.5 cm above the LES and an
amplitude of <10 mm Hg at a site would qualify the
response as being incomplete. Our new findings indicare
thart all 3 sensors would have been located in the smooth-
muscle region (second and third segments), and the scud-
ies could have been derecting the low prevalence of the
third segment. In a subsequent study, Omari et al accrib-
uted most of the earlier findings to poor identification of
swallows and inclusion of swallow-unrelated motor ac-
wvity in the analyses.” Only 14% of swallow-related re-
sponses were incomplete or failed in the later study, a
number considerably lower than the number of incom-
plete peristaltic chains detecred in our present investiga-
rion. Similar side hole positioning had been used in the
esophageal body with the addition of pharyngeal-located
side holes for moniroring swallows. The first segment
would not have been derected in most of the studied
neonates, and the most distal recording site easily could
have been detecting “overflow” pressure from the neigh-
boring second segment in many swallows.

Jadcherla and Shaker also initially concluded that pri-
mary peristalsis was well developed at term when they
found that 82% of swallows induced peristaltic responses

100 = =
Segment present in:
m =50% of swallows
80 0 =B0% of swallows
£ 5
— *
8% 60
§
=
=5 40
w
20
0

Pre-term  Temn Preterm Temm  Preterm Term
| 11 11 |
Segment 1 Segment 2 Segment 3

Figure 5. Percentage of subjects in each group demonstrating pres-
sure segments following at least 50% of swallows (grade 2 or 3; solid
bars) or following at least 80% of swallows (grade 3 only; open bars).
The second segment was more commonly cbserved than either the first
or third segment in preterm and tenm neocnates. *F < .01 compared
“with the first and third segments in the same subject group. **F < .05
compared with the third segment in the same subject group.
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in a group of full-term, healthy neonates.2? Three side
holes were positioned in the esophageal body at unstated
locations. In a recent report from Jadcherla er al, the
incomplete development of primary peristalsis in the
neonate was established.??* Eighteen preterm neonates
were examined 2 times ar a mean of 33 and 35.7 weeks
gestational age at examination. The findings were com-
pared with those of 4 full-term neonates and 9 healthy
adults. In the neonates, the most proximal esophageal
recording side hole was positioned approximarely 2 cm
below the UES with more distal side holes spaced at 1.75-
to 2.0-cm intervals distally. If a propagated swallow was
detected in 2 esophageal sites, the peristalsis was consid-
ered complete. Peristalsis in 28% of swallows from the
yvoungest group was incomplete or failed; this number
reduced to 20%-23% at repeat study and in the full-term
subjects. Only 1% of peristalses were incomplete or failed
in the adulc subjects. Like our findings, these dara con-
firm peristaltic maturation from 33 weeks to term that
continues into adulthood. The catheter assembly used by
Jadcherla et al?* would have overlooked the first (striated)
segment, and conclusions about the integrity of distal
peristalsis would have been limited by the lack of high-
resolution data to understand fully the presence or ab-
sence of the segments required for completely intact
responses. Thus, the percentage of incomplete responses
is lower than what we have detected. Taken together, our
findings in conjunction with prior studies demonstrate
thar peristalsis can be complete in preterm neonates, but
inconsistent presence of the segments results in incom-
plete or failed responses that were only partially detected
in prior studies; maturation of the process remains in-
complete at term.

The first segment likely represents the striated esoph-
ageal region, although a direct anatomico-physiological
relationship has not been established. The segment is
seen in the esophagus of both the human and the opos-
sum, which share similar muscular anatomy of the or-
gan.®* The first pressure trough occurs at a location that
corresponds well to the midpoint of conversion from
predominantly striated to predominantly smooth mus-
cle,2® and the changes in propagation characteristics
across this trough are consistent with a change in muscle
type or control.?! The mechanisms responsible for the 2
smooth-muscle segments (second and third segments)
are less secure. However, the second trough dividing
these segments occurs at a locarion consistent with the
transition from predominantly cheolinergic to predom-
inantly nonadrenergic, noncholinergic intramural con-
trol.?2¢ Other characteristics, including the selective
response of the second segment to cholinergic stimu-
lation,2? favor this explanarion. Nitric oxide-conraining
inhibitory nerves play a more significant role in tuming
and contraction of the most distal region.

Our findings indicate that the second segment devel-
ops early and is most consistently present, even in pre-

term neonates. This segment may have particular value in
esophageal clearance,?® its early development, thus, being
of releologic imporrance. Pressures in the second seg-
ment augment with cisapride, potentially explaining its
benefits on reducing esophageal acid exposure time.2”
The segment accentuates in response to increased in-
trabolus pressures accompanying increased resistance at
the esophagogastric junction following fundoplication.2®
Control mechanisms for this segment are best developed
in the preterm and rerm neonate. In contrast, sporadic
representation of the third segment could reflect imma-
ture central or intramural control.*® Defects of nitrergic
innervation are found in congenital gur anomalies such
as pyloric stenosis and Hirschsprung’s disease, suggesting
that a lack of nitric oxide-mediated, nonadrenergic, non-
cholinergic inhibitory control may be responsible for the
delay of maturation.

Sporadic presence of the fArst segment was an unex-
pected finding. We speculate that the central control
mechanisms for this striated muscle region are not com-
pletely developed ar term because intramural mecha-
nisms play a limited role in this segment. Jadcherla et al
also noted differences in UES characteristics as matura-
tion toward term occurred.?* The authors presumed that
brainstem immaturity was in part responsible. Separarte
development of neural control for the UES and first
segment is plausible because the motor events in these
regions are distinct and have been differentiated using
high-resolution manometry in adult subjects. *19 A slight
pressure trough berween the UES and first segment was
present but not specifically identified in early studies of
esophageal peristalsis using high-resolution methods.!4
Williams et al clearly demonstrated this separation in
high-resolution evaluation of the pharyngo-esophageal
segment,'® and the initiation of what appears to be a
discrete peristaltic sequence timed with but separate
from UES contraction is seen on review of the propa-
gating axial waveform generated from high-resolution
manometry in this region (refer to htep://gastro.
wustl.edu'\axial_trans.htm for a movie generated from
high-resolurion manomertry dara recorded from rthe
UES and proximal esophagus of a normal adult vol-
unteer).”® The central program required for successtul
iniriation and completion of this segmental contrac-
tion apparently scill 1s developing at term.

Limitations of this investigation include the spacing of
side holes on the catheter considering the subject ages
and the method of measuring swallows when the catheter
was in a distal position. One could argue that a 1-cm
interval between side holes is inadequate to formulate
accurate isobaric contour maps when the esophageal
length only averaged 6-7 cm in these infants. A greater
density of recording sites in the axial direction would
have been optimal, but at least 2 recording sites were
positioned in each segment, and identification of the
pressure troughs was simple in each subject. Addition-
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ally, the locations were reproducible when the catheter
was moved from the distal to proximal position. The
clectromyographic method for identifying swallows when
the catheter was in a distal position and rhe pharyngeal-
UES region was not represented can be suboprtimal, but
we had the advantage of comparing the signal with UES
opening in the same study. Identification of distincrive
clectromyographic deflections that corresponded to a
swallow was not difficult because the subjects were co-
operative with the study. Differing bolus sizes from swal-
low to swallow can influence peristaltic characteristics
such as amplitude,?! burt it is unlikely thart this facror had
a major effect on the presence or absence of segments, as
measured in this study.

The focus of this investigarion was on peristalsis and
not LES development because previous reports in neo-
nates have used methods better suited to studying tran-
sient LES relaxations as a precursor to reflux events.3-5.7.8
Nevertheless, high-resolurion manometry could provide
informarion on swallow-induced relaxation and ana-
romic interactions at the esophagogastric junction that is
not available from conventional techniques3? Recent
work in adults demonstrates that high-resolution meth-
ods can help dissect the key events leading to juncrion
opening during a transient LES relaxation, eg, crural
diaphragm inhibition, esophageal shortening, and favor-
able pressure gradient between the stomach and esoph-
ageal lumen.?* The axial density of sensors on the cath-
eter used in the present study (1 per cm) was not
considered sufficient in neonates to examine the juncrion
adequately, and the radially oriented side holes on a
water-perfused high-resolution system are inappropriate
considering regional radial asymmerry. We await the
further miniaturization of circumferentially sensing,
solid-state catheters now being used for high-resolution
manometry in adults and older children so that develop-
ment of motor behavior at the LES level can be investi-
garted more fully.

In summary, this first application of high-resolution
manometry to preterm and term neonates demonstrates
the development in esophageal peristalsis that occurs
through late gestation into term. The 3 segments respon-
sible for intact peristalsis in older children and adulrs are
found in all infants and can be identified in neonates as
young as 27 weeks gestatonal age ar examination. Dif-
ferential development occurs, such that the second seg-
ment in the midesophagus (proximal smooth-muscle
segment) is present in the majority of swallows in all
preterm and term neonates while the other 2 segments at
proximal and distal ends of the esophageal body lag
behind, developing in tandem despite very different un-
derlying control mechanisms. These findings suggest a
teleologic role for the second segment, possibly in en-
hancing clearance and preventing GERD and its compli-
carions. The fact cthar only half of swallows show com-
pletely intact segmental architecture ar term, howewver,

indicates that development of esophageal peristalsis con-
rinues into infancy.
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ABSTRACT

The prevalence and natural history of gastro-esophageal reflux (GER) in infants have been
poorly documented. Aim: To evaluate the prevalence and natural history of infant regurgitation in
Italian children during the first two years of life. Methods: A detailed questionnaire prepared on the
basis of the Rome II criteria was completed by fifty-nine primary care pediatricians to assess infant
regurgitation on consecutive patients seen in their office over a 3-month period. A total of 2642
patients aged zero to 12 months were prospectively enrolled during this 3-month period. Follow-up
was performed at 6, 12, 18 and 24 months of age. Results: A total of 313 children (12 %; 147 girls)
received the diagnosis of infant regurgitation. Vomiting was also present in 34/313 patients (10.9%).
Their score for the Infant Gastro-esophageal Reflux Questionnaire (I-GERQ) was 8.51 + 4.75 (mean
+ SD). Follow-up visits were carried out to the end in 210/313 subjects. Regurgitation had
disappeared in 56/210 infants (27%) by the first 6 months of age, in 128 (61 %) by the first 12
months, in 23 (11 %) at 18 months and in 3 patients (1 %) by the first 24 months. At follow-up 1/210
(0.5 %) patients had developed a GER-disease with esophagitis endoscopically and histologically
proven; another patient received a diagnosis of cow milk protein intolerance. The I-GERQ score
reached O after 8.2+3.9 months in breast fed infants (89/210), and after 9.6+4.1 months in artificially
fed infants (p = 0.03).
Conclusion: We have found that 12% of Italian infants satisfied the Rome II criteria for infant
regurgitation. 88% of 210/313 who had completed a 24 month follow-up period had improved at the
age of 12 months. Only one patient later turned out to have GER disease. Breast milk was associated

to a shorter time necessary to reach a complete normalization of the I-GERQ.
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INTRODUCTION

Gastroesophageal reflux (GER) is a common reason for pediatric visits and referrals to
pediatric gastroenterologists. Regurgitation occurs more than once a day in 67% of healthy 4-
month-old infants. Many parents believe regurgitation is abnormal; 24% bring this symptom to their
clinician’s attention during their infant’s sixth month (1). Although the symptoms of GER are
common and often treated in a primary care setting, the natural history of GER in childhood has
been poorly documented. Most studies have been cross-sectional, retrospective, or biased toward
hospital-based populations. Only two previous studies have prospectively examined infants in the
community to determine the outcome of infant spilling (2-4). Nelson et al. (1) reported that at least
one episode of regurgitation a day was present in half of zero-to-three-month-old infants. Peak
reported regurgitation was 67% at 4 months, and the prevalence of symptoms decreased
dramatically from 61% to 21% between 6 and 7 months of age. By the age of 10 -12 months, 5% of
study subjects were still spilling. This study was limited because in its selection process, the authors
cross-sectionally chose children who were younger than 13 months, and prospectively followed
only children who were 6 months or older at enrolment. Furthermore, they followed patients only
once, 1 year later. Martin et al.(5) longitudinally evaluated the natural history of infant spilling
during the first 2 years of life and determined the relationship between infant spilling and GER
symptoms at 9 years of age. A total of 41% of infants were spilling most feed between 3 and 4
months of age and the percentage gradually declined, according to age, falling to <5% between 13 -
14 months; symptoms disappeared by 19 months of age. However, all these studies lack of a
standard definition of GER.

The Rome II criteria for functional gastrointestinal disorder in children provided a standard
definition for the diagnosis of infant GER for the first time (6). These criteria represent a valid

instrument to assist the physician in a positive diagnosis of GER — thus allowing them to avoid
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many invasive batteries of tests - and to assist the researcher in order to use definitions which are as
standardized as possible.

Our objective was to perform a prospective survey in the general Italian pediatric population
during the first two years of life in order to determine the prevalence and natural history of GER, as

defined by the Rome II criteria.
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METHODS

In Italy all children from birth to 14 years of age are enrolled in the National Health Service
(NHS). NHS pediatricians have under their care approximately 800 children each, who are
distributed evenly throughout the country to cover the health needs of the entire Italian pediatric
population. Initially seventy-five primary care pediatricians, from north-central and southern Italy,
were selected. Those pediatricians were chosen from communities of all sizes, throughout the
territory, by random selection of evenly numbered members provided from the membership list of
the regional pediatric society. Subsequently, regional coordinators of the study within each territory
presented the aim, outline and questionnaires of the study to the selected pediatricians. The survey
was conducted by 59 pediatricians who agreed to participate in the study.

From April 1 to June 30, 2004, each participating pediatrician was asked to record the
number of infants examined per day in their office for acute, chronic care or routine follow-up
evaluation, and to complete for each consecutive patient a detailed questionnaire to assess infant
regurgitation according to the Rome II Criteria (6) (Table 1). Evidence of metabolic,
gastrointestinal or central nervous system diseases, chronic debilitating diseases, neurological
abnormalities, previous surgery of the gastrointestinal tract, use of acidsuppressive therapy (H2-
antagonists, proton pump inhibitors) were considered exclusion criteria. In addition, infants with
hematemesis, anemia, aspiration, apnea, failure to thrive, abnormal posturing and feeding or
swallowing difficulties, were excluded from the study.

Each child with a diagnosis of infant regurgitation according to the Rome II criteria was then
reexamined by the same pediatrician with an interval of 2 months, until the age of 24 months, to
determine whether there had been a resolution/worsening of symptoms or a change in the diagnosis
(i.e. GERD, cow milk protein intolerance). After the diagnosis, additional investigation and

treatment were left to the discretion of the primary care pediatrician. However, meetings were held
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before, during, and at the end of the study period to standardize the protocol and the
diagnostic/therapeutic management of patients, according to the current practice (7). Treatment
options included reassurance, formula thickening with dry rice cereal and postural manipulations.
The use of prokinetics (domperidon), alginate and/or aluminium hydroxide was allowed on demand
as rescue medication.

A validated score (2) (I-GERQ GERD, modified) was completed at enrolment and during
the follow-up visits. The I-GERQ GERD modified, consisted of 14 items regarding characteristics
of regurgitation (frequency and volume), feeding refusal, weight gain, irritability and crying (daily
frequency and correlation with meal), hiccups, arching back, respiratory symptoms and posture, and
assigned points for positive response, for a maximum possible score of 31. All patients received a
standard history and a physical examination; in particular the information collected were
demographics, symptoms (e.g. regurgitation, vomiting, weight deficit, pain suggestive of
esophagitis, respiratory symptoms), possible provocative factors (e.g. smoke exposure, prematurity,
history of atopy), feeding (breast milk or formula), familiarity with gastrointestinal symptoms.

The study protocol was presented and approved by the Italian Society for Pediatric
Gastroenterology, Hepatology and Nutrition (SIGENP). Informed consent for participating in the
study was obtained from parents of all patients, and the experimental design was approved by the

Independent Ethics Committee of University of Naples, Federico II.

Statistical analysis

Continuous data (age, weight, I-GERQ score) were compared, between initial and final values,
using t-tests, unpaired or paired as appropriate. Cross-tabulations were evaluated by using the X2
method. Statistical significance was predetermined as p < 0.05. Percentages were rounded to the

nearest whole numbers
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RESULTS

Fifty-nine out of 75 randomly selected pediatricians agreed to collaborate, with a
participation rate of 78%. A total of 2642 infants were prospectively enrolled during the 3-month
recruitment period. Their age range was from 1 to 12 months, with a mean + SD of 5.6 + 3.6
months . The socioeconomic status of all patients ranged from lower-middle class to upper-middle
class. A total of 313 children (12 %) received the diagnosis of infant regurgitation according to the
Rome II criteria. The mean age of affected infants was 3.8 + 2.7 months, and the male:female ratio
was 166:147. The mean value of the [-GERQ score at the study entry was 8.51 + 4.75; it was > 7 in
151/313 (48%). Children with I-GERQ score < 7 did not show significant differences from children
with a score > 7 in terms of nutritional status, being their BMI z-scores 0.3 + 1.23 and 0.21 £ 1.19
(p = 0.2) respectively . Vomiting was also present in 34/313 patients (10.9%), whose initial score
was significantly different from the score of children without vomiting (I-GERQ score mean + SD:
11.6 £ 3.7 vs 7.6 £ 4.5, respectively; p = 0.0003). These scores continued to be significantly
different at the moment of the first follow-up visit (2 months later), being 6.8 + 4.3 in children with
vomiting and 3.8 + 3.4 in children without vomiting (p = 0.0003). Such a difference was lost later
on. No significant difference was found, during the first follow-up visit, between children with or
without vomiting in terms of body-weight gain (mean + SD: gr 1174 + 437 and 1287 + 614,
respectively; p = 0.3). As illustrated in Fig. 1, most children with GER are in their first 150 days of
life. Two hundred and thirty-three (74 %) out of 313 children were 1 - 5 months old and their score
at inclusion in the study protocol (8.8 + 4.7) was significantly higher compared to children older
than 5 months (No: 80; age: 6 - 12 months; I-GERQ: 7.5 = 4.8; p = 0.04). Such a difference
remained persistently significant also after 4 and 6 months (Fig. 2). Considering the potential risk
factors for GERD, no significant difference was found at enrolment between the I-GERQ score of
children who were preterm at birth and that of children who were at term (p= 0.08) (Tab. 2). A
significant difference (p= 0.005) was present between scores of children born from atopic parents

and children born from non-atopic parents (Tab. 2). Such a difference was lost after a 6-months
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period (I-GERQ score: 5.3 + 4.5 and 5.0 + 3.8 respectively; p = 0.2) and it had no impact on the
time necessary to reach a complete normalization of the I-GERQ. No significant difference was
found between scores of children born from smoking mothers and children born from non-smoking
mothers (p = 0.09) (Tab. 2). Since 103 patients were lost at follow-up visits, a complete data
collection of the follow-up evaluation was only available for 210 children out of the original 313
patients (67%). Regurgitation had disappeared in 56/210 infants (27%) by the first 6 months of age,
in 128 (61%) by the first 12 months, in 23 (11%) by the first 18 months and in 3 patients (1 %) at
24 months (Fig. 3).They had been treated with reassurance in 72 % of cases (I-GERQ score: 8.1 +
4.7), formula thickening in 6 % (I-GERQ score: 8.5 + 4.2), antacids in 9 % (I-GERQ score: 10.8 +
4.8), prokinetics in 3 % (I-GERQ score: 6.3 + 2.9). At follow-up visits 1/210 (0.5 %) patients had
developed GER disease with esophagitis endoscopically and histologically proven. Another patient
received a diagnosis of cow milk protein intolerance.

