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Abstract. – OBJECTIVE: Three-dimension-
al high-resolution anorectal manometry (3DH-
RAM) is the most precise tool for assessing the 
function of the anal canal. Our aim was to eval-
uate children after surgery for anorectal disor-
ders using 3DHRAM.

PATIENTS AND METHODS: We prospective-
ly enrolled 43 children (30 males; mean age: 
7 years) after surgery for Hirschsprung’s dis-
ease, anal atresia, or after proctocolectomy. 
Manometric data were compared to raw data ob-
tained from previously studied children without 
symptoms arising from the lower gastrointesti-
nal tract. Correlations between manometry and 
symptoms were evaluated. 

RESULTS: The lowest values of the resting 
pressure, squeeze pressure, and pressure of 
the puborectalis muscle were observed in the 
anal atresia group (55.6 mmHg, 121.7 mmHg, and 
44.17 mmHg, respectively). Compared to asymp-
tomatic children, the lowest mean resting pres-
sures were observed in those with non-reten-
tive fecal incontinence (61.3 mmHg, p<0.000). 
The receiver operating curve cut-off value for 
the mean resting pressure between asymptom-
atic children and incontinent patients was 68.5 
mmHg. The thresholds of urge were significant-
ly higher in constipated patients compared to 
asymptomatic patients (87.5 cm³ and 30 cm³, re-
spectively; p=0.003).

CONCLUSIONS: 3DHRAM may be a useful 
tool for assessing the function of the anorectum 
of children after surgery (NCT02296008).
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Introduction

Children may present a wide spectrum of 
symptoms that originate from the gastrointes-

tinal tract after lower gastrointestinal surgery. 
The most frequent and devastating problem is 
fecal incontinence (FI)1, which may occur in 
up to one-quarter of patients after undergoing 
surgery for Hirschsprung’s disease (HD)2, and 
in more than half of patients after correction 
of anorectal malformations (ARM)3. Children 
may also present other symptoms after surgery 
for ARM due to the complexity of the congen-
ital anomaly, such as urological problems (e.g., 
urinary incontinence, neurogenic bladder dys-
function, and uropathy)4 due to the presence of 
genitourinary defects5.

Fecal continence is maintained through a 
complex system involving several factors, such 
as stool volume/consistency, rectal compliance; 
anal sphincter function, sensation, and reflex; 
neurologic innervation; and cognitive ability6,7. 
Incontinence usually occurs when one or more 
mechanisms are defective6,7. Due to the com-
plexity of this phenomenon, systematic algo-
rithms are used in clinical practice8. Guidelines 
for the management of postoperative soiling in 
children with Hirschsprung’s disease9 classify 
symptomatic patients with anatomic or phys-
iologic disruption of their continence mech-
anisms as having “true fecal incontinence”, 
and inadequate sphincter control and abnormal 
sensation are noted as key factors that should 
be evaluated first8,9. The most important mus-
cle for determining the resting pressure of the 
anal canal is the internal anal sphincter (IAS). 
A poor functional outcome may be correlated 
with the lack of IAS in severe instances of 
ARM10 or its improper resting pressure and/or 
function in HD11. In patients after proctocolec-
tomy, fecal continence may be problematic due 
to the length of the resected bowel and the type 
of anastomosis12. In some cases, the surgical 
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technique may compromise the sphincters, and 
this may potentially result in a decreased rest-
ing pressure13.

A proper evaluation of all the factors respon-
sible for continence is challenging. Several di-
agnostic tests are currently used, including ano-
rectal and/or colonic manometry, colonic transit 
time studies, and ultrasonography. Recently, the 
advent of three-dimensional high-resolution ano-
rectal manometry (3DHRAM) has allowed for 
the evaluation of anorectal function in a very 
detailed manner14. The method has the potential 
ability to record the pressure contribution of the 
different components of the anal canal15 and de-
tect discrete pressure defects16 that may have an 
impact on continence function. 

We hypothesize that this manometric tech-
nique will allow for a more detailed identification 
of key mechanisms of fecal continence in these 
children. Our aim was to unravel the extent of 
functional disruption of sphincters and sensation 
with the most advanced manometric technique.

