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Background/Aims

Three-dimensional high-resolution anorectal manometry (3D-HRAM) is a precise tool to assess the function of the anorectum. Our aim
is to evaluate children diagnosed with non-retentive fecal incontinence (NRFI) using 3D-HRAM.

Methods
In all children diagnosed with NRFI, manometric parameters and 3-dimensional reconstructions of the anal canal subdivided into

8 segments were recorded. All data were compared to raw data that were obtained from asymptomatic children, collected in our
laboratory and published previously (C group).

Results

Forty children (31 male; median age, 8 years; range, 5-17) were prospectively included in the study. Comparison of the NRFI group
and C group revealed lower values of mean resting pressure (74.4 mmHg vs 89.2 mmHg, P < 0.001) and maximum squeeze pressure
(182 mmHg vs 208.5 mmHg, P = 0.018) in the NRFI group. In the NRFI group, the thresholds of sensation, urge and discomfort (40
cm’, 70 cm’, and 140 cm?’, respectively) were significantly higher than those in the C group (20 cm?, 30 cm’, and 85 cm’, respectively;
P < 0.001). In the NRFI group, 62.5% presented a mean resting pressure above the fifth percentile, and 82.5% of patients presented
a maximum squeeze pressure above the fifth percentile. The comparisons between segments obtained from these patients and those
obtained from the C group revealed several segments with significantly decreased pressure values in the NRFI group.

Conclusions

Our study demonstrated lower pressure parameters in children with NRFI. In patients with normal resting pressures, 3D-HRAM may
reveal segments with decreased pressures, which may play a potential role in the pathomechanism of incontinence.
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Introduction

Fecal incontinence (FT) is one of the most distressing conditions
in children. It is defined as the involuntary loss of feces through the
anus in places inappropriate to the social context in children above
the age of 4 years.' It may significantly decrease quality of life and
lead to abnormal social functioning.”” The vast majority of patients
with FI suffer from constipation, and the symptoms are due to an
overflow mechanism.”’ Patients with no signs of fecal retention are
classified as non-retentive fecal incontinence (NRFI). Except for
functional etiology, FI may be of organic origin. Among them, the
most common are congenital or acquired abnormalities such as
anorectal malformations, anorectal trauma or disturbances in the
nervous system.6

To some extent, the actual mechanism of NRFI may not be
recognized due to the lack of proper diagnostic methods. Three-
dimensional high-resolution anorectal manometry (3D-HRAM)
is a new modality for the diagnosis of anorectal function. It can be
used for more scrutinous investigation of the anorectum as a result
of greater resolution of the probe and its potential ability to record
the pressure contribution of the different components of the anal ca-
nal.”* Moreover, it may play a role in detecting pressure defects,”"’
which may have an impact on continence function in patients with
FI and normal mean pressure of the anal canal.

To date, only studies with conventional manometry in children
with NRFT have been performed." No studies using 3D-HRAM
have been carried out, and the aim of our study is to verify whether
this new manometric technique would allow for identification of
mechanisms responsible for incontinence in these children that were

not found in conventional manometry.

Materials and Methods

Study Subjects

Children diagnosed with NRFI (NRFT group) based on
the Rome III criteria’ were prospectively enrolled and underwent
manometric evaluation. All patients underwent a thorough clinical
evaluation, including physical and radiological testing, to exclude
fecal retention.

The exclusion criteria were as follows: presence of rectal reten-
tion, history of surgery on the lower gastrointestinal tract prior to
the study; functional constipation, and anorectal trauma.

All data were compared to raw manometric data that were

obtained from the lower gastrointestinal tract of children without
symptoms and collected in our laboratory and published previously
(control, C group)."”

The study was approved by the Ethics Committee, Poland
(KB7/2013). The procedures used in this study adhere to the tenets
of the Declaration of Helsinki. All persons (or legal representative
of children) gave their informed consent prior to their inclusion in
the study.

