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Abstract

At the present time, it is nearly impossible to treat pediatric functional gastrointestinal disorders associated with pain in an evidence based fashion. This is due to the overall lack of controlled studies and, even more importantly, the complexity of the contributors to disease phenotype which are not controlled or accounted for in most therapeutic trials. In this manuscript, we review the challenges of defining entry criteria, controlling for the large number of biopsychosocial factors which may effect outcomes, and understanding pharmacokinetic and pharmacodynamic factors when designing therapeutic trials for abdominal pain in children. We also review the current state of pediatric abdominal pain therapeutics and discuss trial design considerations as we move forward.
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Core tip: For abdominal pain therapeutics research to fulfill the promise of personalized medicine, there is a need to standardize trial entry criteria including validating Rome criteria as predictors of response. There is also a need to embrace complexity and recognize and control for the large number of biologic, psychologic, social, and pharmacologic factors which define each patient and may affect drug response. This approach will allow us not only to understand what treatments work for the population at large, but for the individual patient in front of us.

TEXT

Personalized medicine involves tailoring treatment to the specific characteristics, needs, and preferences of the individual patient[1]. At its heart, it’s the “right drug at the right dose at the right time”[2]. The personalized medicine movement is primarily predicated on two things: (1) that an evidence base exists to support certain treatment options at the level of the population; and (2) that individual variation in patient characteristics, needs, and preferences can be identified in such a way as to allow evidence-based treatment to be optimally tailored. In a sense, personalized medicine focuses on the individual patient within the context of the population. While this is ideal, combining the best of evidence-based research with the best of clinical application, this is not the current reality for many conditions, including pediatric functional gastrointestinal disorders (FGIDs) associated with pain. 

At the present time, it is nearly impossible to treat pediatric FGIDs associated with pain in an evidence based fashion. This is due to the overall lack of controlled studies and, even more importantly, the complexity of the contributors to disease phenotype which are not controlled or accounted for in most therapeutic trials. Each patient has a unique set of characteristics which must be understood when delivering an intervention. However, our individual patient care is largely informed by aggregate group data. Furthermore, studies are generally designed to minimize variation within the sample and thus may bear little relationship to actual patients seen in the clinical setting[3]. Group-wise analyses disguise substantial individual variation relevant to treatment. In short, we are unable to see the trees for the forest.

Diagnostic challenges also contribute to the familiar problems experienced by academic investigators and drug developers who conduct drug studies of FGIDs[4,5]. Principal among these are poorly understood etiologies for this very heterogenous group of conditions, poor diagnostic agreement in the classification of patients, incompletely validated criteria on which to subtype patients, and the fluctuating nature of symptoms[6-8]. Absent a clear understanding of the physiological, psychological, and behavioral elements that define this condition and reliable biomarkers that can facilitate patient subtyping[9,10], studies will invariably introduce uncertainty in their findings by pooling patients with putatively different underlying mechanisms of disease. 

Collectively, these challenges lead to underpowered studies with variable response rates, large placebo effects, and limited relevance to the average pediatric patient with abdominal pain that is encountered in clinical practice. The role of this editorial is to lay out the relevant history and present state of therapeutics in pediatric abdominal pain research, as well as to identify existing challenges that will need to be considered and addressed to move the field forward toward the personalized medicine ideal in the future.

ROME CRITERIA AS THE ENTRY CRITERIA FOR THERAPEUTIC TRIALS

In 1999, the pediatric Rome Ⅱ committee established the first diagnostic criteria for FGIDs in children. These criteria were consensus-based and modeled after previous work (Rome Ⅰ) in adults. In 2006, the pediatric criteria were revised by the Rome Ⅲ committee. The Rome criteria define four FGIDs related to abdominal pain in children: Functional dyspepsia, irritable bowel syndrome, abdominal migraine, and childhood functional abdominal pain/syndrome[11] (Table 1). The majority of children and adolescents with chronic abdominal pain or discomfort meet criteria for an FGID[12,13]. At present, these Rome diagnoses form the entry criteria for nearly all pediatric abdominal pain therapeutic trials; however, the criteria have remained consensus-based and have never been completely validated nor shown to predict treatment response in clinical trials. 

