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Abstract

Background. Abdominal ultrasound and anorectal manometry are part of the
investigations used to assess children with functional constipation. This study aimed
at assessing the changes in the characteristics of the rectoanal inhibitory reflex (RAIR)
in children with functional constipation and correlating them with the dimensions
of the rectum, measured by abdominal ultrasound. A secondary objective was to
compare the rectum size in children with and without constipation.
Method. We retrospectively reviewed the clinical data and investigations results
of 51 children (mean age±standard deviation (SD) = 5.8±3.5 years) with functional
constipation who came to our clinic between January 2013 and February 2020. The
assessment of these patients included both the assessment of the transverse diameter
of the rectal ampulla by abdominal ultrasound and anorectal manometry. The studied
parameters of RAIR were: the minimal volume of air necessary to induce RAIR, in all
the patients with functional constipation, and in 20 of them, relaxation time, latency
and relaxation percentage. A control group was formed of 27 children (mean age±SD
= 5.1±4 years) without digestive diseases and with normal intestinal transit, who were
assessed by abdominal ultrasound.
Results. The mean value ±SD of the volume of air necessary to induce RAIR was
21.9±12.1 cm3 air. There was no correlation between the rectum transverse diameter
and the minimal air volume that triggered RAIR (r=-0.01, p=0.94). The mean value
±SD of the transverse diameter of the rectum in patients with functional constipation
was 39±14 mm, and in children without constipation 26±6 mm (p<0.05). The mean
duration of the symptoms in children with functional constipation was 2.8 years.
Conclusions. There were no correlations between the volume of air that induced
the RAIR and the transverse diameter of the rectum in children with functional
constipation. The transverse diameter of the rectum was increased in children with
long-term functional constipation.
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Chronic constipation in children
is a frequent reason for presenting to
the primary care physician, pediatrician,
or pediatric gastroenterologist. Often,
an organic cause is not found, and
children are diagnosed with functional
constipation [1]. Frequently in children,
functional constipation is caused by the
retention of feces in the rectum, which
leads to enlargement and, progressively,
to an alteration of the rectal sensitivity

parameters [1,2]. The consequences
of this disorder that has no anatomic,
histopathological,
inflammatory,
or
biochemical explanation, can be serious,
especially if the evolution is prolonged
(sometimes for years), neglected, or not
responsive to conventional treatment,
leading to anal fissures, hemorrhoids, or
fecal incontinence.
The diagnosis of functional
constipation was based on Rome III [3,4]
and Rome IV [5,6] criteria. The child must
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have at least two of the following symptoms, for at least
one month: two or fewer defecations per week, excessive
stool retention, painful or hard bowel movements, retentive
posturing, large fecal mass in the rectum, large diameter
stools that can obstruct the toilet, and at least 1 episode of
fecal incontinence, for toilet trained children under 4 years
and for children exceeding than 4 years of age. Other diseases
that might explain the symptoms must be excluded [3-6].
Abdominal ultrasound is considered, by some
authors, useful in the assessment of patients with functional
constipation. It helps detect a fecal mass impacted in the
rectum and in the assessment of the rectum transverse
diameter, larger in patients with constipation than in those
with normal bowel movement [2,7,8]. Nevertheless, the
investigation is not generally accepted because the studies
investigated small groups of patients, and the rectum size
depends on the moment of defecation [9].
The main indication for performing anorectal
manometry is related to the investigation of patients
with possible Hirschsprung’s disease, the absence of the
rectoanal inhibitory reflex (RAIR) being an important clue
in this disorder [2,10]. Hirschsprung’s disease affects the
development of the enteric nervous system. It is characterized
by aganglionosis of the myenteric and submucosal plexus,
starting with the anorectal region and extending on a variable
length in the rest of the colon and intestine [11]. The diagnosis
is often established before the child is one year old. In less
severe forms, the diagnosis might be established later in life.
Anorectal manometry is also indicated in patients with
functional constipation resistant to conventional treatment,
fecal incontinence, and assessment of the anal canal and
rectum function in patients with anorectal malformations
before and after the surgical procedure [11,12].
RAIR is the relaxation of the internal anal sphincter
in response to the rectum distention by accumulation of
feces. This reflex is triggered during anorectal manometry
by inflation of air in the intrarectal balloon, thus mimicking
the presence of the feces [11]. It is considered that this reflex
is present when the pressure of the anal sphincter decreases
by at least 5 mmHg or by 15% of the basal value, after a short
initial increase of the pressure [11].
Our objectives were to investigate the changes of
the parameters that characterize RAIR in children with
functional constipation (minimal volume used to induce
RAIR, relaxation time, latency, and relaxation percent) and
correlate these findings with the dimensions of the rectum
as measured by abdominal ultrasonography. A secondary
aim was to compare the transverse diameter of the rectum
in children with functional constipation and children with
normal intestinal transit.

