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8.1 Introduction

Assessment and management of post-operative
problems following surgical repair of anorec-
tal malformations (ARMs) represent a specific
challenge for paediatric surgeons and paediatric
gastroenterologists due to the complexity of the
disease.

Despite technical advances and accurate ana-
tomical reconstructions, high prevalence of fae-
cal incontinence (16.7%-76.7%) and chronic
constipation (22.6%—-86.7%) has been reported
in the long-term follow-up, without clear differ-
ences in the rate of impaired bowel movements in
patients with low or high ARMs [1].

These types of disabilities have a severe
impact on patients’ quality of life, resulting in
many psychologic and social disturbances [2].
Several studies have investigated a wealth of clin-
ical information and various possible prognostic
factors that could be related to the outcome [3].

Based on three anatomical elements (type of
ARMs, spinal defects and sacral anomalies), an
“ARM Continence Predictor Index” has been cre-
ated to define a personalised potential continence
score system prior to surgical intervention, so as
to plan a tailored bowel management programme
to successfully get patients clean [4].

T. Caldaro (D<)

Digestive Surgery and Endoscopy Unit, Bambino
Gesu Children’s Hospital-IRCCS, Rome, Italy
e-mail: tamara.caldaro@opbg.net

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022

However, a comprehensive assessment of pel-
vic floor is necessary in order to better define the
appropriate treatment.

Post-operative  investigations, that include
endoanal ultrasonography (EAUS) and anorectal
manometry, provide accurate objective informa-
tion about the continence status, as they analyse
the global anorectal anatomy and functionality [5].

Anorectal Malformations
and Anorectal Dysfunction

8.2

ARMs include a wide selection of congenital
anomalies that range from the most benign of all
defects, the perineal fistula, to the severe anoma-
lies, such as cloaca and cloacal exstrophy [6];
consequently, various anatomical classification
systems have been devised to define the pathol-
ogy of these anorectal anomalies. In 1970, an
international classification was proposed for both
genders, dividing the anomalies into high, inter-
mediate and low, according to the position of the
terminal rectum to the levator ani. In 1984, the
Wingspread classification distinguished between
high (supra-levator), intermediate (partially
trans-levator) and low (trans-levator) ARMs in
male and female subjects, with the introduction
of special groups for cloacal and rare malforma-
tions [7].

Later, Pefia proposed a surgically oriented
classification based on the presence and position
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of fistula and on the relationship of the terminal
colon to the levator sling muscles of the pelvic
floor [8].

The location and type of fistula help to guide
the operative approach and to determine the
extent of mobilisation needed for pulling through
the blind pouch. This classification system was
also the first one which attempted to define prog-
nosis for each group in terms of functional bowel
outcomes. In fact, even after the introduction of
the posterior sagittal anorectoplasty (PSARP),
the major post-operative problems observed were
chronic constipation and overflow incontinence
caused by motility disturbances and stool incon-
tinence secondary to true sphincter insufficiency.

In 2005, the Krickenbeck group suggested a
new classification to rationalise functional out-
come among different studies and to allow more
meaningful comparisons. Consequently, the clas-
sification comprises three distinct categories:
diagnostic, surgical procedure and post-operative
functional results [9, 10]. The anorectal anoma-
lies are divided into two groups, the major clini-
cal groups and the rare/regional variants, based on
the presence, type and location of fistula, as well
as the position of the rectal pouch. For follow-up
studies, not only the site of the fistula should be
documented but also other additional groupings
considering specifically the operative procedure
performed and the main post-operative motility
disturbances (voluntary bowel movements, soil-
ing and constipation).

Difficulty in finding an exhaustive classifica-
tion comes from the complexity and variety of
the disease, whose prognosis also depends on
associated anomalies, which could influence the
patients’ quality of life.

Normal control of defaecation requires integ-
rity of neuromuscular structures including rec-
tum, internal and external sphincters and pelvic
floor muscles; preservation of anorectal sensa-
tion; maintenance of neural (both autonomic and
somatic) pathways; and normal intestinal transit
time [11].

Commonly, one or more of these mechanisms
may be altered in patients with ARMs.

As regards the sphincter mechanisms, internal
anal sphincter (IAS) and external anal sphincter

(EAS) may be practically normal in minor defects
but very compromised in the more complex ones,
with severe degrees of muscle underdevelop-
ment and atrophy. In addition to these congenital
defects, scars of the anorectal sphincters are fre-
quently detected after surgical reconstruction [12].

