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      Functional Dyspepsia                     

     John     M.     Rosen      and     Miguel     Saps     

       The understanding of pathophysiology and clinical charac-
teristics of  functional dyspepsia (FD  ) have greatly evolved 
over the last several years. FD is a functional abdominal pain 
disorder (FAPD) characterized by pain or discomfort in the 
upper abdomen. Symptoms of dyspepsia are frequently, but 
not always, associated with the ingestion of a meal. Common 
symptoms associated with FD also include fullness, early 
satiety, and nausea [ 1 ]. A distinct characteristic that differen-
tiates the bothersome symptoms of FD from irritable bowel 
syndrome (IBS) is the lack of association between the child’s 
pain/discomfort with changes in bowel movement frequency 
or consistency. An important consideration is that the symp-
toms of dyspepsia may coexist with other disorders such as 
IBS,  gastroparesis, and gastroesophageal refl ux disease 
(GERD  ) which sometimes complicates its diagnosis. The 
recognition of this common overlap is important at the time 
of diagnosis in order to limit unnecessary diagnostic testing 
and initiate directed therapy. The diagnosis of FD is mainly 
clinical and based on the Rome IV criteria. 

    Epidemiology/Impact 

 Chronic  abdominal pain   is common in children with a sub-
group of these children meeting criteria for a FAPD. Recent 
epidemiologic studies have shown a high prevalence of 
FAPDs in children of South, Central, and North America, 
Europe, Asia, and Africa [ 2 – 9 ]. Prevalence of FAPDs varies 
among countries, but generally falls in the range of 10–20 %. 
A school-based study conducted in Colombia found a prev-
alence of FD of 7 % [ 2 ] while another study conducted in 

Nigeria found that only 0.4 % of school children had FD [ 8 ]. 
Most children who do not meet strict criteria for a FAPD fail 
to meet the minimum frequency of symptoms established by 
the Rome III criteria (more than once monthly but less than 
once weekly) [ 10 ]. A US epidemiological study found that 
1.4 % of children had pain or discomfort in the upper abdo-
men weekly, but only 0.2 % met the Rome III criteria for the 
diagnosis of FD [ 11 ]. FD is typically identifi ed with lower 
prevalence than IBS, with overlap of the two disorders fre-
quently occurring in adults [ 12 ] and children [ 13 ]. 

 Chronic abdominal pain is likely under-recognized or 
underreported, with only 2–3 % of children having weekly 
pain seeking medical care [ 2 ,  14 ]. Despite the low ratio of 
consultation, FAPDs are among the most common causes of 
consultation to pediatric gastroenterologists. A study of new 
patients presenting to a single pediatric gastroenterology 
clinic found that functional gastrointestinal disorders 
(FGIDs) were the most common reason for consultation. 
Seven percent of children and adolescents who consulted for 
FGIDs were diagnosed with FD [ 15 ]. 

 Disability related to FAPDs is substantial, with reduced 
quality of life for affected children. Quality of life of chil-
dren with FAPDs is even lower than in children with organic 
gastrointestinal disease including infl ammatory bowel dis-
ease (IBD) [ 16 ]. Children with FAPDs frequently miss 
school and have increased anxiety, depression, and worry 
[ 14 ,  17 ] as well as sleep problems [ 18 ]. 

 The  management   of FAPDs has a substantial impact on 
health care expenses. Total annual costs associated with 
management of some of the most common FAPDs in chil-
dren in the Netherlands are estimated to be €2512 per patient 
[ 19 ]. The diagnostic workup for FGIDs has been estimated 
to be approximately $6000 per child [ 20 ]. Cost of care of 
children with FGIDs has greatly increased over the last 
decade and is likely to continue to increase. The health care 
costs associated with the management of FGIDs tripled from 
1997 to 2009 [ 21 ]. These enormous costs do not account for 
indirect costs such as work absenteeism and over the counter 
medications.  
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     Etiology   

 FD should be considered in the context of the biopsychoso-
cial model that proposes that the development, persistence, 
and exacerbation of symptoms result from the interplay of 
multiple factors including early life events. The triggering 
event of FD is only occasionally uncovered, however it is not 
uncommon for a child to associate the onset of symptoms 
following an acute gastrointestinal infection [ 22 ]. The fact 
that not all children who suffer an infection develop symp-
toms of dyspepsia and that children with a history of gastro-
intestinal infection may present with different intensity of 
symptoms, disability, and comorbidities illustrates the 
importance of nonorganic factors such as the psychosocial 
milieu and the subject’s and parents’ coping skills. 

 The presence of a genetic predisposition may help explain 
the phenotypic variation in symptoms of dyspepsia. Many 
genetic polymorphisms have been postulated as risk factors 
for FD [ 23 ,  24 ]. However, these potential hereditary factors 
are not yet well understood and their role and importance is 
still undefi ned [ 25 ]. 

 Early life events increase the risk of FAPDs including 
FD. Early adverse events that have been associated with an 
increased risk of FAPDs in children include surgical proce-
dures [ 26 ,  27 ], infl ammatory intestinal disease [ 28 ], cow’s 
milk protein allergy [ 29 ], infections [ 22 ,  30 ], child abuse 
[ 31 ], and war exposure [ 32 ]. Children may be more suscep-
tible to the effects of gastroenteritis due to their immaturity 
of the immune response to pathogens, intestinal barrier, and 
enteric nervous system. Gastrointestinal and non-gastroin-
testinal infections in adulthood (respiratory infection, cellu-
litis, urinary tract infection) [ 33 ] have also been associated 
with an increased risk of FAPDs. The effect of infections in 
children transcends the pediatric period. Children who had a 
  Salmonella  spp  . infection have a greater likelihood of devel-
oping FAPDs as adults [ 34 ]. Parasitic infections (e.g., 
 Giardia lamblia ) [ 35 ] and the use of antibiotics have also 
been associated with the development of FAPDs [ 36 ]. 
However, this is not the case of every infection as pathogens 
such as  H. pylori  [ 37 ] and  D. fragilis  [ 38 ] do not increase the 
risk of developing FAPDs. 

