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It is 43 years since we (F. Douglas Stephens, Robert 
Fowler, and others) produced the first volume of a 
careful analysis of the anatomical pathology of the 
many lesions of anorectal anomalies, describing the 
relationship between the controlling sphincters and 
the incompletely developed bowel as a logical basis for 
operative correction [1]. Eight years later under our 
joint authorship we published the first comprehensive 
text of the entire subject as known at that time [2], 
which incorporated the “international classification” 
developed at a workshop in an international confer-
ence held at the Royal Children’s Hospital, Melbourne 
in 1970. The subject was again reviewed 13 years later 
at another workshop under our chairmanship at the 
Wingspread Conference Center in Racine, Wiscon-
sin, USA, at which time the classification was simpli-
fied. By then, the monumental contribution of Peter 
De Vries and Alberto Peña regarding the posterior 
sagittal approach had been published, which revolu-
tionized the operative management of high lesions, 
and a new edition with multiple authors was called 
for [3].

Over the next 17 years there were significant stud-
ies by younger colleagues, and with our subsequent 
retirement from clinical surgery, a new work was 
clearly required. Professor Alexander Holschneider of 
the Kinderchirurgische Klinik, Lehrkrankenhaus der 
Universität zu Köln, Germany, is to be congratulated 
in taking the initiative, and no one is more eminently 
qualified to do so, having made many important con-
tributions regarding this lesion in his own right. The 
result is the present volume, superbly edited by our 
colleague, Professor John Hutson of the Royal Chil-
dren’s Hospital, Melbourne, and Professor Holsch-
neider. It, too, follows an international workshop, or-
ganized by Alex Holschneider, who assembled a team 
of 25 international experts meeting in the picturesque 
Krickenbeck Castle north of Cologne, Germany, in 
May 2005.

Although the clinical features and recognition 
of the various anatomical subtypes has not greatly 
changed, they are, of course, described in the pres-
ent work, including a useful summary as an insert. 
Also included is an atlas of sections of fetal specimens 

from the original studies of one of us (FDS). This ba-
sic anatomical knowledge and clinical recognition is 
required reading for any pediatric surgeon caring for 
affected children, and there can be no excuse from not 
acquiring a thorough grasp of the many complexities 
of the pathological anatomy of the bowel, fistulas, and 
surrounding sphincters, including familiarity with the 
assessment of the muscle integrity and the varieties of 
sacral nerve outflow. Only on this basis can decisions 
on management be logically made. Much of the evi-
dence can be acquired from clinical observation with 
eye and probe, but nevertheless, newer modalities of 
investigations assisting diagnosis are herein well de-
scribed – a reevaluation of the technique, posture, 
and interpretation of the traditional “invertogram”, 
magnetic resonance imaging, electromyography, and 
endoscopic ultrasound.

New work also includes important new concepts 
of the early embryological processes of abnormal 
growth in cloacal membrane development, derived 
from animal models, and an update on the genetics 
of anorectal anomalies, including the identification of 
the genetic basis of Currarino syndrome.

No subject has been more controversial than the 
classification of anorectal anomalies. The distinc-
tion must be made between “classification” based on 
anatomical pathology and/or embryology, and a “di-
agnostic plan”. To be complete, the former must nec-
essarily be large and complex, describing many sub-
types, because that is the nature of this lesion, and was 
the basis of the international classification of 1970. A 
diagnostic plan is a recognition of related anatomical 
features of subtypes in order to make a clinical deci-
sion regarding treatment; it is not a classification. In 
order to reduce the complexity of the international 
classification, which is not accepted in some centers, 
the simpler Wingspread classification was introduced 
in 1984. These classifications are rightly included in 
the current text and are still required knowledge, but 
the Krickenbeck workshop took a different approach. 
One important aspect of an agreed classification is 
that it facilitates a comparison of operative results 
from different surgeons operating on the same lesion. 
However, the number of common operative proce-

Foreword



�I

dures is much smaller than the number of anatomi-
cal subtypes, so it seemed useful to list all those sub-
types together for which there was a generally agreed 
single operative procedure. In this way, the results of 
a particular procedure could be compared irrespec-
tive of the particular subtype. The workshop therefore 
proposed only a small number (7) of “major clinical 
groups”, each group with its own operative procedure. 
Reference to this list indicates that the new concept 
should work well in such “high” groups as rectoure-
thral fistulas, rectovesical fistulas, and cloacal lesions, 
but perhaps less satisfactorily for lesions tradition-
ally labeled “low” or “intermediate”. It is therefore not 
surprising that some groupings are controversial. Are 
there different levels of rectovestibular fistula requir-
ing two different operative approaches depending on 
length of fistula? Are all perineal fistulas treated the 
same way or do they vary from simple to complex? 
The category of “no fistula” is its own heading, imply-
ing a common method of treatment, yet its subtypes 
vary from a simple “covered anus” by skin folds, an 
equally simple “imperforate anal membrane”, both 
of which require very minor surgery, to more com-
plex imperforate anus and rectum ending blindly in 
levels varying from the area of the bulb of the ure-
thra to high in the pelvis, which require major recon-
struction. Experience will establish whether the new 
scheme will prove satisfactory.

An interesting feature of classification is the major 
input from colleagues from the Indian and Asian sub-
continent, who report considerable differences in the 
incidence of various lesions; they contribute extensive 
experience regarding the operative management of 
several anomalies uncommonly seen elsewhere, and 
their contribution is essential to this text.

Operative management continues to be dominated, 
and rightly so, by the enormous contribution and vast 
experience of Alberto Peña by the introduction of 
posterior sagittal anorectoplasty (PSARP), and this 
experience is updated in the current text, especially 
with respect to cloacal anomalies and total urogenital 
sinus mobilization; nevertheless, there remain many 
varieties of detail of PSARP executed by others, while 
retaining the principal features of this approach. This 
is especially so in the management of “low” lesions, 
and alternative approaches are described. In addition, 
two significant operative procedures are now included 
– a technique of vaginal reconstruction by Arnold 
Coran, and the growing experience of the endoscopic 
repair of several anomalies, which may become the 
standard approach for high lesions.

One of the major discussions at the Krickenbeck 
workshop concerned the postoperative assessment 
of results. Many schemes have been tried in the past, 

each varying in the parameters to be assessed, and 
consequently comparison of results has been almost 
impossible. A simple clinical scheme has now been 
suggested; it does not result in a numerical “score,” 
but may permit at least a degree of subjective analysis 
of results. It recognizes the importance of constipa-
tion in affecting fecal control, and the value of behav-
ioral training in treatment. Considerable new work is 
now recorded in the assessment of muscle and nerve 
integrity and of bowel motility by electromyography, 
endosonography, and electromanometry, the latter 
particularly by Alex Holschneider. Adult sexual func-
tion is also addressed.

The final chapter is unique and extremely valuable. 
It is the first time a significant study of results assessed 
by the direct experience of parents and care support 
groups has been included in a standard surgical text. 
Not only is there much detailed factual information 
of the children’s long-term symptoms after surgery, 
but also some penetrating comments as to how we, as 
surgeons, have often failed our patients and parents 
in communication and empathy. No matter how en-
thused we may be by the practice of surgery, and no 
matter how dedicated we might be in our endeavor 
to care for our patients to the best of our ability, none 
of us can feel to the same extent the depth of the 
burden suffered by some parents and some children 
struggling with the practicalities of daily living when 
results are suboptimal. The input of these writers is 
beautifully and sensitively written, and it is a salutary 
reminder that we are always and only the servants, 
never the masters, of our patients.

We warmly recommend this new book. We con-
gratulate Alexander Holschneider on his enthusiasm 
and professional expertise in bringing to fruition this 
new edition after 18 years since the last update, and 
John Hutson for the masterful editing of a very com-
plex subject. We wish it well.

F. Douglas Stephens
E. Durham Smith
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This multiauthor book is an update on the science 
and surgery of malformations of the rectum and anus. 
It carries on Douglas Stephens’ book “Congenital 
Malformations of the Rectum, Anus, and Genito-uri-
nary Tracts” published in 1963. This first book, which 
deals exclusively with malformations of the lower end 
of the digestive and urogenital tracts, was based on 
fundamental studies on paediatric pathology, surgery 
and surgical anatomy performed at the Department 
of Surgical Research of the Royal Children’s Hospi-
tal, Melbourne, Victoria, Australia. Until today these 
studies have represented the embryological and path-
oanatomical basis of our knowledge in the diagnosis 
and treatment of anorectal malformations (ARM). In 
1971 Douglas Stephens and Durham Smith published 
the first update of their book, called “Ano-Rectal 
Malformations in Children”. It became the standard 
work for ARM for the following 17 years. In 1984 an 
international workshop took place at the Wingspread 
Convention Center, Wisconsin, USA, hosted by the 
Department of Surgery, Chicago Children’s Memo-
rial Hospital, where Douglas Stephens worked at 
that time. The chief objects of that meeting were an 
update of the approximately 170 years of experience 
with modern treatment of ARM and to set standards 
for the classification and treatment of this malforma-
tion. At the end of the conference the so-called Wing-
spread classification was settled, technical details for 
abdominal, sacral, and perineal approaches were pro-
posed and the great variety of ARM listed again. The 
results of the Wingspread meeting were finally pub-
lished by Stephens and Smith in 1988 with support 
of the March of Dimes Birth Defects Foundation at 
Alan R. Liss, New York [1]. The Wingspread classifi-
cation of ARM divided ARM into high, intermediate, 
and low types and correlated the individual underly-
ing pathoanatomy with the appropriate surgical pro-
cedures. This meant, roughly speaking, that a perineal 
approach should be performed for low-type, a sacral 
approach for intermediate-type, and an abdomino-
sacro-perineal pullthrough for high-type malforma-
tions. These Wingspread considerations continue to 
have great influence on the diagnosis and therapy of 
ARM.

As time went on, however, new aspects were devel-
oped, particularly concerning the surgical therapy of 
children with imperforate anus. Special merit should 
be given to Alberto Peña, Cincinnati, USA, who de-
scribed the sacral approach as the method of choice 
for almost all types of imperforate anus. Peña and de 
Vries described in 1982 the important details of the 
posterior sagittal anorectoplasty, which became the 
classic approach for the treatment of ARM in the 
subsequent years [2, 3]. This more simplified concept 
was based on the observation that the anatomical 
structures described by anatomists could hardly be 
identified during the operation. The different struc-
tures of the levator muscle, the puborectalis sling and 
the three slings of the external anal sphincter muscle 
could frequently only be realised as a muscle complex. 
According to the large experience of Alberto Peña 
with thousands of patients operated by himself in his 
former centre for ARM, the Jewish Hospital in Long 
Island, New York, USA, and throughout the whole 
world, a therapeutic concept based on anatomical ob-
servations seemed to be less important to him than a 
classification based on clinical experience.

Therefore, in 1990 Peña published an “Atlas of Sur-
gical Management of Anorectal Malformations”, de-
scribing in detail his new procedure, and in 1995 a 
clinical classification of ARM according to the type of 
the associated fistula. By closely comparing both pro-
posals, the Wingspread classification and Peña’s sug-
gestions, it became clear that there was no real contra-
diction between them. Perineal and vestibular fistulas 
could be regarded as low malformations, bulbar fis-
tulas, imperforate anus without a fistula and some of 
the vestibular fistulas may be regarded as intermedi-
ate-type anomalies, and prostatic and bladderneck 
fistulas are considered as high-type imperforate anus. 
However, it became evident that a new conference, 
21 years after the Wingspread meeting, would help 
to clarify these problems. Therefore, an International 
Conference for the Development of Standards for 
the Treatment of Anorectal Malformations was orga-
nized at Krickenbeck Castle near Cologne, Germany 
(17–20 May 2005). This workshop brought together 
26 international authorities on congenital malforma-
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tions of the organs of the pelvis and perineum. Recent 
advances in aetiology and genetics, diagnosis, early 
and late management and methods of improvement 
of urorectal continence were reviewed. In addition, 
the participants developed a new international clas-
sification for ARM and a new grouping for follow-up 
assessment and standard surgical procedures. The 
principle idea of the Krickenbeck workshop and the 
subsequent international conference on 21 May 2005 
in Cologne was to enhance the current fundamental 
concepts in the diagnosis and treatment of ARM, to 
update the recent knowledge on this not infrequent 
congenital malformation and to prepare this new up-
date of Stephens and Smith’s book from 1988 (Fig. 1).

The editors would like to thank Mrs. Gabriele 
Schröder and Mrs. Stephanie Benko, Springer Inter-
national Publishers, for their interest and agreement 
to publish this book. We would also like to thank Mr. 
Janis Biermann, The March of Dimes Birth Defects 
Foundation and Alan R Liss, New York for giving 
us back all rights for publishing, tables, figures and 
chapters of the previous edition. We are especially 
pleased and honoured, that the former editors F. 
Douglas Stephens and E. Durham Smith attended the 
Krickenbeck Conference and helped with their advice 
and contributions to continue with their work. Spe-
cial thanks go to Alberto Peña, who contributed tre-
mendously to this book with many chapters written 
together with his associate Dr. Marc Levitt. Profes-
sor Peña’s influence has changed fundamentally the 
concept of the former edition as he has changed the 
concept for the diagnosis and treatment of ARM. The 
Krickenbeck conference and this book are now build-
ing up a bridge between the important and still valid 
pathoanatomical considerations published by Ste-
phens and the large clinical experience described by 
Peña. The anatomical aspects are supported by an un-
published series of autopsies performed by F. Douglas 
Stephens in children with imperforate anus who died 
from other reasons. His findings are presented in this 
book on a CD with a special index (Chap. 6). They 
confirm the clinical observations of Peña in a mag-
nificent way. However, they also point out the neces-
sity for an accurate anatomical knowledge of the indi-
vidual deformity. The new classifications proposed at 
the Krickenbeck Conference are part of Chaps. 8 and 
25. They have also been published by Holschneider et 
al. as a preliminary report [4]. The authors would like 
to thank Professor Jay Grosfield for his help for the 
quick and uncomplicated acceptance of this report.

