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Abstract
Aims: Exclusion of fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols (FODMAPs) from the diet is effective in alleviating symptoms of irritable
bowel syndrome (IBS) in adults. Rapid-transit constipation (RTC) is a recently dis-
covered subset of chronic constipation and has been linked to food intolerance. The
aim of this study was to audit the effect of specific FODMAP elimination diets in
children with RTC.
Methods: This was an audit of children presenting to a tertiary children’s hospital
surgeon with refractory chronic constipation who had rapid transit in the proximal
colon on nuclear imaging; had hydrogen/methane breath tests for fructose, lactose,
and/or sorbitol intolerance; and were advised to exclude positive sugar under clinical
supervision. Patients filled in a questionnaire rating severity of constipation, abdomi-
nal pain, and pain on defecation with a visual analogue scale (VAS, 0 = none,
10 = high) and stool consistency for 6 months before and after dietary exclusion.
Results: In responses from 29 children (5–15 years, 21 males), 70% eliminated fruc-
tose, and 40% eliminated lactose. There was a significant reduction in the severity of
constipation (VAS mean � SEM, pre 5.8 � 0.5 vs post 3.3 � 0.6, P < 0.0001),
abdominal pain (5.1 � 0.6 vs 2.8 � 0.5, P = 0.0004), pain on defecation (5.8 � 0.6
vs 2.6 � 0.5, P < 0.0001), and increase in stool wetness (Bristol Stool Scale pre
3.3 � 0.3 vs post 3.9 � 0.2, P = 0.004).
Conclusion: Children with RTC showed significant improvements in constipation
and pain after excluding the sugar indicated by positive breath tests, suggesting that
specific sugar-exclusion diets may have a role in the management of RTC in children.
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Introduction
Constipation is common, affecting 5–30% of children, and
accounts for up to 25% of referrals to gastroenterologists.1 The
management of pediatric constipation in hospitals poses a signifi-
cant financial burden for the health-care system,2,3 so effective
treatment options are needed. The World Gastroenterological
Association defines constipation as “a disorder characterized by
persistent difficulty or seemingly incomplete defecation and/or
infrequent bowel movements (once every 3-4 days, or less) in
the absence of alarm symptoms or secondary causes.”4 The
majority of the cases of constipation in children are functional
constipation (without an underlying organic etiology).5–10 Defe-
cation is a complex process, which requires structural and func-
tional integrity of the large bowel, internal and external anal
sphincter, and puborectalis muscle and intact sensory and motor
nerve innervation. As the control of defecation is multifactorial
and intricate, the etiology of functional constipation is poorly
understood.

Chronic constipation is defined as constipation that has
been present for at least 3 months.4 Chronic constipation in
childhood can be refractory in spite of compliance with pharma-
cological and conservative management, with about one-third of
children with chronic constipation experiencing symptoms into
adulthood.11 Refractory constipation is “chronic constipation not
responding to maximal laxative therapy, behavioural therapy,
and toilet-training program, with duration of symptoms of
>2 years.”11

Motility studies are being increasingly used to identify and
define subtypes of constipation in order to manage refractory
constipation more efficiently.12 Nuclear medicine gastrointestinal
transit studies (NMGIT, also known as scintigraphy or nuclear
transit studies) are used in children with severe constipation to
determine the rate of gastrointestinal transit (from the stomach to
the excretion from the anal canal) and anatomical sites of fecal
retention.13 The NMGIT is a relatively noninvasive study, in
which the patient ingests a meal or drink containing radioactive
tracer, and the amount of radioactive tracer is measured in differ-
ent areas of the gastrointestinal tract to identify areas of dysmoti-
lity. While conducting a retrospective analysis in 2011, we
described a paradoxical new subset of children with intractable
constipation with rapid proximal colonic transit, called rapid-
transit constipation (RTC).14 A retrospective review of patient
records suggested a link with atopic tendencies. More than 40%
of patients had allergic symptoms, eczema, or asthma, and 11%
had a family history of an allergic condition.14 There was also a
high incidence of symptoms linked to food intolerance
(e.g. abdominal pain, anal fissures), suggesting that RTC could
be linked to food intolerance.