The I-GERQ score reached 0 after 8.2 + 3.9 months in breast fed infants (112/265), and after

9.6 £ 4.1 months in artificially fed ones (p = 0.03).
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DISCUSSION

Regurgitation in infants is among the most common causes for physician consultation
worldwide, but the heterogeneity of its diagnostic criteria and the lack of a reliable and valid non-
invasive instrument to evaluate progression and remission of GER over time has restricted any
possibility to evaluate its exact prevalence and natural history. In other words, “infant regurgitation”
has not been a standardized diagnostic definition before the Rome criteria for functional disorders in
children had been developed and published. That is why epidemiologic studies regarding
regurgitation in infancy might not have been appropriate in the past - in fact data from literature
reported a wide variety of percentages (8), sometimes accounting for serious manifestations of
complicated GER, sometimes limiting the observations to children with one regurgitation episode
per day (1). In the present study, for the first time, the Rome II criteria (7) have been used to
evaluate the prevalence of regurgitation in children who had healthy baby check-up during their
first year of life. Moreover, since evaluating an infant with regurgitation is often misleading without
an objective instrument able to differentiate clinically meaningful change from clinically
insignificant change, the I-GERQ score was chosen as an objective evaluative tool to obtain
prospective longitudinal information regarding the natural history of infant regurgitation during the
first two years of life. Infant regurgitation was diagnosed in 12% of the 2642 infants recruited for
the study protocol, which is a prevalence lower than previously observed in other studies. Nelson et
al reported that at least one episode of regurgitation a day was found in a half of 0- to 3-month-olds
and peak reported regurgitation was 67% at 4 months (1). In a recent prospective longitudinal study
of the natural history of spilling in children followed from birth, it was shown that spilling reaches a
peak of 41% among infants between 3 and 4 months old (5). Since we doubt we have overlooked
many infants with regurgitation in our study — due to the fact that Italian parents are encouraged by
the NHS to see pediatricians for the smallest problem — a possible explanation accounting for our

lower prevalence could be that we have made use of a stricter definition of infant regurgitation

53



based on both frequency (2 or more episodes per day) and duration (3 or more weeks), according to
the Rome II criteria. None of our infants had any GER-related complications, such as aspiration,
apnea, abnormal posturing, and there was no significant difference in BMI z-scores between
children with a score higher or lower than 7, which is the value usually indicated as the threshold
limit over which the presence of GERD is a possible risk. Considering that a value higher than 7
was observed in almost a half of our infants with regurgitation, these data might also suggest that an
I-GERQ score higher than 7 is consistent with functional GER, with no reduction in growth
velocity and any other associated alarm symptoms for GERD. In addition to regurgitation,
vomiting was also observed in 10.9% of cases and did not seem to have any effects on the patient’s
nutrition, thus suggesting that — again — functional GER might be accompanied by symptoms
currently considered indicative of GER-related complications. Children with or without vomiting
showed significantly different I-GERQ score values, which were obviously higher in the former
group; this difference was still present at their first follow-up visit (2 months later) and was lost
later on. The data show that infant regurgitation is mainly prevalent in the first 5 months of life and
the younger the infant is, the higher the I-GERQ score becomes. Infants who used to regurgitate
between 6 and 12 months of age were no longer doing so a year later. On the basis of these data,
and according to Nelson et al.(1), pediatricians can predict that when regurgitation lasts for over 6
months of age it usually resolves over the following year. Considering the possible risk factors for
GERD, we did not find any differences, in terms of I-GERQ score, between preterm- and term-
infants at enrolment in the study protocol, but these data are limited by the exiguous number of
preterm-infants (only 27) in our patient population. Infants born from atopic parents showed
significantly higher I-GERQ score values, which did not seem to have an impact on the time
necessary to reach a complete normalization of the scores. This overt discrepancy might be related
to the consciousness of their parents to be atopic, which indicates a higher sensitivity towards any
atopy-related symptom. In other words, atopic parents could view infant regurgitation as a problem

more often than non-atopic parents. ETS (= exposure to environmental tobacco smoke) has been
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reported to induce lower esophageal sphincter relaxation (9, 10) and it has been shown a strong
correlation between esophageal pH and ETS exposure in infants exposed to apparent life-
threatening events (11). Passive smoking has also been proposed as a risk factor for esophagitis in
children (12). However, our study, in accordance with Martin et al.(5), does not indicate a clear
relationship between maternal smoking and ETS in general, or infant regurgitation, neither in terms
of prevalence, nor in terms of duration of the symptoms. Furthermore, we compared the frequency
of regurgitation in infants receiving breast milk - seen as a possible protective factor from GERD -
and in those receiving infant formula and, despite data from literature (5, 2, 13), we observed no
significant difference in the prevalence of regurgitation, but a significant difference in terms of the
time needed to reach a complete normalization of I-GERQ. These data indicate that breastfed
infants stop regurgitating earlier than formula-fed ones. Although a complete data collection
regarding the 24-month longitudinal follow-up was only available in 210 out of the original 313
patients, we observed that the prevalence of infant regurgitation decreased markedly at 12 months
of age, by which time the symptoms had disappeared in 88% of cases, and no children displayed
regurgitation at 24 months. Treatment was left to the discretion of the primary care pediatrician and
consisted in reassuring about the physiologic nature of the symptoms and educating parents
(frequent small feeds, postprandial burping, correct positioning), which were sufficient measures in
72% of cases. The remaining infants were treated with formula thickening in 6% of cases, antacids
in 9% and prokinetics in 3%. It is noteworthy that infants receiving antacid medication have been
observed to show the highest I-GERQ score at inclusion. Only one infant was finally diagnosed as
having cow milk protein intolerance — thus suggesting this is a rare condition - even though it is
considered prudent to recommend a trial of hypoallergenic formula in the medical treatment of an
infant with reflux (7). Only one patient received the diagnosis of GERD, with esophagitis

endoscopically and histologically proven.

55



To conclude, infant regurgitation according to the Rome II diagnostic criteria is a common disorder,
but less frequent than one might think in the past. In most cases its natural history is resolution
within the first 18 months of life, and its treatment should be decided on the basis of the facts
exposed in this study. Children older than 18 months who continue to regurgitate regularly should
prudently receive additional evaluation. Cow milk protein intolerance and esophagitis should be
considered infrequent conditions among children with infant regurgitation. Since there have been no
changes from the Rome II to the Rome III criteria for the diagnosis of infant regurgitation (14),
these data should be considered also in the light of the more recent diagnostic criteria for functional

disorders.
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FIGURE LEGENDS

Fig. 1: I-GERQ score vs Age. Children with GER are mostly gathered in the first 150 days of age.
Fig. 2: Age at recruitment vs I-GERQ score. I-GERQ score at inclusion of children 1 - 5 months old
was significantly higher compared to children older than 5 months. Such a difference remained
persistently significant also after 4 and 6 months.

Fig. 3: 24 months follow up in 210 children with regurgitation. Regurgitation disappeared in 56/210

infants (27%) by the first 6 months of age, in 128 (61%) by the first 12 months, in 23 (11%) by the

first 18 months and in 3 patients (1 %) at 24 months.
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Table 1. Diagnostic criteria of Infant Regurgitation according to the Rome II classification (Gut

1999;45(S1):1160-1168).

e Regurgitation 2 or more times per day for 3 or more weeks;

* There is no retching, hematemesis, aspiration, apnea, failure to thrive, or abnormal
posturing;

e The infant must be 1-12 months of age and otherwise healthy;

* There is no evidence of metabolic, gastrointestinal, or central nervous system disease to

explain the symptom.
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Tab. 2 — Risk factors for GERD

Risk Factors

Number of children

I-GERQ score P
Preterm children 27 9.51 £4.8
At term children 286 87+79 0.08
Atopic parents 77 9.8+5.6
Non atopic parents 227 8.0x44 0.005
Smoking mothers 38 9.0+49
Non-smoking mothers | 275 8547 0.09

Data are expressed in mean + SD
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% of children with no more reauraitation

Fig. 3

24 months follow up in 210 children with regurgitation

Months of follow up
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Functional Defecation Disorders in Children: PACCT Criteria Versus
Rome 11 Criteria

GasrELLA Bocae, MD, Francesco Mancuso, MD, Paola Coccorulto, MO, Paota Mas, MD, Laa Pensasene, MDD,

AND ANNAMARIA STAIA

Objectives To evaluate the clinical validity and applicability of the Paris Consensus on Childhood Constipation Terminology
(PACCT) versus the Rome I1 criteria for pediatric functional defecation disorders (FDDs).

Study design Children from infancy to 17 years who had been referred to a tertiary center for chronic constipation were
recruited for the study., A prospective longitudinal design was used. The Questionnaire on Pediatric Gastrointestinal Symptoms

(QPGS) for parents of children age 0 to 4 and 4 to 17 vears and for children age 10 to 17 vears was used for diagnosis of FDDs,

Results Children (n = 128: mean age. 67.2 months: 62 males) were screened consecutively. FDDs were diagnosed
significantly more often by PACCT than by the Rome I eriteria (112 [S8.9% ] vs 60 |47.6%]: P = .001). The agreement Cohen’s
kappa test showed x = .173. A statistically significant difference was reported between Rome IT and PACCT in the 4- to
17-vear-old group (P = .001). Sceyvbalous, pebble-like stools and defecation with straining were the main symptoms reported

(80%}. followed by painful defecation (66%).

Conclusions The PACCT criteria show greater applicability than the Rome II eriteria for FDDs. The poor agreement implies
that they do not identify the same tvpes of patients. Because such a high percentage of constipated children reported the
syvmptoms of defecation with straining, scybalous pebble-like stools, and painful defecation, including these symptoms in any

revised eriteria should be taken into consideration. (J Pediatr 2007:151:394-5)

ne of the most common functional gastrointestinal disorders (FGIDs) in childhood is chronic constipation.’~

According to the Rome II criteria, functional defecation disorders (FDDs) are divided into functional constipation

(FC), functional fecal retention (FFR), and functional nonretentive fecal soiling (FNRFS).* However, recent studies
have suggested that the Rome II criteria are too restrictive and have pointed out the lack of validated questionnaires for the
diagnosis of FGIDs in children.5-1?

Lcnening—B-ALu:k.e7 reported that the Rome II criteria for FFR identify few children with encopresis who have symptoms
of FFR, suggesting that the following features be taken into consideration when making the diagnosis: a history of bowel
movements that obstruct the toilet, chronic abdominal pain relieved by enema or laxatives, and abdominal or rectal fecal mass.
Another study showed that 16% of children fulfilling the classic Jowa criteria for constipation were not recognized by the Rome
11 criteria.® These studies clearly demonstrate that the development of new and more complete diagnostic criteria for pediatric
FGIDs, particularly FDDs, is necessary.

The Paris Consensus on Childhood Constipation Terminology (PACCT) better
defines the terms used in childhood constipation, and the same working definitions were
also adopted for the revised pediatric Rome 1T criteria (Table T; available at www jpeds.

com).*>** Tn addition, the pediatric Rome I criteria were recently validated for FGIDs
using appropriate questionnaires on pediatric gastrointestinal symptoms.ls’lé These ques-
tionnaires consisted of 3 different forms, allowing them to be applied to children of all
ages and allowing separate reporting by parents and older children.

The aims of the present study were to evaluate the prevalence of FDDs defined
according to PACCT and Rome II criteria and to compare their clinical validity and
applicability.

cC Chronic constipation MRA Menretentive functional incentinence

FC Functional constipation PACCT Paris Corsensus on Childhood Constipation
FOD Functional defecation disorder Terminclogy

FFR. Functional fecal retention QPGS Questionnaire on Pediatric Gastrointestinal
FGID Functional gastrointestinal disordsr Syrmnptoms

FMRFS Functional nonretentive fecal sciling
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METHODS

Subjects

Study subjects were consecutively recruited among oth-
erwise healthy children between infancy and under age 18
years with complaints of chronic constipation of at least 2
months duration. They were referred to the tertiary academic
gastroenterology ambulatory center of Federico II University
of Naples. Recruitment occurred between November 2005
and May 2006. Children with organic causes of defecation
disorders (including Hirschsprung’s disease, spina bifida oc-
culta, hypothyroidism, chronic intestinal pseudo-obstruction,
previous surgery of the gastrointestinal tract, mental retar-
dation, and chronic severe illness) were excluded from the
study.

To allow an objective study of symptoms, laxative treat-
ments were discontinued for at least 2 weeks before entrance
into the study.

Measures and Procedures

The Questionnaire on Pediatric Gastrointestinal Symp-
toms (QPGS) is a validated and scored research instrument
designed to classify gastrointestinal symptoms associated with
FGIDs according to the Rome 11 criteria.**1® Because diag-
nostic criteria are distinct for children and adolescents (from
4 to under 18 years) and for infants and toddlers (from 0 to
under 4 years), each questionnaire is presented in 3 forms:
Form A, for parents of children and adolescents age 4 to 17
years; Form B, for parents of infants and toddlers up to age
4 years; and Form C, for children and adolescents age 10 to 17
years, All 3 forms include sociodemographic and medical/devel-
opmental information. Our Rome II-QPGS comprised 19 items
for Form A, 13 items for Form B, and 17 items for Form C. For
the PACCT criteria, we used the modified-QPGS (QPGS-
PACCT) comprising 48 items for Form A, 17 items for Form
B, and 47 items for Form C.

Parents of all children and children and adolescents age
10 to 17 years completed the QPGS and QPGS-PACCT in
the waiting room. A research assistant introduced the ques-
tionnaires and was present to assist if needed. Completion of
both questionnaires took about 20 minutes.

Questions were posed concerning the main character-
istics of children’s bowel habits: frequency of bowel move-
ments, consistency of stools, onset of constipation symptoms,
family history of constipation, hard or painful bowel move-
ments, urgency to have a bowel movement, straining during
bowel movements, feeling of an unfinished bowel movement,
mucus in stool, history of large-diameter stools that may block
up the toilet, withholding of bowel movements, fear of pain
during bowel movements, squeezing the legs or buttocks
together (retentive posturing), fecal incontinence (staining or
soiling) during the day and/or night, a large fecal mass in the
rectum, and the presence of associated symptoms. For the
PACCT questionnaire, a section concerning abdominal pain
was proposed to exclude a diagnosis of irritable bowel syn-
drome, according to the new criteria.

All patients underwent a standard history and physical
examination, including abdominal and digital rectal examina-
tion to detect any large fecal mass in the abdomen or rec-
tum.'” The rectal examination could not be done in 11
patients (8.7%) due to high levels of fear and anxiety. All data
were analyzed to establish how many patients met the Rome
II, the PACCT, and both the Rome II and PACCT criteria.

Informed consent to participate in the study was ob-
tained from the parents of all patients. The experimental
design was approved by our institutional review board.

Statistical Analysis

Continuous data are expressed as mean * standard
deviation (5D). For categorical variables, either the x° test
with or without exact correction or Fisher's exact test was
applied, as appropriate. With regard to constipation, to test
the agreement of the PACCT and Rome II criteria, Cohen's
x measure was applied. A 2-sided P value << .05 was consid-
ered to indicate statistical significance. Statistical tests were
performed using SPSS software, version 14.0.2 (SPSS Inc,
Chicago, IL).

RESULTS

In a 6-month period, 128 children (62 males, 66 fe-
males; mean age, 67.2 = 45.6 months; age range, 6 to 210
months) were consecutively screened. Two of these patients
were excluded because their parents were not able to answer
the QPGS questionnaires. Among the 126 children included
in the study, 49 (38.9%) were under age 4 years and 77
(61.1%) were age 4 to 17 years; in particular, 16 children
(12.7%) were age 10 to 17 years. QPGS Forms A and B were
completed by 61 parents of children age 4 to 17 years and 49
parents of children under age 4 years, respectively; all 16
patients age 10 to 17 years were able to complete Form C by
themselves.

Functional defecation disorders were diagnosed signif-
icantly more often by PACCT criteria (112 [88.9%]) than by
Rome II criteria (60 [47.6%]) and the agreement Cohen’s
k test showed k = 0.173. Fifty-nine patients (46.8%) met
both criteria, 53 (42.1%) children who fulfilled the PACCT
criteria were not recognized by the Rome II criteria. Only 1
constipated patient according to Rome II, did not fit the
PACCT criteria because he responded affirmatively to only 1
of 6 items. Thirteen patients (10.3%) did not fulfill any
criteria and so could not be considered affected by FDDs.
These patients were all age 4 to 17 years.

In the under-4 group, 31 patients (63.3%) were positive
under Rome IT criteria and 48 (98%) were positive under
PACCT ecriteria. In the 4 to 17 group, 29 (37.7%) were
positive under Rome II and 64 (83.1%) were positive under
PACCT. The distribution of FDDs in the 126 patients
according to the Rome 1T and PACCT criteria, stratified for
the 2 age classes, is shown in Table II. A statistically signif-
icant difference was reported between the Rome II and
PACCT criteria for FDDs in the 4 to 17 group (P = .001)
but not in the under-4 group.
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Table Il. Distribution of the 126 patients according to the Rome Il and PACCT criteria, stratified for the 2

age classes

Age group Rome II-/PACCT- Rome lI-/PACCT+ Rome lI+/PACCT— Rome lI4+/PACCT+ P
Under 4 years (n = 49) 0(0) 18 (36.7) 1 (2.0) 30(61.2) 1.000
4 tol7 years (n = 77) 13(16.9) 35 (45.5) 0(0) 29 (37.7) 001
Total (n = 126) 13 (10.3) 53 (42.1) 1 (0.8) 59 (46.8) 001

Data are number (%).
+, positive; —, negative

Table Ill. Distribution of Rome Il FFR, FC, and
NRFS and of PACCT CC and NRFI for all study
patients according to age group

All 4to 17
patients years <4 years P

Rome Il (n = 60)

FC 21 (35) 6(10) 15 (25) 07

FFR 37 (61.7) 21 (35) 16 (26.7)

NRFS 2(3.3) 2(3.3) —
PACCT (n = 112)

cC 102 (71.1) 54(48.2) 48 (42.9) .005

NRFI 10 (8.9) 10 (8.9) —
Data are n (%),

The prevalence in all patients of Rome I FDDs (FFR,
FC, and NRFS), together with PACCT chronic constipation
(CC) and nonretentive fecal incontinence (NRFT), is shown
in Table III. Among the 60 children positive for Rome II
constipation, FFR was the most frequently observed disorder,
followed by FC and NRFS. According to the PACCT ecri-
teria, the majority of the 112 positive children were affected
by CC. FC was diagnosed significantly more often in the
under-4 group, although CC was equally distributed between
the 2 age groups. FFR was observed more frequently in the
age 4 to 17 group of constipated children.

Clinical characteristics of all patients and of the
“PACCT criteria positive only” group according to the dif-
ferent age ranges are given in Tables IV and V. A history of
defecation with straining was the most prevalent symptom
(83.3%), followed by scybalous, pebble-like stools (80.2%).
These 2 symptoms, together with a history of large-diameter
stools, were the most frequent in the “PACCT criteria pos-
itive only” group. In this group, fecal incontinence was the
main reported symptom by children age 4 to 17. In a minority
of cases, parents of children under age 4 responded “I don’t
know” in regard to some clinical aspects, such as retentive
posturing, painful defecation, large fecal mass, and defecation

with straining (Tables IV and V).
DISCUSSION

One of the key problems in managing childhood con-
stipation is the lack of a generally accepted definition. After
the Rome II FGID classification,” the PACCT Group
reached a consensus on terminology to describe childhood
defecation disorders.’? The 2 most important results of this
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consensus were (1) the unification of the previous classifica-
tion of Rome II FC and FFR under the umbrella of just 1
category—CC—and (2) the recommendation that the terms
“encopresis” and “soiling” be replaced by the term “inconti-
nence.” These definitions were accepted and published as the
pediatric Rome III criteria for FDDs.'*'* One of the main
changes in the Rome III criteria was that now a child must
meet 2 of 6 criteria to be diagnosed with FC (without differ-
entiation in FC and FFR). The 6 constipation characteristics
are the same as those obtained by the consensus on childhood
constipation terminology reached by the PACCT group (Ta-
ble I). On this basis, because our aim was to compare the
applicability of PACCT criteria versus the Rome II criteria,
we assume that all of our results can be applied to the Rome
T criteria as well.

The prevalence of FDDs in our study population was
significantly higher when using the PACCT criteria than
when using the Rome II criteria (88.9% vs 47.6%; P = .001);
53 of 126 (42.1%) constipated children were not recognized
by the Rome II criteria. The prevalence of Rome II consti-
pation in patients recruited from rtertiary care settings varied
from 34.2% to 69%.” ' Voskuijl et al® reported that 58% of
patients were positive for both classic and Rome II criteria,
whereas 16% were not recognized by the Rome II criteria and
119 were not recognized by the classic criteria.

Among signs and symptoms of constipation in our
study population, defecation with straining and scybalous,
pebble-like stools were reported in about 80% of the patients,
a history of painful defecation was reported in 66%, and
large-diameter stools were found in 63%. These symptoms,
along with the presence of retentive posturing, were reported
primarily in the “PACCT ecriteria positive only” group, and
the prevalence of fecal incontinence was greatest in the chil-
dren age 4 to 17 years (Table IV).

These data support the importance of the revised Rome
IIT diagnostic eriteria for FC, in which 2 of 6 criteria must be
satisfied. In the previous diagnostic criteria, the presence of
retentive posturing together with fewer than 2 bowel movements
per week were needed for a diﬂgnosis.“ It should be noted that
the Rome III criteria define retentive posturing as merely a
feature of FC. Based on our results, we can argue that a numer-
ous constipated children were considered “false negatives” by the
Rome 11 criteria, confirming the wider validity and clinical ap-
plicability of the PACCT and Rome IIT criteria.