Patients and Methods

Study Patients
Children who had undergone surgery for ano-

rectal disorders were prospectively enrolled and 
underwent manometric evaluation at the Depart-
ment of Pediatric Gastroenterology and Nutrition 
at the Medical University of Warsaw in Poland. 
All of the patients were divided into three groups 
as follows: HD – after surgery for Hirschsprung’s 
disease, AA – after surgery for anal atresia, and 
PC – after proctocolectomy. The indications for 
proctocolectomy were familial adenomatous pol-
yposis, desmosis coli, and inflammatory bowel 
disease. The recorded data were compared to the 
raw data that were obtained in our laboratory 
from healthy children in previously published 
studies (the HC group)17. To assess the correlation 
between manometry and symptoms, all of the 
children from the after-surgery and HC groups 
were divided into groups with respect to their 
symptoms as follows: asymptomatic (A), non-re-
tentive fecal incontinent (NRFI), constipated (C), 
and retentive fecal incontinent (RFI). The groups 
were established according to the Rome III cri-
teria18. 

This study was approved by the Ethics Com-
mittee of the Medical University of Warsaw, Po-
land (KB7/2013) and registered at ClinicalTrials.
gov (NCT02296008). The procedures used in this 

study adhere to the tenets of the Declaration of 
Helsinki. All persons gave their informed consent 
prior to their inclusion in the study.

Equipment
Manometry was performed using 3DHRAM 

(ManoScan 360/3D; Medtronic, Dublin, Ireland). 
The solid-state, rigid probe (64 mm length and 
10.75 mm diameter) consisted of 256 pressure 
sensors (micro transducers) attached to an am-
plifier and recorder system, which is connected 
to the computer. Each sensor is 4 mm long and 
2 mm wide. Due to the high number of sensors, 
the catheter is able to measure pressure longitudi-
nally and circumferentially within the anal canal 
during rest and voluntary squeeze of the anal 
sphincters, allowing for evaluation of the strength 
of the individual muscles. The topography of the 
anal canal pressure is displayed on the computer 
using specialized software (ManoScan AR 2.1, 
Covidien/Medtronic) in live mode, allowing for 
proper positioning of the probe inside the anal 
canal. 

To assess neural reflexes and sensation, a bal-
loon is attached at the tip of the probe. There is 
a lumen inside the probe through which air can 
be administered by a 60-mL syringe into the 
balloon. This allows for the measurement 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. 

Before each examination, the probe was cal-
ibrated over a range of 0-300 mmHg, and an in 
vivo calibration procedure in 36-38°C water was 
performed once each week. 

Procedure
No routine bowel preparation was used. If 

stool was present during the digital rectal in-
vestigation, then, a 100 mL saline enema was 
administered 1 hour before the procedure. The 
patients were investigated in the lying position. 
At the beginning of the procedure, the probe 
was lubricated and inserted into the rectum so 
that the proximal and distal margins of the anal 
canal were clearly seen on the computer screen. 
After an accommodation period of 2 minutes, 
the following conventional manometric param-
eters were recorded: resting pressure, squeeze 
pressure (performed twice), the presence of 
RAIR, and thresholds of sensation. RAIR was 
evaluated by rapid inflation and deflation of 
the balloon with incremental volumes ranging 
from 10-60 mL. A positive RAIR was defined 
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as a 25% decrease in the mean resting pressure. 
This reflex was not investigated in children after 
surgery for Hirschsprung’s disease. Thresholds 
of sensation were obtained by the continuous 
administration of air into the balloon, which was 
performed twice. Squeeze pressure and thresh-
olds of sensation were evaluated only in children 
who cooperated.

Data Analysis
After each procedure was finished, all of the 

recorded data was analyzed by dedicated soft-
ware (ManoView AR v2.1; Covidien/Medtronic, 
Dublin, Ireland), which allows for the analysis of 
conventional manometric parameters. Raw data 
from 256 sensors were used to analyze a 3D pic-
ture of the anal canal. Proximal and distal mar-
gins of the high-pressure zone (HPZ) were iden-
tified with the aid of the implemented software 
algorithm separately for the resting and squeeze 
periods. The anal canal was divided into prox-
imal and distal parts and then into the anterior, 
posterior, left, and right segments, as previously 
described17. This allowed for the aggregation of 
the 3D pressure map into 8 segments and for the 
comparison of these segments with respect to 
the anal canal length. The resting and squeeze 
pressures of the puborectalis muscle (PRM) were 
recorded in segments covering its anatomical 
location. 