Equipment

Manometry was performed by using 3D-HRAM (ManoScan
360/3D; Medtronic, Dublin, Ireland). The equipment consists of
a probe connected to an amplifier and recorder system, which is
further connected to a computer; and all recorded data are displayed
on a computer monitor. The probe is a solid-state, rigid catheter
64 mm in length and 10.75 mm in diameter. On the surface, 256
microtransducers are arranged in 16 rows along the catheter, each
consisting of 16 sensors. In this way, the 16 X 16 grid of sensors is
displayed on the monitor, allowing evaluation of the anal pressure
as a spatiotemporal plot. Fach sensor is 4 mm long and 2 mm wide,
and the software interpolates the pressure between them with 1 mm
intervals. The frequency of the scan is 10 Hz, and the output reso-
lution is 0.1 mmHg.

Inside the probe, there is a lumen that connects a balloon at one
end of the probe with a 60-mL. syringe attached by an elastic tube at
the other. This allows for air administration decimal and measure-
ment of the thresholds of sensation and recto-anal inhibitory reflex
(RAIR). The balloon is 3.3 ¢cm long and is composed of a non-latex
thermoplastic elastomer.

The topography of the anal canal pressure is displayed on the
computer using specialized software (ManoScan AR version 2.1,
Covidien/Medtronic) in live mode, allowing proper positioning of
the probe throughout the procedure.

There is a need for calibration before each procedure in the
calibration chamber. In vivo calibration in water once a week was
performed to cover the pressure deviations in reaction to body tem-

perature.

Procedure

Before the procedure the doctor and nurse met the patients and
parents outside the motility lab and explained the whole test. The
tests were not arranged at fixed time-slot allowing for additional
support if necessary. No routine bowel preparation was used unless
the presence of stool in the rectum during digital rectal investigation

was found. If this was the case, a 100-mL. saline enema was ad-
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ministered. Patients were investigated in a supine position allowing
visual contact and better interaction. Before each examination, the
probe was calibrated over a range of 0-300 mmHg, lubricated with
Vaseline and inserted into the rectum. The probe was held by the
investigator throughout the procedure so that the proximal and dis-
tal margins of the anal canal were maintained in the proper position.
After the accommodation period of at least 2 minutes, conventional
manometric parameters were recorded. These parameters were re-
corded with a 20-second pause between each, preferably following a
routine order: resting pressure, squeeze pressure (performed twice),
presence of an RAIR, and thresholds of sensation. The RAIR was
evaluated by rapid inflation and deflation of the balloon with incre-
mental volumes ranging from 10-60 mL. A RAIR was defined by
a 25% decrease in the mean resting pressure. Thresholds of sensa-
tion were obtained by continuous administration of air into the bal-

loon (performed twice).

Data Analysis
All recorded data were evaluated with dedicated software
(ManoView AR version 2.1; Covidien/Medtronic) after each

Table 1. Clinical Characteristics of the Subjects

3D Manometry in Children With FI

procedure. The software allows for the analysis of conventional
manometric parameters. Data from 256 sensors were used to ana-
lyze spatiotemporal plots of the anal canal. The proximal and distal
margins of the high-pressure zone (HPZ) were identified using an
algorithm implemented in the original software. This establishment
was performed separately for resting and squeeze states. After that,
the HPZ was divided into proximal and distal parts and then into
anterior, posterior; and left and right segments, as described previ-
ously.”” This allowed for comparisons between patients of different

ages and with respect to anal canal length.

Statistical Methods

The distribution of quantitative variables was tested by the
Shapiro-Wilk test of normality. Based on the results of the latter test,
Mann-Whitney U statistics were used to test differences between 2
groups. The 2 test was used to compare proportions. Statistical sig-
nificance was defined as a P-value of < 0.05. Statistica 13 (Statsoft,
Oklahoma, USA)) was used for all analyses.