Such symptoms as defecation with straining, painful
and/or hard bowel movements, large-diameter stools, and
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Table IV. Clinical characteristics of all study patients and according to age

Patient characteristies All patients 4 to 17 years <4 years P
MNumber of patients 126 77 49 —
Mean age (menths) £ 5D 67 = 46 95 + 38 25+ 12 —
Males, n (%) 62 (49) 42 (55) 20 (41) —
Positive family history, n (%) 50 (39) 30 (39) 20 (40.8) .B36
Symptoms, n (%)

Defecation frequency < 3/week 76 (60.3) 45 (58.4) 31 (63.3) 590
Scybalous, pebble-like, hard stools 101 (80.2) 55 (71.4) 46 (93.9) .002
Painful defecation =.0001
MNo 37 (29.4) 32 (41.6) 5(10.2)
Yes 83 (65.9) 45 (58.4) 38(77.6)
I den’t know 6 (4.8) — 6(12.2)
Defecation with straining 004
MNe 18 (14.3) l6 (20.8) 2{4.1)
Tes 105 (83.3) &l (79.2) 44 (89.8)
I den’t know 3(24) — 3(&.1)
History of large-diameter stools 79 (62.7) 50 (64.9) 29 (59.2) 515
Retentive posturing =2.0001
Neo 45 (35.7) 34 (44.2) Il (22.4)
Yes 74 (58.7) 43 (55.8) 31 (83.3)
I den’t know 7 (5.6) — 7(14.3)
Large fecal mass (by rectal examination®) =2.0001
MNo 38 (33.0) 27 (38.6) Il (24.4)
Yes 67 (58.3) 43 (61.4) 24 (53.3)
I don’t know 10 (8.7) — 10 (22.2)
Fecal incontinence 50 (39.7) 50 (64.9) — —

SD, standard deviation.
*Not pedformed in 11 patients.

Table V. Clinical characteristics of the “PACCT criteria positive only” group in all patients and according

to age
Patient characteristics All patients 4 to 17 years <4 years P
MNumber of patients 53 35 18 —
Mean age (months) + 5D 83 + 52 I+ 40 27 + 10 —
Males, n (%) 24 (45.3) 17 (48.6) 7(38.9) —
Pasitive family history, n (%) 22 (41.5) 17 (48.6) 5(27.8) 146
Symptoms, n (%)
Defecation frequency < 3/week 18 (34) 16 (45.7) 2(1L1) 012
Scybalous, pebble-like, hard stools 36 (67.9) 20 (57.1) 16 (88.9) 019
Painful defecation
MNe 20 (37.7) 18 (51.4) 2(1L1) .002
Yes 30 (56.6) 17 (48.6) 13 (72.2)
I den’t know 3(57) — 3(1e.7)
Defecation with straining
MNo 16 (30.2) 14 (40) 211y .025
Yes 36 (67.9) 21 (60) 15 (83.3)
I don’t know 1(1.9) — 1 (5.6)
History of large-diameter stools 33 (62.3) 22 (62.9) 1@l 901
Retentive posturing
MNo 19 (35.8) 16 (45.7) 3(le.7) .007
Yes 31 (58.5) 19 (54.3) 12 (66.7)
I den’t know 3(5.7) — 3(16.7)
Large fecal mass (by rectal examination) 22 (41.5) 13 (37.1) 9 (50) 368
Fecal incontinence 24 (45.3) 24 (68.6) — —
SD, standard deviation.
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fecal incontinence could be considered different clinical as-
pects of fecal retention. Often, for rectal accommodation,
children who have been constipated for years do not need to
withhold to delay stool passage; furthermore, adolescents may
find it difficult to explain the concept of excessive withhold-
ing,“’ and parents may misinterpret withholding as an at-
tempt to defecate and may not understand that incontinence
can be a consequence of retentive behavior.”® In some cases,
the presence of large fecal mass causing a painful evacuation
may induce retentive behavior.?

We suggest that the following items be added to the
PACCT and Rome IIT criteria for FC: painful defecation,
defecation with straining, and scybalous, pebble-like stools.
Painful defecation was included in the Rome III criteria, but
it was combined with “a history of hard bowel movements,”
thus forming a single item. Scybalous, pebble-like stools was
a Rome II criterion for FC but is excluded from the Rome III
revised diagnostic criteria. These constipation characteristics
were included in the questionnaires used in this study as
independent items. In our patients, scybalous, pebble-like
stools and defecation with straining were the most commonly
reported symptoms (80%), followed by painful defecation
(66%). Because such a high percentage of constipated children
reported these symptoms, we believe their inclusion should be
taken into consideration in any revised criteria.

According to previous data, the Rome II FC was the
most common disorder of defecation.® We found that among
the 60 children who were positive for FDDs according to the
Rome II criteria, FFR was the most common disorder
(61.7%). This finding may result from the careful use of
appropriate scored questionnaires for parents and for children
age 10 to 17 years.

Our results demonstrate that FDDs can be diagnosed
more often by the PACCT criteria; however, a statistically
significant difference was found between the Rome II and
PACCT criteria in the children age 4 to 17 but not in those
under age 4. Up to 60% of our patients could not meer the
Rome II criteria for FC only because they were older than
preschool age, even if they reported a defecation frequency of
less than 3 times per week and scybalous, pebble-like stools.
Of the children fulfilling the criteria for FC, 24.6% could not
be diagnosed as constipated according to the Rome II criteria
solely because they were over 6 years old.® The PACCT
criteria’s unification of FC and FFR under the category of FC
and its exclusion of age limits may have increased the likeli-
hood of diagnosis in older children while possibly decreasing
the power of discrimination in infants and toddlers.

Our finding of poor agreement between the PACCT
and Rome II criteria implies that the 2 criteria do not identify
the same types of patients. On the basis of the PACCT

consensus, the Rome TII criteria were revised to make diag-
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nostic criteria more applicable to clinical practice. A wider
spectrum of clinical features to explain constipation in all of
its different aspects were introduced. Ideally, diagnostic cri-
teria must meet the needs of both practitioners, who may
prefer sufficiently broad criteria to include atypical cases, and
researchers, who may prefer sufficiently strict criteria to allow
them to properly select their study sample. Are the Rome III
criteria too broad, including too many false positives? Our
findings are based on patients who present with a history of
chronic constipation and cannot be generalized to an uns-
elected population. Future research should address the appli-
cability and validity of Rome III diagnostic criteria for FC and
other FGIDs in unselected populations and in both general
practice and research settings.
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Table I. Diagnostic criteria according to the Rome I, PACCT, and Rome lll criteria

Rome Il criteria
Functional constipation: In infants and preschool children (from | month to é years), at least 2 weeks of
® Scybalous, pebble-like, hard stools in a majority of stools, or
® Firm stools 2 or fewer times/week, and
® No evidence of structural, endocrine, or metabolic disease
Functional fecal retention: From infancy to 16 years old, a history of at least 12 weeks of
® Passage of large-diameter stocls at intervals <2 times/week, and
® Retentive posturing, avoiding defecation by purposefully contracting the pelvic floor, As pelvic floor muscles fatigue, the child uses
the gluteal muscles, squeezing the buttocks together.
Functional nonretentive fecal soiling: Once a week or more for the preceding 12 weeks, in a child over age 4 years, a history of
defecation
® In places and at times inappropriate to the social context,
® |n the absence of structural or inflammatory disease, and
® In the absence of signs of fecal retention.
PACCT criteria
Chronie constpation: Oceurrence of 2 or more of the following characteristies during the preceding 8 weeks:
® Fewer than 3 bowel movements per week
More than | episade of fecal incontinence/week
Large stools in the rectum or palpable on abdeminal examination
Passage of large-diameter stocls that may ebstruct the toilet
Display of retentive posturing and withholding behaviors
Painful defecation
Fecal incontinence: Passage of stools in an inappropriate place
® Organic fecal incontinence: fecal incontinence resulting from erganic disease

® Functional fecal incontinence: nonorganic disease that can be subdivided into:
- Constipation-associated fecal incontinence: functional fecal incontinence associated with the presence of constipation
- Monretentive (nen—censtipation-associated) fecal incentinence: passage of stoels in an inappropriate place, occurring in children
with a mental age of 4 years and older, with no evidence of censtipation based on history and/or examination
Romes Il 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
criteria for diagnosis of irritable bowel syndrome:
® Two or fewer defecations in the toilet per week
® At least | episode of fecal incontinence per week
® History of retentive posturing or excessive volitional stoel retention
@ History of painful or hard bowel movements
® Presence of a large fecal mass in the rectum
@ History of large-diameter stocls that may obstruct the toilet
Criteria must be fulfilled at least once per week for at least 2 months before diagnosis.
Nenretentive 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
® No evidence of an inflammatory, anatomic, metabolic or neoplastic process that explains the subject’s symptoms
® No evidence of fecal retention

Functional Defecation Disorders in Children: PACCT Criteria Versus Rome Il Criteria 398.el
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ABSTRACT

Background & Aims: Patients with constipation frequently complain of dyspeptic symptoms that
may be explained by reflex inhibition of upper gastrointestinal motor activity by colonic stimuli.
We sought to evaluate: 1) the prevalence of functional constipation (FC) and gastric emptying
characteristics in children with functional dyspepsia (FD), and 2) the efficacy of osmotic laxatives
on constipation, dyspeptic symptoms and gastric motility. Methods: We recruited 42 children
(M/F 22/20; mean age 80.5 months) affected by FD (Rome II criteria). All subjects underwent
ultrasonographic measurement of the total gastric emptying time (TGEt) at baseline (TO) and after
three months (T3). Children’s bowel habits and the dyspeptic symptomatic score were evaluated at
entry and after one (T1), two (T2) and three months (T3). Constipated patients were treated with
osmotic laxatives for three months. Dyspeptic children without constipation represented the
comparison group. Results: FC was present in 28/42 (66.6%) patients. Constipated dyspeptic
children had significantly more prolonged TGEt than subjects without constipation (median value
(IQR) 180 (50) vs 150 (28) minutes, respectively; p=0.004). Patients on osmotic laxatives had a
significant decrease in TGEt at three months (p<0.001). The median dyspeptic symptomatic score
as well as the number and consistency of evacuations per week significantly improved at T1 in
comparison to TO and even more at T2 and T3 (p<0.001, for each). Conclusion:_In our study group,
the majority of children with FD were affected by FC associated with delayed gastric emptying.

Normalization of bowel habit may improve gastric emptying as well as dyspeptic symptoms.
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INTRODUCTION

Dyspeptic symptoms including fullness, bloating, early satiety, heartburn, nausea, intermittent
vomiting, and upper abdominal pain may be commonly seen in patients with constipation (1,2).
Borowitz et al (3) reported that 34 children rapidly and completely resolved chronic upper

gastrointestinal (GI) symptoms when their constipation was treated.

Some of these upper GI symptoms related to delayed gastric emptying may be explained by reflex
inhibition of upper GI motor activity by colonic stimuli (4-8). Studies in experimental animals
showed that balloon distension of the colon caused rapid inhibition of gastric and intestinal
contractions and tone. When the balloon was deflated, there was an immediate rebound increase in
tonus and motility which suggests a nervous component (6,7). It was also shown that in adults, the
intermittent distension of the rectum, at a level below that which caused any discomfort, delayed the
passage of a solid meal through both the stomach and the small intestine (8). In addition, it has
been reported that voluntary suppression of defecation delayed gastric emptying in healthy subjects
(1). Therefore, this “cologastric brake” may be involved in the pathogenesis of upper abdominal

symptoms in constipated patients.

Although gastric emptying was studied in a variety of childhood diseases (9), it was poorly
investigated in constipated children. Ultrasonographic evaluation of gastric emptying was shown to
be a reliable method to assess gastric emptying disorders in children (10-13). However, widespread
clinical application of ultrasonography has been limited by paucity of data from studies in disease

states (14).

The aims of our study were to evaluate: 1) the prevalence of functional constipation (FC) and the
gastric emptying characteristics in children affected by functional dyspepsia (FD); 2) the efficacy of
osmotic laxatives not only on constipation, but also on dyspeptic symptoms as well as on gastric

motility.
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SUBJECTS AND METHODS

Ninety-nine patients were consecutively recruited from children with complaints of upper
GI symptoms referred to our tertiary academic gastroenterology outpatient clinic. Upper GI
endoscopy was performed when indicated. Recruitment took place from June 2005 to July 2006.
Forty two of them (22 males; mean age 80.5 months; range 48-199) were affected by FD according
to the Rome II criteria (Table 1)(15) and represented our study group. Apart from age and gender,
subject demographics were not included because they were not relevant to the evaluation of the
study’s outcomes. The Questionnaire on Paediatric Gastrointestinal Symptoms (QPGS) was used to
make the diagnosis of FD at entry and a diagnosis of FC (Table 1) -section C (bowel movements)-
in the group of dyspeptic patients (15,16). This questionnaire is a validated instrument for
qualitative and quantitative assessment of constipation according to the paediatric Rome II criteria.
We didn't choose Rome III criteria for diagnosis of FC and FD because they had not yet been
published when the study protocol started.

Children with organic causes of defecation disorders, including Hirschsprung’s disease,
spina bifida occulta, hypothyroidism, chronic intestinal pseudo-obstruction, previous surgery of the
gastrointestinal tract, or with systemic disease, central nervous system disease and chronic severe
illness, were excluded from the study. In addition, children who were taking any form of
constipation treatment were excluded and all drugs directly and indirectly affecting GI motility,
including acid suppressive therapy, were discontinued at least two weeks prior to the study.

A full medical history together with a complete physical examination were obtained at entry
(TO). Constipated patients were treated with oral lactulose at the standard dose of 1 mg/Kg/day,
once daily, for a period of three months. Dyspeptic children without constipation did not receive
any treatment and were used as comparison group. No patient underwent acid suppressive therapy
during the study period. The use of alginate and/or aluminium hydroxide was allowed as rescue

medication, on demand.
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Dyspeptic symptoms and bowel habit were evaluated with validated questionnaires at
enrolment (T0); and after one (T1), two (T2) and three (T3) months of follow-up. All subjects
underwent measurement of the total gastric emptying time (TGEt) performed by real time
ultrasonography of the antral area at entry (T0) and after three months (T3).

Informed consent for participation in this study was obtained from parents of all patients,
and the experimental design was approved by the Independent Ethics Committee of University of
Naples, Federico II
ASSESSMENT OF SYMPTOMS

Information concerning dyspepsia and constipation questionnaires and diaries were obtained
by the parents of the children aged 0-9 years and by the children themselves aged 10-17 years.

Dyspepsia
A standardized questionnaire was used to assess the presence of epigastric pain, heartburn,

nausea, early satiety, vomiting and bloating (17). Caregivers were also asked to keep a weekly
diary of symptoms. The dyspepsia questionnaire was always administered by the same
investigator during the clinic visits at entry (TO0), at one (T1) two (T2) and three months (T3) of
follow-up. Symptoms were scored numerically for frequency and severity. Frequency was scored
as follows: 0_ absent, 1 _ 1 day per week, 2 _ several times per week. Severity was scored as
follows: 0 _ absent, 1 _ present but not interfering with daily activities, 2_present and interfering
with daily activities. A score for each symptom was calculated by multiplying the severity grade
by the frequency grade, with a possible range for each score of 0 to 4. The total symptom score
(TSS) (range O to 24) was obtained by adding up the scores for each symptom and was

calculated for each patient.

Constipation
The defecatory pattern was established for the last week and prospectively for the first 3
consecutive days from the scheduled visits (18). Questions were posed concerning the duration of

constipation, frequency of bowel movements (BMs), presence of large diameter stools, presence of
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stool withholding, of abdominal pain and/or of blood with BMs, presence of urinary incontinence,
fecal incontinence (stains or soils underpants). Stool consistency was assessed as follows: hard like
rock, pellets = 0, firm=1, soft= 2, loose =3 and watery = 4 (19). A weekly diary was kept from
patients and parents to record the BMs characteristics during the three months of follow-up. At 1-
month, 2-months and 3-months visits the interim history was assessed and the stool diaries were

collected and evaluated.

Assessment of Gastric Emptying

Measurement of gastric emptying time was performed by real time ultrasonography of the
gastric antrum after ingestion of a mixed solid-liquid meal (Table 2) (10). All subjects were
examined using a 5-MHz linear probe applied to the epigastrium, with minimal abdominal
compression. Baseline scans were performed on an empty stomach, and follow-up measurements
were performed at 30 and 60 minutes, and then at 15-minute intervals until emptying was complete.
The gastric emptying time was calculated by measuring the cross-section of the gastric antrum at
the sagittal plane passing through the superior mesenteric vein. The antral cross-sectional area,
elliptical in shape, was calculated by the following formula:

Area = T x longitudinal diameter x antero-posterior diameter/4 (11)

and the stomach was considered empty when the cross-sectional area returned to baseline and
persisted unchanged for at least 30 min. The total gastric emptying time (TGEt) was calculated in

relation to the start of the meal.
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RESULTS

Eighty of 99 consecutively recruited children complaining of upper GI symptoms underwent
upper GI endoscopy. Ten patients had no indication for endoscopy because of very mild symptoms,
whereas nine caregivers did not give their consent. Forty-two children received a diagnosis of FD
according to Rome II criteria. All 42 children with a diagnosis of FD underwent upper GI
endoscopy. By endoscopy, thirty-five (83.3%) of them showed normal macroscopic finding; 7
(16.6%) had H.pylori gastritis. The following disorders were found in the remaining patients:
mild-moderate peptic esophagitis in 21 (26.2%); hiatal hernia in 5 (6.2 %); H.pylori gastritis in 7
(8.75%) and not H.pylori related gastritis in 5 (6.2%).

Because none of the dyspeptic children infected by H.pylori showed evidence of gastric or duodenal
ulcer, no eradication therapy was performed.

Functional constipation was present in 28 (66.6%) out of 42 dyspeptic patients. The TGEt at
enrollment (TO) was significantly more prolonged in dyspeptic children with constipation than in
subjects without constipation (median value, Interquartile range (IQR) 180 (50) vs 150 (28)
minutes, respectively; p=0.004). Patients on lactulose had a significant decrease in the TGEt after
three months (T3) of constipation treatment (p<0.001, compared with TO (entry) (Figure 1). There
was no significant change of the TGEt in the group of dyspeptic children without constipation
during the follow-up period in comparison with baseline (Figure 1).

The median (IQR) total symptomatic score in dyspeptic constipated children at entry (TO)
was 9 (10), with values of 3 (8) at T1, of 1.5 (4) at T2, and of 0 (2) at T3. The total dyspesia
symptomatic score significantly decreased from baseline (TO) at T1 (p<0.001 vs baseline).
Moreover a significant reduction was observed for this symptomatic score between T1 and T2
(p=0.01)and between T2 and T3 (p=0.001) (Figure 2). No statistically significant difference was
found in the group of dyspeptic children without constipation, regarding the total dyspepsia
symptomatic score, during the three months of follow-up (T1, T2, T3) compared with TO (p=0.880)

(Figure 2).
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The frequency of BMs per week improved significantly during the 3-month treatment period
(T1, T2, T3) as compared with the initial evaluation (T0) (p<0.001), in the dyspeptic children with
constipation; while no significant change was observed in the group of dyspeptic children without
constipation (Figure 3). Dyspeptic children with constipation showed a significant reduction of the
stool consistency assessed by the constipation score after three months of lactulose treatment
(median value (IQR) TO 1(1); T1 2(1); T2 2(1); T3 3(1); TO vs T3 p<0.001). The constipation score
remained unchanged during the 3-month follow-up period in the dyspeptic patients without
constipation (median value (IQR) TO 2 (1); T1 2 (1); T2 2 (1); T3 2 (1); TO vs T3 P=0.821).

Among the presenting dyspeptic symptoms, epigastric pain was the most frequent (100%)
followed by vomiting (82.1%) and bloating (71.4%), in the dyspeptic constipated patients. All these
symptoms were improved (epigastric pain 32%; bloating 18%) or disappeared (vomiting), after

three months of constipation treatment (T3).
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DISCUSSION
Studies in children and adults suggest that constipation is part of a generalized GI motor

disorder in which proximal GI motility can also be impaired (1,3-5,8). In our study 66.6% of
patients with FD were affected by FC. All of our constipated children with FD showed a
significantly prolonged TGEt compared with dyspeptic subjects without constipation.