Megarectum, a condition found in 10-50% of
patients with ARMs, is responsible for constipa-
tion and overflow incontinence due to accumula-
tion of stool in the dilated segment [13].

Various aetiologies of primary megarectum
in ARMs have been proposed, including sacral
neuropathy leading to loss of proprioception and
denervation [14, 15] or in utero caudal obstruc-
tion of the hindgut during development leading
to a grossly dilated rectosigmoid. Post-surgical
anorectoplasty denervation, chronic constipation
and anastomotic anal stricture are the suggested
causes of secondary megarectum [16, 17].

The dilated sigmoid and rectal segment are
characterised by a delay in the transit time (hypo-
motility) and a higher sensory threshold, con-
ditions that are more critical in the presence of
sacral and/or spinal anomalies.

The anorectal reconstruction is another crucial
step in preserving faecal continence.

In reconstructive ARMs surgery, the PSARP
procedure is broadly accepted for its potential
advantages, but although it provides the most
accurate anatomical reconstruction saving the
anal sphincters, the outcomes are not in keep-
ing with the technical benefit. The aims of the
technique are to place the rectum in the mid-
dle of the anal sphincter complex, which is
accurately mapped with an electrical stimula-
tor, and to avoid injuries to adjacent sphincter
structures [18].

However, mislocation of the anoplasty is a
frequently seen complication. The anus can be
mislocated anterior or posterior to the muscle
complex or in a lateral orientation. Location
of the anoplasty outside of the centre of the
anal sphincters can impact the ability to vol-
untarily handle bowel movements and should
be corrected if the potential for bowel control
is present [6].

Laparoscopic-assisted anorectoplasty (LAARP)
may be preferable to the posterior sagittal
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method to define the right placement of the anus
in high anomalies (recto-bladder neck fistula and
complex cloacae), which require an abdominal
approach.

LAARP provides direct visualisation of the
rectal fistula and surrounding structures, identi-
fies the central portion of the puborectalis from
inside reducing the insurgence of injury to nerve
plexus and allows accurate placement of the
bowel through the anatomical midline and the
levator sling with minimal surgical trauma to the
continence mechanism [19].

The overall voluntary bowel movement, con-
stipation and faecal incontinence in the series
on PSARP by Peifia et al. [20] were 75%, 48%
and 25%, respectively, while LAARP analysis
by Pathak et al. [21] displayed 81% voluntary
bowel movement, 9% constipation and 12% fae-
cal incontinence.

In literature, however, the pre-eminence of
LAARP over PSARP is not clearly demonstrated,
due to lack of homogeneous data and identical
criteria regarding the functional outcome assess-
ment and the long-term follow-up [21].

Therefore, accurate evaluation of patients
with ARMs remains a challenge in consideration
of the complexity of congenital and acquired fac-
tors which potentially influence the mechanism
of faecal continence, even after proper surgical
reconstruction. A directed history and a care-
ful physical examination with particular care
for the integrity of the perineum and rectum, a
neurologic evaluation and a complete diagnostic
assessment are mandatory to define a bowel man-
agement programme that can improve the quality
of life of patients.

8.3  Anorectal Manometry
Anorectal manometry is a recognised procedure
used in the full and proper assessment of defae-
catory disorders and also in the pre- and/or post-
operative evaluation of the anorectal area.

The ANMS-NASPGHAN consensus document
on anorectal and colonic manometry in children
recommends to perform anorectal manometry on

patients treated surgically for ARMs with persis-
tent defaecation problems [22].

Recent advances in diagnostic techniques have
led to an evolution in classical anorectal manom-
etry test with the introduction of both the high-
resolution anorectal manometry (HR-ARM) and
the three-dimensional high-definition anorectal
manometry (3D-HDARM) [23].

Conventional manometry is carried out using
a sleeve catheter, a water-perfused and a data
acquisition system. The manometry probes have
4-8 side holes that are disposed helicoidally or
radially along the catheter and connected to the
perfusion apparatus with a pneumohydraulic
pump. Data are presented as pressure lines. The
catheter is incapable of acquiring the pressures of
the entire anal canal simultaneously. Therefore, a
pull-through manoeuvre is required to sample the
entire area of interest.