Statistical Analysis
Descriptive statistics are expressed as the me-

dian and 5th and 95th percentiles. The distribution 
of quantitative variables was tested by the Sha-
piro-Wilk test of normality. The Mann-Whitney 
U test was used to test differences between two 

continuous variables. ANOVA and the Krus-
kal-Wallis test were used to compare quantitative 
variables between 4 groups. The Spearman cor-
relation coefficient was used to test correlations, 
and the χ²-test was used to compare proportions. 
Receiver operating curve (ROC) analysis was 
used to determine the optimal cut-off between 
asymptomatic children and patients with fecal 
incontinence. Statistical significance was estab-
lished as a p-value of <0.05. All of the analyses 
were performed using Statistica 13 (Statsoft, OK, 
USA).

Results

Forty-three patients (mean age: 7 years; range 
1-16 years; 30 males) were included in the study. 
Twenty-four children (55.8%) were included af-
ter surgery for Hirschsprung’s disease (HD), 12 
(27.9%) after surgery for anal atresia (AA), and 7 
(16.3%) children after proctocolectomy (PC). The 
HD group consisted of patients who had under-
gone the Duhamel procedure (8 children; 65.2%), 
transanal endorectal pull-through (15 children, 
34.8%), and modified Rehbein (1 child). The AA 
group consisted of patients who had undergone 
correction for imperforate anus with perineal 
fistula (7 children, 58.3%), rectourethral fistula 
(4 children, 33.3%), and persistent cloaca (1 girl, 
8.3%). The clinical characteristics of the subjects 
are summarized in Table I.

There were no differences between groups 
after surgery in regard to the conventional param-
eters. Significant differences were obtained when 
compared to the HC group (Table II). In the AA 
group, the mean resting, and squeeze pressures 
were lower than those of the HC group. 

Table I. Clinical characteristics of subjects.

			   HD (24)			   AA (12)			  PC (7)			   HC (61)

Variable/Group (n)	 Med		  Q1-Q3	 Med		  Q1-Q3	 Med		  Q1-Q3	 Med		 Q1-Q3

Age (months)	 61		  13-197	   70		  16-195	 166		  154-187	 112		  24-210
Weight (kg)	 17.9		  9.6-59.6	   221		  0-54.8	 56.8		  27.8-62.3	 30.6		  12.5-77
Height (cm)	 109		  78-173.5	 119		  80-169	 161		  143-177	 134.5		  89-184
Bowel movements per day	     2		  0.33-10	     2		  0.3-6	 7		  1.5-15	 1		  0.5-3
Incontinence (n; %)		  9 (37.5)		  5 (41.7)		  6 (85.7)		  –	
Constipation (n; %)		  3 (12.5)		  3 (25)		  0 (0)		  –	
Constipation with fecal soiling (n, %)		  3 (12.5)		  4 (33.3)		  0 (0)		  –	
No symptoms (n; %)		  9 (37.5)		  0 (0)			   1 (14.3)		  61 (100)

HD – Hirschprung’s disease; AA – anal atresia; PC – proctocolectomy; HC – healthy children; Med – median; Q1-Q3 – 
interquartile range.
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Table II. Conventional manometric parameters in patients after surgery compared to the control group.

			   HD			   AA			   PC			   HC

	 Variable	 N	 Med	 5-95 c	 N	 Med	 5-95 c	 N	 Med	 5-95 c	 N	 Med	 5-95 c

Mean resting pressure (mmHg)	 24	 76.2*	 55.6-129.2	 12	 56.6*	 12.7-82.8	 7	 58.9	 34.3-135.4	 61	 89.2	 66.4-123.7
Maximum squeeze pressure (mmHg)	 24	 178.6	 82.4-311.5	 11	 121.7*	 38.2-46.8	 7	 178	 81.5-231.9	 58	 208.5	 124.9-292.2
Anal canal length (cm)	 24	 2.3	 1.5-3.5	 12	 2.55	 1-4	 7	 2.3	 2.2-3.7	 61	 2.6	 1.8-3.8
Minimal rectal compliance (cm3/mmHg)	 24	 0.17	 -0.2-0.29	 12	 0.16	 0.12-0.20	 7	 0.18	 0.13-0.27	 59	 0.15	 0.12-0.30
Maximal rectal compliance (cm3/mmHg)	 24	 1.02*	 0.25-2.18	 12	 0.99	 0.27-2.05	 7	 0.7	 0.43-1.15	 59	 0.60	 0.23-1.45
RAIR (cm3)	 –	    –	    –	   6	 15	 10-60	 3	 20	 10-20	 61	 10	 10-30
First sensation (cm3)	 10	 35	 10-120	   6	 20	 10-60	 5	 10	 10-20	 56	 20	 10-50
Urge (cm3)	 10	 60	 30-179	   5	 35	 20-115	 5	 50	 30-60	 56	 30	 10-130
Discomfort (cm3)	 10	 60	 40-210	   5	 120	 50-165	 5	 60	 40-140	 56	 85	 20-180