Irritable bowel syndrome (IBS) is the most commonly
diagnosed functional bowel disorder, affecting 7–21% of the
population.15 Abdominal pain with a change in bowel habits, in
the absence of organic disease, is the hallmark of IBS. Symp-
toms of IBS include abdominal bloating and distension, excess
wind (flatulence), abdominal pain, nausea, changes in bowel
habits (diarrhea, constipation, or a combination of both), and
other gastrointestinal symptoms. Rome IV guidelines were
recently released with specific guidance for diagnosing IBS in
children.16

Food intolerances or poor absorption are common in IBS
patients, and patients are recommended to follow low-ferment-
able oligosaccharides, disaccharides, monosaccharides, and poly-
ols (FODMAP) diets.15 FODMAPs are short-chain carbohydrates
that may be poorly absorbed in the small intestine. They are eas-
ily fermented by bacteria in the colon, producing excess amounts
of hydrogen and methane. Lactose, fructose, sorbitol, and inulin
are FODMAPs and are restricted in a low-FODMAP diet.
A low-FODMAP diet can reduce IBS symptoms in 70% of the
patients over 3–4 weeks, and is now recommended as first-line
therapy for IBS17,18 Diets restricting a range of FODMAPs are
initiated and followed to see if symptoms cease, and then, spe-
cific sugars are reintroduced to determine which ones trigger
symptoms. The aim is to identify the trigger sugars and return to
a full diet with reduced amounts of the trigger. It is generally
considered undesirable to stay on a low-FODMAP diet.

The use of a low-FODMAP diet in children is contentious,
with concerns that children may lack nutrients and it could affect
their bowel flora and microbiome. It is desirable to be able to
identify specific trigger sugars and test a diet where these are
restricted for a short time, rather than to restrict a wide range of
fruits, vegetables, and grains. In a 2014 review, Darbritz et al.19

recommended lactose, fructose, or sorbitol restriction as an easily
implemented therapy in children, which can result in a decrease
in gastrointestinal symptoms. They supported breath tests as
helpful in the evaluation of gastrointestinal symptoms in children
as symptoms were resolved in two-thirds of children, with posi-
tive results following restriction of the positive sugar. They
found that patients maintained compliance with the diet restrict-
ing a particular sugar if their symptoms improved.19

Breath tests are noninvasive tests used to diagnose carbo-
hydrate malabsorption.20,21 Humans do not produce hydrogen or
methane as a respiratory product, while bacteria in the gut fer-
ment carbohydrates and produce hydrogen and methane that is
taken up by the blood and expired in the lungs. Patients drink
20–50 g of test carbohydrate in water,20 and serial measurements
of hydrogen and methane expired in the breath are obtained over
2–4 h. A positive result (10–20 ppm of hydrogen or methane
above baseline on two consecutive breath measurements
15–30 min apart for 3–5 h) is a predictor of intolerance. The
gold-standard food intolerance test is food exclusion to achieve
symptom improvement followed by reintroduction to prove cause
and effect.22

We previously reported the effect of excluding common
protein allergens (dairy, wheat, soy, eggs, nuts, and seafood) on
pediatric RTC.23 Dairy and wheat were most commonly elimi-
nated and increased frequency of stools, reduced abdominal pain,
and reduced use of laxatives.23 Based on reports of specific
sugars and breath tests improving symptoms,19 these were tested
by our surgical group in a small group of patients with Hirch-
sprung disease (HSCR) with fecal incontinence with rapid
colonic transit. After excluding specific sugars following breath
tests, we found there was an improvement in fecal incontinence
in 9 of 10 patients.24

With these positive results, one of the authors (JH) began
using breath tests for patients with RTC and then recommending
an exclusion diet for those with positive tests to determine if
exclusion of specific sugars could affect their constipation symp-
toms. The aim of this study was to audit the clinic results of the
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effect of exclusion of the positive sugars (specifically lactose,
fructose, or sorbitol) on bowel symptoms and pain in children
with functional constipation and RTC, using the hypothesis that
the exclusion of a specific sugar (giving a positive result in a
breath test) will improve outcomes (severity of constipation,
abdominal pain, pain on defecation, and stool consistency) in
children with RTC.