In HR-ARM, the recorded data are displayed
as highly detailed topographical colour-contoured
plots, rather than overlapping line traces. With
the improvement of electronics, new manometric
water-perfused and solid-state catheters with many
miniature pressure sensors have been developed
in order to ensure a better interpretation of pres-
sure changes and to allow a simultaneous assess-
ment of the anal sphincters. These new probes are
also useful in minimising the motion artefacts and
eliminating the pull-through manoeuvres [24].

HDARM allows for three-dimensional physi-
ologic mapping of anal sphincters with the pos-
sibility of detailed assessment of pressures and
visualisation of symmetry by means of a single
introduction of the probe. In fact, thanks to the
high number of sensors placed circumferentially
on the catheter, 3D pressure models of the organ
can be obtained, with a better definition of the
different components of the anal canal, includ-
ing the puborectalis muscle, the EAS and the
IAS. Anyway, the anal resting pressure may
result overestimated and the canal dynamics upon
balloon distension can be misinterpreted with
the current catheter, as it has an outer diameter
of almost 11 mm and according to the Laplace’s
law, which states that pressure within a tube is
inversely proportional to the radius [25].
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Before performing anorectal manometry,
especially in patients with ARMs, it is recom-
mended to:

— Classify the type of ARMs and assess associ-
ated sacral and/or spinal anomalies

— Inspect carefully the anorectal region and the
anal opening to exclude anal stricture or pro-
nounced opening, rectal mucosa prolapse or
mislocation of the neo-anus

— Evaluate the presence of a megarectum

— Ensure a complete rectal disimpaction

In fact, any of these factors could modify the
results of manometric tests and in some condi-
tions (e.g. anal stricture) the exam could be con-
traindicated.

Manometric Parameters
and Anorectal
Malformations

8.4

The manometric test provides comprehensive
information regarding (a) the pressures of the
anal sphincter muscles at rest and during dynamic
manoeuvres (squeezing and straining); (b) the
rectal sensation; (c¢) the innervation of IAS and
EAS eliciting the recto-anal inhibitory reflex
(RAIR) and the cough reflex; (d) the defaecation
dynamics (bear-down manoeuvre) by assessing
the recto-anal pressure gradient during straining
and the balloon expulsion test (BET).

8.4.1 Anal Sphincter Pressures

Function and integrity of the anal sphincters are
evaluated by measuring the pressure at different
levels of the anal canal. Modifications of pressure
values could be useful to determine the location
and grade of anal sphincter defects.

A low anal resting pressure (ARP) may
identify an underlying problem with the IAS,
which supplies between 55% and 85% of rest-
ing pressure, whereas a decrease in voluntary
anal squeeze pressure (ASP) could be related to a
defect of the EAS.

As numerous studies have detected, lower
ARP and ASP values were found in patients with
severe types of ARMs and/or in those with fae-
cal incontinence due to wide sphincter defects or
atrophy [26, 27].

8.4.2 Rectal Sensation

Using graded balloon, rectal sensation can be
measured by assessing three sensory thresholds:
first sensation, urge to evacuate and discomfort.

In case of megarectum, a frequent condition
in ARMs, manometry testing shows an impaired
defaecatory sensation (rectal hyposensitivity)
with an increase of 1 or more of the threshold
values, because higher volumes of distention
are needed to feel the defaecatory stimulus.
Consequently, constipation and soiling appear
to be more common among patients with a large
rectal volume (>150 mL of air), as Hedlund et al.
documented [26].

8.4.3 Reflexes

Innervation of the IAS and the EAS can be stud-
ied eliciting the RAIR via the myenteric plexus
and the cough reflex via the spinal reflex arc,
respectively.

RAIR is a relaxation response in the IAS,
namely a pressure drop of at least 25% in the anal
canal following rectal distension. It is elicited by
rapid insufflation of minimum 20 mL of air into a
balloon positioned in the distal rectum at the level
of the proximal high-pressure zone.

It is absent in Hirschsprung disease, but also
in other conditions such as lower anterior resec-
tions and injuries of IAS. Potential technical pit-
falls with false-negative results of RAIR could be
obtained in the presence of two typical disorders
observed in patients operated on ARMs: megar-
ectum, for which a greater volume of rectal dis-
tention is required to elicit RAIR, and low ARP
due to lesions of the IAS [12, 13].

RAIR is considered an indirect sign of conti-
nence. Rintala et al. [28] reported RAIR as posi-
tive in all the “good” and in 75% of the “fair”
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group patients and negative in the “bad” group
with ARMs. Same results were achieved by
Senel et al. [27].

