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STELLINGEN
Behorend bij het proefschrift:

Constipation in (early) infancy and childhood
pathogenesis and diagnostic procedures

Fleur de Lorijn

. Een niet volledig intact netwerk van interstiti€le cellen van Cajal leidt tot een afwijkende

relaxatie van de interne anale sphincter en zou een belangrijke rol kunnen spelen in

defecatie stoornissen (dit proefschrift).

. De anorectal inhibitie reflex is ontwikkeld bij premature zuigelingen met een

zwangerschapsduur > 26 weken (dit proefschrift).

. Het rectum zuigbiopt is het meest accurate onderzoek in de diagnostiek bij de ziekte

van Hirschsprung (dit proefschrift).

. Anorectale manometrie is een uitstekend onderzoek om de ziekte van Hirschsprung

uit te sluiten bij premature zuigelingen (dit proefschrift).

Een abdominale réntgenfoto, met of zonder radio-opake markers, is van minimale

diagnostische waarde bij obstipatie (dit proefschrift).

Manometrie bij volwassenen is kinderspel.

. Een tweeling is meer dan de som der delen.

One ‘appelflap’ a day keeps the doctor away.

. Het feit dat ik moeder werd tijdens dit onderzoek heeft aangetoond dat een

promovendus toch iets kan voortbrengen dat zowel volmaakt als waardevol is.

Sommige geneesmiddelen zijn zo duur, dat men zou denken dat een ander er beter

van wordt.
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Chapter 1

Outline of the thesis

The first stool in healthy term born infants, meconium, is usually passed within the
first 24 hours of life and approximately 99% of these infants pass their first stool
within 48 hours after birth!2, Delayed passage of the first stool is relatively common
in very low birth weight infants, and prematures < 32 weeks gestation (20-57%). This
is probably due to physiological immaturity of motor function, lack of triggering of
enteral feeding on gut hormones and more viscous meconium compared with full-
term infants3*. In the absence of other clinical findings it is generally accepted that
there is no need for extensive evaluation even up to 2 weeks of age?.

A delay in the passage of meconium in combination with clinical findings such
as vomiting, irritability and abdominal distension, is an alarm symptom suggesting
intestinal obstruction due to Hirschsprung’s disease (HD), bowel atresia, meconium
ileus or meconium plug syndrome.

HD is a developmental disorder of the enteric nervous system characterized by
an absence of ganglion cells along a variable distance of the distal intestine from
the internal anal sphincter. About once per 5000 live births, constipation is caused
by HD®. More than 90% of the infants with HD fail to pass meconium within 24
hours after birth which can lead to severe constipation, abdominal distension,
enterocolitis, toxic megacolon and even death. Therefore it is of clinical importance
to differentiate between Hirschsprung’s disease and functional constipation in
these young infants. Differentiation is possible by detecting the presence or absence
of the rectoanal inhibitory reflex (RAIR), using anorectal manometry.

The presence of the RAIR is important for normal defecation. The RAIR is a
transient relaxation of the internal anal sphincter. When stool arrives in the rectum,
filling of the rectum leads to stretch of the rectal wall with subsequent triggering of
the RAIR. A normal developed enteric nervous system is necessary for a normal

RAIR. Impaired or absent relaxation of the internal anal sphincter hampers the

evacuation of stool leading to severe chronic constipation as described in HD®.

Chapter 2 describes in detail the symptomatology, pathophysiology, genetical
background and tools to diagnose HD.

Besides children with Hirschsprung’s disease, there is a subgroup of preterm
and term neonates with defecation problems directly after birth. These infants
present often with a delayed passage of meconium (> 24 hours after birth),

abdominal distension and feeding problems7. However, these gastrointestinal




symptoms resolve in the following weeks after birth. The exact reason for these
transient defecation problems is unclear. One possibility could be that the
components responsible for normal motility have not been developed properly.
Recently, a study demonstrated that transient defecation problems may result
from a delayed maturation of interstitial cells of cajal (ICC). ICC function as
pacemaker cells coordinating the electromechanical activity of the gut®®°. To what
extent this delayed maturation in ICC also affects the RAIR is so far unknown.
Therefore, we first evaluated whether ICC play a role in the triggering of the RAIR.
We designed an animal study in which we investigated the role of ICC and nitric
oxide in the inhibitory neurotransmission of the murine internal anal sphincter
(chapter 3). In addition, we evaluated whether the RAIR is indeed absent in these
children with an episode of constipation. Therefore, we investigated the presence
of the RAIR in premature neonates with a transient delayed meconium production
(> 48 hours) (chapter 4).

From the above chapters it is obvious that the RAIR is an important reflex pattern,
necessary for normal defecation. Especially in children with delayed meconium
production, it is therefore of great importance to detect possible abnormalities in
the presence or absence of the RAIR. Clearly, this implies that the age at which the
RAIR is matured has to be identified. A normal developed RAIR to rectal distension
has been shown in term and premature infants older than 30 weeks’ postmenstrual
age (PMA)!°. However, it is unknown if the RAIR is maturated in very premature
infants (< 30 weeks’ PMA) (chapter 5).

Anorectal manometry in the neonate offers a non-invasive diagnostic test for
identifying the RAIR. It measures pressures in the anorectal region evaluating
internal and external sphincter function. In addition to anorectal manometry, two
other tests are also employed in the diagnostic work-up of patients suspected for
HD. A contrast enema showing a transitional zone, which is the critical feature to
suspect HD and to determine the length of the aganglionic segment. And rectal
suction biopsy (RSB), which shows an elevated acetyl cholinesterase activity and
an aganglionosis in case of HD. There has been considerable debate about the
most appropriate diagnostic approach for HD, since all tests produce low
sensitivities and low specificities!!"!%, Since it is not clear what test is the most
accurate one in the diagnostic work-up of HD, different approaches are used in

different hospitals. A systematic review was conducted to determine and compare
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the diagnostic accuracy between contrast enema, anorectal manometry and rectal
suction biopsy in infants suspected of HD (chapter 6). Subsequently, a study was
conducted in which we prospectively compared the diagnostic accuracy of contrast
enema, anorectal manometry and rectal suction biopsy in infants suspected of HD
(chapter 7). Based on these results we can offer clinicians the best diagnostic
work-up for HD and consequently prevent performing unnecessary tests.

From the above chapters it is clear that diagnosis of neonates and infants with
HD and with transient defecation problems is often difficult, but as well in children
at later age with functional constipation, diagnosis may be difficult. Functional
constipation is a common problem in toddlers and older children, accounting for
3-10% of the visits to a paediatric practice. Although the medical history and
physical examination form the corner stone for the diagnosis of constipation, a
plain abdominal radiograph is frequently used to confirm the presence of retained
stool or enlargement of the colon or rectum!>!7. Several scoring methods have
been developed to objectify the severity of constipation on an abdominal x-ray.
However, inconsistent data exist with reference to the value of an abdominal x-ray
in the diagnosis of constipation!®!°. In chapter 8 the value of a new scoring
system, the Leech-score, in children with constipation is reported and inter- and
intra-observer variability is evaluated.

The measurement of colonic transit time (CTT) is another method to objectify the
severity of constipation. This method uses radio opaque markers to localise the
delay in colonic transit and is helpful if bowel history is unreliable. It offers more
precisely and consistently information about colorectal motor function in defecation
disorders?. In both adults and children inconsistent data exist concerning the
relation between symptoms of constipation and CTT?!"?*. No studies have been
performed to investigate the prognostic value of CTT measurement in children with
constipation (chapter 9). If CTT values can predict success, it is possible to give

more clarity to the parents about the course of the child’s defecation problems.
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Chapter 2

General introduction

In healthy term infants, the passage of meconium occurs in 95% within 24 hours
and 99% within 48 hours of birth!-2. This percentage however dramatically drops
to 66% in preterm (<32 weeks gestation) and low birth weight (<2500 grams) in-
fants!-2. Most likely, this delay simply reflects impaired maturation, but from a
clinical point of view, it should alert the clinician as it may be the first sign of a
defecation disorder.

Especially in premature infants, delayed maturation of the motor mechanisms
of the gut might play a role. In this fragile group of infants delayed passage of
meconium may cause significant morbidity (intestinal perforation) and even
mortality. At first instance, a ‘wait and see policy’ is often used in these infants.
However, if these infants develop feeding problems and abdominal distension,
enemas and/or laxatives are given to relieve colonic distension and will be continued
until a normal defecation pattern has been developed. However, in those infants
who do not develop a normal defecation pattern in the following weeks,
Hirschprung’s disease (HD) should be excluded.

To date, the development of colorectal motility is poorly understood in preterm
infants. It is suggested that preterm infants may have a delayed transit of luminal
contents through the colon, however colonic motility has never been directly
assessed in these infants35. Recently, a study demonstrated that delayed passage
of meconium may result from a delayed maturation of interstitial cells of Cajal®.
Interstitial cells of Cajal functiom as pacemaker cells coordinating the electro-
mechanical activity of the gut”-%.

Factors other than motility may also contribute to the delay in meconium passage.
The meconium of premature infants differs in composition (glycoprotein,
saccharides, calcium, copper, iron and phosphorus), making it more viscous and
thus more difficult to be expelled®.

Importantly however, delayed passage of meconium may result from the absence
of the enteric nervous system, as typically described in HD. This is a developmental
disorder of the enteric nervous system characterized by the absence of ganglion
cells along a variable portion of the distal intestine starting from the internal anal
sphincter. More than 90% of the infants with HD fail to pass meconium within 24
hours after birth. If unrecognised, HD will lead to severe constipation, abdominal

distension, enterocolitis, toxic megacolon and even death. Therefore it is of clinical
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importance especially in these younginfants to be alert and to identify this disorder
in an early stage.

To diagnose HD, anorectal manometry evaluating the rectoanal inhibitory reflex
(RAIR) can be performed. Two other tests are also employed in the diagnostic
work-up of patients suspected for HD. At contrast enema of the colon, a calibre
change with a dilated normal colon to a narrowed aganglionic bowel is typically
present. Lastly, a rectal suction biopsy is taken to evaluate cholinesterase activity
and the presence or absence of enteric neurones? 10,

Finally, delayed passage of meconium might also be the first sign of functional
constipation. This is a common disorder and symptoms vary from a relative mild
short-lived bowel problem to severe chronic constipation with faecal impaction
and encopresis. The pathophysiology underlying functional constipation is
undoubtedly multifactorial, and not well understood. Clearly, functional
constipation can result from abnormal function of the different players involved,
including the colon, the rectum and the sphincter complex. No specific organic
cause can be found in approximately 90% of the infants!!. Compared to infants
with Hirschsprung’s disease, infants with functional constipation often demonstrate
a milder clinical pattern in most cases responsive to laxative treatment. We will
not further discuss functional constipation in this chapter but rather focus on the
latest findings regarding the pathophysiology, symptomatology, diagnostic workup

and treatment of Hirschsprung’s disease in infancy and childhood.




Chapter 2

Hirschsprung’s disease

HD is a developmental disorder of the enteric nervous system (ENS) characterized
by the absence of ganglion cells along a variable portion of the distal intestine. This
results in a functional obstruction caused by dysmotility of the diseased segment,
lack of propagation of peristaltic waves into the aganglionic colon, and an abnormal
or absent relaxation of this segment and of the internal anal sphincter!?!3,
Clinical presentation

Approximately 80 to 90% of all cases of HD have typical clinical symptoms and are
diagnosed during the neonatal period. Delayed passage of meconium is the cardi-
nal symptom in neonates with HD. Indeed over 90% of patients fail to pass meco-
nium within 24 hours after birth!3. This is in strong contrast with healthy neonates
who pass meconium within 24 hours in 95% of the cases.

The usual presentation of HD in the neonatal period is constipation, abdominal
distension and vomiting during the first days of life. However, about a third of the
babies with HD present with diarrhoea without obvious distension and vomiting. In
these cases, one should be alert as diarrhoea in HD is in the majority of cases a
symptom of enterocolitis. The latter remains the commonest cause of morbidity and
mortality in this disease. Adequate therapy is necessary to prevent toxic megacolon,
a life threatening condition characterized by the sudden onset of marked abdominal
distension, bile-stained vomiting, fever and signs of dehydration, and shock.

In many cases of HD a rectal examination causes passage of meconium and
relief of the acute intestinal obstruction. These babies may have normal bowel
movements for a few days or weeks and then present again with signs and symptoms

of intestinal obstruction. In contrast to children with functional constipation,

Table 1. Presenting symptoms: chronic constipation versus classic Hirschsprung’s disease.

Symptoms Chronic constipation Hirschsprung’s disease
Encopresis Common Rare

Abdominal pain Occasionally Common

Stool size Large Normal

Failure to thrive Rare Common
Stool-withholding behaviour  Common Rare

Abdominal faecal mass Common Rare

Ampullary faeces Common Rare

Anorectal examination Dilated ampulla Narrow

Enterocolitis Never Frequent (20 - 58%)%°




encopresis is often absent in children with HD (table 1). On the other hand, in a
minority, HD may be manifested as chronic constipation with or without abdominal
distension, manageable with changes in feeds, laxatives, suppositories or enemas.

From the above, it is clear that early differentiation between HD and functional

constipation is necessary to prevent severe complications of HD.

Epidemiology and genetics

HD is a rare disorder and its incidence is estimated to be approximately 1 in 5000
live births with a male to female ratio of 4:1'3. The majority of children with HD
(93%) are born a term with a normal birth weight!3,

The length of the affected segment varies and appears to determine the recurrence
risks and mode of inheritance. Short-segment or classical HD, involving the rectum
and sigmoid accounts for 75-80% of cases!*1°.

In the remainder of cases, the aganglionic segment extends more cranial and
may even affect the entire colon. In case of total colonic aganglionosis, a familial
incidence of 15% to 21% has been reported increasing up to 50% in total intestinal
aganglionosis'®. As the length of aganglionic segment increases, the recurrence
risk to siblings increases'?.

Although genetic factors are definitely involved, there is no clear pattern of
inheritance and most investigators have found a sex-modified multifactorial mode
of inheritance!3. So far, eight genes are known to be involved in patients with HD,
namely the proto-oncogene RET (RET), glial cell line derived neurotrophic factor
(GDNF), neuroturin (NTN), endothelin B receptor (EDNRB), endothelin 3 (EDN3),
endothelin converting enzyme 1 (ECE1), SOX10, and SIP1 genes (table 2).

Many studies indicate the receptor tyrosine kinase (RET) as the major
susceptibility gene for HD!7-19. Currently, approximately 50 RET mutations have
been reported in HD patients accounting for 50% of familial and 15-20% of sporadic
cases of HD!7"1°. RET mutations are also associated with multiple endocrine
neoplasia type 2 (MEN2), and medullary thyroid carcinoma?°-2!,

In the majority (70%) however, HD occurs as an isolated trait (non-syndromatic
HD). Association with chromosomal abnormalities, other birth defects, and
syndromes with Mendelian patterns of inheritance occurs in 30% (syndromatic
HD). A chromosomal abnormality is associated with HD in 12% of cases with

trisomy 21 (Down syndrome) being by far the most frequent (>90%), involving
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Table 2. Genes involved in HD.

Gene Product Map Trans- Frequency in ref
location mission HD patients

RET Co-receptor for GDNF  10q11.2 AD 50% familial cases

15% sporadic cases 59
GDNF Ligand for RET 5p13 AD Rare 60
NTN  Ligand for RET 19p13 AD Single family reported 6!
EDNRB Receptor for EDN3 13g22 AR/AD 5-10% 22
EDN3 Ligand for ETB 20q13 AR/AD 5-10% 62
ECE1 ET3 converting enzyme 1p36 AD Rare 63
SOX10 Transcription factor 22ql13 AD <5% 61
SIP1  Encoding Smad 2q22 Spo Rare 64

interacting protein-1

AD: autosomal dominant, AR: autosomal recessive. Spo: sporadic

2-10% of ascertained HD cases?2. Associated congenital anomalies are found in
18% of HD patients and includes central nervous system anomalies, genitourinary
abnormalities and other gastrointestinal malformations. Furthermore, HD has been
reported in several known syndromes including Smith-Lemli-Opitz syndrome,
Multiple Endocrine Neoplasia (MEN) type 2, X-linked hydocephalus, congenital

central hypoventilation syndrome and Waardenburg syndrome type 422,

Aetiology and Pathogenesis
Hirschprung’s disease is characterized by the absence of ganglion cells in the
myenteric (Auerbach) and submucosal (Meissner) plexus of the distal bowel ex-
tending proximally from the internal anal sphincter for varying distances. The
absence of ganglion cells has been attributed to failure of migration of neural crest
cells between the fifth and twelfth week of gestation??. The neurons and glia of the
enteric nervous system (ENS) are all derived from precursor cells from the central
nervous system (CNS) primordium. These cells, termed neural crest cells, are pro-
duced from the entire length of the neural axis but only certain tightly defined
regions of the neural crest give rise to the ENS. These precursor cells first migrate
from the CNS primordium into the oral and anal ends of the intestinal tract early
in embryonic life. Subsequently, these cells migrate along the gut to colonize the
entire intestine. The ENS precursor cells differentiate into a range of neuron types
and glial cells, and form the complex circuitry necessary for ENS function?*.