Methods
We conducted a retrospective audit of patients who attended a
surgical pediatric bowel clinic at a tertiary children’s hospital
between January 2015 and December 2016, with ethical approval
from the Institutional Human Research Ethics Committee
(31251F). Patients referred to this surgeon have severe chronic
constipation that has not resolved with years of treatment by gen-
eral practitioners, pediatricians, or gastroenterologists.

Breath tests. Patients were referred for breath tests to special-
ist pathology services (Gastrolab Gut Diagnosis, Dorevith Pathol-
ogy, Heidelberg West, Victoria, Australia or Dr.
Gastroenterology, St Albans, Victoria, Australia), with sample
collection at specialist clinics or through home breath kits or with
sample collection supervised by a specialist pediatrician for
younger patients. The dose of test sugar was fixed at 10 g per
patient for lactulose and sorbitol and was 1 g/kg bodyweight to a
maximum of 25 g for lactose and 35 g for fructose. Samples
were collected into inflatable bags to allow measurement of
hydrogen and methane. Patients underwent lactulose, lactose,
fructose, and sorbitol tests, and both hydrogen and methane
levels were measured.

Diet restriction. The hospital received reports from the ser-
vices identifying the level of sugar tolerance or intolerance.
Patients with positive breath tests (20 ppm of hydrogen or meth-
ane above baseline on two consecutive breath measurements
15–30 min apart) were identified, and parents were advised to
seek assistance from a health-care professional (GP, nutritionist,
dietician, pediatrician) to start a diet excluding the positive sugar.
Our hospital does not have an outpatient dietician service, so par-
ents were advised to find a clinician close to home to supervise
the treatment. Parents monitored the child’s diet. For additional
dietary information regarding which foods to exclude for each
sugar, parents were referred to Monash University’s FODMAPs
website (http://www.med.monash.edu/cecs/gastro/fodmap/). Diet
restriction of the positive sugar was performed for 6–12 months
to allow resolution of the chronic constipation, and the patients
returned to the surgical clinic for follow-up. The restriction
ceased if there was no improvement in constipation. If there was
improvement, parents/patients were asked to reintroduce the
sugar to test causality.

Transit studies. Nuclear medicine gastrointestinal transit
studies were performed using radioactive tracer in milk by the
Nuclear Medicine Department, Royal Children’s Hospital, Mel-
bourne, Australia. Rapid Transit was defined as more than 25%
of the tracer beyond the hepatic flexure at 6 h after ingestion
and/or more than 25% of activity in the sigmoid/rectum at
24 h.14

Questionnaire. As part of their clinical treatment, a question-
naire was developed to audit the effect of food exclusion in these
children. The questionnaire was created as a “Google Poll,”
allowing online responses. Letters explaining the questionnaire
were sent to the parents/guardians inviting them to participate,
with a link to the questionnaire. The questionnaire was divided
into seven sections:

1. Demographic information: name, age, gender, and parent’s
email address.

2. Details of the food group excluded: which sugar was
excluded, how long was it excluded for, and was the exclu-
sion complete or partial. Questions quantified consumption of
the sugar before the exclusion and whether the sugar had been
reintroduced to confirm its role as a trigger.

3. Maintenance of the exclusion diet: problems encountered by
the child/parent with diet modification and if parents had
sought help from a health-care professional to implement
the diet.

