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Abstract
Background—There are no prospective, multicenter double-blind placebo-controlled
randomized pharmacological trials for the treatment of pain predominant functional GI disorders
in children.

Aim—Evaluate the efficacy of amitriptyline in children with pain predominant functional GI
disorders.

Methods—Multicenter placebo-controlled trial. Children with irritable bowel syndrome,
functional abdominal pain or functional dyspepsia were randomized to 4 weeks of placebo or
amitriptyline (10 mg/d <35 kg; 20 mg/d >35 kg). Assessment of GI symptoms, psychological
traits and daily activities before and after intervention. Pain was assessed daily with self-report
diaries. Primary outcome: overall response to treatment (child's assessment of pain relief and sense
of improvement). Secondary outcomes: effect on psychosocial traits and daily functioning.
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Results—90 children enrolled, 83 completed the study (placebo: 40, 30 females; drug: 43, 35
females). Patients reported feeling better 63%, worse 5% in amitriptyline arm vs. better 57.5%,
worse 2.5% in placebo arm (p=0.63). Pain relief was excellent (7%), good (38%) in children on
placebo and excellent (15%), good (35%) in amitriptyline (p=0.85). Logistic regression analysis of
those reporting excellent or good response vs. fair, poor or failed showed no difference between
amitriptyline and placebo (p=0.83). Children who had more severe pain at baseline in both groups
(p=0.0065) had worse outcome. Amitriptyline reduced anxiety scores (p<0.0001).

Conclusions—Both amitriptyline and placebo were associated with excellent therapeutic
response. There was no significant difference between amitriptyline and placebo after 4 weeks of
treatment. Patients with mild to moderate intensity of pain responded better to treatment.

Background
Pain predominant functional GI disorders (FGIDs) are amongst the most common causes for
medical consultation in children 1,2. Such disorders include three common conditions:
irritable bowel syndrome (IBS), functional dyspepsia and functional abdominal pain. Pain
reduces children's quality of life, psychosocial functioning, and school attendance 3-5. In
children, pharmacological treatment of pain predominant FGIDs is mostly empirical and
based on adult data. There have been only a few small randomized clinical trials evaluating
the efficacy of drugs for the treatment of pain predominant FGIDs in children 6, 7. None of
them was multicenter, double-blind, placebo-controlled and included large patient numbers.
A review of the medical literature by the Subcommittee on Chronic Abdominal Pain of the
American Academy of Pediatrics and the North American Society for Pediatric
Gastroenterology, Hepatology and Nutrition found limited or inconclusive evidence
regarding the benefit of drugs in the treatment of pain predominant FGIDs 6-8. Similar
findings were reported by the Cochrane Systematic Report 9. A common theme of both
reports was the need for well-designed clinical in children. Several clinical trials have
demonstrated a beneficial effect of low dose tricyclic antidepressants (TCA) and in
particular amitriptyline for the treatment of IBS in adult patients 10. The Functional Bowel
Disorders Working Group Report of the First World Congress of Pediatric
Gastroenterology, Hepatology, and Nutrition recommended the evaluation of the role of
TCAs in the treatment of pain predominant FGIDs in children 11. We designed a large
prospective, multicenter, randomized clinical trial aimed at evaluating the efficacy of
amitriptyline for pain relief in children with pain predominant FGIDs.

Materials and Methods
This study was designed following the methodological recommendations established by the
Rome II consensus on “Design of treatment trials for gastrointestinal disorders” 12. This was
a prospective, double-blind, randomized, placebo-controlled, multicenter, parallel-group
study. The study consisted of a one week baseline observation period in which no
amitriptyline or placebo was given, followed by a 4 week randomized, double-blind,
treatment period with either placebo or amitriptyline. The study was approved by the IRB of
each of the participating institutions, and informed consent was obtained from each patient.

Study Population
Children 8-17 years of age with a diagnosis of functional abdominal pain, functional
dyspepsia and IBS according to the Rome II criteria were recruited from the pediatric
gastroenterology clinics of six tertiary care centers geographically dispersed in the US:
Children's Hospital of Pittsburgh, Pittsburgh (PA); Goryeb Children's Hospital at Atlantic
Health System, Morristown, (NJ), Kansas University Medical Center, Kansas City (KS);

Saps et al. Page 2

Gastroenterology. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Children's Hospital of Boston, Boston (MA); Children's Hospital of Wisconsin, Milwaukee
(WI) and Children's Memorial Hospital, Chicago, (IL).