In healthy, unconstipated adults, intermittent rectal distension significantly retarded the
emptying of the meal from the stomach and delayed small intestine transit (8). The delay in gastric
emptying was abolished if the subject was pretreated with ranitidine (an acid-suppressant). This
suggests that the inhibition of gastric emptying by rectal distension may be mediated by an increase
in meal stimulated gastric acid secretion, which may than slow emptying by interaction with
duodenal receptors. Coreman et al. (20) determined the effect of continuous isobaric rectal
distension on gastric emptying time and oro-cecal transit in young, healthy females and found that
while gastric emptying was inhibited, small bowel transit was not. The voluntary suppression of
defecation for more than three days significantly slowed gastric emptying in the same manner (1).

The mechanism by which rectal distention inhibits gastric emptying remains speculative but
probably involves both neural and humoral components (6-8). Colonic loading with faecal materials
may activate a recto-gastric inhibitory reflex altering the function of gastrointestinal tract regions
proximal to the colon. This “cologastric brake” may be involved in the pathogenesis of dyspeptic
symptoms. In our study dyspeptic patients affected by constipation reported a prolonged gastric
emptying time with a more severe dyspepsia symptomatic score. In addition, the improvement of
the bowel habit during the 3-month constipation treatment was correlated to a significant decrease
of the dyspepsia symptomatic score as well as of the gastric emptying time.

Gastric emptying, gastric accommodation and visceral hypersensitivity abnormalities have
been demonstrated in symptomatic adult patients affected by FD (21-23). However, there are
conflicting data about an exact relationship between constipation and dyspepsia. Van der sijp et

al.(5) reported that patients with severe idiopathic constipation have delayed gastric and small
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bowel transit that may be related to upper GI symptoms. A significant correlation was shown
between the reduction of postprandial fundus relaxation and the presence of daily upper GI
symptoms in slow transit constipated patients (4). On the contrary, in a recent study the authors
concluded that although motor abnormalities of both colon and proximal GI tract regions are
present in patients with chronic constipation and dyspepsia, they do not appear to play a role in the
genesis of different dyspeptic symptoms (2). A number of reports have associated abnormalities in
the GI transit in children with upper GI symptoms (24-27,3) but data on gastric motor activity and
on the prevalence of specific dyspeptic symptoms among constipated patients are lacking. In
previous papers, delayed gastric emptying has been reported in up to 68% of pediatric dyspeptic
patients (28-29). Chitkara et al. (27) demonstrated that symptoms such as bloating and abdominal
pain in pediatric and adolescent patients affected by FD may be associated with abnormal gastric or
small bowel transit measurements. Recently it has been reported that 100% of 34 children
complaining of chronic upper GI symptoms such as recurrent vomiting, nausea, gastroesophageal
symptoms, abdominal pain, and early satiety suffered from chronic unrecognized constipation. The
authors reported a significant improvement of the upper GI symptoms once constipation was
adequately managed (3). Another study investigated 28 children with functional fecal retention
(FFR) and chronic constipation and found that postprandial symptoms of nausea, poor appetite and
early satiety had disappeared after treatment of constipation. In contrast to our results, they showed
no significant change in gastric emptying time (30).

Two aspects of our data need explanation: 1) In our study H.pylori gastritis was found in 7
(8.75%) children affected by FD. These children were included into the study and did not receive
any eradication treatment. 2) H.pylori gastritis in these children may have affected gastric motility.
The current recommendation from the North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition (NASPGHAN) is that H. pylori infected children with non ulcer
dyspepsia or recurrent abdominal pain, or both, do not require treatment (31). According to these

guidelines, eradication treatment is recommended only for children who have a duodenal or gastric
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ulcer identified at endoscopy and H.pylori documented by histopathology and in the rare child with
lymphoma or proven atrophic gastritis with intestinal metaplasia. About the finding of H.pylori-
associated gastritis, in the absence of peptic ulcer disease at endoscopy, the committee concluded
that there is insufficient evidence to support either initiating or withholding eradication treatment.
We chose not to treat the patients since there was no clear indications in the guidelines in use, and
because the use of acid-suppressant (included in the eradication therapy) could interfere indirectly
with gastric motility

Although a correlation between slowing of gastric emptying and increased severity of H.
Pylori gastritis has been reported in adults (32-34), there are no studies in children. Recently Friesen
et al. (35) reported that chronic gastritis in children is not associated with abnormalities of gastric
electrical rhythm or solid food gastric emptying.

It is widely recognised that patients suffering from functional gastrointestinal disorders
(FGIDs) may have symptoms of multiple disorders concurrently. In a recent study on a large series
of adult patients, a significant overlap was found between upper and lower gastrointestinal
symptoms and a relationship between different categories of functional gastrointestinal disorders
(FGIDs)(31). Caplan et al (16) showed that among children 4-9 years old, the majority of overlaps
with other FGIDs diagnosis according to Rome II criteria were observed for FD, FFR and irritable
bowel syndrome, (IBS) while in children of 10-18 years, the diagnosis of FD overlapped with that
of IBS (2.9%), FFR (2.9%), functional constipation (FC) (0.7%) and cyclic vomiting syndrome
(1.4%).

Our data confirm the presence of overlaps among different functional gastrointestinal
disorders. However, the limitations of our study include the absence of a control group and the lack
of a validated method for measurement of gastric emptying time and dyspeptic symptomes..

In our study group, the majority of dyspeptic patients resulted affected by FC with a delayed
gastric emptying time. The resolution of dyspeptic symptoms and gastric abnormalities after

constipation treatment and bowel habit normalization suggests that, in a specific subset of patients,

81



dyspepsia may be induced by constipation. The enterogastric feedback activated by faecal stasis in

the rectum should be considered among the possible mechanisms involved in the pathogenesis of

dyspepsia.

The demonstration of significant overlap raises the question as to whether the functional

gastrointestinal disorders should be considered multiple separate disorders or as a unique clinical

entity with a common pathophysiology, common symptoms and also, when possible, a common

treatment.
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FIGURE LEGENDS

Figure 1 : Total gastric emptying time evaluated at entry (TO) and after three months of follow-up
(T3) in dyspeptic patients with functional constipation (FC yes) who received lactulose and in

dyspeptic patients without functional constipation (FC no) who did not receive any treatment.

Figure 2: Dyspepsia symptomatic score evaluated at entry (TO) and after one (T1), Two (T2) and
three (T3) months of follow-up in dyspeptic patients with functional constipation (FC yes) who
received lactulose and in dyspeptic patients without functional constipation (FC no) who did not

receive any treatment.

Figure 3: Number of bowel movements per week evaluated at entry (TO) and after one (T1), two
(T2) and three (T3) months of follow-up in dyspeptic patients with functional constipation (FC yes)
who received lactulose and in dyspeptic patients without functional constipation (FC no) who did

not receive any treatment.
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Table 1. Rome II functional dyspepsia and functional constipation diagnostic criteria (Rasquin-

Weber et al. Gut 1999, 45(52):1160-1168)

FUNCTIONAL CONSTIPATION

In infant and preschool children, at least two weeks of:
e Scybalous, pebble-like, hard stools for a majority of stools; or
e Firm stools two or less times/week; and
e There is no evidence of structural, endocrine, or metabolic disease.

FUNCTIONAL DYSPEPSIA

In children mature enough to provide an accurate pain history, at least 12 weeks, wich need not

to be consecutive, within the preceeding 12 months of:

e Persistent or recurrent pain or discomfort centered in the upper abdomen (above the
umbilicus; and

e No evidence (including at upper endoscopy) that organic disease is likely to explain the
symptoms; and

e No evidence that dyspepsia is exclusively relieved by defecation or associated with the
onset of a change in stool frequency or stool form.
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Table 2. Test meals for gastric emptying time administered in different age groups

Age (years) Bread (g) Ham (g) Butter (g) Fruit juice (ml)
3-6 70 25 4 100
>6-9 80 30 7 125
>0-12 90 30 7 125
>12 100 40 8 125

Bread, 290 kcal/100 g; ham, 370 kcal/100g; butter, 750 kcal/100 g; fruit juice, 56 kcal/100 ml

88



TO T1 T2 T3

Patients who experienced symptoms, n (%) 28 (100) 19 (67.8) 16(57.1) 13(46.4)
Frequency for each reported symptom, n (%)

Vomiting 18(64.2) 4(21) 4(25) 3(0)

Heartburn 2(7.1) 2(10.5) 1(6.2) 2 (0)

Epigastric pain 28(100) 10 (52.6) 4(25) 0 (0)

Nausea 16(57.14) 7 (36.8) 531.2) 122

Early satiety 20(71.4) 5(26.3) 3(182) 0(0)

Bloating 23(82.1) 8 (41.1) 4(25) 0 (0)

Table 3. Frequency of reported dyspeptic symptoms at enrollment (TO), at one-month (T1) two-

months (T2) and at three-months (T3) after constipation treatment started in the 28 constipated

dyspeptic children.
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Figure 1

Total gastric emptying time (minutes)
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Figure 2
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Abstract High-resolution manometry (HRM) in
adults identifies a sequential chain of pressure seg-
ments that together form normal oesophageal peri-
stalsis. HRM was performed in 40 neonates, infants/
toddlers and children (age 1 day-14 vears) to see if a
similar segmental pattern could be identified in pae-
diatric subjects. A chain of three pressure segments
was  found with inter-segmental troughs at
274 + 1.1%, 62.6 + 1.3% and 94.9 + 0.8% oesophageal
length. The first and second pressure troughs were
similarly distributed along the oesophagus across age
groups; the third was 7.6-8.9% oesophageal length
further from the lower oesophageal sphincter in neo-
nates (P < 0.05 compared with other age groups). There
were no significant differences in trough locations
between subjects with or without oesophageal dis-
ease, controlling for age. Consistent presence of all
three segments was less common in neonates, pri-
marily because of fewer swallows demonstrating the
first (proximal) and third (distal) segments compared
with children. HRM in paediatric patients demon-
strates, from neonates to children, the distinctive
chain of pressure events that also characterizes
oesophageal peristalsis in adults. The segmental
character to oesophageal peristalsis should be taken
into consideration in manometric investigation of all
age groups — for example, in testing pharmacological
responses and evaluating clearance mechanisms.
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INTRODUCTION

High-resolution manometry (HRM) was developed to
increase interpretative consistency and diagnostic
accuracy of oesophageal manometry."? The spacing
of pressure sensors along the catheter is decreased and
the number of sensors increased so that pressure data
can be interpolated in the axial direction. Three-
dimensional pressure maps of peristalsis, plotting
pressure against time and sensor location, demonstrate
distinctive features of normal and abnormal swallow-
ing responses in adult subjects.?®

One important observation made in adults that
accentuates the value of HRM is that oesophageal
peristalsis is comprised a specific chain of sequential
pressure segments.> >’ These segments, one in the
striated-muscle region and two in the smooth-muscle
region, appear as concentrated pressure loci separated
from each other by lower amplitude pressure troughs
on the three-dimensional maps.®* ™’ We recently dem-
onstrated that this peristaltic chain, although incom-
pletely formed, can be detected in healthy preterm and
term neonates using HRM methods adapted for this
very young age group.® Whether a similar peristaltic
‘architecture’ or pattern is present throughout the age
range of paediatric patients remains unknown but is
highly suspected. Determining the presence of this
pattern in all age groups should be valuable in inter-
preting manometric studies of paediatric patients when
few pressure sensors are used, e.g. in studying oesoph-
ageal response to pharmacological provocation, as
pressure profiles for the individual subject vary mark-
edly in relation to the peaks and troughs.®® The HRM
appearance of peristalsis also has facilitated recogni-
tion of motor disorders and lower oesophageal sphin-
cter (LOS) location in adults.'?

In the present study, HRM was performed during
clinical evaluation of 40 neonates, infants/toddlers and
children whose presentations indicated oesophageal
manometry. Our objectives were to determine if a
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segmental pattern is present in all paediatric patients
and to see if the pattern varies with age group or in the
presence of oesophageal disease. Because the segments
reflect physiologically distinct regions of the oesoph-
agus, we hypothesized that a segmental pattern would
be detected in each subject group.

MATERIALS AND METHODS

Subjects

Each subject in this report underwent oesophageal
manometry for clinical indications at either the
Department of Pediatrics, Federico II University,
Naples, Ttaly (n = 27), or Barnes-Jewish Hospital, Wash-
ington University Medical Center, St Louis, MO, USA
(n = 13). Informed consent was obtained from the
parents of each subject for performance of the study.
The 40 subjects averaged 7.3 = 0.8 years of age, and 14
(35.0%) were females. The subjects were further
divided into three subgroups by age: neonates
(<1 month), infants/toddlers (1 month to <2 years)
and children (2-14 vears). Further characteristics of
the subjects by age group are shown in Table 1. Review
of clinical data for this report was approved by the
institutional review board (IRB) of each participating
institution.

Manometric methods

Oesophageal manometry was performed following a
fast appropriate for subject age. Extruded microluminal
silicone catheters with recording side holes spaced at
l-cm intervals were used, the number of recording sites
and catheter diameter varying by age group: a 2.25-mm-
diameter catheter with nine recording sites was used in
neonates; a 2.5-mm-diameter catheter with 11 record-
ing sites was used in infants/toddlers; and the 2.5-mm-
diameter catheter or a 4.0-mm-diameter catheter with
21 recording sites was used in children. The microlu-
mina were perfused with a pneumohydraulic perfusion

Table 1 Subject characteristics by age group

Neurogastroenierology and Motility

system (Mui Scientific, Mississauga, ON, Canada). The
modifiable device characteristics and rates of water
perfusion (0.05-0.28 mL min~' Im™!] were selected
depending on catheter diameter to record pressure
upstrokes of at least 100 mmHg s~ in neonates and
infants/toddlers and >300 mmHg s~ in older subjects
based on previously published data'®'? and on techni-
cal information from the manufacturer. Pressure data
were acquired and displaved using a system designed
for HRM and capable of displaying isobaric contour
maps, three-dimensional maps in which a series of
lines at specified pressure levels plot pressure against
time and side hole location on the catheter {MMS,
Enschede, Holland). These maps resemble topographic
plots of geographical elevations.

The catheter initially was advanced transnasally
until distal recording sites were positioned in the LOS
or proximal stomach so that the LOS and majority of
the oesophageal body could be sampled. The catheter
then was withdrawn so that proximal recording sites
were in the upper oesophageal sphincter (UOS) and
remaining recording sites sampled the oesophageal
body. When possible, the entire oesophageal body and
sphincters was studied in one catheter position. Water
boluses (0.5-4 mL depending on subject age) were
offered until at least 10 evaluable swallows were
obtained from each catheter position. In children,
swallows were spaced by 220 s;'? in younger subjects,
dry swallows interspersed between water boluses pro-
hibited the 20-s delay in some instances. Once an
adequate number of swallows and a pull-through
manoeuvre for measuring LOS resting pressure (chil-
dren only) were obtained, the catheter was removed.

Swallowing was determined by the characteristic
opening and movement of the UOS seen with HRM in
adult subjects.>'*!'® Because the UOS was not visual-
ized when the catheter was in the distal position, a
surface submental electromyogram was also recorded
to determine the presence of a pharyngeal swallowing
phase in all but older children wherein observed
swallows were marked on the maps. Stereotypical

Subject group (n) Age [mean + SEM (range|] Sex Indication for manometry (1)
Neonates (5] 7.0 +3.1(1-16) days 3F/2M Vomiting/regurgitation (5|
Infants/toddlers (6] 10.0 = 2.5 {6-24) months 1F/5M Vomiting/regurgitation (4]

Children (29) 9.9 + 0.6 (3-14) vears

Dysphagia/anorexia (2}
Dysphagia/regurgitation (19
Chest pain |7

pH probe placement (3}

12F/17M

F, female; M, male.

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd
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deflections of the electromyogram that corresponded
with UOS opening when the UOS was visualized were
determined on post hoc review. These same stereotyp-
ical deflections were then used to confirm the presence
and time of onset of a swallow when the catheter was
positioned distally.

Isobaric contour maps were created by drawing the
first line 5 mmHg above gastric baseline pressure;
subsequent lines were drawn at 5-20 mmHg incre-
ments as required to best demonstrate the peristaltic
pattern. Gastric baseline pressure was established as an
average across respiratory variation from swallows in
which distal recording sites were intragastric in loca-
tion. Maps were scrutinized for pressure segments and
pressure troughs separating the segments using previ-
ously described characteristics in adult subjects as the
primary template (Fig. 1).> A locus of pressure activ-
ity with concentric isobaric contour lines having a
peak amplitude of 220 mmHg was required for identi-
fying a pressure segment. Initial map review in the
subject groups revealed that a similar pattern was
present across all ages, and, thus, additional pressure
segments and troughs were not recorded.

Locations of the UOS distal margin and LOS prox-
imal margin were determined, and oesophageal length
was measured as the difference between these sites.
Location of each pressure trough (trough 1, separating
the striated- from proximal smooth-muscle segment;
trough 2, separating the two smooth-muscle oesopha-
geal body segments; trough 3, separating the second
smooth-muscle segment from LOS after contraction)
was reported in centimetre above LOS and per cent
oesophageal length from proximal to distal direction.
Percentage of swallows demonstrating each contrac-
tion segment was calculated for each subject. If a
pressure trough was not identified for a specific
swallow, the average location of the pressure trough
for that subject was superimposed on the map. Seg-
ments were considered present only if a distinct
pressure locus was detected in the expected region
(delineated by evident or superimposed troughs) with
concentric isobaric contour lines focused on the region.

Manometric patterns were classified using a scheme
described previously.'” LOS relaxation was assessed
from conventional tracings using the recording site
located most closely to the centre of the LOS. The
transsphincteric gradient also was measured; the gra-
dient was measured for up to 4 s after the swallow
using techniques reported previously, a walue of
»5 mmHg being considered abnormal.'® LOS relaxa-
tion data were available only in subjects with intraga-
stric pressure sensors and primarily were used to assist
in classifying aperistaltic disorders. Final diagnosis for
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Figure 1 Typical features of the segmental peristaltic archi-
tecture using high-resolution manometry (HRM| and isobaric
contour mapping in an adult. A solid-state catheter system
spanning 35 cm (sensors at 1-em intervals| was used to visu-
alize the entire oesophagus and its sphincters. A short pres-
sure region (segment 1) extends from the upper oesophageal
sphincter (UOS) following the swallow (SW). The first inter-
segmental pressure trough separates this segment from the
remaining smooth-muscle oesophageal body. The third pres-
sure trough then separates this peristaltic chain from the
lower oesophageal sphincter (LOS) after contraction. Increas-
ing pressure amplitudes are represented by concentric isobaric
contour lines and shading as demonstrated on the grey-scale
legend (in mmHg above gastric baseline pressure).

each subject was established from review of all clinical
data, and subjects ultimately diagnosed as having a
definable non-oesophageal explanation for symptoms
were considered together as the control subgroup with
regard to the location of peristaltic architectural land-
marks.

Statistical methods

Data are reported as mean = SEM throughout. Pressure
trough locations and percentage of swallows demon-
strating each pressure segment were compared across
age groups using a one-way anova followed by unpaired
Student’s t-tests if the anova was significant. Linear
regression analyses controlling for age were used to
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compare pressure trough locations and presence of
swallows demonstrating each pressure segment be-
tween control and oesophageal-disorders subgroups.
Statistical analyses were conducted using spss v14.0
{SPSS Inc., Chicago, IL, USA); P < 0.05 was required for
statistical significance using two-tailed testing. Statis-
tical trends were reported for P-values <0.1.

RESULTS

The entire oesophagus and sphincters could be sam-
pled in a single catheter position in four subjects
|Fig. 2); proximal and distal positions were necessary to
visualize the entire oesophagus and both sphincters in
the remainder (Fig. 3). Clinical diagnoses and mano-
metric findings in the subjects are shown in Table 2.
The same chain of pressure segments identified previ-
ously in adults was seen in each subject with the
exception of seven with aperistalsis, six of whom were
ultimately diagnosed as having achalasia (Fig. 4). One

Amplitude 0
(mmHg)*

]

Location along catheter (cm)

@

20

Time (s)

EElicure 2 A complete peristaltic chain is seen in this 12-year-

old male child studied with a 21-lm catheter. The segmental
pressure architecture resembles that seen in the adult. The
three inter-segmental troughs are indicated on the figure, and
the pressure amplitudes represented by the isobaric contour
regions are shown in the colour legend (in mmHg above gas-
tric basline pressure; pressures below the first isobaric contour
are shown in black). SW, swallow.

Neurogastroenterology and Motility

of the seven had severe hypocontractility and reflux
disease.