Utilizing the criteria in clinical practice or therapeutic trials is associated with some significant obstacles, including inherent ambiguity, inconsistent application, and differences in symptom reports between the patient and their parents or care givers. Although they seem to be “face valid”, the Rome criteria lack a necessary degree of precision that translates to confusion on the part of patients, parents, and providers. For example, what is discomfort? Does the word discomfort mean nausea, bloating, or something else? Does it mean the same thing to parents as to the child? Do symptoms associated with discomfort result from different pathophysiologic processes or respond differently to treatments than does overt pain? In another example, an important criterion used to differentiate FD from IBS in the Rome criteria is relief with defecation which was defined in IBS as greater than 25% of the time but undefined in FD. Does having relief with a stool 5% or 10% of the time exclude FD? What happens when parents and children disagree about the percent time that defecation relieves pain? These are two relatively straightforward examples, but the criteria are open to interpretation in many areas. As suggested in the above examples, variance also is created by who provides the history and in what fashion. Utilizing standardized questionnaires, there is only fair to moderate agreement in diagnosis between symptom reports obtained from the patient and those obtained from their parent or guardian[13,14]. Agreement is low between the evaluating physician and either the patient or parent[13,14]. Further, responses on a standardized questionnaire also have low agreement to a daily symptom diary[14]. Perhaps due to the ambiguity, criteria are inconsistently applied. It has been shown that pediatric gastroenterologists only have fair to moderate agreement regarding FGID diagnosis even when presented identical clinical vignettes[15]. This problem may not be strictly limited to the pediatric population either. In adult FD, which has more specifically defined criteria, adherence to Rome criteria for inclusion was found in only 54% of clinical research trials[16]. 

Another challenge to utilizing Rome criteria in practice is that there is heterogeneity within diagnoses. Pediatric criteria, unlike the adult Rome criteria, do not recognize subtypes within either FD or IBS. In adult FD, there are two recognized subtypes: (1) postprandial distress syndrome (PDS), characterized by postprandial fullness or early satiety; and (2) epigastric pain synd​rome, characterized by epigastric pain or burning unrelated to meals. These are not recognized in the pediatric criteria, although there is some evidence that PDS is associated with increased mucosal mast cells, anxiety, and depression in pediatric FD[17]. These are associations which may affect therapeutic responses to a given treatment. Likewise, IBS in adults may present with primarily constipation, diarrhea, or alternating symptoms; these patterns also have been described in children/adolescents, but are not specified as subtypes within the Rome criteria[18]. Ostensibly pediatric patients with primarily constipation would respond differently to an agent that affects motility than a patient with primarily diarrhea. 

There also may be overlap between FGIDs, or between FGIDs and other conditions such as chronic nausea, GERD, or bladder dysfunction, which may influence treatment response. Nausea has been reported to be a commonly associated symptom in children with chronic abdominal pain which spans FGIDs[19]. Nausea frequency is associated with poor school and social functioning, and also predicts social disability; thus, nausea may be a symptom that could affect therapeutic response independent of the FGID category. In adults, significant overlap has been reported between FD and IBS, with overlap associated with more severe symptoms and increased psychological dysfunction[20,21]. Significant overlap has also been reported between FD and IBS in children, although some investigators report no overlap[12,13]. This represents another area of variability in application of the Rome criteria, as some investigators diagnose FD/IBS overlap while other investigators default to IBS when symptoms of both are present. 