Results

Forty children (31 male; median age, 8 years; range, 5-17) were

Group included in the study. The clinical characteristics of the subjects are
Variable P-value summarized in Table 1
NRFI (n = 40) Control (n = 61) ) ' ) )
The analysis of conventional manometric parameters revealed
Ag? (mo) 102.5(86.5-145.5)  112.0(73.0-155.0)  0.893 that children suffering from NRFT presented lower values of mean
Weight (kg) 29.5 (22.9-50.0) 30.6 (22.0-47.2) 0.706 f ) q . ) ) th hild
Height (cm)  134.0 (124.3-157.5)  134.5 (120.0-159.0)  0.926 resting pressure and maximum squeeze pressure than chuidren
Sex (male) 31(77.5) 34 (55.7) 0.026 from the control (C) group. There were no differences between
NRFI, non-retentive fecal incontinence. the NRFI group and the C group with regard to anal canal length,
Data are presented as median (interquartile range) or n (%). duration of sustained squeeze, minimal rectal compliance, and
Table 2. Conventional Manometric Parameters
Group
Parameter P-value
NRFI Control
Mean resting pressure (mmHg) 74.4 (56.5-90.7) 89.2 (81.1-103.7) < 0.001
Maximum squeeze pressure (mmHg) 182 (145.3-218.3) 208.5 (169.4-249.8) 0.018
Duration of sustained squeeze (sec) 11.5 (6.6-19.9) 15.4 (15.4-9-20.0) 0.189
Anal canal length (cm) 2.8(2.4-3.2) 2.6(2.1-3.1) 0.451
Minimal rectal compliance (cm’/mmHg) 0.2 (0.1-0.2) 0.2 (0.1-0.2) 0.559
Maximal rectal compliance (cm’/mmHg) 0.8 (0.5-1.1) 0.6 (0.5-0.9) 0.362
RAIR threshold (cm’) 10 (10-20) 10 (10-15) 0.733
First sensation (cm”) 40 (20-120) 20 (10-20) < 0.001
Urge (cm’) 70 (40-130) 30 (20-55) < 0.001
Discomfort (cm®) 140 (110-170) 85 (45-130) < 0.001
NRFI, non-retentive fecal incontinence; RAIR, recto-anal inhibitory reflex.
Data are presented as median (interquartile range).
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maximum rectal compliance. In both groups, the threshold of the
RAIR was equal. In the NRFI group, the thresholds of first sensa-
tion, urge and discomfort were significantly higher than those in the
C group. All results are summarized in Table 2.

Comparison of segmental pressures between the groups re-
vealed significant differences. In the NRFT group, the resting pres-
sures of all segments were significantly decreased. Lower values of
maximum pressures for all segments were observed except for the
proximal right, distal right and distal posterior segments (Fig. 1).

Twenty-five out of 40 (62.5%) incontinent patients presented

normal mean resting pressure values (above the fifth percentile),
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and 33 out of 38 (82.5%) patients presented maximum squeeze
pressures within the normal range. The comparisons of the segmen-
tal pressures of these patients with those of the C group revealed
several segments with significantly decreased values (Fig. 2).

All patients with normal mean resting pressure presented
decreased pressures of at least 1 segment (below the fifth percen-
tile). Majority of patients with normal maximum squeeze pressure
presented normal values for segmental pressures. Only 27.2% of
patients presented decreased value for at least 1 segment. All results
are summarized in Table 3.

Twenty percent of patients with normal mean resting pressure

Figure 1. Comparison of segmental pressures between the non-retentive fecal incontinence (NRFT) and control (C) groups.
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Figure 2. Comparisons of the segmental pressures of patients with resting pressures above the fifth percentile (non-retentive fecal incontinence

[NRFI]) and those of the control (C) group.
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Table 3. Number of Segments With Pressures Below Fifth Percentile
in Patients With Normal Resting Pressure or Normal Maximum
Squeeze Pressure

3D Manometry in Children With FI

Table 4. Number of Patients With Mean Resting or Maximum
Squeeze Pressures Within the Normal Range and Decreased Pressure
of Segment of the Anal Canal

Patients with pressure value within
Number of

segments with

the normal range

decreased pressure Mean Maximum

resting pressure squeeze pressure

0 0 (0.0) 24 (72.7)
1 15 (60.0) 7(21.2)
2 6 (24.0) 1(3.0)
3 2(8.0) 0(0.0)
4 1 (4.0) 0 (0.0)
5 0(0.0) 0(0.0)
6 1 (4.0) 1(3.0)

Data are presented as n (%).

presented decreased pressures of proximal posterior or distal an-
terior segments. Patients with normal maximum squeeze pressure
also presented decreased squeeze pressures of these segments (Table
4).

