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STELLINGEN N 
Behorendd bij het proefschrift: 

Constipationn in (early) infancy and childhood 
pathogenesiss and diagnostic procedures 

Fleurr de Lorijn 

1.. Een niet volledig intact netwerk van interstitiºl e cellen van Cajal leidt tot een afwijkende 

relaxatiee van de interne anale sphincter en zou een belangrijke rol k u n n e n spelen in 

defecatiee stoornissen (ditproefschrift). 

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

zwangerschapsduurr > 26 weken (ditproefschrift). 

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

vann Hirschsprung (dit proefschrift). 

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

uitt te sluiten bij premature zuigelingen (ditproefschrift). 

5.. Een abdominale röntgenfoto , met of zonder radio-opake markers, is van minimale 

diagnostischee waarde bij obstipatie (ditproefschrift). 

6.. Manometrie bij volwassenen is kinderspel. 

7.. Een tweeling is meer dan de som der delen. 

8.. One ’appelflap’ a day keeps the doctor away. 

9.. Het feit da t ik moeder werd tijdens dit onderzoek heeft aangetoond da t een 

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

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

vann wordt. 
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Chapterr 1 

Outlinee of the thesis 
Thee first stool in healthy term born infants, meconium, is usually passed within the 

firstfirst 24 hours of life and approximately 99% of these infants pass their first stool 

withinn 48 hours after birth1,2. Delayed passage of the first stool is relatively common 

inn very low birth weight infants, and prematures < 32 weeks gestation (20-57%). This 

iss probably due to physiological immaturity of motor function, lack of triggering of 

enterall feeding on gut hormones and more viscous meconium compared with full-

termm infants3,4. In the absence of other clinical findings it is generally accepted that 

theree is no need for extensive evaluation even up to 2 weeks of age . 

AA delay in the passage of meconium in combination with clinical findings such 

ass vomiting, irritability and abdominal distension, is an alarm symptom suggesting 

intestinall obstruction due to Hirschsprung’s disease (HD), bowel atresia, meconium 

ileuss or meconium plug syndrome. 

HDD is a developmental disorder of the enteric nervous system characterized by 

ann absence of ganglion cells along a variable distance of the distal intestine from 

thee internal anal sphincter. About once per 5000 live births, constipation is caused 

byy HD5. More than 90% of the infants with HD fail to pass meconium within 24 

hourss after birth which can lead to severe constipation, abdominal distension, 

enterocolitis,, toxic megacolon and even death. Therefore it is of clinical importance 

too differentiate between Hirschsprung’s disease and functional constipation in 

thesee young infants. Differentiation is possible by detecting the presence or absence 

off the rectoanal inhibitory reflex (RAIR), using anorectal manometry. 

Thee presence of the RAIR is important for normal defecation. The RAIR is a 

transientt relaxation of the internal anal sphincter. When stool arrives in the rectum, 

fillingg of the rectum leads to stretch of the rectal wall with subsequent triggering of 

thee RAIR. A normal developed enteric nervous system is necessary for a normal 

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

evacuationn of stool leading to severe chronic constipation as described in HD6. 

Chapterr 2 describes in detail the symptomatology, pathophysiology, genetical 

backgroundd and tools to diagnose HD. 

Besidess children with Hirschsprung’s disease, there is a subgroup of preterm 

andd term neonates with defecation problems directly after birth. These infants 

presentt often with a delayed passage of meconium (> 24 hours after birth), 

abdominall distension and feeding problems7 . However, these gastrointestinal 
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symptomss resolve in the following weeks after birth. The exact reason for these 

t rans ientt defecation problems is unclear. One possibility could be that the 

componentss responsible for normal motility have not been developed properly. 

Recently,, a study demonstrated that transient defecation problems may result 

fromm a delayed maturat ion of interstitial cells of cajal (ICC). ICC function as 

pacemakerr cells coordinating the electromechanical activity of the gut8’9 . To what 

extentt 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. 

Wee designed an animal study in which we investigated the role of ICC and nitric 

oxidee in the inhibitory neurotransmission of the murine internal anal sphincter 

(chapterr 3). In addition, we evaluated whether the RAIR is indeed absent in these 

childrenn with an episode of constipation. Therefore, we investigated the presence 

off the RAIR in premature neonates with a transient delayed meconium production 

(>> 48 hours) (chapter 4). 

Fromm the above chapters it is obvious that the RAIR is an important reflex pattern, 

necessaryy for normal defecation. Especially in children with delayed meconium 

production,, it is therefore of great importance to detect possible abnormalities in 

thee presence or absence of the RAIR. Clearly, this implies that the age at which the 

RAIRR is matured has to be identified. A normal developed RAIR to rectal distension 

hass been shown in term and premature infants older than 30 weeks’ postmenstrual 

agee (PMA)10. However, it is unknown if the RAIR is maturated in very premature 

infantss (< 30 weeks’ PMA) (chapter 5). 

Anorectall manometry in the neonate offers a non-invasive diagnostic test for 

identifyingg the RAIR. It measures pressures in the anorectal region evaluating 

internall and external sphincter function. In addition to anorectal manometry, two 

otherr 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 

suspectt HD and to determine the length of the aganglionic segment. And rectal 

suctionn biopsy (RSB), which shows an elevated acetyl cholinesterase activity and 

ann aganglionosis in case of HD. There has been considerable debate about the 

mostt appropr ia te diagnostic approach for HD, since all tests produce low 

sensitivitiess and low specificities11"14. Since it is not clear what test is the most 

accuratee one in the diagnostic work-up of HD, different approaches are used in 

differentt hospitals. A systematic review was conducted to determine and compare 
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Chapterr 1 

thee diagnostic accuracy between contrast enema, anorectal manometry and rectal 

suctionn biopsy in infants suspected of HD (chapter 6). Subsequently, a study was 

conductedd in which we prospectively compared the diagnostic accuracy of contrast 

enema,, anorectal manometry and rectal suction biopsy in infants suspected of HD 

(chapterr 7). Based on these results we can offer clinicians the best diagnostic 

work-upp for HD and consequently prevent performing unnecessary tests. 

Fromm the above chapters it is clear that diagnosis of neonates and infants with 

HDD and with transient defecation problems is often difficult, but as well in children 

att later age with functional constipation, diagnosis may be difficult. Functional 

constipationn 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 

physicall examination form the corner stone for the diagnosis of constipation, a 

plainn abdominal radiograph is frequently used to confirm the presence of retained 

stooll or enlargement of the colon or rectum15"17. Several scoring methods have 

beenn 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 

inn the diagnosis of constipation1 8 1 9 . In chapter 8 the value of a new scoring 

system,, the Leech-score, in children with constipation is reported and inter- and 

intra-observerr variability is evaluated. 

Thee measurement of colonic transit time (CTT) is another method to objectify the 

severityy of constipation. This method uses radio opaque markers to localise the 

delayy in colonic transit and is helpful if bowel history is unreliable. It offers more 

preciselyy and consistently information about colorectal motor function in defecation 

disorders20.. In both adults and children inconsistent data exist concerning the 

relationn between symptoms of constipation and CTT21"24. No studies have been 

performedd to investigate the prognostic value of CTT measurement in children with 

constipationn (chapter 9). If CTT values can predict success, it is possible to give 

moree clarity to the parents about the course of the child’s defecation problems. 
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Chapterr 2 

Generall introduction 
Inn healthy term infants, the passage of meconium occurs in 95% within 24 hours 

andd 99% within 48 hours of birth1 ,2 . This percentage however dramatically drops 

too 66% in preterm (<32 weeks gestation) and low birth weight (<2500 grams) in›

fants1 ,2 .. Most likely, this delay simply reflects impaired maturation, but from a 

clinicall point of view, it should alert the clinician as it may be the first sign of a 

defecationn disorder. 

Especiallyy in premature infants, delayed maturation of the motor mechanisms 

off the gut might play a role. In this fragile group of infants delayed passage of 

meconiumm may cause significant morbidity (intestinal perforation) and even 

mortality.. At first instance, a Vait and see policy’ is often used in these infants. 

However,, if these infants develop feeding problems and abdominal distension, 

enemass and/or laxatives are given to relieve colonic distension and will be continued 

untill a normal defecation pattern has been developed. However, in those infants 

whoo do not develop a normal defecation pa t te rn in the following weeks, 

Hirschprung’ss disease (HD) should be excluded. 

Too 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 

contentss through the colon, however colonic motility has never been directly 

assessedd in these infants3"5. Recently, a study demonstrated that delayed passage 

off meconium may result from a delayed maturation of interstitial cells of Cajal6. 

Interstitiall cells of Cajal function as pacemaker cells coordinating the electro›

mechanicall activity of the gut7 ,8 . 

Factorss other than motility may also contribute to the delay in meconium passage. 

Thee meconium of p remature infants differs in composition (glycoprotein, 

saccharides,, calcium, copper, iron and phosphorus), making it more viscous and 

thuss more difficult to be expelled9. 

Importantlyy however, delayed passage of meconium may result from the absence 

off the enteric nervous system, as typically described in HD. This is a developmental 

disorderr of the enteric nervous system characterized by the absence of ganglion 

cellss 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 

hourss 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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importancee especially in these young infants to be alert and to identify this disorder 

inn an early stage. 

Too diagnose HD, anorectal manometry evaluating the rectoanal inhibitory reflex 

(RAIR)) can be performed. Two other tests are also employed in the diagnostic 

work-upp of patients suspected for HD. At contrast enema of the colon, a calibre 

changee with a dilated normal colon to a narrowed aganglionic bowel is typically 

present.. Lastly, a rectal suction biopsy is taken to evaluate cholinesterase activity 

andd the presence or absence of enteric neurones2 , 1 0 . 

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-livedd bowel problem to severe chronic constipation with faecal impaction 

andd encopresis. The pathophysiology underlying functional constipation is 

undoub ted lyy multifactorial , and not well unders tood . Clearly, functional 

constipationn can result from abnormal function of the different players involved, 

includingg the colon, the rectum and the sphincter complex. No specific organic 

causee can be found in approximately 90% of the infants11 . Compared to infants 

withh Hirschsprung’s disease, infants with functional constipation often demonstrate 

aa milder clinical pattern in most cases responsive to laxative treatment. We will 

nott further discuss functional constipation in this chapter but rather focus on the 

latestt findings regarding the pathophysiology, symptomatology, diagnostic workup 

andd treatment of Hirschsprung’s disease in infancy and childhood. 
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Chapterr 2 

Hirschsprung’ss disease 
HDD is a developmental disorder of the enteric nervous system (ENS) characterized 

byy the absence of ganglion cells along a variable portion of the distal intestine. This 

resultss in a functional obstruction caused by dysmotility of the diseased segment, 

lackk of propagation of peristaltic waves into the aganglionic colon, and an abnormal 

orr absent relaxation of this segment and of the internal anal sphincter12’13. 

Clinicall presentation 
Approximatelyy 80 to 90% of all cases of HD have typical clinical symptoms and are 

diagnosedd during the neonatal period. Delayed passage of meconium is the cardi›

nall symptom in neonates with HD. Indeed over 90% of patients fail to pass meco›

niumm within 24 hours after birth13. This is in strong contrast with healthy neonates 

whoo pass meconium within 24 hours in 95% of the cases. 

Thee usual presentation of HD in the neonatal period is constipation, abdominal 

distensionn and vomiting during the first days of life. However, about a third of the 

babiess with HD present with diarrhoea without obvious distension and vomiting. In 

thesee cases, one should be alert as diarrhoea in HD is in the majority of cases a 

symptomm of enterocolitis. The latter remains the commonest cause of morbidity and 

mortalityy in this disease. Adequate therapy is necessary to prevent toxic megacolon, 

aa life threatening condition characterized by the sudden onset of marked abdominal 

distension,, bile-stained vomiting, fever and signs of dehydration, and shock. 

Inn many cases of HD a rectal examination causes passage of meconium and 

relieff of the acute intestinal obstruction. These babies may have normal bowel 

movementss for a few days or weeks and then present again with signs and symptoms 

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

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

Symptomss Chronic constipation Hirschsprung’s disease 

Encopresiss Common Rare 
Abdominall pain Occasionally Common 
Stooll size Large Normal 
Failuree to thrive Rare Common 
Stool-withholdingg behaviour Common Rare 
Abdominall faecal mass Common Rare 
Ampullaryy faeces Common Rare 
Anorectall examination Dilated ampulla Narrow 
Enterocolitiss Never Frequent (20 - 58%)65 
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encopresiss 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. 

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

constipationn is necessary to prevent severe complications of HD. 

Epidemiologyy and genetics 
HDD is a rare disorder and its incidence is estimated to be approximately 1 in 5000 

livee births with a male to female ratio of 4 :1 1 3 . The majority of children with HD 

(93%)) are born a term with a normal birth weight13. 

Thee length of the affected segment varies and appears to determine the recurrence 

riskss and mode of inheritance. Short-segment or classical HD, involving the rectum 

andd sigmoid accounts for 75-80% of cases1 4"1 6 . 

Inn the remainder of cases, the aganglionic segment extends more cranial and 

mayy even affect the entire colon. In case of total colonic aganglionosis, a familial 

incidencee of 15% to 2 1 % has been reported increasing up to 50% in total intestinal 

aganglionosis15 .. As the length of aganglionic segment increases, the recurrence 

riskk to siblings increases1 4 . 

Althoughh genetic factors are definitely involved, there is no clear pattern of 

inheritancee and most investigators have found a sex-modified multifactorial mode 

off inheritance1 3 . So far, eight genes are known to be involved in patients with HD, 

namelyy the proto-oncogene RET (RET), glial cell line derived neurotrophic factor 

(GDNF),, neuroturin (NTN), endothelin B receptor (EDNRB), endothelin 3 (EDN3), 

endothelinn converting enzyme 1 (ECE1), SOX10, and SIP1 genes (table 2). 

Manyy s tud ies indicate the receptor tyrosine kinase (RET) as the major 

susceptibilityy gene for HD17"19. Currently, approximately 50 RET mutations have 

beenn reported in HD patients accounting for 50% of familial and 15-20% of sporadic 

casess of HD17"19. RET mutations are also associated with multiple endocrine 

neoplasiaa type 2 (MEN2), and medullary thyroid carcinoma20 ,21 . 

Inn the majority (70%) however, HD occurs as an isolated trait (non-syndromatic 

HD).. Association with chromosomal abnormalities, other birth defects, and 

syndromess with Mendelian patterns of inheritance occurs in 30% (syndromatic 

HD).. A chromosomal abnormality is associated with HD in 12% of cases with 

tr isomyy 21 (Down syndrome) being by far the most frequent (>90%), involving 

22 2 



Chapterr 2 

Tablee 2. Genes involved in HD. 

Gene e 

RET T 

GDNF F 
NTN N 
EDNRB B 
EDN3 3 
ECE1 1 
SOXX 10 
SIP1 1 

Product t 

Co-receptorr for GDNF 

Ligandd for RET 
Ligandd for RET 
Receptorr for EDN3 
Ligandd for ETB 
ET33 converting enzyme 
Transcriptionn factor 
Encodingg Smad 

Map p 
location n 

10ql l .2 2 

5p l3 3 
19pl3 3 
13q22 2 
20ql3 3 
lp36 6 
22ql3 3 
2q22 2 

Trans››
mission n 

AD D 

AD D 
AD D 
AR/AD D 
AR/AD D 
AD D 
AD D 
Spo o 

Frequencyy in 
HDD patients 

50%% familial cases 
15%% sporadic cases 
Rare e 
Singlee family reported 
5-10% % 
5-10% % 
Rare e 
<5% % 
Rare e 

ref f 

59 9 

60 0 

61 1 

22 2 

62 2 

63 3 

61 1 

64 4 

interactingg protein-1 
AD:: autosomal dominant, AR: autosomal recessive. Spo: sporadic 

2-10%% of ascertained HD cases2 2 . Associated congenital anomalies are found in 

18%% of HD patients and includes central nervous system anomalies, genitourinary 

abnormalitiess and other gastrointestinal malformations. Furthermore, HD has been 

reportedd in several known syndromes including Smith-Lemli-Opitz syndrome, 

Multiplee Endocrine Neoplasia (MEN) type 2, X-linked hydocephalus, congenital 

centrall hypoventilation syndrome and Waardenburg syndrome type 4 2 2 . 

Aetiologyy and Pathogenesis 
Hirschprung’ss disease is characterized by the absence of ganglion cells in the 

myentericc (Auerbach) and submucosal (Meissner) plexus of the distal bowel ex›

tendingg proximally from the internal anal sphincter for varying distances. The 

absencee of ganglion cells has been attributed to failure of migration of neural crest 

cellss between the fifth and twelfth week of gestation23. The neurons and glia of the 

entericc nervous system (ENS) are all derived from precursor cells from the central 

nervouss system (CNS) primordium. These cells, termed neural crest cells, are pro›

ducedd from the entire length of the neural axis but only certain tightly defined 

regionss of the neural crest give rise to the ENS. These precursor cells first migrate 

fromm the CNS primordium into the oral and anal ends of the intestinal tract early 

inn embryonic life. Subsequently, these cells migrate along the gut to colonize the 

entiree intestine. The ENS precursor cells differentiate into a range of neuron types 

andd glial cells, and form the complex circuitry necessary for ENS function24. 

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

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

secondaryy to the arrest of vagal neurocrest cell emigration to the hindgut. The 

earlierr the arrest of migration, the longer the aganglionic segment. Aganglionosis 

iss generally limited to the rectum (75%), although in rare cases the aganglionosis 

mayy affect the entire colon, the small intestine or the entire gut14"16. 

Thee absence of enteric ganglia containing cholinergic neurons, interneurons and 

non-adrenergicc non-cholinergic (NANC) neurons is supposed to be the most 

importantt pathological finding in HD. The absence of ganglion cells is accompanied 

byy increased cholinergic and adrenergic nerve fibres because regulation on the 

developmentt of these nerve fibres is lacking25. These abnormalities in innervation 

explainn the inability of the aganglionic segment to relax. The wave of relaxation 

normallyy preceding each propulsive contraction does not occur and furthermore, 

thee rectoanal inhibitory reflex (RAIR) to rectal distension is lacking25. 

Rectoanall inhibitory reflex 
Thee presence of the rectoanal inhibitory reflex (RAIR) is a key factor in the normal 

defecationn process. The RAIR is elicited by distension of the rectal wall which 

stimulatess mechanoreceptors located in the rectum (figure 1). This leads to activa›

tionn of intramural inhibiting neurons, located in the myenteric plexus, relaxing 

thee internal anal sphincter (IAS)26. 

Previouss a n i m a l s t u d i e s have shown t h a t NO is the main inhib i tory 

neurotransmitterr released by these neurons 2 7 . Blockade of the NO biosynthesis 

reducedd the relaxation of muscle strips of the IAS and impaired the RAIR27’28. 

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

thee presence of an intact network of interstitial cells of Cajal (ICC)29’30. ICC are 

rectum m 

stretch h 

anall canal 

Figuree 1. Triggering of mechanoreceptors in 
thee gut initiates the RAIR. 

Smoothh muscle cell 
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cellss of mesenchymal origin and are distributed within the tunica muscularis of 

thee gastrointestinal tract. They function as pacemaker cells coordinating the 

electromechanicall activity of the gut7 ,8 . A second subset of ICC located in the 

muscularr layer have been shown to mediate the nitrergic neurotransmission in 

thee stomach and lower oesophageal sphincter (LES)29. Furthermore, ICC have 

beenn shown to play a role in the afferent limb of the RAIR31. 

Diagnosis s 
Duee to the risk of significant complications, it is of clinical importance to differen›

tiatee infants with HD from infants with functional constipation. Contrast enema 

(CE),, anorectal manometry (ARM) and rectal suction biopsy (RSB) are the most 

commonn tests used in the diagnostic work-up of HD. There is a large variation in 

sensitivityy and specificity of these tests. Therefore, the appropriate diagnostic ap›

proachh for HD is still a matter of debate32"35. In most centres however, the refer›

encee standard for diagnosing HD is a full-thickness rectal biopsy (FTB). This test 

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

Contrastt enema 

Onee of the first investigations to evaluate low intestinal obstruction in infancy to 

assistt in differentiating between meconium ileus, distal atresias, meconium plug 

syndrome,, and Hirschsprung’s disease is a contrast enema3 6 . To imitate the natu›

rall situation it is important to perform a contrast enema in the unprepared co›

lon37.. 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 

orr normal-sized distal aganglionic segment and the dilated proximal ganglionic 

bowel38.. In some cases, an abnormal mucosal pattern can be present indicating 

thee presence of enterocolitis. In young children, or in case of total aganglionosis, 

thee calibre change is however more difficult to demonstrate3 4 , 3 9"4 1 . On the other 

hand,, rectal enemas and even digital rectal examinations may decompress the 

distendedd proximal bowel with distortion of the calibre change leading to false-

negativee test results. Contrast enema might be presumed helpful for the surgeon 

too assess the localization of the calibre change and thus the length of the agangli›

onicc segment. However, the assessment of length of aganglionosis has often been 

questionedd in the literature42 . 
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A n o r e c t a ll m a n o m e t r y 

Anorec t a ll m a n o m e t r y is a relatively safe a n d non- invas ive t e c h n i q u e . It m e a s u r e s 

p r e s s u r e ss in t h e ano rec t a l region and prov ides a way of quant i fying the funct ion of 

t h ee i n t e r n a l a n d ex te rna l sph inc t e r s . A l though th i s t e c h n i q u e is widely u s e d , lack 

off s t a n d a r d i z a t i o n in methodology (open-t ipped perfusion, closed tr iple-bal loon, 

p r e s s u r ee t r a n s d u c e r s ) h a s r e su l t ed in i ncons i s t en t d a t a 4 3 ’4 4 . 

T h ee m a i n ind ica t ion to perform this p r o c e d u r e is to d e m o n s t r a t e t h e p r e s e n c e of 

t h ee r e c t o a n a l inhib i tory reflex (RAIR) (figure 2). The RAIR c a n be elicited by rectal 

ba l loonn d i s tens ion wi th smal l volumes of air (1-60 mL). Term a n d p r e m a t u r e infants 

o lderr t h a n 2 6 w e e k s ’ p o s t m e n s t r u a l age (PMA) have a n o r m a l developed RAIR to 

r e c t a ll d i s t e n s i o n 4 5 ’4 5 . False-posi t ive t e s t r e s u l t s m a y r e s u l t from insufficient 

inflationn of t h e balloon in chi ldren with a mega rec tum as larger volumes are required 

inn t h e s e ch i ld ren to elicit a RAIR47 . F u r t h e r m o r e , t echnica l factors s u c h a s a n air 

l e akk in t h e c i rcui t or a n incor rec t posit ion of t h e ca the t e r in t h e s p h i n c t e r complex 

c a nn a l so c a u s e false-posit ive or negative test r e s u l t s . On t h e o the r h a n d , one m u s t 

e m p h a s i s ee t h a t a r te fac t s a r e c o m m o n in ag i ta ted or crying infants a n d r e su l t s 

s h o u l dd b e in t e rp re t ed wi th cau t i on . 

Figuree 2. Anorectal pressure recordings in an 29 week old premature infant showing an 
RAIRR elicited by air insufflation. 
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Histology y 

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›

entericc plexus and a typical increase in acethylcholinesterase (AChE) activity in 

thee parasympathetic nerve fibres of the lamina propria mucosae, muscularis mu›

cosaee and circular muscles (figure 3)38 . There are 2 methods to obtain tissue for 

histochemicall evaluation; 

Figuree 3. Increased acetylcholinesterase activity in the aganglionic bowel. 

1.1. Rectal suction biopsy 

AA suction biopsy can be performed with no anaesthetic and little risk; the biopsies 

aree taken above the anal margin (2 and 4 cm anterior and posterior). This should 

reducee the risk to sample from the normal aganglionic anal canal or to miss a n 

ultrashortt segment of HD. The instrument used for biopsies must be sharp to get 

good-sizedd specimens. However, as the specimens are small, the examination re›

mainss difficult even for experienced pathologists39. The introduction of the AChE 

activityy on a suction biopsy has made the morphological diagnosis of HD easier 

andd more reliable38’48. Possible causes for false-negative test results are: sam›

plingg error, superficial biopsy material that lacks muscularis mucosa, technical 

variationss in staining technique and the experience of individual pathologists. 

Furthermore,, in neonates a false-negative result may occur due to immaturity of 
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thee submucous plexus . Possible complications of this procedure are perfora›

tion,, bleeding and infection. 

2.2. Full thickness biopsy 

Thee classical method of rectal biopsy involves a full thickness biopsy of rectal 

mucosaa and underlying muscle. However this requires general anaesthesia and 

suturingg of the biopsy site49 . As with the suction biopsy possible complications of 

thiss procedure are perforation, bleeding and infection. Absence of ganglion cells in 

aa full thickness biopsy confirms the diagnosis of HD. 

Differentiall diagnosis 
Otherr causes of intestinal obstruction should be considered when abdominal dis›

tensionn and failure to pass meconium occur in a newborn infant. The following 

organicc disorders are important to exclude; meconium ileus (resulting from cystic 

fibrosis),, intestinal malformations such as lower ileal and colonic atresia or con›

genitall strictures, malrotation (which needs immediate surgical action) and func›

tionall 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) 

andd immaturity of the submucous and myentric plexus should be considered. 

Thesee anomalies lead to chronic intestinal pseudo-obstruction and can be differ›

entiatedd from HD by histological stainings. A full thickness biopsy is needed to 

diagnosee hypoganglionsos and IND B (giant ganglia) and lactic dehydrogenase 

(LDH)) reaction is needed to verify the maturity of the ganglia38. 

Treatment t 
Oncee the diagnosis of HD has been confirmed by rectal biopsy examination, the 

infantt should be prepared for laparotomy. In inconclusive rectal biopsies the clini›

call picture will drive the persistence of repeat biopsy attempts and if necessary 

fulll thickness biopsy sampling to confirm the clinical apparent diagnosis of HD. If 

thee newborn has enterocolitis complicating HD, the child will require correction of 

dehydrationn and electrolyte imbalance by infusion of appropriate fluids. It is es›

sentiall to decompress the bowel immediate and permanently. Deflation of the in›

testinee may be carried out initially by rectal irrigations through a canule. When 

28 8 



Chapterr 2 

thee baby is clinically stable a colostomy will be performed. 

Forr many years, the vast majority of cases of HD are diagnosed in the neonatal 

period50.. Laparotomy will be performed between 6-12 months of age. The advantages 

off operating in the first year are that the colonic dilatation can be quickly controlled 

byy washouts and at operation the calibre of the pull-through bowel is near normal 

allowingg for an accurate anastomosis the minimizes leakage and cuff infection51,52. 

AA number of different operations have been described for the treatment of HD. 

Currently,, many centres are performing one-stage pull-through operation in the 

newbornn with minimal morbidity and encouraging resu l t s 2 2 , 5 1 5 2 . 

Thee 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 

andd a colostomy is placed proximal to the transition zone. The three most commonly 

usedd operation techniques are the rectosigmoidectomy developed by Swenson, the 

retrorectall transanal approach developed by Duhamel and the endorectal procedure 

developedd by Soave. Recent innovations are the transanal endorectal pull-through 

andd the laparascopic approach to all three techniques. For more detailed information 

aboutt surgery procedures, we refer to an excellent review by Geerdes et al. . 

Prognosis s 
Surgicall reconstruction for HD provides near-normal gastrointestinal function for 

thee majority of children54. In general the most commonly encountered post-opera›

tivee problems include constipation (more often with Duhamel technique), inconti›

nence,, enterocolitis (more often with Swenson and Soave technique) and the over›

alll impact of the disease on lifestyle53. Other complications such as fistulae and 

obstructionss are quite rare5 5 . 