Finally, the Rome FGIDs were meant to be positive diagnoses in that they do not require organic disease to be ruled out per se; however, the criteria contain the requirement that there be no inflammatory, anato​mic, metabolic, or neoplastic process to explain the symptoms. Pediatric gastroenterologists vary significantly in what testing they believe is necessary to rule out biochemical or structural causes of abdominal pain[22]. Additionally, it has also been shown that the Rome Ⅲ criteria are not specific enough to rule out organic diseases and that alarm symptoms do not differentiate between organic and non-organic disease[23]. Taken together, the above issues may at least partly explain why only 39% of pediatric gastroenterologists report using the Rome criteria in their clinical practice[22]. 

Ultimately, there is a need to fully validate the Rome criteria in children as well as evaluate which symptoms naturally cluster together as has been done in adult populations. Even more importantly, current diagnostic categories (or other symptom complexes) and symptom variability within a diagnostic category need to be assessed for their ability to predict treatment response. 

IMPLICATIONS OF THE BIOPSYCHOSOCIAL MODEL

Beyond issues of diagnostic classification, the develop​ment of abdominal pain itself is now widely considered to be a complex process. Chronic abdominal pain is believed to arise through multiple pathways that include biological (physiological, genetics), psychological (emotional, behavioral), and social (relational, environmental) factors which interact with one another. Each of these factors may contribute to initiation or maintenance of pain, as well as frequency, duration, and intensity of pain and other related symptoms. Consequently, children may arrive at the same result through different pathways. In addition, the process is dynamic and different processes may contribute to symptoms generation to varying degrees at different time points. 

Patients may arrive at the same symptom complex by very divergent pathophysiologic processes including dysmotility, visceral hypersensitivity, inflammation, and alteration of the microbiome. FD for example has been associated with visceral hypersensitivity, as well as a wide variety of electromechanical disturbances including disorders of gastric emptying and accommodation, gastric dysrhythmias, and antroduodenal dysmotility[24]. FD has also been associated with inflammation, specifically mast cell accumulation in the antrum and eosinophil accumulation in the duodenum[25]. Similarly, IBS may result from visceral hypersensitivity, motility disturbances, low grade inflammation, and/or an altered intestinal microbiome[26]. Psychologic disturbances frequently co-exist and interact with other pathophysiologic factors. In addition, each patient has an environment which may interact with other pathohysiologic mechanisms and affect disease presentation and response to therapy over time.

Psychological functioning can be a significant source of patient variability, which cuts across all FGIDs. Psychological measures demonstrate clustering in children with FGIDs related to abdominal pain. In one study, approximately half of pediatric patients ith FGIDs showed no significant emotional, behavioral, or social disturbances, while 35%-45% demonstrated elevations only in anxiety scores and the remaining 13% demonstrated broad-based psychological problems[27]. In another study, pediatric patients with FGIDs demonstrated distinct patterns of pain and adaptation, with adaptation affecting clinical outcome[28]. 

Lastly, pain is influenced by a number of other broad social and environmental factors including interpersonal relationships, the natural environment, diet, and sleep. While some of these triggers appear common across individuals, there is likely variability among individuals on others[29]. For example, some patients have clear associations between inflammation, pain and the pollen count. These patients may respond to a treatment regimen differently during a time of high pollen exposure as compared to low exposure or differently than indivi​duals unaffected by the pollen count[30]. 

Ultimately, the complexity of pediatric abdominal pain, and FGIDs specifically, creates significant challenges in controlling for disease variables in thera​peutic trials. To date, this issue has largely been addressed through restrictive eligibility criteria, to reduce variability, or “noise”, on the front end. However, the biopsychosocial model suggests that we may need to embrace individual variability, rather than control for it, in order to move closer to the personalized medicine ideal. In practice, this means that more liberal inclusion criteria combined with use of alternative research designs and/or more advanced statistical modeling approaches may be needed to support advancement in knowledge and care. We must assess each participant as a complex biopsychosocial system to understand how that system (i.e., the whole person) affects treatment outcome and how that system rearranges in response to a treatment. This offers the hope of being able to determine which factors within the system predict the treatment that would be most effective for an individual patient.