Study Protocol
Each eligible patient was evaluated by clinical history, physical examination and
standardized laboratory testing across sites. Children were excluded if they were diagnosed
with an organic disease, plotted below the 5th percentile for weight or height, had abnormal
testing (EKG, complete blood count, erythrocyte sedimentation rate, albumin, pancreatic
and liver enzymes, urine analysis, stool examination for occult blood and ova and parasites,
tissue transglutaminase), they had a positive lactose breath test or had a history of symptoms
resolving after 2 weeks of a lactose-free diet. Subjects entered a 1 week run-in phase during
which symptoms were recorded daily basis by age-appropriate validated questions and pain
scale. Children who reported a weekly average pain of more than 25 mm on a 100 mm
visual analog-Likert pain scale during the run-in phase were randomized to receive either
placebo or amitriptyline, 10 mg/d in patients less than 35 kg or 20 mg/day in those over 35
kg (allocation ratio placebo:amitriptyline 1:1) for 4 weeks. Thirty-five pills (5 weeks supply)
of amitriptyline or placebo were provided in identical capsules to each patient (one week of
extra supply was provided for the event that the last visit could not be conducted after
exactly 4 weeks of treatment).

Psychological testing—All subjects completed validated, self-report and age-
appropriate psychological questionnaires at the beginning and end of the study: Pain
Response Inventory, Children's Depression Inventory (CDI) 13, State-Trait Anxiety
Inventory for Children (STAIC) 14, 15, Children Somatization Inventory questionnaire
(CSI) and Pediatric Functional Disability Inventory (PFDI) 13, 16.

Compliance and adherence to protocol—Each family was contacted twice by phone
during the study. The first phone contact was scheduled within the first 3 days of the
screening period to clarify any problems related to the completion of the questionnaires. The
second phone contact occurred during the third week of the study to: a) assess compliance
with medications and, b) assure completion of questionnaires. To assess adherence, the
parent or children were requested to count the capsules left while the research assistant was
on the phone. At the end of the study, the number of capsules left was subtracted from the
total number of capsules (35) that were provided and the value was compared with the
capsules that should have remained if capsules were taken daily. In addition, at the time of
the last visit the families were asked how many times they forgot to administer the pills
during the study. This response was compared with the value obtained by phone report.
Children with dissimilar answers or those that missed medications for more than 20% of the
days during the study were considered non-compliant. In order to assure integrity in the
completion of the questionnaires, the response to the daily questions reported during the
phone conversation was compared with the paper version of the same day once the
questionnaires were returned. Children whose phone response and paper version did not
match were considered non-compliant.

Sample size
According to the initial sample size calculation, it was expected that 70% of the subjects
receiving amitriptyline would achieve adequate relief of symptoms as compared to 40% of
those receiving placebo. Given these estimates, with a non-directional alpha of 0.05, and a
power of 0.80, 49 evaluable patients per group were required to detect this level of
difference. Our study originally planned to enroll 120 patients to compensate for an
expected dropout rate of 15%. Fours years into the study, it became apparent that it was
difficult to recruit enough children to reach the expected sample size and we elected to stop
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recruitment after 90 subjects were enrolled. Eighty-three of these subjects completed the
study. Our dropout rate was lower than expected (7.8%). This final sample size provides a
power of 0.72 to detect the originally proposed difference.

