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Is Visceral Hypersensitivity Correlated With Symptom Severity in
Children With Functional Gastrointestinal Disorders?
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ABSTRACT

Background: Abdominal pain related to irritable bowel
syndrome (IBS) and functional abdominal pain (FAP) is fre-
quent in children and can be of variable severity. Both IBS and
FAP are associated with rectal hypersensitivity. We hypothesized
that in children with IBS and FAP, the rectal sensory threshold for
pain (RSTP) is associated with symptom severity.
Paitents and Methods: A total of 47 patients (34 girls; median
age, 14.2 years) with IBS (n¼ 29) and FAP (n¼ 18), according
to the Rome II criteria, underwent a rectal barostat examination
to determine their RSTP. Gastrointestinal symptom severity was
assessed by validated questionnaires. During the rectal barostat
exam, symptoms were documented using a visual analog scale
and by measuring the area coloured on a human body diagram
corresponding to painful sensations.
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of control children studied in our laboratory). Fifty-one percent
and 36%, respectively, reported missing school and social
activities at least once per week. Increased frequency of
pain, missed days of school, missed social activities, and
pain during the barostat examination were not associated
with lower RSTP values in either the whole group or in the
subset of children with rectal hypersensitivity.
Conclusions: Rectal hypersensitivity is not proportional to the
severity of symptoms in children with IBS and FAP, indicating
that symptom severity is influenced by other factors in addition to
visceral hypersensitivity. JPGN 46:272–278, 2008. Key Words:
Children—Functional abdominal pain—Irritable bowel
syndrome—Rectal barostat—Rome II criteria—Visceral
sensitivity. # 2008 by European Society for Pediatric
Results: The median RSTP was 16 mmHg and was similar in
 Gastroenterology, Hepatology, and N

IBS and FAP patients. Eighty-three percent of the patients had

utrition and North
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rectal hypersensitivity (RSTP � 30.8 mmHg, the 5th percentile

Recurrent abdominal pain in children is a common
indication for consultation to pediatric gastroenterology
outpatient clinics. Functional gastrointestinal disorders
(FGID) represent the vast majority of these cases (1–3)
and are of variable severity. Not uncommonly, they have
a significant impact on a child’s quality of life secondary
to increased frequency of doctor visits and the interrup-
tion of normal school and social activities (4–6).

In the last few years, studies have shown that functional
abdominal pain (FAP) and irritable bowel syndrome
(IBS) are highly associated with rectal hypersensitivity
in adults and children (7–12). In adults, the pathophysiol-
ogy of abdominal pain in FGID involves complex mech-
and Nutrition

In children, mechanisms involved in FGID also are
complex and similarly have been associated with visceral
hypersensitivity and psychosocial factors (15–17). How-
ever, no data are available regarding the relation between
symptom severity reported by children with FGID and
their level of visceral hypersensitivity.

The present study was designed to test the hypothesis
that in children with abdominal pain related to IBS or
FAP, the rectal sensory threshold of pain (RSTP) is
associated with symptom severity. The objectives were
to measure the RSTP in IBS and FAP children, evaluate
the symptom severity in this population, and determine
the association between RSTP- and FGID-related symp-
tom severity.

PATIENTS AND METHODS

Children referred for chronic abdominal pain to the tertiary
care pediatric gastroenterology outpatient clinic at the Hôpital
Sainte-Justine were evaluated by experienced pediatric gastro-
authorized reproduction of this article is prohibited.

enterologists. Children ages 8 to 18 years subsequently diag-
nosed with either IBS or FAP, as per the pediatric Rome II
criteria, were recruited for this study. Children with a history of
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rectocolonic surgery, encopresis, fecal impaction, neurological
issues, or muscular problems were excluded. Children unable to
collaborate with the study protocol also were excluded. All of
the medications affecting pain or gastrointestinal motility
were discontinued at least 48 hours before the barostat pro-
cedure. The ethics and research committee at the Hôpital
Sainte-Justine approved the study protocol. Parents and chil-
dren gave informed consent and assent, respectively, before
participating in the study. The barostat exam results of 29 of
the children included in this study were reported in a previous
article (12).