We would also like to thank all of the co-authors 
who have contributed their time and effort to the 
research with or without the support of their parent 
universities, institutions, or hospitals; none will re-
ceive royalties on the sale of this book. Thanks are due 
to their supporting institutions, the names of which 
appear in the list of contributors.

Members of many disciplines in hospitals and uni-
versities have played important roles in the elucida-
tion of the occult structural anomalies and the overall 
management of afflicted babies. In this context we are 
especially grateful to Professor J. Koepke, Head of the 
Anatomical Institute of the University of Cologne, 
Professor W. Lierse, former Head of the Institute for 
Neuroanatomy and Anatomy of the University of 
Hamburg, and Professor W. Meier-Ruge, Basel, Swit-
zerland, for their support and advice in solving ana-
tomical and pathological questions dealing with the 
pathophysiology of ARM.

Many other co-workers like physicians, nurses, ra-
diologists, ancillary artists, photographers and hard-
working secretaries in many countries have contrib-
uted their knowledge and expertise generously to the 
research, diagnosis, and management of ARM and 
the manuscript of this book. Mrs. Elisabeth Herschel 
at the Children’s Hospital of the City of Cologne, Ger-
many, and Mrs Shirley D’Cruz at the Royal Children’s 
Hospital in Melbourne, Victoria, Australia, had ex-
ceptionally onerous work keeping track of correspon-
dence and manuscripts and retyping, and we thank 
them for work well done.

Last but not least we would like to thank Dr. Win-
fried and Danielle Hartwick, Meerbusch, Germany 
and the Foerderverein Blankenheimer Dorf, Blan-
kenheim, Germany for supported the idea of the 
Krickenbeck Conference financially. We are grateful 
to Mr. Thomas Gemein for good cooperation with the 
Verein der Freunde and Förderer des Kinderkranken-
hauses Amsterdamer Strasse, Köln and the WestLB 
Akademie Schloss Krickenbeck, and Mrs. Svitlana 
Görden, Düsseldorf/Germany for the organisation of 
the Krickenbeck Conference.

All of the authors would like to thank all the par-
ents’ associations for children with ARM for their 
confidence and support of our daily work. We are es-
pecially grateful for the contribution of their experi-
ence and data to this book.

Alexander M. Holschneider, Köln
John M. Hutson, Parkville
April 2006
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Standards for diagnostic procedures: International Classi-
fication (Krickenbeck)

Major clinical groups Perineal (cutaneous) fistula
Rectourethral fistula
 Bulbar
 Prostatic
Rectovesical fistula
Vestibular fistula
Cloaca
No fistula
Anal stenosis

Rare/regional variants Pouch Colon
Rectal atresia/stenosis
Rectovaginal fistula
H type fistula
Others

Method for assessment of outcome established in Kricken-
beck 2005 (patient age > 3 years, no therapy)

1. Voluntary bowel movements yes/no

 Feeling of urge 
 Capacity to verbalize
 Hold the bowel movement

2. Soiling yes/no

 Grade 1 Occasionally (once or twice per week)
 Grade 2 Every day, no social problem
 Grade 3 Constant, social problem

3. Constipation yes/no

 Grade 1 Manageable by changes in diet
 Grade 2 Requires laxatives
 Grade 3 Resistant to diet and laxatives

For further details see acknowledgement and chap-
ters 8 and 25.
Preliminaray report in JPS 2005, 40:1521–1526.

International grouping (Krickenbeck) of surgical proce-
dures for follow up

Operative procedures Perineal operation
Anterior sagittal approach
Sacroperinal procedure
PSARP
Abdominosacroperi-
neal pull-through
Abdominoperineal pull-through
Laparoscopic-assisted pull-through

Associated conditions Sacral anomalies
Tethered cord

Krickenbeck Consensus for the Classification, Grouping 
of Surgical Techniques and Scoring for Follow Up 
of Anorectal Malformations
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General Aspects 



Anorectal malformations (ARM) are relatively fre-
quently encountered anomalies that represent an 
important component of pediatric surgical practice. 
Many in our profession have a significant interest in 
the management of the numerous variants of ARM 
that affect both boys and girls. This chapter will at-
tempt to bring the reader up to date through a histori-
cal overview of these fascinating anomalies from the 
earliest of days until the current era.

1.1 The Early Era: AD 2–1900

ARM have been a source of concern for centuries and 
have been recognized in animals since the time of 
Aristotle in the third century BC [6]. Soranus, who 
is considered the first pediatrician of Rome, changed 
the prevailing public attitude in the second century 
AD by not allowing neonates with anomalies to die 
and described dividing a thin anal membrane and di-
lating the opening [70, 144]. Paul of Aegineta pierced 
an anal membrane and used a wedge-shaped tent 
dilator in the seventh century [119]. In 1576, Galen 
described the anal sphincters, levator muscles, and 
coccyx [46]. There were few recorded references re-
garding these conditions until 1676, when Cooke 
treated a child by making a small incision over a blind 
anal membrane and dilated the aperture with an elder 

pith. He emphasized care of the sphincter muscles to 
others who sought to duplicate his success [26, 28]. 
In 1693, Saviard was the first to attempt treatment of 
a high termination of the bowel by plunging a trocar 
through the perineum [143]. In 1787, 94 years later, 
Benjamin Bell performed the first perineal dissection 
in two newborns, finding the blind-ending rectum at 
variable lengths from just above the anal area to the 
level of the coccyx [10]. A trocar was inserted and fe-
cal content evacuated. Prolonged bouginage was re-
quired to preserve the open passage using a sponge 
tent, gentian root, or other substances that swell with 
moisture [10, 34]. Bell also described instances of rec-
tovaginal and bladder fistulas [10]. In 1792, Mantell 
published a report concerning a girl with a recto-
vaginal fistula [101]. In 1786, he had performed an 
incision in the perineum and carried it up to a probe 
placed through the vagina into the fistula, creating 
an anal communication. Reoperation was required 
2 years later for “anal” stricture [101].

Colostomy was popularized in the eighteenth cen-
tury in France. Following an autopsy in an infant with 
rectal atresia in France in 1710, Littre proposed that 
the bowel be brought to the surface of the abdomen 
to function as an anus [94]. The first successful sig-
moid colostomy (termed an “inguinal colostomy” or 

“procedure of Littre”; Fig. 1.1) was performed by Du-
ret in 1793 on a female infant who survived into adult 
life [39]. The results described by others were not as 
successful [31]. In 1798, Martin of Lyon suggested 
insertion of a sound in the colostomy and pushing 
distally to identify the blind-ending rectum during 
a later perineal dissection [102]. In 1856, Chassignac 
reported successful use of this technique in two in-
fants with a colostomy [22]. However, colostomy in 
the newborn was neither a popular procedure nor 
was it widely accepted at the time [34].

In 1834, Roux of Brignoles attempted to preserve 
external sphincter function and used a midline lon-
gitudinal incision extended toward the coccyx [141]. 
The incision continued through the elliptical sphinc-
ter ani muscle and levators and when the rectal atresia 
was palpated, a bistoury (trocar) was inserted into the 
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bowel, releasing meconium. Dressings and bouginage 
were required to prevent occlusion of the opening [1]. 
In 1835, Amussat performed the first proctoplasty 
by suturing the opened rectal atresia to the skin in 
the midline (Fig. 1.2) [4]. This was a landmark pro-
cedure at the time and gained wide acceptance, and 
was used frequently for the rest of the nineteenth cen-
tury. Amussat used an extensive T-shaped incision 
that basically destroyed the sphincter mechanism. 
In some instances he described removing the coc-
cyx to aid exposure and mobilization of the rectum 
[4]. Techniques to repair rectovaginal and rectovulvar 
fistulae were described by Dieffenbach in 1845 [36] 
and Rizzoli in 1854 and again in 1869 [136, 170]. In 
1852, Dunglison described the relationship between 
the longitudinal smooth muscle fibers of the rectum 
and the external sphincter muscle and mucous mem-
brane [38]. By 1860, Bodenhamer noted that in some, 
but not all instances of high rectal atresia, the sphinc-
ter muscles were detected [12, 13]. Despite this ob-
servation he shunned colostomy and recommended 
that an artificial anus should always be established in 
the perineum. He championed the midsagittal inci-
sion first described by Roux 27 years earlier. In 1873, 
Verneuil reaffirmed Amussat’s observation that coc-
cygectomy facilitated the dissection of a high blind-
ending rectum [4, 167]. In 1879, McLoed described 
an abdominoperineal (AP) procedure for instances in 

which the blind rectal atretic end was not found be-
low [107]. By 1882, Amussat’s procedure had gained 
favor in the USA [4, 18]. Before that time only spo-
radic anecdotal reports concerning ARM were noted 
in America [53]. Prior to the introduction of the 
aseptic technique by Lister, the operative mortality 
for both proctoplasty and colostomy was greater than 
60% [34]. In 1886, McCormac was one of the few to 
suggest a two-stage procedure-preliminary colostomy 
and subsequent proctoplasty [108]. In 1897, Matas 
combined a sacral approach to rectal atresia with sa-
crotomy to aid exposure in instances of high-lying 
anomalies and predicted that this would be the route 
of choice for these procedures in the future [106]. 
Matas was not a proponent of colostomy and favored 
a one-stage procedure in the neonatal period [106]. 
His bias influenced the care of babies with ARM for 
the next four decades.

During the pre 1900 era, appreciation of the pelvic 
and perineal anatomy was influenced by the observa-
tions of Vesalius (1543) [168], Galen (1576) [46], and 
Santorini (1724) [142] who described the anal sphinc-
ters, the levators, and the coccyx. In 1874, Robin and 
Cadiat reexamined these observations and defined 
the sphincter ani externus [138]. Gowers described 
the automatic action of the sphincter ani in 1877 [49], 
and Holl was the first to describe the puborectalis 
muscle as a separate entity in 1897 [65].

Fig. 1.2 JZ Amussat performed the first proctoplasty for a pa-
tient with imperforate anus

Fig. 1.1 Illustration of the inguinal colostomy (procedure of 
Littre) popularized in the eighteenth century in France
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1.2 Anorectal Anomalies 
in the Twentieth Century

1.2.1 The Barren Era: 1900–1945

Textbooks of Surgery in 1908 recommended colos-
tomy as a life-saving measure only, otherwise the per-
ineal approach was employed for all other cases [75]. 
Extension of the long median posterior incision was 
suggested for those instances associated with a rec-
tovesical fistula [105]. Controversy concerning sur-
gical management continued. In 1908, Mastin noted 
that the AP procedure had little to attract surgeons 
and could scarcely be viewed as a rational procedure 
[105]. In 1915, Brenner on the other hand thought 
that the AP procedure was a novel technique that 
promised good results in selected cases [14]. By 1922 
it was recognized that that the perineal approach was 
often futile in instances of high rectal atresia [130]. 
Despite these sporadic observations, by 1926 lapa-
rotomy with or without a colostomy was considered 
a procedure of last resort and was associated with a 
high mortality [42].

In 1930, Wangensteen and Rice described the ra-
diographic invertogram as a method for determin-
ing the level of termination of the rectal atresia and 
deciding whether a perineal approach was rational 
[169]. In 1934, Drs Ladd and Gross at the Boston 
Children’s Hospital proposed a classification for ARM 
(types 1–4) that closely resembled Bodenhamer’s 
work published 74 years earlier [12, 13, 88]. Only 
one of their 162 cases was managed by a one-stage 
AP approach and proctoplasty. At the time the suc-
cess rate for cases of rectovaginal fistula was 50%, that 
for rectourethral fistula was 20%, and the mortality 
was in excess of 50%. Dissection was kept close to the 
hollow of the sacrum, and the external sphincter was 
divided in lateral halves and resutured in front and 
behind the proctoplasty [88]. The role of the leva-
tors and puborectalis was unknown. In 1936, Stone 
described transplantation of a low rectovaginal fistula 
to the anal site without splitting the rectum sagittally. 
He termed the condition imperforate anus with rec-
tovaginal cloaca [161]. In 1938, an early perineal op-
eration was still considered the method of choice by 
many surgeons [11].

1.2.2 Post World War II Era: 1945–1980

1.2.2.1	 A	Time	of	Enlightenment	
and	Continued	Controversy

Following World War II, things began to change. The 
availability of antibiotics and improvements in anes-
thesia had a positive influence on reducing the septic 
complications associated with bowel surgery. In 1948, 
Rhoads and colleagues in Philadelphia rekindled 
interest in a combined AP approach for cases of im-
perforate anus and high rectal atresia [134]. In 1950, 
Denis Browne of Great Ormond Street, London, UK, 
reclassified the defects associated with rectal agenesis 
using a thesis originally described by Wood-Jones in 
1904 and 1915 [16, 173, 174]. The term “covered anus” 
became popular, and initial colostomy and subse-
quent AP pull-through through a hole stretched (not 
cut) in the pelvic floor was advocated for high lesions. 
Browne also popularized the “cutback” anoplasty for 
instances of perineal fistula [16]. In 1953, Douglas 
Stephens, while working with Denis Browne in Lon-
don, described the sacroperineal rectoplasty and em-
phasized the role of the levator ani and downplayed 
the importance of the internal and external anal 
sphincters [153, 154]. Two of the four patients un-
dergoing this procedure achieved continence. In 1959, 
Fritz Rehbein of Bremen reintroduced the endorec-
tal pull-through combined with an AP approach for 
boys with rectourethral fistula [133]. The endorectal 
concept was described by Hochenneg in Austria in 
1889 [63]. Rehbein divided the bowel at laparotomy, 
stripped the mucosa from the distal rectal atretic end 
and brought the proximal bowel through the resul-
tant muscular sleeve to the anal dimple to perform 
an anoplasty [133]. He missed the puborectalis sling 
in performing this procedure. In 1960, Roumaldi of 
Italy used the same approach for girls with a rectoves-
tibular fistula [140]. In 1961, after extensive dissec-
tions, Stephens proposed the importance of the pu-
borectalis muscle as the main muscle of continence, 
but recognized that soiling accidents continued to 
occur because of mucus leakage from the anal ca-
nal due to total or functional absence of the external 
sphincter [155]. He suggested that this was a problem 
that needed to be solved by the mother and child. He 
also advocated the use of the pubococcygeal line on 
the diagnostic radiographic invertogram to improve 
identification of the level of rectal atresia [156].