Material and method

We retrospectively analyzed the clinical data and
the investigation results of 51 children, diagnosed with
functional constipation, aged between 4 months and 14
years (mean age±standard deviation (SD) = 5.8±3.5 years
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(median=5.7 years)), 32 boys (62%). These were patients
assessed between January 2013 and February 2020 using
both measuring the transverse diameter of the rectum by
abdominal ultrasonography and anorectal manometry. The
diagnosis of functional constipation was based on the Rome
III [8,9] and Rome IV [10,11] criteria, after excluding other
causes of organic constipation.
We excluded patients with organic causes of
constipation (Hirschsprung’s disease, celiac disease,
hypothyroidism, neurological diseases, etc) and children with
anorectal malformations from the study. We also excluded
from the study patients who did not have both investigations
performed or the results were not interpretable.
A control group was formed of 27 children without
digestive disorders and with normal intestinal transit, aged
between 4 months and 13 years (mean age±SD=5.1±4 years,
median=3.8 years), 17 boys (63%). These children were
assessed by abdominal ultrasound for other indications, and
the rectum’s transverse diameter was measured.
Abdominal ultrasound
The measurement of the rectum size was performed
in all patients before they had the enema used for emptying
the rectum before the anorectal manometry. The device used
for the abdominal ultrasound was a Toshiba Xario 200, with
a convex transducer of 4-6 MHz and a linear transducer of
7-14 MHz. We performed a transverse scan of the pelvic
region, posterior to the bladder, and the image of the rectal
ampulla was found. We chose the section in which the rectal
ampulla was largest, and the transverse diameter of the
rectum was measured, using the convex transducer for older
children and the linear for younger children.
Anorectal manometry
Anorectal manometry was performed using a
conventional method, with water perfused catheters. The
device used for anorectal manometry was a Mui Scientific
Model PIP 48220S5. The four channels of the catheter open
through holes radially placed at the distal end of the catheter,
where a balloon is also found. The catheter and the balloon
are introduced in the rectum. Then, by slowly withdrawing
it, the holes of the water-perfused channels are placed at
high-pressure zone level, corresponding to the internal anal
sphincter. After the stabilization of the anal sphincter basal
pressure, we rapidly introduced higher and higher volumes
of air in the intrarectal balloon, attempting to trigger RAIR.
The examination was started by introducing 10 cm3 air, then
20, 30, and, where it was needed, 40, 50 cm3 air.
For every patient, we recorded the minimal volume
of air that triggered RAIR. Artifacts might occur during
anorectal manometry due to the voluntary contraction of
the external anal sphincter or to the intrarectal displacement
of the catheter holes from the anal sphincter, because of the
traction of the balloon inflated with air, leading to a false
decrease of pressure. In order to obtain accurate results, we
made three determinations for each patient, for the minimal
air volume that triggered RAIR.
• For 20 of the patients with constipation, we
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recorded the relaxation time, latency, and relaxation
percentage of the anal sphincter. Relaxation time is the period
between the initial decrease of the anal sphincter pressure
and the moment of maximum relaxation. It is measured in
seconds.
• Latency is the time, measured in seconds, between
the distention of the balloon and relaxation of the anal
sphincter.
• Relaxation percentage is the difference between
the pressure of the anal sphincter before the relaxation and
the pressure at the maximum relaxation point.
Parents signed an informed consent before the
investigations were performed.
Statistical analysis
We used the T Student and Mann Whitney tests for
the statistical analysis of data. For the correlation of some
parameters, we used the Pearson correlation coefficient.
Statistically significant results were considered for p<0.05.