The “cough reflex” is a manoeuvre indicated
to assess the integrity of spinal reflex pathways in
patients with incontinence. It consists of a con-
traction of the EAS following an intra-abdominal
pressure increment (e.g. coughing) [29].

The abnormality of innervation of EAS has
been identified as one of the most important
factors which affect post-operative anal func-
tion in patients with ARMs. An altered response
may suggest damages in lumbosacral and motor
nerves ending in puborectalis and in EAS, even
when the lesion is secondary to a congenital
anomaly of lumbosacral vertebrae or to a spinal
dysraphism.

William et al. reported that 35% of subjects
operated on ARMs had lumbosacral vertebral
abnormalities on plain X-ray film, whereas 53%
showed abnormalities of spinal cord or vertebrae
in magnetic resonance imaging (MRI) study [30].

Capitanucci et al., performing urodynamic
evaluations on patients with anorectal anoma-
lies as well as spinal dysraphism, demonstrated
that the latter may be asymptomatic in small
children [31].

Thus, an accurate functional and morpho-
logical evaluation of the lumbosacral spine using
neurophysiological tests and MRI is essential to
ensure an early diagnosis and treatment of the
spinal cord lesion before the clinical symptom
appears [32].

8.4.4 Bear-Down Manoeuvre
and Balloon Expulsion Test

Normal defaecation dynamics is characterised by
an abdominal compression associated with anal
relaxation. The bear-down manoeuvre simulates
evacuation and it is used to assess anorectal and
pelvic floor pressure changes during attempted
defaecation. Pelvic floor dyssynergia, defined
as failing relaxation and coordination of pelvic
floor and abdominal muscles during evacuation,
is diagnosed if these coordinated movements do
not occur.

BET is a helpful screening test to confirm the
presence of dyssynergia because it mimics the
stool in the rectal vault that should be expelled in
1 min. It is characterised by high specificity (80%
to 90%), although the sensitivity is lower than
50% [33]. There are four manometric patterns of
pelvic floor dyssynergia according to Rao clas-
sification [34, 35]:

— Type I: Adequate rectal push effort with para-
doxical anal sphincter contraction.

— Type II: Inadequate rectal push effort with
paradoxical anal sphincter contraction.

— Type III: Adequate rectal push effort but inad-
equate relaxation (<20%) of anal sphincter
pressure.

— Type IV: Inadequate rectal push effort and
also inadequate relaxation (<20%) of anal
sphincter pressure.

A large proportion of patients with chronic
constipation suffer from dyssynergic defaecation
and the prevalence ranges from 25% to 50% in
adult population and up to 50% in children [36,
37]. The incidence is not defined in patients with
ARMs; anyway some studies have documented a
manometric dyssynergic pattern also in subjects
without constipation [38, 39].

The manometric patterns of a patient surgi-
cally treated for ARMs and of a child with sacral
agenesis plus non-treated anterior anus are shown
in Figs. 8.1 and 8.2, respectively.

Anorectal Manometric
Findings: Data
from Literature

8.5

Since the late 1970s, some authors have used
anorectal manometry to estimate anal pressure in
patients operated on ARMs.

One of the first studies on patients with inter-
mediate and high ARMs demonstrated that the
anorectal pressure profile had no marked high-
pressure zone in the anal canal in subjects suffer-
ing from faecal incontinence and that only 20% of
the patients with high-type anomalies had a RAIR,
23% of these had poor clinical results [40].
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Fig.8.1 5-year-old female child, anorectal malformation
and recto-vestibular fistula, with history of constipation
and soiling

HR-ARM documents low ARP (a) and ASP (b), pelvic
floor dyssynergia type I according to Rao’s classification
(c), absence of RAIR (d)

HR-ARM High resolution anorectal manometry, ARP
Anal Resting Pressure, ASP Anal Squeeze Pressure, RAIR
Recto-Anal Inhibitory Reflex

Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy
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Fig. 8.1 (continued)

In 1998, the same authors reported long-term
clinical and manometric data with regard to
bowel function in a group of 47 patients treated
surgically for ARMs who were 10-30 years.