Relative locations of the inter-segmental troughs and
the proportion of swallows demonstrating the individ-
ual pressure segments are shown in Table 3. As
expected, oesophageal length was significantly greater
in the oldest group when compared with each younger
group (P < 0.05 for each comparison). The first and
second pressure troughs were similarly distributed
across oesophageal length in each age group, but the
third trough was located proportionately less closely to
the upper margin of the resting LOS in the neonates
compared with infants/toddlers or children [P < 0.05
and P < 0.001 respectively).

The first pressure segment was more consistently
present in children than in the other two age groups
|P < 0.05 for each comparison), and the percentage of
swallows with the third pressure trough was decreased
in neonates compared with children (P < 0.05). Conse-
quently, completely formed peristaltic chains were less
commonly observed in the neonates, but the number of
subjects was too small to confirm that this was a
meaningful finding. No differences in trough locations
or percentage of swallows with individual segments
were found between groups with or without oesopha-
geal disease when the analyses were controlled for age
|[P=z0.3 for each comparison). The segments and
troughs could be identified in the presence of oesoph-
ageal motor disorders other than aperistaltic disorders
(Fig. 5).

DISCUSSION

In this report, we successfully applied HRM to a small
number of subjects representing the broad age range
seen in paediatrics to examine the appearance of
peristalsis using these techniques. A segmental
vesophageal peristaltic sequence resembling that
observed previously in adults was present in all age
groups with minimal variation in the relative location
of defining landmarks along oesophageal length.**®
Although a distinctly normal control group was not
emploved, we found no difference in the presence or
distribution of the pressure segments within the
oesophageal body in subjects who had symptoms
ultimately attributed to oesophageal disease or who
had other explanations for the presenting complaints.
Consequently, our hypothesis that these segmental
features would be detected with HRM across all
paediatric age groups was confirmed. The relative
distribution of the segments along the oesophageal
length appears fixed at birth unless the chain is
obliterated by disorders underlying aperistalsis.

@ 2007 The Authors
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Figure 3 Examples of oesophageal peristalsis in cach paediatric age group. The female neonate [age 20 days) in panel A is stud-
ied with catheter having nine recording sites, and the distal oesophagus and lower sphincter region are visualized. The third
pressure segment is not well developed on this swallow. In panel B, a 6-month-old male infant studied with a catheter having 11
recording sites has typical segmental architecture in the distal cesophagus. The proximal segment and first pressure trough were
only seen when the catheter was re-positioned more proximally. In panel C, all but the upper ocsophageal sphincter is well
visualized in a 6-year-old male child studied with a 21 -lm catheter. Again, the typical segmental pressure architecture is identified
with three distinctive inter-segmental pressure troughs. In cach case, the recording sites are separated by 1 cm. SW, swallow.

Table 2 Clinical diagnoses and manometric findings

Subject group (n) Final clinical diagnosis (n) Manometric findings [n]
Neonates (3] Achalasia (1) Achalasia pattern (1)
GORD (3] Normal (3]
Functional regurgitation (1) Normal (1]
Infants/toddlers |6) GORD (3) Hypocontractility (2); normal (1]
Normal (3] Normal (3]
Children (29) Achalasia (5] Achalasia pattern (5]
Functional symptoms (5] LOS dysfunction (3); NSSD (2); normal (1)
GORD (11] NSSD (5); normal (5} aperistalsis/severe hypocontractility (1)
Normal (8] Normal (8]

GORD, gastro-oesophageal reflux disease; NSSD, non-specific spastic disorder; LOS, lower nesophageal sphincter.

The fact that the pressure signature of oesophageal The first pressure trough had been observed, but
peristalsis is comprised a series of sequential segments detailed analyses from HEM now indicate that this
had not been appreciated prior to use of HRM in adults. trough separates two distinct propagating wave forms,
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consistent with transition from striated- to smooth-
muscle activity.” The second pressure trough dividing
the smooth-muscle oesophagus into two similarly
sized regions had been overlooked by conventional
manometry. Preliminary data indicate that this pres-
sure trough also is seen in the opossum, an animal
sharing some oesophageal neuromuscular characteris-
tiecs with the human.'!” Based on comparisons to
physiological studies in this animal and the outcome
from pharmacological manipulations in the human, it
is plausible that the smooth-muscle segments corre-
spond to transition of dominant neural control mech-
anisms (from cholinergic to non-cholinergic).”-'*

The present study confirms that all of these features
can be detected in even the youngest paediatric
subjects requiring manometric evaluation. We recently
demonstrated in an HRM study of healthy preterm and
term neonates that maturation of the peristaltic chain
continues to occur through late gestation and beyond
term birth.* Our present findings in symptomatic
neonates and infants/toddlers replicate these findings.

Neurogastroenterology and Motility

Figure 4 Peristaltic segments are absent
in this 7-year-old child (A] and 14-year-old
child [B] with achalasia. The peristaltic
chain is replaced by isobaric contour
stripes spanning the oesophageal body that
end in a ‘dam’ effect at the non-relaxing
lower oesophageal sphincter (LOS), fea-
tures that have been described by high-
resolution manometry in adults with
achalasia.? In each of these subjects, the
upper ocsophageal sphincter and most
proximal oesophageal body were not seen
until the catheter was positioned proxi-
mally for additional sampling. SW,
swallow.

They suggest that maturation may continue trough the
infant/toddler period such that presence of the com-
plete peristaltic chain at rates matching the adult
pattern only becomes most evident during childhood
years. This conclusion must be tempered, however, by
the fact that numbers of subjects in the vounger groups
were small and that symptomatic subjects might not
represent the normal population.

The identification of peristaltic segments has several
important implications. From a clinical standpoint, the
HRM appearance of peristalsis has facilitated recogni-
tion of nommal and abnormal motor function in adults.
Finding even small fragments of the normal sequence
helps  differentiate primary hypocontractility from
achalasia, the latter having no normally timed peri-
staltic elements and, most often, no segmental char-
acteristics at all. '™ The distinctive peristaltic pattern
also helps identify LOS location. We previously dem-
onstrated that differences between LOS location by
conventional pull-through and from isobaric contour
maps exceeds =2 cm in 11.9% of adult patients and

© 2007 The Authors
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COLOUR

Segmental characteristics of oesophageal peristalsis

Table 3 Peristaltic landmarks identified on the isobaric contour maps

l]ltL'r-ﬁt'glnL'ntall pressure trough
location as % oesophageal

Inter-segmental pressure trough Percentage of swallows
location in centimetre above demonstrating the pressure

Oesophageal Trough

length* LOS segment
Trough Trough Trough Trough Trough Segment Segment Segment
; 1 2 3 1 2 3

Subject group [n)  length ([cm) 1 2 3

All subjectst (33) 12 0.8

9.1 +0.5 a8 88

L
4

+ * * 4.6 + 0.3 .6 = 0.1 +4 * 7225
Neonatest (4] 79+ + - 29 61202 32:+05 09202 72+11 8327 40 + 23
Infants/toddlers (6] 100 « + 20 70«07 41205 0302 78+12 8D=+5 GG+ 11
Childrent (23) 14.0 + + 0.6f 102+ 061 49031 0.6 £0.1f 96 +£2f 91 +3 79«4}
Non-oesophageal 134 + + 06 9706 44+ 0501 98+32 866 T9x4d
disorders [12]
Oesophageal 120+ 1.1 267+12 607+15941+13 B88:+08 46+04 06:02 B82+6 91+2 71=+8

disorderst (21)

*Reported as mean + SEM.
tExclusive of patients with aperistalsis.
1P < 0.05 on ANOVA across age groups.

Amplitude
{mmHg)*

Figure 5 Segmental features in two chil-
dren with abnormal cesophageal motility.
[A) Hypocontractility of the distal
ocsophagus with evidence of the two dis-
tal segments, each of low amplitude. The
third segment is foreshortened, extending
the region of the third pressure trough
proximal to lower sphincter after con-
traction. (Bl The prominent third peristal-
tic segment is forked with repetitive
contraction in its proximal extent in this
child with a spastic disorder. Forked
regions on high-resolution manometric
studies correspond to double-peaking on
conventional pressure ercing.‘:.u SW,

SW ﬂl]l]\\'.

Location along catheter (cm)

reaches 3 em or more in a small but important 2.4%.1°
Predictably, discrepancies are more common with low
LOS resting pressures when identification of sphincter
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45 40 35 30 25 20 15 10 5

Amplitude 165 145125105 85 65 45 25 5

{mmHa)

8 12 0 a 8 12
Time ()

location by pull-through is most difficult.’”® From an
investigational standpoint, the recognition of peristal-
tic segments is important in interpreting manometric
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data when few intra-oesophageal sensors are used.
Inconsistent positioning with regard to segmental
peaks and inter-segmental troughs could interfere with
detecting treatment effects or understanding clearance
mechanisms, as examples.”'®

HRM may prove to have clinical advantages in
paediatrie patients as it has in adults, but further proof
of its effectiveness in these subjects will be required.
Current limitations of HRM in paediatries relate
largely to the pneumohvydraulic perfusion of a catheter
having multiple microlumina and the need for fastid-
ious maintenance of this system to ensure accurate
recordings. Recent development of a 36-sensor solid
state catheter having circumferential pressure trans-
ducers embedded along its length has eliminated water
perfusion, allows sampling of the entire oesophagus
without catheter repositioning, and has simplified
HRM in adults ®'*?*?! The 4.2-mm diameter of the
presently available catheter restriets its use in paedi-
atrics to older children, and water-perfused systems
will be required for HRM in younger paediatric subsets
throughout the foreseeable future. One could argue
that the density of sensors (1 per centimetre] on each
catheter used in the present study may have been
inadequate to detect peristaltic segments accurately,
especially in neonates, a group with seemingly less
consistently developed peristaltic chains. We believe
this is unlikely, as at least two recording sites would
have been present in each segmental region, even in
the neonate group.® More detailed assessment of
oesophageal motility by HRM in the youngest groups
may require greater sensor density at the expense of
shorter sampled regions (e.g. restricted to the oeso-
phagogastric junction).
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ABSTRACT

Objectives: To evaluate in children with chronic cough the prevalence of acidic GERD, and to
establish if a temporal correlation exists using the traditional symptom (SI) and symptom sensitivity
(SSI) indices and the new symptom association probability (SAP). Methods: Distal esophageal 24-
hour pH monitoring was performed in 47 children (mean age = SD: 34 + 41 months, range: 1-108
months; M/F: 27/20) affected by chronic unexplained cough. During recording time, caregivers
documented each bought of coughing, both in a diary card and by pressing an event button on the
digitrapper. Pathological reflux was defined as the percentage of time pH<4 exceeded 4%. SI, SSI,
and SAP were calculated for each pH-tracing and considered positive if greater than 50%, 5%, and
95%, respectively. Results: GERD was diagnosed in 30 (64%) children with chronic cough, while
one or more indices were positive in 16 (34%). In particular, SI was positive in 6 (13%) children
(all with GERD), SSI in 12 (26%) (7 with GERD), while SAP was abnormal in 6 (13%) (4 with
GERD). The Cohen’s kappa test reported a high agreement between SSI and SAP (k=0.60;
p<0.0001) and a poor one, between SI and SSI, and between SI and SAP (k=0.06 and k=0.24,
respectively). Conclusions: Children with chronic cough had a high prevalence of acidic GERD.

Each of the three used indices identified a possible symptomatic association.
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INTRODUCTION

Cough is the most common presenting symptom to general practitioners in western societies
(1). Non-specific cough has been defined non-productive cough in the absence of identifiable
respiratory disease or known aetiology (2). Gastroesophageal reflux disease (GERD) is one of the
three most common causes of chronic cough in children along with postnasal drip syndrome and
asthma (3). The cough, without associated heartburn or acid regurgitation, may be the only
presenting manifestation of GERD in 10-45% of cases, in both prospective and retrospective studies
(4-6). However, few studies have examined whether a temporal correlation actually occurs between
documented episodes of reflux and cough.

In the diagnosis of GERD, ambulatory 24-hr esophageal pH monitoring is a valuable tool
not only for the quantitative measurement of esophageal acid exposure but also for the assessment
of the association in time between symptoms and reflux (7-9). The most frequently used parameter
in determining the significance of the symptom correlation on these pH tracings is currently the
symptom index (SI), defined as the percentage of reflux related symptoms episodes (8). The
symptom-sensitivity index (SSI), defined as the percentage of symptom-associated reflux episodes
was introduced as an additional parameter to overcome the drawbacks of the SI (9). This index,
however, fails to take into account the total number of symptom episodes, rendering its use of
limited value.

In suspected GERD patients, a consistent temporal association may clarify whether cough is
induced by or provokes reflux and may help in the establishment of the appropriate treatment. The
symptom association probability (SAP) is a single parameter which is able to provide more
objective information on the probability that the association in time between reflux and symptoms

does not occur by chance (10). The aims of this study are: 1) to evaluate the prevalence of GERD
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related to acid in children with chronic cough and 2) to establish if a temporal correlation exists

between cough and GERD comparing the SI and SSI and the new SAP.

SUBJECTS AND METHODS

We prospectively investigated, from January 1 trough December 30, 2005, 47 consecutive
patients (27 males; mean age = SD: 34 + 41 months, range 1-108 months) with chronic unexplained
cough, referred for 24-h esophageal pH-monitoring to the Gastrointestinal Endoscopy and Motility
Unit of the Department of Pediatrics, University “Federico II”” of Naples, Italy.

Chronic cough was defined as a cough which persisted greater than 3 weeks.

Other causes of chronic cough were excluded.  All patients were
immunocompetent, had a normal chest x-ray and asthma was excluded by negative
spirometry and/or allergy testing and/or absence of improvement with antiasthmatic
medication. Postnasal drip syndrome was excluded both clinically and by sinus
imaging.

At enrollment, all patients underwent clinical evaluation and 24-hr esophageal pH-
monitoring. If patients were receiving empirical antireflux therapy, acid suppressive medication
was stopped at least two weeks before the 24-hr esophageal pH-monitoring. A validated cough
diary, using the verbal category descriptive score for daytime and nocturnal cough, was recorded by
children’s caregiver, in order to obtain a measure of symptom severity and frequency (11). Cough
was scored for each days as follows: 0, no cough; 1, cough for one or two short periods only; 2,
cough for more than two short periods; 3, frequent coughing but does not interfere with school and
other activities; 4 frequent coughing that interferes with school and other activities; and 5, cannot
perform most activities due to severe coughing. A visual analogue scale from 0 to 10 was used for

parental rating of cough severity and a full medical history was obtained for all patients at

enrollment.
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A one-channel esophageal pH probe (ambulatory system with semidisposable monocrystant
antimony pH electrode, Medtronic) was placed in all patients. Before each study, the pH electrode
was calibrated in buffers of pH = 1.07 and pH = 7.01. The intraesophageal pH electrode was
positioned 5 cm above the lower esophageal sphincter (LES), using Strobel's equation based on
patient length (12). Children’s caregivers were instructed to fill in a diary card the times of the
meals, the sleeping periods and the onset of children’s bought of coughing, during the whole
recording time. In addition, caregivers were given an event button for cough and were instructed on
using it to indicate each time that a bought of coughing occurred. The diary data needed as a check
of appropriate use of the event button. During the 24 hr examination the children were invited to
perform a normal daily routine and eat normally. Patient data were stored in a portable disposable
(Digitrapper Mk III, Medtronic), and the results for each day were analyzed subsequently using a
specific software (Polygram for Windows, Medtronic).

The following parameters were measured for each 24-hr tracing: 1) total reflux index (RI) =
percent of investigation time with pH <4; 2) number of episodes with pH < 4; 3) number of
episodes with pH < 4 lasting longer than 5 minutes: 4) duration of the longest episode with pH < 4.
Reflux was considered pathological if the total time the pH was less than 4.0 exceeded 4.0 %.

A clinician (GB) experienced in interpreting 24-hr pH tracings, who was blinded to the
study, calculated the SI and SSI for each patient to establish whether a significant correlation
between cough and reflux occurred. The symptom index (SI) was defined as the number of reflux-
related cough episodes divided by the total number of cough episodes multiplied by 100 %. The
symptom sensitivity index (SSI) was defined as the number of cough-associated reflux episodes
divided by the total number of reflux episodes multiplied by 100 %. SI and SSI were calculated for
each pH-tracing and were considered positive if greater than 50 % and 5 %, respectively.

A separate investigator (FM) calculated the SAP for each patient using the following
procedure adapted from Weusten et al (10). The 24-hr esophageal pH signal was divided into

consecutive 2-min periods. Each period was then evaluated for the presence or absence of reflux.
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A drop in pH below 4.0 lasting at least 5 sec at any point during the 2-min window was considered
positive for reflux. If cough occurred within a 2-min span, following reflux, the period was
considered positive for both cough and reflux. Subsequently, a contingency table was constructed
for each patient containing four fields (Table 1). Fisher’s exact test was employed to calculate the
probability (P value) that the observed association between reflux and symptoms occurred by
chance. The SAP was calculated as (1.0- P) x 100% and it was considered positive if greater than
95 %. SAP values were compared with SI and SSI previously calculated.

Informed consent for participation in this study was obtained from parents of all patients,
and the experimental design was approved by the Independent Ethics Committee of the University

of Naples, Federico II.

STATISTICAL ANALYSIS

Continuous variables are expressed as mean + standard deviation (SD). For categorical
variable either the unpaired and paired t-test or the Fisher’s exact test were used, as appropriate. To
test the agreement among SI, SSI and SAP, Cohen’s k measure was applied. Statistical tests were

performed with SPSS software, version 14.0.2.
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RESULTS

Esophageal pH monitoring was performed in all the 47 enrolled patients affected by chronic
unexplained cough. Three of them had received acid-suppressive therapy (ranitidine) at the dose of
8 mg/Kg/day, for a period of 4 weeks, untill 2 weeks before the esophageal pH-monitoting was
performed. No symptomatic remission was observed. GERD related to acid was diagnosed in 30
(64%) children with chronic cough. The duration of esophageal pH-monitoring was not
significantly different in children with GERD compared with children without GERD (mean + SD:
22 + 1.23 hrs vs 22.3 + 1.3 hrs, respectively). Distribution at enrollment of the esophageal pH-
monitoring parameters and of the cough scores according to the acidic GERD positive (GERD +)

and acidic GERD negative (GERD -) group of patients are reported in Table 2.

Cough severity and frequency, obtained using the cough score and the visual analogue
scale, were significantly higher in children with GERD than in children without GERD. One or
more indices were positive only in 16 (34%) out of 47 patient. In particular, SI was positive in 6
(13%) children (all with GERD), SSI in 12 (26%) (7 with GERD), while SAP was abnormal in 6
(13%) (4 with GERD). Table 3 shows the distribution of the three symptomatic indices in children

with chronic cough with and without GERD.

The Cohen’s kappa test reported high agreement between SSI and SAP (k = 0.60;p< 0.0001), and

poor agreement between SI and SSI, and between SI and SAP (k = 0.06 and k = 0.24, respectively).
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DISCUSSION

Chronic unexplained cough in children may be the only presenting manifestation of GERD
in 45% of cases, in both prospective and retrospective studies (4-6,13). In our study, GERD was
diagnosed in 64% of children with chronic unexplained cough. This higher prevalence is probably
due to the fact that participants in our study were recruited from tertiary care settings and probably
had more severe symptoms than general population.

It has been shown that cough is associated with GERD, but there is conflicting data as to
whether or not it is the consecutive factor (14, 15). Cohort studies in adults suggest that GERD
related to acid causes 21-41 % of chronic non-specific cough, including many patients with no
gastrointestinal symptoms of GERD (16, 1).  Several possible mechanisms underlying a relation
between reflux and respiratory symptoms have been proposed. Heightened bronchial reactivity,
microaspiration, and a vagally mediated reflex mechanism are possible pathways (17). Exposure to
small amounts of acid has recently been proposed as a cause of impaired laryngopharyngeal
sensitivity and therefore may potentially increase the risk of aspiration (18). However, it has also
been suggested that asthma causes or aggravates reflux (13).

While the association between respiratory symptoms and GERD has been well demonstrated
in adults, until now it has been unclear in children (19). In pediatric literature, studies on chronic
unexplained cough and GERD are scarce and include one prospective study, one retrospective study
and various observational studies (20-25). The only pediatric RCT study evaluated whether cough
frequency was increased by the thickening of infant milk formula feedings. It demonstrated an
increased cough in infants with atypical GER (26). One case report documented a temporal
association of gastroesophageal reflux episodes and cough in infants (27). Our study is the first
prospective randomized evaluation of temporal correlation between GERD and chronic unexplained
cough in a large group of children. In contrast, many pediatric studies focused on the association

between asthma and GERD. A high percentage of children with persistent asthma have
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gastroesophageal reflux detectable by abnormal esophageal pH monitoring. The reported
prevalence ranges from 25 % to 75 %. However, in children there is no consistent evidence that
specific asthma symptoms or response to asthma therapy correlates with abnormal esophageal pH
monitoring (28, 29).