Discussion

In summary, we found that in patients with NRFT, the mean
resting and maximum squeeze pressures of the anal canal were
significantly decreased. Moreover, all thresholds of sensation (first,
urge, and discomfort) were elevated. We found that in incontinent
patients presenting with a mean resting pressure within the normal
range, several segments of the anal canal generated lower values of
pressure. This may serve as a potential mechanism of incontinence
not revealed by conventional manometry.

In the literature, no studies have utilized 3D-HRAM. Using
conventional manometry, a few studies evaluated children with F1.
Most of them investigated patients who suffered from overflow (re-
tentive) incontinence, as it reflects the most frequent etiology of this
disorder; making direct comparisons with our results very difficult.

In most studies in children with incontinence, the mean rest-
ing pressures of the anal canal were comparable to those obtained
from healthy controls. In the largest series, 210 by Benninga,” the
maximum anal resting tone was found to be significantly higher in
the incontinent group than in the controls and constipated children,
which is a rather unexpected finding, as loss of feces should be more
likely to be observed when decreased pressure of the anal canal is
present.” These observations were confirmed by several smaller
studies."" This phenomenon may be partly explained by anxiety re-
garding the potential loss of feces and may lead to outlet obstruction

Segment with decreased pressure Number of patients (%)
Resting
Proximal half of the anal canal
Anterior 0(0.0)
Left 2(8.0)
Posterior 5(20.0)
Right 3(12.0)
Distal half of the anal canal
Anterior 5(20.0)
Left 2 (8.0)
Posterior 0(0.0)
Right 1(4.0)
Squeeze
Proximal half of the anal canal
Anterior 1(3.0)
Left 1(3.0)
Posterior 4(12.1)
Right 0(0.0)
Distal half of the anal canal
Anterior 5(15.2)
Left 1(3.0)
Posterior 2(6.1)
Right 1(3.0)

and overflow soiling, as this mechanism was suggested by Arhan
et al.” In one small study; a subgroup of non-retentive incontinent
children presented decreased resting and squeeze pressures, but the
differences did not reach statistical significance."*

In our group, we found resting pressures to be decreased,
which is in contrast to most of the pediatric series mentioned above
but in line with adult studies. In most of them, decreased pressure
parameters were found,"™ irrespective of the etiology of symptoms.

We found higher thresholds of sensation in our sample than
other studies. In the literature, the results from sensory tests are
inconsistent. Some authors reported higher (decreased sensitivity)"'
while others reported lower (increased sensitivity)™** thresholds
of sensation. This discrepancy may be the result of different sub-
types of incontinence. A proportion of patients suffer from urge
incontinence as a result of increased sensitivity of the anorectum.”
Others may present symptoms due to passive leakage of feces and
higher thresholds of sensation observed during tests of sensitivity."
Another possible cause of this discrepancy in the literature may also
be the result of differences in the physical properties of manometric
balloons. The materials of most of them are compliant with the en-

vironment, and thus, the results may not be reliable."”
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In our sample, we found lower resting pressures and higher
thresholds of sensation, which supports the hypothesis of interac-
tion between these 2 variables. It was suggested that in patients with
lower resting pressures, increased sensitivity may be the natural
adaptive mechanism preventing fecal leakage and improving symp-
toms. This may explain the lower thresholds of sensation in some
patients. In other patients, this mechanism may be damaged, and
higher thresholds may coexist with low anal pressure, aggravating
symptoms, as found in our sample.*

The phenomenon described above may serve as another expla-
nation of the decreased mean pressures found in our sample. Our
group of patients was evaluated by a tertiary referral center after
not responding to standard first-line therapy, which may reflect
more severe cases of incontinence with potentially broken adaptive
mechanisms.

A possible mechanism of incontinence without retention is that
the higher threshold of sensation may exceed the threshold of the

s

RAIR. Consequently, involuntary loss of feces may occur.”* In our
NRFI group, the threshold of first sensation was 4-fold higher than
the RAIR threshold.