HD is regarded as a neurocristopathy. The latter is defined as a syndrome or

tumour that arises secondary to an abnormality in neural crest cell development.
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In the case of HD, the enteric nervous system (ENS) is inadequately formed

secondary to the arrest of vagal neurocrest cell emigration to the hindgut. The
earlier the arrest of migration, the longer the aganglionic segment. Aganglionosis
is generally limited to the rectum (75%), although in rare cases the aganglionosis
may affect the entire colon, the small intestine or the entire gut!*1°,

The absence of enteric ganglia containing cholinergic neurons, interneurons and
non-adrenergic non-cholinergic (NANC) neurons is supposed to be the most
important pathological finding in HD. The absence of ganglion cells is accompanied
by increased cholinergic and adrenergic nerve fibres because regulation on the
development of these nerve fibres is lacking?®. These abnormalities in innervation
explain the inability of the aganglionic segment to relax. The wave of relaxation
normally preceding each propulsive contraction does not occur and furthermore,

the rectoanal inhibitory reflex (RAIR) to rectal distension is lacking?®.

Rectoanal inhibitory reflex
The presence of the rectoanal inhibitory reflex (RAIR) is a key factor in the normal
defecation process. The RAIR is elicited by distension of the rectal wall which
stimulates mechanoreceptors located in the rectum (figure 1). This leads to activa-
tion of intramural inhibiting neurons, located in the myenteric plexus, relaxing
the internal anal sphincter (IAS)?°.

Previous animal studies have shown that NO is the main inhibitory
neurotransmitter released by these neurons?’. Blockade of the NO biosynthesis
reduced the relaxation of muscle strips of the IAS and impaired the RAIR?728,

Recently, evidence was provided that the nitrergic innervation is dependent on

the presence of an intact network of interstitial cells of Cajal (ICC)??3°. ICC are

rectum Figure 1. Triggering of mechanoreceptors in
%\ the gut initiates the RAIR.
stretch
neuron

anal canal Smooth muscle cell
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cells of mesenchymal origin and are distributed within the tunica muscularis of
the gastrointestinal tract. They function as pacemaker cells coordinating the
electromechanical activity of the gut”8. A second subset of ICC located in the

muscular layer have been shown to mediate the nitrergic neurotransmission in

the stomach and lower oesophageal sphincter (LES)?°. Furthermore, ICC have
been shown to play a role in the afferent limb of the RAIR3!,

Diagnosis

Due to the risk of significant complications, it is of clinical importance to differen-
tiate infants with HD from infants with functional constipation. Contrast enema
(CE), anorectal manometry (ARM) and rectal suction biopsy (RSB) are the most
common tests used in the diagnostic work-up of HD. There is a large variation in
sensitivity and specificity of these tests. Therefore, the appropriate diagnostic ap-
proach for HD is still a matter of debate3?-3%. In most centres however, the refer-
ence standard for diagnosing HD is a full-thickness rectal biopsy (FTB). This test

provides the most definitive answer, but is invasive and requires general anesthesia.

Contrast enema

One of the first investigations to evaluate low intestinal obstruction in infancy to
assist in differentiating between meconium ileus, distal atresias, meconium plug
syndrome, and Hirschsprung’s disease is a contrast enema>®. To imitate the natu-
ral situation it is important to perform a contrast enema in the unprepared co-
lon®7. However, even in experienced hands a contrast enema is difficult to evalu-
ate. The classical finding in patients with HD is a calibre change between the small
or normal-sized distal aganglionic segment and the dilated proximal ganglionic
bowel®®. In some cases, an abnormal mucosal pattern can be present indicating
the presence of enterocolitis. In young children, or in case of total aganglionosis,
the calibre change is however more difficult to demonstrate3%3%-4!, On the other
hand, rectal enemas and even digital rectal examinations may decompress the
distended proximal bowel with distortion of the calibre change leading to false-
negative test results. Contrast enema might be presumed helpful for the surgeon
to assess the localization of the calibre change and thus the length of the agangli-
onic segment. However, the assessment of length of aganglionosis has often been

questioned in the literature*?.




Anorectal manometry

Anorectal manometry is a relatively safe and non-invasive technique. It measures

pressures in the anorectal region and provides a way of quantifying the function of
the internal and external sphincters. Although this technique is widely used, lack
of standardization in methodology (open-tipped perfusion, closed triple-balloon,
pressure transducers) has resulted in inconsistent data*3%%.

The main indication to perform this procedure is to demonstrate the presence of
the rectoanal inhibitory reflex (RAIR) (figure 2). The RAIR can be elicited by rectal
balloon distension with small volumes of air (1-60 mL). Term and premature infants
older than 26 weeks’ postmenstrual age (PMA) have a normal developed RAIR to
rectal distension*>%°. False-positive test results may result from insufficient
inflation of the balloon in children with a megarectum as larger volumes are required
in these children to elicit a RAIR*?. Furthermore, technical factors such as an air
leak in the circuit or an incorrect position of the catheter in the sphincter complex
can also cause false-positive or negative test results. On the other hand, one must
emphasise that artefacts are common in agitated or crying infants and results

should be interpreted with caution.

Figure 2. Anorectal pressure recordings in an 29 week old premature infant showing an
RAIR elicited by air insufflation.

Air insufflation
|
?

)
§

Anal sphincter =~ =~ &
) /j‘.\ :

Analsphimlerj J\\ /\ J . j\\_’J
e ::\T‘.

Anal sphincter \»/J\ L) B A ¢ B Y52 I'A“ it
(sleeve) ke \/\‘ L ,\/\w—J 7 et \' e
o St WSOt ol (S S e . . f30mmHg

26




Chapter 2

Histology

Classically, the diagnosis of HD is made on histochemical evaluation of the rec-
tum. This typically shows absence of ganglion cells in the submucous and my-
enteric plexus and a typical increase in acethylcholinesterase (AChE) activity in
the parasympathetic nerve fibres of the lamina propria mucosae, muscularis mu-
)38

cosae and circular muscles (figure 3)°°. There are 2 methods to obtain tissue for

histochemical evaluation,;

Figure 3. Increased acetylcholinesterase activity in the aganglionic bowel.

1. Rectal suction biopsy

A suction biopsy can be performed with no anaesthetic and little risk; the biopsies
are taken above the anal margin (2 and 4 cm anterior and posterior). This should
reduce the risk to sample from the normal aganglionic anal canal or to miss an
ultrashort segment of HD. The instrument used for biopsies must be sharp to get
good-sized specimens. However, as the specimens are small, the examination re-
mains difficult even for experienced pathologists3°. The introduction of the AChE
activity on a suction biopsy has made the morphological diagnosis of HD easier
and more reliable3®4®, Possible causes for false-negative test results are: sam-
pling error, superficial biopsy material that lacks muscularis mucosa, technical
variations in staining technique and the experience of individual pathologists.

Furthermore, in neonates a false-negative result may occur due to immaturity of



the submucous plexus®®. Possible complications of this procedure are perfora-

tion, bleeding and infection.

2. Full thickness biopsy

The classical method of rectal biopsy involves a full thickness biopsy of rectal
mucosa and underlying muscle. However this requires general anaesthesia and
suturing of the biopsy site*?. As with the suction biopsy possible complications of
this procedure are perforation, bleeding and infection. Absence of ganglion cells in

a full thickness biopsy confirms the diagnosis of HD.

Differential diagnosis

Other causes of intestinal obstruction should be considered when abdominal dis-
tension and failure to pass meconium occur in a newborn infant. The following
organic disorders are important to exclude; meconium ileus (resulting from cystic
fibrosis), intestinal malformations such as lower ileal and colonic atresia or con-
genital strictures, malrotation (which needs immediate surgical action) and func-
tional intestinal obstruction resulting from maternal infection, maternal intoxica-
tion, or congenital hypothyroidism. Furthermore, ENS anomalies such as
hypoganglionosis, hyperganglionosis, intestinal neuronal dysplasia type B (IND B}
and immaturity of the submucous and myentric plexus should be considered.
These anomalies lead to chronic intestinal pseudo-obstruction and can be differ-
entiated from HD by histological stainings. A full thickness biopsy is needed to
diagnose hypoganglionsos and IND B (giant ganglia) and lactic dehydrogenase

(LDH) reaction is needed to verify the maturity of the ganglia®®.

Treatment

Once the diagnosis of HD has been confirmed by rectal biopsy examination, the
infant should be prepared for laparotomy. In inconclusive rectal biopsies the clini-
cal picture will drive the persistence of repeat biopsy attempts and if necessary
full thickness biopsy sampling to confirm the clinical apparent diagnosis of HD. If
the newborn has enterocolitis complicating HD, the child will require correction of
dehydration and electrolyte imbalance by infusion of appropriate fluids. It is es-
sential to decompress the bowel immediate and permanently. Deflation of the in-

testine may be carried out initially by rectal irrigations through a canule. When
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the baby is clinically stable a colostomy will be performed.

For many years, the vast majority of cases of HD are diagnosed in the neonatal
period®°. Laparotomy will be performed between 6-12 months of age. The advantages
of operating in the first year are that the colonic dilatation can be quickly controlled
by washouts and at operation the calibre of the pull-through bowel is near normal
allowing for an accurate anastomosis the minimizes leakage and cuff infection®!2,

A number of different operations have been described for the treatment of HD.
Currently, many centres are performing one-stage pull-through operation in the
newborn with minimal morbidity and encouraging results?2-51-52,

The basic principle is to bring the ganglionic bowel down to the anus. During
surgery, biopsies for frozen sections are taken to determine the level of transition
and a colostomy is placed proximal to the transition zone. The three most commonly
used operation techniques are the rectosigmoidectomy developed by Swenson, the
retrorectal transanal approach developed by Duhamel and the endorectal procedure
developed by Soave. Recent innovations are the transanal endorectal pull-through
and the laparascopic approach to all three techniques. For more detailed information

about surgery procedures, we refer to an excellent review by Geerdes et al.®3,

Prognosis

Surgical reconstruction for HD provides near-normal gastrointestinal function for
the majority of children>*. In general the most commonly encountered post-opera-
tive problems include constipation {more often with Duhamel technique), inconti-
nence, enterocolitis (more often with Swenson and Soave technique) and the over-
all impact of the disease on lifestyle®®. Other complications such as fistulae and
obstructions are quite rare®>.

Although gastrointestinal function improved after surgery, long-term follow-up
reveals significant residual problems. Unfortunately, most reviews of HD are
hampered by the fact that follow-up periods are rather short and may not adequately
reflect long-term outcome and lifestyle. One of the more complete works on this
subject is performed by Moore et al.>®>7, These authors described that the overall
quality of life was quite good, with 94% of children becoming well adjusted members
of society. Although patients had low weight for age, this generally corrected with

time. Additionally, developmental milestones and school performance were

satisfactory in most patients (95% and 82%, respectively). Clearly, patients with




poor functional outcome will have a greater tendency to have more psychosocial
problems. In general, Moore’s review of quality of life issues were quite positive in
children after an endorectal procedure. Factors which were predictive of poorer
quality of life issues were faecal incontinence (2.5 — 13.6%) and poor family report.

Another recently published study showed that patients with HD encountered
“overall” physical health problems compared to healthy subjects, but HD patients
did not show additional pain or limitations in functioning due to physical
problems®8. Psychosocial functioning had the most important effect on the quality
of life of patients with HD, while faecal incontinence and constipation had almost

no effect on their quality of life.

Summary and conclusion

Delayed passage of meconium in (very) premature infants may result from several
causes, such as impaired maturation, functional constipation and the most seri-
ous always to be considered, Hirschsprung’s disease. In premature infants, de-
layed maturation of the motor mechanisms of the gut is suggested to be the key
factor. In the majority of these infants, defecation problems will resolve in the
following weeks. However, if infants do not develop a normal defecation pattern,
Hirschsprung’s disease (HD) should be excluded. Delayed passage of meconium
in HD (>90%) can lead to severe constipation, abdominal distension, enterocolitis,
toxic megacolon and even death. To prevent these severe complications, it is of
clinical importance especially in these young infants to be alert and to identify this

disorder in an early stage.
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Abstract
Background
Interstitial cells of Cajal (ICC) have been shown to be involved in nitrergic

neurotransmission of the lower esophageal sphincter and pylorus.

Aim
Here, we studied the role of ICC and nitric oxide (NO) in the inhibitory

neurotransmission of the murine internal anal sphincter (IAS).

Methods

The rectoanal inhibitory reflex, rectal compliance and relaxation of isolated IAS to
electrical stimulation were measured in controls, KITW / KIT WY mice and neuronal
NO synthase (nNOS)-deficient mice. In addition, we evaluated the effect of blockade
of nNOS using L-NAME. The distribution of nNOS positive neurons and ICC in the

IAS was assessed immunohistochemically.

Results

KIT-positive ICC were present in a dense network in the IAS of controls, but not in
KITY J KIT"" mice. Relaxation of IAS muscle strips induced by electrical stimulation
was diminished in nNOS™/" mice, but not in KIT% / KIT " mice. Blockade of NOS
reduced the relaxation of IAS muscle strips in both mice. Relaxation of the IAS to
rectal distension was significantly diminished in KITY / KIT WY mice and nNOS-
deficient mice. In concert, in vivo blockade of NOS attenuated the relaxation of the

IAS in controls. No significant difference in compliance was found.

Conclusion

The inhibitory innervation of the IAS and the RAIR are mediated by NO and a RAIR
requires an intact network of ICC in the IAS. Thus, both a loss of nitrergic
innervation and a deficiency of ICC lead to an impaired anal relaxation and may

play an important role in rectal evacuation disorders.
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Introduction
Normal defecation depends on the complex interplay between colonic motility, rectal
sensation and anal sphincter function. When stool arrives in the rectum, filling of
the rectum leads to stretch of the rectal wall with subsequent triggering of a transient
relaxation of the internal anal sphincter (IAS), also called the rectoanal inhibitory
reflex (RAIR). Abnormalities in this RAIR have been shown to be involved in defecation
disorders and severe constipation as in Hirschsprung’s disease!-2.

The RAIR is a motor pattern mediated by intrinsic enteric nerves. Previous animal
studies have shown that the inhibitory neurons relaxing the IAS mainly release

nitric oxide (NO)>*. Blockade of the NO biosynthesis reduced the relaxation of

muscle strips of the IAS and impaired the RAIR>>. Recently, evidence was provided

that the nitrergic innervation is dependent on the presence of an intact network of
interstitial cells of Cajal (ICC)®”. ICC function as pacemaker cells coordinating the
electromechanical activity of the gut®®. In addition, ICC located in the muscular
layer have been shown to mediate the nitrergic neurotransmission in the stomach
and lower esophageal sphincter (LES)”. To what extent ICC are also involved in the
nitrergic innervation of the IAS is unknown. Therefore the present study was
designed to evaluate the role of ICC in the nitrergic innervation of the IAS and in

the triggering of the RAIR.




Materials and Methods

Animals

Adult KITY / KIT %’ mice (20 - 30 g) and their wild-type (KIT"/+) controls as well
as nNOS-deficient mice (18-28 g) and their respective wild-type controls (site-bred
C57BL/6J) were purchased from The Jackson Laboratory (Bar Harbor, Maine,

USA). For immunohistochemical studies, transgenic mice were used that carry
the KIT W19 allele (“lacZ-positive controls”)10-13. KITW1acZ | KIT WV have a lack of

ICC'%, similar to the more extensively studied KIT% ; KIT WY animals®!®, and will

be referred to as “ICC-deficient animals”.

All animals were maintained under controlled conditions and were used at 8-12
weeks of age. Experiments were approved by the Ethical Animal Research
Committee of the University of Amsterdam, The Netherlands, and by the Faculty
Committee for Use of Laboratory Animals of the Faculté de Médecine, Université

Libre de Bruxelles, Belgium.

Immunohistochemistry

Fresh frozen anorectal specimen of control and KITY / KIT "’ mice were harvested
for longitudinal cryosections, while paraformaldehyde-fixed specimen of control
(KITWacZ /4y and KIT W92 | KIT "’ mice were harvested for transverse and
longitudinal cryosections as well as for whole mount preparations, as described

previously!%13,

Whole mounts - preparation and inmunohistochemistry

After preincubation with 10% normal mouse serum, samples were incubated
overnight with the KIT goat and the nNOS rabbit antisera (Santa Cruz Biotechnology,
Santa Cruz, CA) diluted in Tris buffered saline-Triton-X (TBS-TX) containing 1%
normal horse serum (NHS), rinsed in TBS, incubated in the dark for 1 hour at
Room Temperature (RT) in TBS containing donkey anti-rabbit antiserum coupled
to FITC (Jackson Immunoresearch Laboratories, West Grove, PA) and biotinylated
donkey anti-goat antiserum (Jackson) diluted 1/200 and 1/100 (v/v) respectively,
rinsed in TBS and finally incubated in the dark for one hour at RT with Streptavidin-
Texas-Red (Jackson) diluted 1/400 (v/v) in TBS. Specimens were then transferred
onto a glass slide coated with 0.1% Poly-L-lysine and were cut into two equal

parts. Coverslips were mounted with “Slow Fade Light” antifade mounting medium
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{Molecular Probes, Eugene, OR) before viewing on a confocal microscope (MRC
1024, Bio-Rad Laboratories, Hemel Hempstead, Hertfordshire, UK) fitted on an
inverted microscope equipped with a Plan-Neofluar 40x/1.3 oil immersion objective
(Axiovert 100, Zeiss, Oberkochen, Germany). As KIT-ir appeared fairly weak in
ICC-deficient animals with the fluorescent detection system, the more sensitive

detection system using peroxidase was additionally applied.