In children with atypical GERD, defined by the presence of extra-intestinal symptoms such
as cough, 24-hr pH recording is the gold standard for correlating the acid reflux with cough,
according to the most recent guidelines; however, evidence for this correlation is still lacking (30).
We found acidic GERD in 64% of children with chronic unexplained cough and each of the three
symptomatic indices identified a possible temporal association. In adults Wunderlich et al.(31)
examined how a temporal correlation could often be found between coughing episodes and acid
reflux events. They than compared the traditional method of analysis, which involves SI and SSI,
and the potentially more precise SAP method revealing a significant number of patients with a
temporal correlation between cough and reflux. In fact, in adults, it has been well documented that
although SI and SSI are not effective indicators of correlation between respiratory symptoms and
gastroesophageal reflux episodes, SAP seems to be a more reliable statistical tool in the diagnosis of
atypical GERD. This was why we evaluated the effectiveness of all these indices. In our study SI
was found to be positive in 13% of children (all with GERD), SSI in 26% of children (7 with
GERD) and SAP was abnormal in just 13% of children (4 with GERD). In particular, we found
high agreement between SSI and SAP, and poor agreement between SI and SAP. SI is defined as
the number of reflux-related symptom episodes divided by the total number of symptom episodes
multiplied by 100%. However, one major drawback of this parameter, is that it does not take into
account the total number of reflux episodes. The higher the frequency of reflux episodes, the
greater the chance that a symptom will have a temporal correlation with reflux. Thus a patient with
frequent reflux and only one episode of cough may have a positive SI by chance alone. The lack of
correlation between SI and SAP in our study may indicate that the number of symptom episodes

experienced in this subgroup of patients was relatively low, making them more susceptible for
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random symptom-reflux association. This finding confirms the limited usefulness of SI, compared
to SSI and SAP, in the evaluation of a temporal correlation between gastroesophageal reflux
episodes and symptoms. In our study, once again in contrast to what was reported in adults, none
of the three indices proved to be accurate in proving a relationship between cough and GERD. This
may suggest that chronic unexplained cough in children is due to different pathogenetic
mechanisms than in adults. It also suggests that though cough and GERD often co-exist in children,
their association does not imply cause and effect.

On the other hand, we know that esophageal 24-hr pH-monitoring only recognizes acid
reflux, while in literature it has been reported that respiratory symptoms are mainly due to non-acid
reflux. Esophageal pH-impedance, is able to detect acidic and non acidic reflux and could better
evaluate the relationship between cough and GER but it is a method not yet validated in children.
For this reason in our study we used the esophageal 24-hr pH-monitoring, currently considered the
gold standard for the diagnosis of atypical GERD in children (30). Future studies on the correlation
between non acidic reflux and respiratory symptoms are of course auspicable, but only after a
validation of esophageal impedance in the paediatric population with the availability of clear age—
related range of values for the detection of normal and abnormal condition. They should be double
blind, randomised controlled, parallel designed with validated subjective and objective cough
outcomes and also should ascertain the time needed to respond to therapy as well as assess acid

and/or non acid reflux while on therapy.
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LIST OF ABBREVIATIONS

GERD: gastroesophageal reflux disease

SI: symptom index

SSI:symptom sensitivity index

SAP: symptom association probability
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Table 1 . Model of the contingency table constructed for each patient

Cough +(C+) Cough-(C-)
Reflux + (R+) C +R+ C-R+ R+ total
Reflux- (R-) C+R- C-R- R- total
C+ total C- total total

C = cough; R=reflux
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Table 2. Values of 24-hr pH monitoring and symptomatic score in the 47 patients studied.

*GERD *GERD P value
*G
ositive negative
p g ER
N° patients(%) N° patients (%) D=
30 (64%) 17 (36%)
Gast
Esoph 1 pH- t
sophageal pH-measurements roes
Investigation time with pH <4 (%) 13.6 £ 12 1.56 £ 1.0 <0.001 opha
N° of episodes with pH < 4 251.8 +170.7 63.8+16.8 <0.05 geal
NP° of reflux longer than 5 minutes 5.1+0.94 0.34£0.12 <0.0001 rofl
u
X
Cough score 3.2+1.1 1.1£1.0 <0.01 dise
Visual analog scale 612.08 2.1x1.1 <0.001 ase)
Data

are expressed in mean + standard deviation
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Table 3. Distribution of the 3 symptomatic correlation indices in children with chronic cough with

and without gastroesophageal reflux disease (GERD).

Pts. with GERD

Positivity to one or

Pts. without GERD

Positivity to one or

30 (100) more indices 17 (100) more indices
19 (63.3) - 12 (70.6) -
7 (23.3) 4 SI, 3 SSI 3(17.6) 3 SSI
2 (6.7) 2 (SSI + SAP) 2 (11.8) 2 (SSI +SAP)
2 (6.7) 2 (SI +SSI +SAP) 0 (0) -

Data are expressed in Nrs(%)

119




ISSN 0002-9270
doiz 10.1111/j.1572-0241.2007.01 152.x

American Journal of Gastroenterology
© 2007 by Am. Coll. of Gastroenterology
Published by Blackwell Publishing

Maintenance Therapy for Erosive Esophagitis
in Children After Healing by Omeprazole: Is It Advisable?

Gabriella Boccia, M.D..! Francesco Manguso, M.D.. Ph.D.? Erasmo Miele, M.D..!

Roberta Buonavolonta, M.D.,! and Annamaria Staiano, M.D.!

'Department of Pediatrics and * Department of Clinical and Experimental Medicine, University
“Federico II,”" Naples, Italy

OBJECTIVES: To evaluate the efficacy of acid-suppressive maintenance therapy for gastroesophageal reflux

disease (GERD) in children, after the healing of reflux esophagitis.

METHODS: Forty-eight children (median age 105 months, range 32-170) with erosive reflux esophagitis were
initially treated with omeprazole 1.4 mg/kg/day for 3 months. Patients in endoscopic remission
were assigned in a randomized, blinded manner by means of a computer-generated list to three
groups of 6-month maintenance treatment: group A (omeprazole at half the starting dose, once
daily before breakfast), group B (ranitidine 10 mg/kg/day, divided in two doses), and group C (nho
treatment). Endoscopic, histological, and symptomatic scores were evaluated at: TO, enrollment; T1,
assessment for remission at 3 months after enrollment (healing phase); T2, assessment for
effective maintenance at 12 months after TO (3 months after the completion of the maintenance
phase). Relapse was defined as the recurrence of macroscopic esophageal lesions. After the
completion of the maintenance phase, patients without macroscopic esophagitis relapse were
followed up for GERD symptoms for a further period of 30 months.

RESULTS: Of 48 initially treated patients, 46 (94%) healed and entered the maintenance study. For all
patients, in comparison to TO, the histological, endoscopic, and symptomatic scores were
significantly reduced both at T1 and T2 (P < 0.0001, for each). No significant difference was found
in these three scores, comparing group A, B, and C at T1 and T2. A relapse occurred in one patient

only, who presented with macroscopic esophageal lesions at T2. Three months after the completion

of the maintenance phase, 12 (26%) patients complained of symptoms sufficiently mild to
discontinue GERD therapy, excluding the patient who showed macroscopic esophagitis relapse.
Three of 44 (6.8%) patients reported very mild GERD symptoms within a period of 30 months after

maintenance discontinuation.

CONCLUSIONS: OQur pediatric population showed a low rate of erosive esophagitis relapse and GERD symptom
recurrence long term after healing with omeprazole, irrespective of the maintenance therapy.

(Am J Gastroenterol 2007;102:1-7)

INTRODUCTION

Gastroesophageal reflux disease (GERD) is being recognized
at increasing rates in infants, children, and adolescents (1, 2).
After the first year of life, GERD becomes a chronie relaps-
ing condition and older children are more likely to have the
adult pattern of GERD (3, 4). As such, long-term treatment
could be targeted toward prevention of esophageal epithelial
injury, management of atypical manifestations, and control
of symptoms.

In children, proton pump inhibitors (PPIs) have beenshown
to be safe and effective for short-term treatment of erosive
esophagitis and GERD symptoms that are refractory to other
measures. Pediatric studies using omeprazole and lansopra-
zole have reported endoscopic healing rates ranging from 40
to 100% and symptom relief rates from 70 to 100% (5-9).

The pathophysiology of GERD is complex, and likely
includes environmental influences (diet, posture, obesity,
smoke exposure, abdominal strain, etc.) as well as intrin-
sic irreversible pathophysiological factors. However, little is
known about GERD natural history and the long-term out-
come of treatment in most pediatric subgroups.

The available literature supports the value of sustained PPI
treatment (at least 6 months) in preventing symptomatic and
endoscopic GERD relapse and treating adults and children
refractory to other interventions (4, 7, 10—12). Whether such
treatment will have very long sustained effects has not been
established. Likewise, it is not known how useful and safe
this approach will be in preventing GERD relapses and com-
plications.

The primary aim of our study was to evaluate the efficacy
of maintenance therapy for GERD with two different acid
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suppressants (omeprazole and ranitidine), compared with a
group without treatment, to keep patients in endoscopic re-
mission after the healing of erosive reflux esophagitis. Our
secondary end point was to evaluate long-term symptomatic
remission in the same groups of patients.

MATERIALS AND METHODS

Patients and Methods

Patients were recruited from May 2001 to July 2002 among
children aged 1-16 yr with macroscopic reflux esophagitis,
grade 2 or above on the Hetzel and Dent scale, as reported in
Table 1 (13).

Criteria for exclusion were: treatment with a PPI within the
previous 6 months, esophageal abnormalities caused by gen-
eral or systemic diseases, previous esophageal and/or gastric
surgery, the presence of esophageal stenosis, renal, cardiac,
hepatic, or pulmonary disease, organ transplantation, central
nervous system disease, food allergy and celiac disease, and
expected poor compliance with treatment.

In the first part of the study, 48 consecutive children (M/F
26/22, median age 105 months, range 32-170) fulfilling the
inclusion criteria entered a 3-month open-healing phase and
were treated with omeprazole at a dose of 1.4 mg/kg (7, 14).
The daily drug dose was given in the morning, 15-30 min
before the first meal of the day. For children unable to swallow
intact capsules, the capsules were opened and the omeprazole
granules were given in a weakly acidic (pH<35) vehicle such
as yogurt or apple or orange juice.

After 3 months of treatment, endoscopy was repeated.
Healing was defined as macroscopically normal esophageal
mucosa (grade 0—1 on the Hetzel and Dent scale). Any pa-
tients who had not healed were withdrawn from the study
and were treated according to current practice (15). Healed
patients were eligible to enter the maintenance part of the
study.

Children in remission were assigned, in a randomized,
blinded manner by means of a computer-generated list, to one
of three groups of 6-month maintenance treatment: group A
(omeprazole at half'the starting dose, once daily in the morn-

Table 1. Macroscopic Appearance of Esophageal Mucosa Scored
by the Hetzel and Dent Classification (13)

Grade 0:  Normal esophageal mucosa, no abnormalities noted

Grade 1:  No macroscopic erosions visible but erythema,
hyperemia, and/or friability may be present

Grade 2:  Superficial erosion(s) or ulcer(s) involving < 10% of
the mucosa of the distal 5 cm of esophageal
SqUAMOLS Mucosa

Grade 3:  Superficial erosion(s) or ulcer(s) involving 10-50%
of the mucosal surface of the distal 5 cm of
esophageal squamous mucosa

Grade 4: Deep ulcers anywhere in the esophagus or confluent

erosion or ulceration of = 50% of the mucosal
surface of the last 5 cm of esophageal squamous
mucosa

ing before breakfast), group B (ranitidine 10 mg/kg/day, di-
vided in two doses), and group C (no treatment). The clin-
ician was blinded to the patient’s grade of esophagitis and
histological and symptomatic scores at enrollment, as well
as to the kind of drugs administrated during the maintenance
regimen. Another researcher administered the maintenance
treatment before the evaluation by both the clinician and the
endoscopist.

Informed consent for participation in this study was ob-
tained from parents of all patients, and the experimental de-
sign was approved by the Independent Ethics Committee of
University of Naples, Federico II.

The following procedures were performed at: TO, enroll-
ment; T1, assessment for remission at 3 months after enroll-
ment (healing phase); and T2, assessment for effective main-
tenance at 12 months after TO (3 months after the completion
of the maintenance phase):

1. A full medical history together with a physical examina-
tion were obtained.

2. At each clinic visit, childrens esophageal symptoms
(heartburn, epigastric pain, vomiting and regurgitation, ir-
ritability with meals, dysphagia and/or odynophagia, res-
piratory symptoms, and hematemesis) over the preceding
7 days were recorded as a response to a menu. Caregivers
were also asked to keep a diary of symptoms. The sever-
ity of symptoms was classified as follows: grade 0, no
symptoms; grade 1, mild symptoms with spontaneous re-
mission and no interference with normal activity or sleep;
grade 2, moderate symptoms with spontaneous but slow
remission and mild interference with normal activity or
sleep; grade 3, severe symptoms without spontaneous re-
mission and marked interference with normal activity or
sleep.

The frequency of symptoms was classified as follows:
grade 0, absent; grade 1, occasional (symptoms present
less than 2 days a week); grade 2, frequent (symptoms
present 2-4 days a week); and grade 3, very frequent
(symptoms present more than 4 days a week). Hemateme-
sis was scored as grade 0, absence; grade 1, 1 or 2 episodes
with minimal blood present; grade 2, recurrent minor
episodes ona weekly basis; grade 3, a single major episode
of bleeding or recurrent episodes daily or several times
weekly (7). A score for each symptom and a total symptom
score were calculated (16). The score for each symptom
was calculated by multiplying the severity grade by the
frequency grade, with a possible range for cach score of
0-9. The total symptom score (range 0-57) was calculated
by adding up the scores for each symptom.

During maintenance follow-up, children’s caregivers were
instructed to contact the investigator at any time if moder-
ate or severe general symptoms were noted for more than
7 days. In such a case, an unscheduled endoscopy was
performed and the patient was withdrawn from the study,
regardless of the endoscopic results.
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Table 2. Scoring System for Histological Features of Reflux
Esophagitis (17)

Grade 0:  None

Grade 1:  Basal zone hyperplasia (>20% of the epithelial
thickness) and elongation of papillae (if their
height is =50% of the total epithelial thickness)

Grade 2:  Grade 1 4 ingrowth of vessels in the papillae

Grade 3:  Grade 2 4 1-19 eosinophils and/or neutrophils on
the most involved high-power field

Grade 4:  Grade 3 4 =20 eosinophils and/or neutrophils on the
most involved high-power field

Grade 5:  Mucosal erosions and/or ulcerations

. Atleast three esophageal biopsy specimens were taken by
grasp forceps from each patient, avoiding the distal 2 cm
of the esophageal mucosa. Samples were taken from both
the endoscopically normal and abnormal areas, excluding
frank erosions or ulcerations. Endoscopies were scored by
the same endoscopist for each patient at TO, T1, and T2.
The endoscopist was blinded to the time point of the study,
to the patient’s maintenance regimen, and to symptomatic,
histological, and endoscopic scores regarding the previous
controls.

Additional antral biopsy specimens were taken for routine
histology and Helicobacter pylori identification.
Endoscopic and histological scores were obtained as
shown in Table 1 and Table 2, respectively (13, 17).
Relapse was defined as the recurrence of macroscopic
esophageal lesions.

4. Serum samples were taken for analysis of routine hema-
tology and biochemistry with additional measurement of
vitamin B-12, folic acid, and fasting gastrin serum con-
centration.

5. Children’s caregivers were also contacted by telephone

every 6 months for a period of 30 months after the fi-

nal maintenance follow-up (T2), in order to obtain infor-
mation about the patient’s health status and symptoms. If

Ly
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moderate or severe general symptoms were noted for more
than 7 days, an unscheduled endoscopy was performed to
determine if there had been a recurrence of erosive re-
flux esophagitis. In addition, children’s caregivers were
instructed to contact the investigator at any time if moder-
ate or severe general symptoms were noted for more than
7 days, between the scheduled telephone contacts.

Statistical Analysis

For categorical variables, the y2 test with or without the exact
correction was applied as appropriate. For continuous vari-
ables, the Friedman test was used for the repeated measures,
while the Kruskal-Wallis H test was used to compare the three
groups of cases. The Dunn test was used for the post hoc anal-
ysis. Continuous data are presented as median and min—max
values (range). Two-sided P values of less than 0.05 were
considered to indicate statistical significance. Statistical tests
were performed with SPSS software, version 14.0.2 (SPSS,
Chicago, IL).

RESULTS

In the healing phase of the study, 48 patients were enrolled
(M/F 26/22, median age 105 months, range 32-170). En-
doscopic healing was obtained after 3 months of treatment
with omeprazole 1.4 mg/kg/day in 46 patients (94%). Two
patients were not healed and were excluded from entry into
the maintenance part of the study.

All 46 healed patients entered the maintenance study.
Sixteen were allocated to the treatment with omeprazole at
half the starting dose (group A), 16 to ranitidine at the dose of
10 mg/kg/day (group B), and 14 did not receive any treatment
(group C). Patient characteristics at enrollment, according to
the maintenance treatment groups, are shown in Table 3. No
differences regarding these demographic and clinical char-
acteristics were found among the three maintenance therapy
groups (A, B, and ).

Table 3. Patient Characteristics at Enrollment, According to Maintenance Treatment Groups

Group A Group B Group €
(Omeprazole) (Ranitidine) (No Treatment)

Characteristics N=16 N=16 N=14 P Value
Male sex, N (%) 9 (56) 8 (50) 8(57) 0.910*
Age, months, median (range) 86 (32-148) 08 (36-1066) 105 (38-1606) 0.700f
Endoscopic grade, N (%)

Grade 2 11 (69) 10 (62.5) 10 (71.4) 0.864*

Grade 3 5(31) 6 (37.5) 4 (28.6)
Histological grade, N (%)

Grade | 6(37) 531 3(21) 0.736¢

Grade 2 7 (44) 6 (38) 5(36)

Grade 3 3(19) 5(3D) 6 (43)
Symptomatic score, median (range)§ 12 (6-30) 15 (2-38) B (1-28) 0.3051
Symptom onset (age, months), median (range) 13 (2-96) 21 (1-104) 22 (1-120) 0.813F

*x? test.
Kruskal-Wallis H test.
){2 test with exact correction.

&4 total symptomatic score of 1 and 2 at enrollment was reported in two patients presenting with one episode of hematemesis with minimal blood present and two recurrent minor

episodes on a weekly basis, respectively.
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Table 4. Distribution of the Endoscopic and Histological Scores,
and Frequency of Reported Symptoms at Enrollment (T0O), at the
End of the Healing Phase (T1). and at 3 Months After the End of
the Maintenance Therapy (T2), in the 46 Patients Studied

Characteristics TO Tl T2

Endoscopic score, N (%)
Grade 0 0(0) 27(58.7) 37 (80.4)
Grade 1 0(0) 19(41.3) 8(17.4)
Grade 2 31 (67.4) 0(0) 1(2.2)
Grade 3 15(32.0) 0(0) 0 (0)

Histological score, N (%)
Grade 0 0(0) 32(69.6) 40 (87)
Grade | 14(30.4) 14304 5(10.9)
Grade 2 18 (39.1) 0(0) 1(2.2)
Grade 3 14 (30.4) 0(0) 0 ()

Endoscopic score, 2(2-3) 0(0-1) 0(0-2)
median (range)

Histological score, 2(1-3) 0(0-1) 0(0-2)
median (range)

Patients who experienced 46 (100) 31(67.3) 12 (26)
symptoms, N (%)

Frequency for each reported
symptom, N (%)
Irritability 20 (43.5) 20(41.7) 6(13)
Vomiting 40 (87) 24(52.2) 8(17.3)
Heartburn 19 (41.3) 9(19.5) 1(2.2)
Epigastric pain 35 (70.1) 17(37) 4 (8.6)
Dysphagia 13 (28.3) 1(2.2) 0(0)
Hematemesis 2(4.3) 0(0) 0(0)
Respiratory symptoms 5(10.9) 3(6.5) 3(6.5)

Table 4 shows the distribution of the endoscopic and his-
tological scores and the frequency of each reported symptom
at enrollment (TO), at the end of the healing phase (T1), and
3 months after the end of the maintenance phase (T2), re-
spectively. Moreover, the median (range) symptomatic score
at enrollment (TO) was 12 (1-38), with values of 1.5 (0-11)
at T1 and of 0 (0-8) at T2 (Fig. 1). The endoscopic, histo-
logical, and symptomatic scores significantly decreased from
baseline (T0) to T1 and T2 (P < 0.0001 vs baseline, each). A
significant reduction was also observed for these three scores
between T1 and T2 (histological P = 0.02, endoscopic P =
0.01, and symptomatic P = 0.004).