 The study of the  microbiome   and the post-infl ammatory 
effects of infection are emerging as an exciting and evolving 
fi eld. The mechanisms that link gastrointestinal infections to 
the development of FD are incompletely understood. 
Alterations of intestinal microbes [ 39 ] may play a role in the 
pathogenesis of post-infectious FAPDs and post-antibiotic- 
use associated FAPDs. There is a complex cross-talk between 
the brain, gut, and microbiome. Anxiety, depression, somati-
zation, and catastrophizing frequently precede or coexist 
with FAPD symptoms (including FD) and are often associ-
ated with symptom severity and treatment outcomes [ 40 – 43 ]. 

Acute stress has been shown to result in changes in microbi-
ome, reduced number of CD4(+) T lymphocytes, and 
increased mast cell degranulation [ 44 ,  45 ]. Psychological 
stress affects visceral sensation and intestinal immune reac-
tion [ 46 ,  47 ]. Studies have shown a bidirectional relation 
between the gut fl ora and the central nervous system (brain–
gut–microbiota axis). Stress affects the intestinal microbi-
ome composition [ 48 ] which in turn infl uences intestinal 
infl ammation and permeability [ 49 ]. Stress activates the 
hypothalamic–pituitary–adrenal (HPA) axis and sympathetic 
nervous system. This results in increased intestinal permea-
bility and a greater infl ux of antigens across the intestinal 
epithelial barrier that activates an immune response affecting 
the microbiome [ 50 ]. Animal studies have also shown that 
alterations in gut microbiota infl uence social and emotional 
behaviors [ 48 ,  51 ]. 

 FAPDs frequently overlap with other functional or organic 
disease and the overlap is increasingly recognized in adults 
and children. Children with FD are prone to have poor sleep, 
symptoms of orthostatic dysregulation, and headache [ 52 ]. 
The presence of  comorbid functional disorders   in a child with 
organic disease may confound the diagnosis or activity state of 
the organic disease, and affect treatment and overall disability. 
Children with active IBD frequently consult for gastrointesti-
nal symptoms that may mimic a FAPD. Some of the medica-
tions used in the treatment of IBD may also lead to  dyspeptic 
symptoms   [ 53 ]. Eight to thirteen percent of children with IBD 
in remission also have gastrointestinal symptoms of functional 
origin [ 54 ,  55 ]. Children with IBD and FAPDs have increased 
rates of depression compared to children with IBD in remis-
sion who do not have FAPDs [ 55 ]. Other organic conditions 
have also been associated with increased rates of FAPDs in 
children. Some pediatric reports have associated celiac disease 
with FAPDs [ 56 ]. Nevertheless, the association between celiac 
disease and FAPDs remains controversial with one study 
showing no change in risk of IBS in children with celiac dis-
ease [ 57 ] while another study found a fourfold higher risk 
[ 56 ]. The long-term effect of celiac disease in the development 
of FGIDs in children is also a matter of controversy. While a 
study has shown that children with celiac disease on gluten-
free diet are not at increased risk of developing FAPDs [ 58 ], 
another pediatric study found an increased risk of FGIDs with 
preponderance of functional constipation [ 59 ]. 

  Weight excess   has been associated with an increased 
prevalence of FGIDs [ 60 ] and poor treatment outcomes in 
children [ 61 ]. Forty-seven percent of obese/overweight children 
have FAPDs, nearly twice the rate of normal-weight controls 
[ 62 ]. Studies in adults have found that a high visceral adipos-
ity and a high ratio of visceral to subcutaneous adiposity 
were associated with FD [ 63 ]. 

 In adults the relation between BMI and the presence of 
FD is infl uenced by gender with females who are  underweight 
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or obese having a greater likelihood of FD [ 64 ]. Obese 
children with FAPDs also have more severe pain and associ-
ated disability than normal weight children [ 61 ].  

     Pathophysiology   

 Intake of  solid foods   is associated with changes in gastric 
motor activity including fundic accommodation and antral 
grinding. Under normal circumstances these processes do not 
result in noxious symptoms. However, alterations in the 
peripheral or central nervous system or abnormal motor 
activity can result in the perception of pain or discomfort. 
Multiple pathophysiologic mechanisms have been implicated 
in the development of symptoms in patients with FD, includ-
ing visceral hypersensitivity, electromechanical dysfunction, 
and eosinophilic mucosal infl ammation. Understanding the 
mechanisms behind each patient’s symptoms would be 
instrumental to help direct treatment. However, alterations in 
several mechanisms frequently occur in a single patient, 
complicating the testing and understanding of FD patho-
physiology [ 65 ]. 