In comparison to the previous group, poor
results were observed in 12% of patients with

high-type anomalies, the high-pressure zone was
present in 73%, while the RAIR was elicited only
in 20% of subjects. Therefore, as a result of these
manometric evidences, the presence of RAIR
and high-pressure zone was considered to be a
chief parameter for objective assessment of anal
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Fig. 8.2 6-year-old female patient with non-treated ante-
rior anus and sacral agenesis, suffering from chronic

constipation

HD-ARM detects high ARP (a) and ASP (b), pelvic floor
dyssynergia type I according to Rao’s classification (c),

presence of RAIR (d)

Anal Resting Pressure

HD-ARM High definition anorectal manometry, ARP Anal
Resting Pressure, ASP Anal Squeeze Pressure, RAIR
Recto-Anal Inhibitory Reflex

Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy
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Fig. 8.2 (continued)

sphincter function. The improvement in terms of
high-pressure zones in a long-term follow-up was
considered secondary to the contractions of the
voluntary muscles as intellectual development
progresses or as a result of physiotherapeutic
training [41].

In contrast to the above, Rintala et al. [42]
noted no or very little improvement in sphincter
function in terms of decreasing quantity of soiling
with increasing age of the patients, probably due
to the shorter follow-up. Other manometric and
clinical factors were introduced in the evaluation
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of bowel function: integrity of IAS and presence
of sacral and spine congenital anomalies.

Manometrically, poor functional results were
associated to low values of anal resting pressure
and absence of RAIR which correlate with inju-
ries of IAS. Clinically, patients affected by severe
sacral or intraspinal deformities had an unsatis-
factory continence outcome, often not related to
the concomitant presence of poor sphincter func-
tion.

In a comparative manometric study between
patients with ARMs and healthy children of
different age, lower resting and squeezing pres-
sures with impaired RAIR were demonstrated in
all patients of the first group; the length of the
anal canal, that contributes to continence, was
significantly shorter in operated children who
were more than 1 year old [43].

Further studies have underlined the role of
anorectal manometry as an objective test com-
pared to the subjective nature of the scoring
systems used to evaluate faecal continence in dif-
ferent series of patients affected by ARMs. Based
on their own results, clinical continence has been
positively correlated with ARP [12, 26, 27, 42,
44, 45], ASP [46], normal rectal sensation [26,
42, 47] and presence of RAIR [26, 42, 44, 48—
51], which is considered a good prognostic factor
for faecal continence.

Kyrklund et al. [52] reported a good functional
outcome with manometric evidence of normal
anal pressures and positive RAIR in children with
mild type of ARMs (anterior anus in females and
perineal fistula in males) after minimally inva-
sive procedures (anal dilatation or conservative
follow-up for females with anterior anus and cut-
back anoplasty for males with perineal fistula).

Results were poorer among patients with
more severe ARMs (vestibular and perineal fis-
tula in females, recto-urethral fistula in males),
who had lower ARP and ASP at the manometric
test. However, RAIR was found in 83% of these
patients after IAS-saving bowel mobilisation
surgery (PSARP or anterior sagittal anorecto-
plasty—ASARP), entailing preservation of the
distal fistulous bowel termination. These conclu-
sions confirmed that functional IAS tissue may be
found in the termination and that its preservation

may influence the continence outcomes, as other
researchers had previously detected [53, 54].

Data appear to be confirmed by the absence
of RAIR after sacro-perineal and sacro-
abdominoperineal interventions which involved
resection of the terminal fistulous connection [55].

Additional manometric information descends
from profilometric evaluation of the anal canal,
defined by a computerised analysis of the pres-
sure curves which is obtained using continuous-
flow anorectal manometry. The computer
programme generates three-dimensional trac-
ings of the anorectal canal, in order to study the
total and segmental asymmetry indices, the rectal
volume and also the pressure distribution on the
anorectal wall. This test was considered capable
of providing reliable information concerning the
three-dimensional topography of the anorectal
canal and even the distribution of the pressures
involved in the process of acquiring anorectal
faecal continence.

According to Pedro et al., the first results
of this technique showed a total and segmental
asymmetry index similar between the continent,
partially continent and incontinent patients,
proving that surgery was technically correct;
greater rectal volumes in partially continent
subjects, compatible with constipation and soil-
ing (pseudo-incontinence condition); a typical
profilometric pattern with predominance of low
pressures in the incontinent group [56].

Recently, 3D-HDARM has been used to evalu-
ate patients after the repairing of ARMs in a long-
term follow-up. Size and location of functional
sphincter defects were determined through the
3D analysis of the anal resting pressure profile.
A functional anal sphincter lesion was defined
as a pressure area below 25 mmHg and the size
was calculated manually through the 3D cylin-
drical pressure visualisation. About 50% of the
participants showed sphincter defects that in 30%
of cases affected more than half of the circum-
ference. Soiling was found only in subjects with
sphincter lesions.