CLINICAL PHARMACOLOGY

Historically, the lack of adequate pediatric drug trials, in general, could be blamed on several factors: (1) questions surrounding the ethics of conducting drug studies in children; (2) concerns related to the disproportionate financial investment required to support studies in a population which comprises a relatively small market share; and (3) assertions that pediatric studies are logistically more complex than comparable adult studies. Fortunately, academicians and regulators have come to appreciate that routinely administering medications to children when they have not been evaluated in this population is not ethically defensible[31,32]. Subsequently, United States legislation has prompted a major push to evaluate drugs in children, shifting discussions from “if” these studies should be performed to “when” and “how” they should be conducted[33]. With the general debate out of the way, well-intentioned investigators are revealing additional challenges nested in the conduct of pediatric drug studies for FGIDs. Published studies continue to suffer from problems that can be loosely characterized as pharmacokinetic, pharmacodynamic, and diagnostic in nature. 

Inadequacies in dosing regimen selection are per​haps the most straightforward to address. Since most academic investigations reflect repurposing of approved drugs there exists, at a minimum, some pharmacokinetic data that can be used to guide dosing decisions. Physiologically-based pharmacokinetic modelling and simulation strategies which take into consideration known maturational changes in the anatomy and physiology of major organs of disposition can provide a reasonable starting point from which to base dose selection[34]. The caveat is that this approach requires some estimation of desired exposure targets which, when unknown, often reflect adult exposures that have demonstrated safety. Notably, there is evidence to suggest that a priori modelling predictions do not always reflect observed pharmacokinetic profiles[35], which is why modelling exercises should be followed by confirmatory pharmacokinetic studies in advance of, or concurrent with, outcome based trials. 

Importantly, the paradigm of “one and done” with respect to pediatric pharmacokinetic studies may not be a realistic option in FGIDs where marked variability in the genetic constitution, co-morbidities, and co-administered medications abound. Each of these factors can alter the pharmacokinetic profile of the drug in question to a different extent. However, a number of strategies can be integrated into the design of pediatric drug trials to enhance our understanding of the dose-exposure-response profile for selected treatment regimens. These include classical pharmacokinetic sampling in a small subset of patients, sparse pharmacokinetic sampling over a broader range of patients coupled with population pharmacokinetic analyses, and scavenged pharmacokinetic sampling or opportunistic clinical sampling similarly employing population-based analytical approaches. Though the latter strategies offer less than robust pharmacokinetic parameter estimates, they are only minimally labor intensive (as compared to classical pharmacokinetic studies) and are increasingly being accepted by regulatory agencies[36,37]. 

Additional pharmacokinetic considerations surround reliable drug delivery. A troublesome consequence of the failure of big Pharma to integrate children early in the drug development process is the lack of age-appropriate dosage formulations[38]. If the only available formulation is a solid oral dosage form, titrating the dose for children of varying weights can be problematic. Consequently, clinical trial outcomes that are not examined in the context of the weight-adjusted dose each participant received may miss important relationships between dose and response[39]. One must also consider the extrapolation of the research findings to the clinical practice setting. Data from a subset of children capable of swallowing the solid oral dosage form is of mixed utility in a pediatric practice setting where extemporaneous compounding may be undertaken to accommodate the needs of younger patients. Extemporaneous manipulation of the drug must be anticipated and the consequence on its relative bioavailability carefully assessed. Without these data, the fate of the molecule in the patient will be unknown and the care of the child potentially compromised[38]. 