By 3 months after the end of the maintenance therapy,
the erosive reflux esophagitis relapsed in one (2.2%) patient
only. This patient showed the following characteristics: age,
138 months; presenting symptoms, heartburn and dysphagia
(score 12); completing symptoms, heartburn and epigastric
pain (score 8); histological grade = 2 and endoscopic grade
= 3 (at enrollment); maintenance arm of allocation: no treat-
ment. The patient was treated with a second cycle of PPIs
and was withdrawn from the further part of the study.

No statistically significant difference was found among
group A, group B, and group C regarding the symptomatic,
endoscopic, and histological scores at the end of the healing
phase and 3 months after the end of the maintenance therapy.

All categories of reflux symptoms were improved or re-
solved at T2, 3 months after maintenance discontinuation. At
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Figure 1. Scatterplot showing patients’ symptomatic scores evalu-
ated at enrollment (T0), at the end of the healing phase (T1), and
3 months after the end of maintenance therapy (T2). The thick line
represents the median value.

this time point, 12 (25%) patients reported symptoms suf-
ficiently mild to discontinue GERD therapy, excluding the
only patient with relapse of macroscopic esophagitis who
was treated for a further 3 months with omeprazole at the
standard dose. The demographic and clinical characteristics
of these 12 patients are reported in Table 5.

All patients without macroscopic esophagitis relapse at T2
were followed up for GERD symptoms every 6 months for 30
months, as scheduled. One patient did not agree to continue
the study and was withdrawn. Long term, 3 of 44 (6.8%)
patients showed very mild GERD symptoms: a male patient
aged 38 months showed, at the 18th month of follow-up, three
nonconsecutive episodes of irritability at meals and vomiting;
a female patient aged 148 months showed, at the 25th month,
one episode of heartburn and epigastric pain; and a male pa-
tient aged 115 months showed, at the 17th month, vomiting
and epigastric pain lasting 3 days. None of them needed either
endoscopy or acid-suppressant therapy; they received symp-
tomatic treatment on demand, such as aluminum hydroxide
or sodium alginate, with complete relief of their symptoms.

Significant variation in gastrin levels was observed during
the study period (P < 0.0001). In particular, at T0, the median
value of serum gastrin concentration in subjects entering the
healing phase was 32 pmol/L (range 17-98) and this increased
to 70 pmol/L (range 17-320, P < 0.0001 vs baseline) after the
3-month healing phase. Gastrin levels decreased significantly
at T2, 3 months after the end of the maintenance treatment
(median 38 pmol/L, range 8-211, P < 0.0001). Finally, there
was no significant difference in gastrin concentrations among
group A, group B, and group C at T2. No significant changes
occurred in the other laboratory values investigated.

DISCUSSION

Studies in adults and children have reported that treat-
ment with PPIs results in higher and faster rates of erosive
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Table 5. Characteristics and Variation in the Scores at Enrollment

(T0), at the End of the Healing Phase (T1), and at 3 Months After

the End of the Maintenance Therapy (T2), in the [2 Patients Com-
plaining of Mild Symptoms After Maintenance Discontinuation

Characteristics

Male sex, N (%) 6 (50)
Age, months (range) 124.5 (47-166)

Symptom onset, age. 21.5(2-120)
months {range)
Maintenance treatment, N (%)
No therapy 6 (50)
Ranitidine 1 (8.3)
Omeprazole 5(41.7)
TO T1 T2
Histological score, N (%4)
Grade 0 0(0) 5(41.7y 11 (9LT)
Grade 1 3 (25) 7(583)  0(0)
Grade 2 6 (50) 0(0) 1(8.3)
Grade 3 3(25) 0 (0 0 (0)
Endoscopic score, N (%)
Grade 0 0(0) 6 (50) 10 (83.3)
Grade | 0(0) 6 (50) 1(8.3)
Grade 2 10 (83.3) 0(0) 1(8.3)
Grade 3 2(16.7) (0 0 (0)
Symptomatic score, B (4-28) 1.5(0-8) 3(1-8)

median (range)

Patients who experienced 12 (100) 8 (66.6) 12(100)
symptoms, N (%)

Frequency for each reported
symptom, N (%)
Irritability 3(25) 6 (50) 6 (50)
Vomiting 7(58.3) 6 (50) 3 (66.6)
Heartburn 8 (66.6) 4(33.3) 1(8.3)
Epigastric pain 10 (83.3) 4 (33.3) 4(33.3)
Dysphagia 4(33.3) 1(8.3) 0 ()
Hematemesis 0(0) (0 0(0)

Respiratory symptoms 5(41.6) 3(25) 3(25)

esophagitis healing compared with histamine-2 receptor an-
tagonists (H;RAs) (18-20). For this reason, these acid sup-
pressants are considered more cost-effective than H,RAs, and
for children with severe and/or chronic GERD, the manage-
ment equation becomes one of PPI therapy versus antireflux
surgery.

Our results confirm that omeprazole is effective and safe
for the healing of esophagitis and relief of symptoms in chil-
dren. The 94% healing rate after the first 3 months of therapy
with omeprazole was within the 40-100% range found in the
pediatric literature for PPIs (5-9). However, in our patients,
there was not a high rate of erosive esophagitis relapse and
symptom recurrence within a follow-up period of 42 months.

Treem ef al. (21), retrospectively reviewed the charts of 32
children (age range 3.5-16 yr) with GERD and found that
41% had improved symptoms and discontinued medication,
while 47% still required medication at a follow-up 1-8 yr
(mean 3.4) later. About 70% of 16 patients with esophagitis
had improved symptoms, while five had persisting esophagi-
tis at a 6-month follow-up despite treatment, and two of these
needed fundoplication because of persisting GERD symp-
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toms and esophagitis after 26 and 30 months of treatment.
These authors mainly evaluated symptomatic long-term im-
provement, while the group of investigated patients affected
by esophagitis was very small, and the number of patients
with persisting esophagitis after long-term treatment was
hardly significant. In contrast, our study group was composed
only of children with erosive esophagitis and our primary aim
was the healing of macroscopic lesions while symptomatic
remission was a secondary concern.

Nevertheless, both our and Treem’s results lead to the same
consideration: if there is not a high rate of relapse of esophagi-
tis and GERD symptoms after healing (as reported in our
study) or if there is a high rate of relapse in spite of contin-
uous use of medications (as reported by Treem ef al.), the
risk/cost of overtreatment with maintenance pharmacother-
apy is probably greater than the risk/cost of undetected and
unprevented relapse. In fact, we should consider that as much
as 5 billion dollars may be spent annually for antireflux drugs
(22).

Our data showed that at the end of the maintenance period,
macroscopic esophagitis relapsed in only one patient, and
that only 12 patients remained mildly symptomatic, not re-
quiring further treatment (except for the one with esophagitis
relapse), and after a further 30-month follow-up period, only
three patients presented with transient mild symptoms prob-
ably related to GERD. Treem ef al. (21) reported that, despite
continuous therapy, medication could not be discontinued at
a follow-up of 1-8 yr. From the above reported results, of
both studies, the use of long-lasting preventive therapy is not
advisable due to the fact that the risks may override the ben-
efits. Careful clinical monitoring with treatment on demand
would be a better choice.

In our study, only patients with endoscopically confirmed
healing could enter the maintenance phase. Other studies
have reported the value of short- and long-term PPI treatment
in children with esophagitis refractory to medical treatment
and GERD manifestations following fundoplication (10-12),
thereby selecting patients who are more likely to relapse and
therefore require more intense acid-suppressive treatiment.

The long-lasting relief of mucosal lesions and the dramatic
improvement in symptoms in our patients may be due to the
use of the optimal dosage of PPIs during the healing phase
and the optimal administration mode together with good com-
pliance (7, 14, 15, 23). Clinical evidence indicates that the
most common errors in prescribing PPIs in children are un-
derdosing and splitting the total daily dose into twice-daily
dosing. In our patients, omeprazole was administered at a
dose of 1.4 mg/kg; it was given in the morning, 15-30 min
before the first meal of the day, as a single daily dose. PPI
pharmacokinetic studies show that, on a body weight basis,
the dosages of omeprazole and lansoprazole used in the treat-
ment of children with GERD are higher than those used in
adults (14). This is because, in the first years of life, chil-
dren exhibit metabolic rates that are several-fold higher than
those observed in adults. A starting dose of approximately
1.4 mg/kg per day healed almost 75% of the children with
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severe esophagitis and resolved or dramatically improved
GERD-related symptoms (7). A single daily dose just before
the first meal of the day is advisable because that is when acid
pumps are generated. The conflicting conclusion by Treem et
al. that GERD in older children is likely to be a chronic prob-
lem, requiring continuous monitoring and vigorous medical
and surgical treatment, may be due to the fact that to induce
the healing of GERD they used prokinetic agents (metoclo-
pramide, bethanechol ) and H,R As (cimetidine, ranitidine, or
famotidine). Actually, it is widely recognized that: (a) there
is insufficient evidence of the efficacy of prokinetic agents in
the treatment of GERD, and the addition of metoclopramide
to ranitidine has a better pharmacological efficacy; (b) thereis
evidence that treatment with PPIs results in higher and faster
rates of erosive esophagitis healing compared with HyRAs.

Some studies reporting the use of acid suppressants in chil-
dren have described parietal cell hyperplasia and benign gas-
tric polyps (5, 7, 24, 25); however, no gastric mucosal al-
terations were found in our study population. Gastrin levels
were noted to rise and then return to normal despite continued
antisecretory therapy in our study, as previously reported (5).

The safety of long-term antisecretory therapy has been
shown in adults for up to 11 yr of continuous use (4) and
in children for shorter periods (6, 7, 10); nevertheless, re-
cent studies have reported that a greater risk of community-
acquired pneumonia and acute gastroenteritis could be as-
sociated with the long-term use of H>RAs and PPIs (26,
27). The authors speculate that the reduction in gastric se-
cretion may facilitate oral acquisition of infections. Children
have also recently been reported among the high-risk cate-
gories for infection, such as patients with asthma or chronic
lung diseases and immunocompromised and elderly persons.
However, these results are of great concern, suggesting that
great caution must be used in the prescription of acid block-
ers, in particular for long-term therapy.

Our study suggests that, when used in adequate doses,
omeprazole is highly efficacious for the healing of esophagi-
tis and treatment of GERD symptoms in short-term use;
this means that, as confirmed by our data, a considerable
number of children affected by erosive reflux esophagitis
likely will not relapse and so will not need maintenance
treatment.

Despite the absence of a placebo group, the utility of the
“no treatment” maintenance arm in our study was even more
effective, if we consider that macroscopic esophagitis re-
lapsed in only 1 of 46 patients (2.2%), and that at long-term
follow-up, very mild GERD symptoms occurred in only 6.8%
of our patients. On the other hand, studies in adults show
high rates of relapse after short-term acid-suppressive ther-
apy and even after antireflux surgery (28, 29), and for this
reason, medical long-term treatment represents the therapy
of choice. Efficacy results are comparable with those of long-
term surgical results from only the best surgeons, while the
morbidity and mortality rates and the costs are certainly bet-
ter (30). The fact that our study population showed a low rate
of endoscopic and symptomatic relapse, even without main-

tenance treatment, suggests that different pathophysiologic
pathways are probably involved in the mechanisms of GERD
in children.

The proven efficacy and safety of PPIs have dramatically
changed the therapeutic landscape for children, becoming a
possible alternative to surgery, in particular for those groups
for which the failure rate, morbidity, and mortality of fundo-
plication are high, such as neurologically impaired children
or patients with repaired esophageal atresia or chronic lung
disease. These patients could represent the pediatric subset
of GERD patients requiring long-term treatment.

Because a very limited amount of long-term outcome in-
formation is available in the pediatric literature, a full un-
derstanding of the prevalence of the problem, the rates of
chronic versus limited-duration manifestations, and the like-
lihood of relevant morbidity related to GERD over time in
pediatric subsets are not present. This information would be
of great importance for the choice of the best antireflux ap-
proach while keeping in mind that the best therapeutic ap-
proach should be a safe one for children with GERD.

STUDY HIGHLIGHTS
‘What Is Current Knowledge

® As in adults, in children beyond 1 yr of age, gastro-
esophageal reflux disease (GERD) is a chronic relaps-
ing condition.

® The available literature supports the value of sus-
tained proton pump inhibitor (PPI) treatment (at least
6 months) in preventing symptomatic and endoscopic
GERD relapse and treating adults and children refrac-
tory to other interventions.

‘What Is New Here

® In our pediatric study population, there was not a high
rate of erosive esophagitis relapse and symptomatic
recurrence within a follow-up of 42 months.

® The long-lasting relief of mucosal lesions and the dra-
matic improvement in symptoms in our patients may
be due to the use of the optimal dosage of omepra-
zole and the optimal administration mode together with
good compliance during the short-term healing phase,
reducing the probability of GERD relapsing and the
need for maintenance treatment.

® The low rate of relapse, even without maintenance
treatment, suggests that different pathophysiologic
pathways are probably involved in the mechanisms of
GERD in children.
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Functional gastrointestinal disorders in migrainous children:
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The aim of this study was to evaluate the prevalence of functional gastrointestinal
disorders (FGIDs) in children with migraine headache and the effects of flunariz-
ine on gastrointestinal manifestations. We studied 50 migrainous children (mean
age 8.63 years). The clinical pattern and the diagnhosis of FGIDs were obtained
from structured questionnaires. All subjects underwent measurement of total
gastric emptying time (TGEt) performed by real-time ultrasonography of the
gastric antrum at baseline (T0). In the second part of the study, we evaluated 10
migrainous children (mean age 9.8 years) with associated FGIDs. In these 10
patients, repeated TGEt evaluation together with a detailed symptom history was
obtained after 1 (T1) and 2 months (T2) of treatment with flunarizine. Control
groups were composed of 10 migrainous children without FGIDs (mean age
9.2 years) and nine sex- and age-matched healthy children. Gastrointestinal dis-
orders were present in 70% of the patients. Migrainous children with FGIDs had
significantly (P < 0.01) more prolonged TGEt than subjects without FGIDs. Prior
to therapy, all migrainous children with FGIDs had prolongation of TGEt com-
pared with controls (P < 0.05). Patients on flunarizine had a significant decrease
in TGEt at both 1 (P < 0.01) and 2 months (P =0.002) of therapy. The mean fre-
quency of abdominal pain per month was significantly (P < 0.001) reduced at T1
compared with TO. The mean frequency of vomiting per month was significantly
decreased at T1 (P <0.05) and even more so at T2 (P < 0.01). Finally, the mean
frequency of headache per month was significantly reduced only at T2 (P < 0.05),
whereas the mean duration of headache was significantly decreased at T1
(P <0.01) with no difference between T1 and T2. Most children with migraine
report FGIDs, associated with a delayed gastric emptying. Flunarizine decreases
the frequency and duration of migrainous episodes as well as the gastrointestinal
symptoms. OAntimigraine prophylaxis, calcium antagonists, functional gastrointestinal
disorders, migraine headache

Annamaria Staiano MD, Department of Paediatrics, University Federico 11, Via 5.

Pansini, 5, 80131 Naples, Italy. Tel. + 39 08 1746 2679, fax + 39 08 1546 9811, e-muail
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children with headache is significantly affected by
their health condition, the impact of headaches being

Migraine is the most important cause of headache
both in children and adults (1). The International
Headache Society (IHS) diagnostic criteria have been
recently revised (2). Before puberty migraine preva-
lence is about 4% (3) and increases with age more

rapidly in girls than in boys. The quality of life of

1214

similar to that of other chronic illnesses (4).

It has long been recognized that migraine head-
aches are frequently associated with gastrointestinal
symptoms. Among the functional gastrointestinal
disorders (FGIDs), cyclic vomiting syndrome (CVS)
and abdominal migraine are usually classified as
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migraine variants or equivalents (5). This relation-
ship is supported by several observations: there is a
high prevalence of migraine headache and abdomi-
nal pain in paediatric CVS patients, with a higher
prevalence of migraine among first-degree relatives
of children affected by CVS; migraine headache and
CVS share a similar temporal profile of disorder
onset and resolution of symptoms; both syndromes
share many associated gastrointestinal, sensory and
vasomotor symptoms (6).

There is also evidence that the baseline sympa-
thetic tone in children with CVS differs from that of
control subjects, in a pattern similar to that found
in migraine patients. Rashed etal. (7) have demon-
strated that both children with CVS and adults with
migraine headache manifest elevated sympathetic
tone responses to postural changes. Migraine-type
neural and vascular changes have been documented
in CVS children, as well as a predominance of sym-
pathetic adrenergic over parasympathetic cholin-
ergic tone (8). Good et al. (9) have reported similar
visually evoked responses in children affected with
CVS and with migraine.

Therapy for CVS and abdominal migraine focuses
on preventing attacks with prophylactic medication.
Several studies have shown improvement using pro-
pranolol, cyproheptadine and amitriptyline, usually
resulting in a 250% decrease in the number and/or
severity of episodes in CVS patients (10, 11). Pfau
et al. have reported that 75% of children with CVS
responded to antimigraine medication, as opposed
to control children who suffered from chronic vom-
iting (12). Furthermore, another study has shown
that CVS patients who also suffered from migraine
improved twice as often (79% wvs. 36%) as non-
migrainous CVS patients when treated with antimi-
graine therapy (13). The shared therapeutic response
of CVS and migraine implies that closely related
neurally mediated pathways are responsible for
some or all of the symptomatology of these two
disorders.

Flunarizine is a calcium channel blocker which has
been shown to reduce attack frequency in migraine
headaches (14). It has been used for paediatric
migraine prophylaxis and more than one random-
ized, placebo-controlled, double-blind study has
demonstrated its effectiveness (15, 16).

Our study was designed to determine the preva-
lence of FGIDs in children with migraine headaches,
to define clinical characteristics of migrainous chil-
dren with and without associated FGIDs, and to
evaluate the effect of flunarizine on gastrointestinal
symptoms and gastric emptying time in migrainous

children.

© Blackwell Publishing Ltd Cephalalgia, 2006, 26, 1214-1219
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Methods

The first part of the study involved the evaluation of
50 consecutive patients referred to our clinic for
migraine (mean age 8.63+ 2.8 years, 21 males).
Migraine was defined according to the TCHDAI
criteria (2).

Questions were posed concerning migraine onset,
family history, total number of episodes, frequency
and duration of attacks, intervals between episodes,
prodromal symptoms, precipitating and alleviating
factors and associated symptoms.

For each consecutive migrainous patient, a struc-
tured questionnaire was completed which recorded
symptoms and signs needed to satisfy the paediatric
Rome II criteria for the following disorders: func-
tional dyspepsia, irritable bowel syndrome, func-
tional abdominal pain, abdominal migraine and CVS
(17, 18). Furthermore, functional vomiting was diag-
nosed according to the adult FGID criteria (17), with
the aim to include all subjects complaining of a
history of recurrent but not cyclic vomiting, not
explained by abnormalities of the gut or central ner-
vous system, metabolic or biochemical disease.

Measurement of gastric emptying time was per-
formed by real time ultrasonography (US) of the
gastric antrum after ingestion of a mixed solid-liquid
meal (19). All subjects were examined using a 5-MHz
linear probe applied to the epigastrium, with mini-
mal abdominal compression. Baseline scans were
performed on an empty stomach and follow-up
measurements were performed at 30 and 60 min,
then at 15-min intervals until emptying was com-
plete. The gastric emptying time was calculated by
measuring the cross section of the gastric antrum
at the sagittal plane passing through the superior
mesenteric vein. The antral cross-sectional area,
elliptical in shape, was calculated by the following
formula: Area=m xlongitudinal diameter x antero-
posterior (AP) diameter/4 (20) and the stomach was
considered empty when the cross-sectional area
returned to baseline and persisted unchanged for at
least 30 min. Total gastric emptying time (TGEt) was
calculated in relation to the start of the meal.