Results

In all the constipated patients, RAIR was present. The
volume of air needed to induce this reflex and the number
of patients with the corresponding amount are listed in table
I. The mean value±SD of this volume of air was 21.9±12.1
cm3 air (median=20 cm3 air) in patients with functional
constipation. In 7 patients (14%), the minimal volume of air
necessary to induce RAIR was higher than 40 cm3 air (tracings
of some recordings are illustrated in Figures 1 and 2).
Table I. Minimal volume of air that triggered RAIR in patients with
constipation.
Volume of air needed
Number of patients
to induce the RAIR
(%)
10 cm3
17 (33%)
20 cm3
18 (35%)
30 cm3
9 (18%)
40 cm3
4 (8%)
50 cm3
2 (4%)
60 cm3
1 (2%)

Figure 2. RAIR triggered by inflating 40 and 50 cm3 air in the
intrarectal balloon.

The length of symptoms in patients with functional
constipation was between 2 months and 10 years (mean
value±SD=2.8±2.6 years, median=2.1 years). The value of
the minimal amount of air inflated in the intrarectal balloon
to trigger RAIR was not correlated with the length of
symptoms (r=-0.05, p=0.72).
The mean value±SD of the rectal diameter in patients
with functional constipation was 39±14 mm (median=40
mm). There was no correlation between the rectum
transverse diameter, measured by abdominal ultrasound,
and the volume of air necessary to induce RAIR (r=-0.01,
p=0.94).
In 20 patients with functional constipation,
we recorded 3 more parameters of RAIR (calculated
automatically by the software of the device): relaxation time,
latency, and relaxation percentage. The results are shown in
table II.
Table II. RAIR parameters and characteristics of the patients with
functional constipation.
Number of patients
Age range (mean value±SD)
Transverse diameter of the
rectum (mean value±SD)
Minimal volume of air that
triggered RAIR
Relaxation time
Latency
Relaxation percent

Figure 1. RAIR triggered by inflating 20 cm3 air in the intrarectal
balloon.

n=20
9 months - 13 years
(5±3.7 years)
34.6±9.3 mm
25.5±12.7 cm3 air
6.5±3 seconds
5.5±3 seconds
58±20%

We found a mild correlation between the transverse
diameter of the rectum and the relaxation time in patients
with functional constipation (r=0.23; p>0.05), but the
results were not statistically significant. There were no
correlations between the transverse diameter of the rectum
and latency (r=-0.09; p>0.05) or relaxation percentage of
the anal sphincter (r=-0.01, p>0.05).

MEDICINE AND PHARMACY REPORTS Vol. 94 / No. 1 / 2021: 73 - 78

75

Pediatrics
Table III. Normal values of the minimal volume of air that triggered RAIR [7].
Authors
Benninga et al. [17]
Hyman et al. [18]
Kumar et al. [16]
Kumar et al. [16]

Number of healthy
children
13
16
30
30

Age
8-16 years
>5 years
1-16 months
18 months-12 years

There was no correlation between the minimal
amount of air needed to induce RAIR and relaxation time
(r=0.09; p>0.05). There was a mild, but not statistically
significant correlation with latency (r=0.29; p>0.05) and
relaxation percentage (r=0.32; p>0.05).
The control group was aged-matched with the
children with functional constipation (p>0.05). The mean
value±SD of the rectal diameter in children without
constipation was 26±6 mm (median 25 mm). The difference
with the values recorded in children with functional
constipation was statistically significant (p<0.05).
There were 37/51 (72%) patients with functional
constipation, with the diameter of the rectum exceeding 30
mm.
Symptoms with significant length in patients with
functional constipation was correlated with the diameter of
the rectum (r=0.409, p=0.002) (Figure 3).

Figure 3. Correlation between length of symptoms (months) and
the transverse diameter of the rectum (mm).