Because of the high incidence of incontinence 
with the AP approach, in 1963 Kiesewetter of Pitts-
burgh modified Stephens’ operation by performing 
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an abdominosacroperineal procedure [79]. He used 
the abdominal approach to isolate the rectourethral 
fi stula and the sacral route to enter the supralevator 
space by splitting the pubococcygeus and ileococ-
cygeus in the midline. Unlike Stephens, Kiesewetter 
believed the external sphincter muscle was present 
and worth saving. Two years earlier (1961), E. Ide 
Smith and Robert E. Gross had identifi ed a normal-
sized external anal sphincter in 15 out of 16 autopsied 
cases of imperforate anus [150]. Kiesewetter later met 
with Rehbein and adopted Rehbein’s mucosal strip-
ping and endorectal concept, while Rehbein added 
Stephens’ inclusion of the puborectalis sling to his 
procedure [34]. In 1963, Stephens published the fi rst 
modern major textbook on the subject [156]. In 1967, 
Swenson and Donnellan of Chicago described their 
experience with AP procedures and preservation of 
the puborectalis sling in the newborn without a co-
lostomy [163]. Th ey thought it was advantageous to 
locate the anoplasty more anteriorly to avoid tension 
on the bowel as it passed in front of the puborectalis 
sling. Th is completely ignored the external sphincter 
muscle that Swenson (like Stephens) did not think 
was important in controlling continence [163]. Th at 
same year (1967), Kiesewetter and Nixon found the 

external sphincter muscle present in all nine cases 
studied at autopsy, but found a gap between the 
sphincter and the puborectalis muscle [80]. In 1969, 
Justin Kelly of Australia reported the innovative use 
of cineradiographic defecography in an attempt to 
evaluate the function of the puborecatalis following 
procedures for ARM [76].

In 1970, Cremin et al. reported that the pubococ-
cygeal line recommended by Stephens on the radio-
graphic invertogram was an unreliable landmark and 
suggested using an “M” line, especially in cases with 
missing sacral segments [27]. In 1973, a prone cross-
table radiograph was recommended as an alternate 
to the classic invertogram for diagnosing the level of 
rectal atresia [112].

In 1970 a workshop was held at the Royal Chil-
dren’s Hospital, Melbourne, Australia to reclassify 
ARM. A rather complex, male/female low, interme-
diate, and high classifi cation was brought into eff ect. 
Th e contents of the workshop were published by Ste-
phens and Smith in 1971 [157]. Stephens and Smith 
(Fig. 1.3a, b) noted that the functional results of the 
AP procedure and sacroperineal operation were simi-
lar. However, they cited problems with the Kiesewet-
ter/Rehbein operation including mucosal prolapse at 

Fig. 1.3 A Douglas F. Stephens performed the sacroperineal anoplasty. B E. Durham Smith – working with Dr. Stephens edited the 
fi rst major modern textbook on ARM
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the anoplasty site, incomplete use of striated muscle, 
and loss of rectal storage capacity by using the atretic 
rectal segment for the muscle sleeve. Yet, they agreed 
that this procedure was more acceptable than an AP 
approach alone. The controversy continued, and in 
1971, Stephens and Smith recommended the sacrope-
rineal approach for redo procedures after an initially 
inadequate rectoplasty [157]. In 1972, Fowler indi-
cated that since the importance of the puborectalis 
muscle was recognized, “further finesse in the perfor-
mance of rectoplasty will center on creating a more 
functionally efficient sphincter ani” [44]. In 1975, 
Shafik reported a new concept regarding the anatomy 
of the anal sphincters and the functional physiology 
of defecation that he termed the triple loop system 
[145].

Dissatisfaction with the outcomes of other proce-
dures in 1978 led Mollard to recommend an anterior 
perineal approach bringing the atretic bowel down in 
front of the puborectalis sling [110]. Sixty percent of 
the patients had mucosal prolapse, and soiling con-
tinued to be a problem.

Reports recognizing associated anomalies in other 
midline structures such as esophageal atresia and 
tracheoesophageal fistula, duodenal atresia, neural 
tube defects (tethered cord), vertebral anomalies, 
sacral anomalies, genitourinary anomalies, and in-
stances of congenital heart disease that accompanied 
imperforate anus became prominent [19, 30, 41, 51, 
103, 117, 118, 147, 171]. Acronyms like VATER and 
VACTERL describe instances of ARM with many of 
these associated conditions [41, 51, 74, 78, 131]. Cer-
tain genetic abnormalities were noted to coexist with 
ARM, including instances of trisomy 13–15, 16–18, 
and 21 (Down syndrome) [41, 43, 165]. The absence 
of associated rectal fistulae in the latter group also 
became apparent [43, 165]. ARM were also noted to 
be associated with the cat-eye syndrome (otic atresia 
and coloboma), Currarino syndrome (rectal steno-
sis, sacral anomalies, presacral teratoma, or anterior 
meningocele) and occasionally Hirschsprung disease 
[24, 29, 41, 86, 89, 98, 104]. It should be noted that 
although credit has been given to Currarino and as-
sociates for recognizing the constellation of defects 
known as Currarino syndrome, it was Ashcraft and 
Holder who first described these familial occurrences 
in 1965 [7, 29]. In India, an unusual subset of patients 
were identified with imperforate anus and short colon 
pouch syndrome [8, 17].

The 1970’s and early 1980’s was a period when 
children’s surgeons reported the results of some of 
the procedures advocated by Stephens and Smith, 
Rehbein, Kiesewetter, and others. It became quite 

clear that different subjective criteria for grading and 
definitions used by various authors to assess function 
would make it difficult to compare results. The vari-
ous studies often focused on the area specifically of 
interest to the surgeon who advocated the procedure. 
Comments like excellent, good, fair, and poor charac-
terized the studies, and continence was assessed ac-
cording to whether one was evaluating puborectalis 
function or other sphincter activity. Sphincter tone 
was frequently not mentioned. How motility was 
evaluated was often in question. Kelly used a scoring 
system with 6 as a maximum score [77]. Terms like 
colonic inertia appeared to address the failures and 
severe constipation that followed the procedure [15, 
163]. In 1977, Kiesewetter noted an improvement 
over time from poor to good in low anomalies and 
from poor to fair in high anomalies, and that switch-
ing from an AP approach to an abdominosacroperi-
neal or sacroperineal approach did not improve func-
tion [34]. The same year, Nixon and Puri evaluated 47 
children with high anomalies; only seven had a good 
outcome, 28 were fair, 11 poor, and 7 required a per-
manent colostomy [114]. The seven good outcome 
patients soiled for 6–17 years of follow-up. Kiesewet-
ter, Turner and Nixon, and Puri suggested that con-
tinence was an “evolutionary process” that improved 
each year during puberty [79, 114]. In 1979, Hecker 
and Holschneider presented a manometric and func-
tional classification that evaluated external sphincter 
contraction, propulsive wave frequency and “critical 
volume,” and noted that “an intelligent patient can ef-
fect social continence” [54]. The need for a standard-
ized objective testing method to evaluate outcomes 
was apparent. Mucosal prolapse and stricture of the 
anoplasty site remained a problem and a variety of 
secondary plastic procedures were suggested to re-
vise the anoplasty by Mollard and Rowe [111], Nixon 
[113], Becmeur et al. [9], and Anderson et al. [5]. In-
continence also continued to be a problem, and free 
muscle transfer, reverse smooth muscle plasty, graci-
lis muscle flaps, and artificial sphincters were used 
in an attempt to correct this problem, with marginal 
results [34, 64, 66, 67, 149]. Reoperation for a missed 
puborectalis sling and failed previous procedures was 
also attempted [81, 87, 127, 149].

1.2.3 The Modern Era: 1980–2005

The 1980s ushered in another procedure, the pos-
terior sagittal anorectoplasty (PSARP), resurrect-
ing the concept initially proposed by Roux [141] in 
1834 and subsequently used by Bodenhamer in 1860 
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[12]. The PSARP operation described by Peter deVr-
ies and Alberto Peña and published in 1982 was a 
new landmark event in the history of ARM, just as 
influential as the contributions by Amussat and Ste-
phens and was rapidly adopted by many pediatric 
surgeons throughout the world [4, 33, 153, 154]. They 
redefined the arrangement of the pelvic muscles and 
sphincters as a fused sphincter muscle complex. The 
higher rectal defects were noted to have a wider sepa-
ration between the subcutaneous and superficial ex-
ternal anal sphincter and the latter muscle from the 
levators. DeVries and Peña completely divided all 
the muscles posteriorly in the midline from the anal 
dimple to the coccyx. They divided the rectourethral 
fistula from within the atretic segment by separating 
the mucosa and smooth muscle to avoid urethral and 
neural damage. The distal atretic segment was ta-
pered to fit within the puborectalis and the divided 
muscles were sutured posteriorly around and to the 
neorectum prior to performing the anoplasty. Slight 
tension was placed on the anoplasty site to draw the 
skin in and avoid prolapse [120]. The popularity of 
the PSARP procedure was a reflection of the discon-
tent expressed by many pediatric surgeons with the 
results obtained after other procedures in the man-
agement of intermediate and high ARM. While the 
procedure allowed a precise anatomic reconstruc-
tion, it was not a panacea [55, 148]. In inexperienced 
hands, urologic injuries were observed during at-
tempted repair of anorectal malformations [68]. Al-
though the rate of continence improved (70% in 
Peña’s hands; Fig. 1.4), it became apparent that many 
of the children had significant motility disorders, and 
fecal retention was a major problem [121, 122, 126]. 
Heightened awareness of this problem led to the es-
tablishment of close follow-up programs to assure 
patient and parent compliance with postoperative 
anal dilatation and appropriate rectal washouts us-
ing enemas [125, 126]. With the advent of the new 
procedure and continued controversy, an additional 
conference was held in 1984 at the Wingspread Con-
ference Center in Wisconsin to reevaluate ARM with 
regard to classification, embryology, anatomy, and 
treatment. The Wingspread classification simplified 
the male/female low, intermediate, and high variants 
decided upon in 1970, transferred many female cloa-
cal variants to separate subgroups and characterized 
the more uncommon anomalies as rare conditions 
[34]. Bladder and cloacal exstrophy and the various 
neuropathies were excluded. The presentations at the 
Wingspread Conference were edited by Douglas Ste-
phens and E. Durham Smith and were published as 
a Birth Defects monograph by the March of Dimes 

in 1988 [158, 159]. The 1980s and early 1990s were 
periods that were also characterized by children’s sur-
geons paying much closer attention to recognition 
and repair of cloacal anomalies. Dr. Raffensperger 
[132] of Chicago, and especially Dr. Hendren of 
Boston were instrumental in developing methods of 
repair (Fig. 1.5) [55–62, 97]. Later, Peña (and his as-
sociates) employed the posterior sagittal approach to 
repair cloacal anomalies and developed considerable 
experience in the management of these patients [92, 
93, 124, 128, 151]. Peña also championed the concept 
of urogenital advancement in the repair of high cloa-
cal defects [124]. Updated information concerning 
the anatomy and embryology of cloaca was published 
in a 1996 textbook edited by Stephens, Smith, and 
Hutson [160].

In 1992, Malone and associates described the an-
tegrade colonic enema concept using an appendicos-
tomy on the anterior abdominal wall or hidden within 
the umbilicus to flush the colon (MACE procedure) as 
an alternative to traditional retrograde enema wash-
outs from below in children with incontinence or sig-
nificant fecal retention [99]. Similarly, subsequent re-
ports by Ellsworth et al. [40], Wilcox and Kiely [172], 
Squire et al. [152], and Levitt et al. [91] found the 
procedure useful. The Chait percutaneous cecostomy 
tube [21, 90] and Gauderer sigmoid button [47] were 
suggested as alternatives. Brent and Stephens [15] 
had identified the problem of rectal ectasia in 1976 
and this was reaffirmed by Cloutier et al. [25], Cheu 
and Grosfeld [23] and, more recently, Peña and as-
sociates [126]. Of interest is that rectal ectasia occurs 
more commonly in children with low anomalies and 
may result from longstanding distension of the rectal 
segment in utero. Some of these patients (including 
those with megasigmoid) responded favorably to re-
section of the abnormal bowel [23, 126]. Despite the 
apparent popularity of the PSARP operation, in the 
1990s several articles appeared in the literature rec-
ommending anterior sagittal anorectoplasty, anterior 
perineal anorectoplasty, and other modifications of 
the Mollard approach [2, 20, 37, 115].

In the 1990s, advances in technology resulted in 
new methods of assessment of patients with ARM 
and their associated anomalies. Transperineal ultra-
sonography was used to locate the infracoccygeal 
level of atresia and identify fistulae [52, 82]. Mag-
netic resonance imaging proved useful in evaluating 
the pelvic and perineal muscle status and identifying 
instances of tethered cord, vertebral anomalies, and 
spinal dysraphic syndromes [96, 137, 166]. Gross and 
Peña emphasized the value of a pressure-augmented 
distal colostogram to define the presence and location 
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of the fistula in patients who required an initial colos-
tomy in the neonatal period prior to definitive repair 
[50]. Postoperative assessment of sphincter muscle 
function and the position of the pulled-through seg-
ment within the sphincter complex is aided by anal 
endosonography [73, 162]. The advent of minimally 
invasive surgical techniques also influenced surgical 
treatment. Georgeson [48] and others [164] employed 
a laparoscope-assisted one-stage AP pull-through 
procedure that provided excellent exposure deep in 
the pelvis, divided the fistula using a harmonic scal-
pel or endoscopic clips, identified the sphincter com-
plex and puborectalis muscle, and passed the colon 
through an intact sphincter to the anal dimple where 
an anoplasty was constructed in the neonatal period. 
Laparotomy and transsacral incisions were avoided 
and postoperative pain was diminished. Iwanaka et 
al. [71] and Yamataka et al. [175] used a laparoscopic 
muscle stimulator to accurately locate the sphincter 
during laparoscope-assisted repair. Adeniran sup-
ported a one-stage repair of imperforate anus and 
rectovestibular fistula in girls [2]. Albanese and col-
leagues advocated a one-stage correction of high 
ARM in the male neonate as a method of preserving 

the neural framework for normal bladder and bowel 
function that exist at the time of birth [3]. The learn-
ing period when neuronal circuitry development 
takes place resulting in normal or near-normal ano-
rectal function occurs early and delayed repair may 
lose critical time when neural networks and impulses 
form [3, 45]. The one-stage operation avoids a co-
lostomy and its potential complications, including 
urinary tract colonization and infection. Results are 
not yet available to determine whether these modifi-
cations will remain enduring and result in favorable 
long-term outcomes.