The length of the anal canal is suggested to be one of the pos-
sible co-factors determining continence. We found no difference
in the length of the HPZ of patients and asymptomatic children,
in contrast to some authors who suggested that a longer anal canal
may increase mechanical resistance to feces, resulting in good conti-
nence.’ In contrast, others hypothesized that a long HPZ may lead
to the entrapment of a small amount of feces, resulting in involun-
tary soiling.”

It has been suggested that disruption of the sphincters or
disturbed pressure distribution in the anal canal may compromise
continence. This may be observed more often after surgery for
anorectal disorders than under other circumstances.”** Three-
dimensional HRAM is expected to have the ability to detect pres-
sure defects of the anal canal pressure profile in a more detailed
manner than conventional manometry.”” It may have a potential
role in detecting small but symptomatic sphincter defects that do
not influence the pressure of the whole anal canal. Studies in adults
comparing this technique to endoultrasonography, which is believed
to be the gold standard in this field, revealed only moderate con-
cordance.”™*" Notably, these results may be due to an unvalidated
definition of the pressure defects obtained by manometry. On the
other hand, not all scars observed in endoultrasonography may con-
tribute to producing symptoms, reflecting only anatomical but not
functional defects of the anal canal.

There is no consensus on how to describe the three-dimensional

(3D) spatiotemporal plot of the anal canal. The simple visual analy-
sis proposed by Xu et al” may reveal possible disturbances in pres-
sure distribution and confirm the diagnosis of sphincteric defects,
but this may be biased by subjective analysis and technical errors
(eg, pressure drift of sensors according to temperature, duration of
the study; and proper holding of the catheter throughout the whole
study). In contrast, Zifan et al” proposed a rather complicated
predictive model for evaluating 3D data obtained from incontinent
patients, but the complexity limits its usefulness in routine clinical
practice. To simplify the analysis of anal canal pressures, we utilized
the protocol previously described.” We aggregate the pressures
from sensors covering the HPZ and possible localization of particu-
lar muscles.

We found that in incontinent patients, all segments in the rest-
ing state and almost all segments during the squeeze maneuver
were significantly decreased. This reflects the lower mean resting
and maximum squeeze pressures of the anal canal in the whole
incontinent group. Interestingly; in the proportion of patients with
resting pressures within the normal range, several segments were
still significantly decreased. Two of these segments (the proximal
left and proximal posterior) reflect the part of the anal canal where
the puborectal muscle operates, suggesting its role in continence
mechanisms. The same observations were found in patients with
normal squeeze pressures. All these findings may suggest a possible
mechanism of incontinence not revealed by standard manometric
variables and identify patients in whom tests of anal structure are
indicated (ultrasonography) or who may potentially benefit from
biofeedback therapy despite normal results from conventional ma-
nometry.

The major advantage of our study is that we investigated chil-
dren with NRFT using precise technology that revealed pressure
defects in the anal canal that were not observed using standard
high-resolution manometry. This has the potential role of facilitat-
ing adequate individualized diagnosis (tests of anal structure) and
treatment.

Our study has several limitations. The study sample was
relatively small, which may bias some of the manometric param-
eter results. Despite this, we were able to find differences in both
conventional and 3D (segmental) parameters, suggesting possible
functional disturbances in anal canal architecture, and evolving
symptoms. Another limitation is that we did not perform other di-
agnostic modalities, such as colonic manometry, that at least in part
may have explained other possible mechanisms of FI. The thresh-
olds of sensation established with manometric balloons should be
validated with a barostat, which is believed to be the gold standard.
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The last limitation is the size and properties of the probe. A greater
diameter catheter in relation to a smaller size anal canal may pro-
duce false positive pressure readings in younger patients (obscuring
some smaller pressure defects).

In conclusion, our study demonstrated lower pressure param-
eters and higher thresholds of sensation in children suffering from
NRFI. We proved that 3D-HRAM may be a useful tool for as-
sessing the function of the anorectum in these children, revealing

more discrete mechanisms compromising the anal canal.
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