Data Analysis
The aim of the study was to investigate the efficacy of amitriptyline for pain relief in
children with FGIDs. This aim was assessed by measuring two efficacy variables through a
standardized questionnaire at the end of study (week 4 visit). The primary efficacy variable
was the patient's overall assessment of satisfactory relief and satisfaction with treatment over
the 4 week treatment period. This was assessed by two questions: “Overall how do you feel
your problem is?” Subjects could describe their overall status as “Better”, “Same” or
“Worse”; and by the question: “How did the medication relieve your pain?” Patients could
describe their sense of improvement as “Excellent”, “Good”, “Fair”, “Poor” or “Failed”.
Secondary efficacy variables included the effect on psychosocial traits and ability to perform
daily activities. They were measured at baseline and at the end of the study by subject's
response to questionnaires previously listed that assessed coping mechanisms, anxiety,
depression, somatization and disability. To further investigate interference with activities,
the children answered throughout the baseline and treatment period daily questions
addressing their ability to conduct daily activities (sleep, play and attending school). The
questions asked were based on an age-appropriate and validated pediatric questionnaires for
gastrointestinal symptoms17. Symptomatic relief- Subjects recorded the presence of GI
symptoms (vomiting and characteristics of the stools) and pain daily during the baseline and
treatment period. Pain was assessed through an age-appropriate, self-report, validated 100
mm visual analog scale (World-Graph-Rating-Scale) 18. Additional assessment of GI
symptoms and pain was conducted at the end of the study. Final questionnaire included
patient's assessment of number of days of pain and location, frequency of vomiting,
characteristics of the stools and use of additional medications during the previous month.

Statistical analysis
All information was coded and subjects, families and study investigators, were blinded to
the randomization codes. Data were analyzed independently of the investigators at a central
coordinating site, which did not have access to the code until analysis was completed. The
primary end points were analyzed as binary variables. For that purpose we combined the
responses to each of both questions assessing the primary outcome: a)”Failed“, “Poor” and
“Fair” were combined and compared to “Good” and “Excellent” and b) “Better” was
compared to “Same” and “Worse” combined. The null hypothesis was that the odds of
responding to treatment were the same for the amitriptyline or placebo group at the end of 4
weeks of treatment. Fisher's Exact test was used to compare the proportion of subjects by
treatment arm who reported “positive or negative” progress. The hypothesis was tested using
a 2-sided test with a 5% significance level. All variables were analyzed in intention to treat
analysis. Primary efficacy variables were also analyzed in per protocol analysis. Both
questions assessing the primary efficacy variable were also analyzed assuming the best or
worse case scenario. For this purpose we considered the seven patients that dropped from
the study either as failures (“Worse” or failure to respond) or responders (“Better” or
“Excellent” response) categories. To analyze potential covariates, the amitriptyline therapy
and the placebo group were compared on descriptive variables. If the groups were
statistically different on any of these variables, they were included as covariates in
subsequent analyses. For the continuous outcomes of interest (e.g., Depression, Anxiety,
Disability, Coping and Somatization), differences between the subjects given placebo and
the subjects given amitriptyline therapy were compared using analysis of variance. For the
categorical outcomes of interest, Fisher's Exact test or chi-square test were used. This
strategy was used for the subgroup comparisons, e.g., subjects with higher depression scores
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compared with children with lower depression scores in regards to the outcome of the
gastrointestinal symptoms. Analysis of secondary outcomes also included the change from
baseline in the number of times pain interfered with sleep, play and school which were each
compared between treatment groups using Wilcoxon rank-sum test. Other secondary
outcomes also included daily pain diaries which were analyzed by linear mixed modeling,
adjusting for the correlation between repeated measures on the same patient. Change in pain
intensity throughout the study was analyzed as a dependent variable in both groups. Week 0
(average intensity of pain of the run-in phase week) was considered as baseline. Statistical
significance was set at p<0.05. All analyses were conducted in SAS 9.1 (SAS Institute,
Cary, N.C.).

Results
Ninety children (mean age 12.7 y, range 8-17 y) were recruited from the six sites from
January 2003 thru August 2006. Randomization allocated 46 children in the amitriptyline
group and 44 in the placebo group. Subjects consulted a pediatrician 300 times (148
consultations placebo group; 152 consultations amitriptyline group) prior to enrollment. This
represented an average of 3.6 consultations per patient. In addition, subjects visited the ER
at least once on 73 occasions. Moreover, 89% of patients had failed previous
pharmacological treatment (1.4 medications per patient). Table 1 shows the demographic
and clinical characteristics of subjects in the two groups. Eighty-three children completed
the study (amitriptyline: 43, 35 females; placebo: 40, 30 females). Seven girls (mean age
14.1 y, range 11-17 y) discontinued the study. Three children discontinued the study for
mild adverse events (amitriptyline group: fatigue 1, rash and headaches 1); (placebo group:
dizziness 1). One subject discontinued due to lack of interest and three children were
excluded for intercurrent viral illness, not adhering to the protocol or improper consent. All
treatment-related adverse events occurred during the first two weeks of treatment.