Pharmacodynamic challenges reflected in drug studies of pediatric FGIDs center around adequately capturing unbiased outcomes[6]. As the need for objective biomarkers of treatment response is self-evident, and the current challenges related to subjective outcome measures have been thoughtfully addressed by others[7,10,40], we only reference the problem here to suggest that guidance documents authored by the United States Food and Drug Administration may offer a reasonable starting point for discussions related to the design and utilization of instruments developed to collect patient reported outcomes (PRO)[41,42]. These documents discuss the Agency’s views on the adequacy of PRO measurement tools in the context of their characteristics, conceptual framework, content validity, criterion validity, ability to detect change, and suitability in special populations (e.g., children, cognitively impaired, nonverbal, non-native language speakers). They also discusses the integration of these tools into clinical trials including protocol design considerations and statistical considerations nested in the analysis of PRO data[41,42]. We recognize that pediatric labeling is not a forethought for many academicians when designing FGIDs trials but the guidance offers insight into how a body of individuals tasked with the responsibility for determining the efficacy and safety of medicines view these instruments.
Ultimately, drug pharmacokinetics and pharma​codynamics and how these interact with genetics and disease processes must be considered if we are to gain a firm understanding of how to treat individual patients. Once we have selected the right drug for the right patient, pharmacokinetics and pharmacodynamics will allow us to fullfil the last step in a personalized medicine approach, the right dose at the right time.

CURRENT STATE OF ABDOMINAL PAIN THERAPEUTICS

Therapeutic management strategies for the treatment of functional gastrointestinal disorders share a common limitation with the sizeable majority of drugs on the market; namely, insufficient clinical evidence for their use in children. A Cochrane review published in 2002, and updated in 2008, identified a mere 6 trials evaluating drug-based interventions in children with recurrent abdominal pain or irritable bowel syndrome[4,43]. Importantly, only one-half of these trials were randomized and controlled. Our own more recent search of the literature revealed a total of 8 placebo-controlled drug trials for abdominal pain related FGIDs in children/adolescents, indicating that we have not made much progress in the past 7 years (see Table 2 for a summary)[44-51]. The clinical implication surrounding this paucity of well-controlled studies is limited empiric support for even basic prescribing decisions that clinicians make when managing pediatric patients with FGIDs. 

Importantly, even within the existing literature, there are inconsistent findings that yield further confusion in applying results to clinical care. Comparison of the two separate trials of amitriptyline demonstrates some of the issues with regard to pediatric trials for FGIDs[48,50]; one trial demonstrated efficacy while the other did not. In adults, amitriptyline has been shown to be efficacious in those with diarrhea-predominant IBS[52]. One of the two pediatric trials for amitriptyline evaluated only participants with diarrhea-predominant IBS and demonstrated efficacy[48]. In contrast, the other pediatric trial evaluated both diarrhea- and constipation-predominant IBS patients, and also included patients with functional abdominal pain and FD, and did not demonstrate efficacy[50]. In addition to the much greater heterogeneity of the sample in the second study, there also was a trend for patients with IBS to be over-represented in the placebo group. The authors did analyze by specific FGID, but were likely underpowered to detect differences; descriptive statistics by group were not provided to allow the reader to evaluate effect size in this case. Thus, the lack of demonstrated efficacy for pain relief may have been due to patient selection, both in terms of inclusion criteria and randomization inequity. Another difference between the two studies may have been the dosing regimen. The per weight dosing likely varied significantly among patients within and across studies, although data on this was not presented nor analyzed as a covariate in the analysis. Furthermore, neither study determined amitriptyline concentrations in the blood to assess exposure. It is possible that success, or a lack thereof, was - at least in part - the result of differential dosing and/or exposure across patients. 

