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 Introduction 

 The study of gastrointestinal motility has evolved 
from an esoteric laboratory tool to a sophisticated diag-
nostic technique that is now widely used clinically to 
guide management of children with complex gastrointes-
tinal problems  [1] . Previously, many gastrointestinal mo-
tility disorders were ignored or attributed to emotional 
disturbances. With the growing understanding of how 
gastrointestinal muscle and nerve dysfunctions are di-
rectly linked to symptom generation in individuals of all 
ages, great strides have been made in the approach to the 
diagnosis and treatment of pediatric gastrointestinal mo-
tility disorders. 

 A thorough comprehension of pediatric gastrointesti-
nal motility requires a multidisciplinary approach with 
the integration of molecular and cell biology, organ phys-
iology, and clinical observations. Smooth muscle cells, 
enteric neurons, interstitial cells of Cajal, hormones, gut-
brain pathways, and the central nervous system continu-
ously interact with each other. Social, cultural, emotional, 
and developmental factors infl uence symptom genera-
tion and healthcare use. All these factors are currently 
being actively investigated by a cadre of pediatric inves-
tigators  [2–4] . This interaction of multiple disciplines is 
defi ning a new specialty – neurogastroenterology – and 
observations made within the pediatric age group, includ-
ing the role of early life events, the importance of genetics 
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  Abstract 
The study of gastrointestinal motility has evolved to a 
sophisticated diagnostic technique that is widely used 
clinically to further guide management of children with 
complex gastrointestinal problems. Thorough compre-
hension requires a multidisciplinary approach with the 
integration of molecular and cell biology, organ physiol-
ogy, and clinical observations. During the past decade 
there has been a dramatic increase in our knowledge of 
the enteric neuromuscular system. Continued explora-
tion of targeted gene mutations in animal models has 
the potential of enhancing our understanding of congen-
ital disorders of gastrointestinal motility. Experiments 
studying polymorphisms in serotonin transporter gene 
(SERT) and different therapeutic responses to serotoner-
gic agents in adults with irritable bowel syndrome need 
to be carried out in children with functional bowel disor-
ders. Additional considerations that need to be ad-
dressed if advances are to continue include increasing 
the number of specialists interest in motility disorders 
and identifying funding sources to support the establish-
ment of research consortiums among pediatric centers.
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and the environment, and natural history of childhood 
functional bowel disorders are beginning to have an im-
pact in the way adult gastroenterologists view and treat 
gut motor and sensory disturbances  [5, 6] . 

 Future Directions 
 During the past decade there has been a dramatic in-

crease in our understanding of the complex structure, 
function, and developmental biology of the enteric neuro-
muscular system  [7, 8] . Nuclear and mitochondrial muta-
tions associated with abnormalities of neuroenteric devel-
opment have been identifi ed in animal models and human 
diseases. These mutations result in a spectrum of disor-
ders: aganglionosis, absence or heterotopia of specifi c neu-
ronal cell populations, lack of interstitial cells of Cajal, and 
dysfunctional intestinal smooth muscle. A classifi cation 
of motility disorders acknowledging congenital or devel-
opmental abnormalities needs to be developed. 

 Continued exploration of the functional and morpho-
logical consequences of targeted gene mutations in ani-
mal models has the potential of enhancing our under-
standing of the causes of congenital and acquired disor-
ders of gastrointestinal motility  [9] . To date, only a few 
laboratories have the expertise or fi nancial support to per-
form the sophisticated studies required to identify spe-
cifi c gene mutations. Establishment of uniform methods 
to characterize specifi c defects in tissue samples from pa-
tients with well-characterized gastrointestinal motility 
disorders will allow linking those defects to phenotypic 
expressions. This will enhance our ability to classify pa-
tients so that accurate prognostic information and more 
targeted interventions can be developed. 