Compliance
Seventy-five percent of those children completing the study were considered compliant with
medication intake. Timely completion of questionnaires was verified in all. There were no
significant differences in age, gender, diagnosis or treatment group between or those
considered compliant or non-compliant with the protocol.

Primary efficacy variable
Changes in pain scores during the study period in both groups are shown in Fig. 1. In
intention to treat analysis, in the amitriptyline group 59% of children reported feeling better,
and 4% worse, while in the placebo group 53% of children reported feeling better, and 2%
worse (p=0.81). Number needed to treat=19. Absolute risk reduction=5.3%. Treatment
results were considered excellent or good in 50% of children receiving amitriptyline and
excellent or good in 45% of children in the placebo group. There was no significant
difference between amitriptyline and placebo (p=0.85) in subjects considering their response
to treatment as excellent or good compared with those reporting fair, poor or failed. The
analysis of the results per recruitment site showed no differential effect per site. Subjects
were balanced between those who answered “Good to Excellent” as compared to those who
answered “Failed to Fair” across six sites.

Multivariate analysis showed no significant effect of gender (p=0.39), age (p=0.23) or
diagnosis at baseline (IBS vs. non-IBS) (p=0.42), IBS diarrhea-predominant vs. IBS
constipation-predominant (p=0.99), dyspepsia vs. non-dyspepsia (p=0.97), functional
abdominal pain vs. non-functional abdominal pain (p=0.14), in the assessment of primary
efficacy variables.
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Per Protocol Analysis
(Table 2): When we limited our analysis to subjects who completed the study, 53% of
subjects in the amitriptyline arm and 50% in the placebo arm considered the result of
treatment good or excellent (p=0.83). Sixty-three percent of children in the amitriptyline arm
and 57.5% in the placebo arm reported feeling better (p=0.63). Differences between both
treatment arms remained non significant when non-completers were included in the analysis
for each of the two questions assessing the primary efficacy variables assuming the best
(p=0.99) and (p=0.70) or worse case scenario (p=0.68) and (p=0.54). Answers to both
questions assessing the primary efficacy variable were also analyzed only in those children
that were considered compliant with medication for drug vs. placebo and the differences
were non significant (p=0.25). Fifty-five percent of those subjects considered compliant with
the medication in the placebo arm and 73% in the amitriptyline reported feeling better
(p=0.13). NNT=5.4.

Secondary efficacy variables
Psychological questionnaires-There was a significant overall improvement from baseline to
follow-up in depression (p=0.0002), coping (p=0.02), disability (p=0.0015) and somatization
(p<0.0001) in both groups (amitriptyline and placebo) but there was no significant
difference between the two treatment groups. There was significant improvement in the
amitriptyline arm (p<0.0001) in anxiety scores, but not in the placebo arm (p=0.40). The
results of the analysis of the various domains of the CDI are provided in table 3. We were
interested in assessing whether depression scores at baseline would result on a differential
effect on outcome. There was no significant difference (p=0.83) at baseline in regards to
depression between treatment groups. Interference with daily activities-The responses to the
questions assessing interference with daily activities were consistent with the assessment of
disability according to the PFDI. There was a decrease in subjects reporting interference
with sleep, play and school from baseline to end of the study (p<0.0001) in both
amitriptyline and placebo groups, and a tendency to more improvement in the group of
children on amitriptyline. However there was not a statistically significant difference
between the groups (p=0.31) when these results were analyzed by logistic regression
modeling for repeated measures. Interference with activities between amitriptyline and
placebo was also not significantly different when analyzed in per protocol analysis (p=0.14).

