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Abstract

The objective of this study was to evaluate gastric emptying (GE) in pediatric patients with functional constipation. GE delay
has been reported in adults with functional constipation. Gastric emptying studies were performed in 22 children with chronic
constipation, fecal retention and fecal incontinence, while presenting fecal retention and after resuming regular bowel
movements. Patients (18 boys, median age: 10 years; range: 7.2 to 12.7 years) were evaluated in a tertiary pediatric
gastroenterology clinic. Gastric half-emptying time of water (reference range: 12 + 3 min) was measured using a radionuclide
technique immediately after first patient evaluation, when they presented fecal impaction (GE,), and when they achieved
regular bowel movements (GEy), 12 + 5 weeks after GE4. At study admission, 21 patients had reported dyspeptic symptoms,
which were completely relieved after resuming regular bowel movements. Medians (and interquartile ranges) for GE4 and GE,
were not significantly different [27.0 (16) and 27.5 (21) min, respectively (P = 0.10)]. Delayed GE seems to be a common
feature among children with chronic constipation and fecal retention. Resuming satisfactory bowel function and improvement in
dyspeptic symptoms did not result in normalization of GE data.
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Introduction

Fecal retention and nighttime soiling have been
strongly correlated with prolonged colonic transit time in
children (1). Studies in adults have shown that patients
with slow colonic transit constipation usually complain of
upper gastrointestinal symptoms, such as nausea, belch-
ing, regurgitation, vomiting, abdominal distension, pain,
postprandial fullness, and dyspepsia. These symptoms
may be explained by the cologastric brake mechanism
acting on gastric emptying regulation. Based on this
mechanism, rectal fecal retention interferes with gastric
emptying by neural reflex (2-4). Despite this observation,
some investigators have observed that gastrointestinal
symptoms and gastric emptying delay may persist even
after partial colectomy (5). Moreover, inappropriate
motility of the esophagus (6), small bowel (7) and
gallbladder (8) was identified both in adults and children
with constipation, mostly of the slow colonic transit
subtype (9,10). These observations suggest that other
gastrointestinal motility disorders may occur in consti-
pated patients.

Few studies have investigated the relationship
between gastric emptying and constipation in children.
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Borowitz and Sutphen (11) observed that dyspeptic
symptoms improved after treating children with constipa-
tion. Hutson et al. (12) did not find any disturbance in
gastric emptying of a liquid meal in constipated children,
but a recent study with both functionally constipated and
dyspeptic children showed prolonged gastric emptying of
a solid-liquid meal, which also improved after the
treatment of constipation (13).

Based on these apparently contradictory results, the
objective of the present study was to evaluate gastric
emptying and dyspeptic symptoms in a group of children
with severe functional constipation and soiling while
presenting fecal retention and after resuming regular
bowel movements.

Material and Methods

Constipated children referred to a tertiary outpatient
Gastroenterology Clinic were invited to participate in this
study. Inclusion criteria were a diagnosis of functional
fecal retention according to Rome Ill criteria (14) with
concomitant fecal impaction and soiling. Fecal retention
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was identified by a characteristic palpable abdominal
mass, rectal examination or an abdominal radiograph.

Constipated children who had been referred by
general pediatricians from public primary healthy units to
our tertiary outpatient clinic from 2000 to 2003 were
eligible to participate in the study. At the first visit with a
pediatric gastroenterologist, all patients had chronic fecal
retention and reported episodes of fecal retentive incon-
tinence since they were severely and chronically con-
stipated. In addition, they reported at least one of the
following symptoms: 1) passage of hard and large
diameter stools, 2) pain or discomfort during fecal
passage, and 3) defecation frequency <3 times/week
(15). In order to minimize hormonal interference of the
menstrual cycle with gastric emptying, only pre-menarche
girls were included in the study (16).

A full medical history was obtained and a complete
physical examination was performed at first visit for the
exclusion of organic causes of constipation such as
Hirschsprung’s disease, intestinal neuronal disease,
spinal or anal anomalies, previous colon surgery, meta-
bolic or renal abnormalities, hypothyroidism, and mental
or motor disability. Anal manometry and a barium enema
were performed in all patients.

Data on symptoms were obtained at first visit
according to validated studies on gastrointestinal symp-
toms in children (17,18). The following symptoms were
investigated: postprandial abdominal pain, anorexia, early
satiety, nausea, postprandial abdominal distension, post-
prandial epigastric pain, and postprandial fullness.