Althoughh gastrointestinal function improved after surgery, long-term follow-up 

revealss significant residual problems. Unfortunately, most reviews of HD are 

hamperedd by the fact that follow-up periods are rather short and may not adequately 

reflectt long-term outcome and lifestyle. One of the more complete works on this 

subjectt is performed by Moore et al .5 6 , 5 7 . These authors described that the overall 

qualityy of life was quite good, with 94% of children becoming well adjusted members 

off society. Although patients had low weight for age, this generally corrected with 

time.. Additionally, developmental milestones and school performance were 

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

childrenn after an endorectal procedure. Factors which were predictive of poorer 

qualityy of life issues were faecal incontinence (2.5 - 13.6%) and poor family report. 

Anotherr recently published study showed that patients with HD encountered 

"overall"" physical health problems compared to healthy subjects, but HD patients 

didd not show additional pain or limitations in functioning due to physical 

problems5 8 .. Psychosocial functioning had the most important effect on the quality 

off life of patients with HD, while faecal incontinence and constipation had almost 

noo effect on their quality of life. 

Summaryy and conclusion 
Delayedd passage of meconium in (very) premature infants may result from several 

causes ,, such as impaired maturation, functional constipation and the most seri›

ouss always to be considered, Hirschsprung’s disease. In premature infants, de›

layedd 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 

followingg weeks. However, if infants do not develop a normal defecation pattern, 

Hirschsprung’ss disease (HD) should be excluded. Delayed passage of meconium 

inn HD (>90%) can lead to severe constipation, abdominal distension, enterocolitis, 

toxicc megacolon and even death. To prevent these severe complications, it is of 

clinicall importance especially in these young infants to be alert and to identify this 

disorderr in an early stage. 
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Abstract t 
Background d 
Interstitiall cells of Cajal (ICC) have been shown to be involved in nitrergic 

neurotransmissionn of the lower esophageal sphincter and pylorus. 

Aim m 
Here,, we s tud ied the role of ICC and nitr ic oxide (NO) in the inhibitory 

neurotransmissionn of the murine internal anal sphincter (IAS). 

Methods s 
Thee rectoanal inhibitory reflex, rectal compliance and relaxation of isolated IAS to 

electricall stimulation were measured in controls, KITW / KIT Wvmice and neuronal 

NOO synthase (nNOS)-deficient mice. In addition, we evaluated the effect of blockade 

off nNOS using L-NAME. The distribution of nNOS positive neurons and ICC in the 

IASS was assessed immunohistochemically. 

Results s 
KIT-positivee ICC were present in a dense network in the IAS of controls, but not in 

KITKITWW J KITWv mice. Relaxation of IAS muscle strips induced by electrical stimulation 

wass diminished in nNOS"/" mice, but not in KITW / KIT Wv mice. Blockade of NOS 

reducedd the relaxation of IAS muscle strips in both mice. Relaxation of the IAS to 

rectall distension was significantly diminished in KITW / KIT Wv mice and nNOS-

deficientt mice. In concert, in vivo blockade of NOS attenuated the relaxation of the 

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

Conclusion n 
Thee inhibitory innervation of the IAS and the RAIR are mediated by NO and a RAIR 

requiress an intact network of ICC in the IAS. Thus, both a loss of nitrergic 

innervationn and a deficiency of ICC lead to an impaired anal relaxation and may 

playy an important role in rectal evacuation disorders. 
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Introduction n 
Normall defecation depends on the complex interplay between colonic motility, rectal 

sensationn and anal sphincter function. When stool arrives in the rectum, filling of 

thee rectum leads to stretch of the rectal wall with subsequent triggering of a transient 

relaxationn of the internal anal sphincter (IAS), also called the rectoanal inhibitory 

reflexx (RAIR). Abnormalities in this RAIR have been shown to be involved in defecation 

disorderss and severe constipation as in Hirschsprung’s disease1’2. 

Thee RAIR is a motor pattern mediated by intrinsic enteric nerves. Previous animal 

studiess have shown that the inhibitory neurons relaxing the IAS mainly release 

nitricc oxide (NO)3,4. Blockade of the NO biosynthesis reduced the relaxation of 

musclee strips of the IAS and impaired the RAIR3,5. Recently, evidence was provided 

thatt the nitrergic innervation is dependent on the presence of an intact network of 

interstitiall cells of Cajal (ICC)6,7. ICC function as pacemaker cells coordinating the 

electromechanicall activity of the gut8 ,9 . In addition, ICC located in the muscular 

layerr have been shown to mediate the nitrergic neurotransmission in the stomach 

andd lower esophageal sphincter (LES)7. To what extent ICC are also involved in the 

nitrergicc innervation of the IAS is unknown. Therefore the present study was 

designedd to evaluate the role of ICC in the nitrergic innervation of the IAS and in 

thee triggering of the RAIR. 
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Materialss and Methods 
Animals s 
Adultt KITW I KIT Wvmice (20 - 30 g) and their wild-type (KITW/+) controls as well 

ass 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 

thee KITwlacZallele ("facZ-positive controls")1013 . KITwlacZ/ KIT Wv have a lack of 

ICC14,, similar to the more extensively studied KITW/ KIT Wv animals9 , 1 5 , and will 

bee referred to as "ICC-deficient animals". 

Alll animals were maintained under controlled conditions and were used at 8-12 

weekss of age. Experiments were approved by the Ethical Animal Research 

Committeee of the University of Amsterdam, The Netherlands, and by the Faculty 

Committeee for Use of Laboratory Animals of the FacultØ de MØdecine, UniversitØ 

Libree de Bruxelles, Belgium. 

Immunohistochemistry y 
Freshh frozen anorectal specimen of control and KITW } KITWv mice were harvested 

forr longitudinal cryosections, while paraformaldehyde-fixed specimen of control 

(KIT(KITmacZmacZ /+) and KITwlacZ / KITWv mice were harvested for transverse and 

longitudinall cryosections as well as for whole mount preparations, as described 

previously12’13 . . 

Wholee mounts - preparation and immunohistochemistry 

Afterr preincubation with 10% normal mouse serum, samples were incubated 

overnightt with the KIT goat and the nNOS rabbit antisera (Santa Cruz Biotechnology, 

Santaa Cruz, CA) diluted in Tris buffered saline-Triton-X (TBS-TX) containing 1% 

normall horse serum (NHS), rinsed in TBS, incubated in the dark for 1 hour at 

Roomm Temperature (RT) in TBS containing donkey anti-rabbit antiserum coupled 

too FITC (Jackson Immunoresearch Laboratories, West Grove, PA) and biotinylated 

donkeyy anti-goat antiserum (Jackson) diluted 1/200 and 1/100 (v/v) respectively, 

rinsedrinsed in TBS and finally incubated in the dark for one hour at RT with Streptavidin-

Texas-Redd (Jackson) diluted 1/400 (v/v) in TBS. Specimens were then transferred 

ontoo 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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(Molecularr Probes, Eugene, OR) before viewing on a confocal microscope (MRC 

1024,, Bio-Rad Laboratories, Hemel Hempstead, Hertfordshire, UK) fitted on an 

invertedd microscope equipped with a Plan-Neofluar 40x/1.3 oil immersion objective 

(Axiovertt 100, Zeiss, Oberkochen, Germany). As KIT-ir appeared fairly weak in 

ICC-deficientt animals with the fluorescent detection system, the more sensitive 

detectionn system using peroxidase was additionally applied. 

Sectionss - preparation and immunohistochemistry 

Specimenss were fixed overnight in fresh 4 % paraformaldehyde solution in PBS, pH 

7.44 at 4°C , cryopreserved in graded solutions of sucrose (10-30 %), embedded in 

Tissue-Tekk OCT compound (Miles, Elkhart, IND.), oriented either transversely or 

longitudinally,, and snap-frozen in 2-methyl butane at -80CC. Sections (15 mm thick) 

weree cut on a cryostat and mounted on slides coated with 0.1 % poly-L-lysine. 

Afterr preincubation with NHS the sections were exposed overnight at RT to KIT 

goatt antiserum (Santa Cruz Biotechnology, Santa Cruz, CA) diluted 1/500 in TBS-

TXX containing 1% NHS, rinsed in TBS, incubated for 1 hour at RT in TBS containing 

biotinylatedd donkey anti-goat antiserum (Jackson) diluted 1/200 (v/v) followed by 

incubationn for 1 hour at RT in a solution containing an avidin biotin-complex 

(ABCC Vectastainfi,Vector , Burlingame, CA). The immunoreaction was visualized 

withh the chromogen 3,3’-daminobenzidine (DAB) (Dako, Denmark). 

Xgall histochemistry on KITw-IacZ/+ and KITwlacZ / KITWvtransgenic mice was 

performedd as previously reported10. 

Inn vitro studies 
Organn bath Experiments 

KITKITWW f K / r ^ m i c e , nNOS~l~ and control mice were killed by cervical dislocation. 

Thee perianal skin was excised and the anus and terminal rectum were quickly 

removedd and placed in Krebs-Ringer’s solution (KRS) (mmol/L: NaCl 118.3, KC1 

4.7,, MgS04 1.2, KH2P04 1.2, CaCl2 2.5, NaHC03 25, glucose 11.1). The solution 

wass maintained at 37° C and aerated with a mixture of 95% 0 2 and 5% C0 2 . 

AA ring segment comprising 2 mm of the terminal rectum including the anal 

orificee was removed and opened. One circular muscle strip was cut and mounted 

inn an organ bath (25 mL) filled with KRS. Each muscle strip was connected to a 

metall rod and attached to a strain gauge transducer (Statham UC2, Quincy, MA) 
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forr continuous recording of the isometric tension. A resting force of 600 mg was 

appliedd on the strips. Platinum electrodes were placed parallel to the tissue in the 

organn 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) 

conditionss were obtained by the addition of ljimol/L atropine and lfimol/L 

guanethidine.. After each contraction, the muscle strips were washed at least three 

timess every 5 min. 

Inn a first series of experiments, the effect of electrical stimulation was investigated 

andd 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. 

Inn 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), 

thee blocker of the P2 purinergic receptor suramin (100mmol/L), and the combination 

off L-NAME and suramin were investigated on the responses to electrical impulses, 

too ATP (1.0 mmol/L) and SNP (2.5 mmol/L). L-NAME and suramin were added at 

leastt 20 minutes before experimentation. 

Inn vivo studies 
Anorectall Manometry 

Anorectall perfusion manometry was performed with a purpose-built micro-

manometricc anorectal catheter (outer diameter 0.8 mm). The polyimide catheter 

incorporatedd an array of 4 side-holes spaced 0.5 mm apart for measurement of anal 

sphincterr pressure and basal pressure within the rectum. All side-holes were perfused 

withh sterile degassed water at a rate of 0.02 mL/min. A polyethylene balloon was 

locatedd proximally to the catheter to distend the rectum. 

Protocol l 

Anorectall manometry was performed in anesthetized mice. Mice were anesthetized 

byy 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/ lOg (Fentanyl 0.32 mg/ml, fluanisone 

100 mg/ml , midazolam 5 mg/ml). The catheter was positioned with at least 2 side-

holess straddling the anal sphincter high-pressure zone and 1 side-hole in the rectum. 
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Afterr positioning, basal anal sphincter pressure was recorded. Thereafter a 

polyethylenee rectal balloon was introduced and positioned aside the manometric 

catheter.. After an equilibration time of 15 minutes, graded rectal distension of 10 

secondss was applied using the polyethylene balloon (0.25-0.40 mL air insufflation) 

too evoke IAS relaxations. Consecutive rectal distensions were performed at 1-minute 

intervalss and distensions were repeated three times at each volume. This distension 

protocoll was repeated after addition of L-NAME (100 mg/kg, i.p.).23 

Inn a separate series of experiments, rectal compliance was measured with a 

non-compliantt (polyethylene) balloon with a maximum capacity of 0.45 mL. The 

balloonn was fixed on a silicone catheter with a diameter of 1 mm. This catheter 

wass connected to a pressure transducer measuring intra-balloon pressure during 

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

Dataa analysis 
Basall 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 

secondss was identified as a RAIR. If rectal distension resulted in a RAIR, the 

amplitudee of each relaxation was determined as the percentage decrease of basal 

pressure.. This was calculated from the mean anal sphincter pressure before 

distensionn to the minimal anal sphincter pressure during the reflex. The duration 

off the reflex was measured from the onset of the relaxation until the pressure 

returnedd to its basal level. 

Chemicals s 
Alll chemicals were from Sigma (St. Louis, MO), unless otherwise stated. The 

followingg drugs were used: ATP; L-NAME; suramin; tetrodotoxin and SNP. All 

chemicalss were dissolved in distilled water and diluted in Krebs-Ringer solution to 

thee stated final concentrations. 

Statisticall Analysis 
Groupp data are expressed as mean  SEM. Differences in the data were all evaluated 

byy Mann-Whitney U test or Wilcoxon signed ranks test were indicated. P < 0.05 was 

consideredd as statistically significant. The n values reported refer to the number of 

animalss used in each protocol. 
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Results s 
Immunohistochemistry y 
nNOS-irr in the region of the IAS 

Inn both control (KITwlacZ/ +) (not shown) and KITW4acZ / KITWvmice (figure 1 a & b), 

aa dense network of nNOS-ir nerve fibers was present in the circular and longitudinal 

musclee layers of the distal rectum including the IAS. Within the intermuscular 

planee of the IAS both nNOS-ir neurons and nerve bundles were present but the 

myentericc ganglia contained fewer neurons and the nerve bundles were coarser 

whenn compared to the distribution in the proximal rectum (not shown). Conversely, 

thee density of nNOS-ir nerve fibers and neurons of the submucosal plexus within 

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

Figuree 1. nNOS-ir distribution in the anorectum of a KITwlacZ / KIT Wv ICC-deficient mouse. 
A:: 8 (im thick projection of the myenteric region, showing a few nNOS-ir myenteric neurons 
andd numerous large nerve bundles. B: 16 |im thick projection of the circular muscle layer 
andd submucosal plexus, showing abundant nNOS-ir nerve fibers in the circular muscle 
layerr and submucosal nNOS-ir fibers and neurons. Orientation: oral: left, aboral: right. 
Scalee bars: 50 |im. 

KIT-irr in the region of the IAS 

Inn 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 

surroundingg the myenteric ganglia. At the level of the submuscular plexus, KIT-ir 

ICCC formed chains parallel to the circular muscle layer. These chains connected 

eachh other by numerous delicate longitudinally processes. ICC at the submuscular 
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Figuree 2. Distribution of KIT-ir ICC in the IAS region of control KITwlacZ / + and ICC-
deficientt KIT w4acZ / KIT Wv mice. A, B: longitudinal sections across the IAS region of a 
controll KITW4acZ / + mouse (A) and an ICC-deficient KIT w4acZ / KIT Wv mouse (B). The arrows 
inn the lumen at right indicate the muco-cutaneous transition. The various populations of 
KIT-irr ICC are abundant in the control (A) while KIT-ir ICC are essentially lacking in the 
ICC-deficientt animal (B). C, D: wholemount preparations showing KIT-ir ICC in the 
submuscularr plexus of a control KITwlacZ / + mouse (C) and an ICC-deficient KITwlacZ / KIT 
WvWv mouse (D). KIT-ir ICC form chains running parallel to the circular muscle layer and 
interconnectedd by multiple processes in the submuscular plexus of a control KIT W4acZ / + 
mousee (C), while in the submuscular plexus of an ICC-deficient KITwlacZ / KIT Wv mouse 
(D),, chains of KIT-ir ICC appeared only faintly stained (arrowheads) and lack most longitudinal 
interconnectingg 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 
pelvicc floor. Scale bars : 50 |im. 
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plexuss exhibited a weaker KIT-ir compared to the other populations of KIT-ir ICC 

andd 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). 

Inn ICC-deficient animals mice, KIT-ir ICC were lacking in the muscle layers and 

aroundd the myenteric ganglia (figure 2 b), while faint KIT-ir ICC at the level of the 

submuscularr plexus were still present (figure 2 d). However, they were less abundant 

andd apparently lacked the normal branching pattern (compare with figure 2 c). In 

thee je junum of these animals a few ICC-DMP exhibited a weak KIT-ir, as expected 

inn these ICC-deficient animals (not shown). Due to the extreme lack of KIT-

expressingg ICC in the region of the IAS of ICC-deficient animals, no quantification 

wass attempted. 

Xgall histochemistry in K I T W U c Z / KITWv 

Whilee Xgal histochemistry readily detected the nuclei of KIT-expressing ICC-DMP 

inn the jejunum, no Xgal deposit at all was observed in the proximal rectum, as well 

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

Organn bath studies 
Involvementt of NO in the inhibitory innervation of the IAS 

Inn the presence of atropine and guanethidine, electrical stimulation (0.25-8.0 Hz, 

11 ms, pulse trains lasting 10 s) induced a frequency-dependent relaxation of circular 

musclee strips of the murine IAS during the period of stimulation followed by an 

off-contractionn (figure 3a and c). The maximal relaxation of KIT w /+ controls was 

obtainedd 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 KITW /+ controls 

(0.5g),, KITW J KITWumice (0.5g), nNOS control (0.6g) and nNOS_/" mice (0.6g) were 

comparable. . 

Bothh the relaxation and the off-contraction were abolished by tetrodotoxin, a 

blockerr of the neuronal conductance. SNP induced a sustained relaxation (0.15

0.00 Ig for control mice) of the IAS muscle strips. The relaxation to SNP was resistant 

too TTX. In contrast to SNP, ATP failed to relax the IAS preparation (figure 3). 
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Figuree 3. Representative recordings showing the NANC inhibitory responses to electrical 
impulsess (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 KITW / + control (panel A), KITW / KITWv (Panel B), nNOS control 
(panell C) and nNOS"/" mouse (panel D). 
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EffectEffect ofL-NAME in control mice 

Inhibi t ionn by L-NAME r e d u c e d t h e re laxa t ions in KITW / + cont ro l s (n=8, figure 4a) 

a n dd in nNOS control mice (n=6, figure 4b) (p<0.001). L-NAME h a d no effect on t h e 

relaxat ionss to SNP. The combinat ion of L-NAME a n d s u r a m i n did not further r educe 

thee re laxa t ions n=4) (p=0.19) (data no t shown) . 
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Figuree 4a. Effect of L-NAME (200nmol/L) on relaxations induced by electrical field stimulation 
inn KJTW / KIT Wv (dotted line, squares) and control mice (straight line, circles). 
4b .. Relaxations of IAS muscle strips evoked by EFS in control mice (dotted line, diamond) 
andd nNOS"/" mice (straight line, triangles). The addition of L-NAME (200|^M) reduced the 
relaxationss of WT muscle strips (striped line, triangle). 
Valuess shown are average  SEM (n=6) (p<0.001, Wilcoxon Signed Ranks Test). 
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StudiesStudies in nNOS^’ mice 

Too f u r t h e r e v a l u a t e t h e role of ni t rergic n e u r o t r a n s m i s s i o n in t h e re laxa t ion of 

t h ee IAS, mice deficient in n N O S were s t u d i e d . Elect r ical s t i m u l a t i o n of t h e IAS of 

nNOS"1’"" mice a n d t h e i r respec t ive c o n t r o l s i n d u c e d a f r e q u e n c y - d e p e n d e n t 

r e l a x a t i o nn d u r i n g t h e per iod of s t imula t ion followed by a n off-contraction (figure 

3d) .. However, r e l axa t ions were a lso significantly r educed in nNOS_//~ deficient mice 

c o m p a r e dd to the i r con t ro l s (n=6) (p<0.001) {figure 4b). 

E v a l u a t i o nn o f t h e role o f ICC i n the inh ib i tory i n n e r v a t i o n of t h e IAS. 

Wee n e x t d e t e r m i n e d t h e NANC inhibi tory r e s p o n s e of IAS t i s s u e of KIT w / KITWv 

mice .. Electr ical s t i m u l a t i o n i nduced a f r equency-dependen t re laxat ion of c i rcu lar 

m u s c l ee s t r ips of the m u r i n e IAS dur ing t h e period of s t imula t ion followed by a n off-

con t r ac t ionn in KITW / KITWv’mice (figure 3b). The maximal re laxat ion w a s obta ined 

a tt 4 Hz (0.17  0 .05 g, n=10) a n d did not differ from control mice (0.16  0.05g, 

n=10) .. In concer t , t h e a m p l i t u d e of the f requency-dependent re laxat ions in KIT j 

KITKITWvWv mice w a s s imilar to the i r controls (figure 4a). Inhibit ion by L-NAME reduced 

t h ee re laxa t ions in KITW / KITWvmice (n=8) (p<0.001) (figure 4a). 
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Anorectall manometry 
Involvementt of NO in the inhibitory innervation of the IAS 

Thee basal IAS pressure in KITW/+ control mice was 21  3 mmHg (n= 10} (figure 5) 

andd 21  2 mmHg (n=10) for nNOS control mice. Distension of the rectum elicited 

aa volume-dependent relaxation or RAIR. Both in KITW /+ controls (figure 6) and 

nNOSS controls the duration of the RAIR was independent of distension volume. 

Thee average duration was 14  1 and 13  1 s respectively. 
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Figuree 5. Basal internal anal sphincter 
pressuree of KTTW/+ control mice (squares) 
andd KIT w / KIT Wv (triangles). Horizontal 
liness represent the mean values (n=10, n.s.). 

EffectEffect ofL-NAME in control mice 

Administrationn of L-NAME (ip) to nNOS controls reduced significantly the relaxations 

(p<0.05)) (figure 7). In KITW /+ control mice, a comparable reduction was seen 

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

StudiesStudies in nNOS^’ mice 

Thee basal IAS pressure in NOS"/" mice was comparable to their nNOS controls 

(211  3 and 21  2 mmHg resp.). However, the amplitude of the RAIR was 

significantlyy lower in nNOS"/" mice compared to nNOS controls (p<0.01)(figure 6 

andd 7). Notably, the average duration of the RAIR was increased in nNOS"/" mice, 

comparedd to their controls (24  3 and 15  1 s respectively, p<0.01). 

Evaluationn of the role of ICC in the inhibitory innervation of the IAS 

Thee basal IAS pressure in KTTW f KJTWvrmce was comparable to controls (15  2 and 

211  3 mmHg respectively, n=10) (figure 5). Although the magnitude of the basal 
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Figuree 6. Representative in vivo anorectal manometry recordings from a KITW/+ control 
(A),, KITW I KITWv (B) and nNOS_/" mouse (C). Clear RAIRs are observed upon incremental 
volumess of air insufflated (0.25-0.40 mL as indicated) in KITW/+ controls. In KITW / KITWu 

mutan tt mice, aberrant RAIRs are only observed upon distension volumes of 0.40 mL. Clear 
RAIRss 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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p r e s s u r ee was comparable , KTTW / KITWvimce showed a more irregular basa l sphincter 

p r e s s u r ee pa t t e rn with twitch contract ions compared to controls. Distension of the 

r e c t u mm elicited a vo lume-dependen t relaxation in KIT / KIT Wv mice. However, the 

RAIRR ampl i tude w a s significanü y a t tenua ted in KTTW / KFTWv mice compared to KITW 

/+/+ cont ro ls (figures 6 a n d 7). At high distension volume, the RAIR could be observed 

inn KITWI KITWu mice, t h o u g h with variable dura t ion a n d ampl i tude (figure 6 and 7). 

A d m i n i s t r a t i o nn of L-NAME (ip) to KITw / KIT Wv mice h a d no effect (figure 7). 
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Figuree 7. Amplitude of the RAIR in nNOS~/~ mice (striped line, closed squares) and KITW / 
KITKIT Wv (straight line, open triangle) is significantly decreased compared to nNOS control 
micee (striped line, closed circle) and KITW/+ 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; 
straightt line, open squares) reduced the occurrence of RAIR to a similar extent. Treatment 
off KITWI JOT ̂ w i t h L-NAME (100 mg/kg, ip; striped, closed triangle) slightly reduced the 
occurrencee of RAIR (n.s.). Values shown are average  SEM. 
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Compliancee in KIT w /+ control mice and in KIT w / KIT Wv mice 
Ass t h e differences in RAIR could r e su l t from c h a n g e s in recta l compl iance , we a l so 

de t e rminedd th i s p a r a m e t e r in b o t h control a n d KITW / KITWu mice . S tepwise rec ta l 

vo lumee d i s t ens ion revealed a s imi lar i nc rease in recta l p r e s s u r e , d e m o n s t r a t i n g 

t h a tt rec ta l compl iance w a s s imi lar in control a n d KITW / KITWv mice (figure 8). 

Figuree 8. Rectal compliance in KITW / KIT Wv (dotted line, triangles) was not different from 
KITKITWW /+ control mice (straight line, squares). Values shown are the average  SEM (N=6). 
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Discussion n 
NOO is recognized as an important inhibitory neurotransmitter in the IAS. Previous 

studiess showed that blockade of the NO biosynthesis reduced the relaxation of muscle 

stripss of the IAS induced by electrical stimulation and impaired the RAIR3’5. In the 

presentt study, we extended the role of NO as an inhibitory neurotransmitter to the 

murinee IAS: blockade of NO biosynthesis resulted in a reduction of both the in 

vitrovitro and in vivo relaxation of the IAS. These findings were further corroborated by 

experimentss in nNOS~/~ mice. Isolated muscle strips relaxed significantly less 

whereass the RAIR was impaired compared to controls. It should be emphasized 

thoughh that the IAS still relaxed in nNOS_/" mice and that blockade of the NO 

biosynthesiss in controls incompletely reduced the electrical stimulation-induced 

relaxation.. These observations suggest that either the nitrergic blockade was 

incompletee or, most likely, that another inhibitory neurotransmitter is involved. 

Previouss studies in the rat IAS suggested ATP as a possible candidate1 6 . However, 

inn our study, high concentrations of ATP failed to relax the IAS. In addition, suramin 

hadd no effect on relaxation, excluding the possible involvement of ATP. To what 

extentt VIP is involved remains to be investigated5. 

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

Inn addition to their role as pacemaker cells17 ,7 ,9 , previous studies have suggested 

thatt ICC function as an intermediate between nerve fibers and smooth muscle 

cellss mediating the nitrergic inhibitory neurotransmission in the stomach, LES 

andd pyloric sphincter6"8. Due to the absence of the intramuscular type of ICC, 

LESS muscle strips from KIT w j KIT Wv mice contracted rather than relaxed in 

responsee to electrical stimulation7. Administration of L-NAME did not further 

changee the response7 . As immunohistochemistry staining showed that the nitrergic 

innervationn was intact, these findings indicated that ICC are important mediators 

off the nitrergic innervation in these tissues. In the present study, we failed to 

confirmm this observation in the IAS. Electrical stimulation of the IAS of KTTW / KTTWv 

micee relaxed to the same extent as those from controls. In addition, blockade of NO 

biosynthesiss greatly reduced these relaxations, indicating that the nitrergic 

innervationn was intact. The latter was further confirmed by immunohistochemical 

staining.. Our results argue against a role for ICC as intermediate between nitrergic 

nervess and smooth muscle cells. A similar conclusion was drawn by Sivarao et al. 21, 

whoo showed that relaxations of the LES in response to swallowing or vagal 
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stimulationn was unaffected in KIT w / KIT Wv mice. 

Howw can the discrepancy between our data and those from Ward et al.7 be 

explained?? One could argue that the electrical stimulation parameters used (1ms) 

weree too intense resulting in overflow of NO to the smooth muscle which might 

stilll elicit responses in tissue lacking ICC22. However, in preliminary experiments, 

electricall 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 

ICCC of the IAS in contrast to the LES and pylorus is unaffected in KITW ( KIT Wv 

mice.. However, similar to Ward et al., immunohistochemical assessment revealed 

thatt in KIT w / KIT Wv and KIT w-lacZ / KIT Wv mice, KIT-ir ICC were completely 

lackingg in the muscle layers and around the myenteric ganglia.7 Alternatively, 

regionall differences in the distance between nerve varicosities and smooth muscle 

cells,, or differences in sensitivity of smooth muscle cells to NO could be involved, 

butt clearly this needs to be further explored. 