Pain
There was a significant decrease in pain in both groups (p<0.0001). Repeated measures
modeling of daily diary pain (adjusting for baseline pain) did not show a difference in the
trend of pain over the study time between the treatment groups (p=0.90), nor any overall
difference between treatment groups (p=0.18) (Figure 1). Baseline pain was associated with
children's assessment of pain relief (p=0.0065, Cochran-Armitage test for trend). Subjects
with pain <60 mm at baseline were more likely to answer ‘Good’ or ‘Excellent’ (p=0.05,
OR=3.2, 95 % CI 0.99-10.1) but there was no significant differences between both treatment
groups (p=0.95).

Placebo effect
Due to the large placebo response, we analyzed covariates that could predict reporting ‘good
or excellent’ pain relief within the placebo group when responding to one of the questions
assessing the primary efficacy variable. We failed to find any predictor with the exception of
baseline anxiety scores. Age was not different between those who answered ‘good or
excellent’ and those who answered ‘failed to fair’, p=0.57. Gender was not associated with
‘good or excellent’ pain relief in placebo subjects, p=0.26. Subjects were balanced between
those who answered ‘Good to Excellent’ as compared to those who answered ‘Failed to
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Fair’ under all investigators and study centers. Logistic regression did not show an effect of
diagnosis in the primary outcome within the placebo group (dyspepsia p=0.97; IBS p=0.42,
functional abdominal pain p=0.14). Baseline CDI scores p=0.24 (t-test) and baseline pain
intensity p=0.24 (t-test) were not different between those who answered ‘failed to fair’ and
those who answered ‘good or excellent’.

To assess whether anxiety scores at baseline, diagnosis of anxiety (STAIC score >47) at
baseline and changes in anxiety scores from baseline to end of the study had an effect on
outcome, we conducted a logistic regression with responder status as a dependant variable.
STAIC score was not associated with the outcome when both groups were analyzed
combined (p=0.15). Eight children were characterized as “anxious” according to their
STAIC scores. Logistic regression analysis did not show anxiety diagnosed by the STAIC
predicted the primary outcome (p=0.39). There was no evidence of an association between
change in anxiety score and primary outcome measures either in both treatment groups
combined (p=0.29 pain relief; p=0.64 sense of improvement) or in the placebo group
(p=0.43 pain relief; p=0.26 sense of improvement) or in the drug group (p=0.31 pain relief;
p=0.54 sense of improvement). Based on the effect of seasonal changes in mood and global
outcome, we assessed whether there was an effect of seasons. Logistic regression comparing
winter to summer was not significant (p=0.17).

Discussion
To our knowledge this is the largest non-industry sponsored pharmacological clinical trial in
abdominal pain associated FGIDs and the first multicenter clinical trial investigating the
effect of pharmacological therapy in children and adolescents with chronic abdominal pain.

Our study followed the guidelines established by the Rome committee 19. We selected
global subjective outcomes to assess treatment response and those were analyzed as binary
endpoints. Patients were randomized providing a means to control for the between-patient
variation. We employed validated age-appropriate psychological questionnaires and enrolled
a mixed population of children with FGIDs not limiting our study only to children with IBS.

Our study showed that amitriptyline was equally effective as placebo in the treatment of
pain predominant FGIDs in children. Lack of differences between treatments groups were
found consistently in every outcome analyzed, at all ages, in all diagnoses and in both
genders. Similar results were found in measures of global endpoints, pain relief and
interference with daily activities using patient based end of study assessment and daily
reports. We found improvement in all variables analyzed including psychological variables,
such as depression and somatization from baseline to the end of the study without
differences between treatment groups.

We found an exclusive improvement in anxiety scores in the amitriptyline group.
Interestingly, amitriptyline has been associated with a reduced activation of brain areas
associated with pain and emotional and cognitive function only during mental stress 10.
Animal models have also shown that TCA reduce anxiety-related behaviors induced by
chronic pain 20. Morgan et al. hypothesize that amitriptyline's antianxiety effects result from
the inhibition of the locus coeruleus secondary to increased norepinephrine at this level 10.
IBS patients respond to a painful rectal stimulus with a greater activation of the anterior
cingulated cortex than controls 21-23. The antinociceptive and anxiolytic effects of
amitriptyline therefore are likely to be central, possibly via noradrenergic and/or
serotonergic pathways 10, 21-23.