Discussion

In most of the studies, the results regarding RAIR
are limited to mentioning whether it is present or not, and if
it is present, authors mention only what was the volume of
air that induced it. It is considered that in patients with large
rectum, regardless of the cause of the distension, RAIR is
absent, or large volumes of air are needed to document
it (50-80 cm3 air) [13]. The length and amplitude of the
relaxation increase with the amount of air introduced in the
intrarectal balloon [14,15].
In our patients, there was no correlation between the
rectum diameter and the volume of air for RAIR, but the

76

Minimal volume of air that induced RAIR
(cm3 air)
18±10
11±5
14±10
24±12

mean value of the volume of air was higher than most of
the normal values found in other studies. Kumar et al. [16]
reported similar values in healthy children aged between 18
months and 12 years, as those found by us in children with
functional constipation. Some of these normal values are
shown in table III.
Morera et al. [19] studied the parameters of
RAIR in patients with sacral agenesia (partial and total),
which presented constipation and/or fecal incontinence
and compared data with those recorded in patients with
polyposis syndromes. Regarding the values of latency,
these did not differ in the study groups, but comparing them
with values found in children with functional constipation
in our study, the mean value ±SD of 5.5±3 seconds recorded
by us was much higher. Sangwan et al. [20] found similar
latency values in adult patients with constipation, fecal
incontinence, and normal controls in the proximal anal
canal, but significantly higher values in the distal part in
patients with fecal incontinence.
Studies in children found a lower amplitude of
RAIR in patients with constipation, both with or without
fecal incontinence, which persisted even after 3 years of
treatment [21]. The presumed cause of the constipation
was the inability of the internal anal sphincter to relax
after the distension of the rectum [21]. A similar relaxation
percentage of RAIR was found in adults with constipation
by Netinho et al. [22] (54.1%; 58% was the result in our
patients), but lower values than those recorded in patients
with multiple sclerosis or spinal traumas [23]. Studies in
adult patients showed and asymmetry of RAIR along the
anal canal, with a progressive reduction of the amplitude
from the proximal to the distal part [24,25], an observation
also confirmed with high-resolution manometry [14].
The ESPGHAN and NASPGHAN guideline
regarding the management of children with functional
constipation does not recommend the use of abdominal
ultrasound and measurement of the rectal diameter in
diagnosing the disease [12]. Nevertheless, it brings
valuable data regarding the impacted feces in the rectum,
especially in children where a digital rectal examination
is difficult and unpleasant. Some studies assessed this
method’s usefulness, but data was not enough to establish
normal values of the rectum transverse diameter in similar
conditions of measuring the rectal ampulla [26-30]. Our
study compared the rectal transverse diameter of children
with functional constipation with that of a group of
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children of comparable age without constipation. We found
significantly higher values in children with constipation,
as it was shown in other previous studies [8,26-28]. There
was a mild correlation between the long duration of the
symptoms and the large rectum transverse diameter in our
group of patients with functional constipation.
The study brings results regarding possible
consequences of the persistence of functional constipation
on RAIR and size of the rectum. Changes in the structure
of the rectum could lead to impaired function, and more
specifically, this could affect a component involved in
maintaining fecal continence. There are few studies in
children evaluating RAIR parameters.
The limits of the study are given especially by the
small number of patients included, and the small number of
patients in which the parameters of RAIR (relaxation time,
latency, and relaxation percentage) were recorded. We did
not take the moment of defecation into consideration in
evaluating the rectum diameter. The recovery time and total
length of RAIR were not measured. We compared some of
the parameters of the RAIR with results from studies in
adults. Due to ethical reasons, there was no control group
of children assessed with both abdominal ultrasound and
anorectal manometry, which would have allowed a more
objective comparison of the results.
Changes in RAIR in patients with functional
constipation should be assessed in prospective studies.
Patients should be assessed in similar conditions to allow
an objective comparison of the results. Finding significant
changes of RAIR features could be substantial. The question
is whether these changes are the consequence of extended
length of symptoms, large size of the rectum, or caused
by abnormalities of the extrinsic innervations or of the
enteric nervous system. This could explain the long-term
symptoms in some patients with refractory constipation
and fecal incontinence [31,32].

Conclusions

There were no correlations between a large
transverse diameter of the rectum and a higher volume
of air used to trigger RAIR in patients with functional
constipation. In children with functional constipation, the
large diameter of the rectum had a mild correlation, but
not significant, with the longer relaxation time of the anal
sphincter. The transverse diameter of the rectum was larger
in children with functional constipation in correlation with
the extended duration of the symptoms.
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