Sections - preparation and immunohistochemistry
Specimens were fixed overnight in fresh 4 % paraformaldehyde solution in PBS, pH
7.4 at 4°C, cryopreserved in graded solutions of sucrose (10-30 %), embedded in
Tissue-Tek OCT compound (Miles, Elkhart, IND.), oriented either transversely or
longitudinally, and snap-frozen in 2-methyl butane at -80°C. Sections (15 mm thick)
were cut on a cryostat and mounted on slides coated with 0.1 % poly-L-lysine.

After preincubation with NHS the sections were exposed overnight at RT to KIT
goat antiserum (Santa Cruz Biotechnology, Santa Cruz, CA) diluted 1/500 in TBS-
TX containing 1% NHS, rinsed in TBS, incubated for 1 hour at RT in TBS containing
biotinylated donkey anti-goat antiserum (Jackson) diluted 1/200 (v/v) followed by
incubation for 1 hour at RT in a solution containing an avidin biotin-complex
(ABC Vectastain®,Vector, Burlingame, CA). The immunoreaction was visualized
with the chromogen 3,3 -daminobenzidine (DAB) (Dako, Denmark).

Xgal histochemistry on KIT W4 /+ and KITW@Z | KIT W? transgenic mice was

performed as previously reported©.

In vitro studies
Organ bath Experiments
KITY / KIT WY mice, nNOS/~ and control mice were killed by cervical dislocation.
The perianal skin was excised and the anus and terminal rectum were quickly
removed and placed in Krebs-Ringer’s solution (KRS) (mmol/L: NaCl 118.3, KCI
4.7, MgSO, 1.2, KH,PO, 1.2, CaCl, 2.5, NaHCO; 25, glucose 11.1). The solution
was maintained at 37°C and aerated with a mixture of 95% O, and 5% CO,.

A ring segment comprising 2 mm of the terminal rectum including the anal
orifice was removed and opened. One circular muscle strip was cut and mounted
in an organ bath (25 ml) filled with KRS. Each muscle strip was connected to a

metal rod and attached to a strain gauge transducer (Statham UC2, Quincy, MA)




for continuous recording of the isometric tension. A resting force of 600 mg was
applied on the strips. Platinum electrodes were placed parallel to the tissue in the
organ bath for application of electrical field stimulation. Electrical impulses {0.25
- 8.0 Hz, 1 ms, pulse trains lasting 10 s} were provided by a Grass stimulator
(Quincy, MA) and a direct current amplifier. Nonadrenergic noncholinergic (NANC)
conditions were obtained by the addition of 1umol/L atropine and lumol/L
guanethidine. After each contraction, the muscle strips were washed at least three
times every 5 min.

In a first series of experiments, the effect of electrical stimulation was investigated
and the effect of sodium nitroprusside (SNP, 2.5 mmol/L) and 5-adenosine triphosphate
(ATP, 1.0 mmol/L) were tested on the circular muscle strips of the murine IAS.

In a second series, the effects of N-nitro-L-arginine methyl ester (L-NAME,
200mmol/L}, the blocker of the neuronal conductance tetrodotoxin (2.0 mmol/L),
the blocker of the P, purinergic receptor suramin (100mmol/L), and the combination
of L-NAME and suramin were investigated on the responses to electrical impulses,
to ATP (1.0 mmol/L) and SNP (2.5 mmol/L). L-NAME and suramin were added at

least 20 minutes before experimentation.

In vivo studies

Anorectal Manometry

Anorectal perfusion manometry was performed with a purpose-built micro-
manometric anorectal catheter {(outer diameter 0.8 mmj}. The polyimide catheter
incorporated an array of 4 side-holes spaced 0.5 mm apart for measurement of anal
sphincter pressure and basal pressure within the rectum. All side-holes were perfused
with sterile degassed water at a rate of 0.02 mL/min. A polyethylene balloon was

located proximally to the catheter to distend the rectum.

Protocol

Anorectal manometry was performed in anesthetized mice. Mice were anesthetized
by an intraperitoneal (i.p.) injection of a mixture of fentanyl citrate / fluanisone
(Hypnorm; Janssen Pharmaceuticals, Beerse, Belgium) and midazolam (Dormicum;
Roche, Mijdrecht, The Netherlands) at 0.07 mL/ 10g (Fentanyl 0.32 mg/ml, fluanisone
10 mg/ml, midazolam 5 mg/ml). The catheter was positioned with at least 2 side-

holes straddling the anal sphincter high-pressure zone and 1 side-hole in the rectum.
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After positioning, basal anal sphincter pressure was recorded. Thereafter a
polyethylene rectal balloon was introduced and positioned aside the manometric
catheter. After an equilibration time of 15 minutes, graded rectal distension of 10
seconds was applied using the polyethylene balloon (0.25 — 0.40 mL air insufflation)
to evoke IAS relaxations. Consecutive rectal distensions were performed at 1-minute
intervals and distensions were repeated three times at each volume. This distension
protocol was repeated after addition of L-NAME (100 mg/kg, ip). 2

In a separate series of experiments, rectal compliance was measured with a
non-compliant (polyethylene) balloon with a maximum capacity of 0.45 mL. The
balloon was fixed on a silicone catheter with a diameter of 1 mm. This catheter
was connected to a pressure transducer measuring intra-balloon pressure during

stepwise volume-controlled distension (0.04-0.40 mL).

Data analysis
Basal IAS pressures were obtained from the baseline period preceding the distension

protocol. A drop in anal sphincter pressure of at least 5 mmHg during 2 to 5
seconds was identified as a RAIR. If rectal distension resulted in a RAIR, the
amplitude of each relaxation was determined as the percentage decrease of basal
pressure. This was calculated from the mean anal sphincter pressure before
distension to the minimal anal sphincter pressure during the reflex. The duration
of the reflex was measured from the onset of the relaxation until the pressure

returned to its basal level.

Chemicals

All chemicals were from Sigma (St. Louis, MO), unless otherwise stated. The
following drugs were used: ATP; L-NAME; suramin; tetrodotoxin and SNP. All
chemicals were dissolved in distilled water and diluted in Krebs-Ringer solution to

the stated final concentrations.

Statistical Analysis

Group data are expressed as mean + SEM. Differences in the data were all evaluated
by Mann-Whitney U test or Wilcoxon signed ranks test were indicated. P < 0.05 was
considered as statistically significant. The n values reported refer to the number of

animals used in each protocol.




Results

Immunohistochemistry

nNOS-ir in the region of the IAS

In both control (KIT 1@ / +) (not shown) and KIT W / KIT"Ymice (figure 1 a & b),
a dense network of nNOS-ir nerve fibers was present in the circular and longitudinal
muscle layers of the distal rectum including the IAS. Within the intermuscular
plane of the IAS both nNOS-ir neurons and nerve bundles were present but the
myenteric ganglia contained fewer neurons and the nerve bundles were coarser
when compared to the distribution in the proximal rectum (not shown). Conversely,
the density of nNOS-ir nerve fibers and neurons of the submucosal plexus within

the region of the IAS was similar to the proximal rectum.

Figure 1. nNOS-ir distribution in the anorectum of a KIT "% / KIT W ICC-deficient mouse.
A: 8 um thick projection of the myenteric region, showing a few nNOS-ir myenteric neurons
and numerous large nerve bundles. B: 16 um thick projection of the circular muscle layer
and submucosal plexus, showing abundant nNOS-ir nerve fibers in the circular muscle
layer and submucosal nNOS-ir fibers and neurons. Orientation: oral: left, aboral: right.
Scale bars: 50 um.

KIT-ir in the region of the IAS

In controls, (figure 2 a) spindle shaped KIT-ir ICC were present in both muscle
layers, parallel to the smooth muscle cells. Stellate KIT-ir ICC were abundant
surrounding the myenteric ganglia. At the level of the submuscular plexus, KIT-ir
ICC formed chains parallel to the circular muscle layer. These chains connected

each other by numerous delicate longitudinally processes. ICC at the submuscular

42



Chapter 3

Figure 2. Distribution of KIT-ir ICC in the IAS region of control KIT W@ / + and ICC-
deficient KIT W2 / KIT WY mice. A, B: longitudinal sections across the IAS region of a
control KIT"14 / + mouse (A) and an ICC-deficient KIT W2 / KIT W’ mouse (B). The arrows
in the lumen at right indicate the muco-cutaneous transition. The various populations of
KIT-ir ICC are abundant in the control (A) while KIT-ir ICC are essentially lacking in the
ICC-deficient animal (B). C, D: wholemount preparations showing KIT-ir ICC in the
submuscular plexus of a control KIT W% / + mouse (C) and an ICC-deficient KIT "12Z | KIT
W mouse (D). KIT-ir ICC form chains running parallel to the circular muscle layer and
interconnected by multiple processes in the submuscular plexus of a control KIT W2 / +
mouse (C), while in the submuscular plexus of an ICC-deficient KIT W@Z ; KIT W* mouse
(D), chains of KIT-ir ICC appeared only faintly stained (arrowheads) and lack most longitudinal
interconnecting processes. Orientation in C, D: oral at left, aboral at right. Abbreviations
used: CM, circular muscle layer; LM, longitudinal muscle layer; PF, striated muscle of the
pelvic floor. Scale bars : 50 pm.
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plexus exhibited a weaker KIT-ir compared to the other populations of KIT-ir ICC
and were best viewed on wholemounts (figure 2 c). In the jejunum of the same
animals, KIT-ir was detected in ICC-MP and ICC-DMP, as expected (not shown).
In ICC-deficient animals mice, KIT-ir ICC were lacking in the muscle layers and
around the myenteric ganglia (figure 2 b), while faint KIT-ir ICC at the level of the
submuscular plexus were still present (figure 2 d). However, they were less abundant
and apparently lacked the normal branching pattern (compare with figure 2 ¢). In
the jejunum of these animals a few ICC-DMP exhibited a weak KIT-ir, as expected
in these ICC-deficient animals (not shown). Due to the extreme lack of KIT-
expressing ICC in the region of the IAS of ICC-deficient animals, no quantification

was attempted.

Xgal histochemistry in KIT ¥12°Z ; KIT W~
While Xgal histochemistry readily detected the nuclei of KIT-expressing ICC-DMP
in the jejunum, no Xgal deposit at all was observed in the proximal rectum, as well

as in the region of the IAS, (not shown).

Organ bath studies
Involvement of NO in the inhibitory innervation of the IAS
In the presence of atropine and guanethidine, electrical stimulation (0.25-8.0 Hz,
1 ms, pulse trains lasting 10 s) induced a frequency-dependent relaxation of circular
muscle strips of the murine IAS during the period of stimulation followed by an
off-contraction (figure 3a and c). The maximal relaxation of KITW /+ controls was
obtained at 4 Hz (0.16 £ 0.05g) (figure 4a} and of nNOS controls at 2 Hz (0.32 +
0.14g) (figure 4b). The resting (active) tone of the muscle strips of KITY /+ controls
(0.5g), KITY / KITW’mice (0.5g), nNOS control (0.6g} and nNOS ™/~ mice (0.6g) were
comparable.

Both the relaxation and the off-contraction were abolished by tetrodotoxin, a
blocker of the neuronal conductance. SNP induced a sustained relaxation (0.15 £
0.01g for control mice) of the IAS muscle strips. The relaxation to SNP was resistant

to TTX. In contrast to SNP, ATP failed to relax the IAS preparation (figure 3).
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Figure 3. Representative recordings showing the NANC inhibitory responses to electrical
impulses (0.25 - 8.0 Hz, 1 ms, pulse trains lasting 10 seconds), ATP (1.0 mM) and SNP (2.5
mM) in muscle strips of a KITY / + control (panel A), KITY / KITW? (Panel B), nNOS control
(panel C) and nNOS™/~ mouse (panel D).
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Effect of L-NAME in control mice

Inhibition by L-NAME reduced the relaxations in KIT" /+ controls (n=8, figure 4a)
and in nNOS control mice (n=6, figure 4b) (p<0.001). L-NAME had no effect on the
relaxations to SNP. The combination of L-NAME and suramin did not further reduce

the relaxations n=4) (p=0.19) (data not shown).
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Figure 4a. Effect of L-NAME (200umol/L) on relaxations induced by electrical field stimulation
in KITY / KITW? (dotted line, squares) and control mice (straight line, circles).

4b. Relaxations of IAS muscle strips evoked by EFS in control mice {(dotted line, diamond)
and nNOS™”" mice (straight line, triangles). The addition of L-NAME (200uM) reduced the
relaxations of WT muscle strips (striped line, triangle).

Values shown are average + SEM (n=6) (p<0.001, Wilcoxon Signed Ranks Test).
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Studies in nNOS’~ mice

To further evaluate the role of nitrergic neurotransmission in the relaxation of
the IAS, mice deficient in nNOS were studied. Electrical stimulation of the IAS of
nNOS”/~ mice and their respective controls induced a frequency-dependent
relaxation during the period of stimulation followed by an off-contraction (figure
3d). However, relaxations were also significantly reduced in nNOS”/" deficient mice

compared to their controls (n=6) {(p<0.001) (figure 4b}.

Evaluation of the role of ICC in the inhibitory innervation of the IAS.

We next determined the NANC inhibitory response of IAS tissue of KITW / KITW?
mice. Electrical stimulation induced a frequency-dependent relaxation of circular
muscle strips of the murine IAS during the period of stimulation followed by an off-
contraction in KIT% / KIT WY mice (figure 3b). The maximal relaxation was obtained
at 4 Hz (0.17 = 0.05 g, n=10) and did not differ from control mice (0.16 + 0.05g,
n=10). In concert, the amplitude of the frequency-dependent relaxations in Kit%
KIT W" mice was similar to their controls (figure 4a). Inhibition by L-NAME reduced
the relaxations in KITW / KIT %Y mice (n=8) (p<0.001) (figure 4a).
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Anorectal manometry

Involvement of NO in the inhibitory innervation of the IAS

The basal IAS pressure in KITW /+ control mice was 21 + 3 mmHg (n=10) (figure 5)
and 21 + 2 mmHg (n=10) for nNOS control mice. Distension of the rectum elicited
a volume-dependent relaxation or RAIR. Both in KIT% /+ controls (figure 6) and
nNOS controls the duration of the RAIR was independent of distension volume.

The average duration was 14 £ 1 and 13 £ 1 s respectively.

o 40 . Figure 5. Basal internal anal sphincter
:é pressure of KIT W/+ control mice (squares)
£ and KITW / KITW" (triangles). Horizontal
e i a lines represent the mean values (n=10, n.s.).
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% - (T} “A
m 10 N
A

Kit W/+ control W /Wv mice

Effect of L-NAME in control mice
Administration of L-NAME (ip) to nNOS controls reduced significantly the relaxations
(p<0.05) (figure 7). In KIT " /+ control mice, a comparable reduction was seen

after administration of L-NAME (results not shown).

Studies in nNOS”" mice

The basal IAS pressure in NOS”/~ mice was comparable to their nNOS controls
(21 £ 3 and 21 * 2 mmHg resp.). However, the amplitude of the RAIR was
significantly lower in nNOS”/~ mice compared to nNOS controls (p<0.01)(figure 6
and 7). Notably, the average duration of the RAIR was increased in nNOS™/~ mice,

compared to their controls (24 + 3 and 15 *+ 1 s respectively, p<0.01).
Evaluation of the role of ICC in the inhibitory innervation of the IAS
The basal IAS pressure in KITY / KIT WY mice was comparable to controls (15 * 2 and

21 + 3 mmHg respectively, n=10) (figure 5). Although the magnitude of the basal
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Figure 6. Representative in vivo anorectal manometry recordings from a KIT W/+ control
(A), KITY / KIT"? (B) and nNOS™/~ mouse (C). Clear RAIRs are observed upon incremental
volumes of air insufflated (0.25-0.40 mL as indicated) in KIT ¥/ + controls. In KITY / KIT""
mutant mice, aberrant RAIRs are only observed upon distension volumes of 0.40 mL. Clear
RAIRs are also seen in nNOS™/~ mouse, however, the amplitude of the RAIR was lower in
nNOS™/~ mice compared to nNOS controls.
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pressure was comparable, KITW / KIT"’ mice showed a more irregular basal sphincter
pressure pattern with twitch contractions compared to controls. Distension of the
rectum elicited a volume-dependent relaxation in KIT" / KIT " mice. However, the
RAIR amplitude was significantly attenuated in KITY / KIT"Ymice compared to KITW
/+ controls (figures 6 and 7). At high distension volume, the RAIR could be observed
in KITW / KIT"? mice, though with variable duration and amplitude (figure 6 and 7).
Administration of L-NAME (ip) to KITW / KIT W’ mice had no effect (figure 7).
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Figure 7. Amplitude of the RAIR in nNOS/" mice (striped line, closed squares) and KITW /
KIT WY (straight line, open triangle) is significantly decreased compared to nNOS control
mice (striped line, closed circle) and KIT'W/+ control mice (straight line, open circle} (n=10)
(p<0.05, Wilcoxon Signed Ranks Test). Treatment of WT mice with L-NAME (100 mg/kg, ip;
straight line, open squares) reduced the occurrence of RAIR to a similar extent. Treatment
of KITW / KITW* with L-NAME (100 mg/kg, ip; striped, closed triangle} slightly reduced the
occurrence of RAIR (n.s.). Values shown are average + SEM.
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Compliance in KITY /+ control mice and in KIT W / KIT W’ mice

As the differences in RAIR could result from changes in rectal compliance, we also
determined this parameter in both control and KIT% / KITW¥ mice. Stepwise rectal
volume distension revealed a similar increase in rectal pressure, demonstrating

that rectal compliance was similar in control and KIT'W / KIT W’ mice (figure 8).