Questionnaires

The participants completed the Questionnaire on Pediatric
Gastrointestinal Symptoms (QPGS), State-Trait Anxiety Inven-
tory for Children (STAIC), and Child Depression Inventory
(CDI). The QPGS is a questionnaire that was developed and
validated in English and French at the Hôpital Sainte-Justine
(2,18,19). It assesses symptoms associated with FGID in
children, as specified by the pediatric Rome II criteria (20).
This structured questionnaire includes sections assessing
children’s bowel habits, abdominal pain (pain duration and
frequency), and limitations in activities (missed days of school
and missed activities with friends because of pain). The STAIC
is a 20-item questionnaire validated in children that assesses
symptoms of anxiety. STAIC scores >68 have been shown to
reflect a state and/or trait of anxiety (21). The CDI is a 27-item
questionnaire that has been validated in children for the evalu-
ation of depression; CDI scores >17 correlate with clinical
depression (22). French translations of both the STAIC and CDI
questionnaires have been validated in French-Canadian children
(21,22). All of the questionnaires were completed before the
barostat procedure by the child or with the help of a parent if the
child was <10 years old.

Barostat Procedure

RSTP was measured with an electronic barostat (G & J
Electronics, Toronto), as previously described (12) and
according to published recommendations (23). After a 6-hour
fasting period, a double-canal catheter of 18F diameter—on
which a spherical polyvinyl bag (Mui Scientific, Mississauga,
Canada) was fixed—was inserted into the rectum. The
catheter was then secured with tape and 5 to 10 minutes were
allowed for adaptation before beginning the procedure. The
length of the inflated bag was 11 cm, and its maximal theo-
retical capacity was 600 mL. Its compliance is considered
infinite. The bag was checked for leaks at the beginning and at
the end of each experiment. The barostat was programmed to
deliver phasic intermittent stimuli lasting 60 seconds followed
by 60 seconds of deflation according to the ascending method
of limits with tracking. A 4-point scale was used as a verbal
descriptor for sensation felt during the barostat procedure. The
rectal sensory threshold was determined by averaging the
pressures at which pain had been indicated. The maximal
pressure was 48 mmHg. When a painful sensation was felt, a
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visual analog scale (VAS) was used to quantify the intensity of
the pain. The pain also was specified with the following
measurement method: the children were instructed to indicate
on a standardized human body diagram (seen from front
and back) (12,24) any painful sensation experienced during
the procedure. The figures were scanned and processed for
the measurement of areas of coloured zones with National
Institutes of Health ImageJ software (http://rsb.info.nih.gov/
ij) (12,24). The area of the coloured zones is presented in
pixels.

Rectal compliance was calculated using a nonlinear model for
fitting the pressure-volume curves of each individual. The pres-
sure-volume curves were constructed using the average calcu-
lated volume during the 60 seconds of each consecutive pressure
step. The compliance was calculated as the maximum slope in the
pressure-volume curve (23,25). The RSTP and the compliance
findings in our study population were compared with normal
values established in 10 control children (median age, 13.7 years;
range, 10.2–16.1 years) studied under the same conditions in our
laboratory (12).

Assessment of Symptom Severity

The evaluation of abdominal pain in children requires a
multidimensional measure (6). Given this, the severity and
impact of the gastrointestinal symptoms were assessed by the
QPGS (duration and frequency of pain, impact on daily life), the
evaluation of abdominal pain induced during the barostat
procedure (VAS and the area that was coloured), and the STAIC
and CDI questionnaires. The assessment of anxiety and depres-
sion was included, given that both have been shown to be
important cofactors in FGID, contributing to lower quality of
life scores in affected children (4).

Statistics

Descriptive statistics were used to summarize the demo-
graphic characteristics of the population, questionnaire findings,
and barostat examination results. Summary data is expressed as
means (� standard deviation) for normally distributed data and
medians (25th–75th percentile, or interquartile range [IQR]) for
non–normally distributed data. Comparisons between the IBS
and FAP groups used the Student t test to compare means for
the normally distributed continuous variables, the Mann-Whitney
U test for non–normally distributed variables, and the chi-square
or Fisher exact test for count data.