Animal models became available to study the em-
bryology and anatomic features of ARM, including 
cloacal anomalies in pigs [69], mice [84, 85, 95], rats 
[95, 129], and chick embryos [100]. In mice, defects 
in sonic hedgehog signaling and mutations in the Gli 
2 and 3 genes have been identified that hinder hind-
gut development [72, 83, 84, 109]. Careful three-di-
mensional reconstructive studies of embryos from 
the Carnegie collection by Paidas [116] and Rogers et 
al. [139] have led to further observations concerning 
the human embryology of ARM and cloaca, updating 
de Vries and Friedland’s previous contributions [32].

Fig. 4 Alberto Peña – advocated the posterior sagittal anorec-
toplasty (PSARP) procedure for ARM

Fig. 5 W. Hardy Hendren – was a leader in the management of 
cloacal anomalies
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1.3 ARM in the Twenty-First 
Century

Over the years, a great deal of information has been 
acquired concerning the many variants of ARM. The 
current mortality for these anomalies has for the 
most part been very low and is related to associated 
anomalies and unfavorable chromosomal and ge-
netic syndromes rather than the result of treatment 
of the ARM per se. In general, agreement has been 
reached regarding some embryologic and anatomic 
considerations, diagnostic evaluation, and preopera-
tive assessment [123, 146, 150]. Most investigators 
would agree that results are better following repair 
of low defects when compared to intermediate and 
high anomalies and those with cloaca. There remain 
several areas of controversy regarding the choice and 
timing of the procedure and methodology used to 
assess results. Certain poor prognostic factors have 
been identified, including abnormal sacrum, defi-
cient pelvic innervation, poor perineal musculature, 
and disorders of colonic motility. It may be difficult 
to establish a prospective randomized study to evalu-
ate some of the differences that exist among surgeons, 
although a study comparing open and minimally in-
vasive techniques is appealing. Developing an agree-
able classification that is stratified for adverse factors 
(e.g., sacral anomalies, muscle deficiency, pelvic in-
nervation, associated anomalies, motility disorders) 
may permit surgeons to then assess outcomes more 
accurately using measures that are more objective 
than subjective. Designing a protocol that will define 
the precise location of the pulled-through rectal seg-
ment, and pelvic and sphincter muscle assessment 
using magnetic resonance imaging and/or anal endo-
sonography (neither subject the child to radiation ex-
posure), anal manometrics, functional defecography, 
and colonic motility studies in addition to traditional 
evaluation of soiling, sensation, and other more sub-
jective analyses used in the past seems reasonable. For 
example, recent data suggest that after a properly per-
formed operation, continence is achievable in a sub-
set of patients with high defects that have an internal 
sphincter and high anorectal resting pressure [135]. I 
am optimistic that the 2005 conference on ARM in 
Cologne will address these issues.
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2.1 Introduction

Anorectal malformations (ARM) present an incidence 
rate ranging from 1:1,500 to 1:5,000 live births [18, 
19, 41, 49, 52, 53, 61, 109, 110, 112], and have vari-
able clinical presentations ranging from mild forms 
that might require only minor surgical interventions 
to more complicated cases that need to be managed 
with multi-staged operations [51, 87, 88, 108].

The cause of ARM is unknown, although arrest 
of the descent of the urorectal septum towards the 
cloacal membrane between the 4th and 8th weeks of 
gestation was previously considered the basic event 
leading to ARM [31, 32, 55, 71]. Since the molecu-
lar determinants during blastogenesis are overlap-
ping for many body systems, and these elements are 
closely related in timing and spacing, so defects in 

blastogenesis often involve two or more progenitor 
fields. This fact may explain the cause of subgroups 
of ARM that form part of complex phenotypes due 
to developmental field defects. These complex phe-
notypes are considered as end results of pleiotropic 
effects of single causal events that might be chromo-
somal, monogenic or even teratogenic [72].

Classifying ARM from the genetic point of view is 
not easy since they present different forms that are be-
lieved to be influenced by different factors such as sex 
and associated anomalies. ARM can be the only path-
ological finding (non-syndromic) or as part of a more 
complex phenotype (syndromic), and may occur in a 
single affected individual (sporadic) or in more than 
one individual in the same family (familial) with dif-
ferent modes of inheritance. There are gender differ-
ences, with remarkably higher preponderance in boys 
for more complex ARM forms, while the less severe 
types, with perineal or vestibular fistulae, reported 
more frequently in girls (Fig. 2.1) [61]. These topics 
will be discussed in detail below.

2.2 Non-syndromic ARM

Sporadic ARM is a frequent clinical finding; however, 
different modes of inheritance have been reported. 
Eleven families have been reported with inherited 
variants, 7 of these families showing autosomal domi-
nant mode of inheritance. In one family the condition 
was suggestive of autosomal recessive inheritance, 
with two affected females to healthy-looking parents. 
In the remaining three families, it was not possible to 
differentiate whether the inheritance was autosomal 
or X-linked recessive (Table 2.1).

Moreover, excluding the isolated autosomal domi-
nant low type, ARM can escape diagnosis easily due 
to variable expression, such as presenting with a very 
mild manifestation such as an anteriorly located anus 
(perineal fistula) [60]. Careful examination of the first-
degree relatives, particularly the parents, is highly 
recommended before calculating the recurrence risk 
in isolated low ARM due to variable expression [96].
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2.3 ARM Associated with Other 
Systemic Malformations

There is a wide spectrum of possible associations 
of ARM with various systemic malformations (Ta-
ble 2.2). These associations may be well-described 
syndromes with various aetiologies or may be just a 
random association with other malformations. In a 
recent review, Ratan et al. [94] studied 416 patients 

affected with ARM of whom 58% had additional 
malformations: 68% were male and 32% were female. 
High-type ARM was found in 58%, but occurred five 
times more frequently in males than in females, while 
low-type ARM occurred twice as often in females 
than in males. High-type ARM were associated 13 
times more frequently with other congenital malfor-
mations than were low-type ARM. ARM with other 
anomalies were four times more common among 

Fig. 2.1 Classification of anorec-
tal malformations (ARM)

Table 2.1 Suggested mode of inheritance for isolated anorectal malformations (ARM)

Reports Affected members Suggested inheritance

Manny et al. (1973) [68] Father-son Autosomal-dominant

Schwoebel et al. (1984) [106] Mother, son and daughter Autosomal-dominant

Boocock and Donnai (1987) [12] Three father-son pairs Autosomal-dominant

Weinstein (1965) [124] Three families with affected 
sons and healthy parents

Autosomal- or X-linked recessive

Winkler and Weinstein (1970) [126] Two daughters, healthy parents Autosomal-recessive

Landau et al. (1997) [60] Four members in three generations Autosomal-dominant

Robb and Teebi (1998) [100] Father-son Autosomal-dominant
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males than females. These findings are in contrast 
with isolated ARM, for which there is no sex differ-
ence and, more surprisingly, the isolated low-type 
ARM is twice as common as the high type. Ratan et al. 
[94] also found that boys with high ARM had more 
vertebral and gastrointestinal tract anomalies, espe-
cially for congenital short megacolon, while the boys 
with low ARM had a higher incidence of genital mal-
formations. On the other hand, girls with high ARM 
have more skeletal anomalies (other than vertebral) 
and urinary tract malformations. Girls affected with 
low ARM frequently suffered from vesicoureteric re-
flux. The percentages of patients affected by ARM and 
2,3, or 4 other body system anomalies were 50%, 29%, 
and 16% respectively.

The analysis of associated malformations plays an 
important role in the genetic study of ARM, because 
diagnosing the associated anomalies can identify 
specific genes that may represent a starting point for 
more detailed investigations. Studies have thus fo-
cussed on the most frequently associated anomalies, 
namely the vertebral, genitourinary and gastrointesti-
nal malformations [61].

A condition that is commonly associated with 
ARM is hypospadias (found in 6.5% of cases) [40]. 
Moreover, one out of five cases of congenital urethral 
fistula – a rare condition – is associated with ARM. In 
a study on rectal innervation in patients with ARM, 
enteric nervous system anomalies ranged from 79 to 
100% of cases depending on the ARM type [61].

The combination of both ARM and intestinal dys-
ganglionoses, particularly Hirschsprung’s disease 

(HD), is another interesting field, since several caus-
ative genes for HD are known. The incidence of this 
combination varies widely from one study to another, 
ranging from 3.4% [54] to 60% [86]. Lerone et al. sug-
gested that this variability depends on whether suit-
able techniques for diagnosing intestinal innervation 
were used or not [61]. Enzymohistochemical tech-
niques studying cryostat sections from biopsy speci-
mens of the fistula and rectal pouch demonstrated an 
abnormal innervation in 96% of ARM patients [61, 
44]. Classical aganglionosis was found in 31% of rec-
tal pouch specimens, hypoganglionosis in 38%, and 
intestinal neuronal dysplasia type B in 14%; unclas-
sified dysganglionosis was found in 10%. These data 
demonstrate that ARM and dysganglionoses are not 
uncommon, and suggest the importance of mutation 
analysis of HD genes in ARM-affected individuals 
[61].

2.4 Aetiological Classification

The frequent association of ARM with common chro-
mosomal anomalies is well known (e.g. Down syn-
drome, trisomy 18, 13q-, cat-eye syndrome (CEM), or 
genetic syndromes such as Currarino syndrome, FG 
syndrome, VATER association and others [14, 17, 22, 
35, 39, 42, 48, 75, 80, 82, 85, 95, 98, 99, 111, 115, 123]. 
Teratogenic effects of certain agents such as thalido-
mide, oestrogen and ethanol intake has also been well 
described [8, 61, 89].

Table 2.2 Systemic malformations associated with ARM. US Ultrasound, IVU intravenous urethrogram, MCU micturating cysto-
urethrogram, MRI magnetic resonance imaging, ECG electrocardiogram

Anomalies Incidence in literature (%) Investigations Notes

Urologic 25–55% US, IVU Hoekstra, Ratan, Mittal

Vesicoureteric reflux 20–47% US, MCU Hassink, Narasimharao, 
Rickwood, Ratan

Genital 3–18% (boys) 
26–39% (girls)

Hoekstra, Metts, Cortes

Vertebral 25–38% X-ray, MRI Hassink, Carson, Mittal, Ratan

Other skeletal 13–16% X-ray Hassink, Ratan, Mittal

Spinal-cord-related 8–67% X-ray, MRI Rivosecchi, Walton, 
Ratan, Mittal

Cardiac 10–17% ECG, echocardiography Mittal, Greenwood, Ratan

Gastrointestinal 7–10% X-ray, biopsy Ratan, Mittal, Hassink

Tracheoesophageal 6–8% Hassink, Ratan

Others 4–5% Ratan
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2.4.1 Chromosomal Anomalies Associated 
with ARM

In a study of 1,846 babies with ARM [24], chromo-
somal anomalies were found in 11%, the most fre-
quent form being perineal fistula. The frequencies of 
trisomy 21, 13, and 18 among babies with ARM were 
15, 30, and 90 times higher, respectively, in compari-
son to neonates in the general population (Table 2.3).

2.4.2 Down Syndrome

The ARM occurs more frequently with Down syn-
drome than in the general population and there is a 
higher rate of deformities without fistula [11, 116]. 
In a study of 1,992 patients with ARM in Japan [30], 
Down syndrome was seen in 101 patients (5.1%), 
with no gender variation. The incidence of high, in-
termediate, and low types were 2.7%, 18.7% and 4.1%, 
respectively, showing clearly the statistical difference 
between the intermediate type and the others. Ninety-
five percent (96 out of 101) of patients with Down 
syndrome had deformities without fistula, while only 
3 patients had rectourethral fistula; the remaining 2 
had a perineal fistula.

2.4.3 Cat-Eye Syndrome

CES is characterised by ARM, coloboma of the iris 
(total or rarely partial, unilateral or bilateral), colo-
boma of the choroid and/or optic nerve, microph-
thalmia (usually unilateral) and variable external ear 
deformities ranging from unilateral auricular reduc-
tion defects to several tags, mostly with atresia of the 
external auditory canal. These anomalies can be as-
sociated with mental retardation in half of the cases; 
dysmorphic features are the leading signs for the di-
agnosis, including hypertelorism, downward-slant-
ing palpebral fissures and low root of the nose. Con-
genital heart disease can also be associated with this 
syndrome, especially septal defects and anomalous 
pulmonary venous return, as can different forms of 
urinary tract malformations such as renal agenesis or 
hypoplasia, vesicoureteral reflux and bladder anoma-
lies [7, 61, 105].

CES is usually associated with the cytogenetic 
finding of a supernumerary marker chromosome 
consisting of duplicated material of chromosome 22. 
Bisatellite and dicentric markers are usually found 
(idic(22)(pter→q11.2::q11.2→pter)) and thus results 
in tetrasomy of the p arm and a part of 22q11.2 [74, 
105]. This chromosomal anomaly generally follows a 
de novo mutation, and the recurrence risk does not 
increase with subsequent pregnancies. However, in a 
few cases the anomaly may segregate from an affected 
parent. Mosaicism can be a frequent finding in blood 
samples of the affected index case and of his family 
members. This may draw attention to considerable 
intrafamilial variability of the phenotypic expression, 
and the potential recurrence risk for patients with a 
normal karyotype [105].