 Abnormal visceral perception may result in abdominal 
pain, postprandial fullness, early satiety, or nausea. Patients 
with visceral hypersensitivity are prone to develop early sati-
ety and abdominal pain with lower volumes of gastric disten-
sion. There are numerous techniques with different degrees 
of invasiveness used to assess upper gastrointestinal visceral 
hypersensitivity in the research setting, some of which are 
too invasive or cumbersome to be used in daily clinical care. 
One of these techniques includes the use of the barostat, an 
infi nitely compliant bag that allows measuring organ pres-
sures and compliance, and relates these values to symptom 
perception. The technique requires that a balloon connected 
to a computer be positioned in the proximal stomach allow-
ing the recording of intraballoon volume at a fi xed pressure 
to measure fundic tone. Evaluation of FD using gastric and 
rectal barostats identifi ed predominant gastric hypersensitiv-
ity in FD, compared to predominant rectal hypersensitivity 
in IBS [ 66 ], although this specifi city was not replicated in all 
studies. Barostat studies in children with FD have shown an 
organ-specifi c heightened perception to gastric distension 
[ 67 ] with onset of discomfort at lower distension pressures 
than healthy controls [ 68 ]. Although the use of a barostat is a 
helpful technique to understand pathophysiologic mecha-
nisms of FD, the use of the barostat in children is cumber-
some and invasive. Thus, alternative techniques have been 
developed such as drinking tests that are more suitable to be 
used in pediatric patients. A practical example of the drink-
ing test is the water load test. Two different techniques have 
been frequently used for the water load test in children; 
children are either asked to drink water at a fi xed rate until 

the child reports feeling full, or children are invited to drink 
water ad libitum for a fi xed amount of time (3–5 min) with 
the volume being then measured. Studies with the water load 
test in adults reproduce dyspepsia symptoms and have shown 
lower maximum tolerated volumes [ 69 ,  70 ]. Few studies 
have investigated its use in children. Sood et al. established 
normal values for the water load test in healthy children that 
seemed to pave the way for use of this test to differentiate 
healthy children from those with FD [ 71 ]. In this protocol, 
children were instructed to drink as much water as possible 
for 3 min (rapid drinking) or until full. A later study vali-
dated the water load provocation test by correlating symp-
tom questionnaires with the results of the test in healthy 
school children and children with functional abdominal pain 
[ 72 ]. However, a subsequent study put into question its use 
by suggesting that the test had poor sensitivity (62 %) and 
specifi city (40 %) to correctly diagnose FD in children [ 73 ]. 
Still, the study found that children with chronic abdominal 
pain ingested a lower volume of water than healthy controls, 
a fi nding that is in line with the results of barostat studies. A 
matter of criticism of the water load test is that in the absence 
of feedback inhibition, as is likely to occur with the fi xed 
time/3 min protocol, rapid gastric emptying of water could 
infl uence the results by eliminating the fi lling of the proxi-
mal stomach (although according to the authors this should 
for an error of less than 10 % of the ingested volume). Lack 
of fi lling would also make it an inaccurate test to measure 
gastric accommodation. In fact in adults, the results of the 
measurement of accommodation with the rapid drinking 
water test do not correlate with results obtained with the 
barostat [ 70 ] which is considered the gold standard to inves-
tigate proximal stomach function. 

 Other techniques such as the assessment of chemosensitivity 
to intestinal infusion have been used to assess hypersensitivity 
in adults with FD, but not in children. Studies using this tech-
nique have shown that duodenal and gastric acid infusion 
result in increased symptoms in FD patients [ 74 ,  75 ] while 
lipid infusion increases sensitivity to gastric distension and 
increases nausea compared to healthy controls [ 76 ]. 

     Electromechanical Dysfunction   

  Visceral sensation and gastric motor function   are interdepen-
dent, but this and other reviews consider them as indepen-
dent factors in order to present a more clear description and 
understanding of the pathophysiology of dyspepsia. Normal 
gastric motor function serves to accommodate the large vol-
ume of a meal without resulting in discomfort (fundic 
accommodation) and to prepare food for digestion and initi-
ate passage of chyme through the small intestine. Alteration 
of the gastric function including impaired meal induced 
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relaxation of the fundus [ 77 ], delayed gastric emptying, 
altered antroduodenal motility, and gastric electrical rhythm 
disturbances have been implicated in the pathogenesis of 
dyspeptic symptoms [ 65 ]. 

 As previously mentioned,  gastric barostat testing   is a 
reliable but invasive and stressful instrument for the assess-
ment of gastric accommodation. Nutrient drinking tests are a 
noninvasive method to estimate meal-induced gastric accom-
modation. The test adequately correlates with barostat stud-
ies of gastric accommodation in adults [ 78 ]. In this slow 
drinking isocaloric satiety test, children are given a liquid 
meal that will provoke meal-induced gastric accommoda-
tion. Children are instructed to drink the nutrient meal (i.e., 
isocaloric liquid test meal—Nutridrink, Nutricia, Bornem, 
Belgium) at a set rate and score their satiety on a scale. In the 
Hoffman et al. protocol, children were asked to grade satiety 
from 0 to 5 and to stop drinking when they reach a score of 5 
[ 79 ]. A study using this protocol found that 93 % of children 
with FD had a decreased nutrient drinking capacity com-
pared with healthy age matched controls. The impaired 
nutrient drinking capacity is thought to be due to poor 
accommodation although this has not yet been defi nitively 
proven. Children with FD had a higher satiety score than 
healthy controls who in turn had a higher satiety score than 
children who were obese. Normal values for the satiety 
drinking test have been published by the same group for chil-
dren 5–15 years [ 80 ]. A recent study in adults comparing the 
drinking test with an objective measure of accommodation 
( Single Photon Emission Computed Tomography, SPECT  ) 
in community subjects with FD puts into question the reli-
ability of the test. The study showed that the maximum toler-
ated volume of the nutrient test did not refl ect gastric volume 
measurements in healthy controls or FD subjects [ 81 ]. 