Univariate logistic and linear regression was used to deter-
mine the association between normal versus abnormal RSTP and
the symptom severity variables (frequency of reported pain,
duration of symptoms, missed days at school, missed activities
with friends, VAS, and area coloured on the human body diagram
during the barostat procedure) and potential confounders (age,
sex, and the presence of anxiety and clinical depression). The
ordinal variables were dichotomized into clinically significant
groups. A sensitivity analysis was done to ensure that alternate
methods of dichotomizing these variables did not affect the
analysis. Within the subgroup with abnormal RSTP results
(RSTP �30.8 mmHg) (12), univariate logistic and linear
regression was again used to test the association between
decreases in RSTP level and the measures of symptom severity,
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anxiety, and depression. A P< 0.05 was considered of statistical
significance. All of the analyses were performed with Stata 9.0
(Stata, Chicago, IL).
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TABLE 1. Demographics and rectal sensory threshold for pain (RSTP) of the study population

IBS
(n¼ 29)

FAP
(n¼ 18)

Both
(n¼ 47)

Sex (male:female) 9:20 4:14 13:34
Age (years; median, IRQ) 15.4 (12.5–17) 13.3 (11.6–15.1) 14.2 (8.5–17.6)y

RSTP (mmHg; median, IRQ) 16 (12–26) 26 (12–28.5) 16 (2–48)y

No. of hypersensitive patients
�

(%) 23 (79) 16 (89) 39 (83)y

RQ¼
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RESULTS

Population and Barostat Results

Forty-seven children (34 girls) with a median age of
14.2 years (range, 8.5–17.6 years) were recruited for the
study. Twenty-nine fulfilled the Rome II criteria for IBS
and 18 for FAP as per the attending physician assessment
and confirmed by the symptoms reported in the QPGS.

The median RSTP was 16 mmHg (IQR, 12–26 mmHg)
in patients with IBS and 26 mmHg (IQR, 12–28.5) in
patients with FAP. This was significantly lower than the
RSTP values found in our previously reported control

IBS¼ irritable bowel syndrome; FAP¼ functional abdominal pain; I�
RSTP� 30.8 mmHg (12).
yRange.
right © 2008 by Lippincott Williams & Wilkins.Un

group (median, 40 mmHg; IQR, 32–48) (P< 0.001)
(12). RSTP values were not statistically different in
patients with IBS and FAP (P¼ 0.52) (Table 1). Eighty-

TABLE 2. Symptom severity varia

IBS (n¼

Pain frequency, no. (%)
� 1/wk 2 (7)
Many times per week 18 (62)
Daily 9 (31)

Duration of pain, no. (%)
3 mo 1 (3)
4–11 mo 7 (24)
� 1 y 21 (72)

Missed days of school, no. (%)
Never 7 (24)
<1/mo 6 (21)
1–4/mo 7 (24)
Many times per week 6 (21)
Daily 2 (7)

Missed activities with friends, no. (%)
Never 3 (10)
<1/mo 8 (28)
1–4/mo 9 (38)
Many times per week 6 (21)
Daily 2 (7)

STAIC total score, mean (SD) 73 (9.3)
STAIC >68, no. (%) 15 (58)
CDI score (median, IQR) 8 (6–12)
CDI >17, no. (%) 3 (11)
Area coloured during barostat, median no. pixels (IQR) 18,099 (13,356
VAS score, mean (SD) 4.8 (2.4)

IBS¼ irritable bowel syndrome; FAP¼ functional abdominal pain; STAIC
CDI¼Child Depression Inventory; IQR¼ interquartile range; VAS¼ visual a
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three percent of the patients had rectal hypersensitivity
as defined by an RSTP �30.8 mmHg; this represents the
5th percentile of the RSTP values measured in our control
group, our cutoff score for rectal hypersensitivity (12).
The rectal compliance was similar in the patients
(7.7 mL/mmHg; IQR, 5.9–13.7) and in the controls
(8.7 mL/mmHg; IQR, 6.0–10.1) (P¼ 0.5).