Med – median; pc – percentile; RAIR – recto-anal inhibitory reflex; HD – Hirschsprung’s disease; AA – anal atresia; PC – proctocolectomy; HC – healthy children; *p < 0.05 
compared to HC group.
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Based on the analysis of segmental pressures, 
only one segment (distal posterior) differed be-
tween the HD and AA groups (p=0.03). When 
segments of the anal canal were compared, it 
appeared that in the AA group, almost all of the 
segments had significantly lower values than in 
the HC group. Only 3 segments in the PC group 
had lower pressures than in the HC group, and the 
difference was seen only in the resting state. All 
segments and pressures of PRM are summarized 
in Table III. 

Conventional parameters in regard to bowel 
function are summarized in Table IV. Compared 
to the A group, patients with NRFI and RFI 
had a significantly lower mean resting pressure 
(p<0.000 and p<0.000, respectively). Significantly 
lower squeeze pressure characterized patients with 
NRFI and RFI compared to the A group (p=0.03 
and p=0.008, respectively). The ROC cut-off value 
for the mean resting pressure between asymptom-
atic children and patients with fecal incontinence 
was 68.5 mmHg (Figure 1). Similar to the mean 
resting pressure, a lower resting pressure of PRM 
in the NRFI group and a lower squeeze pressure of 
PRM in the RFI group were observed compared to 
the A group (Figure 2).

The threshold of urge was significantly high-
er in the C group compared to the A group 
(p=0.003). There was a tendency for a higher 
threshold of sensation and discomfort to occur in 
constipated patients and for a lower threshold of 
discomfort to occur in the NRFI group, but the 
differences did not reach statistical significance. 

The NRFI group was characterized by the 
highest number of segments with a significantly 
lower resting pressure compared to the asymp-
tomatic group. During a squeeze, the highest 
number of segments with a lower pressure was 
observed in the RFI group. Pressures for all of the 
segments in regard to bowel function are summa-
rized in Table V. 

The mean duration of the manometric proce-
dure was 15:55 minutes (range: 5-27 minutes). 
The 3DHRAM test was well tolerated, and no 
adverse effects of the procedure were observed.

Discussion

Protracted, bothersome symptoms in patients 
after lower GI tract surgery are a devastating 
problem often observed in children during long-
term follow-up care. The most frequent symp-
toms are constipation and fecal incontinence, 

observed in more than half of all patients3. De-
pending on the complexity of the disorder, chil-
dren after surgery may also suffer from symp-
toms arising from improper anatomy or function 
of the genitourinary tract. Urinary incontinence 
is found to be present in long-term follow-up 
care (at least 10 years after correction) with very 
high prevalence (up to 30.5%) and persists into 
adulthood4.

In summary, our data show that patients after 
lower gastrointestinal surgery may have a signifi-
cantly decreased mean resting pressure and/or 
squeeze pressure. Moreover, these patients may 
have different numbers of segmental pressure 
gaps. Decreased pressures are observed more of-
ten in patients with fecal incontinence. This is the 
first study evaluating children after surgery that 
compares results with normative data obtained 
from the pediatric population. 

In the literature19, the role of manometry in the 
evaluation of children after surgical procedures 
has been questioned because results are incon-
sistent. This may reflect the diversity in the types 
of manometric equipment or different samples 
pertaining to size and indications for surgery. 