 Much needs to be learned from a careful classifi cation 
of different histopathologic fi ndings. One of the most sig-
nifi cant shortcomings in the evaluation of the enteric ner-
vous system has been the lack of uniform methodology to 
study pathologic specimens obtained from patients with 
enteric neuromuscular disorders. Although full-thickness 
biopsies are often obtained, most pathology protocols rou-
tinely utilize diagnostic techniques focused on hematoxy-
lin and eosin staining on paraffi n sections and not spe-
cifi cally on the evaluation of the enteric nervous system. 
In addition, pediatric site- and age-specifi c tissue controls 
are often lacking. Evaluation of a specimen obtained from 
the proximal bowel of a few months old patient cannot be 
compared to a specimen obtained from the distal bowel 
of an adolescent control without risking misinterpreta-
tions. Few central laboratories (‘tissue banks’) with a keen 
interest in disorders of gastrointestinal motility should be 
established to systematically study the anatomic structure 

of the enteric nervous system, interstitial cells of Cajal, 
and gastrointestinal smooth muscles in samples obtained 
from children with well-defi ned motor disorders. Such 
laboratories should collaborate to develop uniform proto-
cols for investigation of submitted tissue samples. 

 Pharmacogenomics, the study of how an individual’s 
genetic inheritance affects the body’s response to drugs 
needs to be developed in pediatrics. Currently, treatment 
of pediatric infl ammatory bowel diseases is benefi ting 
from the evaluation of the enzyme thiopurine methyl-
transferase, allowing for safer and more effective use of 
thiopurines. Preliminary studies in adults with irritable 
bowel syndrome have suggested that polymorphisms in 
serotonin transporter gene (SERT) are associated with 
different therapeutic responses to serotonergic agents 
 [10] . Similar studies need to be performed in children 
with functional bowel disorders, a population of patients 
likely to have fewer confounding factors (associated phys-
ical and psychological disorders) than their adult coun-
terpart.  Table 1  lists other areas for future studies having 
highest priority in the fi eld of motility and functional 

Table 1. Some of the current challenges in pediatric gastrointestinal 
motility [11, 14]

1 Defi ne mechanisms leading to feeding intolerance in 
preterm babies

2 Evaluate oromotor dysfunction and feeding aversion in the 
older child and in neurologically impaired children

3 Characterize the pathogenesis of post-fundoplication 
complications

4 Characterize the pathophysiology of chronic pseudo-
obstruction and evaluate role of diagnostic techniques and 
benefi t of potential treatments

5 Characterize the pathophysiology diagnostic techniques and 
potential treatments of defecation disorders, including 
functional constipation, Hirschsprung’s disease, and other 
colonic neuromuscular disorders

6 Evaluate pathophysiological mechanisms and potential 
interventions in patients with cyclic vomiting syndrome

7 Identify histopathologic and ultrastructural features of 
neurocristopathies and other linkage defects of intestinal 
nerves and muscles

8 Identify genetic markers of neurocristopathies
9 Investigation of enteric neurobiology and development of 

the enteric nervous system
10 Investigation of the neuroimmunology of the gut: character-

ization of the interaction between the central nervous 
system, enteric nervous system, and immune system

11 Evaluation of the role of early life events in the development 
of motility and functional gastrointestinal disorders

12 Creation of a tissue bank for children with enteric 
neuromuscular disorders
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bowel disorders as identifi ed by the Working Group Re-
port of the 2nd World Congress of Pediatric Gastroenter-
ology, Hepatology, and Nutrition  [11] . 

 How Do We Accomplish Our Goals? 
 Funding sources must be identifi ed to support the es-

tablishment of novel methodologies to screen genetically 
altered animal as models for gastrointestinal motility dis-
orders. Potential funding sources might include both 
 federal agencies and pharmaceutical companies. The 
 National Institute of Diabetes and Kidney Disease
(NIDDK), through its Division of Digestive Diseases and 
Nutrition, and the American Digestive Health Founda-
tion (ADHF), recently issued a request for application 
(RFA)  [12] . The intent of this RFA was to (1) encourage 
interaction between basic scientists and clinical investi-
gators with special interest in motility-related disorders 
and (2) encourage collaborative interactions among gas-
troenterologists and neuroscientists. The overall scientif-
ic goals of the initiative were to enhance the understand-
ing of the genetic molecular, cellular, and physiological 
changes that occur in the bowel wall, central brain nuclei, 
and peripheral autonomic ganglia innervating the gastro-
intestinal tract in persons and animal models with motil-
ity-related disorders. Secondary goals included defi nition 
of the biochemical coding of stress-related alterations in 
gastrointestinal motility, physiological and cognitive in-
fl uences on course of motility disorders, food-related mo-
tor disturbances, and the ontogeny at the genetic, mo-
lecular, and cellular levels of lifelong motility disorders. 
The RFA was a tremendous success with a large amount 
of excellent quality research and stimulated further re-
search in the fi eld and represented a promising initial 
step. It is auspicable that in the future similar RFA be 
targeted specifi cally for studies in pediatrics. 