4. Laxative use before and after food exclusion: name, dose, and
frequency of laxative taken.

5. Stool consistency before and after food exclusion was
assessed using the Bristol Stool Scale (BSS).

6. Severity of symptoms before and after food exclusion: fre-
quency of defecation, duration of episodes of obstipation
(without defecation), incidence of abdominal pain associated
with constipation, pain on defecation, anal tears, bleeding in
the toilet bowl or on the toilet paper, straining, and soiling.

7. Quantitation of severity of constipation using a visual ana-
logue scale (0 = does not prevent child from doing day-to-day
activities; 5 = sometimes prevents child from doing day-to-
day activities; 10 = often prevents child from doing daily
activities most of the time, for example: playing with friends,
missing school) for 6 months before and at least 6 weeks after
diet exclusion. There were also questions to rate abdominal
pain associated with constipation and pain on defecation on a
visual analogue scale from 0 to 10 (0 = no pain, 10 = worst
possible pain).

Responses to the questionnaire were entered directly into
an Excel database. GraphPad Prism 7.0 was used for statistical
analysis using the chi-squared test for proportional data and the
paired t-test comparing pre versus post for VAS scores. P < 0.05
was considered significant.

Audit. Children who attended the surgical pediatric bowel
clinic between January 2015 and December 2016, had positive
breath tests, and were referred for exclusion diets were identified.
The subset of these children who had an NMGIT study was iden-
tified. Only those who had RTC were included in this audit. We
excluded children who were too young for nuclear transit studies
and children with coexisting anomalies of the gastrointestinal
tract, such as Hirschsprung disease (HSCR), cloacal malforma-
tions, and colostomies. The children with positive breath tests,
diet exclusion, and RTC were sent a link to the online question-
naires, and data from those who replied were analyzed.

This study was approved by the RCH Human Ethics
Research Committee (31251). The committee complies with
international guidelines for ethical research, including the
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Declaration of Helsinki. The study was an audit of results of a
clinical treatment, so participant consent was not necessary.

Results
A total of 104 patients (n = 104, Fig. 1) with refractory constipa-
tion who had undergone hydrogen and methane breath tests for
fructose, lactose, and/or sorbitol intolerance were identified;
72 had RTC and were sent the link for the questionnaire, and
34 responded, with 2 refusing to participate and 3 replying that
they had not continued with the sugar-exclusion diet.

Demographic information. Of the 29 of 72 (42%) who
responded, 70% were male, and the age range was 5–15 years.

Sugars excluded. Of the participants, 70% eliminated fruc-
tose, 40% lactose, and 3.3% eliminated sorbitol; 43% eliminated
their positive sugar, and 57% followed a low/no FODMAP diet.
Of those who eliminated fructose, 55% consumed fructose >once
a day before the study, and 86% eliminated fructose completely.
Of those who eliminated fructose, 46% completely reintroduced
it to the child’s diet to test if fructose was the trigger for consti-
pation. Unfortunately, the parents were not asked to confirm
whether the result of the trigger test was positive. Of those who
eliminated lactose, 62% consumed lactose > once a day before
the study, and 42% eliminated lactose completely. Of those who
eliminated lactose completely, 52% reintroduced it to the child’s
diet to confirm lactose as the trigger for constipation.

Maintenance of exclusion diet. Of the responders, 72%
(n = 21) reported that they had some problems/difficulty with
implementing the diet. Of those who had difficulty with the food
exclusion, 65% reported that the child “disliked the diet,” 80%
of parents reported that “it took longer to prepare meals,” 40%
stated that “the modified diet was unachievable with their current

lifestyle,” and half (50%) of the parents felt that “food prepara-
tion was more expensive.” Common hurdles to implementing the
diet included child compliance, especially at parties and in
school; problems with grocery shopping; difficulties in preparing
modified meals for the entire family; and difficulties monitoring
the diet away from home. Understandably, dietary modification
was reported to be problematic in a few of the patients who had
been diagnosed with Autism Spectrum Disorder and consumed a
limited variety of food before the exclusion. One of the parents
reported that the food exclusion “gave some really useful insights
into my son’s symptoms and triggers and a few simple key
changes have been made long term”. Finally, some participants
stated they were allergic to some of the foods permissible on a
low-FODMAP diet. Most of the patients (84%) were supervised
by a clinician (57% by a dietitian or a nutritionist, 10% by a gen-
eral practitioner, and 17% by a pediatrician). Two dietitians
refused to help with FODMAP exclusion.