 Other tests have also been used in the evaluation of 
accommodation in pediatric patients. A study of children 
with chronic abdominal pain utilized ultrasound to demon-
strate impairments in antral relaxation, proximal fi lling, and 
gastric liquid distribution [ 82 ]. SPECT assesses fundic 
accommodation using intravenous injection of radiolabelled 
99mTc pertechnetate that accumulates in the gastric mucosa 
and allows the visualization of the stomach and changes in 
postprandial volume. However, this technique requires radia-
tion and it is considered less ideal than the gastric barostat for 
assessing changes in gastric tone [ 83 ]. Using  SPECT and 
MRI  , 40–50 % of adults with FD demonstrated abnormal 
postprandial gastric volume and impaired accommodation 
[ 84 ,  85 ]. A study with SPECT showed that children with FD 
had decreased postprandial gastric volume change [ 86 ]. 
However, the correlation between accommodation and symp-
toms is inconsistent. 

 A subset of children with FD has delayed gastric empty-
ing. Specifi c mechanisms of delayed gastric emptying in FD 
may include altered ghrelin physiology [ 87 ,  88 ], antral mast 

cell density [ 89 ], or other sources of immune activation [ 90 ]. 
Constipation, through the putative colo-gastric brake, was 
also implicated in delayed gastric emptying in FD patients 
[ 91 ]. Gastric emptying rate in pediatric FD has been evalu-
ated by several modalities. Four-hour gastric scintigraphy, 
 13 C- s platensis  and  13 C-octanoic breath tests, and ultrasound 
evaluation have demonstrated delayed emptying in a subset 
of pediatric FD patients [ 79 ,  86 ,  92 ,  93 ]. Friesen et al., using 
an isotope labeled solid meal, found that 47 % of children 
with FD had slow GE in the fi rst hour of the meal [ 94 ]. 
Hoffman et al. measured gastric emptying with a breath 
hydrogen test and found that as a group, children with FD had 
slower gastric emptying [ 79 ]. However, only 26 % had an 
abnormally delayed gastric emptying rate. As in adult studies, 
there is not consistent correlation of emptying rate with 
reported symptom severity or satiety in children [ 92 ,  94 ]. 

 Gastric myoelectrical activity was found to be altered in 
some children with FD. Up to 50 % of children with FD have 
abnormal  electrogastrography (EGG  ) with symptoms that 
correlate with the abnormalities found [ 94 ,  95 ]. Specifi c 
abnormalities include decreased slow waves and less rhyth-
mic activity time in both fasting and fed states [ 96 ]. Adult 
FD patients have similar EGG fi ndings and also demonstrate 
good symptom correlation [ 97 ,  98 ]. Abnormal EGGs seem 
independent of chronic gastritis, but are associated with 
antral eosinophil and mast cell density in children [ 89 ,  99 ]. 
The  stress response   may also alter gastric myoelectrical 
activity [ 100 ] through HPA axis mediated pathways. A prob-
lem of the EGG technique is the low reliability of the test and 
the number of artifacts that are seen during the study. 

 In summary, the study of alterations in the electrical and 
motor characteristics of children with FD is important to 
advance the understanding of the pathophysiology of FD, 
but a common problem with most of the techniques is incon-
sistent association between symptoms and fi ndings. A pos-
sible explanation for some of the poor correlation between 
symptoms and fi ndings is the multifactorial nature of 
FD. Prandial state, nutrient type, mucosal infl ammation, 
autonomic, enteric, and central neural input, distal intestinal 
motor function, presence of constipation, and regulatory hor-
mones all have the potential to affect fi lling and emptying of 
the stomach as well as perception of associated symptoms. 
Abnormalities of any of the various motor functions of the 
stomach can manifest with different severity of symptoms 
depending on the level of visceral hypersensitivity, anxiety, 
or hyperawareness.  

    Intestinal Infl ammation 

  Intestinal infl ammation   is increasingly recognized as a 
potential pathophysiologic mechanism in FD [ 101 – 103 ]. 
The mechanism by which these infl ammatory cells relate to 
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dyspeptic symptoms remains unclear. A possible link 
between infl ammation and symptoms is through motor or 
visceral sensory alterations. Although still preliminary, some 
data suggests that impaired intestinal mucosal barrier func-
tion may be related to low-level infl ammation identifi ed in 
patients with FD [ 104 ].  Intestinal mast cell and eosinophils   
are increased in some adults with IBS and FD [ 105 ,  106 ]. 
Children with FD were shown to have increased antral mast 
cell degranulation, and antral mast cell density was corre-
lated with gastric dysrhythmias and delayed gastric empty-
ing [ 89 ]. Normative data for mucosal eosinophil numbers is 
controversial, but location, number, and extent of degranula-
tion are important considerations. Pediatric FD patients were 
found to have moderate to extensive duodenal eosinophil 
degranulation on electron microscopy in a small study [ 107 ]. 
Similar results were found in adults with FD [ 106 ]. Increased 
numbers of duodenal mucosal eosinophils are also demon-
strated in several pediatric studies of both FD and unspeci-
fi ed chronic abdominal pain [ 108 ,  109 ].  

    Altered Peripheral and Central Nervous System 

 Alterations in peripheral and  central nervous system func-
tion   may also contribute to FD. Adult FD patients were 
shown to have functional and structural abnormalities in 
duodenal submucosal ganglia using live imaging techniques 
[ 110 ]. It is possible that localized infl ammation is responsi-
ble for these neuronal alterations [ 111 ]. Central nervous 
alterations in FD and other chronic pain conditions are 
increasingly identifi ed using advanced imaging techniques 
[ 112 ]. Examples of differences between FD adults and 
healthy controls include altered structure in multiple brain 
regions (posterior insula most signifi cantly) by MR evalua-
tion [ 113 ], and positron emission tomography showing 
upregulation of serotonin transporter (SERT) in the midbrain 
and thalamus [ 114 ] as well as increased cannabinoid-1 
receptor availability [ 115 ].   