 What Are the Obstacles to Be Overcome? 
 Currently, in the USA there is a shortage of pediatric 

gastroenterologists with a specifi c interest in motility dis-
orders. It is encouraging though, that at recent national 
and international meetings there has been an increased 
amount of excellent clinical and basic research presented 
by clinicians with an interest in functional bowel disor-
ders in children. A handful of centers are now qualifi ed 
to train physicians to reach ‘level 2’ competence in gas-
trointestinal motility as per the North American Society 
Pediatric Gastroenterology Hepatology, and Nutrition 
(NASPGHAN) Training Guidelines  [13] . Improved 
training and understanding of enteric pathophysiology 
may result in signifi cant fi nancial savings if one considers 

the huge fi nancial burden of parenteral nutrition and 
small bowel transplants, which are utilized by children 
with the most severe forms of motility disorders. It has 
been estimated that if every preterm infant in the USA 
can have 1 week less of parenteral nutrition secondary to 
feeding intolerance, the estimated annual savings in 
healthcare expenditures would approximate 1 billion dol-
lars  [14] . 

 Development of diagnostic tests more suitable for use 
in young individuals needs to be considered a high prior-
ity. Techniques involving catheters, balloons or radia-
tions are diffi cult to perform in newborns and infants and 
are unsuitable in healthy children, making it impossible 
to have normal values to be used as controls. Less inva-
sive tests to assess gastric sensation and accommodation, 
such as the nutrient or water load test  [15] , breath tests 
using  13 C- Spirulina platensis  breath test for gastric emp-
tying of solids  [16]  and single photon emission computed 
tomography (SPECT)  [17] , need to be further developed 
and validated in children. 

 Another problem that pediatric gastroenterologists 
face on a daily basis is the lack of medications with prov-
en effi cacy in children with motility disorders. In the 
USA, children are commonly treated with drugs that have 
not been approved for pediatric use by the FDA. In 1962, 
the Kefauver-Harris amendments to the Food, Drug, and 
Cosmetic Act were designed to ensure safety and effec-
tiveness for human drug use. However, infants and chil-
dren were excluded from the protections that these 
amendments were to provide. Once a drug was approved 
for use by the FDA, further studies to determine safety 
and effi cacy in infants and children were rarely conduct-
ed  [18] .   Seventy-fi ve percent of all drugs prescribed for 
children have never been tested on children. Doses are 
extrapolated from adult studies resulting often in inap-
propriate dosing in pediatrics  [19] , a problem that has 
inspired major policy changes in recent years. In 1997, 
the FDA established its Pediatric Rule. Under the rule, if 
the agency believes that a new drug will have signifi cant 
pediatric use, it can order the manufacturer to carry out 
pediatric clinical trials before the drug can be marketed. 
Also, in 1997, Congress passed the FDA Modernization 
Act (FDAMA). The act offers drug companies a 6-month 
patent extension as an incentive to conduct pediatric tri-
als. For regulatory purposes, pediatric is defi ned as be-
tween the ages of 2 and 18. The issue of the lack of pedi-
atric drug data is important because effective treatment 
may be withheld or children may be treated with medica-
tions without a full understanding of the risks, benefi ts, 
and implications. 
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 Progress in the fi eld of therapy of pediatric motility 
disorders has also been slow in the past due to the fact 
that there have been very few well designed and con-
trolled treatment studies in children. As a result, the 
pediatric gastrointestinal literature abounds in case se-
ries, retrospective reviews and small pathophysiologic 
or epidemiologic studies diffi cult to interpret and of lim-
ited signifi cance. Efforts are currently underway to cre-
ate infrastructures aimed at facilitating multi-center, 
collaborative studies, involving clinicians, basic scien-
tists, academic and non-academic physicians and health-
care professionals from developed and developing coun-
tries. In this way, trials would be adequately powered 
leading to more meaningful and more generalizable 
data. Establishment of clinical research networks may 
increase our ability to attract the elusive research funds 
targeted for the study pediatric gastrointestinal motility 
disorders. 