2.4.4 Genetic Syndromes Associated 
with ARM

Seven major syndromes have been considered in this 
chapter: Townes-Brocks syndrome (TBS), FG syn-
drome, Pallister-Hall syndrome (PHS), VACTERL 
(vertebral, anorectal, cardiac, tracheoesophageal, re-
nal, and limb anomalies) Association (VATER), sire-
nomelia, caudal regression syndrome (CRS) and Cur-
rarino syndrome.

2.4.4.1	 Townes-Brocks	Syndrome

Otherwise known as renal-ear-anal-radial syndrome 
or Townes-Brocks-branchio-oto-renal-like syndrome, 

Table 2.3 Some forms of chromosomal anomalies associated 
with ARM (from Cuscheri et al. 2002) [24]

Chromosomal anomalies Number of cases out of 
1,846 ARM patients

Trisomy 8 mosaic 1

Trisomy 13 12

Trisomy18 20

Trisomy 21 39

Trisomy 22 3

Sex chromosome aneuploidy 4

Triploidy 1

Tetrasomy 12 p (Pallister-Killian) 2

Ring (13) 3

Deletion 5p 3

Extra fragment 3

Partial tri/monosomy 21

Other chromosome anomalies 17
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this autosomal dominant syndrome was first de-
scribed in 1972 [116]. It is estimated to have an inci-
dence rate of 1:250,000 live births [70]. TBS has great 
variability among affected families [89], but in gen-
eral the main characteristic features of TBS are: (1) 
ARM (imperforate anus and anal stenosis), (2) hand 
malformations in the form of preaxial polydactyly 
with diverse thumb anomalies ranging from vestigial, 
broad, to triphalangeal thumb, and even distal ulnar 
deviation of the thumb and (3) external ear malfor-
mation (microtia, external auditory atresia, satyr ear 
with overfolding of the superior helix, preauricular 
pits and sensorineural deafness). Other associated 
anomalies are congenital heart malformations, mostly 
tetralogy of Fallot, ventricular septal defect, truncus 
arteriosus and genitourinary anomalies (which can 
include dysplastic kidneys, vesicoureteric reflux and 
hypospadias); mental retardation has been noted in 
variable degrees [89]. The major criteria for the diag-
nosis of TBS are the hands, ears and anus. In the pres-
ence of only two major criteria the diagnosis becomes 
less secure and may be taken in consideration only 
if: (1) they are accompanied by minor malformations 
such as cardiac and renal anomalies and deafness, (2) 
absence of atypical features (i.e. tracheoesophageal or 
vertebral anomalies), (3) presence of another affected 
individual in the family and (4) other affected per-
sons in the family who have the missing major feature 
in the index case. In that case the clinical diagnosis 
can be confirmed by a mutational analysis of the 
causative gene SALL1. Failure to detect the mutation 
does not rule out the diagnosis since the detection 
rate is 64.3–83.3% of patients with “classical” TBS 
with hands, ears and anal malformations. SALL1 gene 
is the only known gene causing TBS [56, 58, 69]. TBS 
exhibits similar features to other syndromes, namely 
Goldenhaar, VACTERL or oculo-auriculo-vertebral 
[89]. SALL1 was mapped first to 16q12.1 by fluores-
cence in situ hybridisation [57]. Up to 29 mutations 
were reported in affected individuals with scattered 
mutations all over the gene [56]. However, it is still 
unknown whether certain forms of mutations in 
other parts of SALL1 would result in different pheno-
types. Mutation analysis of SALL1 has confirmed that 
penetrance is complete in TBS [56]. Prenatal diagno-
sis can be performed by searching for mutations of 
the SALL1 gene in amniotic fluid and chorionic villus 
samples. In the case of absence of known mutations 
of SALL1 in affected families, prenatal diagnosis can 
be performed by high-resolution ultrasound between 
18 and 22 weeks of gestation, by finding the thumb 
malformations since ARM can not be seen easily, 
while renal anomalies can be identified [56].

2.4.4.2	 FG	Syndrome

FG syndrome, which takes its name from the initials 
of the first described case [83], is characterised by 
mental retardation, and multiple congenital anoma-
lies including large head, imperforate anus, congeni-
tal hypotonia and partial agenesis of corpus callo-
sum). It can involve many body systems, including: 
(1) the central nervous system (most markedly men-
tal retardation, congenital hypotonia, convulsions, 
and sensorineural deafness) – the malformations that 
can be seen through imaging techniques are partial 
or total agenesis of the corpus callosum, hydrocepha-
lus, megaloencephaly and neuronal migration defect; 
(2) dysmorphic features: frontal bossing, macroceph-
aly, hypertelorism, telecanthus, epicanthal folds and 
downward-slanting palpebral fissures; (3) severe con-
tipation that can be associated with ARM; (4) genital 
malformations: cryptorchidism, hypospadias, hernia; 
(5) patients usually have fine, silky, and soft hair with 
an anterior upswept hairline and excessive number 
of hairwhorls; (6) ocular abnormalites in the form 
of squint and ptosis; (7) broad thumbs and halluces. 
This syndrome is X-linked recessive with a gene map 
locus on Xq12-q21.31.

2.4.4.3	 Pallister-Hall	Syndrome

This is a rare, life-threatening disorder that is char-
acterised by hypothalamic hamartoma (commonly 
leading to precocious puberty or panhypopituita-
rism), polydactyly (central), imperforate anus, and 
respiratory tract anomalies (bifid epiglottis and/or 
other laryngeal anomalies) [37]. The mode of inheri-
tance is autosomal dominant, with remarkably vari-
able expression [10, 102]. PHS (together with Greig 
cephalopolysyndactyly), as a distinct and pleiotropic 
developmental anomaly, is caused by mutations in 
the gene GLI3, which is inherited in an autosomal 
dominant pattern [50, 121].

PHS disease tends to be expressed mildly in fa-
milial cases, while it takes a more dramatic course in 
sporadic cases. The estimate of recurrence risk and 
genetic counselling should be based on whether the 
index case is part of a familial condition. In this case 
the disease usually tends to repeat itself in successive 
generations of affected individuals, with a 50% recur-
rence risk. Incomplete penetrance is not reported and 
those who harbour the mutation usually manifest the 
disease, but with highly variable expression. However 
it is important to inform these families about the pos-
sibility of having a baby affected with PHS in a more 
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severe or even milder form than that of the other in-
dividuals in the family. Regarding sporadic cases, in 
whom the disease tends to occur in a severe form and 
frequently with a higher mortality rate and reduced 
reproductive fitness, the recurrence risk can be that of 
the general population. However, the absence of cases 
with gonadal or germinal mosaicism does not mean 
that it can not exist, so the family should be informed 
about the substantial risk of recurrence [9].

2.4.4.4	 VACTERL	Association	(VATER)

VACTERL is an acronym for vertebral anomalies (fu-
sion, hypoplasia), ARM, cardiac malformations, tra-
cheoesophageal fistula with or without atresia, renal 
anomalies (renal agenesis, hypoplasia or even cystic 
dysplasia) and limb anomalies (usually involving 
the radial ray such as radial or thumb hypoplasia, 
either uni- or bilateral). This term represents the ex-
panded previous acronym of VATER, which stands 
for vertebral defects, anal atresia, tracheoesophageal 
fistula, and radial dysplasia, first reported by Quan 
and Smith [91]. VACTERL is believed to result from 
an early embryonic insult, more specifically of blas-
togenic origin occurring during the first 4 weeks of 
embryogenesis, so the expected effects are primary, 
polytopic, developmental field defects [70]. This 
early embryonic event can lead to different defects in 
various body systems. Of the 416 patients with ARM 
described by Ratan et al. [93], the additional anoma-
lies occurred in 58%, of whom 2, 3 and 4 additional 
malformations were observed in 50%, 29%, and 16% 
of cases, respectively. Only three patients showed the 
full picture of VACTERL. In another study of 140 pa-
tients with ARM, only 2 patients exhibited all of the 
characteristics of the association, but 44 patients had 
3 or more of the components of VACTERL associa-
tion besides the ARM [76].

This association is frequent and it is estimated to 
be 1:7,000–10,000 live births [21]. Almost all cases 
are sporadic and the recurrence risk is minimal. 
However, VATER with hydrocephalus represents a 
distinct entity, since an autosomal recessive mode of 
inheritance has been reported in several families [47, 
119]. A novel germline mutation of the PTEN gene 
in a patient with macrocephaly, ventricular dilata-
tion and features of VATER association was recently 
reported [94]. Another form of VACTERL and hy-
drocephalus is thought to be X-linked recessive [32, 
46, 65]. Chromosomal anomalies have been reported 
frequently in the literature in association with VAC-

TERL, these can be trisomy 18 or long arm deletion 
of chromosome 13 [1, 6, 43, 110]. Recently, a case of 
VATER with 9q+ was reported [2], similarly a case of 
interstitial deletion of the long arm of chromosome 6: 
del (6) (q13q15) in association with VACTERL asso-
ciation [122], and another male case with VACTERL 
association and a karyotype showing mosaicism for 
a supernumerary ring chromosome in 63% of all the 
metaphases of both the lymphocytes and fibroblasts. 
This ring chromosome belongs to chromosome 12 
[20]. A patient affected with VACTERL has also been 
found to harbour a somatic point mutation in mito-
chondrial DNA obtained from kidney tissue [25].

2.4.4.5	 Sirenomelia

Sirenomelia may represent one of the oldest diag-
nosed congenital deformities, since it was mentioned 
by the ancient Greeks. Sirenomelia manifests with 
fusion of the lower limbs at a varying level and de-
gree, with inability to perform normal movements 
and rotation (apodia, monopodia and dipodia). Not 
only are limb anomalies found in this lethal phenom-
enon, but also ARM (variable forms, including cloa-
cal anomalies), genital (absent or arrested develop-
ment), renal (cystic kidneys, or agenesis as a common 
cause of death when bilateral), gastrointestinal tract 
malformation, skeletal (vertebral and rib anomalies), 
various upper-limb defects, congenital heart disease 
and more [61]. It has an estimated incidence rate of 
1:60,000, and a male:female ratio of 2:7. Almost all 
cases are sporadic with recurrence risk similar to 
that of the general population [49]. It was originally 
believed that sirenomelia is a severe form of CRS; 
however it has since been suggested that it is rather 
the result of early embryonic vascular insult leading 
to ischaemia in the caudal portion of the foetus [5, 
15, 117]. It is thought that in sirenomelia an aberrant 
vessel originating from the vitelline artery shunts the 
blood supply coming to the high abdominal aorta di-
rectly through the umbilical cord to the placenta. The 
result would be severe hypoperfusion of structures 
distal to the origin of that aberrant vessel, since this 
vessel steals the blood supply from the caudal region 
of the foetus; this vascular stealing phenomenon is 
thought to be responsible for the pathogenesis of si-
renomelia [112].
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2.4.4.6	 Caudal	Regression	Syndrome

As the name implies, this syndrome is characterised 
by a heterogeneous group of caudal anomalies. It may 
include variable degrees of spinal column agenesis, 
ARM and genitourinary anomalies. Its effects are not 
restricted to the caudal part of the body; CRS can 
also be associated with pulmonary hypoplasia and 
congenital heart malformations [29]. The estimated 
incidence rate of CRS is 1:7,500 births, but some 
authors report a higher incidence of 1:200–1:1,000 
[125], while Diel et al. [26] reports an incidence rate 
of 1:10,000–1:20,000. We believe that the difference in 
previously reported incidence rates is due to the vari-
ous presentations of CRS and to the possibility of its 
association with other multisystemic malformations 
such as omphalocele, cloacal exstrophy, imperforate 
anus, and spinal deformities, and VACTERL [104].

Cama et al. [16] outlined some of the typical fea-
tures of this syndrome: (1) cutaneous signs (such 
flattening of the buttock and shortening of the inter-
gluteal cleft secondary to lumbosacral agenesis), (2) 
sacrococcygeal agenesis (partial or total), (3) skel-
etal deformities (vertebral, rib, or even lower-limb 
deformities, scoliosis with or without kyphosis, hip 
dislocation), (4) congenital heart defects (tetralogy of 
Fallot), (5) ARM, (6) genitourinary disorders (renal 
aplasia or dysplasia, whether unilateral or bilateral, 
vesicoureteral reflux, ureterocele, hypospadias and 
malformed external genitalia) and (7) pulmonary hy-
poplasia. ARM is considered a frequent finding with 
CRS: 27–48% of published CRS series of cases were 
associated with ARM [16, 96]. ARM can be present in 
CRS in different forms, whether mild or severe.

Nearly all the cases of CRS are sporadic, and the 
genetic background to the development of CRS is 
partially known [15, 113, 127]. CRS occurs in up to 
1% of pregnancies of diabetic women, and up to 22% 
of CRS occurs in the offspring of mothers affected 
with diabetes mellitus type I or type II [118]. The risk 
seems to be greater for women who are insulin-de-
pendent since it is estimated that they are 200–400 
times more likely to have a child with CRS than non-
diabetic women, reflecting the fact that CRS is one 
of the most characteristic abnormalities occurring in 
foetuses of diabetic women. A reasonable explana-
tion of this combination is that the teratogenic cause 
underlying CRS in diabetes is hyperglycaemia [33]. 
To the best of our knowledge, the exact mechanism 
leading to CRS is not yet known; however, it has been 
proposed that before the 7th week of gestation, one 
or more processes of primitive streak migration, pri-

mary or secondary neurulation, or differentiation are 
compromised in the embryonic caudal parts [15, 113, 
118, 127].