We view our high placebo effect as an important contribution that may stimulate new
studies on the placebo effect in children with gastrointestinal conditions. Combining the
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responses of the children's assessment of treatment success of those reporting fair, good or
excellent improvement in the placebo group, the beneficial response of the placebo group in
our study was 68% in ITT analysis and 75% in per protocol analysis. In order to better
understand the placebo effect we reviewed the pediatric placebo literature and investigated
various potential factors through logistic regression analysis. We found no studies on the
placebo effect in pediatric gastroenterology. Few studies have been published on the placebo
effect in the treatment of migraines in children, a condition that also subscribes to the
biopsychosocial model of care. Some of the studies showed a higher placebo effect in
younger children and girls 24, 25. We explored these factors, but found no effect of gender or
age in our study. We also explored the role of symptom severity at enrollment that could
indicate regression to the mean in one of the groups and a possible effect by study site. We
did not find a relation between severity of symptoms or study site and outcome. We found a
significant relation between anxiety scores and outcome within the placebo group. Children
in the placebo group with higher anxiety testing scores at baseline had worse outcomes. We
did not find a relation between been diagnosed with anxiety at baseline and outcome, but
only 8 children in our study were diagnosed with anxiety and the study was not powered to
test this hypothesis. Our results are in line with previous studies. A study on adult patients
with IBS showed that the level of anxiety correlated with the placebo analgesia effect 24.

Studies comparing the placebo effect in adult and pediatric migraine studies, showed a
greater placebo effect in children than adults (approximately 35% in children vs. 50% or
higher in adults25). A meta-analysis reviewing the placebo effect of several clinical trials for
IBS in adults, has found an average placebo response of 40% with a range of 16 to 71% 26.
The high placebo response found in our study may explain the lack of difference between
the amitriptyline and placebo group. A review of the factors influencing the placebo
response in adult patients with IBS found an association between the use of the Rome
criteria and the inclusion of a run-in phase with a lower placebo effect. Our study showed a
high placebo response despite a design that included both of these factors. Studies on the
placebo effect in adult patients with IBS showed that desires and expectations influenced
placebo effects 24. We hypothesize that our high placebo effect may be the result of a high
level of expectancy of the subjects and the parents and a strong family-doctor relationship
that included frequent contact between physician and subjects and complete availability
throughout the 5 weeks of the study. Parent's reassurance about the tertiary care's physician's
knowledge and experience on treating functional disorders may have contributed to the
placebo effect. A meta-analysis reviewing clinical trials on the efficacy of antidepressants to
treat pediatric depression found that the number of sites was positively correlated with a
higher placebo response 27. The study also found that a higher placebo response was
negatively correlated with treatment efficacy. A pediatric study on the placebo response in
children with migraines found that parallel designed studies have a higher placebo effect
than in adult studies 28.

A single center study in a suburban pediatric gastroenterology practice in California
conducted in 33 adolescents exclusively with IBS found a beneficial effect of amitriptyline
in comparison with placebo in terms of quality of life and pain relief 29. The effect of pain
relief was inconsistent in time and locations. The study found improvement of pain only in
some areas of the abdomen with no relief in most of them and at certain times of follow-up
but not in other times. The study found an unusual negative placebo effect in pain relief that
may explain the statistical superiority of the active drug. The study used a dose of
amitriptyline similar to our study and showed a beneficial effect in quality of life starting at
4 weeks.

Adequate compliance with treatment and daily completion of questionnaires is an important
concern in all clinical trials. Limitation in funding precluded us from measuring