Informed consent for participation in study was
obtained from the parents of all patients, and the
experimental design of the study was approved by the
Independent Ethics Committee of Faculdade de Ciéncias
Médicas, Universidade Estadual de Campinas.

After the first clinical visit, patients were submitted to
the first gastric emptying study (GE;), while presenting
rectal fecal impaction. Oral laxatives were not prescribed
at that time. Gastric half-emptying time (t;,,) was
evaluated with a test meal of 300 mL/m? water labeled
with ®*™Tc-sulfur colloid (1.0 mCi) (19). After an overnight
fast, the patient was asked to drink the test meal and was
placed in dorsal position in a scintigraphy camera. The
camera was equipped with a low energy and high-
resolution collimator to achieve dynamic images of the
stomach every 60 s, for a minimum time of 30 min. Data
analysis was performed using the radionuclide activity
versus time curve that identified the gastric tq.
The laboratory reference value for gastric ty, studies
(12 £+ 3 min) was obtained previously in young healthy
adults (20,21).

After GE,, patients were admitted to the hospital for
fecal removal procedures. This was achieved using
20 mL/kg 12% glycerin saline enemas, repeated until
complete fecal removal, which was confirmed by an
abdominal radiograph. At discharge, patients were pre-
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scribed osmotic laxatives (magnesium hydroxide or
lactulose) at a dose of 1 mL/kg once daily. Parents were
also instructed to use an enema if no bowel movement
occurred for more than 2 days, according to NASPGHAN
recommendations (22).

At first visit, patients were classified as severely
constipated based on 1) bowel movement frequency
ranging from no spontaneous bowel movement (evacua-
tion only under cleansing enemas) to less than 3 times a
week, and 2) retentive incontinence confirmed by symp-
toms and physical examination if a fecal mass was
palpable in the abdomen and/or fecal retention was
present during a rectal examination. Constipation recov-
ery was defined when patients achieved a bowel
frequency of more than 3 times a week and reported soft
feces in a spontaneous and painless evacuation, even if
they were still on laxative medication. At GE, time, i.e.,
when patients had achieved regular bowel movements,
16 patients were using osmotic laxatives at doses ranging
from 5 to 15 mL a day. In order to confirm absence of
fecal retention at GE,, 1 day before the nuclear study
patients and parents were questioned about fecal incon-
tinence and bowel habits, gastrointestinal symptoms and
a physical examination was performed. The gastric
emptying study was performed 48 h after withdrawal of
laxative medication.

Statistical analysis

Sample size estimation was based on an expected
15% reduction of gastric ty,, after normalization of bowel
habits in severely constipated patients (4), presuming a
5% alpha error, a power of 80% and estimating a 20%
discontinuation rate. On this basis, it was calculated that a
sample size of 22 patients would be needed for comple-
tion of this study, considering 28 enrollments with a 20%
dropout (PASS 2005, NCSS, USA).

Data are reported as means + SD or median
(interquartile range) when appropriate. Median and
interquartile ranges were used for gastric emptying values
since normal distribution could not be assumed; values for
these parameters were compared using the Wilcoxon
signed rank test. All calculations were done using SPSS
version 16.0. A two-tailed P level of 0.05 was considered
to be statistically significant.

Results

Twenty-eight patients were included in the study, and
23 completed the initial and post-recovery scintigraphy
tests. Reasons for not doing the second exam were
parental or patient refusal (n = 2), discontinuation of
treatment (n = 1) or lack of constipation improvement (n
= 1). One patient was classified as an outlier because his
first t1, reached 183 min, and was excluded from
statistical analysis. Patients who did not complete the
two studies showed no statistically significant differences
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Table 1. Clinical data of 22 constipated patients and scinti-
graphic ty, gastric emptying values, before impaction removal
(GE+4) and after recovery from constipation (GEy).

Clinical data Values
Total number of patients 22
Males, n (%) 18 (82)
Age (years) 10 £ 2.2
Duration of constipation (years) 6.8 £ 1.6
Median (interquartile) t1, GE4 (min) 27.0 (16)
Median (interquartile) t1, GE;, (min) 27.5 (21)
Mean time between GE; and GE, studies (weeks) 12 £5

in clinical data compared to the remaining 22 patients
(data not shown). Table 1 shows the clinical data of the
patients at presentation. All patients showed improvement
of constipation and underwent the second nuclear study.
No patient had fecal impaction at that time, as confirmed
by abdominal, rectal or radiological examination. Sixteen
patients were using the osmotic laxative medication
lactulose, 5 to 15 mL once a day at GE,, which was
discontinued 48 h before the exam. The most frequent
symptom reported was postprandial abdominal pain, with
just 1 patient not complaining of dyspeptic symptoms
(Table 2). A barium enema showed mega-rectum and
sigmoid elongation, with no strictures, and anal mano-
metry showed the presence of a rectoanal inhibitory
reflex.