Figure 8. Rectal compliance in KITY / KIT W (dotted line, triangles) was not different from
KITW /+ control mice (straight line, squares). Values shown are the average + SEM (N=6).
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Discussion
NO is recognized as an important inhibitory neurotransmitter in the IAS. Previous
studies showed that blockade of the NO biosynthesis reduced the relaxation of muscle
strips of the IAS induced by electrical stimulation and impaired the RAIR®®. In the
present study, we extended the role of NO as an inhibitory neurotransmitter to the
murine IAS: blockade of NO biosynthesis resulted in a reduction of both the in
vitro and in vivo relaxation of the IAS. These findings were further corroborated by
experiments in nNOS™”/~ mice. Isolated muscle strips relaxed significantly less
whereas the RAIR was impaired compared to controls. It should be emphasized
though that the IAS still relaxed in nNOS”/~ mice and that blockade of the NO
biosynthesis in controls incompletely reduced the electrical stimulation-induced
relaxation. These observations suggest that either the nitrergic blockade was
incomplete or, most likely, that another inhibitory neurotransmitter is involved.
Previous studies in the rat IAS suggested ATP as a possible candidate'®. However,
in our study, high concentrations of ATP failed to relax the IAS. In addition, suramin
had no effect on relaxation, excluding the possible involvement of ATP. To what
extent VIP is involved remains to be investigated®.

ICC have been suggested to play a crucial role in normal gastrointestinal motility.

In addition to their role as pacemaker cells!”"7-°

, previous studies have suggested
that ICC function as an intermediate between nerve fibers and smooth muscle
cells mediating the nitrergic inhibitory neurotransmission in the stomach, LES
and pyloric sphincter®8. Due to the absence of the intramuscular type of ICC,
LES muscle strips from KITY / KIT W¥ mice contracted rather than relaxed in
response to electrical stimulation’. Administration of L-NAME did not further
change the response’. As immunohistochemistry staining showed that the nitrergic
innervation was intact, these findings indicated that ICC are important mediators
of the nitrergic innervation in these tissues. In the present study, we failed to
confirm this observation in the IAS. Electrical stimulation of the IAS of KITW / KITWY
mice relaxed to the same extent as those from controls. In addition, blockade of NO
biosynthesis greatly reduced these relaxations, indicating that the nitrergic
innervation was intact. The latter was further confirmed by immunochistochemical
staining. Our results argue against a role for ICC as intermediate between nitrergic
nerves and smooth muscle cells. A similar conclusion was drawn by Sivarao et al. 2!,

who showed that relaxations of the LES in response to swallowing or vagal
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stimulation was unaffected in KIT%" / KIT %Y mice.

How can the discrepancy between our data and those from Ward et al.” be
explained? One could argue that the electrical stimulation parameters used (1ms)
were too intense resulting in overflow of NO to the smooth muscle which might
still elicit responses in tissue lacking ICC?2. However, in preliminary experiments,
electrical stimulation with pulse trains of 0.5 ms failed to relax the IAS significantly.
Furthermore, 1 ms pulse trains resulted in a normal frequency dependent response
curve, excluding this possibility. Another explanation could be that the network of
ICC of the IAS in contrast to the LES and pylorus is unaffected in KITW / KIT W
mice. However, similar to Ward et al., immunohistochemical assessment revealed
that in KITY / KIT W’ and KIT W ;/ KIT WY mice, KIT-ir ICC were completely
lacking in the muscle layers and around the myenteric ganglia.” Alternatively,
regional differences in the distance between nerve varicosities and smooth muscle
cells, or differences in sensitivity of smooth muscle cells to NO could be involved,
but clearly this needs to be further explored.

Although we showed that the inhibitory innervation of the IAS in vitro was intact
in ICC-deficient mice, the relaxation of the IAS in response to rectal distension
was clearly diminished in KITW / KIT"" mice. As it is not clear whether stretch or
tension receptors are involved in the triggering of the RAIR, one might argue that
changes in compliance could affect the IAS response to rectal distension. The
rectal compliance in ICC deficient mice was however identical to that of control
mice. This is in contrast with Ward et al. who described changes in gastric
compliance in ICC-deficient mice?*. This discrepancy can be explained by the fact
that in the stomach, ICC have been shown to be involved in nitrergic and cholinergic
neurotransmission, most likely contributing to the described changes in compliance
in mice lacking ICC. In our experiments, however, we were unable to confirm the
involvement of ICC in the nitrergic neurotransmission of the IAS, which may explain
why the compliance in the anorectal area is not altered. Our finding that the RAIR
is strongly diminished in KITY / KIT%? mice in the presence of an unaltered rectal
compliance suggests the involvement of ICC in the triggering of the RAIR.

Theoretically, ICC could play a role in the neural pathway mediating the RAIR
either at the afferent limb in the detection of rectal distension, or at the efferent
part!® by mediating the nitrergic neurotransmission!®. Our data favor an

involvement of ICC in the afferent limb, as both immunohistochemical and in vitro
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studies showed a normal nitrergic neurotransmission in the IAS of KITW / KITWY
mice. One possible explanation could be that ICC act as mechanosensory receptors
detecting rectal distension. Previous studies indeed showed that ICC make direct

14,18 and therefore

functional contact with intramuscular arrays of enteric nerves
could be involved in mechanical perception of distension. Alternatively, ICC may
be required for the development of afferent nerves, especially as intramuscular
arrays of vagal afferent fibers are significantly reduced in density in KIT W) KiTWv
mice compared to controls. This would suggest that abnormalities in the afferents
secondary to the absence of a normal ICC network would underlie the impaired
detection of stretch. However, the RAIR is considered to be mediated by a neural
circuitry located within the enteric nervous system, and so far, no abnormalities
in the enteric sensory neurons have been described in ICC deficient mice. To what
extent the RAIR is impaired in KIT%/KIT W’ mice due to secondary changes in
intrinsic sensory neurons or whether the ICC function as mechanoreceptors can
not be determined from our experiments.

Impaired or absent relaxation of the IAS hampers the evacuation of stool leading
to severe chronic constipation!. The typical example is Hirschsprung’s disease
characterized by aganglionosis of the distal gastrointestinal tract with subsequent
absence of the RAIR and delayed passage of meconium. Similarly, delayed
evacuation of meconium is also present in another subgroup of neonates with
abdominal distension and feeding problems?°. However, gastrointestinal symptoms
resolve soon after birth. The exact reason for this delayed evacuation of meconium
is unclear. Interestingly, a study showed that delayed maturation of ICC may lead
to transient defecation problems in neonates??. As we showed that a deficiency of
ICC impairs the RAIR, a delayed maturation of ICC could be involved in the delayed
passage of meconium in neonates. This hypothesis is currently investigated.

In conclusion, we showed that the inhibitory innervation of the IAS and the
RAIR are mediated by NO. Moreover, a normal RAIR requires an intact network of
ICC in the IAS. Thus, both a loss of nitrergic innervation and a deficiency of ICC
lead to an impaired anal relaxation and may play an important role in rectal

evacuation disorders.
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Abstract
Background

An inverse relation exists between gestational age and birth weight and the postnatal
time of first bowel action. It is however unknown if the rectoanal inhibitory reflex
(RAIR) is present in preterm infants with a delayed passage of meconium. We
hypothesized that delayed passage of meconium could result from a delayed
maturation of the RAIR.

Aim
To evaluate whether the RAIR is absent in very preterm infants 28-32 weeks

postmenstrual age (PMA) with delayed meconium production.

Methods

Anorectal manometry was performed in 10 preterm infants (7 male) with delayed
meconium production defined as having no meconium in the first 48 hours and a
median PMA of 30 weeks (28-31 weeks) and a birth weight of 780 to 1930 g (median
1395 g) with a micromanometric assembly (od 2.0 mm). The assembly incorporated
a 1.5-cm-long sleeve sensor for measurement of resting anal sphincter pressures
and relaxation, and 4 side-holes recorded anal and rectal pressures. Rectal

distension was performed with direct air insufflation to elicit the RAIR.

Results

The time from birth to passage of meconium ranged from 48 to 105 hours (median
82 hours). The mean anal sphincter pressure, rectal pressure, and anal sphincter
oscillation frequency were 22.0 £ 5.0 mmHg, 6.9 + 2.0 mmHg, and 9.8 + 1.9/min,
respectively. A normal RAIR could be elicited all infants studied.

Conclusion
Anorectal manometry recordings in premature infants with a delayed passage of
meconium (>48 hours) showed normal anorectal pressures and a normal RAIR,

suggesting that delayed meconium passage is not related to the absence of a RAIR.
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Introduction

Normal defecation depends on the complex interplay between colonic motility, rectal
mechanical properties and sensation. When stool arrives in the rectum, filling of the
rectum leads to stretch of the rectal wall with the subsequent triggering of the
rectoanal inhibitory reflex (RAIR). This motor pattern leads to relaxation of the internal
anal sphincter (IAS) allowing sensation to defecate and development of urge.

Ninety five percent of healthy term infants pass their first stool within 24 hours
and 99% within 48 hours of birth and an inverse relation exists between gestational
age and birth weight and the time of first bowel action!-3. Approximately one third
of preterm (<32 weeks gestation} and low birth weight (<2500 grams) infants have
a delay in passage of the first stool!*>. Delayed evacuation of meconium often
leads to defecation problems or problems with enteral feeding. The exact reason
for this delay is unclear, although it has been suggested that delayed maturation
of the motor mechanisms of the gut could play a role®.

Anorectal manometry in the neonate offers a noninvasive diagnostic test for
identifying the RAIR. Recently, sleeve manometry has been adapted and applied
successfully to monitor the RAIR in healthy preterm and term infants, who had
meconium production within 48 hours after birth*5.

The presence of the RAIR in preterm infants with a delayed passage of meconium
has been not previously determined. We hypothesized that delayed passage of
meconium could occur due to the absence of a normal RAIR and therefore we

evaluated anorectal motility in premature neonates with delayed meconium

production (>48 hours) using anorectal manometry.




Methods

Subjects

Studies were performed in 10 preterm infants (3 female, 7 male) ranging in PMA
from 28-32 weeks (median 30 weeks) (table 1). Infant birth weight ranged from
780 to 1930 g (median 1395 g), and weight at the time of study ranged from 770 to
1930 g (median 1320 g}. We defined delayed meconium passage as having no
meconium in the first 48 hours. A normal defecation pattern was defined as having
>3 painless bowel movements per week without the use of laxatives!®. The time
from birth to passage of the first stool ranged from 48 to 105 hours {median 82
hours). After inclusion in the study anorectal manometry was performed 2-5 days
after birth (median 4 days). Two infants (patients 6 and 7) had meconium production
after receiving an enema because of abdominal distention, while the other 8 infants
did not have meconium production at the time of measurement. During (patients
2,3,5 and 9) or immediately after (patients 1,4,8 and10) the manometric
measurement most children passed a large meconium plug. Transition to normal
defecation was defined as the loss of dark pigmentation of stool and infants were
able to defecate without the help of a thermometer or laxatives. Patients were not
receiving prokinetic or oral/rectal laxative medication. None of the infants had
anorectal malformations or neurological dysfunctions. Five infants were ventilated

and 2 were receiving nasal continuous positive airway pressure at the time of

Table 1 Patient characteristics of the 10 premature infants with a delayed meconium passage
(>48 hours).

Patient Sex PMA Birth weight  First passage Transition to Ventilation
no. (weeks + days) (8 of meconium normal
(hours) defecation (days)
1 Girl 30+6 1400 84 10 CPAP
2 Boy 31+4 1540 48 240* No
3 Boy 30+5 1390 72 10 No
4 Girl 28+0 780 98 8 Yes
5 Boy 29+6 1240 74 9 Yes
6 Boy 29+6 1060 98 - Yes
7 Girl 29+4 1010 86 60 ** CPAP
8 Boy 30+4 1455 105 11 Yes
9 Boy 31+4 1780 48 5 No
10 Boy 31+2 1930 80 10 Yes

PMA; Patient postmenstrual age, CPAP; nasal continuous positive airway pressure. *This
patient had daily defecation with the help of a thermometer, ** This patient kept defecation
problems. Rectal suction biopsy, contrast enema and manometry were performed and
excluded Hirschsprung'’s disease.
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measurement. The type of ventilation used did not influence intra-abdominal
pressures in basic recordings. The research Ethics Committee of the Emma
Children’s Hospital approved the study protocol, and written informed consent

was obtained before each study.

Manometric Technique

As described in earlier studies anorectal open water perfusion manometry was
performed with a purpose-built silicone rubber micromanometric anorectal catheter
(od 2.0 mm)*®. The design of the catheter was based on similar catheters used for
measurement of anorectal motor function in children and adults but had a diameter
smaller than a neonatal thermometer. The catheter incorporated a 1.5-cm-long
sleeve sensor and an array of 3 side-holes spaced 0.5 cm apart for measurement
of anal sphincter pressures and 1 side-hole located 0.5 cm proximal of the sleeve
for measurement of basal pressure within the rectum. All side-holes were perfused
with sterile degassed water at a rate of 0.04 mL/min. An air channel was present
on the tip of the catheter for air insufflation to distend the rectum. Figure 1 shows
a schematic drawing of the catheter positioned in the anorectum.

Pressures were measured by pressure transducers situated in each perfusion
line and connected to PC Polygraph HR preamplifiers (Medtronic, Sweden). The
measured signals from the preamplifier were converted to digital values by an
analog-digital converter and information was transmitted via a fiber optic cable to
a personal computer. Before each measurement a calibration of the polygraph

was performed.

Figure 1 Schematic drawing of
the anorectal manometry
assembly in situ.

IAS
EAS
o Air channel
@ 1 &
Sleeve

IAS: Internal anal sphincter, EAS:
External anal sphincter




Protocol

Anorectal manometry was performed with the patient in the supine position. The
catheter was positioned with the sleeve straddling the anal sphincter high-pressure
zone and the air channel in the rectum. Bowel preparation or sedation was not
necessary. With the catheter in position and after a 5-minute accommodation period,
a baseline recording of anal sphincter pressure (ASP) and rectal pressure was made
over a 2- to 3-minute period before an attempt was made to elicit the RAIR.

To elicit the RAIR, 1 to 3 mL of air was directly insufflated into the lumen of the
rectum*>. Balloon distension was not used in this study because it was considered
inappropriate for these young infants. The initiation of the reflex was characterized
by an anal sphincter pressure drop of at least 5 mmHg over 2 to 5 seconds in
association with cessation of rhythmic activity of the anal sphincter. The threshold
air volume required to stimulate the RAIR was determined by increasing the volume
of air injected in 1-mL increments in a stepwise fashion, to a maximum of 3 mL.
Consecutive rectal distensions were performed at 1-minute intervals. When the
threshold volume required to stimulate the reflex had been determined, 3 further
distensions were then performed. Recording sessions lasted an average of 30

minutes.

Analysis of Manometric Records

Baseline values for anorectal motor patterns were obtained by analysis of the
manometric recording that immediately preceded attempts to elicit the RAIR. Mean
resting anal sphincter pressure, anal sphincter oscillation frequency, and rectal
pressure were measured during a period of at least 60 seconds. Anal sphincter
pressure was defined by the nadir of the pressure oscillation wave. The anal
sphincter oscillation frequency (ASOF) was demonstrated by measuring changes
in anal canal pressure in basal unstimulated conditions and was defined as the
number of oscillations in a period of 60 seconds. Group mean data are expressed

as mean = SEM.
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Results
Table 1 shows the patient characteristics. Seven out of the ten infants showed
transition to normal defecation and a normal defecation frequency after 10 days
{mean). Of the remaining infants, one died 1 week after birth due to severe sepsis
and the other two continued to experience severe defecation problems.
Hirschsprung’s disease was suspected in one of these infants due to feeding
problems and abdominal distension, however rectal suction biopsy showed normal
ganglion cells, no abnormalities were found on contrast enema, excluding
Hirschsprung’s disease. Long term follow up of this infant showed normalization
of her defecation pattern after 8 weeks. The remaining infant experienced the
most severe defecation problems, which took a further 8 months to normalise.
During this period, daily defecation was achieved with the help of a thermometer.