Althoughh we showed that the inhibitory innervation of the IAS in vitro was intact 

inn ICC-deficient mice, the relaxation of the IAS in response to rectal distension 

wass clearly diminished in KITW / KIT Wv mice. As it is not clear whether stretch or 

tensionn receptors are involved in the triggering of the RAIR, one might argue that 

changess in compliance could affect the IAS response to rectal distension. The 

rectall 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 

compliancee in ICC-deficient mice24. This discrepancy can be explained by the fact 

thatt in the stomach, ICC have been shown to be involved in nitrergic and cholinergic 

neurotransmission,, most likely contributing to the described changes in compliance 

inn mice lacking ICC. In our experiments, however, we were unable to confirm the 

involvementt of ICC in the nitrergic neurotransmission of the IAS, which may explain 

whyy the compliance in the anorectal area is not altered. Our finding that the RAIR 

iss strongly diminished in KITW / KITWv mice in the presence of an unaltered rectal 

compliancee suggests the involvement of ICC in the triggering of the RAIR. 

Theoretically,, ICC could play a role in the neural pathway mediating the RAIR 

eitherr at the afferent limb in the detection of rectal distension, or at the efferent 

pa r t 1 88 by mediating the nitrergic neurot ransmiss ion 1 9 . Our da ta favor an 

involvementt of ICC in the afferent limb, as both immunohistochemical and in vitro 
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studiess showed a normal nitrergic neurotransmission in the IAS of KIT f KIT 

mice.. One possible explanation could be that ICC act as mechanosensory receptors 

detectingg rectal distension. Previous studies indeed showed that ICC make direct 

functionall contact with intramuscular arrays of enteric nerves 1 4 ’1 8 and therefore 

couldd be involved in mechanical perception of distension. Alternatively, ICC may 

bee required for the development of afferent nerves, especially as intramuscular 

arrayss of vagal afferent fibers are significantly reduced in density in KITWj KIT Wv 

micee compared to controls. This would suggest that abnormalities in the afferents 

secondaryy to the absence of a normal ICC network would underlie the impaired 

detectionn of stretch. However, the RAIR is considered to be mediated by a neural 

circuitryy located within the enteric nervous system, and so far, no abnormalities 

inn the enteric sensory neurons have been described in ICC deficient mice. To what 

extentt the RAIR is impaired in KITW/ KITWu mice due to secondary changes in 

intrinsicc sensory neurons or whether the ICC function as mechanoreceptors can 

nott be determined from our experiments. 

Impairedd or absent relaxation of the IAS hampers the evacuation of stool leading 

too severe chronic constipation1. The typical example is Hirschsprung’s disease 

characterizedd by aganglionosis of the distal gastrointestinal tract with subsequent 

absencee of the RAIR and delayed passage of meconium. Similarly, delayed 

evacuationn of meconium is also present in another subgroup of neonates with 

abdominall distension and feeding problems20. However, gastrointestinal symptoms 

resolvee soon after birth. The exact reason for this delayed evacuation of meconium 

iss unclear. Interestingly, a study showed that delayed maturation of ICC may lead 

too transient defecation problems in neonates2 0 . As we showed that a deficiency of 

ICCC impairs the RAIR, a delayed maturation of ICC could be involved in the delayed 

passagee of meconium in neonates. This hypothesis is currently investigated. 

Inn conclusion, we showed that the inhibitory innervation of the IAS and the 

RAIRR are mediated by NO. Moreover, a normal RAIR requires an intact network of 

ICCC in the IAS. Thus, both a loss of nitrergic innervation and a deficiency of ICC 

leadd to an impaired anal relaxation and may play an important role in rectal 

evacuationn disorders. 

52 2 



Chapterr 3 

References s 
1.. Loening-Baucke V, Pringle KC, Ekwo EE. Anorectal manometry for the exclusion of 

Hirschsprung’ss disease in neonates. J Pediatr Gastroenterol Nutr 1985;4:596-603. 

2.. Loening-Baucke V. Constipation in children. Curr Opin Pediatr 1994;6:556-61. 

3.. Stebbing JF , Brading AF, Mortensen NJ. Nitric oxide and the rectoanal inhibitory 
reflex:: retrograde neuronal tracing reveals a descending nitrergic rectoanal pathway 
inn a guinea-pig model. Br J Surg 1996;83:493-8. 

4.. Stebbing JF , Brading AF, Mortensen NJ. Nitrergic innervation and relaxant response 
off rectal circular smooth muscle. Dis Col Rect 1996;39:294-9. 

5.. Rattan S, Chakder S. Role of nitric oxide as a mediator of internal anal sphincter 
relaxation.. Am J Physiol 1992;262:G107-12. 

6.. Burns AJ, Lomax AE, Torihashi S et al. Interstitial cells of Cajal mediate inhibitory 
neurotransmissionn in the stomach. Proc Natl Acad Sci USA 1996;93:12008-13. 

7.. Ward SM, Morris G, Reese L et al. Interstitial cells of Cajal mediate enteric inhibitory 
neurotransmissionn in the lower esophageal and pyloric sphincters. Gastroenterology 
1998;115:314-29. . 

8.. Huizinga JD. Physiology and pathophysiology of the interstitial cell of Cajal: from 
benchh to bedside II. Am J Physiol Gastrointest Liver Physiol 2001;281:G1129-34. 

9.. Huizinga JD, Thuneberg L, Kluppel M et al. W/kit gene required for interstitial cells of 
Cajall and for intestinal pacemaker activity. Nature 1995;373:347-9. 

10.. Bernex F, De Sepulveda P, Kress C et al. Spatial and temporal patterns of c-kit-
expressingg cells in WlacZ/+ and WlacZ/WlacZ mouse embryos. Development 
1996;122:3023-33. . 

11.. Nocka K, Tan JC, Chiu E et al. Molecular bases of dominant negative and loss of 
functionn mutations at the murine c-kit/white spotting locus: W37, Wv, W41 and W. 
Emboo J 1990;9:1805-13. 

12.. Sibaev A, Franck H, Vanderwinden JM et al. Structural differences in the enteric 
neurall network in murine colon: impact on electrophysiology. Am J Physiol Gastrointest 
Liverr Physiol 2003;285:G 1325-34. 

13.. Vanderwinden JM, Rumessen J J , Bernex F et al. Distribution and ultrastructure of 
interstitiall cells of Cajal in the mouse colon, using antibodies to Kit and Kit(W-lacZ) 
mice.. Cell Tissue Res 2000;302:155-70. 

14.. Rumessen J J , de Kerchove d’Exaerde A, Mignon S et al. Interstitial cells of Cajal in the 
striatedd musculature of the mouse esophagus. Cell Tissue Res 2001;306:1-14. 

15.. Ward SM, Burns AJ, Torihashi S et al. Mutation of the proto-oncogene c-kit blocks 
developmentt of interstitial cells and electrical rhythmicity in murine intestine. J Physiol 
1994;480:91-7. . 

53 3 



16.. De Luca A, Li CG, Rand MJ. Nitrergic and purinergic mechanisms and their interac›
tionss for relaxation of the rat internal anal sphincter. J Auton Pharmacol 1999; 19:29-
37. . 

17.. Der-Silaphet T, Malysz J, Hagel S et al Interstitial cells of cajal direct normal propul›
sivee contractile activity in the mouse small intestine. Gastroenterology 1998; 114:724-
36. . 

18.. lino S, Ward SM, Sanders KM. Interstitial Cells of Cajal are functionally innervated by 
excitatoryy motor neurons in the murine Intestine. J Physiol 2004;556:521-30. 

19.. Suzuki H, Ward SM, Bayguinov YR et al. Involvement of intramuscular interstitial 
cellss in nitrergic inhibition in the mouse gastric antrum. J Physiol 2003;546:751-63. 

20.. Kenny SE, Vanderwinden JM, Rintala RJ et al. Delayed maturation of the interstitial 
cellss of Cajal: a new diagnosis for transient neonatal pseudoobstruction. J Pediatr 
Surgg 1998;33:94-8. 

2 1 .. Sivarao DV, Mashimo HL, Thatte HS et al. Lower esophageal sphincter is achalasic in 
nNOS 77 and hypotensive in W/W1 mutant mice. Gastroenterology 2001;121:34-42. 

22.. Sanders KM, Ward SM, Daniel EE. ICC in neurotransmission hard to swallow a lack 
off involvement. Gastroenterology 2002;122:1185-6. 

23.. Calatayud S, Garcia-Zaragoza E, Hernandez C et al. Downregulation of nNOS and 
synthesiss of PGs associated with endotoxin-induced delay in gastric emptying. Am J 
Physioll Gastrointest Liver Physiol 20O2;283:G 1360-7. 

24.. Ward SM, Beckett EA, Wang X et al. Interstitial cells of Cajal mediate cholinergic 
neurotransmissionn from enteric motor neurons. J Neurosci 2000;20:1393-403. 

54 4 



Chapterr 4 

Assessmentt of the rectoanal inhibitory reflex 
inn preterm infants with delayed meconium 

passage e 

Fleurr de Lorijn, Wieger P. Voskuijl, Taher I. Oman, 
Jokee H. Kok, J an A. Taminiau, Marc A. Benninga 

JournalJournal of Pediatric Gastroenterology and Nutrition, in press 



Abstract t 
Background d 
Ann inverse relation exists between gestational age and birth weight and the postnatal 

timee 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 

hypothesizedd that delayed passage of meconium could result from a delayed 

maturat ionn of the RAIR. 

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

postmenstruall age (PMA) with delayed meconium production. 

Methods s 
Anorectall manometry was performed in 10 preterm infants (7 male) with delayed 

meconiumm production defined as having no meconium in the first 48 hours and a 

mediann PMA of 30 weeks (28-31 weeks) and a birth weight of 780 to 1930 g (median 

13955 g) with a micromanometric assembly (od 2.0 mm). The assembly incorporated 

aa 1.5-cm-long sleeve sensor for measurement of resting anal sphincter pressures 

andd relaxation, and 4 side-holes recorded anal and rectal pressures. Rectal 

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

R e s u l t s s 

Thee time from birth to passage of meconium ranged from 48 to 105 hours (median 

822 hours). The mean anal sphincter pressure, rectal pressure, and anal sphincter 

oscillationn 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 n 
Anorectall manometry recordings in premature infants with a delayed passage of 

meconiumm (>48 hours) showed normal anorectal pressures and a normal RAIR, 

suggestingg that delayed meconium passage is not related to the absence of a RAIR. 
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Introduction n 
Normall defecation depends on the complex interplay between colonic motility, rectal 

mechanicall properties and sensation. When stool arrives in the rectum, filling of the 

rectumm leads to stretch of the rectal wall with the subsequent triggering of the 

rectoanall inhibitory reflex (RAIR). This motor pattern leads to relaxation of the internal 

anall sphincter (IAS) allowing sensation to defecate and development of urge. 

Ninetyy five percent of healthy term infants pass their first stool within 24 hours 

andd 99% within 48 hours of birth and an inverse relation exists between gestational 

agee and birth weight and the time of first bowel action1"3. Approximately one third 

off preterm (<32 weeks gestation) and low birth weight (<2500 grams) infants have 

aa delay in passage of the first stool1,3. Delayed evacuation of meconium often 

leadss to defecation problems or problems with enteral feeding. The exact reason 

forr this delay is unclear, although it has been suggested that delayed maturation 

off the motor mechanisms of the gut could play a role3. 

Anorectall manometry in the neonate offers a noninvasive diagnostic test for 

identifyingg the RAIR. Recently, sleeve manometry has been adapted and applied 

successfullyy to monitor the RAIR in healthy preterm and term infants, who had 

meconiumm production within 48 hours after birth4 ,5 . 

Thee presence of the RAIR in preterm infants with a delayed passage of meconium 

hass been not previously determined. We hypothesized that delayed passage of 

meconiumm could occur due to the absence of a normal RAIR and therefore we 

evaluatedd anorectal motility in premature neonates with delayed meconium 

productionn (>48 hours) using anorectal manometry. 
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Methods s 
Subjects s 
S t u d i e ss were per formed in 10 p re t e rm infants (3 female, 7 male) r ang ing in PMA 

fromm 2 8 - 3 2 w e e k s (median 3 0 weeks) (table 1). Infant b i r th weight r a n g e d from 

7 8 00 to 1930 g (median 1395 g), a n d weight a t the t ime of s t u d y r anged from 7 7 0 to 

19300 g (median 1320 g). We defined delayed m e c o n i u m p a s s a g e a s hav ing n o 

m e c o n i u mm in t he first 4 8 h o u r s . A normal defecation pa t t e rn w a s defined a s having 

> 33 p a i n l e s s bowel m o v e m e n t s p e r week wi thou t t h e u s e of l axa t ives 1 3 . The t ime 

fromm b i r t h to p a s s a g e of t h e first stool r anged from 4 8 to 105 h o u r s (median 82 

h o u r s ) .. After inc lus ion in t h e s t u d y anorec ta l m a n o m e t r y w a s performed 2-5 d a y s 

afterr b i r th (median 4 days) . Two infants (patients 6 a n d 7) h a d mecon ium product ion 

afterr receiving a n e n e m a b e c a u s e of abdomina l d is tent ion , while the o the r 8 infants 

didd n o t have m e c o n i u m p r o d u c t i o n at the t ime of m e a s u r e m e n t . Dur ing (pa t ien ts 

2 , 3 , 55 a n d 9) or i m m e d i a t e l y after ( p a t i e n t s 1,4,8 a n d l O ) t h e m a n o m e t r i c 

m e a s u r e m e n tt m o s t ch i ld ren p a s s e d a large m e c o n i u m plug. Trans i t ion to n o r m a l 

defeca t ionn w a s defined a s t h e loss of d a r k p i g m e n t a t i o n of stool a n d infants were 

ab lee to defecate w i t h o u t t h e h e l p of a t h e r m o m e t e r or laxat ives . Pa t i en t s were n o t 

receivingg prokine t ic or o r a l / r e c t a l laxative medica t ion . None of the infants h a d 

a n o r e c t a ll ma l fo rmat ions or neurological dysfunct ions . Five infants were vent i la ted 

a n dd 2 were receiving n a s a l c o n t i n u o u s positive a i rway p r e s s u r e a t t he t ime of 

Tablee 1 Patient characteristics of the 10 premature infants with a delayed meconium passage 
(>488 hours). 

Patientt Sex PMA Birth weight First passage Transition to Ventilation 
no.. (weeks + days) (g) of meconium normal 

(hours)) defecation (days) 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

Girl l 
Boy y 
Boy y 
Girl l 
Boy y 
Boy y 
Girl l 
Boy y 
Boy y 
Boy y 

30+6 6 
31+4 4 

30+5 5 
28+0 0 
29+6 6 
29+6 6 
29+4 4 
30+4 4 
31+4 4 
31+2 2 

1400 0 
1540 0 
1390 0 
780 0 
1240 0 
1060 0 
1010 0 
1455 5 
1780 0 
1930 0 

84 4 
48 8 
72 2 
98 8 
74 74 
98 8 
86 6 
105 5 
48 8 
80 0 

10 0 
240* * 
10 0 
8 8 
9 9 
--

60** * 
11 1 
5 5 
10 0 

CPAP P 
No o 
No o 
Yes s 
Yes s 
Yes s 
CPAP P 
Yes s 
No o 
Yes s 

PMA;; Patient postmenstrual age, CPAP; nasal continuous positive airway pressure. *This 
patientt had daily defecation with the help of a thermometer, ** This patient kept defecation 
problems.. Rectal suction biopsy, contrast enema and manometry were performed and 
excludedd Hirschsprung’s disease. 
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measurement.. The type of ventilation used did not influence intra-abdominal 

pressuress in basic recordings. The research Ethics Committee of the Emma 

Children’ss Hospital approved the study protocol, and written informed consent 

wass obtained before each study. 

Manometricc Technique 
Ass described in earlier studies anorectal open water perfusion manometry was 

performedd with a purpose-built silicone rubber micromanometric anorectal catheter 

(odd 2.0 mm)4 ,5 . The design of the catheter was based on similar catheters used for 

measurementt of anorectal motor function in children and adults but had a diameter 

smallerr than a neonatal thermometer. The catheter incorporated a 1.5-cm-long 

sleevee sensor and an array of 3 side-holes spaced 0.5 cm apart for measurement 

off anal sphincter pressures and 1 side-hole located 0.5 cm proximal of the sleeve 

forr measurement of basal pressure within the rectum. All side-holes were perfused 

withh sterile degassed water at a rate of 0.04 mL/min. An air channel was present 

onn the tip of the catheter for air insufflation to distend the rectum. Figure 1 shows 

aa schematic drawing of the catheter positioned in the anorectum. 

Pressuress were measured by pressure transducers situated in each perfusion 

linee and connected to PC Polygraph HR preamplifiers (Medtronic, Sweden). The 

measuredd signals from the preamplifier were converted to digital values by an 

analog-digitall converter and information was transmitted via a fiber optic cable to 

aa personal computer. Before each measurement a calibration of the polygraph 

wass performed. 

Figuree 1 Schematic drawing of 
thee anorectal manometry 
assemblyy in situ. 

IAS:: Internal anal sphincter, EAS: 
Externall anal sphincter 

\\ \ # °  ’ -^- Air ch; 

18kk * w � s ’ e e v e 
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Protocol l 
Anorectall manometry was performed with the patient in the supine position. The 

catheterr was positioned with the sleeve straddling the anal sphincter high-pressure 

zonee 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, 

aa baseline recording of anal sphincter pressure (ASP) and rectal pressure was made 

overr a 2- to 3-minute period before an attempt was made to elicit the RAIR. 

Too elicit the RAIR, 1 to 3 mL of air was directly insufflated into the lumen of the 

rectum4’5 .. Balloon distension was not used in this study because it was considered 

inappropriatee for these young infants. The initiation of the reflex was characterized 

byy an anal sphincter pressure drop of at least 5 mmHg over 2 to 5 seconds in 

associationn with cessation of rhythmic activity of the anal sphincter. The threshold 

airr volume required to stimulate the RAIR was determined by increasing the volume 

off air injected in 1-mL increments in a stepwise fashion, to a maximum of 3 mL. 

Consecutivee rectal distensions were performed at 1-minute intervals. When the 

thresholdd volume required to stimulate the reflex had been determined, 3 further 

distensionss were then performed. Recording sessions lasted an average of 30 

minutes. . 

Analysiss of Manometric Records 
Baselinee values for anorectal motor pat terns were obtained by analysis of the 

manometricc recording that immediately preceded attempts to elicit the RAIR. Mean 

restingg anal sphincter pressure, anal sphincter oscillation frequency, and rectal 

pressuree were measured during a period of at least 60 seconds. Anal sphincter 

pressuree was defined by the nadir of the pressure oscillation wave. The anal 

sphincterr oscillation frequency (ASOF) was demonstrated by measuring changes 

inn anal canal pressure in basal unstimulated conditions and was defined as the 

numberr of oscillations in a period of 60 seconds. Group mean data are expressed 

ass mean  SEM. 
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Results s 
Tablee 1 shows the patient characteristics. Seven out of the ten infants showed 

transitionn 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 

andd the o ther two con t inued to experience severe defecation prob lems . 

Hirschsprung’ss disease was suspected in one of these infants due to feeding 

problemss and abdominal distension, however rectal suction biopsy showed normal 

ganglionn cells, no abnormalit ies were found on contrast enema, excluding 

Hirschsprung’ss disease. Long term follow up of this infant showed normalization 

off her defecation pattern after 8 weeks. The remaining infant experienced the 

mostt severe defecation problems, which took a further 8 months to normalise. 

Duringg this period, daily defecation was achieved with the help of a thermometer. 

Anall sphincter tone and pressure oscillations were observed in all infants and, 

despitee the delayed passage of meconium, a normal RAIR (figure 2) could be elicited 

inn all infants even those with the most severe defecation problems. Measured 

parameterss of anorectal motor function were similar to those previously reported 

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

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

Airr insufflation 

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

Study y 

Current t 
(range) ) 

Benning g 
(range) ) 

study y 

aa et al.4 

Dee Lorijn et al.5 

(range) ) 

PMA A 

28-31 1 

31-33 3 

27-30 0 

Parameterss measured 

Anal l 
sphincter r 
pressure e 
(mmHg) ) 

22.00 0 
(16-29) ) 

31.66  13.0 
(7-47) ) 

24.55  11.4 
(5-46) ) 

Baseline e 
rectal l 

pressure e 
(mmHg) ) 

6.99 0 
(4-11) ) 

9.00 0 
(1-22) ) 

6.55 8 
(0-19) ) 

Anal l 
sphincter r 
oscillation n 
frequency y 
(No.. /min) 

9.88  1.9 
(7.5-11) ) 

10.33  1.4 
(8-12) ) 

11.11 3 
(9-17) ) 

Anorectall reflex 

No.. of 
infants s 

withh normal 
RA1R R 

100 (100%) 

111 (92%) 

133 (81%) 

Threshold d 
distension n 

volume e 
(mL) ) 

2.44 5 
(2-3) ) 

2.88  1.3 
(0.5-3.0) ) 

3.44  1.6 
(1-5) ) 

Resultss are expressed as the mean  1SD. 
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Discussion n 
Delayedd passage of meconium is a common occurrence in pre- and dysmature 

infantss in the absence of other clinical findings3. All infants in this study had a 

delayedd passage of meconium (>48 hours) and seven out often infants developed 

aa daily defecation pattern after their first passage of meconium. This study clearly 

showss that these infants exhibit a normal rectoanal inhibitory reflex. All other 

parameterss of anorectal function measured were similar to those previously reported 

byy our group in preterm infants of the same age who passed meconium within 48 

hours 4 , 5 .. The development of colorectal motility is poorly understood in preterm 

infant.. Using amniography, Mc Lain observed that progression of contrast material 

fromm the oral cavity to the colon took as long as 9h at 32 weeks of gestational age, 

butt only half of that time by the time of term age6. Manometric investigations of 

smalll intestinal motility have shown that the migrating motor complex is immature 

att <34 weeks gestation7. Very little information is available regarding the prenatal 

developmentt of colonic motility. In rhesus primates, the postprandial increase in 

colonicc 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, 

suggestingg that the colon response to meals matures late in gestation8. These 

studiess suggest that preterm infants may have a delayed transit of luminal contents 

throughh the colon, however colonic motility has not been directly assessed in 

prematuree infants. 

Factorss other than motility may also contribute to the delay in meconium passage. 

Thee meconium of p remature infants differs in composition (glycoprotein, 

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

thann the meconium of full term infants and therefore more difficult to expel9. 

TwoTwo infants had persistent defecation problems following passage of the meconium 

plug,, but both of these infants had normal anorectal motility on manometry. In 

thee patient with suspected Hirschsprung’s disease, the use of manometry alone 

couldd have excluded this condition, therefore reducing the need of the rectal suction 

biopsy.. Both infants with the prolonged delay of defecation finally developed a 

normall defecation pattern at 8 weeks and 8 months of age respectively, but the 

causess of their ongoing problems remain unclear. Delayed maturation of interstitial 

cellss of Cajal (ICC) has been reported in infants with severe meconium obstruction 

requiringg ileostomy10,11. It was not justified for us to perform full thickness anorectal 
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biopsiess needed for investigation of ICC’s in the anorectal region and the two patients 

studiedd that had persistent defecation problems did not require ileostomy as they 

respondedd to conservative therapy. Therefore we were unable to determine if 

maturationn of ICC’s played a role in either the acute or ongoing defecation problems 

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

off the internal anal sphincter12 and therefore as these mechanisms were normal it 

cann be assumed that expression of ICC’s in the anal sphincter was mature at the 

timee of measurement in all infants. 

Inn conclusion, as we found a normal RAIR in all infants and 7 out of 10 infants 

developedd a daily defecation pattern after their first passage of meconium, we can 

suggestt 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 

doess not contribute to delayed passage of meconium, but instead suggests that 

eitherr the mechanisms of rectal propulsion were impaired, leading to failure of 

normall expulsion of the meconium plug, or that the meconium plug itself was too 

difficultt to expel due to its consistency. In those infants who continued to experience 

difficultiess with defecation following passage of the meconium plug, it was clear 

thatt mechanisms other than failure of the RAIR, perhaps delayed maturation of 

colonicc motility was involved. 
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Abstract t 
Background d 
Anorectall manometry us ing a micro-manometric sleeve assembly offers a 

noninvasivee diagnostic test for identifying anorectal motor dysfunction in the 

neonate.. We have previously shown that preterm infants with a postmenstrual 

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

Aim m 
Too characterize anal sphincter function in very premature infants < 30 weeks PMA 

andd to evaluate the time of maturation of the rectoanal inhibitory reflex (RAIR) 

usingg a sleeve catheter. 

Methods s 
Anorectall manometry was performed in 16 healthy neonates (9 female) with a 

meann PMA of 29 weeks (27-30 weeks) and a birth weight of 640 to 1590 g (median 

12200 g) with a micromanometric assembly (od 2.0 mm). The assembly incorporated 

aa 1.5-cm-long sleeve sensor for measurement of resting anal sphincter pressures 

andd relaxation, and 4 side-holes recorded anal and rectal pressures. Rectal 

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

Results s 
Thee mean anal sphincter pressure, rectal pressure, and anal sphincter oscillation 

frequencyy were 24.5  11.4 mmHg, 6.5  4.8 mmHg, and 11.1  2.3/min, respectively. 

AA normal RAIR could be elicited in 13 (81%) infants studied. In two infants the RAIR 

couldd not be elicited due to a low anal sphincter pressure of only 5 mmHg. In the 

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

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

anorectall pressures and a normal RAIR. 
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Introduction n 
Defecationn problems in neonates are common. About 60% of infants less than 

25000 g, and less than 37 weeks gestation, fail to pass meconium by 24 hours after 

birth1’2 .. Difficulties with bowel motility and delay in stooling commonly postpone 

thee time of full enteral feeding in premature infants. 

Anorectall manometry in the neonate offers a noninvasive diagnostic test for 

identifyingg anorectal motor dysfunction. Hirschsprung’s disease can be diagnosed 

byy anorectal manometry. Recently, sleeve manometry has been adapted and applied 

successfullyy to monitor the anorectal pressure profile in healthy preterm and term 

infants3.. This study demonstrated that term and premature infants older than 30 

weeks’’ postmenstrual age (PMA) have a normal anorectal pressure profile and 

rectoanall inhibitory reflex (RAIR) to rectal distension3. However, no studies have 

beenn performed in very premature infants using a sleeve catheter. Therefore, the 

aimm of this study was to characterize anal sphincter function in very premature 

infantss <30 weeks PMA and to evaluate the time of maturation of the rectoanal 

inhibitoryy reflex using a sleeve catheter. 
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Methods s 
Subjects s 
Studiess were performed in 16 healthy preterm infants (nine girls, seven boys) ranging 

inn 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 0 to 

722 hours (median, 24 hours). Anorectal manometry was performed 3 to 23 days 

afterr birth (median, 7 days). No infants had any evidence of defecation problems, 

anorectall malformations, neurological dysfunction, or sepsis, and none were 

receivingg pro kinetic or oral/rectal laxative medication. Three infants were ventilated 

andd two were receiving nasal continuous positive airway pressure at the time of 

measurement.. The research Ethics Committee of the Emma Children’s Hospital 

approvedd the study protocol, and written informed consent was obtained before 

eachh study. 

Manometricc Technique 
Anorectall perfusion manometry was performed with a purpose-built silicone rubber 

micromanometricc anorectal catheter (outer diameter, 2.0 mm). The design of the 

catheterr was based on similar catheters used for measurement of anorectal motor 

functionn 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 

off 3 side-holes spaced 0.5 cm apart for measurement of anal sphincter pressures 

andd 1 side-hole located 0.5 cm proximal of the sleeve for measurement of basal 

pressuree within the rectum (figure 1). All side-holes were perfused with sterile 

degassedd water at a rate of 0.04 mL/min. An air channel was present on the tip of 

thee catheter for air insufflation to distend the rectum. 