Saps et al. Page 8

Gastroenterology. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



amitriptyline serum concentrations or providing electronic means to record symptoms and
assure daily completion of dairies. To overcome these limitations, we designed a simple
mean to assess adherence. Families were called without notice at approximately study
midterm and were asked to count out loud the pills left. Families unaware of the motive of
our contact would be unlikely to be able to “do the math” fast enough to calculate the
number of pills that should be left on that date if the patient had taken them daily. The
answers to the questions from the previous day were compared at the end of the study with
the paper version to assure daily completion of the diaries and identify those children
planning to retrospectively fill in all diaries at one time. We found that subjects completed
the dairies in timely fashion and that most but not all subjects took medication. Once non-
compliant children were excluded, we found a higher efficacy of amitriptyline than in the
ITT analysis. Our findings have similarities to those of the largest study on TCAs in patients
with IBS. Drossman et al. found no difference between desipramine and placebo in ITT
analysis, but a beneficial effect in per protocol analysis with a NNT= 5.2 30. Our study
showed a NNT= 5.4 in per protocol analysis but the differences between both groups
remained statistically insignificant. In the study by Drossman et al a beneficial effect was
found in ITT analysis in 60% of patients in the drug group and 47% in the placebo group,
while we found 50% and 59% benefit in the amitriptyline group and 46% and 52%
improvement in the placebo group.

We cannot exclude that a longer period of treatment or a trial with a higher dose of TCA as
used by Drossman et al. may have produced different results. However, several studies have
shown both efficacy of amitriptyline at 4 weeks or earlier 10, 29, 31 and a beneficial effect of
low dose amitriptyline 10, 29, 31, 32. Although we initially considered a longer follow-up
we decided against it to limit the dropout rate. The four year recruitment period required to
enroll 90 patients and the difficulties found in enrolling patients in trials using medications
that have been associated with suicidal risks by the FDA makes conducting a lengthy, large
randomized study difficult. Despite the premature termination of our study, the probability
that our study incurred in type II error was 0.72, a figure that is similar to the initially
intended (0.80). Based on our results, a post hoc analysis showed that a sample size of 528
patients would have been required in order to find a statistically significant difference
between active drug and placebo, a value not possible to achieve in a pediatric study. Even
with a much larger pool of patients available, difficulties in recruitment resulted in
premature termination of a recent adult study on TCA for IBS in adult patients 33.

We did not encounter major or unexpected side effects related to amitriptyline. Limitations
of the study include the possibility of selection bias. We recruited children from tertiary care
sites, and the patients studied may constitute a particularly severe patient population.
Patients who have mild symptoms may not seek medical attention, may be seen at the
primary care office or may be less interested in participating in research studies. Therefore,
we cannot exclude that amitriptyline could be more effective in children with lower pain
intensity or a less chronic condition.

In conclusion, amitriptyline was equally effective as placebo in ITT analysis in pain
predominant FGIDs in children. The safety profile of amitriptyline and the efficacy in the
subjects using this drug, as well as the significant improvement in anxiety scores, combined
with the inability to use placebo as drug in practice may justify amitriptyline treatment. The
high placebo effect found in our study underscores the importance of a positive and caring
therapeutic alliance between physicians, patients and families, and suggests that further
studies of the use of TCA in children with functional bowel disorders are needed under
different clinical conditions.
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FIGURE 1.
Variation in pain intensity over time in the patients receiving amitriptyline or placebo. There
is no statistically significant difference between the two groups.
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TABLE 1
Subjects Randomization

Table 1
N=90

Placebo
N= 44

Drug
N=46 p-value

Age (in years)
Mean (Std) =13.0(2.7)

Median = 13.0
Range = 8 to 17

Mean (Std) =12.5(2.9)
Median = 12.5

Range = 8 to 17
0.39

Gender: Female, (%) 70 % 76 % 0.50

Functional Dyspepsia 8 % 13 % 0.71

Functional Abdominal Pain 31 % 53 % 0.07

IBS 62 % 40 % 0.07

Compliance confirmed 78 % 70 % 0.39

Consultations to Pediatrician 89% 93% 0.48

Consultations to ER 23% 35% 0.25

Onset of Symptoms (months prior to study enrollment) 24 27 0.35

Baseline intensity of pain (0-100 mm)
Mean(Std) = 47.7 (14.2)

Median = 45.3
Range = 24.3 to 75.3

Mean(Std) =48.9 (19.5)
Median = 48.1

Range = 7.1 to 100.0
0.46

Gastroenterology. Author manuscript; available in PMC 2010 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Saps et al. Page 14

TA
B

LE
 2

Pr
im

ar
y 

E
ffi

ca
cy

 V
ar

ia
bl

es

In
te

nt
io

n 
to

 T
re

at
T

ot
al

 N
=9

0
Pl

ac
eb

o 
N

= 
44

A
m

itr
ip

ty
lin

e 
N

= 
46

p-
va

lu
e

O
ve

ra
ll 

ho
w

 d
o 

yo
u 

fe
el

 y
ou

r 
pr

ob
le

m
 is

?