Gastric emptying values are shown in Figure 1.
Scintigraphy studies (GE4 and GE,) were performed 12
+ 5 weeks apart (Table 1). Median (interquartile range)
ti> GE1 was 27.0 (16) min (range: 7 to 125 min) and
median t;, GE, was 27.5 (21) min (range: 10 to 45 min),
with no significant difference between values (P = 0.10).
Gastric emptying values of patients with t{, GE4 above
reference values (n = 17) were analyzed separately and
even so there was no significant difference between first
and post-recovery GE studies, with ti, GE; = 29 (20)
and typ, GE, = 28 (38) min (P = 0.07). At GE,, all
patients reported complete relief of symptoms.

Gastric emptying values of patients on laxatives at
GE, (n = 16) did not differ from values of 7 patients not

Table 2. Dyspeptic symptoms reported by 21 of the 22 patients
studied (1 patient did not report any symptoms).

Symptoms Frequency (%)
Postprandial abdominal pain 50
Anorexia 36
Early satiety 36
Nausea 32
Postprandial abdominal distension 32
Postprandial epigastric pain 23
Postprandial fullness 23
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Figure 1. Median gastric t1, emptying values determined by
scintigraphic studies. GE4 corresponds to the study done before
the removal of fecal impaction and GE; corresponds to the study
done after the patient achieved regular bowel movements. The
top horizontal line indicates the 75% quartile and the bottom line
indicates the 25% quartile. The number of patients in each group
was 22. No statistically significant differences were found
between the median values (GE; = 27.0; GE, = 27.5)
(Wilcoxon signed rank test, P = 0.10).

using laxatives at such time, with 28 (7) and 27 (8) min,
respectively.

Discussion

The present study shows that pediatric patients with
severe chronic constipation had slow gastric t;, before
cleansing fecal retention, and that these findings persisted
even after recovery from constipation, despite relief in
reported dyspeptic symptoms.

Defecation frequency, a criterion for defining intestinal
constipation, results from a number of endogenous and
exogenous factors. Gastrointestinal motility modulators
are considered to be endogenous factors, while exogen-
ous factors are those related to dietary practices and
psychological and behavioral aspects. Many events may
predispose to determine or just worsen intestinal con-
stipation. The impact of each factor is not clear in most
patients. Children whose symptoms are included in the
definition of constipation may present a wide variation in
clinical manifestations and compose a heterogeneous
clinical group that may involve different pathogenic
subgroups. Different determining factors may be asso-
ciated with different outcomes or disease severity and
may elicit the development of various mechanisms of
gastrointestinal adaptation. In the present study, we
evaluated a group of children with similar ages and
clinical presentation. Despite the fact that patients
presented consistently long-standing disease with fecal
retention and at least one episode of fecal incontinence
per week, we found a wide range of gastric emptying
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times. While most patients presented slow gastric empty-
ing, values in the reference range were also observed, as
well as some clear outliers. This picture may indicate a
diversity of pathophysiologic mechanisms or may be the
result of adaptative resources to the chronic constipation
and fecal retention.

In our study, 2/22 children who performed gastric
emptying studies while having fecal impaction showed
gastric emptying delay, which improved after treatment.
These initial data could be related to the fact that acute
rectal distension delays gastric emptying, a mechanism
that has been referred to as “cologastric brake” (4,23). On
the other hand, in some patients (4/22), despite chronic
rectal distension, pre-treatment gastric emptying values
were in the normal range. It is possible that in these
children the long-standing impaction may have resulted in
desensitization of the mechanisms by which rectal
distension interferes with gastric emptying. However, of
the 22 patients who performed the test without fecal
impaction, 16 continued to have delayed gastric emptying.
These data might suggest that in these patients gastric
emptying delay was not related to the “cologastric brake”
effect. Finally, in those patients who showed slow gastric
emptying in both studies, a more generalized motility
disease could be present and be responsible for both the
constipation and the delay in gastric emptying (9,10).
Studies in children and adults have suggested that
constipation is part of a generalized gastrointestinal (Gl)
motor disorder in which proximal Gl motility can also be
impaired (6,7,9,10).