A statistically significant correlation was
documented between the type of ARMs, size of
sphincter defect, mean ASP and Wexner incon-
tinence score.
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However, if 3D-HDARM is able to correlate
sphincter defects to functional outcome, it is not
able to make an anatomic distinction between the
different elements of the sphincter complex [57].

8.6  Endoanal Ultrasonography

EAUS is currently considered the gold standard
for the morphological evaluation of the anal
canal in case of faecal incontinence. Most stud-
ies revealed a 100% sensitivity of EAUS in iden-

tifying sphincter defects, such as discontinuity,
localised or generalised scarring, thinning and
atrophy. An endosonographic sphincter lesion is
described as an interruption in the normal texture
of the muscle ring, while scarring is characterised
by loss of texture that usually has low reflective-
ness (Figs. 8.3 and 8.4).

Atrophic or degenerative sphincters are seen
as thin and poorly defined, with heterogeneous
increased echogenicity [58, 59].

On 2D images, the different echogenicity and
the numerous interfaces of the structures form-

Fig. 8.3 8-year-old male patient with constipation and
faecal soiling, surgically treated for anorectal malforma-
tion with recto-bulbar fistula (PSARP procedure)
3D-EAUS reveals:
(a) Distal anal canal: generalized scarring of EAS
(green arrow)
(b) Middle anal canal: disruption of IAS (red arrows)
and generalized scarring of EAS (green arrow)

(¢) Proximal anal canal: defect of IAS (red arrows) and
generalized scarring of pubo-rectalis muscle (white
arrow)

3D-EAUS Three dimensional endoanal ultrasonography,
EAS External Anal Sphincter, /AS Internal Anal Sphincter,
PSARP Posterior Sagittal AnoRectoPlasty

Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy
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Fig. 8.4 9-year-old
female patient with
VACTER syndrome and
recto-vaginal fistula

3D EAUS shows scars of
EAS (green arrows) and
lesion of TAS (red arrows);
the latter appears thin and
disomogeneous in the
middle anal canal
3D-EAUS Three dimen-
sional endoanal ultraso-
nography, EAS External
Anal Sphincter, /AS
Internal Anal Sphincter
Source: Digestive Surgery
and Endoscopy Unit;
Bambino Gesu Children’s
Hospital-IRCCS-Rome,
Italy

2.1mm
2.1mm
0.9mn

ing the anal canal account for faithful anatomical
depiction of the region and the ability to recog-
nise the single muscular layers composing it [60].

The endoanal transducer consists of a crys-
tal that rotates (4—6 cycles per second) in order
to obtain a 360° image. A 6.0-cm-long image is
captured along the proximal-distal axis for up to
55 s by moving the crystals on the extremity of
the transducer [61].

High-resolution 2D images are usually
recorded at three different levels of the anal canal
(proximal, middle and distal), typified by the
presence of [62—64]:

e IAS and puborectalis muscle appearing,
respectively, as a hypoechoic ring and a
hyperechoic horseshoe sling in the proximal
anal canal.

e IAS and EAS in the middle anal canal: EAS
forms a broad and mixed echogenicity ring
tending to hyperechogenicity, which lies
immediately outside the TAS.

e EAS in the distal anal canal.

The advent of 3D technology has fur-
ther improved the understanding of the two-
dimensional technique, also solving the downside
of being an operator-dependent study.

3D reconstruction provides a multiplanar
imaging of the anal canal, allowing length, thick-
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ness, area and volume measurement. After a 3D
dataset has been acquired, it is possible to select
coronal anterior-posterior or posterior-anterior
as well as sagittal right—left views, together with
any oblique image plane. The 3D image, showed
as a “cube”, can be rotated, tilted and sliced in
any other direction to enable visualisation from
different angles. This yields more information on
the anal sphincter complex and makes it easier to
perform sphincter measurements [63—66].

Several studies have compared EAUS with MR,
concluding that 3D-EAUS is superior in diagnosing
IAS injury, equivalent in detecting EAS injury and
inferior in identifying EAS atrophy [67].