Inconsistent data mostly pertains to pressures 
obtained in studies20-22 evaluating children after 
surgery for HD. Some authors reported lower 
anal pressures in children, consistent with our 
results, while others found no difference23-26 or 
even higher pressures27 compared to normal val-
ues that were adequate for the type of equipment 
used. As noted above, this discrepancy may be 
due to the small number of patients who were 
evaluated or the diversity of the surgical tech-
niques. Different results may also reflect the 
different lengths of follow-up care. Hsu et al28 
reported a lower resting anal pressure soon after 
surgery and its increase over time. However, in 
contrast to this observation, others29,30 did not re-
port improvement in the low-pressure level many 
years after the operation. 

Data on the morphology of the anal canal after 
surgery for HD are scarce. Zhang et al31 found 
asymmetry in patients with fecal incontinence 
after the transanal pull-through procedure, which 
may reflect pressure gaps in the anal canal, 
which were observed in our study. There is only 
one study using 3DHRAM for the evaluation of 
patients after surgery for HD in which the mean 
resting and squeeze pressures were similar to 
those obtained in the present study, but in that 
study the evaluation of the 3D pressure map was 
made without segmental differentiation32. This 
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Table III. The pressures of segments in patients after surgery compared to the control group. 

			   HD			   AA			   PC			   HC

	 Segment	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc

Rest
Distal anterior	 24	 42.1*	 25-83	 12	 26.7*	 0,7-76	 7	 29.5*	 18-58	 61	 70.6	 44-101
Proximal anterior	 24	 36.4	 21-59	 12	 27*	 5-50	 7	 30.6	 17-72	 61	 47.2	 15-68
Distal posterior	 24	 36.4	 22-73	 12	 21.6*	 -3-47	 7	 26.7	 8-59	 61	 44.3	 18-73
Proximal posteriori	 24	 47.3*	 25-96	 12	 36.6*	 9-70	 7	 39.2*	 21-89	 61	 71.5	 48-97
Distal left	 24	 63*	 41-96	 12	 45.5*	 14-102	 7	 59.9*	 28-84	 61	 81.6	 61-114
Proximal left	 24	 53.5*	 35-109	 12	 46.2*	 10-72	 7	 59.2	 34-73	 61	 66.2	 45-95
Distal right	 24	 61.8 	 36-97	 12	 38.7*	 15-78	 7	 62.1	 18-105	 61	 85.7	 60-117
Proximal right	 24	 52.2	 35-106	 12	 38.2*	 14-67	 7	 53.5	 15-77	 61	 66.7	 42-89
Squeeze
Distal anterior	 24	 75.6*	 30-136	 12	 41.2*	 11-193	 7	 85.5	 48-143	 58	 135.8	 63-197
Proximal anterior	 24	 51.3	 14-113	 12	 30.3*	 7-80	 7	 60.1	 34-85	 58	 62.3	 13-119
Distal posterior	 24	 69.6	 32-128	 12	 43.3	 5-80	 7	 54.2	 39-129	 58	 59.8	 25-129
Proximal posteriori	 24	 85.7*	 42-159	 12	 64*	 10-167	 7	 62.9	 38-212	 58	 134.4	 71-219
Distal left	 24	 101.3*	 62-151	 12	 76.2*	 40-207	 7	 109.8	 60-160	 58	 130.8	 76-188
Proximal left	 24	 80.8*	 38-155	 12	 62.7*	 19-122	 7	 94.8	 49-164	 58	 121.3	 54-198
Distal right	 24	 110.1*	 71-159	 12	 74.2*	 39-247	 7	 119.2	 71-189	 58	 142.6	 76-210
Proximal right	 24	 85.9	 37-143	 12	 47.3*	 33-128	 7	 73.1	 50-148	 58	 113.1	 57-167
Pressure of puborectalis muscle 
Rest	 24	 52.7*	 34-104	 12	 44.2 *	 11-69	 7	 49.3*	 23-79	 61	 68.9	 49-92
Squeeze	 24	 85.3*	 45-145	 12	 58.9 *	 26-137	 7	 75.5	 57-175	 58	 124.9	 70-183

Med – median; pc – percentile; HD – Hirschsprung’s disease; AA – anal atresia; PC – proctocolectomy; *p < 0.05 compared to HC group.
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Table IV. The pressures of segments in patients after surgery compared to the control group. 