There are conflicting data about an exact relationship
between constipation and upper Gl symptoms. This
controversy may be due to the fact that delayed GE
confirms gastric dysmotility but does not prove that
symptoms are due to gastroparesis (24,25). The evalua-
tion of factors other than a global delay in GE such as
impaired fundic accommodation, antral distension, antral
hypomotility, gastric dysrhythmias, visceral hypersensitiv-
ity, or psychological disturbances explain, at least in part,
the symptoms reported by patients with gastroparesis still
in progress (26). A significant correlation was shown
between the reduction of postprandial fundus relaxation
and the presence of daily upper-Gl symptoms in slow-
transit constipated patients (27). It was recently reported
that children complaining of upper-Gl symptoms such as
nausea, vomiting, abdominal pain, and early satiety
suffered from chronic unrecognized constipation. The
authors observed a significant improvement of symptoms
once constipation was treated (11). In our study, all
patients reported relief of gastric symptoms after con-
stipation recovery, even though gastric emptying values
were not in the reference range.

Although scintigraphy is the gold standard technique
for GE evaluation, there are no published reference
values for children. Different papers report the use of
different meals, markers, volumes, and child ages, which
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interfere with the interpretation and comparison of the
results. In addition, another limitation is the fact that most
studies were done in children with gastroesophageal
reflux and/or slow gastric emptying transit (28,29). Other
techniques such as gastric impedance (30), ['*C] acetate
breath test (31,32) and gastric ultrasonography (13) may
be less harmful, but have also not been validated for
children and lack reference values. Studies in healthy
children are very restricted for ethical reasons and
children cannot volunteer for reference standardization.

Considering such limitations, we decided to use liquid
meals for gastric emptying evaluation, which is the most
straightforward and rapid study to perform, because
emptying begins very soon after meal ingestion and the
time of half-emptying is easily calculated (21). According
to Ziessman et al. (21), studies involving only liquid must
be acquired rapidly (1-min frames x 30 min) because
normal water and saline emptying is very fast with gastric
tiy2 of 10 to 20 min. In our laboratory, we used the
reference value of 12 + 3 min as done by these
investigators, which we found to reproduce best the
variables used for our tests (21). Previous studies have
indicated that approximately 40% of nuclear medicine
laboratories did not validate the normal range for their
standard meals, and that the variability of the data is wide,
with 20% using 2 SD (standard deviation) as the normal
range, 26% using 1 SD and 6% using 1.5 SD (33).

In addition, since gastric emptying rates have a wide
interpersonal variation (34,35), the evaluation of a single
person in two different situations seemed to be a
reasonable variable for investigating the effect of fecal
retention in constipated individuals.

We should also point out that liquid meals are
considered less useful than solid meals as gastric
emptying is generally normal even in conditions such as
gastroparesis for solid meals (36). Although a standard
solid meal is more frequently used in multicenter protocols
for clinical studies (33), our choice of a water meal was
based on the faster acquisition of data using liquid meals.
In addition, this meal would exert less influence on gastric
activity by duodenal feedback. Sodium chloride (120 mM)
was considered the meal that exerted a lower stimulus of
the osmotic receptors of the duodenum, which are
responsible for slowing gastric emptying after a meal (37).

The standard liquid meal used in our laboratory for GE
evaluation is water, and since water has a composition
more similar to a saline solution (and consequently exerts
less effect on osmotic receptors in the duodenum), we
decided to use it as the test meal. For the reference volume
we used a standardized volume of 300 mL/m? as previously
published (19). Nevertheless, Hunt and Stubbs (38)
demonstrated that the energetic density in a meal of the
same consistency is the factor that interferes with gastric
emptying, independently of the volume administered.

We treated patients with the goal of restoring bowel
movement frequency to at least 3 times a week, with soft
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feces and painless evacuation. In order to minimize the
interference of uncontrolled variables, such as adherence
to medication, other medical events and discontinuation of
treatment, we decided to wait a mean time of 12 weeks
before performing the second nuclear study, even though
a patient might be taking a minimal dosage of laxative
(less than 15 mL). According to our experience, during
that phase of therapy, severely constipated children were
unable to maintain bowel movements without a medica-
tion stimulus. Even though there are no literature data
proving interference of lactulose with gastric emptying, we
decided to withdraw laxative medication 48 h before the
GE, study as recommended by the American and
European Neurogastroenterology and Motility Societies
for gastrointestinal motility studies (24,33).

Finally, our study suggests that in those patients who
showed slow gastric emptying in both studies, a more
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