Laxative use. Of patients, 90% (n = 26) reported the regular
use of at least one laxative before initiation of the exclusion diet.
Movicol (polyethylene glycol [PEG] + electrolytes) was the most
commonly used laxative (65%). Movicol is an osmotic laxative
that works by transporting water into the colon to soften the
stool. Of the 26 who took laxatives, 19% (5/26) ceased, 42%
decreased, and 14% did not change laxative use. Six patients
started on a new medication, making it impossible to quantify
the change in laxative usage in these patients.

Consistency of stool before and after implementa-
tion of the food exclusion. The Bristol Stool Score
(1 = very hard stool, 7 = extremely loose stool) was used to
quantify stool consistency. There was a statistically significant
increase in stool wetness (Bristol Stool Scale pre 3.3 � 0.3 vs
post 3.9 � 0.2, P = 0.004, Fig. 2). Before the exclusion diet,
76% of participants had a BSS < 4 (i.e. hard stools). After the
exclusion diet, only 23% of participants had a BSS < 4. The pro-
portion of patients reporting the ideal BSS score of 4 (BSS
4 = smooth, soft, and well-formed stool) increased from
10 to 57%.

Severity of constipation before and after imple-
mentation of the food exclusion. The exclusion diet
significantly decreased the severity of constipation, severity of
abdominal pain, and pain on defecation (Table 1, Fig. 2), as mea-
sured on a VAS scale, with symptoms stopping altogether in
20–25% of respondents and reducing in 65–69%. The proportion
of patients who had to strain excessively, with anal tears and
blood in the toilet, reduced significantly, with the symptoms
stopping in 50–75% of respondents (Table 2).

Discussion
Exclusion of specific dietary sugars (following positive breath
tests) improved the severity of constipation and associated symp-
toms in this selected cohort of surgical patients with chronic con-
stipation and rapid colonic transit. Constipation resolved in 20%
and reduced in more than 60% of respondents. There was statisti-
cally significant improvement in the severity of constipation,

Figure 1 Consort diagram. Answers were received from 29 patients
from 72 who were sent the questionnaires. Only patients with rapid
colonic transit constipation confirmed from a nuclear medicine gastroin-
testinal transit study were sent questionnaires as part of their clinical
treatment.
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stool consistency, pain on defection, and abdominal pain. Laxa-
tive usage decreased after dietary exclusion.

The majority of parents found it difficult to implement the
dietary changes to exclude one sugar. Common hurdles in

implementing the exclusion diet included increased expenses and
child compliance. Most parents implemented the diet modifica-
tion under the supervision of a health-care practitioner. Improve-
ment of symptoms after dietary exclusion would be expected to
positively impact the health-related quality of life of children and
their families.

The improvement in constipation, reduced laxative use,
abdominal pain, and pain on defecation complements our previ-
ous study,23 where exclusion of common protein allergens (dairy,
wheat, soy, eggs, nuts, seafood) improved signs and symptoms
of constipation in children with RTC. Dairy and wheat were the
food groups most commonly eliminated and increased frequency
of stools, reduced abdominal pain, and reduced use of laxatives.
While not considered at the time of that study, dairy also
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Figure 2 Changes in (a) stool softness, (b) constipation severity, (c) abdominal pain, and (d) pain during defecation. Stool softness was measured
using the Bristol stool scale pediatric version (1 = very hard, 7 = very soft). Constipation severity, abdominal pain, and pain during defecation were
measured using a visual analogue scale (VAS), with 0 = none and 10 = a lot. Participants were scored for 6 months before the diet (pre) and at least
6 weeks after the diet (post).