Anal sphincter tone and pressure oscillations were observed in all infants and,
despite the delayed passage of meconium, a normal RAIR (figure 2) could be elicited
in all infants even those with the most severe defecation problems. Measured
parameters of anorectal motor function were similar to those previously reported

in preterm infants with normal passage of meconium (table 2).

Figure 2 Anorectal pressure recordings showing elicitation of RAIR with air insufflation in
premature infant 30 weeks’ PMA with a delayed passage of meconium.

Air insufflation

u
(@]

Pressure (mmHg)
—
o

relaxation

30 10:00 ‘ 10:20

Time {seconds)




Table 2 Patient postmenstrual age (PMA) and parameters of anal sphincter function in 10
premature infants with a delayed meconium passage; comparison with previously published
data from healthy premature infants.

Parameters measured

Anorectal reflex

Study PMA Anal Baseline Anal No. of Threshold
sphincter rectal sphincter infants distension
pressure pressure  oscillation with normal volume

(mmHg) (mmHg) frequency RAIR (mL)
(No./min)

Current study 28-31 22.0+5.0 6.9+20 9.8+19 10(100%) 2.4x0.5

(range) (16-29) (4-11) (7.5-11) (2-3)

Benninga etal.* 31-33 31.6+13.0 9.0:x20 10314 11 (92%) 28+1.3

(range) (7-47) (1-22) (8-12) (0.5-3.0)

De Lorijn etal.® 27-30 24.5:x11.4 6.5:4.8 11.1+2.3 13 (81%) 34+1.6

(range) (5-46) (0-19) (9-17) (1-5)

Results are expressed as the mean + 1SD.
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Discussion
Delayed passage of meconium is a common occurrence in pre- and dysmature
infants in the absence of other clinical findings®. All infants in this study had a
delayed passage of meconium (>48 hours) and seven out of ten infants developed
a daily defecation pattern after their first passage of meconium. This study clearly
shows that these infants exhibit a normal rectoanal inhibitory reflex. All other
parameters of anorectal function measured were similar to those previously reported
by our group in preterm infants of the same age who passed meconium within 48
hours*®. The development of colorectal motility is poorly understood in preterm
infant. Using amniography, Mc Lain observed that progression of contrast material
from the oral cavity to the colon took as long as 9h at 32 weeks of gestational age,
but only half of that time by the time of term age®. Manometric investigations of
small intestinal motility have shown that the migrating motor complex is immature
at <34 weeks gestation’. Very little information is available regarding the prenatal
development of colonic motility. In rhesus primates, the postprandial increase in
colonic motility observed in the full term infant is similar to the human and adult
response. In the preterm rhesus primate there is a lesser response to meals,
suggesting that the colon response to meals matures late in gestation®. These
studies suggest that preterm infants may have a delayed transit of luminal contents
through the colon, however colonic motility has not been directly assessed in
premature infants.

Factors other than motility may also contribute to the delay in meconium passage.
The meconium of premature infants differs in composition (glycoprotein,

saccharides, calcium, copper, iron and phosphorus) making it thicker in consistency

than the meconium of full term infants and therefore more difficult to expel®.

Two infants had persistent defecation problems following passage of the meconium
plug, but both of these infants had normal anorectal motility on manometry. In
the patient with suspected Hirschsprung’s disease, the use of manometry alone
could have excluded this condition, therefore reducing the need of the rectal suction
biopsy. Both infants with the prolonged delay of defecation finally developed a
normal defecation pattern at 8 weeks and 8 months of age respectively, but the
causes of their ongoing problems remain unclear. Delayed maturation of interstitial
cells of Cajal (ICC) has been reported in infants with severe meconium obstruction

requiring ileostomy %11, It was not justified for us to perform full thickness anorectal




biopsies needed for investigation of ICC’s in the anorectal region and the two patients
studied that had persistent defecation problems did not require ileostomy as they
responded to conservative therapy. Therefore we were unable to determine if
maturation of ICC’s played a role in either the acute or ongoing defecation problems

experienced by the infants studied. ICC’s are also essential for appropriate relaxation

of the internal anal sphincter!? and therefore as these mechanisms were normal it

can be assumed that expression of ICC’s in the anal sphincter was mature at the
time of measurement in all infants.

In conclusion, as we found a normal RAIR in all infants and 7 out of 10 infants
developed a daily defecation pattern after their first passage of meconium, we can
suggest that at the time of measurement, anorectal motility was mature in these
infants. This study shows that failure of relaxation of the internal anal sphincter
does not contribute to delayed passage of meconium, but instead suggests that
either the mechanisms of rectal propulsion were impaired, leading to failure of
normal expulsion of the meconium plug, or that the meconium plug itself was too
difficult to expel due to its consistency. In those infants who continued to experience
difficulties with defecation following passage of the meconium plug, it was clear
that mechanisms other than failure of the RAIR, perhaps delayed maturation of

colonic motility was involved.
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Abstract

Background

Anorectal manometry using a micro-manometric sleeve assembly offers a
noninvasive diagnostic test for identifying anorectal motor dysfunction in the
neonate. We have previously shown that preterm infants with a postmenstrual

age (PMA) > 30 weeks, and term infants exhibit a normal anal sphincter function.

Aim
To characterize anal sphincter function in very premature infants < 30 weeks PMA
and to evaluate the time of maturation of the rectoanal inhibitory reflex (RAIR)

using a sleeve catheter.

Methods

Anorectal manometry was performed in 16 healthy neonates (9 female) with a
mean PMA of 29 weeks (27-30 weeks) and a birth weight of 640 to 1590 g (median
1220 g) with a micromanometric assembly (od 2.0 mm). The assembly incorporated
a 1.5-cm-long sleeve sensor for measurement of resting anal sphincter pressures
and relaxation, and 4 side-holes recorded anal and rectal pressures. Rectal

distension was performed with direct air insufflation to elicit the RAIR.

Results

The mean anal sphincter pressure, rectal pressure, and anal sphincter oscillation
frequency were 24.5+ 11.4 mmHg, 6.5+ 4.8 mmHg, and 11.1 £ 2.3/min, respectively.
A normal RAIR could be elicited in 13 (81%) infants studied. In two infants the RAIR
could not be elicited due to a low anal sphincter pressure of only 5 mmHg. In the

other child, no RAIR was seen despite the repeated insufflation of at least 5 ml of air.

Conclusion
The majority (81%) of premature infants older than 26 weeks’ PMA have normal

anorectal pressures and a normal RAIR.

68




Chapter 5

Introduction
Defecation problems in neonates are common. About 60% of infants less than

2500 g, and less than 37 weeks gestation, fail to pass meconium by 24 hours after

birth!:2. Difficulties with bowel motility and delay in stooling commonly postpone

the time of full enteral feeding in premature infants.

Anorectal manometry in the neonate offers a noninvasive diagnostic test for
identifying anorectal motor dysfunction. Hirschsprung’s disease can be diagnosed
by anorectal manometry. Recently, sleeve manometry has been adapted and applied
successfully to monitor the anorectal pressure profile in healthy preterm and term
infants®. This study demonstrated that term and premature infants older than 30
weeks’ postmenstrual age (PMA) have a normal anorectal pressure profile and
rectoanal inhibitory reflex (RAIR) to rectal distension®. However, no studies have
been performed in very premature infants using a sleeve catheter. Therefore, the
aim of this study was to characterize anal sphincter function in very premature
infants <30 weeks PMA and to evaluate the time of maturation of the rectoanal

inhibitory reflex using a sleeve catheter.




Methods

Subjects

Studies were performed in 16 healthy preterm infants (nine girls, seven boys) ranging
in PMA from 27-30 weeks (Table 1). Infant birth weight ranged from 640 to 1590 g
(median, 1220 g), and weight at the time of study ranged from 690 to 1490 g
(median, 1180 g). The time from birth to passage of the first stool ranged from O to
72 hours (median, 24 hours). Anorectal manometry was performed 3 to 23 days
after birth (median, 7 days). No infants had any evidence of defecation problems,
anorectal malformations, neurological dysfunction, or sepsis, and none were
receiving prokinetic or oral/rectal laxative medication. Three infants were ventilated
and two were receiving nasal continuous positive airway pressure at the time of
measurement. The research Ethics Committee of the Emma Children’s Hospital
approved the study protocol, and written informed consent was obtained before

each study.

Manometric Technique

Anorectal perfusion manometry was performed with a purpose-built silicone rubber
micromanometric anorectal catheter (outer diameter, 2.0 mm). The design of the
catheter was based on similar catheters used for measurement of anorectal motor
function in children and adults but had a diameter smaller than a neonatal
thermometer. The catheter incorporated a 1.5-cm-long sleeve sensor and an array
of 3 side-holes spaced 0.5 cm apart for measurement of anal sphincter pressures
and 1 side-hole located 0.5 cm proximal of the sleeve for measurement of basal
pressure within the rectum (figure 1}. All side-holes were perfused with sterile
degassed water at a rate of 0.04 mL/min. An air channel was present on the tip of

the catheter for air insufflation to distend the rectum.

Table 1 Patient postmenstrual age (PMA) and parameters of anal sphincter function in 16
premature infants.

Parameters measured Anorectal reflex

PMA Anal Baseline  Anal sphincter No. of Threshold distention
sphincter rectal oscillation infants volume {mL)
pressure pressure frequency with
(mmHg) (mmHg) {No./min) normal RAIR

29 (27-30) 24.5+11.4 6.5+t4.8 11.1+23 130f 16 3.4+1.6

Results are expressed as mean £ 1SD
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Figure 1 Photograph of
anorectal manometry

assembly incorporating
1.5-cm sleeve assembly.

Pressures were measured by pressure transducers situated in each perfusion line
and connected to PC Polygraph HR preamplifiers (Synectics Medical, Stockholm,
Sweden). The measured signals from the preamplifier were converted to digital
values by an analog-digital converter and information was transmitted via a fiber
optic cable to a personal computer. Before each measurement a calibration of the

polygraph was performed.

Protocol

Anorectal manometry was performed with the patient in the supine position. The
catheter was positioned with the sleeve straddling the anal sphincter high-pressure
zone and the air channel in the rectum. Bowel preparation or sedation was not
necessary. With the catheter in position and after a S-minute accommodation period,
a baseline recording of anal sphincter pressure (ASP) and rectal pressure was made
over a period of 2 to 3 minutes before an attempt was made to elicit the RAIR.

To elicit the RAIR, 1 to 5 mL of air was directly insufflated into the lumen of the
rectum, this technique has previously been used by our group® in premature infants
and has been found to be safe and effective. Balloon distension was not used in this
study because it was considered inappropriate for these young infants. The initiation
of the reflex was characterized by an anal sphincter pressure drop of at least 5
mmHg over a period of 2 to 5 seconds in association with cessation of rhythmic
activity of the anal sphincter. The threshold air volume required to stimulate the
RAIR was determined by increasing the volume of air injected in 1-mL increments in
a stepwise fashion, to a maximum of 5 mL. Consecutive rectal distensions were
performed at 1-minute intervals. When the threshold volume required to stimulate
the reflex had been determined, 3 further distensions were performed. Recording

sessions lasted an average of 30 minutes.
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Analysis of Manometric Records

Baseline values for anorectal motor patterns were obtained by analysis of the
manometric recording that immediately preceded attempts to elicit the RAIR. Mean
resting anal sphincter pressure, anal sphincter oscillation frequency, and rectal
pressure were measured during a period of at least 60 seconds. Anal sphincter
pressure was defined by the nadir of the pressure oscillation wave. The anal
sphincter oscillation frequency was demonstrated by measuring changes in anal
canal pressure in basal unstimulated conditions and was defined as the number
of oscillations in a period of 60 seconds. Group mean data are expressed as mean
+ SEM and were compared with analysis of variance statistics; inter-relationships
between variables were established with Spearman rank correlation statistics. A

P < 0.05 was taken indicating statistical significance.
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Results

Anal sphincter tone was 24.5 + 11.4mmHg (range, 5-46) and anal sphincter
oscillations occurred at 11.1 £ 2.3 /min (range 9-17; fig. 2). In 13 of the 16 infants
(81%), a normal RAIR could be elicited at a threshold volume of 3.4 + 1.6 mL
(range, 1-5). In two neonates (28 and 29 weeks’ PMA) the RAIR could not be elicited
due to a low anal sphincter pressure (5 mmHg), which made determination of the
presence of the RAIR impossible using our criteria. In the other neonate (28 weeks
PMA) who had a resting sphincter pressure of 46mmHg, no RAIR was seen despite
the repeated insufflation attempts to a maximum of 5 mL. The mean baseline
rectal pressure before distension was 6.5 mmHg and during air insufflation the

rectal pressure increased by 3.8 mmHg.

a Air insufflation

10 sec

Figure 2a Anorectal pressure recordings showing elicitation of RAIR with air insufflation in
premature infant 29 weeks’ PMA.

Air insufflation

\/\/\/\—flso mmHg

Anal sphincter
(sleeve)

10 sec

Figure 2b Anorectal pressure recording showing anal sphincter oscillation frequency pattern
interrupted by a RAIR in premature infant 29 weeks’ PMA.
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Anal sphincter pressure (ASP) was lower in very premature infants compared to
older (premature) infants. However, no significant correlation was found between
ASP and PMA (figure 3). In addition, neither rectal pressure nor rectal wave
frequency showed any age correlation. Gestational age, postnatal age, and time
delay from birth to passage of first stool did not correlate with any parameters of
anorectal function. Ventilation or nasal CPAP did not influence either sphincter
pressure (23.0 mmHg vs 25.2 mmHg, ns) or wave frequency (13.5/min vs 10.2/

min, ns) compared to children who were not receiving this therapy.

Figure 3 Scatter plot of the
correlation between PMA and anal
sphincter pressure.
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Discussion

In this study, we evaluated the anal sphincter function in healthy very premature
infants <30 weeks’ postmenstrual age (PMA) and the time of maturation of the
rectoanal inhibitory reflex (RAIR) using a sleeve catheter. Our recordings showed
normal anorectal pressures and a normal RAIR in most premature infants despite
significant prematurity.

Earlier studies evaluating anorectal motor function in premature infants have
produced inconsistent data*®. These conflicting data may be the result of the use
of side hole sensors for pressure measurement in the anal canal. Side hole sensors
can be easily displaced from the anal sphincter high-pressure zone during air
insufflation or with body movement’. As previously shown in premature and healthy
infants, children and adults, displacement can be avoided by using a sleeve sensor,
which allows for sphincter movement and pressure measurement over the length
of the sleeve>.

Table 2 compares the findings of the current study with those of our previous
study in older preterm infants of 31 to 38 weeks’ PMA, using the same manometric
technique. These data indicate that despite what appears to be normal anorectal
function in the majority of infants, very premature infants in general have a lower
resting anal sphincter pressure, are less likely to exhibit a normal anorectal
inhibitory reflex and require greater rectal stimulus to elicit the RAIR. Hence,
there does appear to be some evidence of anorectal functional immaturity in some
very premature infants. Nevertheless, as all of the infants defecated normally, the

level of immaturity does not appear to be of any pathological significance.

Table 2 Parameters of anal sphincter function in premature infants; comparison with
previously published data from older infants.

Parameter Current Study Benninga et al., 2001°
(N =16) (N = 22)

PMA (wk) 27-30 31-33 34-38

Distention stimulus Air insufflation Air insufflation Balloon

Anal sphincter pressure (mmHg) 245t11.4* 31.6+£13.0* 49.3 + 10.9*

Anal sphincter oscillation 11.1+2.3 10.3+x1.4 10.3+1.8

frequency (n/min)

Normal RAIR 81% 92% 100%

Threshold volume (mL) 34116 28+1.8 2.1+0.6

*P < 0.001, one-way anova. Results are expressed as mean t 1SD




In the current study, we could not demonstrate a RAIR in three infants. Two of
them showed a low anal sphincter pressure of 5 mmHg and one child showed a
normal anal sphincter pressure of 46 mmHg. In one child with a low anal sphincter
pressure, we were able to perform a follow up manometry at 12 months of age,
which confirmed normal anorectal function. In the other two infants, parents did
not consent to a second anorectal manometry, however both had no clinical evidence
of abnormal defecation patterns suggesting normal anorectal function. These follow-
up observations suggest that absence of a normal RAIR was more likely due to
delayed maturation of anorectal function, rather than any underlying motility
disorder.

In contrast with a comparable study in older neonates, no correlation was found
between resting anal sphincter pressure and PMA3. The reason for this is unclear.