Symptom Severity

Symptom severity variables are provided in Table 2.
There was no significant difference between the patients
with IBS and FAP for symptom severity, or presence of

interquartile range.
authorized reproduction of this article is prohibited.

anxiety or depression. Thirty-eight children (81%)
reported abdominal pain for >1 year. Forty-six children
(98%) had pain once per week or more and 24 (51%) and

bles in the study population

29) FAP (n¼ 18) Both (n¼ 47)

0 (0) 2 (4)
6 (33) 24 (51)

12 (67) 21 (45)

0 (0) 1 (2)
1 (6) 8 (17)

17 (94) 38 (81)

5 (28) 12 (26)
0 (0) 6 (13)
5 (28) 12 (26)
6 (33) 12 (26)
2 (11) 4 (9)

4 (22) 7 (15)
3 (17) 11 (23)
5 (28) 14 (30)
4 (22) 10 (21)
2 (11) 4 (9)

73 (11.1) 73 (9.8)
9 (64) 24 (51)

9.5 (7–13) 9 (7–13)
1 (6) 4 (9)

–31,104) 16,408 (11,995–35,384) 17,889 (13,229–31,006)
5.4 (2.2) 5.0 (2.4)

¼State-Trait Anxiety Inventory for Children; SD¼ standard deviation;
nalog scale.
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17 (36%), respectively, reported missing school and
social activities at least once per week.

Twenty-four patients (51%) had an anxiety problem
(STAIC>68) and 4 patients (9%) had clinical depression
(CDI>17). CDI and STAIC scores were significantly
correlated (r¼ 0.50, P¼ 0.01). The presence of an anxiety
problem was not associated with symptom severity
(univariate logistic and linear regression; P> 0.2). The
number of children with clinical depression (9%) did not
allow meaningful testing of its association with symptom
severity.

Relation Between Symptom Severity and RSTP

There was no significant difference between patients
with IBS and FAP for age, sex, distribution of RSTP,
rectal compliance, symptom severity, or presence of
anxiety or depression (Tables 1 and 2); therefore, the
groups were combined for all further analyses.

The distribution of the severity of symptom variables

VISCERAL HYPERSENSITIVITY AND SYMPTO
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and potential confounding variables by rectal hypersen-
sitivity is found in Table 3. Scatterplots and univariate
logistic regression did not demonstrate an association

TABLE 3. Distribution of symptom severity variables in patient
hypersensit

h

Age, median (IQR)
Female sex (%)
Pain frequency, no. (%)
�1/wk
Many times per week
Daily

Duration of pain, no. (%)
3 mo
4–11 mo
� 1 y

Missed days of school, no. (%)
Never
<1/mo
1–4/mo
Many times per week
Daily

Missed activities with friends, no. (%)
Never
<1/mo
1–4/mo
Many times per week
Daily

STAIC total score, mean (SD)
STAIC >68, no.
CDI score, median (IQR)
CDI >17, no.
Area coloured during barostat, median no. pixels (IQR)
VAS score, mean (SD)

IQR¼ interquartile range; STAIC¼State-Trait Anxiety Inventory for Ch
VAS¼ visual analog scale.�

Rectal sensory threshold for pain �30.8 mmHg (12).
between the severity of symptoms variables (frequency
of pain, duration of symptoms, missed school and social
activities, VAS and area coloured during the barostat
examination) or abnormal STAIC scores (STAIC>68)
and the presence of rectal hypersensitivity (RSTP values
�30.8 mmHg) (Table 4). Age was not associated with
RSTP values, severity of symptoms, or STAIC scores.
Similarly, sex was not associated with severity of symp-
toms or STAIC scores, although a higher percentage
of females had rectal hypersensitivity. The number of
children with depression, as per the CDI, was too small to
determine its association with RSTP, although all 4 of
these children had rectal hypersensitivity.

Subsequent analysis with RSTP as a continuous
variable similarly did not demonstrate any association
between RSTP and symptom severity or anxiety.
Sensitivity analysis with different cutoff points for
the dichotomisation of the ordinal variables was
negative.