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

Parameterss measured Anorectal reflex 

PMAA Anal Baseline Anal sphincter No. of Threshold distention 
oscillationn infants volume (mL) 
frequencyy with 
(No./min)) normal RAIR 

29(27-30)) 24.5 4 6.5  4.8 11.1 3 13 of 16 3.4  1.6 

Anal l 
sphincter r 
pressure e 
(mmHg) ) 

Baseline e 
rectal l 
pressure e 
(mmHg) ) 

ResultsResults are expressed as mean  1SD 
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Pressuress were measured by pressure transducers situated in each perfusion line 

andd connected to PC Polygraph HR preamplifiers (Synectics Medical, Stockholm, 

Sweden).. The measured signals from the preamplifier were converted to digital 

valuess by an analog-digital converter and information was transmitted via a fiber 

opticc cable to a personal computer. Before each measurement a calibration of the 

polygraphh was performed. 

Protocol l 
Anorectall manometry was performed with the patient in the supine position. The 

catheterr was positioned with the sleeve straddling the anal sphincter high-pressure 

zonee 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, 

aa baseline recording of anal sphincter pressure (ASP) and rectal pressure was made 

overr a period of 2 to 3 minutes before an attempt was made to elicit the RAIR. 

Too 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 group3 in premature infants 

andd has been found to be safe and effective. Balloon distension was not used in this 

studyy because it was considered inappropriate for these young infants. The initiation 

off the reflex was characterized by an anal sphincter pressure drop of at least 5 

mmHgg over a period of 2 to 5 seconds in association with cessation of rhythmic 

activityy of the anal sphincter. The threshold air volume required to stimulate the 

RAIRR was determined by increasing the volume of air injected in 1-mL increments in 

aa stepwise fashion, to a maximum of 5 mL. Consecutive rectal distensions were 

performedd at 1-minute intervals. When the threshold volume required to stimulate 

thee reflex had been determined, 3 further distensions were performed. Recording 

sessionss lasted an average of 30 minutes. 
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Analysiss of Manometric Records 
Baselinee values for anorectal motor patterns were obtained by analysis of the 

manometricc recording that immediately preceded attempts to elicit the RAIR. Mean 

restingg anal sphincter pressure, anal sphincter oscillation frequency, and rectal 

pressuree were measured during a period of at least 60 seconds. Anal sphincter 

pressuree was defined by the nadir of the pressure oscillation wave. The anal 

sphincterr oscillation frequency was demonstrated by measuring changes in anal 

canall pressure in basal unstimulated conditions and was defined as the number 

off 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 

betweenn variables were established with Spearman rank correlation statistics. A 

PP < 0.05 was taken indicating statistical significance. 
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Results s 
Anall s p h i n c t e r t one w a s 2 4 . 5  1 1 . 4 m m H g (range, 5-46) a n d a n a l s p h i n c t e r 

osci l la t ionss occu r r ed a t 11.1  2 . 3 / m i n (range 9 -17 ; fig. 2). In 13 of t h e 16 in fan t s 

(81%),, a n o r m a l RAIR could be elicited a t a t h r e s h o l d vo lume of 3.4  1.6 m L 

(range,, 1-5). In two n e o n a t e s (28 a n d 2 9 w e e k s ’ PMA) t h e RAIR could no t be elicited 

d u ee to a low a n a l s p h i n c t e r p r e s s u r e (5 mmHg) , w h i c h m a d e d e t e r m i n a t i o n of t h e 

p r e s e n c ee of the RAIR imposs ib le u s i n g o u r cri ter ia . In t h e o the r n e o n a t e (28 w e e k s 

PMA)) w h o h a d a r e s t ing s p h i n c t e r p r e s s u r e of 4 6 m m H g , n o RAIR w a s s een desp i t e 

thee r epea ted insufflat ion a t t e m p t s to a m a x i m u m of 5 mL. The m e a n base l i ne 

rec ta ll p r e s s u r e before d i s t ens ion w a s 6.5 m m H g a n d d u r i n g air insufflat ion t h e 

rec ta ll p r e s s u r e i nc reased by 3.8 m m H g . 

a a Airr insufflation 

Rectum m 

Vnall sphincter . . A 

Anall sphincter 

Anall sphincter (sleeve) 

j[j\j\AJ j[j\j\AJ 

’^M^:’^M^: ::; jv^/NySA> 
II 30 mmHg 

100 sec 

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

3 3 
C C < < 

Airr insufflation 

300 mmHg 

100 sec 

Figuree 2b Anorectal pressure recording showing anal sphincter oscillation frequency pattern 
interruptedd by a RAIR in premature infant 29 weeks’ PMA. 
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Anall sphincter pressure (ASP) was lower in very premature infants compared to 

olderr (premature) infants. However, no significant correlation was found between 

ASPP and PMA (figure 3). In addition, neither rectal pressure nor rectal wave 

frequencyy showed any age correlation. Gestational age, postnatal age, and time 

delayy from birth to passage of first stool did not correlate with any parameters of 

anorectall function. Ventilation or nasal CPAP did not influence either sphincter 

pressuree ( 23.0 mmHgvs 25.2 mmHg, ns) or wave frequency (13.5/min vs 10.2/ 

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

X X 

500 -, 

66 4 0 -

300 -

200 -

ww 10 -

26 6 27 7 288 29 

PMAA (weeks) 

30 0 

Figuree 3 Scatter plot of the 
correlationn between PMA and anal 
sphincterr pressure. 

31 1 
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Discussion n 
Inn this study, we evaluated the anal sphincter function in healthy very premature 

infantss <30 weeks’ postmenstrual age (PMA) and the time of maturation of the 

rectoanall inhibitory reflex (RAIR) using a sleeve catheter. Our recordings showed 

normall anorectal pressures and a normal RAIR in most premature infants despite 

significantt prematurity. 

Earlierr studies evaluating anorectal motor function in premature infants have 

producedd inconsistent data4"6. These conflicting data may be the result of the use 

off side hole sensors for pressure measurement in the anal canal. Side hole sensors 

cann be easily displaced from the anal sphincter high-pressure zone during air 

insufflationn or with body movement7. As previously shown in premature and healthy 

infants,, children and adults, displacement can be avoided by using a sleeve sensor, 

whichh allows for sphincter movement and pressure measurement over the length 

off the sleeve3. 

Tablee 2 compares the findings of the current study with those of our previous 

studyy 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 

functionn in the majority of infants, very premature infants in general have a lower 

restingg anal sphincter pressure, are less likely to exhibit a normal anorectal 

inhibitoryy reflex and require greater rectal stimulus to elicit the RAIR. Hence, 

theree does appear to be some evidence of anorectal functional immaturity in some 

veryy premature infants. Nevertheless, as all of the infants defecated normally, the 

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

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

Parameter r 

PMAA (wk) 
Distentionn stimulus 
Anall sphincter pressure (mmHg) 
Anall sphincter oscillation 
frequencyy (n/min) 
Normall RAIR 
Thresholdd volume (mL) 

Currentt Study 
(NN = 16) 

27-30 0 
Airr insufflation 

24.55  11.4* 
11.11 3 

8 1 % % 
3.44  1.6 

Benninga a 
(N N 

31-33 3 
Airr insufflation 

31.66  13.0* 
10.33  1.4 

92% % 
2.88  1.8 

ett al., 2 0 0 1 3 

== 22) 

34-38 8 
Balloon n 

49.33  10.9* 
10.33  1.8 

100% % 
2.11 6 

PP < 0.001, one-way anoua. Results are expressed as mean  1SD 
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Inn the current study, we could not demonstrate a RAIR in three infants. Two of 

themm showed a low anal sphincter pressure of 5 mmHg and one child showed a 

normall 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, 

whichh confirmed normal anorectal function. In the other two infants, parents did 

nott consent to a second anorectal manometry, however both had no clinical evidence 

off abnormal defecation patterns suggesting normal anorectal function. These follow-

u pp observations suggest that absence of a normal RAIR was more likely due to 

delayedd maturation of anorectal function, rather than any underlying motility 

disorder. . 

Inn contrast with a comparable study in older neonates, no correlation was found 

betweenn resting anal sphincter pressure and PMA3. The reason for this is unclear. 

Ann anorectal micromanometric sleeve catheter is suitable for use in evaluating 

anorectall pressures in very premature neonates down to 26 weeks’ gestation. In 

thesee infants normal anorectal function is usually seen; however, the RAIR is less 

reliablyy elicited and requires a greater threshold stimulus than older preterm infants. 

Thiss study indicates that a micromanometric anorectal sleeve assembly can detect 

aa RAIR in very premature infants. We believe that manometry can be used to 

reliablyy 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’ss disease in infants who do not demonstrate the RAIR. 
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Abstract t 
Objective e 
Wee conducted a systematic review to determine and compare the diagnostic 

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

infantss suspected of HD. 

Dataa sources 
Articless were identified through electronic searches in Medline, Embase and 

Cochranee Controlled Trial Register. Searches in Pubmed were limited to articles 

publishedd after 1966 and in Embase after 1980. 

Studyy selection 
Studiess were included if infants underwent at least one of the following tests: 

contrastt enema, anorectal manometry, or rectal suction biopsy, followed by full 

thicknesss biopsy and /o r clinical follow-up as the reference standard. 

Dataa extraction 
Twoo reviewers independently assessed the methods of data collection, patient selection, 

blindingg and prevention of verification bias, and description of the test protocol and 

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

R e s u l t s s 

Twenty-fourr studies met our inclusion criteria, but two studies were subsequently 

excludedd 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 

accuratee test having both the highest mean sensitivity (93%, 95% CI: 88% to 95%) 

andd mean specificity (98%, 95% CI: 95% to 99%). Sensitivity and specificity of 

anorectall manometry (9 studies for a total of 400 patients) was similar to that of 

rectall 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 

4255 patients) was significantly lower than that of rectal suction biopsy and anorectal 

manometry,, with respectively 70% and 83%. 

Conclusion n 
Rectall suction biopsy is the most accurate test in the diagnostic work-up of HD. 
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Introduction n 
Constipationn is a common problem in children and has often been regarded as a 

triviall symptom, but it can result in substantial discomfort and disability impairing 

sociall and physical well-being. In only 10% of all children with defecation disorders, 

constipationn is part of an organic disorder1. About once per 5000 live births, 

constipationn is caused by Hirschsprung’s disease (HD)2. 

HDD is a developmental disorder of the enteric nervous system (ENS) characterized 

byy absence of ganglion cells in the myenteric and submucosal plexuses along a 

variablee portion of the distal intestine. Literature showed that the aganglionosis is 

confinedd to rectosigmoid in 75% of patients, sigmoid, splenic flexure or transverse 

colonn in 17% and total colon in 17% and total colon along with a short segment of 

thee terminal ileum in 8%3,4. Eighty to 90% of all cases of HD produce clinical 

symptomss and are diagnosed during the neonatal period. The usual presentation 

off HD in the neonatal period is lack of passage or delayed passage of meconium 

andd signs and symptoms of large bowel obstruction which can lead to enterocolitis. 

Thee diagnosis of HD is not always easy to establish. Three tests are available in 

thee diagnostic work-up of HD. The presence of a transitional zone is the critical 

featuree to suspect HD in contrast enema (CE) test. Anorectal manometry (ARM) 

assessess the recto-anal inhibition reflex (RAIR), and failure to elicit this reflex 

indicatess HD. The third option consists of rectal suction biopsy (RSB), which shows 

ann elevated acetyl cholinesterase activity and an aganglionosis in case of HD. 

However,, the gold standard remains a full-thickness biopsy (FTB) of the rectum, 

butt this is an invasive test requiring general anaesthesia. 

Theree has been considerable debate about the most appropriate initial test for 

diagnosingg HD, since CE, RSB and ARM can all produce false-negative and false-

positivee test results5"7. Each of these tests has both advantages and disadvantages 

inn terms of availability, technical difficulty, radiation exposure, and invasiveness. 

Consequently,, the choice of screening test and order of investigations for HD differs 

amongg medical centres. 

Wee conducted a systematic review to determine and compare the diagnostic 

accuracyy between contrast enema, anorectal manometry and rectal suction biopsy 

inn infants suspected of HD. 
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Methods s 
Searchh strategy 
AA comprehensive literature search was performed to identify relevant publications 

examiningg the diagnostic accuracy of at least one of the following tests: CE, ARM 

orr RSB. The Medline, Embase and the Cochrane Controlled Trial Register databases 

weree searched using three different queries; (a) Hirschsprung [mesh or textword] 

ANDD (barium [mesh or text word] OR enema [mesh or text word]); (b) Hirschsprung 

[meshh or textword] AND manometry [mesh or text word]; (c) Hirschsprung [mesh or 

textword]] AND (pathology [subheading] OR biopsy [mesh or text word] OR 

acetylcholinesterasee [mesh or text word]). Searches in Pubmed were limited to articles 

publishedd after 1966 and in Embase after 1980, and to studies involving humans. 

Noo language restriction was applied. Searches were performed in May 2003. 

Selectionn of studies 
Eligiblee studies had to report on the diagnostic accuracy of at least one of the 

followingg tests: contrast enema, anorectal manometry, or rectal suction biopsy in 

aa s tudy population suspected for HD. Staining for acetylcholinesterase (AChE) 

activityy or staining with hematoxylin and eosin (H&E) should have been used to 

evaluatee the rectal suction biopsy. We posed no restriction on the design of studies 

andd included case series, case-control, cohort studies and studies in which at 

leastt one reference standard was described. For a positive index test, we defined 

thee reference standard an aganglionosis on FTB. For a negative index test, we 

definedd the reference standard presence of ganglion cells on FTB or on RSB, or 

disappearancee of symptoms during FU. Studies in which we were unable to 

reproducee the 2 by 2 table were excluded. Articles were independently selected 

andd reviewed by 2 au thors (FdL and MB). Disagreements were resolved by 

consensus. . 

Methodologicall quality and data extraction 
Twoo authors (FdL and MB) independently assessed the design of the study, blinding 

andd prevention of verification bias, methods of data collection and patient 

characteristics8 .. The other two authors (L.K. and J.R.) assessed those results and 

disagreementss were resolved by consensus. For each article we recorded the number 

off true-positive, false-positive, true-negative, and false-negative results for each 

indexx test that was examined. 
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Dataa synthesis 
Wee used forrest plots to display the precision by which sensitivity and specificity 

hadd been measured in each study, and to illustrate the variation in estimates 

betweenn studies. 95% confidence intervals (CI) were calculated using the exact 

binomiall method. We used a bivariate meta-regression model to meta-analyse 

estimatess of sensitivity and specificity910. Rather than using a single outcome 

measuree per study, like the diagnostic odds ratio in the Summary Receiver Operating 

Characteristicc (SROC) approach, the bivariate model preserves the two-dimensional 

naturee of diagnostic data by directly analysing the logit transformed sensitivity 

log{sens/(l-sens))) and specificity log(spec/(l-spec))of each study in a single model. 

Thiss model estimates and incorporates the correlation that might exist between 

logitt sensitivity and specificity within studies due to possible differences in threshold 

betweenn studies. The bivariate model uses a random effects approach for both 

sensitivityy and specificity, allowing for heterogeneity beyond chance due to clinical 

orr methodological differences between studies. In addition, the model acknowledges 

thee difference in precision by which sensitivity and specificity have been measured 

inn each study. This means that studies with a larger number of patients with the 

targett condition receive more weight in the calculation of the summary estimate of 

sensitivity,, while studies with more patients without the target condition are more 

influentiall in the pooling of specificity. 

Thee model requires logit transformation of the sensitivity and specificity. A 

standardd correction of adding 0.5 to all four cells of the 2x2 table was applied 

whenn either sensitivity or specificity was 100%. The model produces the following 

results:: a random effect estimate of the mean sensitivity and specificity with 

correspondingg 95% confidence intervals, the amount of between-study variation 

forr sensitivity and specificity separately, and the strength and shape of the 

correlationn between sensitivity and specificity. Using these results, we calculated 

aa 95% confidence ellipse around the summary estimate of sensitivity and specificity. 

Alll the results have been transformed back (anti-logit) to the original scale, and 

plottedd in ROC space. 

Covariatess indicating type of index test can be added to the model to test explicitly 

whetherr either sensitivity, or specificity, or both are different between index tests. 

Wee performed a subgroup analysis comparing studies with a substandard 

verificationn protocol to studies with an adequate protocol. An adequate verification 
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protocoll was defined as a study in which both, a positive index test and a negative 

indexx test, a predefined reference standard was performed. Case series in which 

thee reference standard was performed for a positive index test were also defined as 

ann adequate verification protocol. Unclear descriptions of reference tests were 

classifiedd as a substandard verification. 

Thee 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 s 
Literaturee search 
Wee identified 587 studies from the electronic search, and after initial evaluation 

544 of them were judged potentially relevant. Twenty-eight studies were excluded 

becausee no reference standard was specified and 2 studies were excluded because 

noo 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 

studiess evaluated anorectal manometry and 14 studies evaluated rectal suction 

biopsy.. The median sample size of the 24 studies was 45 patients (range 9-293). 

TwoTwo of these 24 articles were excluded from the statistical analysis because data 

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

Qualityy assessment and data extraction 
Tablee 1-3 lists the 24 included studies and their clinical and design characteristics. 

Thee 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. 

144 of the 24 studies used retrospective data collection, while the method of data 

collectionn was unclear in the other 10 studies. None of the studies reported whether 

thee readers of the index tests were blinded to the results of the other index tests. 

Elevenn of the 12 studies evaluating CE used FTB as the reference standard to 

verifyy positive CE results. However, only 7 studies used one of our predefined 

referencee standards to verify negative CE results. A FTB was used as reference 

standardd for positive ARM results in 8 of the 9 studies evaluating ARM, but 

verificationn of negative ARM results was suboptimal in 3 studies. Thirteen of the 

144 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. 

Tenn of the 14 RSB studies were stained with AChE, whereas 4 studies were stained 

withh H&E. Because of the small number of studies using H&E staining results 

weree not compared with the other index tests. In 2 studies using the AChE staining 

itt was not possible to reproduce the 2 by 2 table and these studies were therefore 

nott included the analysis. 

Diagnosticc accuracy 
Figuree 1 and 2 shows the sensitivity and specificity and their 95% confidence 

intervall for each study. Confidence intervals are wide, especially for estimates of 
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Tablee 1. Evidence table showing clinical and design characteristics of individual studies. 
Indexx test is contrast enema. 

Firstt author Year Design Verification Blind 

Indexx + 

FTB B 
FTB B 
FTBB in 
100 infants 
FTB B 
FTB B 

FTB B 
Aganglionosis s 
onRSB B 
FTB B 

FTB B 
FTB B 

FTB B 

FTB B 

Indexx -

NA A 
NA A 
Unclear r 

NA A 
FUU of at least 6 
mo o 
FTB B 
Ganglioncells s 
onn RSB and FU 
FUU or RSB with 
ganglioncells s 
NA A 
Combinationn of 
ARMM + CE + FU 
FU U 

ARMM and/or ganglioncells 

NR R 
NR R 
NR R 

NR R 
NR R 

NR R 
NR R 

NR R 

NR R 
NR R 

NR R 

NR R 
onn RSB 

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

Firstt author Year Design Verification Blind 

Cohort t 

Casee Series 
Casee Control 

Cohort t 

Cohort t 

Cohort t 
onn RSB 
Unclear r 

Cohort t 

Cohort t 

Indexx + 

FTB B 

FTB B 
FTB B 

FTBB in 
100 infants 
FTB B 

Aganglionosis s 
RSBB and FU 
FTB B 

FTB B 

FTB B 

Indexx -

FUU of at least 4 mo. 

FTB B 
FUU and negative 
CEE and 30% FTB 
NR R 

FUU of at least 6 mo. 

Ganglioncellss on 

NR R 

38%% FTB or FU 
att least 4 mo. 
FU U 

NR R 

NR R 
NR R 

NR R 

NR R 

NR R 

NR R 

NR R 

NR R 

NR=nott reported; FTB=full thickness biopsy; TP=true positive test results; FP=false positive 
testt results; FN=false negative test results; TN=true negative test results; NA=not applicable; 
CE=contrastt enema, ARM=anorectal manometry, RSB=rectal suction biopsy 
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Daviss et al. 
Mahboubii et al.27 

Kekomakii et al.24 

Dee Campo et al.14 

Lanfranchii et al. 

Rosenfieldd et al.17 

Loening-Baucke e 
ett al.1 2 

Taxmann et al.13 

Smithh et al.29 

OT)onovann et al.3C 

Osatakull et al.6 

Reidd e ta l . 3 1 

19722 Case Series 
19788 Case Series 
19799 Cohort 

19844 Case Series 
19844 Cohort 

19844 Cohort 

19855 Cohort 

19866 Cohort 

19911 Case Series 

19966 Cohort 

19999 Cohort 

20000 Cohort 

Frencknerr et al.32 

Mahboubii et al.2 7 

Iwaii et al.22 

Kekomakii et al.2 4 

Lanfranchii et al.2 8 

Loening-Baucke e 
e t a l . 1 2 2 

Yaxoingg et al.33 

Emirr et al.5 

Osatakull et al.6 

1978 8 

1978 8 
1979 9 

1979 9 

1984 4 

1985 5 

1986 6 

1997 7 

1999 9 
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Data a 
collection n 

Retro o 
Retro o 
Retro o 

Retro o 
Retro o 

Retro o 
Unclear r 

Retro o 

Retro o 
Retro o 

Unclear r 

Retro o 

Data a 
collection n 

Unclear r 

Retro o 
Unclear r 

Retro o 

Retro o 

Unclear r 

Unclear r 

Unclear r 

Unclear r 

Population n 

Age e 

NR R 
25/27<2yrs s 
Range e 
2wks-11 lyrs 
Unclear r 
Meann 4.8yrs 
(17dys-16yrs) ) 
Unclear r 
Meann 14 days 
(2-288 days) 
Range e 
lday-lyr r 
Mediann 2-5 days 
Range e 
2dys-9mo o 
Range e 
0.2-1200 mo 
Meann 3 yrs 
(4wks-15yrs) ) 

Population n 

Age e 

Mediann 5 mo 
(lmo-12mo) ) 
25/27<2yrs s 
Range e 
4mo.-19yrs s 
Range e 
2wks-11 lyrs 
Meann 4.8yrs 
(17dys-16yrs) ) 
Meann 14 days 
(2-288 days) 
Range e 
30dys-12yrs s 
Meann 30,3 
dyss (2dys-3mo) 
Range e 
0.2-1200 mo 

%% Boys 

79 9 
67 7 

Unclear r 

54 4 
62 2 

Unclear r 
52 2 

NR R 

NR R 
61 1 

64 4 

56 6 

%% Boys 

NR R 

67 7 
NR R 

Unclear r 

62 2 

52 2 

59 9 

6 3 3 

6 4 4 

TP P 

22 2 
22 2 
10 0 

2 2 
13 3 

29 9 
3 3 

12 2 

13 3 
13 3 

21 1 

5 5 

TP P 

3 3 

22 2 
9 9 

8 8 

17 7 

3 3 

6 3 3 

22 2 

31 1 

FP P 

NA A 
NA A 

5 5 

NA A 
0 0 

4 4 
7 7 

9 9 

NA A 
NR R 

0 0 

1 1 

FP P 

0 0 

NA A 
0 0 

1 1 

0 0 

1 1 

5 5 

1 1 

2 2 

TN N 

NA A 
NA A 
4 5 5 

NA A 
15 5 

16 6 
14 4 

29 9 

NA A 
NR R 

5 5 

47 7 

TN N 

5 5 

NA A 
10 0 

47 7 

15 5 

20 0 

58 8 

32 2 

12 2 

FN N 

6 6 
3 3 
0 0 

11 1 
6 6 

13 3 
1 1 

3 3 

4 4 
5 5 

10 0 

1 1 

FN N 

0 0 

3 3 
0 0 

1 1 

2 2 

1 1 

0 0 

1 1 

0 0 

Inconclusive e 

0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

Inconclusive e 

1 1 

0 0 
0 0 

3 3 

0 0 

0 0 

0 0 

0 0 

0 0 

8 7 7 



Tablee 3 . Evidence table showing clinical and design characteristics of individual studies. 
Indexx test is rectal suction biopsy. 

Firs tt a u t h o r , 

Campbe l ll et a l . 3 4 

Kekomak ii et a l . 2 4 

H a m o u d ii et a l . 3 6 

Hunt l eyy e t a l . 2 3 

B a r rr et a l . 3 7 

Loening-Baucke e 
e t a l . 1 2 2 

Kure rr et a l . 3 8 

Polleyy et a l . 3 9 

T a x m a nn e t a l . 1 3 

Yaxoingg et al. 

B o n h a mm et a l . 4 0 

C h e nn et a l . 2 5 

S m i t hh et a l . 2 9 

P a r kk et a l . 4 1 

yea r r 

1969 9 

1979 9 

1982 2 
1982 2 

1985 5 
1985 5 

1986 6 

1986 6 
1986 6 

1986 6 

1987 7 

1987 7 

1991 1 

1992 2 

Design n 

Unclear r 

Cohor t t 

Unc lear r 
Cohor t t 

Cohor t t 
Cohor t t 

Cohor t t 

Cohor t t 
Cohor t t 

Unc lea r r 

Cohor t t 

Cohort t 

Verification n 

Indexx + 

FTB B 

FTBB in 
100 infants 
FTB B 
FTB B 

FTB B 
Aganglionosis s 
onn RSB 
FTB B 

FTB B 
FTB B 

FTB B 

FTB B 

FTB B 

C a s ee Series FTB 

Cohor t t FTBB in 
133 infants 

Blind d 

Indexx -

NRR NR 

NRR NR 

NRR NR 
Ganglioncellss on RSB NR 

F U o ff 18 m o n t h s NR 
Ganglioncellss on RSB a n d NR 
FUU of a t least 6 m o n t h s 
NRR NR 

RSBB wi th ganglioncells NR 
FUU or RSB with NR 
ganglioncells s 
NRR NR 

NRR NR 

FTBB or F U o f a t NR 
leastt 1 mo. 

NRR NR 

NRR NR 

NR=nott r epor t ed ; FTB=full t h i c k n e s s biopsy; TP=true positive tes t r e s u l t s ; FP=false posit ive 
t e s tt r e s u l t s ; FN=false negat ive t e s t resul ts ; TN=t rue negat ive t es t r e su l t s ; NA=not appl icable ; 
C E = c o n t r a s tt e n e m a L,, ARM= a n o r e c t a a manomet ry ,, RSB= =rectall suc t i on b iopsy 

Tablee 4 . S u m m a r y e s t i m a t e s for sensi t ivi ty a n d specificity from the b ivar ia te mode l . 
C o m p a r i s o nn be tween c o n t r a s t e n e m a 
forr A C h E activity. 

Indexx t e s t 

C o n t r a s tt e n e m a (CE) 

anorectall m a n o m e t r y a n d rectal suc t ion biopsy s t a ined 

Meann sensitivity{95% 

Anorecta ll m a n o m e t r y (ARM) 
Rectall suc t ion b iopsy (RSB) 
P-valuee CE vs. ARM 
P-valuee CE vs. RSB 
P-valuee ARM vs. RSB 

CII = conf idence in terval . 