An anorectal micromanometric sleeve catheter is suitable for use in evaluating
anorectal pressures in very premature neonates down to 26 weeks’ gestation. In
these infants normal anorectal function is usually seen; however, the RAIR is less
reliably elicited and requires a greater threshold stimulus than older preterm infants.
This study indicates that a micromanometric anorectal sleeve assembly can detect
a RAIR in very premature infants. We believe that manometry can be used to
reliably assess anorectal function and possibly exclude Hirschsprung'’s disease,
however, as in term infants; a rectal biopsy is needed to confirm the diagnosis of

Hirschsprung’s disease in infants who do not demonstrate the RAIR.
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Abstract

Objective

We conducted a systematic review to determine and compare the diagnostic
accuracy of contrast enema, anorectal manometry, and rectal suction biopsy in

infants suspected of HD.

Data sources

Articles were identified through electronic searches in Medline, Embase and
Cochrane Controlled Trial Register. Searches in Pubmed were limited to articles
published after 1966 and in Embase after 1980.

Study selection
Studies were included if infants underwent at least one of the following tests:
contrast enema, anorectal manometry, or rectal suction biopsy, followed by full

thickness biopsy and/or clinical follow-up as the reference standard.

Data extraction
Two reviewers independently assessed the methods of data collection, patient selection,
blinding and prevention of verification bias, and description of the test protocol and

reference standard. Data to construct 2x2 tables were abstracted for each test.

Results

Twenty-four studies met our inclusion criteria, but two studies were subsequently
excluded for statistical analysis because data were missing to construct the 2x2
table. Rectal suction biopsy (14 studies for a total of 993 patients) was the most
accurate test having both the highest mean sensitivity (93%, 95% CI: 88% to 95%)
and mean specificity (98%, 95% CI: 95% to 99%). Sensitivity and specificity of
anorectal manometry (9 studies for a total of 400 patients) was similar to that of
rectal suction biopsy (91% versus 93%, p=0.73 and 94% versus 98%, p=0.08,
respectively). Sensitivity and specificity of contrast enema (12 studies for a total of
425 patients) was significantly lower than that of rectal suction biopsy and anorectal

manometry, with respectively 70% and 83%.

Conclusion

Rectal suction biopsy is the most accurate test in the diagnostic work-up of HD.
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Introduction

Constipation is a common problem in children and has often been regarded as a
trivial symptom, but it can result in substantial discomfort and disability impairing
social and physical well-being. In only 10% of all children with defecation disorders,
constipation is part of an organic disorder'. About once per 5000 live births,
constipation is caused by Hirschsprung’s disease (HD)>.

HD is a developmental disorder of the enteric nervous system (ENS) characterized
by absence of ganglion cells in the myenteric and submucosal plexuses along a
variable portion of the distal intestine. Literature showed that the aganglionosis is
confined to rectosigmoid in 75% of patients, sigmoid, splenic flexure or transverse
colon in 17% and total colon in 17% and total colon along with a short segment of
the terminal ileum in 8%>*. Eighty to 90% of all cases of HD produce clinical
symptoms and are diagnosed during the neonatal period. The usual presentation
of HD in the neonatal period is lack of passage or delayed passage of meconium
and signs and symptoms of large bowel obstruction which can lead to enterocolitis.

The diagnosis of HD is not always easy to establish. Three tests are available in
the diagnostic work-up of HD. The presence of a transitional zone is the critical
feature to suspect HD in contrast enema (CE) test. Anorectal manometry (ARM)
assesses the recto-anal inhibition reflex (RAIR), and failure to elicit this reflex
indicates HD. The third option consists of rectal suction biopsy (RSB), which shows
an elevated acetyl cholinesterase activity and an aganglionosis in case of HD.
However, the gold standard remains a full-thickness biopsy (FTB) of the rectum,
but this is an invasive test requiring general anaesthesia.

There has been considerable debate about the most appropriate initial test for
diagnosing HD, since CE, RSB and ARM can all produce false-negative and false-
positive test results®>”’. Each of these tests has both advantages and disadvantages
in terms of availability, technical difficulty, radiation exposure, and invasiveness.
Consequently, the choice of screening test and order of investigations for HD differs
among medical centres.

We conducted a systematic review to determine and compare the diagnostic
accuracy between contrast enema, anorectal manometry and rectal suction biopsy

in infants suspected of HD.
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Methods

Search strategy

A comprehensive literature search was performed to identify relevant publications
examining the diagnostic accuracy of at least one of the following tests: CE, ARM
or RSB. The Medline, Embase and the Cochrane Controlled Trial Register databases
were searched using three different queries; (a) Hirschsprung [mesh or textword]
AND (barium [mesh or text word] OR enema [mesh or text word}); (b) Hirschsprung
[mesh or textword] AND manometry [mesh or text word]; (c) Hirschsprung [mesh or
textword] AND (pathology [subheading] OR biopsy [mesh or text word] OR
acetylcholinesterase [mesh or text word]). Searches in Pubmed were limited to articles
published after 1966 and in Embase after 1980, and to studies involving humans.

No language restriction was applied. Searches were performed in May 2003.

Selection of studies

Eligible studies had to report on the diagnostic accuracy of at least one of the
following tests: contrast enema, anorectal manometry, or rectal suction biopsy in
a study population suspected for HD. Staining for acetylcholinesterase (AChE)
activity or staining with hematoxylin and eosin (H&E) should have been used to
evaluate the rectal suction biopsy. We posed no restriction on the design of studies
and included case series, case-control, cohort studies and studies in which at
least one reference standard was described. For a positive index test, we defined
the reference standard an aganglionosis on FTB. For a negative index test, we
defined the reference standard presence of ganglion cells on FTB or on RSB, or
disappearance of symptoms during FU. Studies in which we were unable to
reproduce the 2 by 2 table were excluded. Articles were independently selected
and reviewed by 2 authors (FdL and MB). Disagreements were resolved by

COnsensus.

Methodological quality and data extraction

Two authors (FdL and MB) independently assessed the design of the study, blinding
and prevention of verification bias, methods of data collection and patient
characteristics®. The other two authors (L.K. and J.R.) assessed those results and
disagreements were resolved by consensus. For each article we recorded the number
of true-positive, false-positive, true-negative, and false-negative results for each

index test that was examined.
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Data synthesis

We used forrest plots to display the precision by which sensitivity and specificity
had been measured in each study, and to illustrate the variation in estimates
between studies. 95% confidence intervals (CI) were calculated using the exact
binomial method. We used a bivariate meta-regression model to meta-analyse
estimates of sensitivity and specificity®'?. Rather than using a single outcome
measure per study, like the diagnostic odds ratio in the Summary Receiver Operating
Characteristic (SROC) approach, the bivariate model preserves the two-dimensional
nature of diagnostic data by directly analysing the logit transformed sensitivity
log(sens/(1-sens)) and specificity log(spec/(1-spec))of each study in a single model.
This model estimates and incorporates the correlation that might exist between
logit sensitivity and specificity within studies due to possible differences in threshold
between studies. The bivariate model uses a random effects approach for both
sensitivity and specificity, allowing for heterogeneity beyond chance due to clinical
or methodological differences between studies. In addition, the model acknowledges
the difference in precision by which sensitivity and specificity have been measured
in each study. This means that studies with a larger number of patients with the
target condition receive more weight in the calculation of the summary estimate of
sensitivity, while studies with more patients without the target condition are more
influential in the pooling of specificity.

The model requires logit transformation of the sensitivity and specificity. A
standard correction of adding 0.5 to all four cells of the 2x2 table was applied
when either sensitivity or specificity was 100%. The model produces the following
results: a random effect estimate of the mean sensitivity and specificity with
corresponding 95% confidence intervals, the amount of between-study variation
for sensitivity and specificity separately, and the strength and shape of the
correlation between sensitivity and specificity. Using these results, we calculated
a 95% confidence ellipse around the summary estimate of sensitivity and specificity.
All the results have been transformed back (anti-logit) to the original scale, and
plotted in ROC space.

Covariates indicating type of index test can be added to the model to test explicitly
whether either sensitivity, or specificity, or both are different between index tests.

We performed a subgroup analysis comparing studies with a substandard

verification protocol to studies with an adequate protocol. An adequate verification
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protocol was defined as a study in which both, a positive index test and a negative
index test, a predefined reference standard was performed. Case series in which
the reference standard was performed for a positive index test were also defined as
an adequate verification protocol. Unclear descriptions of reference tests were
classified as a substandard verification.

The Proc Mixed procedure in SAS version 8.2 for Windows (SAS Institute Inc,
Cary, NC, USA) was used to fit the various bivariate models.
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Results

Literature search

We identified 587 studies from the electronic search, and after initial evaluation
54 of them were judged potentially relevant. Twenty-eight studies were excluded
because no reference standard was specified and 2 studies were excluded because
no AChE or H&E staining was used; the remaining 24 studies met our inclusion
criteria. Twelve studies evaluated the diagnostic value of the contrast enema, 9
studies evaluated anorectal manometry and 14 studies evaluated rectal suction
biopsy. The median sample size of the 24 studies was 45 patients (range 9-293).
Two of these 24 articles were excluded from the statistical analysis because data

were presented unclear and we were unable to produce a 2 by 2 table.

Quality assessment and data extraction

Table 1-3 lists the 24 included studies and their clinical and design characteristics.
The design of studies varied: 16 studies were cohort studies, 4 studies were case
series, and 1 study used a case-control design. The design was unclear in 3 studies.
14 of the 24 studies used retrospective data collection, while the method of data
collection was unclear in the other 10 studies. None of the studies reported whether
the readers of the index tests were blinded to the results of the other index tests.
Eleven of the 12 studies evaluating CE used FTB as the reference standard to
verify positive CE results. However, only 7 studies used one of our predefined
reference standards to verify negative CE results. A FTB was used as reference
standard for positive ARM results in 8 of the 9 studies evaluating ARM, but
verification of negative ARM results was suboptimal in 3 studies. Thirteen of the
14 RSB studies used FTB as the reference standard in case of a positive RSB
result. In 8 RSB studies the verification of negative test results was inadequate.
Ten of the 14 RSB studies were stained with AChE, whereas 4 studies were stained
with H&E. Because of the small number of studies using H&E staining results
were not compared with the other index tests. In 2 studies using the AChE staining
it was not possible to reproduce the 2 by 2 table and these studies were therefore

not included the analysis.

Diagnostic accuracy
Figure 1 and 2 shows the sensitivity and specificity and their 95% confidence

interval for each study. Confidence intervals are wide, especially for estimates of
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Table 1. Evidence table showing clinical and design characteristics

Index test is contrast enema.

of individual studies.

First author Year Design Verification Blind
Index + Index -
Davis et al.2® 1972 Case Series FTB NA NR
Mahboubi et al.??” 1978 Case Series  FIB NA NR
Kekomaki et al.?* 1979  Cohort FTB in Unclear NR
10 infants
De Campo et al.!* 1984  Case Series FTB NA NR
Lanfranchiet al.?® 1984 Cohort FTB FU of at least 6 NR
mo
Rosenfield et al.}” 1984  Cohort FTB FTB NR
Loening-Baucke 1985  Cohort Aganglionosis Ganglioncells NR
et al.!l? on RSB on RSB and FU
Taxman et al.1? 1986  Cohort FTB FU or RSB with NR
ganglioncells
Smith et al.?® 1991 Case Series FTB NA NR
O’Donovan et al.3% 1996 Cohort FTB Combination of NR
ARM + CE + FU
Osatakul et al.® 1999  Cohort FTB FU NR
Reid et al.3! 2000 Cohort FTB ARM and/or ganglioncells  NR

on RSB

Table 2. Evidence table showing clinical and design characteristics of individual studies.
Index test is anorectal manometry.

First author Year Design Verification Blind
Index + Index -
Frenckner et al.32 1978 Cohort FTB FU of at least 4 mo. NR
Mahboubi et al.2” 1978 Case Series  FTB FTB NR
Iwai et al.?? 1979 Case Control FTB FU and negative NR
CE and 30% FTB
Kekomaki et al.>* 1979  Cohort FTB in NR NR
10 infants
Lanfranchi et al.?® 1984  Cohort FTB FU of at least 6 mo. NR
Loening-Baucke 1985 Cohort Aganglionosis  Ganglioncells on NR
et al.!? on RSB RSB and FU
Yaxoing et al.?® 1986  Unclear FTB NR NR
Emir et al.> 1997 Cohort FTB 38% FTB or FU NR
at least 4 mo.
Osatakul et al.® 1999  Cohort FTB FU NR

NR=not reported; FTB=full thickness biopsy; TP=true positive test results; FP=false positive
test results; FN=false negative test results; TN=true negative test results; NA=not applicable;
CE=contrast enema, ARM=anorectal manometry, RSB=rectal suction biopsy
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Data Population TP FP TN FN  Inconclusive

collection
Age % Boys

Retro NR 79 22 NA NA 6 0]

Retro 25/27<2yrs 67 22 NA NA 3 0

Retro Range Unclear 10 5 45 0 0
2wks-11yrs

Retro Unclear 54 2 NA NA 11 0

Retro Mean 4.8yrs 62 13 0 15 6 0
(17dys-16yrs)

Retro Unclear Unclear 29 4 16 13 0

Unclear Mean 14 days 52 3 7 14 1 0
(2-28 days)

Retro Range NR 12 9 29 3 0
lday-1yr

Retro Median 2-5 days NR 13 NA NA 4 0

Retro Range 61 13 NR NR 5 0
2dys-9mo

Unclear Range 64 21 0 5 10 0
0.2-120 mo

Retro Mean 3 yrs 56 5 1 47 1 0
(4wks-15yts)

Data Population TP FP TN FN  Inconclusive

collection
Age % Boys

Unclear Median 5 mo NR 3 0 5 0 1
(1mo-12mo)

Retro 25/27<2yrs 67 22 NA NA 3 0

Unclear Range NR 9 0 10 0 ]
4mo.-19yrs

Retro Range Unclear 8 1 47 1 3
2wks-11yrs

Retro Mean 4.8yrs 62 17 0 15 2 0
(17dys-16yrs)

Unclear Mean 14 days 52 3 1 20 1 0
(2-28 days)

Unclear Range 59 63 5 58 0 4]
30dys-12yrs

Unclear Mean 30,3 63 22 1 32 1 0
dys (2dys-3mo)

Unclear Range 64 31 2 12 0 0
0.2-120 mo
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Table 3. Evidence table showing clinical and design characteristics of individual studies.
Index test is rectal suction biopsy.

First author, year Design Verification Blind
Index + Index -

Campbell et al.3* 1969  Unclear FTB NR NR

Kekomaki et al.?* 1979  Cohort FTB in NR NR
10 infants

Hamoudi et al.3¢ 1982  Unclear FTB NR NR

Huntley et al.?3 1982  Cohort FTB Ganglioncells on RSB NR

Barr et al.%’ 1985 Cohort FTB FU of 18 months NR

Loening-Baucke 1985  Cohort Aganglionosis  Ganglioncells on RSB and NR

et al.1? on RSB FU of at least 6 months

Kurer et al 38 1986  Cohort FTB NR NR

Polley et al.>® 1986 Cohort FTB RSB with ganglioncells NR

Taxman et al.'3 1986  Cohort FTB FU or RSB with NR

ganglioncells

Yaxoing et al.*? 1986  Unclear FTB NR NR

Bonham et al.° 1987  Cohort FTB NR NR

Chen et al.?® 1987  Cohort FTB FTB or FU of at NR

least 1 mo.

Smith et al.?? 1991 Case Series FTB NR NR

Park et al.*! 1992  Cohort FTB in NR NR
13 infants

NR=not reported; FTB=full thickness biopsy; TP=true positive test results; FP=false positive
test results; FN=false negative test results; TN=true negative test results; NA=not applicable;
CE=contrast enema, ARM=anorectal manometry, RSB=rectal suction biopsy

Table 4. Summary estimates for sensitivity and specificity from the bivariate model.
Comparison between contrast enema, anorectal manometry and rectal suction biopsy stained

for AChE activity.