A paediatric study on patients surgically
treated for ARMs confirmed that EAUS has
higher accuracy than MRI in recognising slight
malposition of the neo-anus within the striated
muscle complex and sphincter defects in subjects
with abnormal muscle contraction on perineal
muscle stimulation [68].

Besides, 3D EAUS has the plus of being
easier, quicker, cheaper and better tolerated by
patients than MRI; therefore it may be consid-
ered the method of choice [69] even in children.

Although a medical technician may also be
able to technically perform EAUS, it is recom-
mended that the procedure is carried out by a
specialist to ensure the best insight of the awaited
anatomy in accord to the underlying disease.
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The joint committee of the Italian Society
of Colorectal Surgery (SICCR) and the Italian
Society of Ultrasonology in Medicine and
Biology (SIUMB) defined the endoanal sono-
graphic centres’ accreditation requirements and
established that physicians can be considered
“expert” if they usually perform at least 5-6
studies per week [70].

An accurate inspection of the perineum and a
digital rectal examination should be conducted
to exclude severe stenosis of the anal opening
and to avoid complications before 3D-EAUS,
especially after reconstructive surgery of the
anus.

Sedation is not indispensable in adulthood,
but may be necessary for younger or complain-
ing children.

8.7 Endoanal Ultrasonography
and Anorectal Manometry

in Anorectal Malformations

EAUS and anorectal manometry are combined
investigations that should be used together to
perform a complete estimation of anal sphinc-
ters in case of evacuatory dysfunctions (Figs. 8.5
and 8.6).

Fig. 8.5 3D endosonographic pattern of a 17-year-old
female patient with VACTER syndrome and faecal
incontinence
Axial sections:
(a) Distal anal canal: localized scarring of EAS (green
arrow)
(b) Middle anal canal: fragmented IAS with only a
few remnants (red arrows); scarring of EAS (green
arrow)

(¢) Proximal anal canal: scar tissue (white arrow) of
puborectalis muscle; fragmentation of IAS (red
arrow)

Sagittal (d) and coronal (e) planes: thin fragments of IAS

(red arrows) and atrophy of puborectalis muscle

(white arrow)

EAS External Anal Sphincter; /AS Internal Anal Sphincter

Source: Digestive Surgery and Endoscopy Unit; Bambino

Gesu Children’s Hospital-IRCCS-Rome, Italy
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Data of HD-ARM are complementary to the endosono-

graphic findings (Fig. 8.5)
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Fig. 8.6 (continued)

Although faecal incontinence may be the result
of several causes, anal sphincter injury is highly
prevalent, particularly after anorectal surgery.

The two procedures offer an objective base-
line assessment of anal sphincter, and the results

obtained may help to define the therapeutic medi-
cal or surgical programme for the improvement
of faecal incontinence and constipation.

Until now, only a few studies have evaluated
patients who had undergone reconstructive sur-
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gery for anorectal anomalies by EAUS, but very
interesting data have been derived from these
series.

Emblem et al. found a strong correlation
between clinical, manometric and endosono-
graphic findings in patients with ARMs and a con-
trol group [71]. Specifically, children with high/
intermediate ARMs had a poorer continence out-
come, lower ARP and ASP and sphincter defects
consisting of scars of IAS and EAS, some rem-
nants of EAS and/or absence of IAS. In addition,
the sphincter muscle complex and its relation to
the anal opening were visualised by anal endo-
sonography and varying degrees of eccentrically
placed anal canal in the EAS were identified.

In a series of 54 children with ARMs, the ana-
tomical integrity of the IAS correlated well with
ARP, RAIR and type of ARMs (low-ARM group
had superior quality of the IAS and better fae-
cal continence than the one with high ARMs).
Nevertheless, megarectum and and/or neuropa-
thy are confirmed as unfavourable prognostic
factors for faecal dynamics because their occur-
rence outweighs the benefit of good IAS and
causes incontinence [48].

3D-EAUS could be superior to anorec-
tal manometry in identifying mild and modest
sphincter defects (Fig. 8.7).

T. Caldaro

As Caldaro et al. [12] reported, 3D-EAUS
showed small/moderate disruptions of the IAS in
a high percentage of cases with low ARMs, not-
withstanding normal ARP and presence of RAIR.

In severe types of ARMs, correspondence
between symptoms, manometric data and ultra-
sound findings was more significant; in these
subjects, generalised scarring of the EAS, width
defects and/or absence of the IAS were found
(Figs. 8.8 and 8.9).