			   HD			   AA			   PC			   HC

	 Segment	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc

Mean resting pressure (mmHg)	 71	 87.5	 65-125	 20	 61.3*	 24-116	 6	 69.9	 46-96	 7	 67.9	 51-149
Maximal squeeze pressure (mmHg)	 68	 207.7	 120-292	 20	 168.1*	 60-246	 6	 153.4	 91-338	 7	 103.8*	 62-193
Anal canal length (cm)	 71	 2.6	 1.8-3.8	 20	 2.3	 1.6-2.5	 6	 2.8	 1.5-3.1	 7	 2.4	 1-4
Minimal rectal compliance (cm3/mmHg)	 69	 0.15	 0.12-0.27	 20	 0.16	 -27.7-0.3	 6	 0.17	 0.13-0.18	 7	 0.18	 0.12-0.29
Maximal rectal compliance (cm3/mmHg)	 69	 0.62	 0.25-2.07	 20	 0.91	 0.29-2.06	 6	 0.95	 0.36-1.94	 7	 1.2	 0.27-1.99
RAIR (cm3)	 65	 10	 10-30	 8	 20	 10-30	 3	 30	 10-60	 0	 -	 -
Sensation (cm3)	 58	 20	 10-80	 13	 20	 10-60	 4	 45	 10-70	 2	 35	 10-60
Urge (cm3)	 58	 30	 10-130	 13	 35	 20-70	 4	 87.5*	 60-179	 1	 -	 -
Discomfort (cm3)	 58	 87.5	 20-180	 13	 60	 40-165	 4	 127.5	 60-210	 1	 -	 -

Med – median; pc – percentile; HD – Hirschsprung’s disease; AA – anal atresia; PC – proctocolectomy; *p < 0.05 compared to HC group.
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might lead to the overlooking of more discrete 
pressure gaps. 

Results of most manometric studies evaluating 
children after surgery for anorectal malforma-

tions are more consistent. Similar to our results, 
resting pressures obtained by other authors tend 
to be lower compared to normative data. This 
may be the result of the anomalous anatomy of 
the anal canal. Asymmetry of the anal canal di-
agnosed by profilometry was often observed in 
these patients by Vital Júnior et al33. They found 
abnormalities of the pressure profile of more than 

Figure 1. ROC curve for mean resting pressure and 
incontinence with cut-off value discriminating between 
asymptomatic children and patients with fecal incontinence.

Figure 2. Puborectalis muscle resting and squeeze pressures 
according to anorectal function (A – asymptomatic; NRFI 
– non-retentive fecal incontinence; C – constipation; RFI – 
retentive fecal incontinence). 

Table V. Mean pressures of segments in regard to symptoms.

			   A			   NRFI			   C			   RFI

	 Segment	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc	 N	 Med	 5-95 pc

Rest
Distal anterior	 71	 69.4	 38-101	 20	 36.9*	 6-73	 6	 33.7*	 0,7-72	 5	 33.1	 15-85
Proximal anterior	 71	 38.5	 15-68	 20	 29.4	 11-65	 6	 30.9	 5-53	 5	 39.6	 25-108
Distal posterior	 71	 44.3	 18-73	 20	 25.7*	 6-64	 6	 31.5	 3-60	 5	 22.7	 -3-85
Proximal posterior	 71	 68.7	 41-98	 20	 41.7*	 13-70	 6	 42.1*	 10-70	 5	 49.3	 32-96
Distal left	 71	 80.7	 54-114	 20	 50.7*	 21-89	 6	 59.3*	 17-85	 5	 67.8	 37-102
Proximal left	 71	 64.9	 35-104	 20	 45.3*	 21-70	 6	 51.9	 13-73	 5	 63.1	 42-109
Distal right	 71	 81	 54-117	 20	 58.3*	 17-94	 6	 57.3*	 20-78	 5	 67.7	 23-120
Proximal right	 71	 66.6	 41-92	 20	 49.2*	 14-78	 6	 38.5*	 19-65	 5	 50.4	 37-106
Squeeze
Distal anterior	 68	 118.4	 54-195	 20	 69.6*	 29-155	 6	 82	 29-140	 5	 35.7*	 20-94
Proximal anterior	 68	 61.5	 14-119	 20	 51.5	 18-87	 6	 40.6	 11-90	 5	 29.6	 7-163
Distal posterior	 68	 67.6	 25-129	 20	 57.3	 21-109	 6	 49.8	 18-123	 5	 51.3	 14-128
Proximal posterior	 68	 133.3	 48-212	 20	 82.3*	 24-165	 6	 73.4	 43-155	 5	 66.5*	 34-119
Distal left	 68	 126.5	 74-184	 20	 95.2*	 50-170	 6	 98	 47-151	 5	 74.4	 44-135
Proximal left	 68	 121.1	 53-182	 20	 91.9	 34-145	 6	 79.6	 23-155	 5	 62.1	 35-197
Distal right	 68	 135.6	 72-205	 20	 102.7	 54-219	 6	 90.6	 52-159	 5	 79.1*	 39-129
Proximal right	 68	 112.6	 51-164	 20	 80.8	 47-143	 6	 67.9	 37-119	 5	 58.9*	 33-113