0.700 (0.64 to 0.76) 
0.911 (0.85 to 0.95) 
0.933 (0.88 to 0.95) 

<0.0001 1 
<0.0001 1 
0 . 7 3 0 0 

8 8 8 

Pa rame te r r 

CI) ) Meann specificity(95% CI) 

0 .833 (0.74 to 0.90) 
0 .944 (0.89 to 0.97) 
0 .988 (0.95 to 0.99) 

0 .014 4 
<0.0001 1 

0 .085 5 
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Data a 
collection n 

Unclear r 

Retro o 

Unclear r 
Retro o 

Retro o 
Unclear r 

Unclear r 

Retro o 
Retro o 

Unclear r 

Retro o 

Unclear r 

Retro o 

Unclear r 

Population n 

Age e 

Unclear r 
lday-12yrs s 
Range e 
2wks-l lyrs s 
NR R 
Range e 
4dys-12yrs s 
NR R 
Meann 14 days 
(2-288 days) 
Rangee few 
weeks-17yrs s 
Meann 14.4 mo 
Range e 
lday-lyr r 
Range e 
30dys-12yrs s 
Range e 
2dys-14yrs s 
Range e 
3dys-10yrs s 
(2dys-15yrs) ) 
Median n 
2-55 dys 
Range e 
33 dys-17yrs 

%% Boys 

NR R 

Unclear r 

NR R 
NR R 

NR R 
52 2 

NR R 

NR R 
NR R 

59 9 

NR R 

NR R 

NR R 

Unclear r 

TP P 

NR R 

10 0 

NR R 
22 2 

19 9 
4 4 

17 7 

41 1 
11 1 

56 6 

45 5 

17 7 

21 1 

12 2 

FP P 

NR R 

2 2 

NR R 
1 1 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

1 1 

NA A 

0 0 

TN N 

NR R 

45 5 

NR R 
32 2 

79 9 
21 1 

54 4 

251 1 
40 0 

11 1 

164 4 

65 5 

NA A 

24 4 

FN N 

NR R 

0 0 

NR R 
0 0 

3 3 
0 0 

1 1 

1 1 
0 0 

2 2 

4 4 

0 0 

0 0 

1 1 

Inconclusive e 

NR R 

3 3 

NR R 
3 3 

0 0 
0 0 

0 0 

0 0 
7 7 

0 0 

0 0 

0 0 

3 3 

0 0 

89 9 



Figuree 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=falsee negative test result. 
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Figuree 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=falsee positive test result. NA= not applicable, case series that only included patients 
withh Hirschsprung. 
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Figuree 3. Bivariate random summary 
estimatess of sensitivity and specificity for 
eachh of the three index tests (square=contrast 
enema,, dot=anorectal manometry, 
triangle=rectall suction biopsy stained for 
AChEE activity) and the corresponding 95% 
confidencee ellipse around these means. 

200 40 60 80 
1-specificityy (%) 

100 0 

sensitivityy because the number of patients with HD is low in most studies. The 

estimatess of mean sensitivity and specificity of the three index tests are given in 

tablee 4. The joint confidence interval around the mean sensitivity and specificity is 

depictedd in figure 3. This figure clearly shows that the accuracy of CE is substantially 

poorerr compared to the other tests. Formal statistical testing for differences between 

sensitivityy and specificity reveal that RSB stained for AChE activity was the most 

accuratee test having both the highest mean sensitivity (93%, 95% CI: 88% to 95%) 

andd mean specificity (98%, 95% CI: 95% to 99%). The RSB studies stained for 

H&EE showed a comparable sensitivity and specificity (96% and 98% respectively). 

Sensitivityy 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 

specificityy of CE was significantly lower than that of RSB stained for AChE activity 

andd ARM, with respectively 70% and 83%. 

Subgroupp analyses showed that there was no significant difference in either 

sensitivityy or specificity between studies with a low quality and high quality 

verificationn protocol. However, a trend towards an exaggerated estimate of sensitivity 

wass found in low (n=2) versus high quality (n=10) studies evaluating CE (mean 

sensitivityy of low quality 86% vs. high quality 70%), but this difference was not 

statisticall significant (p=0.33). 

Inconclusivee tests were most frequently seen in studies evaluating RSB; 4 studies 

showedd 16 inconclusive tests and in 2 studies the number of inconclusive tests 

wass unclear. ARM showed in 2 studies 4 inconclusive tests and CE did not show 

inconclusivee tests. 
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Discussion n 
Ourr results show that rectal suction biopsy (RSB) stained for AChE activity is the 

mostt accurate test in the diagnostic work-up of HD. Mean sensitivity of anorectal 

manometryy (ARM) was similar to that of RSB, but its specificity was significantly 

lower.. Mean sensitivity and specificity of contrast enema (CE) was significantly 

lowerr than that of RSB and ARM. 

Too our knowledge, this is the first systematic review evaluating the accuracy of 

testss for the diagnosis of HD. Since it is not clear what test is the most accurate 

onee 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 

testss in a single study11 . Therefore, we used indirect comparisons to examine 

differencess in sensitivities and specificities between the three tests. 

Alll studies included in this systematic review had their limitations. The way 

patientt were selected was poorly described in all studies. Therefore, it was unclear 

whetherr all consecutive series of patients suspected of HD was included or not. 

Furthermore,, a description of the clinical symptoms of patients suspected of HD 

wass lacking. For most studies it was unclear whether the readers of the index 

testss were blinded to the results of the other index tests or reference standard. 

Anotherr drawback is that all studies provided sparse details about the thoroughness 

off their clinical follow-up. Essential information like the duration of follow-up, the 

numberr of patients lost to follow-up, and the way in which patients were contacted, 

wass missing. All studies retrospectively collected their data. The disadvantage of 

collectingg data retrospectively is: uncertainty about inclusion criteria, that data-

collectionn is not uniform, evaluating known test results and that quality of follow-

upp is limited. In almost all studies (23 studies) included in this systematic review 

aa FTB was performed in those patients with a positive index test. However, several 

studiess did not verify patients with negative test results and classified these patients 

ass true negatives. Patients with a false negative test result may stay undetected if 

follow-upp is not adequate or if patients with persistent symptoms return to a 

differentt hospital. In that case, both sensitivity and specificity will be overestimated, 

althoughh the relative effect will be greater on sensitivity because of the lower number 

off patients with HD. 

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

ARMM (70% vs 93% and 9 1 % respectively), indicating that false-negative test results 
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weree more common in CE. Several explanations have been described for false-

negativee results of CE. Especially in young infants suspected of HD, a transition 

zonee is difficult to demonstrate1 2 . Furthermore, De Campo at al. demonstrated a 

normal-calibree colon in 75% of children with total aganglionosis13. Rectal wash›

outss and even digital rectal examinations may also lead to false-negative test 

resul ts 1 4 .. RSB and ARM showed in rare cases false-negative test results. It has 

beenn suggested tha t false-negative test resul ts of ARM occur because of 

displacementt of the transducer probe or as a consequence of relaxation of the 

externall anal sphincter rather than the internal anal sphincter15 . Possible causes 

forr false-negative test results in RSB are: variability in the biopsy site (correct site 

iss 2-3 cm above the mucocutaneous junction), biopsy material that is too superficial 

andd does not contain muscularis mucosa, biopsy material with bleeding artefacts, 

thee technical variations in performance of the stain and the experience of individual 

pathologists.. Furthermore, in neonates a false-negative reaction may occur possibly 

duee to immaturity of the enzyme system14. 

AA high specificity is also desirable for tests in the work-up of patients suspected 

forr HD, otherwise too many patients unnecessarily have to undergo the invasive 

definitivee test because of false-positive test results. False-positive test results were 

alsoo most frequent in CE. Rosenfield et al. described 4 newborn infants with a 

meconiumm plug syndrome leading to a transition zone at the splenic flexure, that 

mimicss the finding in HD16. Other CE studies did not provide a good explanation 

forr the occurrence of false-positive test results. The literature contains conflicting 

viewss whether the accuracy of anorectal manometry is lower in neonates. Some 

studiess suggest that failure of the reflex might be due to physiologic immaturity of 

anorectall function17’18. Nevertheless, we demonstrated that term and premature 

infantss older than 26 weeks’ postmenstrual age have a well developed RAIR upon 

rectall distension1 9 , 2 0 . The false-positive test results in ARM might be due to 

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

balloon21.. False-positive results in RSB are rare. Only three studies showed patients 

withh false-positive test results22"24 . The reason for this is unclear. 

Thee 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 

biopsiess are taken too superficially (containing insufficient muscularis mucosa) 

forr proper evaluation. In contrast, CE did not show inconclusive tests. 
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Inn this systematic review, CE showed a wide range in sensitivity and specificity. 

Thee wide range in sensitivity and specificity values might be due to difference in 

qualityy 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%1 3 . The reason of this 

loww sensitivity can be the inclusion of only 13 patients, all with total aganglionosis 

whichh often leads to false-negative test results on CE. Specificity of CE studies 

showedd also a wide range and could be calculated in only 7 studies. The range of 

sensitivityy and specificity in RSB studies is small. This is also true for the sensitivity 

andd specificity in ARM studies. 

Inn conclusion, this systematic review shows that rectal suction biopsy stained 

forr AChE activity is the most accurate test in the diagnostic work-up of patients 

suspectedd of HD. Since verification of index tests was not optimal in all studies 

includedd in this systematic review and all s tudies showed methodological 

limitations,, the value of the accuracy of these tests need to be confirmed. Large 

blindedd prospective studies with well defined inclusion criteria and long-term clinical 

followw up should be performed to evaluate the accuracy of the different diagnostic 

testss simultaneously, in infants suspected of Hirschsprung’s disease. 
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Abstract t 
Background d 
Fulll thickness biopsy is considered the gold standard for Hirschsprung’s disease 

(HD),, however, it is invasive and requires general anesthesia. Whether other tests 

cann replace full thickness biopsy is unclear. 

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

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

Methods s 
Followingg 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 

too have severe bowel problems, underwent a full thickness biopsy as reference 

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

Results s 
Betweenn 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. 

RSBB had the highest sensitivity (93%) and specificity (100%), but values were not 

significantlyy different from CE (sensitivity=76%; specificity=97%) and from ARM 

(sensitivity=83%;; specificity=93%). Inconclusive test results occurred in 8 infants 

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

Conclusion n 
Rectall suction biopsy is the most accurate test to diagnose Hirschsprung’s disease, 

andd has the lowest rate of inconclusive test results. 
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Introduction n 
Inn 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 

characterizedd by the absence of ganglion cells from the anal rectum to a variable 

lengthh up to the duodenum. The extent of the aganglionic segment varies, but in 

mostt patients the lesion does not extend beyond the rectum and sigmoid colon. In 

aa few cases however, the aganglionosis may involve the colon and in extremely 

raree cases up to the duodenum1 . The clinical symptoms of HD may become manifest 

inn the neonatal period, which include lack of passage or delayed passage of 

meconiumm beyond 24 hours, and signs and symptoms of large bowel obstruction 

suchh as biliary vomiting, a distended abdomen, severe defecation problems and / 

orr enterocolitis. 

Severall tests, based on different features of the condition, are employed in the 

work-upp of patients suspected for HD. The presence of a caliber change, with a 

dilatedd normal colon to a narrowed aganglionic bowel may be demonstrated by 

contrastt enema (CE). Anorectal manometry (ARM) assesses the recto-anal inhibitory 

reflexx (RAIR), which is absent in children with HD. The third option consists of a 

rectall suction biopsy (RSB), which shows an elevated cholinesterase activity and 

mayy even show aganglionosis in case of HD. Since RSB is a superficial biopsy, it is 

nott 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 

biopsyy (FTB) which contains rectal mucosa and underlying muscle. This test 

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

Theree has been considerable debate about the most appropriate diagnostic 

approachh for HD, since CE, ARM and RSB all produce false-negative and false-

positivee test results2-3. Each of these tests has both advantages and disadvantages 

inn terms of availability, technical difficulty, radiation exposure, and invasiveness. 

Thee diagnostic accuracy of each investigation has never been compared directly in 

aa prospective study. Therefore the aim of our study was to compare the diagnostic 

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

infantss suspected of HD. 
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Methods s 
Betweenn 2000 and 2003, we enrolled 122 consecutive patients suspected of HD in 

ourr prospective study. All patients had severe defecation problems from birth and 

abdominall distension and / or could not be weaned off from laxative treatment. 

Dataa regarding gestational age and first passage of meconium after birth were 

collected.. All patients were referred to our outpatient paediatric motility clinic in a 

tertiaryy medical hospital by paediatricians or paediatric surgeons to exclude or 

confirmm HD. Anorectal manometry was performed in our outpatient paediatric 

motilityy unit. The CEs were performed at the paediatric radiology suite and a 

paediatricc surgeon, mostly on an outpatient basis, performed all RSB’s. CE, ARM 

andd RSB were performed in arbitrary order, based on the availability and planning 

si tuationn in the hospital. Eleven out of the 122 infants did not undergo all 

investigationss and were therefore excluded from the study. Reasons not to perform 

alll three tests were: no permission given by the parents to perform all three tests 

inn 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 

too autoimmune hepatitis in 1 child. In all other 111 children the three tests were 

performedd within 3 weeks. The investigators were informed about the clinical status 

off the patients but did not know the outcome of the other tests. All data were 

prospectivelyy collected on pre-designed case record forms. 

Contrastt enema 
Paediatricc radiologists or residents performed the radiological examination of the 

colonn in a routine manner using standard CE techniques. Children did not have 

bowell preparation prior to the CE. A diluted {1:3) hyperosmolar water-soluble contrast 

mediumm (amidotrizoic acid) was administered rectally. A small rectal catheter was 

usedd and placed in the rectum as dis tally as possible. No balloon catheters were 

used.. All CE images were read by the same paediatric radiologist (AS). The classical 

findingg in patients with HD is that of a caliber change between a small or normal-

sizedd distal aganglionic segment and a dilated proximal ganglionic bowel4. The 

presencee or absence of this caliber change was considered to be a positive or negative 

testt result, respectively. 
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Anorectall manometry 
Inn all children anorectal perfusion manometry, using a purpose-built silicone rubber 

micromanometricc anorectal catheter (od 2.0 mm), was performed after bowel 

preparationn with an enema. The catheter incorporated a 1.5-cm-long sleeve sensor 

andd an array of 3 side-holes spaced 0.5 cm apart for measurement of anal sphincter 

pressuress and 1 side-hole located 0.5 cm proximal of the sleeve for measurement 

off basal pressure within the rectum. All side-holes were perfused with sterile 

degassedd water at a rate of 0.2 mL/min. An air channel was present on the tip of 

thee catheter. Rectal distension was produced with a highly compliant 4-cm-long 

distendingg rectal balloon, tied at the end of the catheter. 

Thee catheter was positioned with the sleeve straddling the anal sphincter high-

pressuree zone and the balloon in the rectum. To elicit a RAIR, 2 to 60 mL of air was 

insufflatedd in the balloon for rectal distension. The reflex was defined to be normal 

whenn rectal distension produced a relaxation of the anal sphincter pressure of at 

leastt 5 mmHg over 2 to 5 seconds. When the RAIR was observed 3 times, it was 

concludedd that ARM could not support the diagnosis of HD. Recording sessions 

lastedd 30 minutes on average. Measurements were performed and assessed by FdL 

andd MB. 

Rectall suction biopsy 
Inn all patients 4 RSBs were taken at 4 different sites: 2 and 4 cm from the dentate 

linee anteriorly, and 2 and 4 cm from the dentate line posteriorly. The suction 

biopsyy specimens were examined for routine histology and for acetylcholinesterase 

(AchE)) histochemistry. Bowel specimens were fixed in 4% formaldehyde buffered 

withh phosphate-buffered saline (PBS), dehydrated, and embedded in paraffin. Tissue 

sectionss were made at 5jam, stretched, and dried at 57° C overnight. The sections 

weree rehydrated in an alcohol series, endogenous peroxidase activity was blocked 

byy 1% H 2 0 2 in methanol for 1 hour. 

Acetylcholinesterasee activity was determined as previously described by 

Karnovskyy and Roots5. Nonspecific acetylcholinesterase was inhibited by 2.5 x 

1066 mol/L tetra-isopropylpyrophosphoramide (ISO-OMPA)6. Ganglion cells were 

determinedd with a hematoxylin-eosin staining. A RSB was considered positive if 

thee acetylcholinesterase activity was elevated in combination with an absence of 

ganglionn cells. If ganglion cells were present, HD was excluded. The biopsies were 
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evaluatedd by one experienced histopathologist with specific interest and expertise 

forr HD (FtC). 

Finall diagnosis 
Thee final diagnosis of HD was made by the absence of ganglion cells in a full 

thicknesss biopsy or from the operative specimen, or was rejected by thoroughly 

clinicall follow-up including a hospital visit to confirm the disappearance of 

complaints.. Children with two or more positive index test results or children who 

continuedd to have severe complaints despite intensive laxative treatment during 

follow-upp were verified through a full thickness biopsy (n=32). In all other children 

clinicall follow-up was used to demonstrate the disappearance of complaints. The 

minimumm duration of follow-up was six months. 

Fulll thickness biopsy specimens were obtained under general anesthesia by a 

paediatricc surgeon at 2 cm above the dental line, posteriorly. These specimens 

weree handled in a routine manner in the pathology laboratory of our tertiary center. 

Fulll thickness specimens were examined for the presence or absence of ganglion 

cellss in Auerbach’s plexus located between the longitudinal and circular muscle 

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

Statisticall analysis 
Sensitivityy and specificity were calculated for all three index tests together with 95% 

confidencee interval using the method of Wilson7. We tested for differences in 

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

testt for paired observations8. The diagnostic odds ratio was used to test whether the 

overalll accuracy of an index test differed between subgroups of patients (young 

versuss old). Patients with inconclusive test results were excluded in the calculation 

andd comparison of sensitivity, specificity, and diagnostic odds ratio. In all analyses, 

two-sidedd P-values less than 0.05 were considered statistically significant. 
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Results s 
Tablee 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 

(rangee 4 days-12 years). A final diagnosis of HD was made in 28 (25.2 %) children. 

Thee other 83 children were classified as having functional constipation. The median 

agee at intake was significantly lower in children with HD compared to children 

withh functional constipation. As expected, significantly more children with HD 

hadd a delay in meconium passage compared to children with functional constipation. 

AA 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 

testss were positive for HD. Since these patients presented with such severe and 

acutee defecation problems laparotomy was necessary to relieve colonic distension. 

Duringg the surgical procedure a FTB was performed, which definitely excluded 

HDD in these 4 infants. In 21 out of the total of 28 infants with HD (75%) the length 

off the aganglionic segment was limited to the rectosigmoid. In 5 patients (18%) the 

aganglionicc 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 

undergoo a FTB were followed up for at least 6 months. After these 6 months 68% 

off 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 

problemss needing oral laxatives persisted in 23% of the children. In these latter 

32%% of children, RSB had been normal. 

Contrastt enema 

Tablee 1. Patient characteristics. 

Percentagee of boys 
Mediann age at intake in months 

<< 1 month (%) 
1-66 months (%) 
6-122 months (%) 
>> 12 months (%) 

Prematurity y 
Delayedd meconium passage (>24 hours) 
Mediann defecation 
frequency/weekk (range) 

Totall group 
(NN = 111) 

6 0 % % 
5.3 3 

19% % 
3 3 % % 
16% % 
3 2 % % 
17% % 
5 4 % % 

2.00 (0.0-49.0) 

HD D 
(NN = 28) 

6 8 % % 
4.0 0 

3 9 % % 
18% % 
2 9 % % 
14% % 
4 % % 

8 1 % % 
0.55 (0.0-24.0) 

FC C 
(NN = 83) 

5 8 % % 
6.0 0 
12% % 
3 7 % % 
12% % 
3 9 % % 
2 2 % % 
4 4 % % 

2.00 (0.0-49.0) 

P-value e 
HDD vs FC 

p=0.35 5 
p=0.01 1 

p=0.03 3 
p=0.001 1 
p=0.30 0 

HD=Hirschsprung’ss disease, FC=fimctional constipation 
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Tablee 2 shows the sensitivity and specificity for each index test. A caliber change 

wass seen in 19 out of 28 patients (68%) with HD. No caliber change was observed in 

66 patients with histological proven HD. Five of them were younger than 1 year. In 

thee other 3 patients, CE was inconclusive for technical reasons: the catheter was 

nott removed from the rectum during the recording period, and / or too fast injection 

off contrast which sometimes leads to overdistension of the bowel. Furthermore, a 

caliberr 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 

failuress 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. 

Thee overall accuracy of a CE is both not significantly different in infants < 1 months 

comparedd to infants >1 month (100% versus 90%, p=0.27) or in children >1 year 

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

Anorectall manometry 
AA positive test (absence of the RAIR) was found in 19 children out of the 28 children 

withh HD. Surprisingly, 4 children with histological proven HD showed a relaxation 

off the IAS upon balloon distension. Three of them were younger than 1 month. 

Thiss resulted in a sensitivity of 83%. In 15 infants the results of ARM could not 

reliablyy be analyzed due to agitation during the procedure, five of these patients 

turnedd 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 

sphincterr complex leading to a specificity of 93% (95% CI 0.85-0.97). No side effects 

occurredd during or after the ARM procedures. The accuracy of ARM was not 

significantlyy different in infants younger than 1 month compared to infants >1 

monthh (< 1 month = 84%, >1 month = 93%, p=0.70) or in children older than 1 year 

comparedd to children <1 year (94% versus 90% respectively, p= 0.47). 

Rectall suction biopsy 
AA positive biopsy was found in 25 out of 28 children with HD. Two children, both 

youngerr than 1 month, had a false-negative test result for RSB. Although the RSB 

inn these infants showed a normal acetylcholinesterase activity, no ganglion cells 

couldd be identified. In 1 child the RSB was not conclusive and 1 more inconclusive 

RSBB result occurred in a patient without HD. In both inconclusive cases the biopsy 
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wass too superficial and did not contain muscularis mucosa. RSB produced no 

false-positivee test results. One patient had rectal blood loss after the RSB procedure, 

butt no surgical re-examination was needed to stop this. This meant that the 

sensitivityy 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. 

Thee 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 

<11 year (p=0.32). 

Directt comparison of accuracy-
Tablee 2 shows a r aw overview of tes t r esu l t s pe r indextest . The pairwise compar i son 

off sensi t ivi ty a n d specificity be tween different t e s t s showed t h a t RSB h a d the 

highes tt sensitivity (93%), b u t it w a s not significantly different from CE (76%, p=0.29) 

a n dd from ARM (83%, p=0.69). The specificity of the RSB w a s higher (100%) compared 

too CE (97%, p=0.50) a n d ARM (93%, p=0.06) . 

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

Contrastt Anorectal Rectal suction CE vs CE vs ARM vs 
enemaa manometry biopsy ARM RSB RSB 

p-valuee p-value p-value 

Sensitivityy (95% CI) 76% (57-89%) 83% (63-93%) 93% (77-98%) 1.00 0.29 0.69 
TPP / (TP+FN) 19 / (19+6) 19 / (19+4) 25 / (25+2) 
Specificityy (95% CI) 97% (91-99%) 93% (85-97%) 100% (96-100%) 0.22 0.50 0.06 
TNN / (TN+FP) 73 / (73+2) 68 / (68+5) 82 / (82+0) 
Inconclusivee - no. (%) 11(9.9%) 15(13.5%) 2(1.8%) 0.17 0.11 0.002 

TP=truee positive test result; FN=false negative test result; TN=true negative test result; 
FP=falsee positive test result; CI=confidence interval, CE=contrast enema, ARM=anorectal 
manometry,, RSB=rectal suction biopsy 
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Discussion n 
Inn this prospective study we compared the accuracy of contrast enema, anorectal 

manometryy and rectal suction biopsy in patients suspected of Hirschsprung’s 

diseasee (HD). Our results demonstrate that rectal suction biopsy (RSB) is the most 

accuratee test in diagnosing Hirschsprung’s disease with a sensitivity and specificity 

off 9 3 % and 100%, respectively. This was however, not significantly different from 

contrastt enema (CE) (76% and 97% respectively) and anorectal manometry (ARM) 

(83%% and 9 3 % respectively). RSB also had the lowest rate of inconclusive test 

resultss and provides a histological diagnosis. 

Inn accordance with the literature, approximately 75% of the infants with HD 

weree boys1. Furthermore, as also shown in our study, up to 80-90% of the infants 

withh HD fail to pass meconium in the first 24 hours of life1. Delayed passage of 

meconiumm by itself, seems not a good discriminative clinical symptom to differentiate 

betweenn HD and functional constipation, as 30-40% of children with functional 

constipationn and approximately 30% of healthy preterm infants have delayed 

meconiumm production9,10. In patients presenting with delayed passage of meconium 

andd other important clinical signs of HD such as vomiting and abdominal distension, 

however,, rapid diagnostic tests are necessary. Severe intestinal obstruction leading 

too enterocolitis, remains the commonest cause of morbidity and mortality in HD1. 

Thee hallmark to diagnose HD using a CE is the presence of a caliber change1 0 . 

Inn accordance with earlier studies10"12, no caliber change was found in 6 patients 

withh HD (30%), of which 5 were younger than 1 year and in 1 patient with total 

aganglionosiss coli. Taxman et al suggested that in young infants the caliber change 

iss more difficult to demonstrate1 0 . False-negative test results are also reported in 

75%% of children with total aganglionosis13,14. Furthermore, rectal wash-outs and 

evenn digital rectal examinations may decompress the distended proximal bowel 

withh distortion of the caliber change leading to false-negative test results4 . We 

havee no explanation why false-positive test results were found in 2 patients with 

functionall constipation, both younger that 1 year of age. Long-term follow-up of 

thesee patients revealed no defecation problems thereby excluding HD. Although 

thee CE is a simple test to perform, the radiation exposure is high and an experienced 

paediatricc radiologist is essential to evaluate and score the x-ray results. 

Thee l i terature conta ins conflicting da ta about the accuracy of anorectal 

manometryy in neonates. Some studies reported that the RAIR does not occur in 
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prematuree or term infants until the 12 day after birth because of physiologic 

immaturityy of anorectal function15’16. We demonstrated that premature infants 

olderr than 26 weeks’ postmenstrual age have a well developed RAIR upon rectal 

distension1 7 , 1 8 .. In this study, 5 infants, of which 3 were < 1 year old, without HD 

showedd 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 

too distend the rectum in some children, because of a congenital megarectum or a 

megarectumm due to severe constipation. Furthermore, technical factors such as 

ann air leak in the circuit might cause false-positive test results. False-negative test 

resultss were found in 4 infants, of which 3 were < 1 month. In a study by Aaronson 

andd Nixon19, 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 

transducerr probe with side hole sensors. Since the use of a sleeve sensor which 

allowss for sphincter movement and pressure measurement over the length of the 

sleeve,, the displacement can be avoided17. Therefore, it seems unlikely that our 

falsee results are due to displacement of the probe. Furthermore, they proposed 

thatt some of the false-negative results might be a consequence of relaxation of the 

externall anal sphincter rather than the internal anal sphincter. We have no other 

explanationn why the RAIR was present in those 4 children with HD. 

Duee to agitation during the procedure we were not able to reliably analyze the 

manometryy tracings in a substantial number of patients. In order to improve 

cooperationn it might have been helpful to perform anorectal manometry under 

mildd sedation or anesthesia in these young infants. A recent study showed that 

thee RAIR could be elicited even when anorectal manometry was performed under 

generall anaesthesia2 0 . 

Anorectall manometry is a non-invasive diagnostic test and is easy to perform in 

childrenn older than 1 year of age. It therefore has often been suggested as an ideal 

screeningg tool. However, the equipment is expensive and extensive experience is 

necessaryy to perform this procedure to evaluate the test-results in infants younger 

thann 1 year of age. 

Inn our study, rectal suction biopsy (RSB) produced no false-positive test results. 

Twoo false-negative test results were found both in patients younger than 1 month 

old.. Hamoudi et al21 described up to 29% of false-negative test results in children 
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withh HD, whereas others ’ reported that nearly 100% diagnostic accuracy was 

achievedd with acetylcholinesterase histochemistry. Possible causes for false-negative 

testt results include: variability in the biopsy site, too superficial taken biopsy 

materiall that lacks muscularis mucosa, immaturity of the enzyme system, technical 

variationss in performance of the stain and the experience of individual pathologists4. 

Bothh infants with false-negative test results in our study continued to have severe 

bowell problems which needed daily bowel irrigation. Because of the ongoing clinical 

symptoms,, despite intensive medical treatment, a FTB was performed which indeed 

showedd 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 

described1 0’2 4 . . 