Further, there have been almost no studies that have looked at layering of treatments. Although not the focus of this commentary, in addition to the drug trials noted above, there have been 6 controlled trials of probiotics, 4 controlled trials of fiber supplements, and a number of trials of a variety of psychological interventions (with various degrees of control), all mainly done in isolation of, or without regard for, other treatments. Layering of treatments is an important avenue to explore given the many potential contributors to symptoms in a given patient as previously discussed. It seems intuitive that identifying as many potential pain contributors in a given patient and addressing each simultaneously with a treatment specific to the contributor would be the most efficacious approach. However, this remains to be fully proven, as limited data exists. One example of existing evidence for layered treatment would be combining montelukast with biofeedback-assisted relaxation training (BART) in FD associated with duodenal eosinophilia. In the first study, montelukast was shown to be efficacious in this patient group in a double-blind, placebo-controlled crossover trial[47]. Then, in a second study, a separate group of patients was randomized to receive medication alone or in combination with BART. The combined, or layered, treatment resulted in more rapid resolution of pain and associated disability than seen for medication alone[52]. 

Finally, clinical trials for pediatric FGIDs have largely utilized traditional research designs that analyze data in the aggregate, which serves only to identify evidence at the level of the population without regard for individual characteristics, needs, or preferences. Specifically, within the drug trials identified by our group, only 3 utilized a cross-over design, only 1 evaluated potential biomarkers of response, only 1 utilized multivariate analysis of response predictors with anxiety as a co-variable, and only 1 assessed drug exposure utilizing pharmacokinetics. While there may be a role for population-level evidence in creating a solid foundation from which individualization of treatment can occur, this cannot be the only approach if we are to learn how to effectively tailor those interventions for the benefit of our clinical patients. 

WHERE DO WE GO FROM HERE?

First and foremost, we need to study drugs being used to treat abdominal pain in children. The approach must recognize that this is a multifactorial disease and that each patient has a unique biopsychosocial profile that may affect treatment response. The most direct way to account for this participant-to-participant variability is to have the participant serve as their own control, either through utilizing cross-over designs (when the intervention has limited durability) or through single subject designs. Ultimately, trials need to be of sufficient sample size and comprehensive in collecting data regarding biologic, psychologic, and social/environmental variables such that all of these potential factors can be assessed to determine individual characteristics or profiles that predict response. Trials, particularly early ones, also must consider pharmacokinetics and pharmacodynamics to assess relationships between drug dosing, drug exposure, and clinical response. Generalizability depends on controlling variables in the analysis rather than at entry through overly strict entry criteria. 

Given our current state of understanding, investi​gations of medicines for abdominal pain may benefit from new approaches to trial design, including: (1) adaptive sample size re-estimation which can account for inaccurate assumptions of variance that can affect a studies power[53]; (2) enrichment designs that can limit the enrollment of participants with characteristics that may preclude the detection of a drug effect (e.g., rapidly waxing and waning symptoms, non-adherence)[54]; and (3) n-of-1 trials which can better characterize individual treatment effects and potentially improve trial efficiency while reducing the necessary sample size[55]. Adaptive study designs involve prospectively planned opportunity for modification of one or more specified aspects of the study design and hypotheses based on analysis of interim data. These designs allow the flexibility to alter the direction when it becomes clear that a particular intervention is effective such that a second treatment could be layered on. Conversely, these designs allow an intervention to be dropped when there is sufficient data to indicate that the treatment is ineffective. Single subject designs allow for fewer participants but require more frequent observation to ensure that change occurs only with the intervention. Such designs are more economical and allow researchers to tease out what specific treatments are most effective. These designs allow more rigorous study of combination treatments with different treatments phased in over time and also permit determination of the impact of dose escalation. 

CONCLUSION

There can be value in preserving the traditional group aggregate approach, and there certainly remains room for the completion of high quality controlled clinical trials in the treatment of pediatric FGIDs. However, we also need to move past tradition to evaluate naturally occurring variation to understand which characteristic or set of characteristics are relevant to outcome. Prag​matically, this means embracing individual variability rather than restricting it via stringent sample selection criteria. This means investigating that variability through pharmacokinetic work to better predict exposure and inform dosing in individual patients. This means creatively applying alternative designs to the execution rather than applying research methods that are comfortable or familiar. And, this means learning new analytic strategies or partnering with statisticians familiar with analysis of adaptive designs, small n trials, and/or approaches to modeling intraindividual variation. Ultimately, to move forward, we need to understand variability, not control it. 