2.4.4.7	 Currarino	Syndrome

CS was first described as the triad of ARM, hemisa-
crum and presacral mass [23]. The radiological aspect 
of the sacrum described by Currarino is the so-called 

“sickle-shaped sacrum”, which is caused by the pres-
ence of a hemisacrum with preservation of the first 
sacral vertebra. This finding is pathognomonic for 
the diagnosis CS [103]. According to Cama [16], 
classification of sacral anomalies presents: (1) total 
sacral agenesis with normal or short transverse pelvic 
diameter, and the defect extending to include some 
lumbar vertebrae, (2) total sacral agenesis with intact 
lumbar vertebrae, (3) partial agenesis or hypodevel-
oped sacrum (preserved S1), (4) hemisacrum and 
(5) coccygeal agenesis. Following this classification, 
CS has been characterised as a type 4 sacral anomaly. 
Different forms of ARM can be present in CS, such 
as rectourethral fistula, rectovestibular fistula and 
rectocloacal fistula [73]. It is estimated that 29% of 
ARM are associated with sacral anomalies [97]. The 
most frequent ARM in CS is ARM with perineal fis-
tula [86]. The same anomaly was reported by some 
investigators as anorectal stenosis [84]. The presence 
of perineal fistula leads to difficulty in defecation, and 
constipation, which can be the leading symptom in 
the diagnosis of the disease [73]. The presacral mass 
can be an anterior meningocoele, teratoma, dermoid 
cyst, rectal duplication, a combination of these or an-
other uncommon tumour with reported malignant 
forms [81, 114].

This disorder can be associated with other defects, 
such as urologic abnormalities including horseshoe, 
duplex, or dysplastic kidney, vesicoureteric reflux, 
duplex ureter or hypospadias. Gynaecological mal-
formations may include bicornuate uterus, septate 
vagina and bifid clitoris. Thus, the term syndrome 
was applied correctly rather than triad [4, 67]. CS can 
be sporadic or familial, with an autosomal dominant 
mode of inheritance. It has variable expression (i.e. it 
can present with all or some of the previously men-
tioned anomalies), and incomplete penetrance, which 
means that some individuals have the affected geno-
type but with normal phenotype. In the biggest series 
in the literature, the female:male ratio is 1.7:1, with 
the possibility that the greater number of females is 
due to the coexistence of the gynaecologic or urologic 
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problems, which are noticed more frequently in fe-
males. Moreover, 33% of cases maybe asymptomatic 
[67].

Previous studies suggest the importance of a locus 
on chromosome 7q39. This region was identified by 
linkage analysis to search for the causative gene for 
CS [3, 66]. The region 7q39 includes three genes; one 
of the best known is Sonic Hedgehog (SHH), a very 
important molecular factor in early embryogenesis 
in different body systems; its mutations are respon-
sible for holoprosencephaly in humans [3]. SHH was 
excluded as a causative gene for CS by two thorough 
investigations performed by Seri et al. [107] and Var-
gas et al. [120]. The remaining two homeobox genes 
are also important for early development, namely 
EN2 and HLXB9. Further linkage analysis on affected 
families with sacral agenesis showed that the position 
of the causative gene was more towards the terminal 
end of the long arm of chromosome 7. This excluded 
more obviously the involvement of SHH and EN2, 
which are located more centromerically. EN2 was ex-
cluded since it is located upstream of SHH [101, 107]. 
The third candidate gene is HLXB9 (homeobox gene), 
which was found to be expressed in early development 
in human embryos and expressed specifically in the 
anterior horn region of the spinal cord [101]. HLXB9 
is composed of three exons. A combination of DGGE, 
single-strand conformation polymorphism and di-
rect DNA sequencing experiments were carried out. 
These studies demonstrated several mutations in the 
gene coding sequence and in intron-exon boundaries 
in both sporadic and familial cases, confirming the 
causative role of HLXB9 in this syndrome (Fig. 2.2) 
[4, 36, 101]. To the best of our knowledge, the known 

mutations causing CS are in total 9 missense, 2 non-
sense, 2 splicing, 7 frameshifts, and 6 hemizygous 
microdeletions. Since the loss of one copy of HLXB9 
gene (haploinsufficiency) can lead to CS, as well as 
cases involving deletions of the region 7q35-tel, it is 
quite probable that CS is caused by loss-of-function 
mutations. The presence of polyalanine expansion 
with various triplet repeats in homeobox genes can 
lead to certain pathologic conditions, for example 
synpolydactyly, oculopharyngeal muscular dystrophy, 
and cleidocranial dysplasia [13, 34, 79]. This abnor-
mal expansion was not found to determine CS, since 
they were found in both affected and control cases. 
In the study performed by Belloni et al. [4], the com-
monest allele in the heterozygous form for the general 
population was CGC11, accounting for 90.23% of the 
100 total control chromosomes. Other cases observed 
were CGC12, CGC9 and CGC8, accounting for 1.7, 
7.47 and 0.6%, respectively. Only one case was found 
with homozygous change in the polyalanine tract giv-
ing rise to the CGC9/CGC9 allelic combination. The 
sample was a “control” case, but a closer look and de-
tailed investigations showed that the person lacked 
posterior arch fusion of the vertebrae and had left-
sided scoliosis. The possible relationship between 
the length of the alanine fragment and the presence 
of sacral anomalies in either affected or control cases 
was also excluded in that study [4].

The same studies showed in some familial cases, 
that the mutation was found as well in asymptomatic 
patients with normal sacral X-ray giving the disease 
the characteristic of incomplete penetrance. HLXB9 
mutations are not found in other forms of sacral 
agenesis and are found only in individuals with CS. 
However, HLXB9 mutations are not found in all pa-
tients who are diagnosed clinically; this may suggest 
the possibility of genetic heterogeneity or the pres-
ence of some non-genetic components influencing 
the occurrence of this anomaly, at least for sporadic 
cases. To the best of our knowledge, no further stud-
ies have proved the involvement of any other genes 
in sacral and anorectal development [104]. However 
Horn et al. [45] have reported four cases of minimal 
clinical expression of holoprosencephaly and CS due 
to different cytogenetic rearrangements affecting both 
SHH and HLXB9 at 7q36.3

Taking into consideration all of the previous data, 
we believe that genetic counselling is highly appreci-
ated in any diagnosed case of CS. There is always the 
need for detailed physical examination and sacral X-
ray to the parents to exclude minimal signs of the dis-
ease. Finding HLXB9 mutations in the index case ne-
cessitates the molecular genetic study of the parents, 

Fig. 2.2 Schematic representation of the structure of HLXB9 
gene, showing the three exons, the homeodomain, the number-
ing according to genomic sequence, and nucleotide numera-
tion according to cDNA sequence, and residues numeration. 
The arrows indicate the sites of discovered mutations along the 
gene
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even if they were asymptomatic, because of incom-
plete penetrance with possible subsequent extension 
of the study for further family members in the case 
of positive results. Since CS is autosomal dominant 
and the recurrence risk is 50%, the disease has both 
incomplete penetrance and variable expression. Pre-
natal diagnosis through ultrasound can only detect 
the presacral mass, which is not present in all cases, 
making the molecular diagnosis the most favourable 
method for diagnosing CS prenatally [67]. ARM can 
also be associated with many other syndromes, al-
though in some cases it maybe not be a main charac-
teristic feature (Table 2.4) (see Chap. 3).

2.5 Mouse Models with ARM

ARM can be induced by using certain teratogens such 
as ethylenethiourea (ETU) [41], retinoic acid [28], 
and adriamycin [64] in mice, rats [59] and piglets 
[90]. The ARM produced by adriamycin in rat foe-
tuses seem to be more severe and include variations 
of cloacal agenesis, which is not generally considered 
the best example with which to study comparable hu-
man ARM [27]. ETU treatment of timed-pregnant 
rats showed ARM in 80% of offspring, with variable 
phenotypes ranging from simple anal membrane to 
rectourethral fistula, resembling the ARM seen in the 
human spectrum [41]. Recently, an explanation of 
the developmental defects leading to ARM in ETU-

induced rats showed the presence of maldevelopment 
of the cloaca, delayed tailgut regression, increased 
posterior cloacal wall apoptosis, and underdevelop-
ment of the dorsal aspect of the cloaca itself and its 
membrane [90].

Although SHH mutations were excluded as a cause 
of ARM in humans [107, 120], Shh and the Shh-re-
sponsive transcription factors Gli2 and Gli3 have 
proved to be essential for mammalian foregut de-
velopment. Mutant mice for these factors showed a 
series of multisystemic defects including ARM and 
other components of VACTERL association in man 
[54, 63, 77, 78, 92].

The ablation of Hlxb9 expression was studied in 
two murine knockout models. Heterozygous mice had 
no apparent abnormalities, but the homozygous mu-
tants Hlxb9 -/- were incompatible with life, although 
they exhibited no obvious morphologic abnormality. 
Differential models were made for the cartilage and 
bones, with normal skeletal development and absent 
sacral defects. However, defects were described in the 
development of the pancreas, which is not seen in hu-
mans affected with CS [38, 62] (Table 2.5).

2.6 Conclusions

Current knowledge of the clinical genetics, cytogenet-
ics and molecular genetics of ARM is still progressing. 
The genetic basis of these anomalies is very complex 

Table 2.4 Examples of genetic syndromes with ARM as a feature. XR X-linked recessive, AD autosomal-dominant, AR autosomal-
recessive

Syndrome Prominent Features Mode of 
inheritance 

Locus or gene 
if known

Opitz G Hypertelorism, hypospadias, swallowing difficulties. XR, MID 1 gene

Opitz Frias The same features of Opitz AD 22q11.2

Fraser cryptophthalmos with other malformations, 
cryptophthalmos-syndactyly syndrome.

AR FRAS1

Johanson-Blizzard Hypoplastic alae nasi, deafness, pancreatic 
insufficiency, hypothyroidism.

AR -

CHARGE Coloboma, heart anomaly, choanal atresia, 
retardation, genital and ear anomalies

Sporadic or AD CHD7

EEC Ectrodactyly, ectodermal dysplasia, and cleft lip/palate AD P63

Goldenhaar Hemifacial microsomia, cardiac, vertebral, 
and central nervous system defects

Sporadic or AD

Velocardiofacial Cardiac, thymic, hypocalcaemia, vertebral, others Sporadic or AD Chromosome 22 
microdeletion

McKusick-Kaufman Hydrometrocolpus, Hirschsprung, hydronephrosis AR MKKS
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because of their phenotypic variability and their mul-
tigenic origin. ARM phenotypes may result from al-
terations of different but functionally related genes 
that are part of pathways involved in the development 
of the most caudal region of the hindgut. Moreover, 
some mutated genes are known to produce an ARM 
phenotype in mice. ARM in Currarino Syndrome 
represents the only association for which a single 
gene has been identified in humans. Loss of function 
mutations of the HLXB9 gene can lead to the associa-
tion with anorectal malformation, hemisacrum and 
presacral mass.
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3.1 Introduction

Anorectal malformations (ARM) represent a complex 
group of congenital anomalies resulting from abnor-
mal development of the hindgut, allantois and Mul-
lerian duct, leading to incomplete or partial urorectal 
septal malformations. ARM are a relatively uncom-
mon congenital cause of intestinal obstruction in the 
newborn, occurring in approximately 1 out of every 

4,000–5,000 births (4.05 per 10,000 births) [1]. Ap-
proximately 36.4% are isolated lesions and 63.6% are 
associated with other anomalies [1]. Chromosomal 
defects are associated in 8% [1] and a family history 
may be present [2]. There are epidemiological differ-
ences in the level and extent of the abnormality. In 
the landmark study of 2,376 patients by Stephens, 
45% were “rectal” and 53% “anal” [3].Although 
the current understanding of normal development 
and pathologic variations of ARM is incomplete, the 
critical period of organogenesis is understood to be 
at or before the 6–7th week of gestation. As a result, 
any aetiological defect would have to occur very early 
on in development [4]. The spectrum of lesions varies 
from fairly minor lesions (e.g. anal stenosis) to some 
of the most complicated urogenital lesions including 
anal agenesis, rectal agenesis and rectal atresia, as well 
as complex abnormalities, the level being determined 
by the relationship to the pelvic floor [5].

ARM form a significant load on the surgical ser-
vices, particularly in developing countries, not only 
in the emergency situation but also in terms of long-
term corrective procedures. Although there have 
been major advances in the management of these 
children during the last 15 years, these patients still 
represent a continuing challenge as a result of the sig-
nificant reconstructive problems involved, as well as 
the fact that a significant number suffer from faecal 
and urinary incontinence, as well as the possibility of 
sexual inadequacy in later life.

3.2 ARM – Patterns of Occurrence

3.2.1 Incidence

The reported incidence of ARM is 1 in every 2,500–
5,000 live births [6,7], but may be even more frequent 
in certain developing countries (Table 3.1) [1,6,8–25]. 
Although ARM comprise approximately 0.2–0.3% 
births [26], they have been reported to comprise up 
to 1.2% of reported birth defects [16]. From an epide-
miological point of view, there is little clarity as to the 
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real prevalence, epidemiology of various anatomical 
types and other congenital associations, as reported 
series vary from unit to unit. The EUROCAT study 
of 1,846 recorded cases from 33 registries in Europe 
reported an ARM rate of 405 per 106 live births or 
4.05 per 10,000 (range 1.14–5.96 per 10,000) [1]. In 
a small but well-defined area in France, Stoll et al. 
[23] reported 1 case of anal atresia in every 2,090 live 
births, or 478 per 106.

There appear to be distinct gender differences with 
respect to ARM, although at least 26% have high le-
sions, 10.7% intermediate and 57.2% low abnormali-
ties [27] with variation between boys and girls. The 
Surgical Section of the American Academy of Pedi-
atrics study of 1,142 cases (1965–1969) [28] reported 
a higher incidence of low lesions (19%) in females, 
whereas >50% of affected males had “high” lesions. In 
the EUROCAT studies, high lesions also appeared to 
be more common among boys (34.5 vs 13.3%) and 

low lesions more common among girls (70.9% vs 
47.6%) [1,29].

The majority of epidemiological data include 
both isolated lesions and those associated with other 
anomalies. This collective grouping fails to highlight 
the characteristics associated with ARM alone with-
out interference from other congenital anomalies. 
When studied separately, the differences between iso-
lated lesions and those associated with other anoma-
lies may be marked [1].