 Defi nition of entry criteria to enroll patients in pedi-
atric clinical trials has also been a problem in the past. 
The pediatric Rome Criteria for functional gastrointesti-
nal disorders were only published in 1999  [20] . These 
criteria were meant to be guidelines to help identify chil-
dren with functional disorders in an attempt to defi ne 
subsets of children with recurrent clusters of symptoms. 
To date there have been confl icting data on the utility of 
these criteria. There is evidence of both poor inter- and 
intra-rater reliability when trying to apply these criteria 
 [21] . Investigators who have tried to validate the pediat-
ric Rome Criteria with age appropriate gastrointestinal 
questionnaires found that only 55% of children met one 
of the criteria  [22] . Other obstacles have included the use 
of the word ‘functional’ to describe the nature of many of 
these disorders. There continues to be a great deal of con-
fusion and misunderstanding, among patients and physi-
cians who deal with functional bowel disorder. This lack 
of understanding can lead to misdiagnosis and misguided 
treatment. It has been reported that those patients that 
have been labeled with a functional gastrointestinal dis-
order have more surgeries than similar control popula-
tions  [23] . 

 Gaining public support for pediatric drug research 
can be diffi cult as patients often feel ‘used’ for academ-
ic research when communication is not clear between 
subjects and researchers  [24] . One survey showed par-
ents did not realize the drug studies involving their chil-
dren were to assess not only for effi cacy, but for safety 
as well. Only one-third of the parents knew they could 
withdraw their child from the study at anytime. Others 
responded that the informed consent was unnecessary 

because they would do whatever the doctor recom-
mended  [25] . In order to obtain the support of the gen-
eral population for pediatric drug testing, consumers 
must be better informed of the process. Most institu-
tional review boards for pediatric research require as-
sent and consent forms to be signed by the child and the 
parents respectively. The question of determining the 
age when a child is old enough to consent to participate 
or to choose to dropout or continue participation in 
drug studies is not solved yet. Researchers often con-
clude that there are simply not enough potential pa-
tients to participate in pediatric research. Multi-site 
studies should be encouraged to ensure suffi cient pedi-
atric participation. 

 Other challenges in the study of pediatric gastrointes-
tinal motility disorders include the diffi culty of perform-
ing prospective longitudinal studies in order to determine 
long-term outcomes of pediatric patients due the high 
mobility of the US population. Such studies so far have 
been accomplished in Europe where language barriers 
and cultural factors keep generations of families in the 
same geographic areas  [26] , and may not necessarily be 
applicable to US patients. New rules such as the Health 
Insurance Portability and Accountability Act of 1996 
(HIPAA) intended to protect health insurance coverage 
for workers and their families when they change or lose 
their jobs   have led to signifi cant   privacy concerns both 
by hospital administrators and patients and have in-
creased the complexity of performing clinical studies in 
children. 

 Conclusion 

 The fi eld of pediatric gastrointestinal motility has a 
brighter future, due to our improved ability to study bio-
logic systems from isolated cells to organ function. Stud-
ies of the role and development of interstitial cells of Cajal 
are under way and may clarify the origin of motor rhyth-
micity. The interaction between gastrointestinal neuro-
muscular activity and perception of symptoms is another 
area that is currently actively pursued by clinical and lab-
oratory investigators. Evaluation of the association be-
tween gastrointestinal neuromuscular dysfunction and 
symptoms has the potential to lead to the development 
of new diagnostic tests and pharmacological and non-
pharmacological interventions. Funding dictates where 
research efforts will be directed and pediatric studies be-
cause of their inherent ethical and practical diffi culties 
have a history of being underfunded despite the fact that 
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many motility disorders diagnosed in adults have their 
roots in events occurring during childhood or were al-
ready present early on in life. With adequate fi nancial 
support given to investigators with an interest in pediatric 

gut disorders, signifi cant enhancements will be made in 
our understanding of the enteric nervous system function 
and the evaluation and treatment of motility disorders 
from childhood to adulthood. 
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