B
et

te
r

56
%

53
%

59
%

p=
0.

81
 *

Sa
m

e
33

%
36

%
30

%

W
or

se
3%

2%
4%

D
ro

po
ut

s
7%

9%
7%

H
ow

 w
el

l d
id

 th
e 

m
ed

ic
at

io
n 

re
lie

ve
 y

ou
r 

pa
in

?

Fa
ile

d
16

%
16

%
15

%

Po
or

11
%

7%
15

%

Fa
ir

18
%

23
%

13
%

G
oo

d
37

%
38

%
45

%
35

%
50

%
p=

0.
85

 *
*

Ex
ce

lle
nt

11
%

7%
15

%

D
ro

po
ut

s
7%

9%
7%

Pe
r 

Pr
ot

oc
ol

To
ta

l N
=8

3
Pl

ac
eb

o 
N

= 
40

A
m

itr
ip

ty
lin

e 
N

= 
43

p-
va

lu
e

O
ve

ra
ll 

ho
w

 d
o 

yo
u 

fe
el

 y
ou

r 
pr

ob
le

m
 is

?

B
et

te
r

60
%

57
.5

%
63

%
p=

0.
63

 *

Sa
m

e
36

%
40

%
32

%

W
or

se
4%

2.
5%

5%

H
ow

 w
el

l d
id

 th
e 

m
ed

ic
at

io
n 

re
lie

ve
 y

ou
r 

pa
in

?

Fa
ile

d
17

%
17

.5
 %

16
 %

Po
or

12
%

7.
5 

%
16

 %

Fa
ir

19
%

25
 %

14
 %

G
oo

d
40

%
42

.5
 %

50
%

37
 %

53
%

p=
0.

83
 *

*
Ex

ce
lle

nt
12

%
7.

5 
%

16
 %

* - p
 v

al
ue

 o
f b

et
te

r v
s. 

sa
m

e 
or

 w
or

se
 c

om
bi

ne
d

**
- p

 v
al

ue
 o

f c
om

bi
na

tio
n 

of
 g

oo
d 

or
 e

xc
el

le
nt

 v
s. 

fa
ir,

 g
oo

d 
an

d 
ex

ce
lle

nt
 c

om
bi

ne
d

Gastroenterology. Author manuscript; available in PMC 2010 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Saps et al. Page 15

TABLE 3
Children's Depression Inventory domains by treatment group

Psychological Scores
N=90 Mean (std)

Placebo
N= 44

Drug
N=46 p-value

CDI: score, baseline vs. follow-up 8.2 (7.3) vs. 6.9 (6.7) 10.0 (8.7) vs. 6.7 (6.9) 0.31 0.91

CDI: t-score, baseline vs. follow-up 47.6 (10.9) vs. 45.8 (9.9) 50.3 (12.5) vs. 45.5 (9.4) 0.29 0.90

CDI: Negative Mood, baseline vs. follow-up 2.1 (2.1) vs. 1.7 (1.9) 2.4 (2.3) vs. 1.5 (1.6) 0.60 0.53

CDI: Interpersonal Problems, baseline vs. follow-up 0.39 (0.7) vs. 0.32 (0.7) 0.64 (1.2) vs. 0.64 (1.1) 0.24 0.10

CDI: Ineffectiveness, baseline vs. follow-up 1.1 (1.5) vs. 0.95 (1.3) 1.5 (2.0) vs. 0.98 (1.4) 0.24 0.93

CDI: Anhedonia, baseline vs. follow-up 3.4 (2.5) vs. 2.9 (2.7) 3.9 (2.9) vs. 2.5 (2.5) 0.44 0.41

CDI: Negative Self-Esteem, baseline vs. follow-up 1.3 (1.6) vs. 1.0 (1.5) 1.6 (2.0) vs. 1.2 (1.8) 0.40 0.65
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