Analysis of the subset of children with rectal hyper-
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sensitivity (RSTP�30.8 mmHg) demonstrated that lower
RSTP values were not predictive of increased symptom
severity (frequency of pain, missed days of school,

s with rectal hypersensitivity and in patients without rectal
ivity

Patients with rectal
ypersensitivity

�
(n¼ 39)

Patients without rectal
hypersensitivity (n¼ 8)

14.2 (12.3–15.8) 14 (10–17)
31 (79) 3 (38)

1 (2) 1 (12)
18 (46) 6 (75)
20 (51) 1 (12)

1 (2) 0 (0)
7 (18) 1 (12)

31 (80) 7 (88)

9 (23) 3 (37)
4 (10) 2 (25)
7 (18) 1 (12)

10 (26) 2 (25)
4 (10) 0 (0)

5 (13) 2 (25)
7 (18) 4 (50)

13 (33) 1 (12)
9 (23) 1 (12)
4 (10) 0 (0)

73.1 (1.9) 71.7 (3.0)
21 3
9 (7–13) 8 (5–10)
4 0

18,099 (13,424–32,373) 13,333 (10,481–22,558)
5.2 (0.37) 5.71 (1.2)

ildren; SD¼ standard deviation; CDI¼Child Depression Inventory;

J Pediatr Gastroenterol Nutr, Vol. 46, No. 3, March 2008
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TABLE 4. Univariate logistic and linear regression of rectal
hypersensitivity on the symptom severity variables, anxiety, and

depression in the total population

Predictive power of the presence
of rectal hypersensitivity

�
(N¼ 47)

OR (95% CI)y

Frequency of pain 5.4 (0.3–97)
Duration of pain �1 y 0.6 (0.1–5.2)
Activities at school 1.8 (0.3–9.9)
Activities with friends 3.6 (0.4–33)
Anxiety (STAIC >68) 2.3 (0.4–12)
Depression (CDI >17) –

Pz

VAS 0.96
Area coloured during

barostat exam
0.30

OR¼ odds ratio; CI¼ confidence interval; STAIC¼State-Trait
Anxiety Inventory for Children; CDI¼Child Depression Inventory;
VAS¼ visual analog scale. Insufficient sample size to allow meaningful
testing of depression.
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missed social activities, VAS and area coloured during
the barostat examination), anxiety, or depression.

DISCUSSION

The present study was designed to test the hypothesis
that visceral hypersensitivity measured by rectal barostat
is associated with symptom severity in children with
abdominal pain related to IBS and FAP. In our study,
83% of the children diagnosed with IBS or FAP (as per
the Rome II criteria) had a low visceral pain threshold.
There was no correlation between visceral hypersensi-
tivity and symptom severity assessed in everyday life or
during the barostat examination in our study population.
Similarly, there was no relation demonstrated between
depression or anxiety and the degree of visceral hyper-
sensitivity, although all of the clinically depressed
patients were hypersensitive. These results suggest that
the severity of symptoms reported by children with IBS
and FAP is poorly explained by RSTP alone, in that
increased visceral hypersensitivity was not predictive of
increased symptom severity.

Controversy exists regarding the relation in adults
between symptom severity and visceral hypersensitivity.
Mertz et al (10) reported that the rectal perception
threshold is a potential surrogate for IBS symptom
severity. However, they used only a visual analog scale
for symptom severity estimation. Drossman et al (26)
showed a trend for patients with severe functional bowel

�
Rectal sensory threshold for pain �30.8 mmHg (12).
yUnivariate logistic regression.
zLinear regression; P value of b parameter reported.
right © 2008 by Lippincott Williams & Wilkins.Un

disorders to have lower rectal sensory threshold, but this
achieved statistical significance only with the volume at
first pain. Still, other groups clearly have shown that

J Pediatr Gastroenterol Nutr, Vol. 46, No. 3, March 2008
rectal hypersensitivity does not correlate with GI symp-
tom severity reported by adults with IBS (7,27).
Similarly, it has been demonstrated recently in a pro-
spective study that IBS symptoms remained stable over
12 months while visceral hypersensitivity improved,
suggesting an absence of a direct relation between these
phenomena (28). This notion has been suggested in other
studies in which clinical improvement was obtained by
psychological (27) or pharmacological (29,30) treat-
ments without modification of intestinal sensitivity.