In short, people are complicated and children with chronic abdominal pain are no exception. If we fail to appreciate that complexity in our research designs, we will never really get useful information out of the trials that we do. We will see only the forest, but not the trees within it. While population-based data can provide a place to start and the broad context for treatment, personalized medicine requires going beyond this to take individual characteristics, needs, and preferences into account in providing treatment to an individual. Thinking flexibly in our research, with individual variability in mind, will allow us to not only assess which treatments are efficacious but equally important, to understand when and for whom the treatment works[3]. Then we can determine not only which treatments work for the population at large, but also - and more importantly - for the individual patient in front of us.
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Table 2  Chronological list of placebo controlled drug trials for functional gastrointestinal disorders related to abdominal pain in children and adolescents, including summary of treatment, sample size, and outcome


Ref.


�
Treatment


�
Diagnosis


�
Sample size (enrolled/completed)


�
Superior to placebo for pain relief


�
�
Symon and Russell[44] (1995)�
Pitotifen�
Abdominal migraine�
16/14�
Yes�
�
Kline et al[45] (2001)�
Enteric coated peppermint oil capsules�
Irritable bowel syndrome�
50/42�
Yes�
�
See et al[46] (2001)�
Famotidine�
Abdominal pain and dyspepsia�
25/25�
Yes�
�
Friesen et al[47] (2004)�
Montelukast�
FD with duodenal eosinophilia�
40/37�
Yes�
�
Bahar et al[48] (2008)�
Amitriptyline�
Irritable bowel syndrome�
35/33�
Yes�
�
Sadeghian et al[49] (2008)�
Cyproheptadine�
Functional abdominal pain�
36/28�
Yes�
�
Saps et al[50] (2009)�
Amitriptyline�
FD, irritable bowel syndrome, and functional abdominal pain�
90/83�
No�
�
Pourmoghaddas et al[51] (2014)�
Mebeverine�
Functional abdominal pain�
115/87�
No�
�






Table 1  Criteria for functional gastrointestinal disorders related to pain in children


Functional dyspepsia1�
�
   Must include all of the following�
�
      Persistent or recurrent pain or discomfort centered in the upper abdomen�
�
      Pain or discomfort not relieved by defecation or associated with onset of a change in stool frequency or form�
�
Irritable bowel syndrome1�
�
   Must include all of the following�
�
      Abdominal pain or discomfort associated with 2 or more of the following at least 25% of the time�
�
         Improved by defecation�
�
         Onset associated with a change in stool frequency�
�
         Onset associated with a change in stool form�
�
Abdominal migraine�
�
   Must include all of the following�
�
      Paroxysmal episodes of intense, acute periumbilical pain lasting at least one hour�
�
      Intervening periods of usual health lasting at least weeks�
�
      Pain interferes with normal activity�
�
      The pain is associated with at least two of the following�
�
         Anorexia�
�
         Nausea�
�
         Vomiting�
�
         Headache�
�
         Photophobia �
�
         Pallor�
�
   Criteria must be fulfilled at least two times in the preceeding 12 mo�
�
Childhood functional abdominal pain1�
�
   Must include all of the following�
�
      Episodic or continuous abdominal pain�
�
      Does not meet criteria for another FGID�
�
Childhood functional abdominal pain syndrome�
�
   Must include childhood FAP and at least 25% of the time with at least one of the following�
�
      Some loss of daily function�
�
      Additional somatic complaints such as headache, limb pain, or difficulty sleeping�
�
All require that there be no evidence of an inflammatory, anatomic, metabolic, or neoplastic process that explains the symptoms. 1Criteria fulfilled at least once per week for at least 12 mo. FGIDs: Functional gastrointestinal disorders; FAP: Functional abdominal pain.
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