Too the best of our knowledge, no study has been performed in which CE, ARM 

andd RSB were compared prospectively. A drawback of this study is that FTB was 

nott performed in all children to make the final diagnosis. We considered it unethical 

too perform a FTB in all children, since it is an invasive procedure that requires 

generall anesthesia. Therefore, a thorough clinical follow-up, using a standardized 

questionnairee to monitor the symptoms of constipation was carried out for each 

patientt for at least 6 months. Another drawback of this study is that despite the 

largee series of patients in the study (n=l 11), the number of patients with HD is 

stilll low (n=28). This means that the power to detect differences in sensitivity 

betweenn the tests is still small. 

Inn conclusion, RSB is a reliable quick and simple test that provides a tissue 

diagnosiss and was the most accurate test to diagnose Hirschsprung’s disease. A 

negativee test result virtually rules out the disease when the tissue is obtained from 

thee 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 

shouldd be repeated. In our opinion the value of a CE in the work up of HD is limited 

becausee of its fairly low sensitivity and high radiation exposure. Only if the diagnosis 

HDD has been established, CE might be helpful for the surgeon to assess the 

localizationn of the caliber change and thus the length of the aganglionic segment. 

110 0 



Chapterr 7 

References s 
1.. Puri P. Hirschsprung’s disease: Clinical Generalities. In: Holschneider AM, Puri P 

editors.. Hirschsprung’s disease and allied disorders. 2000:129-35. 

2.. Emir H, Akman M, Sarimurat N et al. Anorectal manometry during the neonatal 
period:: its specificity in the diagnosis of Hirschsprung’s disease. Eur J Pediatr Surg 
1999;9:101-3. . 

3.. Osatakul S, Patrapinyokul S, Osatakul N. The diagnostic value of anorectal manometry 
ass a screening test for Hirschsprung’s disease. J Med Assoc Thai 1999;82:1100-5. 

4.. Blake NS. Diagnosis of Hirschsprung’s Disease and Allied Disorders. Holschneider 
AM,, Puri P editors. Hirschsprung’s Disease and allied disorders. 2000:223-90. 

5.. Karnovsky MJ, Roots LA. "Direct-coloring" Thiocholine method for cholinesterases. J 
Histochemm Cytochem 1964;12:219-21. 

6.. Luider TM, van Dommelen MW, Tibboel D et al. Differences in phosphorylation state 
off neurofilament proteins in ganglionic and aganglionic bowel segments of children 
withh Hirschsprung’s disease. J Pediatr Surg 1992;27:815-19. 

7.. Newcombe RG. Two-sided confidence intervals for the single proportion: comparison 
off seven methods. Stat Med 1998;17:857-72. 

8.. Zhou X, Obuchowski NA, McClish DK. Comparing the accuracy of two diagnostic 
tests.. Statistical Methods in diagnostic medicine. New York: John Wiley & Sons, 
2002:165-94. . 

9.. Ghosh A, Griffiths DM. Rectal biopsy in the investigation of constipation. Arch Dis 
Childd 1998;79:266-8. 

10.. Taxman TL, Yulish BS, Rothstein FC. How useful is the barium enema in the diagno›
siss of infantile Hirschsprung’s disease? Am J Dis Child 1986;140:881-4. 

11.. Smith GHH, Cass D. Infantile Hirschsprung’s disease - Is a barium enema useful? 
Pediatrr Surg Int 1991 ;6:318-21. 

12.. Rosenfield NS, Ablow RC, Markowitz RI et al. Hirschsprung disease: accuracy of the 
bariumm enema examination. Radiology 1984;150:393-400. 

13.. De Campo JF, Mayne V, Boldt DW et al. Radiological findings in total aganglionosis 
coli.. Pediatr Radiol 1984;14:205-9. 

14.. Das NL, Hingsbergen EA. Case 22: total colonic aganglionosis�long-segmen t 
Hirschsprungg disease. Radiology 2000;215:391-4. 

15.. Holschneider AM, Kellner E, Streibl P et al. The development of anorectal continence 
andd its significance in the diagnosis of Hirschsprung’s disease. J Pediatr Surg 
1976;11:151-6. . 

16.. Ito Y, Donahoe PK, Hendren WH. Maturation of the rectoanal response in premature 
andd perinatal infants. J Pediatr Surg 1977;12:477-82. 

I l l l 



17.. Benninga MA, Omari TI, Haslam RR et al. Characterization of anorectal pressure and 
thee anorectal inhibitory reflex in healthy preterm and term infants. J Pediatr 
2001;139:233-7. . 

18.. de Lorijn F, Omari TI, Kok JH et al. Maturation of the rectoanal inhibitory reflex in 
veryy premature infants. J Pediatr 2003;143:630-3. 

19.. Aaronson I, Nixon HH. A clinical evaluation of anorectal pressure studies in the diag›
nosiss of Hirschsprung’s disease. Gut 1972;13:138-46. 

20.. Pfefferkorn MD, Croffie JM, Corkins MR et al. Impact of sedation and anesthesia on the 
rectoanall inhibitory reflex in children. J Pediatr Gastroenterol Nutr 2004;38:324-7. 

2 1 .. Hamoudi AB, Reiner CB, Boles ET et al. Acetylthiocholinesterase staining activity of 
rectall mucosa. Its use in the diagnosis of Hirschsprung’s disease. Arch Pathol Lab 
Medd 1982;106:670-2. 

22.. Lake BD, Puri P, Nixon HH et al. Hirschsprung’s disease: an appraisal of histochemi-
callyy demonstrated acetylcholinesterase activity in suction rectal biopsy specimens as 
ann aid to diagnosis. Arch Pathol Lab Med 1978;102:244-7. 

23 .. Ikawa H, Kim SH, Hendren WH et al. Acetylcholinesterase and manometry in the 
diagnosiss of the constipated child. Arch Surg 1986;121:435-8. 

24.. Rees BI, Azmy A, Nigam M et al. Complications of rectal suction biopsy. J Pediatr Surg 
1983;18:273-5. . 

112 2 



Chapterr 8 

Thee Leech method for diagnosing constipation; 
intra-,, inter-observer variability and accuracy 

Fleurr de Lorijn, Rick R. van Rijn, Jarom Heijmans, 
Johanness B. Reitsma, Wieger P. Voskuijl, 

Onnoo D.F. Henneman, J a n A. Taminiau, and 
Marcc A. Benninga 

submitted submitted 



Abstract t 
Background d 
Inconsistentt data exist concerning the value of a plain abdominal radiograph in 

childhoodd constipation. Recently, positive results were reported of a new scoring 

systemm "the Leech-method" to assess faecal loading on a plain abdominal radiograph. 

Aim m 
Too assess intra- and inter-observer variability of the Leech method and to determine 

thee diagnostic accuracy of this score in identifying children with functional 

constipation. . 

Methods s 
899 consecutive children (58% boys, median age 9.8 yrs) with functional gastro›

intestinall disorders (Rome II criteria) were included in the study. Based on clinical 

parameters ,, 51 fulfilled the criteria for functional constipation (FC), 7 and 31 

childrenn fulfilled the criteria for functional abdominal pain (FAP), and functional 

non-retentivee faecal soiling (FNRFS), respectively, and were classified as controls. 

Intra-- and inter-observer variability of the Leech method were assessed by scoring 

thee same abdominal radiograph twice by three observers, using an interval of 4 

weekss between scoring of the same radiograph. A Leech score of >9 (0-15) was 

consideredd as suggestive for (the diagnosis) of constipation. ROC-analysis was 

usedd to determine the diagnostic accuracy of the Leech method in separating 

patientss with functional constipation from patients of the "control" group. 

Results s 
Thee Leech-score was significantly higher in children with FC (mean: 10.1) compared 

too the score in patients of the "control" group (mean: 8.5; p=0.002). The intra-

observerr variability was high, whereas the scores between observers (inter-observer 

variability)) differed both systematically and displayed large variability. The Leech 

scoree had poor diagnostic accuracy for diagnosing functional constipation, as 

indicatedd by the area under the ROC curve of 0.68. The cut-off value of the Leech 

scoree that leads to the lowest sum of false-positive and false-negative test results 

wass 9 and leads to a sensitivity of 75% and a specificity of 59%. 

Conclusion n 
Thee Leech scoring method to assess faecal loading on a plain abdominal radiograph 

provess to be of limited value in the diagnosis of functional constipation in children. 
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Introduction n 
Constipationn is a common, if not universal phenomenon in childhood. The symp›

tomss vary from a relative mild, short-lived bowel problem to severe chronic consti›

pationn with faecal impaction and the involuntary loss of faeces (encopresis). Key 

elementss in the diagnostic process are a careful medical history and physical ex›

amination. . 

Inn addition to history and physical examination, a plain abdominal radiograph is 

frequentlyy used to assess the presence of retained stool or enlargement of the 

colonn or rectum in both the diagnostic process and treatment evaluation. Several 

scoringg systems exist to assess the severity of constipation in children on abdominal 

radiographs1 ,2 .. However, inconsistent data are reported using the different scoring 

methods.. The Barr and Blethyn scoring methods showed low intra- and inter-

observerr variability. Whereas others found both high intra- and inter-observer 

variabilityy re-evaluating the Barr-score or their own scoring system3 ,4 . 

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

singlee abdominal radiograph5. The authors claimed that this method is clinically 

usefull and reproducible in assessing childhood constipation. It is well-known 

however,, that evaluation of an abdominal radiograph is highly subjective. Therefore, 

thee aim of our present study was to reassess the intra- and inter-observer variability 

off the Leech method and to determine its accuracy in the diagnosis of functional 

constipationn among patients with functional gastrointestinal disorders. 
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Methods s 
Studyy population 
Betweenn 2001 and 2003, 89 patients were enrolled in the present study. All chil›

drenn were referred to our tertiary paediatric gastro-intestinal outpatient clinic for 

thee evaluation of abdominal pain, constipation or encopresis by family practition›

ers,, paediatricians, psychiatrists and school doctors. 

Clinicall diagnosis 
AA diagnosiss of functional constipation (FC) was made if at least two of the following 

fourr 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 

stooll once per 7-30 days, and 4) the presence of a palpable abdominal or rectal mass6 . 

Thee diagnosis of functional non-retentive faecal soiling (FNRFS) was based on 

thee 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 

veryy large amounts of stool at least once every 7 - 3 0 days and 4) no palpable 

abdominall or rectal mass on physical examination, for a period of at least one 

weekk in the preceding 12 weeks7. Encopresis was defined as the voluntary or 

involuntaryy loss of loose stool in the underwear after the age of 4 years8 . 

Functionall abdominal pain (FAP) was defined as; at least 12 weeks of: 1) Continuous 

orr nearly continuous abdominal pain in a school-aged child or adolescent; and 2) 

noo or only occasional relation of pain with physiological events; and 3) some loss 

off daily functioning; and 4) the pain is not feigned; and 5) the patient has insufficient 

criteriaa for other functional gastrointestinal disorders that would explain the 

abdominall pain7 . 

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

loadingg on an abdominal radiograph and were therefore classified as the "control" 

group. . 

Abdominall radiograph procedure and scoring methods 
Treatmentt with oral or rectal laxatives was discontinued in each patient for at 

leastt 4 days. Thereafter, the patient ingested 1 capsule with 10 small radiograph 

opaquee markers on 6 consecutive days in order to determine the colonic transit 

timee (CTT). Subsequently, a plain abdominal radiograph was taken at day 7. This 

radiographh was used both in the Leech method and in the CTT measurement. 
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Figuree 1. Plain abdominal radiograph of a 
childd with a functional gastrointestinal 
disorderr showing the division of the 
abdomenn into three segments for the 
purposee of scoring according to the Leech-
method. . 

Leech-score e 
Thee Leech scoring method divides5 the colon in three segments; the right colon, 

thee left colon and the rectosigmoid segment (figure 1). Each colonic segment is 

providedd with a score from 0 to 5: 0 = no faeces visible, 1 = scanty faeces visible, 

22 = mild faecal loading, 3 = moderate faecal loading, 4 = severe faecal loading, 

andd 5 = severe faecal loading with bowel dilatation, resulting in a score from 0 to 

aa maximum of 15. A total score of >9 is considered as suggestive for (the diagno›

sis)) of constipation. 

Colonicc transit time (CTT) 
Wee used the Bouchoucha method9 to determine the CTT. The radiograph of day 7 

wass used to count the number of markers visible in the colon. The number of 

markerss multiplied by 2.4 produced the total CTT in hours. Localization of mark›

erss and CTT were calculated according to a previously described formula10. The 

normall range for total transit time was based on the upper limits (mean+2SD) 

fromm a study in healthy children11. Based on this study, a CTT of more than 62 

hourss was considered delayed. 
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Observers s 
Usingg the Leech method, the same radiograph was scored independently by three 

experiencedd doctors: 1 fifth year radiology resident (ODFH), 1 paediatric radiolo›

gistt (RRvR) and 1 senior paediatric gastroenterologist (JAT). No clinical informa›

tionn about the patient was made available to the observers. After 4 weeks, the 

samee radiograph was scored a second time by the three observers to assess intra-

observerr variability. Before the first scoring of the radiographs and before the 

secondd scoring after 4 weeks, the Leech method was discussed intensively among 

thee 3 observers. 

CTTT times were assessed once by a single observer (FdL). It was assumed that 

thee counting of radio-opaque markers would not lead to intra- or inter-observer 

variation. . 

Statisticall analyses 
Parametricc and non-parametric tests were used to compare general characteris›

tics,, Leech scores, and CTT values between patients diagnosed with FC and the 

controll group (FNRFS and FAP). 

Intra-observerr variability was assessed by calculating the mean in differences 

betweenn the first and second score for each observer and standard deviation (SD). 

Thiss SD was used to calculate the limits of agreement defined as the mean of the 

differencee in scores +/-1.96*SD12 . 95% of the differences in repeated scores are 

expectedd to lie within these limits. 

AA receiver operating characteristic (ROC) plot was made showing how pairs of 

sensitivityy and specificity vary using the full range of cut-off values of the Leech 

andd CTT method. The area under the ROC curve (AUC) was used as a single indicator 

off diagnostic accuracy. The AUC can be interpreted as the probability that a 

randomlyy chosen case (FC) has a higher Leech score or CTT value than a randomly 

chosenn control (FNRFS or FAP). The perfect test has an AUC of 1. A non-parametric 

testt was used to compare the AUC of the Leech method to the AUC of the CTT 

method,, acknowledging that we had paired observations, e.g. CTT and Leech values 

weree measured on the same patient13. Furthermore, we calculated the sensitivity 

andd specificity belonging to the cut-off value of the Leech score that would lead to 

thee lowest number of misclassifications (sum of false-positives and false-negatives), 

alsoo known as the Youden index14. 
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Results s 
Baselinee characteristics 
Wee inc luded a ser ies of 89 p a t i e n t s (58% boys , m e d i a n age 9.8 years) wi th func›

t iona ll gas t ro in tes t ina l d i so rde r s in th i s s t u d y . Within t h i s cohor t , a total of 5 2 

ch i ld renn fulfilled t h e clinical cr i ter ia of funct ional cons t ipa t ion (FC), 31 ch i l d r en 

h a dd funct ional non- re ten t ive faecal soil ing (FNRFS), a n d 6 ch i ld ren were diag›

nosedd hav ing funct ional abdomina l pa in (FAP). For the r emain ing ana lyses , FNRFS 

a n dd FAP p a t i e n t s were g rouped toge ther a s the "control" g roup . 

Thee base l ine cha rac te r i s t i c s of t h e s t u d y popu la t ion a r e p r e s e n t e d in t ab le 1. 

The ree w a s n o significant difference in age a n d gende r be tween t h e ch i ld ren wi th 

funct ionall cons t i pa t i on (FC) a n d t h e cont ro l g r o u p . As expec ted , t h e m e d i a n 

defecat ionn f requency a t in t ake w a s lower in ch i ld ren with FC c o m p a r e d to con t ro l s 

(p=0.0002).. A palpable abdomina l (15%) or rectal m a s s (36%) w a s a c o m m o n finding 

a tt phys ica l examina t ion in t h e FC g roup . Encop re s i s w a s c o m m o n in b o t h t he 

cons t ipa t ionn (81 %) a n d t h e cont ro l g r o u p (84%). 

F iguress 2 a n d 3 s h o w t h e d i s t r ibu t ion of Leech-scores u s i n g t h e first score a n d 

CTTT m e a s u r e m e n t s in ch i ld ren wi th FC a n d in t h e control g roup . A h ighe r m e a n 

Leech-scoree (10.1 v e r s u s 8 .5 , p = 0 . 0 0 2 , t- test) a n d CTT (92 v e r s u s 37 h o u r s , 

p < 0 . 0 0 0 1 ,, t- test) w a s found in ch i ld ren wi th FC c o m p a r e d to cont ro l s . 

Tablee 1 Baseline characteristics. 

Constipationn (n=52) Control group (n=37) 
(FNFRSS and FAP) 

Numberr of boys (%) 
Meann age at intake in years (SD) 
Mediann age of onset of symptoms (P25-P75) 
Mediann defecation frequency/week (P25-P75) 
Encopresis s 
Largee amounts of stool 
Palpablee abdominal mass 
Palpablee rectal mass 

FNFRS=functionall non-retentive faecal soiling; FAP= functional abdominal pain 
*p=0.0001,, Mann-Whitney U test; **p=0.0005 and ***p=0.0002, chi-square 

288 (54%) 
10.00 (2.8) 

4.0(2.4-5.0) ) 
2.0(0.5-3.0)* * 

8 1 % % 
65%** * 
15% % 
36%% *** 

244 (65%) 
10.33 (2.7) 

4.0(4.0-6.0) ) 
7.0(4.0-10.0) ) 

84% % 
0% % 
0% % 
0% % 
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Figuree 3. Scatter plot of CTT in 
childrenn with functional 
constipationn and in the control 
groupp (functional non-retentive 
faecall soiling and functional 
abdominall pain). Horizontal solid 
liness indicate the mean value. 
Dashedd horizontal line bar 
indicatess the CTT of 62 above 
whichh a patient is considered 
constipated. . 

Figuree 2. Scatter plot of Leech-
scoress using the first score in 
childrenn with functional 
constipationn and in the control 
groupp (functional non-retentive 
faecall soiling and functional 
abdominall pain). Horizontal solid 
liness indicate the mean value. 
Dashedd horizontal line indicates a 
Leech-scoree of 9 above which a 
patientt is considered constipated. 
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Diagnosticc accuracy of Leech-method versus CTT-method 
Figuree 4 shows the receiver operating characteristic curve (ROC curve) for both 

thee Leech and CTT-method. These ROC curves illustrate how sensitivity and 

specificityy vary using different cut-off values. CTT has a better overall accuracy 

becausee its ROC curve lies above and to the left of the Leech curve. The AUC for 

thee Leech method was lower than the AUC for the CTT method (0.68 versus 0.90), 

indicatingg to a poorer accuracy for the Leech method. This difference was highly 

significantt (p=0.00015). 

Thee cut-off value for the Leech method in our sample, producing the highest 

Youdenn index, was comparable to 9 which is the cut-off value used in the literature 

andd leads to a sensitivity of 75% and specificity of 59%. For CTT, this optimal cut›

offf point was 54 hours in our sample, leading to a sensitivity of 79% and specificity 

off 92%. The most frequently used cut-off value for CTT in the literature is 62 

hourss leading to a sensitivity of 7 1 % and specificity of 95%. 

Usingg the cut-off values of the literature, the Leech method showed a positive 

predictivee value (PPV) and a negative predictive value (NPV) of 72% and 63% 

respectively.. On the other hand, CTT showed a comparable PPV of 69% and a 

higherr NPV of 97%. 

100 0 

11 - Specificity (%) 

Figuree 4. ROC curves for the Leech-method and CTT-method for diagnosing functional 
constipationn among children with functional gastrointestinal disorders. The Leech score 
usedd in this figure is the mean score of the three observers. 
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Intra-observerr variability of Leech method 
Thee same abdominal radiograph was scored twice by all three observers. Two ob›

serverss had significantly higher or lower scores (bias) in their repeat scoring of the 

samee radiograph. The third observer had the largest difference with the second 

Leechh score being on average 1.6 points higher than the first (p<0.0001), while for 

observerr 2 the second score was on average 0.7 points lower (p=0.005). The first 

observerr had no systematic difference between the two scores (p=0.89) (table 2). 

Inn addition, differences in repeated scores from the same observer showed large 

variabilityy (measurement error) even after accounting for a systematic difference. 

Thee standard deviation of differences between the first and second score for all 

threee observers is shown in table 2. These standard deviations indicate that 5% of 

secondd scores by the same observer could be more than 4.4 points higher or lower 

thann the first score. These "limits of agreement" are large in comparison to the scale 

onn which the Leech score is measured (minimum score is 0, maximum is 15). 

Tablee 2 Intra-observer variability of all three observers. 

Differencee between first and 
secondd score 

Systematicc difference: 
meann value 
(95%% CI) 
(p-value) ) 

Variability: : 
s tandardd deviation 
limitss of agreement 

Observerr 1 

0.7 7 
(0.22 to 1.2) 

(0.89) ) 

2.2 2 
-6.00 to+5.0 

Observerr 2 

0.03 3 
(-0.44 to 0.5) 

(0.0005) ) 

2.2 2 
-7.00 to +7.0 

Observerr 3 

-1.6 6 
(-2.0to-1.3) ) 

(<0.0001) ) 

1.5 5 
-5.00 to +3.0 

Inter-observerr variability of Leech method 
Figuress 5-7 show the differences in Leech scores and limits of agreement between 

pairss of observers using the first score. Observer 3 scored consistently lower than 

observerr 1 (mean of differences 2.7, p<0.0001) and observer 2 (mean of differences 

2.9,, p<0.0001). No systematic difference was found between observer 1 and 2. 

Limitss of agreement (1.96*SD) were wide for all pairs of observers. In 5% of the 

cases,, the Leech score of the same patient could differ 4 points or more by using a 

differentt observer. 
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Figuree 5. Mean 
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agreementt between 
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Discussion n 
Thiss study clearly shows that the Leech method assessing faecal loading on a 

plainn abdominal radiograph is of limited value in the diagnosis of paediatric con›

stipation.. A high intra- and inter-observer variability and a low diagnostic accu›

racyy (sensitivity and specificity) were found using this scoring method. 

Inn accordance with earlier studies using the Leech method, significant higher 

scoress of the radiographs were found in patients with functional constipation 

comparedd to controls (FNRFS and FAP)5’15. The accuracy of identifying patients 

withh FC using the proposed cut-off point of Leech et al. (> 9) was poor, indicating 

thatt there was considerable overlap in Leech scores between patients with FC and 

patientss from the control group (figure 1 and 2). Only 72% of all children with a 

Leech-scoree >9 were diagnosed as FC (PPV). While 37% of the children with a 

Leech-scoree <9 were also diagnosed as FC (NPV). There are several reasons for the 

poorr diagnostic accuracy of the Leech-scoring method. Scoring a single plain 

abdominall radiograph is a ’one-shot observation’. The degree of faecal loading has 

dailyy fluctuation and depends on food intake, will of the child to defecate and 

whetherr or not the child went to the toilet jus t before the abdominal radiograph 

wass taken. An earlier study showed no correlation in the degree of faecal loading 

whenn comparing two abdominal radiographs, taken 4 days apart, in the same 

childd with functional constipation (while not receiving laxative treatment)3. 

Att intake, a palpable rectal mass was found in 36% of the patients with functional 

constipationn and in 0% of the patients out of the control group. Because the time 

betweenn rectal examination and the abdominal radiography was at least 7 days, we 

weree unable to reliably correlate these findings. A significant association, likelihood 

ratioo (LR) of 1.6 ( 95% c.i. 1.2 to 2.0), between stool on rectal examination and 

radiologicall constipation was reported in a study evaluating 251 children presenting 

withh abdominal pain to a paediatric emergency department16. This finding was 

however,, not confirmed by Rockney et al in a retrospective case study in 60 children 

withh encopresis, LR of 1.5 (95% c.i. 0.8 to 2.3)17. We strongly believe however, that 

aa positive rectal examination is associated with functional constipation, in which 

casee an abdominal radiograph is not necessary to make that diagnosis. 

Anotherr determinant of diagnostic accuracy is observer agreement. If the 

reproducibilityy of a test method is poor within or between observers, it will negatively 

affectt diagnostic accuracy1 8 . The inter- and intra-reliability of scoring systems for 
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faecall loading on abdominal radiography varies among studies from poor to 

excellent1’4.. We found large intra- and inter-observer variability for the Leech 

method.. The original report by Leech et al. also found a large inter-observer 

variability,, but in contrast to our finding, a low intra-observer variability. It has 

beenn suggested tha t experienced radiologists score more reliable than less 

experiencedd colleagues. In our study, however all observers were skilled and 

experiencedd in reading plain abdominal radiographs. Quality of the radiograph, 

reportingg facilities, time and possibly personality type are other factors that may 

influencee the observer’s interpretation of a radiograph. On the other hand, adequate 

clinicall information might improve reproducibility and accuracy when reporting a 

radiograph4.. Others suggested the use of two observers to reduce interpretation 

error19.. This however, is in light of the increasing workload of clinical radiologists 

aa non-viable option in daily routine. 

Assessingg CTT with radio-opaque markers is another method to score abdominal 

radiographss and prolongs the observation period to a week. In accordance with 

earlierr findings in both adults and children, normal CTTs were found in 3 1 % of 

childrenn with functional constipation20"22. De Lorijn et al showed that a delay of 

colonicc transit less than 100 hours was not predictive of treatment outcome21 . 

Onlyy patients with CTT >100 hours had a less favourable outcome at 1 year2 1 . 

Otherss have found a significant correlation between the severity of paediatric 

constipationn and the delay in colonic transit t ime2 0’2 3 . CTTs were significantly 

prolongedd in children with a defecation frequency less than 1 per week and /o r an 

encopresiss frequency more than twice daily. 

Thesee findings stress that an abdominal radiograph with or without markers is 

off limited clinical value in children with functional constipation. A bowel diary, in 

whichh defecation frequency and encopresis frequency are reported by the child 

andd the parents, and physical examination, is sufficient to make the diagnosis. 

Furthermore,, defecation- and encopresis frequency are ideal parameters to evaluate 

successs of treatment. 

Ann abdominal radiograph might only be helpful in obese patients, if a child refuses 

aa rectal examination, or if there is suspicion of sexual abuse2 5 . In combination 

withh radio-opaque markers, an abdominal radiograph is also useful to differentiate 

betweenn children with functional constipation and functional non-retentive faecal 

soiling.. In this latter group, medical history, physical examination in combination 
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withh normal CTT confirms the diagnosis FNRFS which needs a different treatment 

approach 2 5 , 2 6 . . 

Inn conclusion, assessing faecal loading on a plain abdominal radiograph using 

thee Leech scoring method proves to be of limited value in the diagnosis of 

constipationn because of its high observer variability and low diagnostic accuracy. 

Historyy and physical examination remain the cornerstone in the diagnostic work›

u pp of children with functional gastrointestinal disorders. 
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Abstract t 
Background d 
Measurementt of colonic transit time (CTT) is sometimes used in the evaluation of 

patientss with chronic constipation. 

Aim m 
Too investigate the relation between symptoms and CTT, and to assess the 

importancee of symptoms and CTT in predicting outcome. 

Methods s 
Betweenn 1995 and 2000, 169 consecutive patients (median age 8.4 years, 65% 

boys)) fulfilling the criteria for constipation were enrolled. During the intervention 

andd follow up period, all kept a diary to record symptoms. CTT was measured at 

entryy to the study. 

Results s 
Att entry, defecation frequency was lower in girls than in boys, while the frequency 

off encopresis episodes was higher in boys. CTT values were significantly higher in 

thosee with a low defecation frequency (<l/week) and a high frequency of encopresis 

(>2/day).. However, 50% had CTT values within the normal range. Successful 

outcomee occurred more often in those with a rectal impaction. CTT results <100 

hourss were not predictive of outcome. However, those with CTT >100 hours were 

lesss likely to have had a successful outcome. 