    Evaluation and Diagnosis 

 The  symptoms   of FD cannot be explained by structural, met-
abolic, or infl ammatory disease. Pain or an uncomfortable 
sensation in the upper abdomen is a hallmark of functional 
dyspepsia, but multiple other symptoms may coexist or pre-
dominate. Nausea, early satiety, fullness, and bloating are 
frequently reported, and many patients will have more than 
one symptom. Hoffman et al., using the nutrient drink test, 
found that the most common dyspeptic symptoms in chil-
dren with FD were early satiety (96 %), postprandial fullness 
(89 %), epigastric pain (79 %), and nausea (50 %) [ 79 ]. 
Vomiting and belching were present in only few children. 

Another study in a small group of children who met Rome III 
criteria for FD found that in addition to epigastric pain, 65 % 
of children manifested nausea, 63 % early satiety, and 59 % 
had bloating and postprandial fullness [ 11 ]. In agreement 
with these fi ndings, Kovacic et al. have found that a large 
proportion of children with FD have nausea [ 1 ]. Pain is the 
only symptom among those reported in these studies that is 
part of the Rome III pediatric criteria diagnosis of FD. The 
new edition (Rome IV) of the Rome criteria addresses some 
of these shortcomings (Table  36.1 ) [ 116 ].

   The pediatric FD Rome IV criteria now include two sub-
types,  postprandial distress (PDS  ) and  epigastric pain syn-
drome (EPS  ). These FD subtypes previously described only 
in adults may be identifi ed in pediatrics [ 117 ]. Turco et al. 
found that 29 % of children with FD met criteria for the adult 
Rome III diagnosis of postprandial distress syndrome, 24 % 
met the criteria or the diagnosis of epigastric pain syndrome, 
and 26 % met the criteria for both conditions. Only 21 % of 
children did not meet any of the diagnoses. PDS and EPS are 
shown to associate with variable outcomes and response to 
treatment in the adult population. 

 Given the variety of upper abdominal symptoms that can 
encompass FD and their possible overlap with other condi-
tions, the consideration of a broad differential diagnosis 
appropriate to the clinical history and exam is warranted 
(Table  36.2 ). Delayed gastric emptying may exist in a subset 
of children with FD, and relatively common disorders such 
as lactose intolerance or GERD may cause upper intestinal 
symptoms similar to FD. Children with small bowel intesti-
nal overgrowth may have loss of appetite and belching that 
may also be seen in patients with FD [ 118 ]. Multiple comor-
bid symptoms are sometimes recognized in association with 

   Table 36.1    Rome IV diagnostic criteria a  for functional dyspepsia   

 Must include 1 or more of the following bothersome symptoms at 
least 4 days per month 

 1. Postprandial fullness 

 2. Early satiation 

 3. Epigastric pain or burning not associated with defecation 

 4. After appropriate evaluation, the symptoms cannot be fully 
explained by another medical condition 

 Within FD, the following subtypes are now adopted 

 1. Postprandial distress syndrome includes bothersome 
postprandial fullness or early satiation that prevents fi nishing a 
regular meal. Supportive features include upper abdominal 
bloating, postprandial nausea, or excessive belching 

 2. Epigastric pain syndrome, which includes all of the following: 
bothersome (severe enough to interfere with normal activities) 
pain or burning localized to the epigastrium. The pain is not 
generalized or localized to other abdominal or chest regions and 
is not relieved by defecation or passage of fl atus. Supportive 
criteria can include (a) burning quality of the pain but without a 
retrosternal component and (b) the pain commonly induced or 
relieved by ingestion of a meal but may occur while fasting 

   a Criteria fulfi lled for at least 2 months before diagnosis  
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FD and other FAPDs including joint hypermobility, postural 
orthostatic tachycardia syndrome, and headaches [ 1 ,  119 ].

   The severity of symptoms is highly variable and associ-
ated disability (such as school absence, and physical activity 
interference), anxiety, and depression are common. Patients 
presenting to pediatric gastroenterology practice may have 
increased severity compared to the population as it is known 
that most with chronic abdominal pain never seek medical 
attention [ 10 ]. 

 Evaluation of pediatric FD and other FAPDs in the clini-
cal setting can be limited to history and physical exam, 
although screening tests are frequently used. Evaluations for 
intestinal infl ammation or obstruction are sometimes per-
formed to rule out other potential disease with similar chronic 
symptoms. Screening tests including newer markers of intes-
tinal infl ammation such as fecal calprotectin have an increas-
ingly important role in the exclusion of organic disease when 
FAPDs are suspected [ 120 ]. The presence of “red fl ags” 
(Table  36.3 ) indicates to the clinician to consider further 
evaluation for organic disease, although their utility has been 
questioned [ 121 ]. Traditional red fl ags include night time 

pain and joint pain, but a recent study found equal incidence 
of these symptoms in children with functional disorders and 
organic disease [ 122 ]. The same study identifi ed that unex-
plained anemia, weight loss, and hematochezia strongly 
suggested infl ammatory bowel disease, indicating that the 
presence of one or more of these red fl ags may indicate the 
need for additional diagnostic testing. The differential diagno-
sis for functional dyspepsia includes disorders frequently 
treated by pediatric gastroenterologists including GERD, 
eosinophilic esophagitis, celiac disease, and  Helicobacter 
pylori  gastritis. These disorders may present with similar 
symptoms to FD and if clinically suspected then evaluation 
may include directed diagnostic testing including pH probe, 
serum screening tests, or upper endoscopy with biopsy.