Table 2 Effect of sugar exclusion on gastrointestinal symptoms

Number of Patients Percent

PSymptom Pre Post Pre Post

Straining excessively 25 12 83 40 0.001

Anal tears 16 4 53 13 0.002

Daily soiling 13 8 43 26 0.8
Blood in toilet 16 6 53 20 0.02

The significance of bold value shows P value <0.05.

Table 1 Effect of sugar exclusion on gastrointestinal symptoms measured with VAS score (0 = none, 10 = much)

Number of Patients VAS mean (SEM)

Symptom
Had

symptom
Did

not have Worse
No

Change Improved ≥ 2 units
No longer
present Pre Post P

Severity of Constipation 28 1 0 8 19 5 5.8 (0.5) 3.3 (0.6) <0.0001
Abdominal Pain 26 3 2 2 17 5 5.1 (0.6) 2.8 (0.5) <0.001
Pain on defecation 26 3 2 7 18 7 5.8 (0.6) 2.6 (0.5) <0.0001
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contains lactose, one of the common FODMAPs. That study
reported similar parent-reported difficulties with compliance to
dietary modification due to increased expense and child compli-
ance. Note that breath tests are not possible for protein
intolerance.

We have also audited the effect of FODMAP elimination
in a group of children with HSCR and RTC.24 Ten patients with
HSCR had NMGIT studies showing RTC. Eight had lactose
and/or fructose breath tests, with seven testing positive. Gastroin-
testinal symptoms such as fecal incontinence improved in 9 of
10 patients after FODMAP exclusion. The patients had an
organic disorder (lack of enteric neurons) that was treated by sur-
gery but also developed food intolerance and RTC that was
improved by excluding the positive sugar.

Dabritz et al.19 audited 206 children with functional gas-
trointestinal disorders who had breath tests for lactose, fructose,
and sorbitol malabsorption. They found that 46% of breath tests
were positive, and the majority of those put on a restriction diet
had improvement in symptoms, including pain and diarrhea.
They examined cut-off values of 10, 20, and 25 ppm and con-
cluded that ≥20 ppm was a good cut-off level. Some people do
not produce hydrogen in breath tests as their colonic flora cannot
produce the gas. Breath methane excretion provides a reliable
measurement in this subgroup, improving test accuracy.19 We
routinely perform methane and hydrogen breath tests.

More recently, the use of breath tests to identify patients
who would benefit from dietary exclusion has become
controversial,25,26 and they are not recommended for routine
practice. There is currently discussion about the value of breath
tests, especially to detect small intestinal bacterial overgrowth
(SIBO). Poor reproducibility of the breath test26 and recent stud-
ies in adults with IBS suggesting that dietary exclusion can
improve symptoms independent of the breath test’s results are
raising doubts about the value of breath tests.21 Interestingly, the
early rise in breath hydrogen/methane is frequently secondary to
rapid gut transit.27 If sugar malabsorption is producing rapid tran-
sit, then the test cannot distinguish between these two events. In
this small clinical review, all patients had rapid transit on
NMGIT studies and positive breath tests, and three quarters
showed improvement, including full resolution in a quarter with
exclusion of the positive sugar. By design, we only examined
patients with both positive breath tests and proven rapid transit.

We recognize that breath tests only provide an approxima-
tion of the underlying gastrointestinal dysfunction. However, the
breath tests’ results do provide the families with some evidence
about the possible cause of symptoms, which has made introduc-
tion of a special diet more rational than just trying exclusion diets
empirically. Our experience shows that the exclusion diet should
be followed long enough (along with laxatives) to allow recovery
of the mechanical function of the dilated rectum for the chronic
constipation to resolve. This may be 6–12 months. Reintroduc-
tion of the specific FODMAP sugars after the constipation
resolves caused abdominal pains and/or diarrhea rather than
constipation.