Conclusion n 
Thee presence of a rectal impaction at presentation is associated with a better 

outcomee at one year. A CTT > 100 hours is associated with a poor outcome at one 

year. . 
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Introduction n 
Constipationn is a common problem in children, accounting for about 3% of 

consultationss in an average paediatric practice and as much as 25% in a paediatric 

gastroenterologyy clinic1 3 . No specific organic cause can be found in approximately 

90%% of the children4,5. The diagnosis is mainly based on clinical history and physical 

examination.. Patients and /or their parents refer to the number of stools per week, 

too stool volume, to difficulty in defecation, and /o r to sensation of abdominal 

fullness4.. Several tests have been developed to objectify these complaints6"10. 

AA plain abdominal radiograph is frequently used to confirm the presence of retained 

stooll or enlargement of the colon or rectum7 ,8. However, the value of abdominal 

radiographh examination in this setting is a matter of debate1 1 . Assessment of total 

andd segmental colonic transit time (CTT) using radio-opaque markers, is a non›

invasivee method which provides information about colorectal motor function6’9,10. 

Furthermore,, this technique has been used to localise a delayed transit in the colon 

andd to evaluate the response to treatment9,11"13. Some investigators have shown a 

goodd relation between symptoms of constipation and CTT in adults1 4 , 1 5 . However, 

otherss report a significant difference between previous reported symptoms and the 

CTTT results9 , 1 6 . No previous studies have investigated the prognostic value of CTT 

measurement. . 

Ourr study had two main objectives. First, to investigate the relation between 

symptomss and CTT. Second, to evaluate the possible relation between symptoms 

andd CTT, and the outcome after one year of follow up. 
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Patientss and methods 
Patients s 
Alll pat ients referred to our paediatric gastrointestinal outpatient clinic with 

constipationn between 1995 and 2000 were eligible. They were referred by family 

practitioners,, paediatricians, psychiatrists, and school doctors. At entry, patients 

hadd at least two of the following: (1) defecation <3/week; (2) encopresis episodes 

>> 1 /week; (3) passing of very large stool every 7-30 days; and (4) a palpable abdominal 

orr rectal faecal mass1 7 . All were at least 5 years of age. Children with Hirschsprung’s 

disease,, spinal and anal anomalies, previous colon surgery, metabolic or renal 

abnormalit ies,, mental retardation, or using drugs other than laxatives were 

excluded.. All patients and parents gave written informed consent. The medical 

ethicss committee of the hospital approved the protocol. 

Colonicc transit time 
Att entry, all children underwent a CTT study using the method described by Metcalf 

andd colleagues10. Treatment with oral or rectal laxatives was discontinued for at 

leastt four days before the test; during this period they took one sachet of fibre 

(Volcolon,, 6 g) each day. They then ingested a capsule with containing 20 radio-

o p a q u ee m a r k e r s on th ree consecutive morn ings . Abdominal rad iograph 

examinationss were performed on days 4 and 7 in the morning. Additional abdominal 

radiographh examinations were performed on days 10, 13, and 16 if more than 20% 

off the markers remained on the previous film. Radiograph localisation of markers 

wass based on the identification of bony landmarks and gaseous outlines as described 

byy Arhan and colleagues6. Markers were counted in the right, left, and rectosigmoid 

regions,, and mean segmental transit times were calculated according to a previously 

describedd formula6 1 0 . The normal ranges for total and segmental transit times 

weree based on the upper limits (mean + 2 SD) from a study in healthy children6. 

Basedd on this study, a CTT of more than 62 hours was considered delayed. The 

upperr limits of the normal range for right colon, left colon, and rectosigmoid transit 

timee were 18, 20, and 34 hours, respectively6. 

Medicall history and physical examination 
Onee week prior to entry and throughout the study the child and parents kept a diary 

inn which defecation frequency, encopresis frequency, consistency and size of stool, 
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andd pain during defecation were recorded. Associated symptoms such as abdominal 

pain,, appetite suppression, absence of urge to defecate, and enuresis were also 

noted. . 

Att entry, abdominal and rectal examinations were performed. Abdominal distension 

andd palpable abdominal faecal masses were noted. Anal tone and the presence of a 

faecall impaction were recorded. 

Treatmentt and follow u p 
Thee t reatment regimens consisted of a high fibre diet, toilet advice (attempt 

defecationn on the toilet for five minutes after meals), laxatives, and biofeedback 

trainingg or anorectal manometry1 7 . Oral laxative therapy consisted of an initial 

dosagee of 6 g lactulose per day, increased stepwise to a maximum of 24 g if 

necessary.. Enemas were given if severe rectal faecal impaction was present . A 

rewardd system was also employed. 

Thee treatment intervention lasted for eight weeks. A detailed medical history 

wass obtained during the intervention period, and at 6 and 12 months after entry. 

Whenn necessary, children were also seen at other times at the outpatient clinic. 

Definitionn of success 
Treatmentt was considered to be "successful" if patients had three or more bowel 

movementss weekly and less than one encopresis episode in a two week period, 

havingg discontinued laxatives for at least one month. 

Statisticall analysis 
Baselinee characteristics of the cohort were analysed in a descriptive way. Median 

valuess and 25th and 75th or 10th and 90th centiles were used if the distribution of 

continuouss variables was skewed. Non-parametric (Mann-Whitney U and Kruskal-

Wallis)) and chi-square statistics were used to test for differences between groups. 

Logisticc regression models were used to examine possible factors associated with 

successs at one year. The following factors were considered: defecation frequency 

(inn three groups: <l/week, 1-3/week, and >3/week), encopresis frequency (in four 

groups:: no encopresis, < l /day , 1-2/day, >2/day), the presence of night-time 

encopresis,, the production of large stools, the presence of an abdominal or rectal 

mass,, and CTT >100 hours. Odds ratios with 95% confidence intervals were used 

too express the strength of the associations. 
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Results s 
Baselinee characteristics 
AA total of 169 consecutive children (65% boys) were enrolled. Table 1 presents 

theirr baseline characteristics. The median age at intake was 8.4 years. The median 

defecationn frequency at intake was lower in girls than in boys (1.0 versus 2.0 times 

perr week; p = 0.03), while an encopresis frequency of more than twice weekly was 

reportedd more often in boys (94% versus 73%; p = 0.0002). Of the total group, 65% 

reportedd the passage of large stools every 7-30 days. Night-time encopresis occurred 

inn 37%. A rectal impaction was present in 32%. 

Tablee 2 shows the total and segmental colonic transit times at entry to the study. 

Approximatelyy 50% had a total CTT in the normal range. No significant differences 

weree found between boys and girls in the CTT or rectosigmoid transit time (RSTT). 

Inn 86% of those with an abnormal CTT, the RSTT was also prolonged. In children 

withh a normal CTT, a delay in RSTT was present in only 14%. There was a significant 

correlationn between CTT and RSTT (Pearson correlation coefficient 0.88, p = 0.0002). 

Inn the total group, a CTT >100 hours was found in 22%. Of these, 92% had a 

delayedd RSTT and 39% had a delay in all segments. 

Tablee 1 Baseline characteristics and clinical findings. 

Agee - y r s 
Med ian n 
Percent i less 2 5 - 7 5 

Agee of o n s e t of s y m p t o m s - y r s 
M e d i a n n 
Percent i less 2 5 - 7 5 

Defecat ionn frequency / week 
M e d i a n n 
Percent i less 2 5 - 7 5 
<33 t i m e s / week 

E n c o p r e s i ss frequency / week (daytime) 
Med ian n 
Percen t i less 2 5 - 7 5 
>> 2 t i m e s per week 
noo e n c o p r e s i s 

Night t imee Encopres i s 
Abdomina ll pa in 
Pa inn d u r i n g defecation 
Noo rec ta l s e n s a t i o n 
Largee s tools (every 7-30 days) 
Pa lpab lee a b d o m i n a l m a s s 
Pa lpab lee rectal m a s s 

Boys s 
n=109 9 

8.5 5 
7 . 0 -- 10.5 

4.0 0 
1 . 0 - 4 . 0 0 

2.0 0 
1 . 0 - 3 . 0 0 

7 4 % % 

10.5 5 
7 . 0 - 2 1 . 0 0 

9 4 % % 
6% % 

3 8 % % 
57%) ) 
45%o o 
22%o o 
6 3 % % 
2 6 % % 
3 2 % % 

Girls s 
n=60 0 

8.0 0 
6 . 9 -- 10.6 

3.0 0 
0 . 0 - 4 . 0 0 

1.00 * 
1 . 0 - 2 . 0 0 

8 8 % * * * 

8.5 5 
1 . 0 - 2 1 . 0 0 

7 3 % * * * 
20%** * 
3 7 % % 
5 2 % % 
4 7 % % 
1 6 % % 
6 8 % % 
1 8 % % 
2 7 % % 

Total l 
n == 169 

8.4 4 
7 . 0 -- 10.5 

3.5 5 
1 . 0 - 4 . 0 0 

2.0 0 
1 . 0 - 2 . 0 0 

7 9 % % 

10.0 0 
5 . 5 - 2 1 . 0 0 

8 6 % % 
11%) ) 
37%o o 
56%) ) 
46%. . 
20%. . 
65%o o 
23%o o 
3 0 % % 

Missing g 

2 2 
2 2 
2 2 

p<0.05,, Mann-Whitney U Test, **p<0.05, Chi-square 
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Tablee 2: Total and segmental transit times. 

Transitt time - hrs Boys s 
(n=109) ) 

Girls s 
(n=60) ) 

Totall group 
(n=169) ) 

Totall colon 
Median n 
Percentiless 2 5 - 7 5 
Delayedd > 62 hrs 

Ascendingg colon 
Median n 
Percentiless 2 5 - 7 5 
Delayedd > 18 hrs 

Descendingg colon 
Median n 
Percentiless 2 5 - 7 5 
Delayedd >20 hrs 

Rectosigmoid d 
Median n 
Percentiless 25 - 75 
Delayedd > 34 hrs 

60 0 
388 - 103 

49% % 

10 0 
5-16 6 
23% % 

11 1 
4-18 8 
2 1 % % 

37 7 
1 9 - 6 8 8 

53% % 

53 3 
3 7 - 7 4 4 

4 3 % % 

11 1 
5-15 5 
18% % 

8 8 
5-18 8 
23% % 

31 1 
1 7 - 4 7 7 
38% % 

58 8 
3 7 - 9 2 2 

47% % 

10 0 
5-16 6 
2 1 % % 

10 0 
5-18 8 
22% % 

32 2 
1 8 - 6 3 3 
48% % 

Correlationn between CTT and symptom severity 
Att t h e first visit, ch i ld ren wi th a very low defecat ion f requency (< l /week) s h o w e d 

s ignif icant lyy p ro longed m e d i a n CTT (74 h o u r s ) c o m p a r e d to ch i l d r en w i t h a 

defecat ionn frequency of 1 -3 /week (50 hours ) a n d a defecat ion f requency > 3 / w e e k 

(499 hours ) (p = 0 . 0 0 1 ) . In addi t ion , in p a t i e n t s wi th 2 ep i sodes of encopres i s p e r 

day,, m e d i a n CTT va lues were significantly delayed (70 hours ) c o m p a r e d to t h e 

g roupp with 1-2 episodes of encopres i s per day (50 hours ) , t h e g roup with < 1 episode 

off encopres i s per d a y (52 h o u r s ) , a n d t h o s e w i t h o u t encopres i s (49 hour s ) (p = 

0.003)) (table 3). F u r t h e r m o r e , a significantly h igher CTT w a s p r e s e n t in ch i l d r en 

wi thh n igh t - t ime encopres i s a n d in those wi th a rec ta l m a s s (respectively p < 0 . 0 0 0 1 

a n dd p<0.0001) (table 3). As table 3 shows , s imilar a s soc ia t ions were found b e t w e e n 

clinicall s y m p t o m s a n d rectos igmoid t r a n s i t t ime. 

Clinicall outcome and prognostic value 
Afterr one yea r 5 0 % of t h e boys a n d 7 2 % of t h e girls h a d a success fu l o u t c o m e 

(relativee r i sk (RR) boys v e r s u s girls 0 .70; 9 5 % CI 0 .55 to 0.90) . These p e r c e n t a g e s 

inc reasedd to 6 1 % in boys a n d to 8 0 % in girls (RR 0 .77; 9 5 % CI 0 .63 to 0.93) w h e n 

pa t i en t ss were inc luded who h a d a n o r m a l defecation frequency w i t h o u t encop re s i s 

b u tt whe re still u s i n g laxat ives . 

Thee independen t effect of var ious prognostic factors w a s ana lysed in a mul t ivar ia te 

modell predic t ing t h e probabi l i ty of a successfu l o u t c o m e after one year . Boys were 
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l e s ss likely to b e success fu l ly t reated a t one yea r (OR 0.34; CI 0 .16 to 0.70). The 

p r e s e n c ee of a m a s s on rec ta l examina t ion w a s a positive predictive s ign for s u c c e s s 

(ORR 3 .39 ; CI 1.30 to 8.83). In those wi th a CTT <100 h o u r s a t en t ry , t he t r ans i t 

t imee d id not p red ic t o u t c o m e a t one yea r . However, t h o s e wi th a CTT >100 h o u r s 

weree l e s s likely to h a v e a successful o u t c o m e (OR 0 . 3 1 ; CI 0.12 to 0.85). O the r 

pos s ib l ee p rognos t ic factors s u c h as a low defecat ion frequency, t h e p r e s e n c e of 

e n c o p r e s i s ,, a n d large s tools a t entry were n o t a s soc ia t ed wi th ou t come (table 4). 

Tablee 3 Correlation between clinical parameters and transit time (hours). 

Numberr CTT p-value RSTT p-value 
off patients (median) (median) 

Defecationn frequency 
0-11 /week 
>> 1-3/week 
>> 3/week 

Encopresiss frequency 
(dayy and night) 

Noo encopresis 
< l / d a y y 
1-2/day y 
>> 2 /day 

Nighttimee encopresis 
Nott present 
Present t 

Rectall mass 
Nott present 
Present t 

79 9 
55 5 
35 5 

18 8 
24 4 
48 8 
79 9 

106 6 
63 3 

118 8 
51 1 

74 4 
50 0 
49 9 

49 9 
52 2 
50 0 
70 0 

47 7 
74 4 

48 8 
86 6 

pp = 0.001* 

pp = 0.003* 

p << 0.0001** 

p << 0.0001** 

38 8 
30 0 
28 8 

24 4 
31 1 
30 0 
38 8 

28 8 
46 6 

28 8 
64 4 

pp = 0.009* 

pp = 0.03* 

p<o.ooor r 

pp < 0.0001** 

*Kruskal-Walliss Test, **Mann-Whitney U Test 

Tablee 4 Prognostic factors for cured at 1 year. 

Multivariatee analysis 
Oddss Ratio (95% CI) 

Male e 
Defecationn frequency 

>> 3 / week 
>> 1-3/week 
0-11 /week 

Encopresiss frequency 
Noo encopresis 
<< 1 / day 
1-2/day y 
>> 2 / day 

Largee stools 
Nighttimee encopresis 
Palpablee abdominal mass 
Palpablee rectal mass 
CTTT > 100 hrs 

0.34(0.16-0.70) ) 

1.000 (reference) 
1.48(0.54-4.08) ) 
1.06(0.40-2.80) ) 

1.000 (reference) 
0.58(0.14-2.43) ) 
0.44(0.11-1.68) ) 
0.44(0.12-1.68) ) 
1.09(0.51-2.30) ) 
1.10(0.51-2.41) ) 
1.23(0.49-3.10) ) 
3.39(1.30-8.83) ) 
0.31(0.12-0.85) ) 
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Discussion n 
Thiss study shows that more severe symptoms, such as a relatively low defecation 

frequency,, or a high encopresis frequency and the presence of a palpable rectal mass 

stronglyy correlate with a prolonged CTT and RSTT. Gender (girls) and a palpable rectal 

masss at entry were associated with a successful outcome at one year. An abdominal 

radiographh examination with the use of radio-opaque markers at intake had no 

predictivee value. Measurement of CTT did not predict outcome if less than 100 hours. 

Inn contrast, a CTT above 100 hours predicted a poor outcome at one year. 

Thee ingestion of radio-opaque markers and the use of one or more abdominal 

radiographh examinations allow the differentiation between children with normal or 

prolongedd CTT18. Several techniques have been used to measure CTT in patients with 

gastrointestinall disorders and have proved to be reliable and reproducible19. In our 

studyy we used the three day Metcalf marker method. Radiograph examinations were 

repeatedd with a three day interval until more than 80% of the markers disappeared10. 

Withh this method, the radiation exposure is relatively high in children with severe 

constipation.. In future studies, we will use the Bouchoucha method in which the 

patientt ingests one capsule with 10 markers on six consecutive days. Subsequently, 

onlyy one abdominal radiograph examination at day 7 is needed to calculate CTT20. 

Inn this study CTT was measured without first cleansing the colon. A recent study 

inn adults with constipation showed no difference in distribution patterns of the 

markerss before and after cleansing of the colon21. 

Inn agreement with previous studies in adults and children we found that severe 

symptomss of constipation strongly correlated with prolonged CTT and RSTT12’15’22. 

Itt has been suggested that constipation in children is mostly caused by the conscious 

orr unconscious postponement of defecation (withholding behaviour). This could be 

learnedd behaviour due to pain with evacuation of a large faecal bolus. Prolonged 

stooll retention in the rectum might result in increased anorectal sampling with 

failuree of contraction of the external anal sphincter and consequent soiling. It is 

likelyy that the associated delay in RSTT leads to secondary prolongation of CTT. 

Inn accordance with earlier studies in children with constipation a normal CTT 

wass found in approximately 50% of the patients1 1’2 2 - 2 4 , It has been suggested that 

adultss complaining of constipation with normal transit times have a high incidence 

off psychosocial disturbance and may not be truly constipated25. In children, however, 

vann der Plas et al. showed that reported symptoms correlate well with the actual 
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bowell habit . In a recent study we showed that colonic transit patterns, including 

normall colonic transit were not indicative of abnormal behaviour27. Normal colonic 

transitt time in constipated children is probably due to the fact that the measurement, 

evenn though it represents bowel pattern over a one week period, still remains a 

snapshott observation. Furthermore, the upper time limit for normal transit, as 

suggestedd by Arhan et al. is based on only 23 healthy children, and so may be 

misleading6.. Papadopoulou et al. suggested that the markers themselves might 

acceleratee transit, causing a false negative result13. 

Inn our experience this marker test h a s proved useful in differentiating retentive 

fromm non-retentive defecation disorders, such as constipation and functional non-

retentivee faecal soiling27. A normal CTT in combination with a normal defecation 

frequencyy and no rectal mass indicates the latter diagnosis22. Such children are 

bestt treated with a toilet training programme without laxatives28. Furthermore, 

t reatmentt of CTT is useful in cases in which information is unreliable, such as in 

eatingg disorders. 

Afterr one year, 58% of the patients in our study had been treated successfully. This 

wass in accordance with success rates in other long term follow-up studies29"31. The 

overalll success rate was 68% when patients without symptoms of constipation were 

included.. In a recent long term study, more than 50% of the children with constipation 

experiencedd at least one relapse within the Five years of first treatment32 . 

Too our surprise, the presence of a rectal mass at presentation was a positive 

predictorr of success. After removal of the mass most children experience less pain 

withh defecation. It is likely that rectal control of sensation and defecation improves 

afterr removal, and there is a decrease in encopresis and abdominal pain. 

AA CTT longer than 100 hours predicted a poor outcome at one year. Almost 40% 

off these children had a delay in transit in all segments. Some patients, mainly 

adolescentt girls, might suffer from idiopathic slow transit constipation33"35. This 

severee form of constipation presents with a gradual reduction in bowel frequency 

andd increasing abdominal pain. 

Inn conclusion, the diagnostic and prognostic role of CTT measurements is limited. 

Onlyy those with a CTT above 100 hours have a predictably poor outcome. 
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Defecationn disorders in neonates and children are common in general paediatric 

practice,, and result in 3% of all consultations to a paediatrician. These disorders form 

thee most common complaint in childhood gastrointestinal disease, and can make up 

too 25% of all consultations to a paediatric gastroenterologist. It is notable that in 

approximatelyy 40% constipation could be traced back to the first month of life. 

Afterr birth, the passage of the first stool (meconium) occurs in 95% within 24 

hourss and 99% within 48 hours in healthy term infants. This percentage however 

dramaticallyy drops to 66% in preterm (<32 weeks gestation) and low birth weight 

(<25000 grams) infants. In most cases the cause of this delay is unknown. From a 

clinicall point of view, it should alert the clinician as it may be the first sign of a 

defecationn disorder such as Hirschsprung’s disease. Therefore, early diagnosis is 

warranted. . 

Thiss thesis aimed to investigate the accuracy of different diagnostic procedures 

inn the work-up of (young) infants and children with disturbed defecation. 

Furthermore,, we aimed to clarify the pathophysiology underlying the delayed 

passagee of meconium. The aims of this thesis are described in chapter 1. 

Iff delayed passage of meconium presents in combination with clinical findings 

suchh as vomiting, irritability and abdominal distension, intestinal obstruction due 

too Hirschsprung’s disease (HD) may be present. HD is a developmental disorder of 

thee enteric nervous system characterized by an absence of ganglion cells along a 

variablee distance of the distal intestine. This results in disturbed colonic motility 

andd the absence of the rectoanal inhibitory reflex (RAIR). The RAIR is a transient 

relaxationn of the internal anal sphincter elicited by rectal distension. Impaired or 

absentt relaxation of the internal anal sphincter hampers the evacuation of stool 

leadingg to severe chronic constipation as described in HD. Chapter 2 describes 

thee latest findings regarding the pathophysiology, symptomatology, diagnostic 

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

Besidess children with Hirschsprung’s disease, there is a subgroup of neonates 

withh defecation problems directly after birth. These infants often present with a 

delayedd passage of meconium (> 24 hours after birth), abdominal distension and 

feedingg problems. In contrast to HD, these gastrointestinal symptoms resolve in 

thee following weeks after birth. The exact reason for these transient defecation 

abnormalitiess is unclear. One possibility could be that the components responsible 

forr normal motility have not been developed properly. Recently, a s tudy 
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demonstratedd that transient defecation abnormalities may result from a delayed 

maturationn of interstitial cells of Cajal (ICC). ICC function as pacemaker cells 

coordinatingg the electromechanical activity of the gut. To what extent this delayed 

maturationn in ICC also affects the RAIR is so far unknown. In chapter 3 we studied 

thee role of ICC in the inhibitory neurotransmission of the murine internal anal 

sphincter.. The relaxation of the IAS to electrical stimulation was measured in vitro 

inn an organ bath and showed that there was no difference in relaxation of the IAS 

betweenn mice lacking ICC compared to controls. However, in vivo experiments 

showedd that the RAIR in response to rectal distension was clearly diminished in 

micee lacking ICC. This suggests that an intact network of ICC in the IAS is necessary 

forr a normal RAIR, and provides evidence that ICC may be involved in the afferent 

limbb of the RAIR. Therefore, dysfunction or delayed maturation of ICC may lead to 

ann impaired anal sphincter relaxation and may thus be involved in rectal evacuation 

disorders. . 

Too evaluate this hypothesis, the presence of the RAIR was determined in 

prematuree neonates with a transient delayed meconium production (> 48 hours), 

ass described in chapter 4. Anorectal manometry was performed in 10 preterm 

infantss (range postmenstrual age (PMA) 28-30 weeks) with delayed passage of 

meconiumm (range 48-105 hours). A normal RAIR could be elicited in all infants 

studied,, suggesting that delayed meconium passage in this subgroup of children 

iss not related to the absence of a RAIR. From the above chapters it is obvious that 

thee RAIR is an important reflex pattern, necessary for normal defecation. Especially 

inn children with delayed meconium production, it is of great importance to detect 

possiblee abnormalities in the RAIR. Clearly, this implies that the age at which the 

RAIRR is matured has to be identified. A normal developed RAIR to rectal distension 

hass been shown in term and premature infants older than 30 weeks’ PMA. However, 

itt is unknown if the RAIR is maturated in very preterm infants (<30 weeks’ PMA). 

Therefore,, we evaluated the maturation of the RAIR in preterm infants in chapter 5. 

Anorectall manometry was performed in 16 healthy preterm neonates (range PMA 

27-300 weeks) and a normal RAIR could be elicited in 13 (81%) infants. These findings 

suggestt that the majority of preterm infants older than 26 weeks’ PMA have a normal 

RAIR. . 

Anorectall manometry in the neonate offers a non-invasive diagnostic test for 

identifyingg the RAIR. It measures pressures in the anorectal region evaluating 
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internall and external sphincter function. In addition to anorectal manometry, two 

otherr 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 

too a narrowed aganglionic bowel is typically present. Lastly, a rectal suction biopsy 

iss taken to evaluate cholinesterase activity and the presence or absence of enteric 

neurones .. There has been considerable debate about the most appropriate 

diagnosticc approach for HD. Therefore, we searched the literature and conducted 

aa systematic review to determine and compare the diagnostic accuracy between 

contrastt enema (CE), anorectal manometry (ARM) and rectal suction biopsy (RSB) 

inn infants suspected of HD (chapter 6). 24 studies met our inclusion criteria and 

alll had a retrospective design. This review showed that RSB was the most accurate 

testt having both the highest mean sensitivity (93%) and mean specificity (98%). 

Sensitivityy and specificity of ARM (91 % and 94% respectively) was similar to that 

off RSB, whereas CE showed a significantly lower sensitivity and specificity (70% 

andd 83% respectively). 

Subsequentlyy to this review, we conducted a prospective study in which the 

diagnosticc accuracy of CE, ARM and RSB in infants suspected of HD was compared 

(chapterr 7). I l l consecutive infants with delayed passage of meconium and 

suspectedd of HD were enrolled in the study and underwent all three tests (CE, 

ARMM and RSB). HD was found in 28 out of 111 patients (25%). RSB had the 

highestt sensitivity (93%) and specificity (100%), but values were not significantly 

differentt from CE (76% and 97% respectively) and from ARM (83% and 9 3 % 

respectively).. Inconclusive test results occurred most often with ARM and was 

lowestt with RSB. This suggests that RSB is the most accurate test to diagnose 

Hirschsprung’ss disease. 

Fromm the above chapters it is clear that diagnosis of children withh HD and children 

withh transient defecation problems is often difficult, but also in children at later 

agee with functional constipation, diagnosis may be difficult. Although the medical 

historyy and physical examination form the corner stone for the diagnosis of 

constipation,, a plain abdominal radiograph is frequently used to confirm the 

presencee of retained stool or enlargement of the colon or rectum. However, 

inconsistentt data exist concerning the value of a plain abdominal radiograph in 

childrenn with functional constipation. In chapter 8, we assessed intra- and inter-

observerr variability and determined the diagnostic accuracy of a new scoring system 
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(Leech-method)) to identify children with functional constipation. 89 children with 

functionall gastrointestinal disorders were included in the study. Based on clinical 

parameters,, 51 fulfilled the criteria for functional constipation, 7 and 31 children 

fulfilledd the criteria for functional abdominal pain, and functional non-retentive 

faecall soiling, respectively and were classified as controls. Intra- and inter-observer 

variabilityy of the Leech method was evaluated by scoring the same abdominal 

radiographh twice by three observers and diagnostic accuracy of the Leech method 

wass determined by ROC-analysis. The intra-observer and inter-observer variability 

wass high. Furthermore, the Leech score had poor diagnostic accuracy for diagnosing 

functionall constipation and showed a low sensitivity (75%) and specificity (59%) 

usingg the optimal cut-off value of 9. This study suggests that a plain abdominal 

radiographh proves to be of limited value in the diagnosis of functional constipation 

inn children. 

Thee measurement of colonic transit time (CTT) is another method to objectify the 

severityy of constipation. This method uses radio-opaque markers to localise the 

delayy in colonic transit and is helpful if bowel history is unreliable. In chapter 9 we 

investigatedd the relation between symptoms and CTT, and assessed the importance 

off symptoms and CTT in predicting outcome. At enrolment, 169 consecutive children 

fulfilledd the criteria for constipation and CTT was measured at entry of the study. 