Med – median; pc – percentile; RAIR – recto-anal inhibitory reflex; A – asymptomatic; NRFI – non-retentive fecal incontinence; 
C – constipation; RFI – retentive fecal incontinence; *p < 0.05 compared to A group.
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half of the investigated patients. This resulted in 
a high rate of complete incontinence in patients. 
Caldaro et al34 investigated the anal canal ul-
trasonographically and found abnormalities in 
the morphology of sphincters that were further 
correlated with a weak resting pressure of the 
anal canal, which supports the observations in 
our study.

Little is known about the correlation between 
function and manometry in pediatric patients 
after proctocolectomy. In our sample, the mean 
resting pressure was within a normal range. This 
may be due to the timing of the follow-up care 
or the older age of the group compared to other 
groups. Decreased resting and squeeze pressures 
may improve during 3 years of follow-up care35. 
Data about the morphological analysis of the 
anorectum after proctocolectomy in children are 
lacking. It is known from studies36-38 in adult 
patients that the mechanism for continence is 
addressed to a consistent radial distribution of the 
pressure of the anal canal. 

To produce a stronger statistical analysis of 
bowel function and manometric data, we reorga-
nized the groups with respect to symptoms. Due 
to many inconsistent definitions of incontinence 
and constipation in children after surgery, we 
decided to use the Rome criteria despite the fact 
that these criteria pertain to functional disorders 
without any organic causes. According to the 
definitions, we divided incontinence into reten-
tive and non-retentive. Therefore, straight com-
parisons between our results and results from the 
literature should be taken with caution. We found 
that patients suffering from fecal incontinence 
without retention have a significantly decreased 
resting pressure compared to asymptomatic chil-
dren. This is consistent with the majority of stud-
ies utilizing conventional manometry, in spite of 
the diversity in the definitions of incontinence. 
Low resting and squeeze pressures are reported 
in patients with HD and incontinence11,39,40, al-
though not all authors found this difference to be 
significant41,42. More consistent data have been 
published about incontinence in children after 
surgery for ARM. Decreased anal pressure was 
often reported as being correlated with inconti-
nence43-45 and expected in patients in whom the 
pressure was below 30% of the reference value46. 
Moreover, decreased pressure during voluntary 
squeeze was also found which was correlated 
with continence47,48. 

A possible mechanism of incontinence in pa-
tients after surgery suggested in the literature 

is a shorter anal canal length49. In our study, we 
did not find any difference in the length of the 
anal canal between the patients and the healthy 
controls. Parameters that were correlated with 
incontinence were addressed only to the pressure 
values. 

Notably, we observed a high rate of inconti-
nence in patients after proctocolectomy. Contrary 
to our results, a good functional outcome is re-
ported in the literature35,50. The difference may 
be the result of different surgical procedures. In 
our study, all of the patients had ileoanal anasto-
mosis, while in other studies, ileal-J-pouch anas-
tomosis was preferred. Pouches are considered to 
be good reservoirs for feces, preserving the con-
tinence mechanism. Rink et al12 in adults com-
paring these two anastomotic techniques have 
shown that good continence is present not only in 
patients with proper resting pressure but also in 
those with adequate rectal compliance and great-
er values of maximal tolerated volume observed, 
which was more likely observed in patients with 
pouches. 

In our study, children suffering from retentive 
fecal incontinence had decreased pressure param-
eters (conventional and segmental) only in the 
squeezed state. This suggests the possible role of 
striated muscles, the puborectalis muscle (PRM), 
and the external anal sphincter (EAS). The role of 
EAS in incontinence was recently suggested for 
women after obstetric trauma. The authors51 stat-
ed that its purse-string morphology may play a 
crucial role in partial continence. In women with 
only unilateral EAS damage, the whole muscle 
may be compromised. 