We implemented breath tests and specific sugar restriction
following the recommendation of Darbritz et al.19 in 2014 that
lactose, fructose, or sorbitol restriction can result in a decrease in
gastrointestinal symptoms. They discussed the limitations of the
breath test. The degree of malabsorption in a breath test depends

on the dose of the FODMAP ingested (e.g. 80% of patients will
malabsorb a 50-g load of fructose, but only 10% will malabsorb
25 g, the maximum dose given in the current study), the small
intestinal transit time, and inherently reduced absorptive capacity.
They also report that reproducibility is poor, and malabsorption
of fructose, mannitol, and sorbitol, as shown by an increase in
breath hydrogen, has no relation to the induction of gastrointesti-
nal symptoms during the test. Nonetheless, they supported breath
tests and a diet restricting a particular sugar.19 More recently, the
Monash group, which champions the low FODMAP diet, agrees
that studies in children suggest benefit but warn that there is need
for care in implementing a full FODMAP-restriction diet due to
psychological and nutritional risks.28

The dose of carbohydrate in this study was 10 g fixed for
lactulose and sorbitol and 1 g/kg for lactose (maximum 25 g)
and fructose (maximum 35 g). Studies in children have used lac-
tose doses from 0.5 to 2.0 g/kg up to a maximum dose of
25–50 g, but there is no gold standard for diagnosis for lactose,
fructose, or sorbitol.19 A high percentage of positive results may
be due to a high test dose that is above the capacity of all
patients. The amount of lactose needed to induce symptoms in
someone who is lactose intolerant varies depending on numerous
factors (and may be only 15 g), and the amount needed to induce
symptoms in a child with lactose malabsorption (either healthy
or with an FGID) is currently unknown.29 For fructose, Gomara
et al. performed fructose hydrogen breath testing in children with
abdominal pain using 1, 15, and 45 g doses and found that 11 of
32 (34%) had fructose malabsorption with 15 or 45 g doses.30 Of
these 11, 9 (82%) had a significant improvement on a 2-week
dietitian-recommended fructose-restricted diet, suggesting true
positives. Escobar et al. performed fructose breath testing using
1 g/kg (up to 25 g) in 222 children with abdominal pain–FGIDs
and found that 121 (55%) had fructose malabsorption, with
93 (77%) improving on a low-fructose diet.31 Dabritz et al.
reviewed fructose hydrogen breath testing and found that 55 of
142 (39%) children had fructose malabsorption.19 Dabritz et al.
found that 109 of 146 (75%) children with abdominal pain had
sorbitol malabsorption, with most of them (27/31, 87%) improv-
ing on a sorbitol-restricted diet, again suggesting a real condi-
tion.19 In the current study, it could be that specific carbohydrate
intolerance is common in the selected patient group (surgical
patients, long-term intractable constipation, and rapid transit
through the proximal colon) as removal of positive sugars from
the diet allowed the symptoms to resolve.

Age is also important, with fructose malabsorption occur-
ring more frequently in younger children, while lactose intoler-
ance occurs in a similar proportion across all ages of children
after weaning.32

More recent published evidence does not strongly support
the restriction of single carbohydrates in children with FGIDs.29

Rather, as in adults with IBS, FODMAP restriction is emerging
as a better clinical strategy. However many dieticians are con-
cerned about putting children on restricted diets, and parents and
children find it very difficult to impossible to achieve and main-
tain a full FODMAP-restricted diet. The low-FODMAP diet
carries risks of nutritional inadequacy and possibly of fostering
disordered eating and induces a potentially unfavorable gut
microbiota.28 FODMAPs should be reintroduced according to
tolerance during the maintenance phase of the diet. Studies of the
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low-FODMAP diet in children are few but do suggest benefit28

and should be implemented with care due to the psychological
and nutritional risks of a restrictive diet and a long-term modified
low-FODMAP diet followed.