   The  diagnosis and treatment   of FD can generally be 
completed by a primary care provider [ 123 ]. Pediatric 
gastroenterologists are valuable consultants when organic 
intestinal disease needs to be evaluated, or when initial ther-
apy attempts are ineffective. Cost of diagnostic evaluation is 
up to 5-times higher in pediatric FGID patients when per-
formed by a gastroenterologist compared to a primary care 
provider [ 124 ]. Upper endoscopy with biopsy (EGD) may 
provide vital information in specifi c cases. EGD can identify 
mucosal infl ammatory disease including eosinophilic esoph-
agitis,  H. pylori  gastritis, celiac disease, and refl ux esophagi-
tis, among other disorders. Identifi cation of mild histologic 
infl ammation does not preclude the diagnosis of FD or other 
FAPDs [ 101 ,  125 ]. Generally EGD in pediatric patients with 
functional abdominal pain has low yield and does not result in 
signifi cant therapeutic change [ 20 ,  126 ]. Thus, EGD is not 
routinely recommended for all children with FD but on a case-
by-case basis. Other diagnostic tests (including ultrasound, 
computed tomography, and X-ray) are not recommended if 
FD is suspected and no red fl ags are present [ 127 ].  

    Management 

 The primary step in management is positive identifi cation of 
FD and education of the patient and family. Once the diagno-
sis is made, further testing can be eliminated or minimized 
and therapeutic options discussed. Reassurance that FD is a 
known diagnosis with specifi c therapies and favorable prog-
nosis can alleviate the patient and parents’ concerns that the 
symptoms are caused by a rare disease and that an extensive 
evaluation may be needed to uncover the cause of the child’s 
complaints. Treatment should be framed using the biopsy-
chosocial model, explaining the biologic and psychological 
components of symptom generation or maintenance. 
Explaining the bidirectional interaction of the brain–gut axis 
will help address the child’s disability and the effect of 
stressors that may negatively impact symptoms and treatment 
outcomes. In addition to treatment of GI symptoms, attention 

   Table 36.3    Red fl ags suggesting need for further diagnostic testing   

 Anemia 

 Arthritis (but not arthralgias) 

 Delayed linear growth or delayed puberty 

 Dysphagia 

 Elevated serum infl ammatory markers, hypoalbuminemia, or 
elevated fecal calprotectin 

 Hematochezia 

 Perianal disease 

 Persistent vomiting 

 Polyuria/polydipsia 

 Recurrent fevers 

 Unexplained rashes 

 Unintentional weight loss 

 Waking at night with diarrhea 

   Table 36.2    Differential diagnosis of chronic upper abdominal pain or 
discomfort   

 Celiac disease 

 Eating disorder 

 Eosinophilic esophagitis 

 Functional dyspepsia 

 Gastritis +/−  H. pylori  

 Gastroesophageal refl ux disease 

 Gastroparesis 

 Giardiasis 

 Hepatobiliary disease 

 Intestinal obstruction 

 Irritable bowel syndrome 

 Lactose intolerance 

 Small intestinal bacterial overgrowth 
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should be paid to helping the child with sleep and school 
problems, if those exist, and providing the patient with treat-
ment that adapts to the patient’s needs and family beliefs. 
Medications are often used in conjunction with complemen-
tary therapies with a goal of symptom reduction (not neces-
sarily elimination) and return of daily function. There is little 
evidence to guide the treatment of FD in children. Most pedi-
atric clinical trials were conducted on children with FAPDs 
in general, which in some cases included children with FD 
[ 128 ,  129 ] with only one randomized controlled trial con-
ducted exclusively in children with FD [ 130 ]. Thus, most 
available data on the treatment of dyspepsia derives from 
expert opinion, retrospective pediatric studies [ 131 ], and lit-
erature reviews [ 65 ,  101 ,  132 – 134 ]. 

     Pharmacological Therapy   

 In daily clinical practice,  proton pump inhibitors (PPIs  ) and 
prokinetics are usually used as initial medications. Acid 
reduction therapy is commonly used as fi rst-line medication 
mainly in cases of FD with epigastric pain while prokinetics 
are usually prescribed in cases of early satiety and postpran-
dial fullness. A 3 weeks long randomized placebo controlled 
trial of the histamine-2 receptor antagonist (H2RA) famoti-
dine conducted on a small group of children with FD has 
shown global improvement of symptoms but no benefi cial 
effect on pain [ 130 ]. A pediatric trial compared four antise-
cretory agents (omeprazole, famotidine, ranitidine, cimeti-
dine) for a period of 4 weeks in 169 children (age 2–16) 
diagnosed with functional dyspepsia [ 135 ]. The study 
showed that omeprazole was the most effective in achieving 
complete resolution of symptoms. Similar results were 
obtained in a study on adults with FD. One study showed that 
proton pump inhibitor (PPI) therapy was more effective than 
H2RA for FD [ 136 ]. A review of clinical trials in adult 
patients reported signifi cant improvement in symptoms with 
PPI therapy [ 137 ]. These data suggests that empiric acid 
reduction for a limited period of time may be recommended 
in pediatric patients with FD. 