In the second part of the study, we evaluated 10
migrainous children with associated FGID diag-
noses (mean age 9.8 £1.9 years, seven males). Sub-
jects were selected from our migrainous children
who had indications of preventive treatment accord-
ing to the American Academy of Neurology (AAN)
Guidelines (21, 22). These children with migraine
received flunarizine 5mg, as a single daily dose,
orally for a period of 2 months. A detailed symptom
history was recorded and a general physical and
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neurological examination performed at baseline.
During the study, children’s caregivers kept a
weekly symptoms diary and recorded: number and
duration of migraine attacks, frequency of gas-
trointestinal symptoms and presence of side-effects.
All patients were evaluated at 1 and 2 months and
the symptoms diary was checked and collected. As
controls we chose a group of 10 migrainous children
without FGIDs (mean age 9.2 1.8 years, six males)
and nine healthy children (mean age 8.6+ 1.7 years,
five males). All children underwent US measure-
ments of gastric emptying time at baseline, 1 and
2 months. Controls were not in treatment with anti-
migraine prophylaxis.

Informed consent to participate in the study was
obtained from parents of all patients and the exper-
imental design was approved by our institutional
review board.

Statistical analysis

Continuous variables are shown as mean + SD. The
unpaired t-test and one-way ANOVA with the Bonfer-
roni test for multiple comparisons were used, as
appropriate. Repeated measures ANOVA was applied
for the analysis of data at different times of observa-
tion (T0, T1 and T2) with the Bonferroni test for the
post hoc test. Categoric variables were analysed
using the y* test.

All analyses were performed with SPSS software,
ver. 13.1 (SPSS Inc., Chicago, IL, USA).

Results

FGIDs were present in 35 (70%) of the 50 migraine
patients; specifically, 35% reported functional

abdominal pain and 35% reported functional vomit-
ing. None of the patients responded to the diagnostic
criteria for functional dyspepsia, irritable bowel syn-
drome, abdominal migraine or CVS. Clinical criteria
for definition of functional vomiting and functional
abdominal pain are summarized in Table 1. A family
history of migraine was reported in 84% of the study
population. At baseline, the mean +SD duration and
frequency (number of episodes/month) of migraine
attacks were 8.7 £ 10.6 h and 5.4 £ 1.41, respectively.

TGEt was significantly prolonged (P <0.01) in
children with migraine and associated FGIDs when
compared with children with migraine alone (mean
+ SD: 183.57+£35.12 vs. 122+ 37.01, P < 0.05). The
presence of specific triggers was not significantly
different between the two groups, nor was the alle-
viating factor of sleep.

Gastric emptying times of migrainous children
with FGIDs treated with flunarizine and of controls
are summarized in Fig. 1. Prior to therapy, migrain-
ous children with associated FGIDs had a prolonged
TGEt compared with both healthy children and chil-
dren affected by migraine without FGIDs (P < 0.05).
When these patients were treated with flunarizine,
they demonstrated significant decreases in TGEt at
both the 1-month (P <0.01) and 2-month (P =0.002)
evaluations. There were no significant differences in
gastric emptying times between treated patients and
controls at 1 or 2 months.

All patients treated with flunarizine showed a
decrease in frequency and duration of migraine
attacks (Table 2). A summary of gastrointestinal and
headache symptomatology in treated patients is
shown in Table 2.

During the study period, subjects treated with flu-
narizine did not suffer any relevant side-effects.

Table 1 Clinical criteria for definition of functional abdominal pain and functional vomiting

Functional abdowinal pain
At least 12 weeks of:

1 Continucus or nearly continuous abdominal pain in a school-aged child or adolescent; and
2 No or only occasional relation of pain to physiological events (e.g. eating, menses or defecation); and

3 Some loss of daily functioning; and
4 The pain is not feigned (e.g. malingering); and

5 The patient has insufficient criteria for other functional gastrointestinal disorders that would explain the abdominal pain.

Functional vomiting

At least 12 weeks, which need not to be consecutive, in the preceding 12 months of:

1 Frequent episodes of vomiting, occurring on at least three separate days in a week; and

2 Absence of criteria for an eating disorder, rumination, or major psychiatric disease according to the DSM-IV; and

3 Absence of self-induced and medication-induced vomiting; and

4 Absence of abnormalities in the gut or central nervous system and metabolic diseases to explain the recurrent vomiting

© Blackwell Publishing Ltd Cephalnigia, 2006, 26, 1214-1219
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Discussion

Published studies have shown the prevalence of
migraine headache to be between 30 and 80% in
children affected by CVS or abdominal migraine (5,
6, 23). However, there are few data on the prevalence
of FGIDs in migrainous children. Our study shows
a large prevalence of FGIDs of 70% in paediatric
patients with a diagnosis of migraine. Among
FGIDs, our migrainous children reported two disor-
ders in particular: functional abdominal pain and
functional vomiting. Although the latter corre-
sponds to the adult Rome II criteria for FGID, we
chose to consider it for the purpose of including all
subjects complaining of a history of recurrent vom-
iting in the absence of organic abnormalities but not
corresponding to the diagnostic criteria for CVS. In
a recent study we reported that of 9960 patients,
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Figure 1 Total gastric emptying time measured at baseline
(T0) and after 1 (T1) and 2 (T2) months of treatment with
flunarizine. Migrainous children with functional
gastrointestinal disorders (FGIDs): TO vs. T1, P < 0.01; TO vs.
T2, P=0.002; Tl vs. T2, P=N5. B, Migrainous children with
FGIDs; O, controls; hatched, migrainous children without
FGIDs.
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newborn to 12 years old, 194 satisfied the Rome cri-
teria for various FGIDs but only three (0.03%) were
affected by CVS (18). Furthermore, previous studies
have proposed criteria and questionnaires exten-
sively used and wvalidated in adults, to identify
FGIDs such as functional dyspepsia and irritable
bowel syndrome, in paediatric populations (24-26).

In our study, FGIDs associated with migraine
appear to correlate with a prolonged gastric empty-
ing time. The gastric emptying rate of solids in chil-
dren is difficult to evaluate because the available
methods are either invasive or induce a substantial
radiation burden. A good correlation between scin-
tigraphic and US parameters has been found using
either liquid or solid meals (27). Hence, in our study
the gastric emptying test was performed by means
of a real-time US examination, a validated, non-
invasive method for studying gastric motility (20, 28).

Gastrointestinal motor abnormalities are common
in a variety of FGIDs (29-31). Altered myoelectrical
activity of the stomach with a delayed gastric emp-
tying time has been reported in children affected by
CVS (32) and has been suggested to play a patho-
genic role in functional dyspepsia (33). For this rea-
son, on the basis of a possible link between migraine
and FGIDs, we found it of interest to study this
parameter in migrainous children. The finding of
delayed gastric emptyng in our children affected
by migraine and FGIDs could be interpreted as
an epiphenomenon, reflecting the overlap between
inadequately defined functional syndromes, shared
pathophysiology or the activation of physiological
interaction at different levels of the brain and gut
axis.

Much evidence points to a clinical and pathophys-
iological link between migraine syndromes and
FGIDs, such as CVS5, abdominal migraine and
others. For example, a positive family history of
migraine is present in 72% of paediatric patients
with CVS compared with only 14% of children with
chronic vomiting (13), while a positive family history
is present in 65% of abdominal migraine patients

Table 2 Gastrointestinal symptoms after 1 and 2 months of treatment with flunarizine

Baseline
{mean + SD)

Cmne month
{mean + SD)

Two months
(mean + SD)

Abdominal pain (no. episodes/month) 46+29 0.71 +1.25* 071+1.49
Vomiting (no. episodes /month) 155+118 1.25 + 1.80+ 0.8+178%
Headache (no. episodes/month) 71+4.87 4+£2.62 2,18 + 236+
Headache duration (h) 471+242 171+1.6% 15+187

*P < 0.001 compared with baseline; 1P < 0.05 compared with baseline; {P < 0.01 compared with baseline.

© Blackwell Publishing Ltd Cephalalgia, 2006, 26, 1214-1219
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(23). In our study, almost all patients reported
affected family members. Patients with isolated
migraine as well as migraine patients with associ-
ated FGIDs also share exacerbating and alleviating
factors.

In the second part of our study, we evaluated the
effects of flunarizine on gastrointestinal symptoms
and on gastric emptying time in children with
migraine and associated FGIDs. The positive
response to flunarizine lends support to the patho-
physiological relationship between migraine and
FGIDs.

Other antimigraine therapies are effective in CVS:
Anderson etal. (11) have demonstrated that both
amitriptyline and cyproheptadine are effective
prophylactic treatments for CVS, with remission
rates of 83-91%. In another study, migraine pro-
phylaxis resulted in complete resolution of cyclic
vomiting episodes in 75% of children (12).
Abdominal migraine also responds well to migraine
prophylactic medications, such as propranolol or
cyproheptadine (34).

We chose to study the effects of flunarizine
because it has been shown to be effective against
migraine in more than one randomized, placebo-
controlled, double-blind study and because it has
smooth muscle-relaxing properties which may
improve symptoms in FGIDs. Flunarizine is a cal-
cium channel blocker which can modulate neu-
rotransmission as well as wvascular tone; it has
minimal negative inotropic effects, and it also has
antihistamine properties (H1). It was introduced into
the antimigraine armamentarium because of its
modulating effect on vascular tone, as well as its
cytoprotective effect against cellular hypoxia (35).

Several pathophysiological pathways are poten-
tial candidates in the aetiology of both migraine and
FGIDs, are intimately associated with brain—gut
interactions and related to voltage-gated calcium
channels (36). Recent lines of evidence favour a role
for ion channel mutations in the pathogenesis of
migraine. For example, four missense mutations of
the o, subunit of the neuronal calcium channel
CACNL1A4 have been described in patients
affected by hemiplegic migraine and are presumed
to cause this syndrome (37, 38). CVS has also been
proposed to result from a similar channelopathy
(39, 40).

Clinical improvement in our patients with
migraine and FGIDs, when treated with flunarizine,
may be due to one or more of several mechanisms
of action: a calcium channel blocker in a yet unde-
fined channelopathy, an antihistamine on the central

afferent pathways, or perhaps peripherally by acting

directly to relax smooth muscle either in the vascu-
lature or in the intestinal wall.

Whatever the mechanism, flunarizine treatment in
our patients with migraine and FGIDs resulted in
marked improvement in gastrointestinal as well as
headache symptoms and was also quantifiable as a
decrease in total gastric emptying times as measured
by US. A larger, randomized, placebo-controlled trial
of flunarizine in these syndromes should be the next
step.
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CONCLUSIONS
WHAT THESE STUDIES ADD TO THE CURRENT KNOWLEDGE AND WHAT ARE
THE RECOMMENDATIONS FOR FUTURE RESEARCH.

1)Ontogeny and normal physiology of the esophageal and gastrointestinal motility.

a)Development of Esophageal Peristalsis in Preterm and Term Neonates. (Staiano A, Boccia
G et al. Gastroenterology 2007;132:1718-1725)

Our study represents the first application of high-resolution manometry to preterm and term
neonates.

High-resolution manometry, is an innovative methods for the study of esophageal motility,wherein
recording sites are increased in number and spaced closely in the axial direction, and interpolation
of pressure data across sites is accomplished to visualize better the spacetime relationships using 3 -
dimensional isobaric contour maps.

We demonstrates that the development in esophageal peristalsis occurs through late gestation into
term. The 3 segments responsible for intact peristalsis in older children and adults are found in all
infants and can be identified in neonates as young as 27 weeks gestational age at examination.
Differential development occurs, such that the second segment in the mid-esophagus (proximal
smooth-muscle segment) is present in the majority of swallows in all preterm and term neonates
while the other 2 segments at proximal and distal ends of the esophageal body lag behind,
developing in tandem despite very different underlying control mechanisms.

These findings suggest a teleologic role for the second segment, possibly in enhancing clearance
and preventing GERD and its complications.

The fact that only half of swallows show completely intact segmental architecture at term, however,
indicates that development of esophageal peristalsis continues into infancy.

Future research should address the following areas:

1) The development of motor behaviour leading to the junction opening during a transient LES
relaxation, (eg, crural diaphragm inhibition, esophageal shortening, and favourable pressure
gradient between the stomach and esophagea lumen). This investigations could be very important
for the understanding of the patophysiology of gastroesophageal reflux in neonates and children in
order to provide better targets for more tailored therapeutic interventions.

2) Expanded investigation of the specific neuroendocrine pathways that control the three functional
esophageal segments found using high resolution manometry

3) Focus on identification of drug targets for esophageal motility disorders that could act selectively
on the specific functional segment involved.

2) Epidemiology and patophysiology of the main functional gastrointestinal disorders in
children

a)Functional defecation disorders in children: Rome II criteria vs Rome III and PACCT
criteria. (Boccia et al. J Pediatr 2007;151:394-8)

Our study was the first that evaluated the clinical applicability of PACCT and Rome III criteria for
functional defecation disorders (FDDs) in children referred to a tertiary center for chronic
constipation. The prevalence of FDDs was significantly higher when using the PACCT/Rome III
criteria than when using the Rome II criteria.
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Because in our study such a high percentage of constipated children reported the symptoms of
defecation with straining, scybalous pebble-like stools, and painful defecation, we suggested that
these symptoms be added in any revised criteria.

Future research should address the following areas:

1) The applicability and validity of Rome III diagnostic criteria for FC and other FGIDs in
unselected populations and in both general practice and research settings.

2) The epidemiology, natural history and health care impact of pediatric FGIDs.

b)Dyspeptic symptoms in children: the result of a constipation- induced “‘cologastric brake”?
(Boccia et al. Clin Gatroenterol Hepatol,submitted with revisions, October 2007)

In this prospective study we reported that most children with functional dyspepsia (FD) also have
functional constipation (FC) associated with delayed gastric emptying, and that normalization of
bowel habits after laxative therapy can improve dyspeptic symptoms and gastric emptying. The
enterogastric feedback activated by faecal stasis in the rectum should be considered among the
possible mechanisms involved in the pathogenesis of dyspepsia.

The study is unique in pediatrics; the resolution of dyspeptic symptoms and gastric abnormalities
after constipation treatment and bowel habit normalization suggests that, in a specific subset of
patients, dyspepsia may be not an independent clinical entity but a clinical variant of functional
constipation.

This implies that 1)dyspeptic children should be always investigated for functional constipation
through appropriate validate questionnaires;2) A therapeutic trial with osmotic laxative might be
advisable in dyspeptic children for the resolution to solve upper gastrointestinal symptoms.

Future research should address :

1)The relation between specific cluster of symptoms and different pathophysiological mechanisms, in
order to provide better targets for more tailored therapeutic interventions.

2)More precise delineation of the relationships between sensorimotor dysfunction, individual
symptoms, and individual FGIDs: conceivably, the clinical manifestations in FGID patients depend
on the specific sensory and/or reflex pathways and territories affected. Improved symptom criteria,
together with quantitative data relating to physiological dysfunction (eg, hypersensitivity,
dysmotility, and reflex dysfunction), to mucosal inflammation/immune/endocrine activation and to
autonomic dysfunction, and in the future to molecular risk factors, should enable better
categorization of patient subgroups using techniques such as cluster analysis. More sophisticated
techniques to assess compliance, wall tension, and accommodation and to assess more precisely the
flow of luminal content and gas and the effects of dietary constituents on sensorimotor function are
required. In this regard, the development of minimally or noninvasive techniques of investigation,
which can function as true surrogate markers of sensorimotor dysfunction and which can be
repeated in patients after various therapeutic maneuvers, is essential.

3) Diagnosis and treatment of the main pediatric gastrointestinal motility disorders.

a)Segmental characteristics of esophageal peristalsis in pediatric patients.Staiano A,
Boccia G et al. (Neurogastroenterol Motil. 2007 Nov 21; [Epub ahead of print])

In this report, we successfully applied for the first time high resolution manometry to a group of
subjects representing the broad age range seen in paediatrics (from neonates to children) to examine
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the appearance of peristalsis using these techniques. The distinctive chain of pressure events that
also characterizes oesophageal peristalsis in adults was present in all age groups with minimal
variation in the relative location of defining landmarks along oesophageal length.

The identification of peristaltic segments has several important clinical implications. From a clinical
standpoint the HRM appearance of peristalsis as a chain of three pressure segments with inter-
segmental throughs, may facilitated recognition of normal and abnormal motor function. The
distinctive peristaltic pattern also helps identify lower esophageal sphincter location. From an
investigational standpoint, the segmental character to esophageal peristalsis should be taken into
consideration in manometric

investigation of all age groups in particular in testing pharmacological responses and evaluating
clearance mechanisms.

Future research should address:

1) The application of HRM for the study of other section of the gastrointestinal tract (such as the
small intestine and the colon or rectoanal segments)

1) The investigation of the specific neuroendocrine pathways that control the three functional
esophageal segments.

2) Focus on identification of drug targets for esophageal motility disorders that could act selectively
on each of the three functional segment involved.

b) Chronic Cough and Gastroesophageal Reflux Disease in Children: which Test for
Symptomatic Correlation? (Boccia et al.J Pediatr (submitted with revisions, September 2007))

c)Maintenance Therapy for Erosive Esophagitis in Children, After Healing by Omeprazole: Is
It Advisable? (Boccia et al. Am J Gastroenterol 2007;102:1-7)

In this study children with erosive esophagitis grade 2 or 3 healed at three months with omeprazole
1.4 mg/kg/day were randomized to 3 groups for a six-month maintenance period: omeprazole in
half the healing dose, or ranitidine, or placebo. In all 3 groups, very few relapsed symptomatically
or endoscopically during the randomized treatment phase, or off treatment at longer-term follow-up.
Three months after the completion of the maintenance phase, i.e., at 1 yr after entry into the study
12 (26%) patients had symptoms sufficiently mild to discontinue GERD therapy, and only 3 of 44
patients (6.8%) reported GERD symptoms (mild) within 30 months after discontinuation of the
trial. Only a couple

patients reported a need for antacid use.

The strengths of our study lie in the study’s prospective nature, its controlled and randomized
character, and its relatively long duration of prospective follow-up.

The low rate of relapse, even without maintenance treatment, suggests that different
pathophysiologic

pathways are probably involved in the mechanisms of GERD in children and that reflux in some
children may by a transient condition. This findings has important implications for management of
gERD in children..

The final message is to consider a less aggressive approach to pharmacotherapeutic maintenance of
healed erosive esophagitis in children. This approach would have the merit of minimizing the
potential risks of chronic acid-suppressive therapy that several studies have recently brought to light
and it might also reduce the financial costs of GERD treatment, estimated at more than $9 billion
per year in the United States in 2000.

Future research should address:
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1) The role, efficacy and safety of maintenance acid-suppressive therapy in those children who may
be most apt to develop erosive esophagitis: those with chronic neurological disease, previous
esophageal surgery, or chronic respiratory disease. These children have also been the most likely to
develop complications of esophagitis (strictures, Barrett’s esophagitis, and adenocarcinoma) and
thus probably the children whom more likely will need a chronic PPI maintenance.

2) The existence of a “transient GERD” as a well defined entity and the possible
pathophysiologycal mechanisms implicated.

3) The role of acid hypersecretion rebound in the symptomatic relapse of children with GERD, after
acid-suppressive treatment.

d)Functional gastrointestinal disorders in migrainous children: efficacy of flunarizine.
(Boccia et al.Cephalalgia 2006;26:1214-1219.)

In this study we reported that pediatric patients with a diagnosis of migraine show a large
prevalence of FGIDs. I particular among FGIDs our patients reported functional abdominal pain
and functional vomiting. These FGIDs associated with migraine appear to correlate with a
prolonged gastric emptying time. Furthermore we foud that flunarizine (a calcium channel blocker
normally used for the migraine profilaxis ) decreased the frequency and duration of migrainous
episodes as well as the gastrointestinal symptoms and gastric emptying time in children with
migraine and associated FGIDs.

Future research should address:

1) Integration of CNS imaging technology and classic neurophysiologic and neuropharmacologic
approaches for improved understanding of the neurobiology of

the brain-gut axis.

2. Continued mechanistic focus on the basic science of visceral hypersensitivity and pain that
includes the molecular basis for peripheral sensitization of sensory receptors by inflammatory
mediators, selectivity of central pain-related transmission pathways, and higherorder

central processing of nociceptive information from the viscera.

3. Expanded investigation of the neuroendocrine pathways, which connect the brain with the gut
and are responsible for alteration of function during psychogenic stress.

4. Application of genomic chip technology in searches for genetic polymorphisms in receptors,
enzymes, and steps in signal transduction cascades in elements of the ENS.

5. Focus on identification of drug targets on neural elements of the ENS and CNS and on non-
neural cell types, such as mast cells and enterochromaffin cells,
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