How can food intolerance produce constipation
rather than diarrhea?. In a retrospective review of
520 pediatric patients who had chronic constipation and had
NMGIT studies, we found a surprising number (12%) who had
rapid transit through the small bowel and proximal colon but had
an overall delay in transit.14 We called this paradoxical condition
“rapid transit constipation.” These patients have diarrhea-like
transit in the colon while having constipation. How is this possi-
ble? We hypothesize that food intolerance increases motility in
the small bowel and proximal colon, and luminal contents are
rapidly expelled into the distal bowel. Stool that travels rapidly
through the gut is often acidic and may cause discomfort on def-
ecation. It may be that repeated episodes of painful diarrhea lead
to secondary with-holding behavior. Fecal retention in the distal
colon is commonly seen in children with RTC.14

The significant reduction in abdominal pain, severity of
constipation and pain on defecation seen with specific sugar
exclusion in children with RTC is similar to results with FOD-
MAP exclusion in IBS in adults.17,18 This raises the intriguing
possibility that RTC may be unrecognized IBS developing in
these children. Symptoms are constipation with pain and with
rapid transit in an NMGIT study. Constipation with pain is diag-
nostic of IBS-C in adults. Rapid transit would be expected to
result in diarrhea. Diarrhea with pain is diagnostic of IBS-D.
Adults with IBS may have alternating bouts of diarrhea and con-
stipation, suggesting that rapid transit periodically overcomes the
constipation.

Limitations. This study was biased and examined results only
from surgical clinic patients with long-term refractory constipa-
tion and with rapid transit in the transit study and with positive
breath tests. The sample size was small (n = 29) as only 40%
responded to the survey, and the results need to be verified
through a study with greater power. This rate of responding,
40%, is common in surveys, but a greater response rate would
provide greater representation. There may have been a response
bias as less than half of the patients responded, and all were from
one clinician. The questionnaire is not validated, and compliance
with the diet was patient-/parent-reported and not verified. There
were no positive and negative controls as this is an audit of clini-
cal practices rather than an RCT.

Patients were recommended to work with a clinician but
not formally referred. We felt that supervision by a dietitian
would be optimal, but our children’s hospital has no outpatient
dietetics department. As the families would need to see a private
dietitian, many decided not to pursue this option, despite the fact
that we advised them that this would be the best course of action.
Many families used an APP on their iPhone from Monash Uni-
versity giving advice on FODMAP sugars and what foods con-
tain specific sugars. In addition, we advised families to only
exclude foods containing the sugars identified by breath tests,
rather than a full FODMAP diet, as is usual in adults with IBS.

Some patients reintroduced the sugar, but we did not ask
for the outcome of the reintroduction of restricted sugar. As these

children have chronic constipation, it is recognized that it takes
many months for the rectum to regain compliance. While diet
restriction for abdominal pain and diarrhea may show results
within weeks, a longer period (6–12 months) is needed for the
secondary symptoms of long-term constipation to resolve.

RTC is a newly described condition,14 with diagnostic cri-
teria based on normal transit values in adults and slow-colonic
transit values in children with chronic constipation.33 Only a few
specialist centers perform NMGIT studies, and rapid transit has
not been reported by other centers yet.

Future studies. Compliance with the exclusion diet might be
improved by greater involvement of dietitians/nutritionists. If it
is established that positive breath tests followed by dietary exclu-
sion are successful, NMGIT studies would not be necessary, sav-
ing radiation exposure and money.

Conclusion
RTC is a new subset of constipation and requires distinct treat-
ment from slow transit constipation. Exclusion of specific sugars
significantly improved the severity of constipation, reduced
abdominal pain, pain on defecation, straining, anal tears, blood
in stool, and stool consistency and decreased laxative use in chil-
dren with RTC. The results of this study suggest that specific
FODMAP sugar-exclusion diets have a promising role to play in
the management of RTC in children.
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Supporting information
Additional supporting information may be found in the online
version of this article at the publisher’s website:

Figure S1. The Questionnaire was presented as an online ‘Goo-
gle Poll’ form. Families were sent the link and answered online.
Data entered via the Google Poll interface went directly into an
Excel table, with each patient allocated an ID number and dei-
dentified for analysis. Families without Internet answered over
the phone.
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