 Medications affecting visceral sensation are sometimes 
used to treat pediatric FD.  Tricyclic antidepressants (TCAs)   
reduce nausea, abdominal pain, and delay gastric emptying. 
Amitriptyline is one of the more commonly used TCAs 
despite mixed results of effi cacy in pediatric studies and the 
adverse effects related to anticholinergic and antihistaminic 
activity. An RCT of low-dose amitriptyline in children and 
adolescents with FAPDs identifi ed high placebo effect (and 
high treatment effect) which made interpretation of medica-
tion effi cacy diffi cult [ 138 ]. An earlier trial in pediatric IBS 
showed improved quality of life, but no clear improvement 
in abdominal pain [ 139 ]. A multicenter placebo controlled 
trial of amitriptyline in adults with FD showed modest, but 

signifi cant improvement in symptoms [ 140 ]. The benefi cial 
effect was similar to Saps et al. pediatric trial if calculated 
with intention to treat analysis (53 %), but the placebo effect 
was lower (40 %) than in the pediatric study. The study 
showed greater benefi t in patients with pain predominant 
symptoms. Selective serotonin reuptake inhibitors (SSRI) 
were studied in a RCT of pediatric FAPDs, but did not show 
signifi cant differences in symptom resolution [ 141 ]. The 
Talley et al. study of adult subjects with FD included an 
SSRI arm (escitalopram), and also did not show a benefi t 
over placebo [ 140 ]. Prior studies of SSRIs in adults with 
FAPDs have shown effi cacy equivalent to TCAs [ 142 ]. 
Given reports of cardiac dysrhythmia associated with TCA 
and SSRI use, it is reasonable to obtain baseline EKG to 
assess QT interval prior to initiation of therapy. While the 
use of TCAs and SSRIs is directed towards altered visceral 
sensitivity, their infl uence on gastrointestinal motility may 
affect symptom resolution. Two controlled studies on TCAs 
(nortriptyline, amitriptyline) found no benefi t of these drugs 
in FD with delayed emptying [ 143 ]. Mirtazapine, an antide-
pressant with antagonism of H 1 , α 2 , 5HT 2c , and 5HT 3  recep-
tors, was studied in a pilot RCT of adults with FD and weight 
loss [ 144 ]. Use of mirtazapine reduced dyspepsia symptom 
severity and improved quality of life, nutrient tolerance, and 
weight. An alternative strategy of targeting the specifi c noci-
ceptor TRPV1 was attempted in adults with FD. A double 
blind, placebo controlled trial of red pepper powder in adults 
with FD showed initial, transient discomfort, but overall 
reduction on symptoms of pain and fullness [ 145 ]. 

  Prokinetics   as a class have shown mixed results in the 
treatment of FD in adults. A meta-analysis of prokinetics in 
1844 adult FD patients found reduction in symptoms [ 146 ], 
but a separate study found no correlation between symptom 
improvement and gastric emptying rate [ 147 ]. Specifi c proki-
netics may target 5HT, dopamine, or motilin receptors. 
Cisapride and other 5HT 4  receptor agonists improve gastric 
emptying and accommodation, and potentially alter visceral 
sensitivity. However, cisapride was withdrawn from the USA 
and European markets due to concern for fatal cardiac 
arrhythmias (although not clearly a concern in healthy chil-
dren [ 148 ]). In adult trials, mosapride (5HT 4  agonist and 
5HT 3  antagonist) demonstrated FD symptom improvement 
[ 149 ] although a meta-analysis could not support the effects 
of mosapride, possibly due to heterogeneity among study 
defi nitions and outcomes [ 150 ]. Cinitapride (5HT 4  receptor 
agonist, dopamine-2 receptor antagonist) reduced symptom 
severity as well as domperidone [ 151 ]. Domperidone and 
metoclopramide are dopamine antagonists used as prokinetic 
agents. Although metoclopramide is effective in FD, the 
potential for irreversible extrapyramidal adverse effects lim-
its its use in pediatrics.  Domperidone   also improves FD 
symptoms in adult trials [ 152 ] and does not have similar 
risk of extrapyramidal adverse effects. However, due to its 
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potential for adverse cardiac effects, in the USA it is only 
available for compassionate use as an investigational drug 
through the FDA. Erythromycin activates antral and small 
intestinal motilin receptors and decreases bloating with 
improved gastric emptying in adult FD patients, but does not 
alter postprandial symptoms [ 153 ]. Other motilin receptor 
agonists including camicinal are promising and improve gas-
tric emptying, but effi cacy to reduce FD symptoms is not yet 
established [ 154 ,  155 ]. Another prokinetic agent, acotiamide, 
improves gastric accommodation through acetylcholinester-
ase inhibition and shows promise in treatment of adult FD in 
ongoing trials [ 156 – 158 ]. Other novel prokinetics studied in 
gastroparesis (e.g., relamorelin, a ghrelin receptor agonist 
[ 159 ]) may in the future be studied in FD patients given the 
overlapping spectrum of symptoms and electromechanical 
dysfunction of the two disorders. Botulinum toxin A endo-
scopically injected in the pylorus safely reduced symptoms in 
pediatric patients with gastroparesis refractory to conven-
tional therapy [ 160 ], and may be considered in a similar sub-
group of refractory FD patients. 

  Gastric accommodation   is an additional target of electro-
mechanical dysfunction in FD. Cyproheptadine antagonizes 
5HT 2a  and 5HT 2b , histamine-1, and muscarinic receptors 
whose putative mechanism is improved gastric accommoda-
tion through fundic relaxation, although it may also have an 
effect by decreasing gastric hypersensitivity. It was found to 
be effective in a RCT of children with FAPDs [ 161 ], and 
provided symptom improvement in pediatric FD patients in 
an open-label trial, with few and mild adverse effects [ 131 ]. 
Buspirone, a 5HT 1a  receptor agonist, improved accommoda-
tion in adults with FD and decreased symptom severity 
[ 162 ]. Other medications targeting the 5HT 1a  receptor to 
improve accommodation include tandospirone and sumatrip-
tan, but these have not as clearly reduced symptoms [ 163 , 
 164 ]. Tegaserod, a 5-HT 4  agonist that was taken off of the 
market, was found to enhance gastric accommodation in 
adult patients with normal gastric emptying [ 165 ]. 
Ondansetron, a 5HT 3  antagonist, improved accommodation 
and reduced nausea in adults with FD, but mechanical and 
symptom effects were not seemingly associated [ 166 ]. 