Index test

Parameter

Mean sensitivity(95% CI)

Mean specificity(95% CI)

Contrast enema (CE)

Anorectal manometry (ARM)
Rectal suction biopsy (RSB}

P-value CE vs. ARM
P-value CE vs. RSB
P-value ARM vs. RSB

0.70 (0.64 to 0.76)
0.91 (0.85 to 0.95)
0.93 (0.88 to 0.95)

<0.0001
<0.0001
0.730

0.83 (0.74 to 0.90)
0.94 (0.89 to0 0.97)
0.98 (0.95 to 0.99)
0.014
<0.0001
0.085

CI = confidence interval.
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Data Population TP FP TN FN  Inconclusive

collection
Age % Boys

Unclear Unclear NR NR NR NR NR NR
lday-12yrs

Retro Range Unclear 10 2 45 0 3
2wks-11yrs

Unclear NR NR NR NR NR NR NR

Retro Range NR 22 1 32 0 3
4dys-12yrs

Retro NR NR 19 0 79 3 0

Unclear Mean 14 days 52 4 0 21 0 4]
(2-28 days)

Unclear Range few NR 17 0 54 1 0
weeks-17yrs

Retro Mean 14.4 mo NR 41 0 251 1 0

Retro Range NR 11 0 40 0 7
lday-1yr

Unclear Range 59 56 0 11 2 0
30dys-12yrs

Retro Range NR 45 0 164 4 0
2dys-14yrs

Unclear Range NR 17 1 65 0 0
3dys-10yrs
(2dys-15yrs)

Retro Median NR 21 NA NA 0 3
2-5dys

Unclear Range Unclear 12 0] 24 1 0
3 dys-17yrs
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Figure 1. Forrest plot of sensitivity in studies examining the accuracy of contrast enema
(A), anorectal manometry (B), and rectal suction biopsy (C). TP=true positive test result;
FN=false negative test result.
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Figure 2. Forrest plot of specificity in studies examining the accuracy of contrast enema
(A), anorectal manometry (B), and rectal suction biopsy (C). TN=true negative test result;
FP=false positive test result. NA= not applicable, case series that only included patients
with Hirschsprung.
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Figure 3. Bivariate random summary
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sensitivity because the number of patients with HD is low in most studies. The
estimates of mean sensitivity and specificity of the three index tests are given in
table 4. The joint confidence interval around the mean sensitivity and specificity is
depicted in figure 3. This figure clearly shows that the accuracy of CE is substantially
poorer compared to the other tests. Formal statistical testing for differences between
sensitivity and specificity reveal that RSB stained for AChE activity was the most
accurate test having both the highest mean sensitivity (93%, 95% CI: 88% to 95%)
and mean specificity (98%, 95% CI: 95% to 99%). The RSB studies stained for
H&E showed a comparable sensitivity and specificity (96% and 98% respectively).
Sensitivity and specificity of anorectal manometry (9 studies for a total of 400
patients) was similar to that of rectal suction biopsy stained for AChE activity
(91% vs 93%, p=0.73 and 94%, vs 98%; p=0.08, respectively). Sensitivity and
specificity of CE was significantly lower than that of RSB stained for AChE activity
and ARM, with respectively 70% and 83%.

Subgroup analyses showed that there was no significant difference in either
sensitivity or specificity between studies with a low quality and high quality
verification protocol. However, a trend towards an exaggerated estimate of sensitivity
was found in low (n=2) versus high quality (n=10) studies evaluating CE (mean
sensitivity of low quality 86% vs. high quality 70%), but this difference was not
statistical significant (p=0.33).

Inconclusive tests were most frequently seen in studies evaluating RSB; 4 studies
showed 16 inconclusive tests and in 2 studies the number of inconclusive tests
was unclear. ARM showed in 2 studies 4 inconclusive tests and CE did not show

inconclusive tests.
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Discussion

Our results show that rectal suction biopsy (RSB) stained for AChE activity is the
most accurate test in the diagnostic work-up of HD. Mean sensitivity of anorectal
manometry (ARM) was similar to that of RSB, but its specificity was significantly
lower. Mean sensitivity and specificity of contrast enema (CE) was significantly
lower than that of RSB and ARM.

To our knowledge, this is the first systematic review evaluating the accuracy of
tests for the diagnosis of HD. Since it is not clear what test is the most accurate
one in the diagnostic work-up of HD, different approaches are used in different
hospitals. Only one report in this systematic review compared all three possible
tests in a single study!!. Therefore, we used indirect comparisons to examine
differences in sensitivities and specificities between the three tests.

All studies included in this systematic review had their limitations. The way
patient were selected was poorly described in all studies. Therefore, it was unclear
whether all consecutive series of patients suspected of HD was included or not.
Furthermore, a description of the clinical symptoms of patients suspected of HD
was lacking. For most studies it was unclear whether the readers of the index
tests were blinded to the results of the other index tests or reference standard.
Another drawback is that all studies provided sparse details about the thoroughness
of their clinical follow-up. Essential information like the duration of follow-up, the
number of patients lost to follow-up, and the way in which patients were contacted,
was missing. All studies retrospectively collected their data. The disadvantage of
collecting data retrospectively is: uncertainty about inclusion criteria, that data-
collection is not uniform, evaluating known test results and that quality of follow-
up is limited. In almost all studies (23 studies) included in this systematic review
a FTB was performed in those patients with a positive index test. However, several
studies did not verify patients with negative test results and classified these patients
as true negatives. Patients with a false negative test result may stay undetected if
follow-up is not adequate or if patients with persistent symptoms return to a
different hospital. In that case, both sensitivity and specificity will be overestimated,
although the relative effect will be greater on sensitivity because of the lower number
of patients with HD.

In this systematic review, CE had the lowest sensitivity compared to RSB and

ARM (70% vs 93% and 91% respectively), indicating that false-negative test results
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were more common in CE. Several explanations have been described for false-
negative results of CE. Especially in young infants suspected of HD, a transition
zone is difficult to demonstrate!?. Furthermore, De Campo at al. demonstrated a
normal-calibre colon in 75% of children with total aganglionosis'3. Rectal wash-
outs and even digital rectal examinations may also lead to false-negative test
results'*. RSB and ARM showed in rare cases false-negative test results. It has
been suggested that false-negative test results of ARM occur because of
displacement of the transducer probe or as a consequence of relaxation of the
external anal sphincter rather than the internal anal sphincter!®. Possible causes
for false-negative test results in RSB are: variability in the biopsy site (correct site
is 2-3 cm above the mucocutaneous junction), biopsy material that is too superficial
and does not contain muscularis mucosa, biopsy material with bleeding artefacts,
the technical variations in performance of the stain and the experience of individual
pathologists. Furthermore, in neonates a false-negative reaction may occur possibly
due to immaturity of the enzyme system'?.

A high specificity is also desirable for tests in the work-up of patients suspected
for HD, otherwise too many patients unnecessarily have to undergo the invasive
definitive test because of false-positive test results. False-positive test results were
also most frequent in CE. Rosenfield et al. described 4 newborn infants with a
meconium plug syndrome leading to a transition zone at the splenic flexure, that
mimics the finding in HD'®. Other CE studies did not provide a good explanation
for the occurrence of false-positive test results. The literature contains conflicting
views whether the accuracy of anorectal manometry is lower in neonates. Some
studies suggest that failure of the reflex might be due to physiologic immaturity of
anorectal function!”-18, Nevertheless, we demonstrated that term and premature
infants older than 26 weeks’ postmenstrual age have a well developed RAIR upon
rectal distension!?2?. The false-positive test results in ARM might be due to

technical problems such as an air leak in the circuit or insufficient inflation of the

balloon?!. False-positive results in RSB are rare. Only three studies showed patients

with false-positive test results?2-2%, The reason for this is unclear.

The highest frequency of inconclusive tests results were seen in studies evaluating
RSB, 4 of the 14 studies showed 16 inconclusive tests. The explanation is that
biopsies are taken too superficially (containing insufficient muscularis mucosa)

for proper evaluation. In contrast, CE did not show inconclusive tests.
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In this systematic review, CE showed a wide range in sensitivity and specificity.
The wide range in sensitivity and specificity values might be due to difference in
quality of studies and/or variation due to chance because of low number of included
patients. CE showed 1 outlier with a sensitivity of only 15%!3. The reason of this
low sensitivity can be the inclusion of only 13 patients, all with total aganglionosis
which often leads to false-negative test results on CE. Specificity of CE studies
showed also a wide range and could be calculated in only 7 studies. The range of
sensitivity and specificity in RSB studies is small. This is also true for the sensitivity
and specificity in ARM studies.

In conclusion, this systematic review shows that rectal suction biopsy stained
for AChE activity is the most accurate test in the diagnostic work-up of patients
suspected of HD. Since verification of index tests was not optimal in all studies
included in this systematic review and all studies showed methodological
limitations, the value of the accuracy of these tests need to be confirmed. Large
blinded prospective studies with well defined inclusion criteria and long-term clinical
follow up should be performed to evaluate the accuracy of the different diagnostic

tests simultaneously, in infants suspected of Hirschsprung’s disease.
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Abstract

Background

Full thickness biopsy is considered the gold standard for Hirschsprung’s disease
(HD), however, it is invasive and requires general anesthesia. Whether other tests

can replace full thickness biopsy is unclear.

Aim
To compare the diagnostic accuracy of contrast enema (CE), anorectal manometry

(ARM) and rectal suction biopsy (RSB) for the detection of HD.

Methods

Following a prospective protocol, infants suspected of HD underwent all three index
tests. Children with two or more positive index test results or children, who continued
to have severe bowel problems, underwent a full thickness biopsy as reference

standard. Clinical follow-up was the reference standard in all other children.

Results

Between 2000 and 2003, 111 consecutive patients (67 boys, median age: 5.3
months) suspected of HD were enrolled. HD was found in 28 out of 111 patients.
RSB had the highest sensitivity (93%) and specificity (100%), but values were not
significantly different from CE (sensitivity=76%; specificity=97%) and from ARM
(sensitivity=83%; specificity=93%). Inconclusive test results occurred in 8 infants

with CE, in 15 infants with ARM due to agitation and in 2 infants with RSB .
Conclusion

Rectal suction biopsy is the most accurate test to diagnose Hirschsprung’s disease,

and has the lowest rate of inconclusive test results.
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Introduction

In the majority of infants and children with constipation, no obvious cause can be
identified. A rare cause of constipation is Hirschsprung’s disease (HD). HD is
characterized by the absence of ganglion cells from the anal rectum to a variable
length up to the duodenum. The extent of the aganglionic segment varies, but in
most patients the lesion does not extend beyond the rectum and sigmoid colon. In
a few cases however, the aganglionosis may involve the colon and in extremely
rare cases up to the duodenum!. The clinical symptoms of HD may become manifest
in the neonatal period, which include lack of passage or delayed passage of
meconium beyond 24 hours, and signs and symptoms of large bowel obstruction
such as biliary vomiting, a distended abdomen, severe defecation problems and/
or enterocolitis.

Several tests, based on different features of the condition, are employed in the
work-up of patients suspected for HD. The presence of a caliber change, with a
dilated normal colon to a narrowed aganglionic bowel may be demonstrated by
contrast enema (CE). Anorectal manometry (ARM) assesses the recto-anal inhibitory
reflex (RAIR), which is absent in children with HD. The third option consists of a
rectal suction biopsy (RSB), which shows an elevated cholinesterase activity and
may even show aganglionosis in case of HD. Since RSB is a superficial biopsy, it is
not always possible to detect with certainty the presence or absence of ganglion
cells. Therefore, all positive RSB test results were confirmed with a full-thickness
biopsy (FTB) which contains rectal mucosa and underlying muscle. This test
provides the most definitive answer, but is invasive and requires general anesthesia.

There has been considerable debate about the most appropriate diagnostic
approach for HD, since CE, ARM and RSB all produce false-negative and false-
positive test results®3. Each of these tests has both advantages and disadvantages
in terms of availability, technical difficulty, radiation exposure, and invasiveness.
The diagnostic accuracy of each investigation has never been compared directly in
a prospective study. Therefore the aim of our study was to compare the diagnostic

accuracy of contrast enema, anorectal manometry and rectal suction biopsy in

infants suspected of HD.




Methods

Between 2000 and 2003, we enrolled 122 consecutive patients suspected of HD in
our prospective study. All patients had severe defecation problems from birth and
abdominal distension and / or could not be weaned off from laxative treatment.
Data regarding gestational age and first passage of meconium after birth were
collected. All patients were referred to our outpatient paediatric motility clinic in a
tertiary medical hospital by paediatricians or paediatric surgeons to exclude or
confirm HD. Anorectal manometry was performed in our outpatient paediatric
motility unit. The CEs were performed at the paediatric radiology suite and a
paediatric surgeon, mostly on an outpatient basis, performed all RSB’s. CE, ARM
and RSB were performed in arbitrary order, based on the availability and planning
situation in the hospital. Eleven out of the 122 infants did not undergo all
investigations and were therefore excluded from the study. Reasons not to perform
all three tests were: no permission given by the parents to perform all three tests
in 4 infants; parents who did not show up for one or more investigations in 4
infants. RSB was considered too invasive due to prematurity in 2 children and due
to autoimmune hepatitis in 1 child. In all other 111 children the three tests were
performed within 3 weeks. The investigators were informed about the clinical status
of the patients but did not know the outcome of the other tests. All data were

prospectively collected on pre-designed case record forms.

Contrast enema

Paediatric radiologists or residents performed the radiological examination of the
colon in a routine manner using standard CE techniques. Children did not have
bowel preparation prior to the CE. A diluted {1:3) hyperosmolar water-soluble contrast
medium (amidotrizoic acid) was administered rectally. A small rectal catheter was
used and placed in the rectum as distally as possible. No balloon catheters were
used. All CE images were read by the same paediatric radiologist (AS). The classical
finding in patients with HD is that of a caliber change between a small or normal-
sized distal aganglionic segment and a dilated proximal ganglionic bowel*. The
presence or absence of this caliber change was considered to be a positive or negative

test result, respectively.
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Anorectal manometry

In all children anorectal perfusion manometry, using a purpose-built silicone rubber
micromanometric anorectal catheter (od 2.0 mm), was performed after bowel
preparation with an enema. The catheter incorporated a 1.5-cm-long sleeve sensor
and an array of 3 side-holes spaced 0.5 cm apart for measurement of anal sphincter
pressures and 1 side-hole located 0.5 cm proximal of the sleeve for measurement
of basal pressure within the rectum. All side-holes were perfused with sterile
degassed water at a rate of 0.2 mL/min. An air channel was present on the tip of
the catheter. Rectal distension was produced with a highly compliant 4-cm-long
distending rectal balloon, tied at the end of the catheter.

The catheter was positioned with the sleeve straddling the anal sphincter high-
pressure zone and the balloon in the rectum. To elicit a RAIR, 2 to 60 mL of air was
insufflated in the balloon for rectal distension. The reflex was defined to be normal
when rectal distension produced a relaxation of the anal sphincter pressure of at
least 5 mmHg over 2 to 5 seconds. When the RAIR was observed 3 times, it was
concluded that ARM could not support the diagnosis of HD. Recording sessions
lasted 30 minutes on average. Measurements were performed and assessed by FdL
and MB.

Rectal suction biopsy

In all patients 4 RSBs were taken at 4 different sites: 2 and 4 cm from the dentate
line anteriorly, and 2 and 4 cm from the dentate line posteriorly. The suction
biopsy specimens were examined for routine histology and for acetylcholinesterase
(AchE) histochemistry. Bowel specimens were fixed in 4% formaldehyde buffered
with phosphate-buffered saline (PBS), dehydrated, and embedded in paraffin. Tissue
sections were made at Sum, stretched, and dried at 57°C overnight. The sections
were rehydrated in an alcohol series, endogenous peroxidase activity was blocked
by 1% H,0, in methanol for 1 hour.

Acetylcholinesterase activity was determined as previously described by
Karnovsky and Roots®. Nonspecific acetylcholinesterase was inhibited by 2.5 x
10° mol/L tetra-isopropylpyrophosphoramide (ISO-OMPA)®. Ganglion cells were
determined with a hematoxylin-eosin staining. A RSB was considered positive if
the acetylcholinesterase activity was elevated in combination with an absence of

ganglion cells. If ganglion cells were present, HD was excluded. The biopsies were
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evaluated by one experienced histopathologist with specific interest and expertise
for HD (FtC).

Final diagnosis

The final diagnosis of HD was made by the absence of ganglion cells in a full
thickness biopsy or from the operative specimen, or was rejected by thoroughly
clinical follow-up including a hospital visit to confirm the disappearance of
complaints. Children with two or more positive index test results or children who
continued to have severe complaints despite intensive laxative treatment during
follow-up were verified through a full thickness biopsy (n=32). In all other children
clinical follow-up was used to demonstrate the disappearance of complaints. The
minimum duration of follow-up was six months.

Full thickness biopsy specimens were obtained under general anesthesia by a
paediatric surgeon at 2 cm above the dental line, posteriorly. These specimens
were handled in a routine manner in the pathology laboratory of our tertiary center.
Full thickness specimens were examined for the presence or absence of ganglion
cells in Auerbach’s plexus located between the longitudinal and circular muscle

layers of the bowel wall. The same histopathologist examined all sections.

Statistical analysis
Sensitivity and specificity were calculated for all three index tests together with 95%
confidence interval using the method of Wilson’. We tested for differences in

sensitivity, specificity and inconclusive results between tests by using the McNemar

test for paired observations®. The diagnostic odds ratio was used to test whether the

overall accuracy of an index test differed between subgroups of patients (young
versus old). Patients with inconclusive test results were excluded in the calculation
and comparison of sensitivity, specificity, and diagnostic odds ratio. In all analyses,

two-sided P-values less than 0.05 were considered statistically significant.
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Results
Table 1 outlines the patient characteristics. Of the 111 children included in the
study, 67 (60%) were boys. The median age of the total group was 5.3 months
(range 4 days-12 years). A final diagnosis of HD was made in 28 (25.2 %) children.
The other 83 children were classified as having functional constipation. The median
age at intake was significantly lower in children with HD compared to children
with functional constipation. As expected, significantly more children with HD
had a delay in meconium passage compared to children with functional constipation.
A total of 28 patients showed two or more positive index test results. In all 28
children, HD was confirmed by FTB. In four patients, however, less than 2 index
tests were positive for HD. Since these patients presented with such severe and
acute defecation problems laparotomy was necessary to relieve colonic distension.
During the surgical procedure a FTB was performed, which definitely excluded
HD in these 4 infants. In 21 out of the total of 28 infants with HD (75%) the length
of the aganglionic segment was limited to the rectosigmoid. In 5 patients (18%) the
aganglionic segment extended to the splenic flexure and in 1 patient to the ascending
colon. Only 1 patient had a total aganglionosis coli. The children who did not
undergo a FTB were followed up for at least 6 months. After these 6 months 68%
of these children developed a normal defecation pattern without the use of laxatives,
9% had a normal defecation pattern with the use of laxatives while mild defecation
problems needing oral laxatives persisted in 23% of the children. In these latter

32% of children, RSB had been normal.
Contrast enema

Table 1. Patient characteristics.