CTTT values were significantly higher in those children with a low defecation frequency 

andd a high frequency of encopresis. However, 50% had CTT values within the normal 

range.. The presence of a rectal impaction at presentation was associated with a 

betterr outcome at one year of following and a CTT >100 hours is associated with a 

poorr outcome at one year of following. From both studies we can conclude that 

scoringg a plain abdominal radiograph, either using the Leech-method or with radio-

opaquee markers (CTT) has a low diagnostic accuracy. 

Basedd on this thesis we would like to advise clinicians in diagnosing HD. If delayed 

passagee of meconium occurs in combination with clinical findings of intestinal 

obstructionn (vomiting, irritability, abdominal distension), HD should be suspected 

andd further evaluation is necessary. As shown in this thesis, there are several 

optionss to diagnose HD. RSB showed to be the most accurate test with the highest 

sensitivityy and specificity, although no significant difference was shown compared 

too ARM and CE. 
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Itt should be emphasized though that the optimal diagnostic approach is largely 

determinedd by age and should be different in premature infants compared to older 

infants.. In our opinion, in term neonates and older children suspected for HD, 

RSBB should be the first option. A RSB is relatively simple, quick, and efficient and 

cann be considered an incident-free procedure. Although ARM is non-invasive in 

contrastt to RSB, movement artefacts due to agitation of the child quite often make 

interpretationn of the manometric tracing rather problematic. Furthermore, ARM is 

time-consumingg and requires both extensive experience and expertise. The situation 

inn premature infants is rather different, especially as RSB is often too invasive 

withh the risk of infection and perforation. In this fragile group of children ARM 

showedd to be a good but most importantly, a safe diagnostic test for HD. If ARM is 

nott conclusive or if ARM expertise is absent, RSB can be performed in a later 

stage.. Meanwhile, enemas and /o r laxatives should be given to relieve colonic 

distensionn in these infants. In most cases RSB is possible at term age. 

Basedd on the high specificity and sensitivity, a negative RSB virtually rules out 

thee diagnosis of HD. However, if symptoms persist and clinical suspicion remains 

high,, further evaluation is certainly necessary. If ARM expertise is present in the 

hospital,, ARM is a good option, if not one should refer the patient to a gastrointestinal 

motilityy centre. In our opinion the value of a CE in the work up of HD is limited 

becausee of its fairly low sensitivity and high radiation exposure. Only if the diagnosis 

HDD has been established, CE might be helpful for the surgeon to assess the 

localizationn of the calibre change and thus the presumed length of the aganglionic 

segment. . 
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Ontlastingsproblemenn komen vaak voor bij pasgeborenen en kinderen. Ongeveer 

3%% van alle consulten aan een kinderarts en 25% van de consulten aan een kinder-

maagdarmartss betreffen infrequente stoelgang en het onvrijwillig verliezen van 

ontlasting.. Het is opvallend dat ongeveer 40% van deze kinderen al klachten heeft 

inn de eerste levensmaand. 

Vann alle gezonde zuigelingen die na een voldragen zwangerschap geboren worden, 

heeftt 95% binnen 24 uur, en 99% binnen 48 u u r na de geboorte hun eerste 

ontlasting,, meconium. Dit percentage daalt naar 66% bij zowel kinderen die te 

vroegg geboren zijn (prematuur, <32 weken) als bij de kinderen met een laag 

geboortegewichtt (<2500 gram). In de meeste gevallen is de oorzaak van de vertraagde 

meconiumm lozing onbekend. De eerste productie van ontlasting is een belangrijk 

medischh gegeven aangezien zuigelingen met de ziekte van Hirschsprung (een 

aangeborenn afwijking van de darm waarbij de zenuwcellen van de darm niet goed 

zijnn aangelegd) in tegenstelling tot gezonde kinderen, pas na 48 uu r of later de 

eerstee ontlasting produceren. 

Ditt proefschrift heeft zich gericht op het evalueren van de waarde van verschillende 

diagnostischee testen bij pasgeborenen en oudere kinderen met ontlastings›

problemen.. Daarnaast richtte dit onderzoek zich op het ontrafelen van mogelijke 

oorzakenn die ten grondslag zouden kunnen liggen aan de vertraagde eerste 

ontlasting.. Hoofdstuk 1 geeft kort en bondig weer hoe en waarom de verschillende 

studiess tot stand gekomen zijn. 

Wanneerr een zuigeling zich presenteert met een vertraagde meconiumlozing en 

verschijnselenn heeft zoals overgeven, prikkelbaarheid en een bolle buik, is er mogelijk 

sprakee van een obstructie van de darm, zoals voorkomt bij de ziekte van 

Hirschsprung.. Dit is een ontwikkelingsstoornis van het zenuwstelsel van het 

maagdarmkanaall die zich kenmerkt door een afwezigheid van zenuwcellen in de 

darm.. Dit resulteert in een stoornis in de peristaltiek van de dikke darm en een 

afwezigheidd van de anorectale inhibitie reflex (ARIR). De ARIR is een ontspanning 

vann de binnenste anale kringspier, die ontstaat door oprekking van de darm. Een 

afwijkendee of afwezige ontspanning van de binnenste anale kringspier bemoeilijkt 

dee lozing van ontlasting wat resulteert in ernstige chronische obstipatie zoals 

beschrevenn bij de ziekte van Hirschsprung. Hoofdstuk 2 beschrijft de nieuwste 

bevindingenn over de oorzaak, symptomen, diagnostische aanpak en de behandeling 

vann pasgeborenen en kinderen met de ziekte van Hirschsprung. 
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Naastt kinderen met de ziekte van Hirschsprung, is er ook een kleine groep kinderen 

diee direct na de geboorte ontlastingsproblemen heeft. Deze kinderen hebben ook 

vaakk een vertraagde meconiumlozing (>24 uu r na geboorte), een opgezette buik en 

voedingsproblemen.. In tegenstelling tot de kinderen met de ziekte van Hirschsprung 

verdwijnenn deze symptomen in de weken na de geboorte. De oorzaak van deze 

voorbijgaandee ontlastingsproblemen is onbekend. Een mogelijkheid zou kunnen 

zijnn dat de onderdelen die belangrijk zijn voor een normaal bewegingspatroon in 

dee darm nog niet goed ontwikkeld zijn. Onlangs heeft een studie aangetoond dat 

dezee voorbijgaande afwijkingen in het ontlastingsmechanisme zouden kunnen 

komenn door een vertraagde rijping van de interstitiºl e cellen van Cajal (ICC). ICCs 

zijnn de pacemaker cellen van de darm en coördinere n de elektromechanische 

activiteitt van de darm. In welke mate een vertraagde ontwikkeling van ICC invloed 

heeftt op de ARIR is tot op heden niet bekend. In hoofdstuk 3 richt het onderzoek 

zichh op de rol van ICCs op de prikkeloverdracht van de zenuwen naar de binnenste 

analee kringspier van een muis. De ontspanning van de binnenste anale kringspier 

diee optreedt na elektrische stimulatie werd gemeten in vitro {buiten het lichaam) in 

eenn orgaanbad en liet geen verschil zien in de mate van ontspanning tussen muizen 

zonderr ICCs en de controle muizen. Echter, in vivo (in het lichaam) experimenten 

lietenn zien dat de ARIR, opgewekt door oprekking van de endeldarm, was verminderd 

bijj muizen zonder ICCs. Dit veronderstelt dat een intact netwerk van ICCs 

noodzakelijkk is voor een normale ARIR en ook dat ICCs betrokken zijn bij de ARIR. 

Daaromm kan een niet goed functionerend ICC netwerk of een verlate rijping van 

ICCss leiden tot een afwijkende ARIR en dus resul teren in een gestoorde 

meconiumlozing. . 

Omm deze vraag te beantwoorden wordt in hoofdstuk 4 onderzoek beschreven 

datt de aanwezigheid van de ARIR onderzocht bij 10 te vroeg geboren kinderen 

(zwangerschapsduurr van 28-30 weken) met een vertraagde meconiumlozing (48 

uur -1055 uur). Met behulp van anorectale manometrie werd bij alle 10 kinderen 

eenn normale ARIR aangetoond. Dit suggereert dat bij te vroeg geboren zuigelingen 

geenn relatie bestaat tussen een vertraagde lozing van de eerste ontlasting en de 

anorectalee inhibitie reflex. 

Uitt de bovenstaande hoofdstukken blijkt dat de ARIR een belangrijke nood›

zakelijkee rol speelt bij het normale ontlastingsmechanisme. Dit betekent dat het 

belangrijkk is om mogelijke afwijkingen van de ARIR op te sporen bij kinderen met 
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eenn vertraagde eerste ontlasting. Dit impliceert dat de leeftijd waarop de ARIR is 

ontwikkeld,, moet worden onderzocht. In eerder onderzoek is aangetoond dat de 

ARIRR al aanwezig is bij kinderen geboren na een zwangerschapsduur van 30 weken. 

Hett is echter onbekend of de ARIR bij zuigelingen jonger dan 30 weken 

zwangerschapsduurr ook al aanwezig is. In hoofdstuk 5 wordt de vraag beantwoord 

off de ARIR al ontwikkeld is bij kinderen geboren na een zwangerschapsduur korter 

dann 30 weken. Anorectale manometrie werd verricht bij 16 gezonde te vroeg geboren 

kinderenn (zwangerschapsduur van 27-30 weken). Een normale ARIR werd gevonden 

bijj 13 van de 16 kinderen (81%). Deze bevindingen tonen aan dat de ARIR al 

aanwezigg is bij prematuren van 27 weken. 

Zoalss boven beschreven is anorectale manometrie een diagnostisch onderzoek 

waarmeee de aan- of afwezigheid van de ARIR kan worden onderzocht. Naast 

anorectalee manometrie zijn er nog twee andere onderzoeken die belangrijk zijn 

voorr de diagnostiek bij pa t i ºn te n die worden verdacht van de ziekte van 

Hirschsprung.. Een colon-inloop (een röntgenfot o van de dikke darm met contrast) 

laatt bij de ziekte van Hirschsprung soms een overgang zien van een uitgezette 

gezondee dikke darm naar een vernauwde zieke dikke darm. Tenslotte is er het 

rectumm zuigbiopt (oppervlakkige afname van darmweefsel net boven de anus), 

waarbijj er gekeken wordt naar de aan- of afwezigheid van de zenuwcellen. Er is 

veell discussie over welk onderzoek het meest bruikbaar is in de diagnostiek bij de 

ziektee van Hirschsprung. In hoofdstuk 6 wordt een systematische review verricht 

waarinn de diagnostische waarde wordt beschreven van de colon-inloop (Cl), de 

anorectalee manometrie (ARM) en het rectum zuigbiopt (RZB) bij kinderen die 

verdachtt worden van de ziekte van Hirschsprung. Na het doorzoeken van de 

literatuurr werden 24 studies ingesloten. Deze studies evalueerden de diagnostische 

waardenn van tenminste ØØn van de 3 testen en alle studies verzamelden h u n data 

achteraff (retrospectief). Deze systematische review liet zien dat het RZB de meest 

betrouwbaree test was met de hoogste sensitiviteit (93%) en specificiteit (98%). De 

sensitiviteitt van een test is de proportie van werkelijk zieken, bij wie een positief 

testresultaatt werd gevonden, ten opzichte van alle zieke personen. De specificiteit 

vann een test is de proportie van gezonde personen, bij wie een negatief testresultaat 

werdd gevonden ten opzichte van alle gezonde personen. De sensitiviteit en 

specificiteitt van de ARM (respectievelijk 9 1 % en 94%) was vergelijkbaar met het 

RZB,, maar de Cl liet een significant lagere sensitiviteit en specificiteit zien 
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(respectievelijkk 70% en 83%). 

Inn navolging op dit overzicht, werd een prospectieve studie verricht waarin de 

diagnostischee waarde van de Cl, ARM en het RZB met elkaar werden vergeleken 

bijj kinderen die verdacht werden van de ziekte van Hirschsprung (hoofdstuk 7). 

1111 kinderen met een vertraagde meconiumlozing en klinische verdenking op de 

ziektee van Hirschsprung ondergingen de 3 onderzoeken (Cl, ARM en RZB). Bij 28 

vann de 111 kinderen (25%) werd de ziekte van Hirschsprung aangetoond. Ook in 

ditt onderzoek had het RZB de hoogste sensitiviteit (93%) en specificiteit (100%). 

Dezee waarden waren echter niet significant verschillend van de Cl (respectievelijk 

76%% en 97%) en de ARM (respectievelijk 83% en 93%). Bij de ARM kwam het 

hoogstee aantal niet te beoordelen testen voor en bij het RZB het laagste aantal. Dit 

bevestigtt wederom dat het RZB het meest adequate onderzoek is voor de diagnostiek 

bijj de ziekte van Hirschsprung. 

Uitt bovenstaande hoofdstukken blijkt dat het vaak moeilijk is om bij kinderen 

diee verdacht worden van de ziekte van Hirschsprung en kinderen met passagere 

ontlastingsproblemenn een diagnose te stellen. Maar ook bij oudere kinderen met 

functionelee obstipatie (waarbij er geen organische oorzaak voor de obstipatie wordt 

gevonden)) kan de diagnose moeilijk zijn. Hoewel bekend is dat een goede anamnese 

enn een volledig lichamelijk onderzoek voldoende zijn voor het stellen van de diagnose 

obstipatie,, wordt er toch frequent een röntgenfot o van de buik gemaakt om de 

aanwezigheidd van ingedikte ontlasting of de uitzetting van de dikke darm te 

bevestigen.. Er bestaan echter tegenstrijdige gegevens over de waarde van een 

buikfotoo bij functionele obstipatie. In hoofdstuk 8 hebben we de intra- en inter-

observerr variabiliteit onderzocht en de diagnostische waarde bepaalt van een nieuw 

beoordelingssysteemm (de Leech methode) om kinderen met functionele obstipatie 

tee herkennen. Intra-observer variabiliteit beschrijft het verschil in de beoordeling 

opp verschillende momenten van ØØn onderzoeker, terwijl inter-observer variabiliteit 

hett verschil meet in de beoordeling van hetzelfde onderzoek tussen meerdere 

onderzoekers.. In deze studie werden 51 kinderen met obstipatie geïncludeerd. 

Daarnaastt werden respectievelijk 7 en 31 kinderen met functionele buikpijn en 

solitairee encopresis (onvrijwillig verliezen van ontlasting) als controle groep in de 

studiee opgenomen. De intra- en inter-observer variabiliteit van de Leech methode 

werdd geºvalueer d middels het twee maal scoren van de zelfde buikfoto door drie 

verschillendee onderzoekers (2 kinder-radiologen en 1 kinder-maagdarmartsen). Ook 

156 6 



Samenvatting g 

werdd de diagnostische waarde bepaald. Zowel de inter- als intra-variabiliteit was 

groot.. Daarnaast had de Leech methode een lage diagnostische waarde om functionele 

obstipatiee te diagnosticeren en liet het een lage sensitiviteit (75%) en specificiteit 

(59%)) zien. Deze studie bevestigt opnieuw dat een röntgenfot o van de buik van 

beperktee waarde is in de diagnostiek van functionele obstipatie bij kinderen. 

Eenn andere methode om de ernst van de obstipatie in kaart te brengen is de 

metingg van de dikke darm passagetijd (DPT). Bij deze methode gebruikt men radio-

opakee markers om een eventuele vertraging van de dikke darm passage te meten 

enn te lokaliseren. Deze methode kan van toegevoegde waarde zijn wanneer de 

anamnesee onbetrouwbaar is. In hoofdstuk 9 wordt de relatie beschreven tussen 

symptomenn van obstipatie en DPT en werd onderzocht in welke mate deze 

symptomenn en DPT een voorspellende waarde hebben op de prognose. Bij 169 

kinderenn met obstipatie werd een DPT meting verricht aan het begin van de studie. 

Dee DPT was significant langer bij kinderen met een lage ontlastingsfrequentie en 

mett een hoge encopresis frequentie. Echter, 50% van de kinderen had een normale 

DPT.. De prognose na 1 jaar van follow-up was beter bij kinderen met een rectale 

ophopingg van ontlasting in de endeldarm, maar slechter bij kinderen die een DPT 

>> 100 uur lieten zien. Uit beide studies kunnen we concluderen dat het scoren van 

eenn röntgenfot o van de buik, middels de Leech methode of met radio-opake markers 

(DPT),, van minimale diagnostische waarde is. 

Samenvattend:: Wanneer er sprake is van een voldragen zuigeling met een vertraagde 

meconiumlozingg en klinische verschijnselen passend bij een darmobstructie dient 

dee ziekte van Hirschsprung te worden uitgesloten met behulp van het rectumzuig-

bioptt (RZB). De resultaten van dit proefschrift tonen aan dat dit onderzoek de 

hoogstee sensitiviteit en specificiteit heeft ten opzicht van de anorectale manometrie 

(ARM)) en de colon inloopfoto (Cl). Tevens is het RZB een relatief simpel en efficiºn t 

onderzoekk met een laag risico op complicaties. Ondanks dat ARM in vergelijking 

mett het RZB een minder risicovol onderzoek is, zijn er vaak bewegingsartefacten, 

veroorzaaktt door onrust van het kind, wat de interpretatie van de manometrische 

patronenn vaak bemoeilijkt. Daarnaast is ARM tijdrovend en eist het de nodige 

ervaringg en deskundigheid. 

Bijj prematuur geboren zuigelingen is het RZB echter niet goed bruikbaar gezien 

hett grote risico op infectie en perforatie. In deze kwetsbare groep kinderen is 
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geblekenn dat de ARM een goed, maar belangrijker nog, een veilig diagnostisch 

onderzoekk is om de ziekte van Hirschsprung aan te tonen of uit te sluiten. Indien 

dee ARM niet conclusiefis of wanneer ARM-deskundigheid ontbreekt, kan het RZB 

inn een later stadium verricht worden. Goede laxerende therapie dient in deze periode 

gegevenn te worden ter voorkoming van erns t ige complicat ies zoals een 

necrotiserendee enterocolitis (ernstige ontsteking van de darm). 

Dee resultaten van dit onderzoek tonen aan dat de waarde van de Cl beperkt is 

gezienn de lage sensitiviteit en hoge blootstelling aan straling. Indien de ziekte van 

Hirschsprungg is aangetoond, heeft de Cl soms een additionele waarde voor de 

chirurgg om de overgang tussen gezond en ziek darmweefsel te lokaliseren en zo de 

vermoedelijkee lengte van het aangedane segment te bepalen. 
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Haraldd Hirschsprung (1830-1916) was born in Copenhagen where his father, of 

Germann stock, owned a tobacco factory. His family was rich in musical talent. He 

completedd his medical studies at the University of Copenhagen in 1855 and in›

ternedd at the Royal Maternity Hospital where he began his lifelong concern with 

pediatrics.. His doctoral thesis dealt with congenital atresia of the esophagus and 

smalll intestine. He was instrumental in establishing the Queen Louisa Hospital 

forr Children. The Queen requested that biblical verses be displayed above each 

bed;; Hirschsprung refused and insisted that fanciful pictures of animals be mounted 

instead.. Thereafter, the Queen declined to enter the hospital that had been named 

forr her. In 1988, he published an account of congenital dilatation of the colon that 

camee to bear his name. It was not until much later that the pathogenesis of the 

conditionn was defined. A diffident man, he was accorded deference when attend›

ingg medical congresses because he usually was accompanied by one or the other 

off two pretty daughters. 
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Hett is af! En geen seconde spijt heb ik gehad dat ik de wetenschappelijk wereld 

benn ingestapt. Het waren leerzame jaren die een grote toegevoegde waarde op mij 

alss persoon hebben gehad. 

Dr.. M.A. Benninga, beste Mare, grote vriend en "baas" dit alles is begonnen bij 

jou.. Ik weet nog dat we samen een appelflap aan het eten waren op het plein na de 

sollicitatie.. Ik zou er over nadenken, maar wist eigenlijk al meteen dat ik het zou 

doen.. J e was mijn "baas" in het ziekenhuis, die me altijd wist te motiveren en 

vrolijkk te maken, je hebt me geleerd onderzoeker te zijn in al zijn facetten. Daarnaast 

wass je ook een vriend buiten het ziekenhuis. Zo vergeet ik onze filmopname met 

Jos ,, of onze congrestripjes inclusief golfen in Siciliº  natuurlijk nooit meer; wat 

wass het onderzoeksleven toch zwaar! Mare, dankjewel voor de mooie jaren op de 

poeppoli,, ik zal het zeker gaan missen, maar nu eerst de opleiding. Dus vriend, als 

jee het niet erg vindt werk ik nog even door... 10 maart gaat het dan eindelijk 

gebeuren,, misschien heb ik wel een kort rokje aan... 

Dr.. G.E. Boeckxstaens, beste Guy, ik werd al snel gewaarschuwd voor je directe 

aanpak,, maar om eerlijk te zijn heb ik daar nooit last van gehad. Ik denk dat dat 

ookk typerend is geweest voor onze samenwerking. J e altijd snelle en heldere 

commentaarr op onderzoeksvoorstellen, resultaten en geschreven artikelen kwam 

somss hard aan, maar natuurlijk had je altijd gelijk. Dan werd ik lichtelijk ongeduldig 

enn moest er weer veel gesleuteld worden, maar mijn stukken werden altijd vele 

malenn beter! Dankjewel voor je enorme bijdrage. 

Dr.. J.A.J.M. Taminiau, beste Jan , wat meer op de achtergrond heb je me geholpen 

hett proefschrift te voltooien. Zo heb ik regelmatig gebruik mogen maken van je 

kamerr en kwam je nog geen 2 dagen na de geboorte van de tweeling even buurten 

inn het ziekenhuis. Dat heb ik heel erg gewaardeerd. Veel dank voor je bijdrage aan 

dee artikelen. 

Prof.. dr H.S.A. Heymans, beste Hugo, hartelijk dank voor de mogelijkheid om op 

dee afdeling Kindergeneeskunde te promoveren. Dank voor de enthousiaste 

voortgangsgesprekkenn en het altijd snelle commentaar op mijn stukken. Daarnaast 

benn ik ook dankbaar voor de vrijheid die ik heb gekregen in verband met de start 

vann mijn opleiding. 
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Wieger,, mijn briljante collega, wat was ik blij met je komst op de poeppoli. Samen 

onderzoekk doen was niet alleen leuker maar kwam ook het onderzoek ten goede. 

Elkaarr helpen, gestructureerd werken, elke 5 minuten een geliefd "control S-je", het 

maaktee het onderzoeken een stuk makkelijker. Ook werd lief en leed gedeeld op C2-

312,, wat heeft geleid tot een echte vriendschap. Fijn dat jij mijn paranimf wil zijn! 

Nuu samen begonnen aan de opleiding, je bent voorlopig nog niet van me af! 

Dr.. J.B. Reitsma, beste Hans, wat begon met af en toe een consultje eindigde in 

regelmatigee bezoekjes. J e was altijd bereid me te helpen, of het nu om grote of 

kleinee statistische vraagstukken ging, je maakte altijd wel tijd vrij. Veel dank 

daarvoor,, ook voor je bijdrage aan de artikelen. 

Leontienn Kremer, dankjewel voor je hulp bij de review en dank voor de gezellige, 

somss diepgaande gesprekken over het leven! Daniel Aronson, Prof. Fiebo ten 

Kate,, Anne Smets en Rick van Rijn, dank voor jullie bijdrage aan de artikelen. 

Geachtee leden van de promotiecommissie, dank voor jullie bereidheid het 

proefschriftt op zijn wetenschappelijke waarde te beoordelen. Special thanks to 

Prof.. dr Carlo di Lorenzo for coming over from Pittsburgh to participate in the 

PhDD -committee. 

Michiel,, dankjewel voor al je hulp! Zonder jou was het in het begin een stuk 

lastigerr geweest, je kennis over computers en databases kwam als geroepen. Nu 

gaa jij beginnen aan dit traject en dat kan je als geen ander, veel succes! 

Jarom,, ook jou wil ik bedanken voor je bijdrage en voor de filosofische gesprekken; 

alss je het niet erg vindt, ga ik toch maar niet achter de geraniums zitten. 

Maartjee en Marloes mijn leuke vrouwelijke opvolgsters, zolang jullie niet zwanger 

wordenn heb je geen kind aan Mare! Heel veel succes de komende jaren en ik wacht 

mett spanning op jullie boekjes. 

Lievee collega’s van het motiliteits centrum; 

Wouter,, mijn kamergenoot van de laatste maanden, jij hebt me laten kennismaken 

mett de experimentele wereld. Deze basale wetenschap was totaal nieuw voor me. 
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Ikk vond dit een enorme uitdaging wat uiteindelijk tot een mooi artikel heeft geleid. 

Zonderr jou was dit nooit gelukt, dank hiervoor! 

Ramona,, door jou was de planning altijd voor elkaar. Dank voor je hulp aan de 

poeppolii en ook veel dank voor je gezelligheid. 

Cynthia,, de motor van het lab, je had overal een oplossing voor en je was altijd 

bereidd mij te helpen, dankjewel! 

David,, Sjoerd, Bram, Olie, Aaltje, Renee, Olaf, Dennis, Tamira, Hanneke en 

Hellenn dank voor jullie adviezen en voor jullie gezelligheid! 

Barbara,, Jeanet, Mirjam, Henk, Saskia en Esther dank voor jullie zorg voor 

onzee patientjes, Linda bedankt voor het gebruiken van je kamer en Fred, Erica en 

Sheryllee dank voor jullie secretariºl e hulp! Ook alle andere medewerkers van de 

endoscopicc afdeling wil ik danken voor de interesse, de adviezen en goede sfeer. 

Carell Kools, dank voor je technische hulp bij de katheters. 

Joostt en Ingvild dank voor jullie hulp bij mijn muizenproefjes. 

Dee kinderen en hun ouders, dank voor jullie medewerking in de verschillende 

onderzoeken! ! 

Lievee Floor, al jaren mijn grote vriendin, in Canada mijn *bobsytwin’, lief en leed 

gedeeld,, vriendinnen voor het leven, fijn dat jij mijn paranimf wil zijn. 

Lievee Lot, Gijs, Leonie en Dirk, en al mijn vrienden, dank voor jullie vriendschap 

watt zo belangrijk is in het leven. 

Lievee Jikke en Ger, ik bof met zulke lieve schoonouders. Dank voor jullie 

vriendschap,, voor jullie zorg voor Kick en Sasha en voor jullie zoon. 

Lievee papa en mama, aan niets heeft het mij ontbroken. Ik vind het ongelooflijk 

hoee jullie beiden, geboren en getogen in het land van Maas & Waal, zo’n werelds 

gezinn hebben groot gebracht. Jullie stimulans om altijd het maximale uit jezelf te 

halenn en jullie onuitputtelijke energie is bewonderenswaardig. Jullie hebben me 

geleerdd nooit op te geven en zonder die eigenschap was het niet gelukt dit proefschrift 
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tee schrijven. Lieve mama, dankjewel voor al die oppasdagen en ook alvast voor de 

dagenn die nog komen gaan! Ik hoop dat ik er ook zo voor mijn kinderen zal zijn, 

zoalss jullie er altijd voor mij waren. 

Kickk en Sasha, mijn lieve tweeling, mijn lieve schatjes, wat een geluk en wat een 

voorrechtt om jullie moeder te zijn! Jullie maken mijn leven compleet en wat is het 

heerlijkk thuiskomen met twee van die lachebekkies! 

Lievee Marten, mijn grote liefde, een leven met jou blijft altijd een uitdaging! Elkaar 

dee vrijheid geven je eigen ambities te ontplooien is misschien wel de kracht van 

onzee relatie. De bekroning op onze liefde is natuurlijk de geboorte van onze schatten 

enn wat is het fijn om met jou de onbegrensde liefde voor deze kinderen te delen. 
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