 Neuromodulation with gastric electrical stimulation signifi -
cantly improved nausea and vomiting, and improved tolerance 
of nutritional intake in children with dyspepsia [ 167 ]. Gastric 
electric stimulation was also shown to improve quality of life 
and global health [ 168 ] in children with excellent long-term 
tolerance and few adverse effects [ 169 ]. Although the technol-
ogy is currently in use only in few pediatric centers, it is a 
promising therapy for patients with refractory symptoms. 

 Pediatric FD patients with duodenal eosinophilia were 
demonstrated to have reduction of symptoms with hista-
mine 1/2  antagonism or cromolyn, a mast cell stabilizer [ 170 ]. 
Of 21 patients who did not initially respond to ranitidine and 
hydroxyzine combination therapy, two were lost to follow- up 

and 17 clinically responded (complete or nearly complete 
resolution of pain) with the addition of cromolyn. Treatment 
of a similar cohort in a placebo-controlled crossover trial 
showed that children receiving montelukast, a leukotriene 
receptor antagonist, had a greater reduction in global pain 
than those on placebo without having any adverse effects 
[ 171 ]. However, symptom improvement does not seem to 
correlate to mucosal eosinophil density or activation, and the 
mechanisms of action are not yet determined [ 108 ].  

     Nonpharmacologic Therapy   

 There are several herbal preparations that have been pur-
ported to improve chronic abdominal pain. A multicenter 
placebo controlled trial of STW 5 (iberogast), an herbal 
compound with a mechanism of action that is not yet clearly 
understood, showed improvement of adult FD symptoms 
[ 172 ,  173 ]. An open label trial of iberogast also showed ben-
efi cial effects in pediatric patients with FAPDs [ 174 ]. 
 Peppermint oil   seems to affect various mechanisms involved 
with the pathophysiology of IBS. Two studies on adult 
volunteers have investigated the gastric sensorimotor aspects 
of peppermint oil. Papathanasopoulos et al. found that pep-
permint oil reduces intragastric pressure and proximal phasic 
contractility without affecting gastric tone, accommodation, 
visceral sensitivity, epigastric pain, or early satiety [ 175 ] 
while Inamori et al. found that peppermint oil enhances gas-
tric emptying [ 176 ]. Studies in adults and children with IBS 
have shown a benefi cial effect of peppermint oil on IBS 
symptoms [ 177 ].  Nigella sativa  (black cumin) seed oil mixed 
with honey, added to standard treatment with famotidine, 
showed reduction of FD symptoms in an 8 week randomized 
controlled trial in adults [ 178 ]. Similarly,   Pimpinella anisum    
(anise) supplementation reduced pain in adults with FD 
compared to controls [ 179 ]. Rikkunshito, a Japanese herbal 
preparation, was studied in a multicenter randomized clinical 
trial of FD adults and was shown to improve pain, accelerate 
gastric emptying, and improve accommodation possibly 
through serotonergic or ghrelin mediated pathways [ 180 ]. 
Although ginger is used to treat nausea and enhances gastric 
emptying, it did not improve symptoms in an adult FD trial 
[ 181 ]. Various phytotherapy compounds and plant extracts 
such as curcumin [ 182 ] have been used with different degrees 
of effi cacy and evidence.  

    Complementary Therapy 

 Therapies aimed at modifying psychosocial stress, catastro-
phizing behavior, and anxiety indirectly target visceral 
hypersensitivity and electromechanical dysfunction given 
the cross-talk between the gut, brain, and the environment. 
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Importantly these therapies may be more effective in 
conjunction with medical therapy rather than in isolation 
[ 183 ]. Although sometimes diffi cult for patients and medical 
providers to access due to local absence of therapists or 
fi nancial constraints, complementary therapies should be 
considered whenever possible. Over the last few years there 
have been several studies of gut directed hypnotherapy [ 184 , 
 185 ] and cognitive behavioral therapy [ 186 ,  187 ] showing 
benefi cial effect in children with FAPDs. Other complemen-
tary therapies with potential benefi cial effects in the treat-
ment of children with FAPDs are biofeedback assisted 
relaxation therapy [ 183 ], yoga [ 188 ], and acupuncture [ 189 ].   

    Prognosis and Future Directions 

 The results of studies assessing prognosis show mixed 
results. A study on children with FD demonstrated signifi -
cant improvement in 70 % of patients at 2 years [ 190 ], while 
another study showed that most patients with FAPDs improve 
within 12 months of presentation [ 191 ]. However, another 
study followed a group of children (8–16 years) evaluated 
for dyspepsia and 5–15 years later found more chronic dys-
peptic symptoms, higher frequency of anxiety disorder, and 
reduced quality of life compared to controls [ 192 ]. Novel 
pharmacologic and nonpharmacologic therapies continue to 
be investigated for the treatment of dyspepsia. Ongoing 
efforts are needed to identify most effective treatment options 
and determine how best to personalize these options to indi-
vidual patients. Evidence-based care strategies tailored to the 
needs of the individual may help optimize results by mini-
mizing symptom severity and duration and reducing adverse 
medication effects. The consistent use of clinically meaning-
ful patient-reported outcome measures across studies of 
FAPDs will enhance research by allowing comparisons of 
therapeutic trials using different interventions [ 193 ,  194 ].     
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