3.2.2 Geographic �ariations

International variation occurs not only in the inci-
dence of ARM but also in individual types, and cer-
tain geographic subtypes may occur. There appeared 
to be inter-registry variation even in Europe from 
1.14 to 5.96 per 10,000 [1]. In addition, there appear 

Table 3.1 Incidence of anorectal malformations (ARM)

Author Year Country Incidence No of 
patients

Population

Keith 1908 London  1:5,000

Ladd 1934 USA-Boston  1:7,500 

Malpas 1937 UK - Liverpool  1:3,575

Crowell and Dulin 1940 USA - Iowa  1:5,300 28 150,354

Moore et al. 1952 USA - Indianapolis  1:4,500 120

Kiesewetter 1956 USA - Pittsburgh  1:1,000

Ivy et al. 1957 USA - Pennsylvania  1:9,630

Bradham 1958 Michigan  1:5,000 130

Louw 1965 South Africa  1:1,800 200

Nixon 1972 London  1:3,000

Thomas 1977 Australia-Adelaide  1:3,160 35

Tong 1981 Singapore  1:11,500

Spouge and Baird 1986 Canada - Vancouver  1:2,524 273 689,118

Boocock 1987 UK - Manchester  1:5,080 169

Smith 1988 Australia  1:5,000 5,454

Christensen 1990 Denmark  1: 3,333 29 96,073

Schuler 1994 Brazil  1:8,264 121 1,000,000 Approx

Stoll 1997 France  1:2,090 108 225,752

Naser 2000 Chile  1:1,298 54 70,242

Niedzielski 2000 Poland-Lodz  1:2,295 30

Cho 2001 USA Kansas  1:2,500

Cuschieri 2001 Europe  1:2,469 1,846 4,618,840

Sipek et al. 2004 Czech Republic  1:3,341 279 932,1253
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to be fluctuations between individual years in certain 
geographical areas [17]. Although these variations 
may be on the basis of genetic, environmental and 
socio-economic differences, it is well recognised that 
genetics may have a significant role to play.

Geographical differences have been observed previ-
ously and ethnic differences appear to exist [21,30,31]. 
It is possible that there is a higher incidence of iso-
lated lesions in developing countries as opposed to 
those associated with congenital malformations and 
syndromes. There may also be a higher incidence of 
low lesions in these populations.

There a body of evidence to show that ARM form 
a significant clinical burden in Africa [13,32]. Louw 
[33] reported an overall incidence of 1:1,800 live 
births in Cape Town in 1965, which was considerably 
higher than the 1:3,000–5,000 reported from Europe 
and the North Americas during the same period. 
He reported an incidence of 1:1,740 in Caucasians, 
1:1,770 in coloureds and 1:2,260 in black African live 
births [33]. The slightly lower incidence in black Af-
rican patients in his study may be arguably somewhat 
skewed by demographic factors as well as the govern-
mental policies pertaining to that particular chapter 
of South African history. Nevertheless, the reported 
incidence was higher than in other reports from the 
same period, indicating that ARM may possibly be 
more common in Africa. In support of this, Shija 
reported 46 patients seen in a 2-year “sabbatical” in 
Zimbabwe [32].

At first glance, there is little objective evidence that 
ARM are more common in black ethnic groups. ARM 
have been identified as the third most common cause 
of neonatal intestinal obstruction in one series in 
Nigeria, representing 13.4% of congenital malforma-
tions [34]. In another study it represented 20% of con-
genital malformations [35]. ARM represented 67% 
of emergency surgery in neonates in a further study 
[36]. This suggests that ARM represent a significant 
burden of disease in Africa, which could represent 
an expression of either the high birth rate or a higher 
incidence. There is, however, a great paucity of other 
objective data from the African continent as to the 
types, frequency and incidence of ARM encountered. 
Demographic and clinical factors appear to be associ-
ated with incidence, and comparisons between popu-
lation groups and differences in associated anoma-
lies may exist between population groups. By way 
of example, the 44.4% of low (anal) lesions reported 
by Archibong and Idika [37] appears lower than the 
reported world experience [38]. It is also lower than 
that reported by Louw in a multiethnic community in 
Cape Town [33], where 58% were anal by definition. 

Although some of these differences may be explained 
on the basis of a lack of a standardized nomenclature 
in various periods of history, it illustrates the need for 
more objective data from developing countries to as-
sess geographical differences. A multicentre study is 
currently underway to examine the epidemiological 
prevalence of ARM in Africa.

3.2.3 Ethnic Groups

ARM appear to have a worldwide incidence and have 
been reported from most countries, but there is a great 
paucity of information as to the relative incidence of 
ARM between ethnic groups. Smith [7] reviewed the 
reported incidence and suggested that factors such as 
definition and inclusion may account for many of the 
variations observed. In addition to variations in over-
all incidence, ethnicity and genetic influences may 
result in individual variations and different patterns 
of disease may become evident on further study. Anal 
atresia has been said to have a low incidence in black 
patients [7,39], but other studies have shown no clear-
cut distinction in incidence in black patients and a 
measure of under reporting could be present. By way 
of example, the study by Harris et al. in California 
showed that the observed increase in gastrointestinal 
atresias was not reflected in anal atresia in black pa-
tients [40]. Despite early suggestions to the contrary, 
there is an unsubstantiated view that ARM are in fact 
more common in the African population [7,13,33], a 
view that requires further investigation.

3.2.4 Sex Distribution

In general, the male:female ratio associated with 
ARM is almost equal, with a 56:44 male:female ratio 
previously reported in large collective series [7,27] 
as well as in the EUROCAT study of isolated ARM 
(male:female ratio = 1.06) [1]. Exceptions to this are 
anal atresia (male preponderance) and ectopic anus 
and congenital anal fistula (female preponderance) 
[29]. In addition, the presence of a fistula appeared 
to make a difference; a much higher male prepon-
derance was reported in anal atresia without fistula 
than in those with a fistula (p < 0.0001) [1]. This was 
also shown to be true of both supra- and infralevator 
lesions. As far as infralevator lesions are concerned, 
associated anomalies are mostly to be found in male 
patients, females being largely spared. A male pre-
ponderance was also demonstrated in isolated ARM 
and cloaca, and a marked female preponderance was 
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found in patients with ectopic anus and perineal fis-
tula [1].

Additional anomalies have been reported to occur 
13 times more frequently in patients with a high as 
opposed to a low ARM [41]. In the same study from 
India, males were said to have a 4:1 incidence of asso-
ciated anomalies than girls. An equal sex distribution 
has been reported in patients with ARM with a fistula, 
but certain other differences have reported between 
the sexes, which will be discussed below.

The obvious explanation for gender variations, 
prior to structural or hormonal differences, must lie 
in the chromosomes themselves – particularly the Y 
chromosome [42]. On the other hand, geographical 
differences may exist in the sex incidence, suggesting 
that other factors also play a part. By way of example, 
it has been suggested that in Africa there is a prepon-
derance of females with low lesions [37]. These differ-
ences should be verified and their aetiology explored.

3.2.5 Familial Associations of ARM

ARM have been reported to recur in families, suggest-
ing a genetic component in their aetiology [43,44]. 
No real association between birth order, maternal 
age and relationship to parity has been established, 
although a slight preponderance among first-born 
infants has been suggested [7]. Despite the presence 
of several early reports of familial recurrence [2,44–
49], Smith [7] suggested that heredity plays a minor 
or insignificant role in ARM due to the low familial 
incidence [50]. There appears to be a low rate of asso-
ciation in families (ranging somewhere between 2.4% 
[43] and 8% [2]) , but some appear to have an auto-
somal dominant inheritance pattern. The form of in-
heritance appears to be autosomal recessive, although 
X-linked inheritance has been described [50,51].

Consanguinity has been identified as having a 
higher incidence of ARM [2,16,48], particularly in 
countries in the Gulf and Middle East regions. ARM 
have been reported in three generations within a fam-
ily from this region [52] and syndromic features may 
be more common [53]. In addition, familial associa-
tions of the Currarino association are well established 
[54] and family members have been shown to have 
sacral anomalies without the full syndrome [55].

Twin studies also seem to suggest that inheritance 
plays a fairly minor role. On the other hand, Scandi-
navian studies have reported an incidence of approxi-
mately 3 per 10,000 twin pairs [56] and at least 5 cases 
have been reported in monozygotic twins [57]. ARM 
are also common in ischiopagus conjoined twins.

3.2.6 Chromosomal and Genetic 
Associations of ARM

In an additional 8% of patients, genetic factors are 
clearly associated with ARM. These include several 
chromosomal and multiple congenital anomaly syn-
dromes, which include Towne-Brock syndrome [58], 
FG syndrome [59], Kaufman-McKusick syndrome 
[60] and Lowe syndrome [61]. In addition, ARM 
have been described in association with trisomy 8 
mosaicism, Down and fragile X syndromes [2,38] 
and the OEIS (omphalocele, exstrophy, imperforate 
anus, spinal defects) complex [62]. An extra copy of 
12p was identified in an infant with Pallister-mosaic 
syndrome with ARM [63].

One of the most interesting associations is with 
Down syndrome [of the order of 2.2% [64] to 5.1% 
[27]. In the latter large Japanese cohort, Down syn-
drome had the highest incidence of females with a 
covered anus (73%) . Similarly, girls with associated 
anomalies but no fistula had a significantly higher in-
cidence of Down syndrome than boys without a fis-
tula (p < 0.001) [27].

Other congenital anomalies such as cardiac, 
Hirschsprungs disease (HSCR) [65] and other gas-
trointestinal atresias [66], raise interesting questions 
with regards to potential genetic associations.

3.3 Descriptive Epidemiology 
of ARM

3.3.1 Supralevator �ersus Infralevator ARM

There appear to be distinct differences in the epide-
miology of isolated cloaca, supralevator, infralevator 
anal atresia (with or without fistula) , ectopic anus and 
congenital anal fistula [29]. It is possible that differ-
ences in pathogenetic pathways can be identified for 
supralevator as opposed to infralevator lesions. For 
instance, isolated lesions only had a 10% incidence 
of supralevator lesions as opposed to a much higher 
incidence within the syndromic group [1] and those 
with additional anomalies [29]. This is in contrast to 
the 26% incidence of supralevator lesions reported in 
a large Japanese study [27]. Supralevator lesions were 
more common in multiple congenital abnormality 
syndromes associated with ARM [25]. In a large study 
from India, additional anomalies were 13 times more 
frequently associated with high lesions than with low 
lesions [41].
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3.3.2 The incidence of Fistulas

There also appears to be a difference in the incidence 
of fistulas occurring in supra- and infralevator lesions, 
with fistulas being identified in 53% of isolated supra-
levator lesions and in only 37% of infralevator lesions 
[29]. Early studies showed a higher rate of fistula than 
more recent reports [29].

The fistula in ARM is now broadly accepted as 
an ectopic anal canal and remains the one defining 
feature between groups of ARM. In animal models, 
the fistula appears to represent failure of the urorec-
tal septum to fuse to the cloacal membrane [67]. It 
is therefore interesting that sex differences are also 
seen in relation to the presence of fistulas. The Surgi-
cal Section of the American Academy for Pediatrics 
study reported a 72% incidence of fistula in boys and 
a 90% incidence in girls [28]. The anatomical and 
embryological differences between the genders is an 
obvious potentially significant factor in the pathogen-
esis of these fistulas.

In a large Japanese cohort, males with fistulas were 
divided into rectourethral (adjacent to the ejaculatory 
duct 40%) and rectobulbar entering the bulb of the 
urethra below the urogenital diaphragm [27]. Rec-
tourethral fistula was identified in 81.4% of patients 
with high lesions; these authors suggested that recto-
urethral fistulas should be classified into subgroups 
depending on the level of the blind-ending rectum.

The presence of a fistula also appears to affect out-
come; a higher incidence of foetal death was encoun-
tered in patients without a fistula [1].

3.3.2 Associations with Other Anomalies 
or Syndromes

3.3.2.1	 Isolated	ARM

The epidemiology of these isolated anomalies appears 
to differ somewhat from those associated with other 
abnormalities and syndromes [1]. The study of iso-
lated anorectal lesions identifies those characteristics 
that can be associated with ARM alone without in-
terference from other congenital anomalies [1]. In 
particular, the incidence of supralevator and infral-
evator lesions and of fistulas, as well as ectopic anus, 
congenital anal fistula and cloacal persistence varied 
between the two groups. In the EUROCAT study, iso-
lated lesions only had a 10% incidence of supraleva-
tor lesions as opposed to a much higher incidence 
within the syndromic group, suggesting that associ-
ated anomalies occur more frequently with high le-

sions. This is in keeping with that reported by Louw 
[33], where a 60% incidence of associated anomalies 
was associated with anorectal agenesis, as opposed to 
a 30% incidence in anal malformations. Also in keep-
ing with this, a 13 times higher incidence of high le-
sions has recently been reported with associated ab-
normalities [41].

A male preponderance was demonstrated in iso-
lated ARM and cloaca, an equal sex distribution in 
patients with ARM with a fistula and a marked fe-
male preponderance in patients with ectopic anus 
and perineal fistula [1]. In isolated ARM, the most 
common associations are genitourinary, spinal and 
extremity anomalies, congenital heart disease and 
gastrointestinal and esophageal atresia [28,68]. Hypo-
spadias seems to be one of the most common genital 
anomalies [68].

3.3.2.2	 ARM	Associated	with	Other	Anomalies	
and	Syndromes

Incidence
Early studies stressed the fairly high risk of associated 
congenital anomalies in ARM, the incidence ranging 
between 28 and 72% (Table 3.2) [13,15,25,32,68–72]. 
Although post-mortem studies have demonstrated an 
extremely high (97 and 94%, respectively) incidence 
of associated anomalies [15,73] this can probably be 
partly attributed to patient selection, as those with 
multiple anomalies are most likely to succumb to the 
condition.