A standardized index is not available for pediatrics,
although treatment of adults has validated tools such as the
Functional Bowel Disorders Severity Index (31,32). The
evaluation of abdominal pain related to FGID in children
requires a multidimensional measure (6). Given this, we
assessed symptom severity using multiple instruments.
The QPGS measured the characteristics of the pain and
its consequences on daily living, school absenteeism,
and social activity. The latter are good predictors of
symptom severity in children because intensity of pain
has been shown to be a significant predictor of restriction
in daily activities (5). We also measured pain severity
during rectal distension to assess the characteristics of the
induced pain without recall bias. These parameters have
been shown to highly reflect painful symptoms in real life,
because the VAS and area coloured during the barostat
procedure are correlated with the pain felt at home (12).

It is often said that anxiety and depression are associ-
ated with IBS and FAP in adults and children (8,26,33,34)
and possibly to contribute to lower scores of quality of
life (4). In the present work, 51% of the patients had an
anxiety problem, which is consistent with (although a
little higher than) that reported in other pediatric and
adult studies (8,33,34). However, the degree of anxiety
was not correlated with RSTP as found in adults (10).
Clinical depression was present in 9% of the patients, all
of whom had rectal hypersensitivity. The small number of
depressed patients did not allow further testing regarding
the relation between depression and RSTP values.
Whether depression is a cause or a consequence of the
visceral hypersensitivity or a marker of susceptibility for
visceral hypersensitivity remains to be elucidated, but
abnormalities in serotonin metabolism have been
reported in both IBS (35) and depression in adults (36).

The lack of correlation between RSTP and symptom
severity may be related to the measurement of the sensory
threshold itself. Pain sensation during rectal barostat is a
complex phenomenon, and rectal sensory threshold
measurement is dependent on 2 components, one physio-
logical (ie, related to the local peripheral mecanoreceptors
and afferent nociceptive pathway excitation) (37,38) and
the other psychological and cognitive (ie, traits influencing
the reporting of pain). The respective role of each com-

X ET AL.
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ponent is unknown, although a separate measure of each of
them would allow a more precise analysis of their relation
with the severity of the symptoms. Our study also is
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vulnerable to tertiary center bias. All of the participants
were recruited from a tertiary pediatric center; therefore,
they may be at the more severe end of the spectrum of
FGID disorders. This may have resulted in increased
homogeneity of the reported symptoms, making it more
difficult to determine associations with other measures,
such as RSTP. Concerns regarding the accuracy of
retrospective questionnaires in the evaluation of the inten-
sity, frequency, and consequences of pain have been
reported (39,40), and also may have modified our findings.
The most significant limitation, however, is our sample
size; only a moderate to large association between RSTP
and symptom severity would have been detectable in this
study, primarily because of the paucity of patients diag-
nosed with FGID having normal rectal sensitivity.

Because we were not able to demonstrate an obvious
association between RSTP and symptom severity in chil-
dren with IBS or FAP, we hypothesize that other factors
may play a major role in the severity of the functional
intestinal disorders. Mother’s IBS status (41), stress (42),
comorbid phobic anxiety (15), somatization (43,44),
difficulties related to eating (26), more telephone calls
to the physician (26), attention to pain (16,45), social threat
(16), parental reluctance to accept the diagnosis (46), and
family adaptation (17) are factors that have been shown to
influence FGID and were not evaluated in this study.

Our results demonstrate that visceral hypersensitivity
is a good marker for IBS and FAP in children. Visceral
hyperalgesia is central to the physiopathology of abdomi-
nal pain in these patients, although it did not explain the
severity of GI symptoms in our population. This suggests
that other factors—such as familial, psychological,
social, and behavioural problems—also contribute to
symptom severity in children with FGIDs.
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