Total group HD FC P-value
(N=111) (N =28) (N = 83) HD vs FC
Percentage of boys 60% 68% 58% p=0.35
Median age at intake in months 5.3 4.0 6.0 p=0.01
< 1 month (%) 19% 39% 12%
1-6 months (%) 33% 18% 37%
6-12 months (%) 16% 29% 12%
> 12 months (%) 32% 14% 39%
Prematurity 17% 4% 22% p=0.03
Delayed meconium passage (>24 hours) 54% 81% 44% p=0.001
Median defecation 2.0 (0.0-49.0) 0.5(0.0-24.0) 2.0(0.0-49.0) p=0.30

frequency/week (range)

HD=Hirschsprung’s disease, FC=functional constipation
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Table 2 shows the sensitivity and specificity for each index test. A caliber change
was seen in 19 out of 28 patients (68%) with HD. No caliber change was observed in
6 patients with histological proven HD. Five of them were younger than 1 year. In
the other 3 patients, CE was inconclusive for technical reasons: the catheter was
not removed from the rectum during the recording period, and / or too fast injection
of contrast which sometimes leads to overdistension of the bowel. Furthermore, a
caliber change was present in 2 patients, both younger than 1 year, with functional
constipation. In eight infants, CE was non-conclusive, mostly because of technical
failures as mentioned above. No side effects occurred during or after the CE
procedures. The sensitivity and specificity of a CE was 76% and 97%, respectively.
The overall accuracy of a CE is both not significantly different in infants <1 months
compared to infants 21 month (100% versus 90%, p=0.27) or in children >1 year

compared to younger children (94% versus 89% respectively, p=0.21).

Anorectal manometry

A positive test (absence of the RAIR) was found in 19 children out of the 28 children
with HD. Surprisingly, 4 children with histological proven HD showed a relaxation
of the IAS upon balloon distension. Three of them were younger than 1 month.
This resulted in a sensitivity of 83%. In 15 infants the results of ARM could not
reliably be analyzed due to agitation during the procedure, five of these patients
turned out to have HD. Even after inflation of up to 60 ml of air in the rectal
balloon, 5 children with functional constipation showed no reflex relaxation of the
sphincter complex leading to a specificity of 93% (95% CI 0.85-0.97). No side effects
occurred during or after the ARM procedures. The accuracy of ARM was not
significantly different in infants younger than 1 month compared to infants =1
month (<1 month = 84%, 21 month = 93%, p=0.70) or in children older than 1 year
compared to children <1 year (94% versus 90% respectively, p= 0.47).

Rectal suction biopsy

A positive biopsy was found in 25 out of 28 children with HD. Two children, both
younger than 1 month, had a false-negative test result for RSB. Although the RSB
in these infants showed a normal acetylcholinesterase activity, no ganglion cells
could be identified. In 1 child the RSB was not conclusive and 1 more inconclusive

RSB result occurred in a patient without HD. In both inconclusive cases the biopsy
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was too superficial and did not contain muscularis mucosa. RSB produced no
false-positive test results. One patient had rectal blood loss after the RSB procedure,
but no surgical re-examination was needed to stop this. This meant that the
sensitivity and specificity of RSB was respectively 93% (95% CI 0.77-0.98) and
100% (95% CI 0.96-1.00), excluding the 2 patients with inconclusive test results.
The accuracy of RSB was 90% in infants <1 month and 100% in infants >1 month
{p=0.11) whereas the accuracy was 100% in children >1 year and 97% in children

<1 year (p=0.32).

Direct comparison of accuracy

Table 2 shows a raw overview of test results per indextest. The pairwise comparison
of sensitivity and specificity between different tests showed that RSB had the
highest sensitivity (93%), but it was not significantly different from CE (76%, p=0.29)
and from ARM (83%, p=0.69). The specificity of the RSB was higher (100%) compared
to CE (97%, p=0.50) and ARM {93%, p=0.06).

Table 2. Raw data of test results per index test and comparison of sensitivity, specificity
and inconclusive tests between contrast enema, anorectal manometry and rectal suction
biopsy in patients suspected of Hirschsprung’s disease.

Contrast Anorectal Rectal suction CEvs CEvs ARMvs
enema manometry biopsy ARM RSB RSB
p-value p-value p-value

Sensitivity (95% CI) 76% (57-89%) 83% (63-93%) 93% (77-98%) 1.00 0.29 0.69

TP / (TP+FN) 19 / (19+6) 19 / (19+4) 25 / (25+2)

Specificity (95% CI) 97% (91-99%) 93% (85-97%) 100% {96-100%) 022 0.50  0.06
TN / (TN+FP) 73 [ (73+2) 68 / (68+5) 82 / (82+0)

Inconclusive - no. (%) 11 (9.9%) 15 (13.5%) 2 (1.8%) 0.17 011 0.002

TP=true positive test result; FN=false negative test result; TN=true negative test result;
FP=false positive test result; Cl=confidence interval, CE=contrast enema, ARM=anorectal
manometry, RSB=rectal suction biopsy
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Discussion

In this prospective study we compared the accuracy of contrast enema, anorectal
manometry and rectal suction biopsy in patients suspected of Hirschsprung’s
disease (HD). Our results demonstrate that rectal suction biopsy (RSB} is the most
accurate test in diagnosing Hirschsprung’s disease with a sensitivity and specificity
of 93% and 100%, respectively. This was however, not significantly different from
contrast enema (CE) (76% and 97% respectively) and anorectal manometry (ARM)
(83% and 93% respectively). RSB also had the lowest rate of inconclusive test
results and provides a histological diagnosis.

In accordance with the literature, approximately 75% of the infants with HD
were boysl. Furthermore, as also shown in our study, up to 80-90% of the infants
with HD fail to pass meconium in the first 24 hours of life'. Delayed passage of
meconium by itself, seems not a good discriminative clinical symptom to differentiate
between HD and functional constipation, as 30-40% of children with functional
constipation and approximately 30% of healthy preterm infants have delayed
meconium production®19. In patients presenting with delayed passage of meconium
and other important clinical signs of HD such as vomiting and abdominal distension,
however, rapid diagnostic tests are necessary. Severe intestinal obstruction leading
to enterocolitis, remains the commonest cause of morbidity and mortality in HD!.

The hallmark to diagnose HD using a CE is the presence of a caliber change!©.

In accordance with earlier studies!?12

, no caliber change was found in 6 patients
with HD (30%), of which 5 were younger than 1 year and in 1 patient with total
aganglionosis coli. Taxman et al suggested that in young infants the caliber change
is more difficult to demonstrate!®. False-negative test results are also reported in
75% of children with total aganglionosis!®'!*. Furthermore, rectal wash-outs and
even digital rectal examinations may decompress the distended proximal bowel
with distortion of the caliber change leading to false-negative test results?. We
have no explanation why false-positive test results were found in 2 patients with
functional constipation, both younger that 1 year of age. Long-term follow-up of
these patients revealed no defecation problems thereby excluding HD. Although
the CE is a simple test to perform, the radiation exposure is high and an experienced
paediatric radiologist is essential to evaluate and score the x-ray results.

The literature contains conflicting data about the accuracy of anorectal

manometry in neonates. Some studies reported that the RAIR does not occur in
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premature or term infants until the 12 day after birth because of physiologic
immaturity of anorectal function!>'®. We demonstrated that premature infants
older than 26 weeks’ postmenstrual age have a well developed RAIR upon rectal
distension!”18, In this study, 5 infants, of which 3 were < 1 year old, without HD
showed an absence of the RAIR upon anorectal manometry (false positive test
results). False-positive test results might be caused by insufficient inflation of the
balloon. We used a maximum volume of 60mL, which might not have been enough
to distend the rectum in some children, because of a congenital megarectum or a
megarectum due to severe constipation. Furthermore, technical factors such as
an air leak in the circuit might cause false-positive test results. False-negative test
results were found in 4 infants, of which 3 were <1 month. In a study by Aaronson
and Nixon'?, 26% of the patients with a final diagnosis of HD showed a normal
RAIR. The authors attributed these false-negative results to displacement of the
transducer probe with side hole sensors. Since the use of a sleeve sensor which
allows for sphincter movement and pressure measurement over the length of the
sleeve, the displacement can be avoided!”. Therefore, it seems unlikely that our
false results are due to displacement of the probe. Furthermore, they proposed
that some of the false-negative results might be a consequence of relaxation of the
external anal sphincter rather than the internal anal sphincter. We have no other
explanation why the RAIR was present in those 4 children with HD.

Due to agitation during the procedure we were not able to reliably analyze the
manometry tracings in a substantial number of patients. In order to improve
cooperation it might have been helpful to perform anorectal manometry under
mild sedation or anesthesia in these young infants. A recent study showed that
the RAIR could be elicited even when anorectal manometry was performed under
general anaesthesia?°.

Anorectal manometry is a non-invasive diagnostic test and is easy to perform in
children older than 1 year of age. It therefore has often been suggested as an ideal
screening tool. However, the equipment is expensive and extensive experience is
necessary to perform this procedure to evaluate the test-results in infants younger
than 1 year of age.

In our study, rectal suction biopsy (RSB) produced no false-positive test results.
Two false-negative test results were found both in patients younger than 1 month

old. Hamoudi et al?! described up to 29% of false-negative test results in children
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with HD, whereas others?%23 reported that nearly 100% diagnostic accuracy was

achieved with acetylcholinesterase histochemistry. Possible causes for false-negative
test results include: variability in the biopsy site, too superficial taken biopsy
material that lacks muscularis mucosa, immaturity of the enzyme system, technical
variations in performance of the stain and the experience of individual pathologists®.
Both infants with false-negative test results in our study continued to have severe
bowel problems which needed daily bowel irrigation. Because of the ongoing clinical
symptoms, despite intensive medical treatment, a FTB was performed which indeed
showed HD in both infants. A RSB is relatively simple, efficient and incident-free
procedure, although rectal bleeding, perforation or sepsis caused by RSB has been
described 024,

To the best of our knowledge, no study has been performed in which CE, ARM
and RSB were compared prospectively. A drawback of this study is that FTB was
not performed in all children to make the final diagnosis. We considered it unethical
to perform a FTB in all children, since it is an invasive procedure that requires
general anesthesia. Therefore, a thorough clinical follow-up, using a standardized
questionnaire to monitor the symptoms of constipation was carried out for each
patient for at least 6 months. Another drawback of this study is that despite the
large series of patients in the study (n=111), the number of patients with HD is
still low (n=28). This means that the power to detect differences in sensitivity
between the tests is still small.

In conclusion, RSB is a reliable quick and simple test that provides a tissue
diagnosis and was the most accurate test to diagnose Hirschsprung’s disease. A
negative test result virtually rules out the disease when the tissue is obtained from
the correct site and when the specimen contains at least a small amount of muscularis
mucosa. If symptoms still strongly suggest the diagnosis of HD, we prefer to perform
ARM, before repeating the RSB. If there is no ARM experience in the hospital, RSB
should be repeated. In our opinion the value of a CE in the work up of HD is limited
because of its fairly low sensitivity and high radiation exposure. Only if the diagnosis
HD has been established, CE might be helpful for the surgeon to assess the
localization of the caliber change and thus the length of the aganglionic segment.
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Abstract

Background

Inconsistent data exist concerning the value of a plain abdominal radiograph in
childhood constipation. Recently, positive results were reported of a new scoring

system “the Leech-method” to assess faecal loading on a plain abdominal radiograph.

Aim
To assess intra- and inter-observer variability of the Leech method and to determine
the diagnostic accuracy of this score in identifying children with functional

constipation.

Methods

89 consecutive children (58% boys, median age 9.8 yrs} with functional gastro-
intestinal disorders (Rome II criteria) were included in the study. Based on clinical
parameters, 51 fulfilled the criteria for functional constipation (FC), 7 and 31
children fulfilled the criteria for functional abdominal pain (FAP), and functional
non-retentive faecal soiling (FNRFS), respectively, and were classified as controls.
Intra- and inter-observer variability of the Leech method were assessed by scoring
the same abdominal radiograph twice by three observers, using an interval of 4
weeks between scoring of the same radiograph. A Leech score of 29 (0-15) was
considered as suggestive for (the diagnosis) of constipation. ROC-analysis was
used to determine the diagnostic accuracy of the Leech method in separating
patients with functional constipation from patients of the “control” group.

Results

The Leech-score was significantly higher in children with FC (mean: 10.1) compared
to the score in patients of the “control” group (mean: 8.5; p=0.002). The intra-
observer variability was high, whereas the scores between observers (inter-observer
variability) differed both systematically and displayed large variability. The Leech
score had poor diagnostic accuracy for diagnosing functional constipation, as
indicated by the area under the ROC curve of 0.68. The cut-off value of the Leech
score that leads to the lowest sum of false-positive and false-negative test results
was 9 and leads to a sensitivity of 75% and a specificity of 59%.

Conclusion

The Leech scoring method to assess faecal loading on a plain abdominal radiograph

proves to be of limited value in the diagnosis of functional constipation in children.
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Chapter 8

Introduction

Constipation is a common, if not universal phenomenon in childhood. The symp-
toms vary from a relative mild, short-lived bowel problem to severe chronic consti-
pation with faecal impaction and the involuntary loss of faeces (encopresis). Key
elements in the diagnostic process are a careful medical history and physical ex-
amination.

In addition to history and physical examination, a plain abdominal radiograph is
frequently used to assess the presence of retained stool or enlargement of the
colon or rectum in both the diagnostic process and treatment evaluation. Several
scoring systems exist to assess the severity of constipation in children on abdominal
radiographs!?. However, inconsistent data are reported using the different scoring
methods. The Barr and Blethyn scoring methods showed low intra- and inter-
observer variability. Whereas others found both high intra- and inter-observer
variability re-evaluating the Barr-score or their own scoring system®*.

Recently, a new scoring system was introduced to appraise faecal retention on a

single abdominal radiograph®. The authors claimed that this method is clinically

useful and reproducible in assessing childhood constipation. It is well-known
however, that evaluation of an abdominal radiograph is highly subjective. Therefore,
the aim of our present study was to reassess the intra- and inter-observer variability
of the Leech method and to determine its accuracy in the diagnosis of functional

constipation among patients with functional gastrointestinal disorders.




Methods

Study population

Between 2001 and 2003, 89 patients were enrolled in the present study. All chil-
dren were referred to our tertiary paediatric gastro-intestinal outpatient clinic for
the evaluation of abdominal pain, constipation or encopresis by family practition-

ers, paediatricians, psychiatrists and school doctors.

Clinical diagnosis
A diagnosis of functional constipation (FC) was made if at least two of the following
four criteria were present: 1) defecation frequency of less than three times per week,
2) two or more episodes of encopresis per week, 3) production of large amounts of
stool once per 7-30 days, and 4) the presence of a palpable abdominal or rectal mass®.

The diagnosis of functional non-retentive faecal soiling (FNRFS) was based on
the following criteria: 1) two or more encopresis episodes per week with no signs of
constipation, 2) a defecation frequency of >3 per week, 3) no periodic passage of
very large amounts of stool at least once every 7 — 30 days and 4) no palpable
abdominal or rectal mass on physical examination, for a period of at least one
week in the preceding 12 weeks’. Encopresis was defined as the voluntary or
involuntary loss of loose stool in the underwear after the age of 4 years®.

Functional abdominal pain (FAP) was defined as; at least 12 weeks of: 1) Continuous
or nearly continuous abdominal pain in a school-aged child or adolescent; and 2)
no or only occasional relation of pain with physiological events; and 3) some loss
of daily functioning; and 4) the pain is not feigned; and 5) the patient has insufficient
criteria for other functional gastrointestinal disorders that would explain the
abdominal pain’.

Children with clinical characteristics of FNRFS and FAP have little or no faecal

loading on an abdominal radiograph and were therefore classified as the “control”

group.

Abdominal radiograph procedure and scoring methods

Treatment with oral or rectal laxatives was discontinued in each patient for at
least 4 days. Thereafter, the patient ingested 1 capsule with 10 small radiograph
opaque markers on 6 consecutive days in order to determine the colonic transit
time (CTT). Subsequently, a plain abdominal radiograph was taken at day 7. This

radiograph was used both in the Leech method and in the CTT measurement.
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