EAUS and anorectal manometry have been
utilised even to document the effectiveness of
PSARP to preserve the IAS and the post-operative
anal functions in children with intermediate and
high defects. In fact, if major differences in
the thickness of IAS were discovered between
patients with ARMs and healthy controls, no
substantial dissimilarities were found between
the PSARP group and transperineal anorecto-
plasty one, which components were affected by
low lesions [47].

Both procedures are also useful exams for
monitoring patients in the follow-up period and
to plan therapeutic options.

Interesting clinical and endosonographic find-
ings have been documented in a small group of
adults affected by persistent faecal incontinence
secondary to congenital imperforate anus [72].

1=1.3mm 2=0.6mm

Fig. 8.7 3D EAUS in 5-year-old female patient operated
on vestibular fistula, with chronic constipation

Axial (a) and sagittal (b) planes: Scarring of EAS (green
arrow) and irregular thickness of IAS (red arrows)

3D-EAUS Three dimensional endoanal ultrasonography,
EAS External Anal Sphincter, /AS Internal Anal Sphincter
Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy
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Fig. 8.8 9-year-old male patient with anorectal malfor-
mations and recto-bladder neck fistula. Clinical history of
severe faecal incontinence

EAUS detects abundant scar tissue of the EAS (green
arrow) and absence of the IAS in middle anal canal
EAUS Endoanal ultrasonography, FAS External Anal
Sphincter, JAS Internal Anal Sphincter

Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy

Fig. 8.9 17-year-old male patient with faecal inconti-
nence secondary to anorectal malformation and recto-
bulbar fistula

2D image of middle anal canal: EAUS identifies irregular
thickness of the IAS (red arrows) and scarring of the EAS
(green arrow)

EAUS Endoanal ultrasonography, EAS External Anal
Sphincter, /AS Internal Anal Sphincter

Source: Digestive Surgery and Endoscopy Unit; Bambino
Gesu Children’s Hospital-IRCCS-Rome, Italy

Abnormal clinical evidences (e.g. anal stricture,
prolapse, misplaced neo-anus) and EAS injuries
were found in more than 90% and in 50% of cases,
respectively. Conservative or surgical therapeutic
choices have been proposed according to an algo-
rithm of recommended management in relation
to the causes of incontinence. Therefore, medical
treatment was administered or optimised when
absent or incongruous; biofeedback training was
suggested when a patient with an intact sphincter
was unable to contract it on demand and surgery
was indicated in case of prolapse or anal stricture.
Other minimally invasive therapies, as injection of
bulking agents or sacral nerve stimulation (SNS),
were advocated in non-responder subjects.

Injectable bulking therapy (non-animal stabi-
lised hyaluronic acid with dextranomer-NASHA/
Dx) has been used with a significant effect on the
number of incontinence episodes in adults with
rectobulbar or vestibular fistula [73]. All patients
were assessed preoperatively and in follow-up by
3D-EAUS to evaluate migration of the implants.

SNS seems to be another promising alter-
native treatment [74]. Data are partial and het-
erogeneous, but encouraging results have been
achieved in subjects with intact IAS, low ARP
and ASP and even in the presence of partial
sacral agenesis, which could on the other hand
complicate the placement of stimulator leads in
the foramina of the sacrum [75, 76].

Patients suffering from such severe inconti-
nence that has not been possible to amend with
other less invasive measures could be candidates
to surgical correction. In fact, although the out-
come of dynamic graciloplasty in cases of ARMs
was proved inferior compared to the ones with
other underlying aetiologies, it may be indicated
in selected occurrences in which forming a stoma
is the next step [77].

8.8  Conclusions

Faecal incontinence and chronic constipation are
disabling conditions due to congenital, anatomi-
cal and post-surgical factors in patients operated
on ARMs, with impact on the quality of life [78].
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In adulthood, anorectal manometry and EAUS
are validated tests in the management of anorec-
tal disorders. EAUS has a high degree of sensi-
tivity and specificity and correlates well with
manometric findings, so both investigations are
considered complementary in assessing the mor-
phology and function of anal sphincters [79].

In paediatrics, instead, controlled prospective
studies aiming to evaluate the impact of these
exams on treatments and long-term outcomes are
still limited.

However, the results achieved so far have pro-
vided useful information to define the anorectal
pathophysiology, even in patients with AMRs;
consequently it should be mandatory to consider
EAUS and manometry in the diagnostic algo-
rithm of evacuatory dysfunction.
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