As seen in our study, thresholds of sensation 
are correlated with the continence mechanism. 
In constipated patients, we observed higher 
thresholds. This may be the result of rectal 
distension. Data from studies36,52,53 in adults 
suggested that the number of stools per day is 
correlated with the thresholds of sensation and 
rectal compliance. 

Lower levels of thresholds observed in incon-
tinent patients may be the result of the shorter 
length of the bowel left after surgery54-60. Another 
possible mechanism has been suggested in adult 
studies. Fruehauf et al61 showed the interaction 
between the anal pressure and the thresholds of 
sensations in healthy adults. Decreased thresh-
olds were observed in individuals in whom lower 
resting pressures were recorded. This phenom-
enon may be a reaction to the lower pressure of 
damaged anal sphincters and may represent a 
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form of compensation mechanism. The authors61 
suggest that damage to this mechanism may 
result in fecal incontinence. In our study, this 
mechanism may work improperly because of the 
anomalous nervous system, which may be due to 
the malformation of the anorectum. Moreover, 
as it has been shown in adults62,63, the function 
of sacral and pudendal motor nerves may be ab-
normal in incontinent patients after surgery. This 
may explain the lack of statistical significance 
of thresholds in the incontinent patients in our 
group, although an overall tendency toward di-
minished values was found. 

A poor functional outcome after surgery may 
be the result of improper functioning of the co-
lon, as was reported in children after surgery for 
HD64,65, or the presence of dyssynergic defecation 
in children after surgery66. In children with the 
proper function of the anal sphincters, other 
mechanisms should be considered, and further 
tests are advised8,9. 

The major advantage of our study is that we 
evaluated children after surgical procedures us-
ing precise technology that proved to be safe, 
well-tolerated, and useful in a group of patients 
with protracted symptoms after surgery. The ex-
tent of disturbed sphincter function suggests that 
tests of anal structure (ultrasonography/magnetic 
resonance imaging) should always be considered 
in patients with protracted symptoms of inconti-
nence, especially if surgical intervention is be-
ing considered. Otherwise, other functional tests 
should be taken into account, such as colonic 
transit or tests of sensation (rectal barostat). 

Our research has some limitations. The study 
sample was heterogeneous, and therefore, the 
subgroups were relatively small. Additionally, 
the PC group was older than other groups, which 
could have an influence on the direct comparison 
of pressures between groups after surgery but not 
on comparisons with the HC group. Moreover, 
the surgical techniques differed among patients, 
making it impossible to find characteristic pat-
terns in segmental pressure gaps correlated with 
a particular surgical method. Despite this, we 
were able to show the vast extent of the distur-
bances in pressure profiles in these patients. The 
significant differences between subgroups in the 
conventional and segmental pressure parameters 
highlight the key role of anal sphincters and 
rectal sensation in the generation of symptoms. 
Another limitation is that we did not perform 
other tests that can identify additional factors 
contributing to poor continence, such as colonic 

transit studies or colonic manometry. Still, the 
extent of the sphincter dysfunction in our sample 
underlines the importance of the anorectum in 
the generation of symptoms and emphasizes that 
the test of the anal function should be performed 
first8 and addressed as a first-line treatment. 
Another limitation is that the comparison of 
the pressure topography of the anal canal after 
surgery for ARM may be controversial due to 
possible different anatomies of the neorectum in 
particular patients. The pressure of PRM may be 
estimated with some degree of error, especially in 
patients with a high type of anorectal malforma-
tion. Despite that, we found an overall decreased 
pressure of the anal canal, which was correlated 
with incontinence. The pressure of PRM should 
be discussed with caution, and the location of this 
muscle should be established by ultrasonography. 
Another limitation is that we did not analyze the 
time of follow-up after surgery, which might have 
affected the pressure readings. The last limitation 
of this study is the size of the probe. A greater 
catheter diameter in relation to a smaller size of 
the anal canal may produce higher pressure read-
ings in younger children. 

Conclusions

Our study demonstrated lower pressure pa-
rameters in children after surgery, with the low-
est values found in patients suffering from anal 
atresia. Decreased conventional and segmental 
pressure parameters are responsible for fecal in-
continence. We showed that 3DHRAM may be a 
safe and useful tool for assessing the function of 
the anorectum of children after surgery.
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