Since 1990 there have been several reports that have 
included careful identification of associated anoma-
lies. One UK report suggested a 53% incidence and 
a Japanese study of 1,992 cases a 45.2% association 
[27]. In the more recent Eurocat study, a 64% inci-
dence was identified [1]. Several more reports suggest 
a significant association (Table 3.2) [6,16,41,74–76]. 
The reported occurrence of associated anomalies 
probably depends on how extensive the investigation 
of the patient has been. It may therefore be higher in 
areas of high resources and much lower in developing 
countries.

Epidemiology of Associated Lesions
The epidemiology of associated anomalies may be 
further affected by the level of the lesion as well as the 
sex of the patient. Associated anomalies are impor-
tant as these are not uncommon causes of death and 
may determine quality of life in survivors. Abnormal-
ities can be broadly classified into minor and major 
anomalies as well as chromosomal and malformation 
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syndromes, associations or sequences. In the study 
reported by Louw [33] the associated anomalies were 
not only found more frequently in association with 
high lesions, but were more severe. Clinical groups 
evident in the EUROCAT study of associated anoma-
lies [29] included the following:
1.  Syndromes of known cause (including monogenic, 

teratogenic and chromosomal causes) 
2. Recognised syndromes and sequences
3.  VACTERL (mnemonic: Vertebral anomalies, Anal 

atresia (no hole at the bottom end of the intestine), 
Cardiac defect, most often ventricular septal de-
fect, TracheoEsophageal fistula (communication 
between the oesophagus and trachea) with esoph-
ageal atresia (part of the esophagus is not hollow) 
, Renal (kidney) abnormalities and Limb abnor-
malities, most often radial dysplasia (abnormal 
formation of the thumb or the radius bone in the 
forearm) associations

4.  Multiple congenital anomalies (MCA) with two or 
more anomalies without a recognisable pattern

Associated anomalies occur frequently and range 
from 36.4% (672 cases) in the EUROCAT study [29] 
to 45.2% in another large series (Table 3.2) [27]. Al-
though these would appear to be higher in supraleva-
tor lesions as opposed to low lesions [25–41], it is of 
considerable interest that low vaginal anomalies in 
females appear to have as high an incidence of associ-
ated anomalies as high rectal lesions [13,73].

ARM may be seen to represent not only localised 
lesions, but may also be part of a broader spectrum 
of field defects. As a result, the epidemiological char-
acteristics of those occurring with other associated 
anomalies or as part of other syndromic phenotyopes 
are of considerable interest. The EUROCAT study 
has shown at least 15% of cases to be associated with 
chromosomal variations (monogenic or teratogenic 
syndromes) [29]. Twins (including conjoined twins 
[77]) were more frequent in those with chromosomal 
sequences, VACTERL or multiple anomalies than in 
isolated or monogenetic associations [29]. Those pa-
tients with syndromes or MCA were associated with 

Table 3.2 Anomalies associated with ARM

Author Year Country ARM (n) No associated 
abnormality

Incidence 
(%)

Notes

Ladd and Gross 1934 USA 214 60 28

Lee 1944 USA - Madison 16 29 69

Bacon and Hering 1948 USA 98 16 30

Norris et al. 1949 USA Los Angeles 52 24 46

Mayo and Rice 1950 USA- Rochester 165 63 44

Moore and Lawrence 1952 USA - Indianapolis 120 86 97 Postmortem

Louw 1965 South Africa 200 105 52

Taneja 1970 India - New Delhi 74 38 49

Hasse 1976 Germany - Berlin 1,420 592 42

Tong 1981 Singapore 49 20 31

Shija 1986 Zimbabwe 46 12 26

Boocock and Donnai 1987 UK - Manchester 169 84 53

Endo 1999 Japan 1,992 896 45

Chen 1999 Taiwan 108 63 58

Naser 2000 Chile 54 31 59

Cho 2001 USA - Kansas 103 73 71

Cuschieri 2002 Europe 1,846 1,181 64

Mittal 2004 India 140 83 59

Chalapathi 2004 India - Chandigarh 125 35 28

Ratan 2004 India - Haryana/Delhi 416 241 58

Total 6,876 3,430 Mean 50.45%
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a significantly lower birth weight and significantly 
higher incidences of foetal death or termination of 
pregnancy. Syndromes were mostly associated with 
high or supralevator lesions, whereas in low lesions, 
associated anomalies were mostly identified in male 
patients, females being largely spared. Cloacas only 
represented 0.9% of the total [29]. Of the remainder, 
60.2% had multiple anomalies, 15.4% were associated 
with VACTERL syndromes and 9.3% with sequences. 
A considerable overlap was reported between those 
with VACTERL associations and those with MCA.

One of the problems in ARM epidemiology is 
that the lesion may be hidden among other multi-
ple anomalies in syndromes, some of which are life 
threatening. The ARM may then not be properly 
identified and classified. By way of example, a South 
American study of more than 1 million births in 11 
countries [78] identified 121 (8.5%) of 1,428 babies 
with multiple anomalies that included anal, renal and 
genital anomalies. Three or more VACTERL associa-
tions were seen in 21 of these cases (17.4%) . A second 
group are encountered as part of a complex group of 
multiple anomalies, which include exomphalos and 
the OEIS complex, bladder exstrophy and colonic 
anomalies among others. Cuschieri [29] reported 
a high incidence of exomphalos, half of which were 
associated with cloacal exstrophy. In one study uri-
nary tract anomalies were identified in 42.5%, skeletal 
in 26% and the cardiovascular system in 18.5% [16]. 
ARM have also been reported in association with mal-
rotation [79], and with Pallister-Hall [80], Currarino 
[81] and Down syndromes [65,82].

Congenital anomalies may be less common in de-
veloping countries, occurring in only 27.9% of cases 
in one African study [83]. The question of under-re-
porting is a real issue in many developing countries, 
with the result that direct comparisons are difficult.

3.3.2.3	 Individual	Systems	with	Associated	
Anomalies

Urogenital Anomalies
Urogenital associations are one of the more common 
associations seen in ARM and occur in 20–54% of 
cases [84–87]. In the tertiary referral series by Peña, 
a 48% overall incidence was reported [88], being 
14% in low lesions. In other series the incidence was 
as high as 54% in supralevator lesions [68] and 90% 
in cloacas [89]. Anomalies may affect the upper and 
lower urinary tracts. In a study of 162 female patients, 
[90] the urinary tract was involved in 40% overall, 
with 25% of these associated with the upper urinary 

tract. Unilateral renal agenesis and hydronephrosis 
were the most common lesions. Renal tract anoma-
lies were mostly associated with communicating as 
opposed to non-communicating lesions (29.6% vs 
10.7%) . In 51%, the anomalies were located outside 
of the genitourinary tract. Genital defects are most 
common where anorectal and renal anomalies co-ex-
ist [91], but are generally excluded from the VAC-
TERL association and have previously been included 
in certain series [22,91,92].

Urinary tract anomalies occurred in 25.6% in one 
study from a developing country, occurring more fre-
quently in high lesions [93]. These included genital 
anomalies (14%) and vesicoureteric reflux in more 
than half of them.

The �ACTERL Association
The association of ARM and the VATER syndromes 
by Quan and Smith in 1973 [94] was expanded to 
include limb deformities in the VACTERL associa-
tion soon afterwards [95,96]. VACTERL has been re-
ported in 1 out of every 5,000 live births and appears 
to represent a developmental “field defect” [97]. Most 
cases are sporadic with a recurrence risk of 1%, famil-
ial cases being rarely reported [98,99].

The aetiology of VACTERL is largely uncertain, 
although a considerable body of evidence suggests 
that it is genetic in origin. Anomalies of the ribs and 
lumbosacral vertebrae are not uncommon associa-
tions of ARM and can be reproduced in animal mod-
els, suggesting a common notocordal pathogenesis 
[100]. Studies of the adriamycin animal model have 
linked it to defective sonic hedgehog (Shh) signalling 
[101,102]. Kim et al. [101] found that although there 
was significant association with the sonic hedgehog 
pathway, it did not explain all cases and speculated 
that environmental factors such as teratogens pos-
sibly trigger the event. This is supported by animal 
models utilizing a variety of toxic chemicals [103].

The associations differed markedly with different 
types of ARM lesions [29]. Although VACTERL only 
contributed 15.4% of the total associated anomalies, 
more than 50% of patients with MCA displayed two 
or more VACTERL associations, in more or less the 
same frequency as in the full syndrome itself. Three 
or more VACTERL associations were observed in 
37.43% [76], which suggests a common pathogenetic 
pathway.

In a report from the International Clearing House 
for Birth Defects Monitoring Systems (representing 17 
major registries worldwide, and reflecting more than 
10 million newborn infants) , 286 out of 2,295 cases 
with multiple anomalies had 5 or more VACTERL as-
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sociations [91]. In 74.8% of these, additional defects 
were identified, significantly genital and small bowel 
atresias (p < 0.001) . It is clear that VACTERL associa-
tions are partly the result of genetic factors, and ani-
mal models exist [104]. The association of VACTERL 
with craniofacial anomalies and sirenomelia suggest 
overlapping developmental pathways [105]. Mutation 
of the Fanconi anaemia complementation group C 
gene (FAC) has been reported in twins in association 
with VACTERL and hydrocephalus [106].

Apart from VACTERL associations, other asso-
ciations may occur and the OEIS complex associates 
bladder exstrophy with exomphalos, ARM and spinal 
anomalies [107], which include the VACTERL asso-
ciations (Shh signalling) [104,108] and the Currarino 
Triad [108–111]. Both of these have been extensively 
researched via animal models, and defects of the 
22q11.2 site as well as exon 1 deletions (1q41-q42) 
in the homeobox gene HLXB9 have been described 
[109]. It is thus clear that genetic mutations in the 
sonic hedgehog and homeobox genes may result in 
caudal mesodermal maldevelopment, particularly in 
association with other abnormalities in syndromes.

Cardiovascular System Anomalies
Although part of the VACTERL association, cardio-
vascular associations occur in approximately 9% of 
patients [73]. Greenwood et al. [112] found a 14.9% 
association in his series of 222 patients. A further lit-
erature review revealed cardiovascular anomalies in 
17 out of 1,898 patients. The reported spectrum of 
lesions includes atrial and ventricular septal defects, 
tetralogy of Fallot, truncus arteriosis, transposition 
of the great vessels, infundibular stenosis and aortic 
coarctation [73].

Gastrointestinal Associations
Gastrointestinal anomalies are relatively uncommon 
but have been reported in as many as 10% (25/246) of 
patients [73]. Apart from the VACTERL association 
with oesophageal atresia, they include malrotation 
[113], HSCR [80,81,114,115], gastrointestinal dupli-
cations [116] and duodenal obstructions [73]. Malro-
tation is of particular interest because of its reported 
association with ARM [79] and the hedgehog signal-
ling systems, which are known to be affected.

One of the most significant of the gastrointestinal 
associations occurs with HSCR. It is generally ac-
cepted that the association between HSCR and ARM 
is uncommon [39,82] but may be under-reported 
(being confused with anal stenosis if there is a very 
short aganglionic segment) . In a study of five North 
American centres, Kiesewetter [39] reported a 3.4% 

incidence. In a further large collective series of more 
than 1,200 HSCR cases, a 2.5% association with ARM 
was reported [117]. It was also reported in nine cases 
from a single centre over a 10-year period in another 
series [118]. ARM and HSCR has been recorded in 
two siblings of consanguineous parents [119] and has 
also been associated with trisomy 21 [65], suggesting 
some genetic association. The association remains 
uncommon, however, and in our series we encoun-
tered only 1 out of 408 cases [120,121], which is in 
keeping with several other reports [69,73]. If HSCR 
is present with ARM, it may lead to diagnostic delay 
because of the initial diagnosis of the ARM and the 
fact that the dysfunctioning colostomy is proximal to 
the affected bowel.

�ertebral and Spinal Cord Anomalies
Animal studies suggest that the notocord controls the 
development of the spinal cord, vertebral column and 
anorectum and appears pivotal in the development 
of ARM [104]. As a result, ARM are also commonly 
associated with underlying vertebral and spinal cord 
anomalies, which include the hemisacrum of Cur-
rarino triad. In one study of murine ARM embryos, 
the neural tube was observed to form an anomalous, 
irregularly branched mass in the sacral region [122] 
in the presence of normally developed pelvic muscu-
lature. A further association is with a “tethered” spi-
nal cord in cases of ARM. In one study of 55 patients 
with tethered cord in Japan, 10 (18%) had a high 
ARM [123].

There is considerable variation in abnormalities in 
sacral development, but a sacral ratio of less than 0.52 
can be considered pathological [124]. Currarino triad 
links sacral agenesis with ARM and includes a presa-
cral mass (teratoma) , partial sacral agenesis (hemi-
sacrum) and anorectal defects. Currarino syndrome 
has been associated with haploinsufficiency of the 
HLXB9 gene [111,125,126], but there is considerable 
variation in penetrance [127] Other tumours such as 
sacrococcygeal teratoma have been described in asso-
ciation with a low lesion [128] and malignant degen-
eration of the presacral teratoma has been described 
in a familial case [129]. Seri et al excluded the sonic 
hedgehog pathway as being responsible for the Cur-
rarino syndrome [130]. Subsequent linkage of Cur-
rarino syndrome to chromosome 7q36 [131,132] and 
the HLXB9 homeobox gene [111] shed further light 
on its pathogenesis (see Chap. 2).

Other Associations
Other skeletal anomalies occur and limb defects tend 
to be pre-axial in nature [133]. Syndactyly has been 
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reported in association with other craniofacial anom-
alies [134]. The morphogenesis of the internal anal 
sphincter has been related to the Hoxd-12 and Hoxd-
13 genes in animal models [135], which overlap with 
digit development in the foetus, thus providing a po-
tential link to digital anomalies.

Association with craniofacial syndromes such as 
Apert and Pfeiffer syndromes may be related to fi-
broblast growth factor receptor gene variations [134]. 
This is of particular interest due to recent experiments 
where Fgf10 invalidation produced ARM [136].

Further associations with nasal and renal anoma-
lies in four consanguinous siblings may represent 
some autosomal recessive syndrome [53]. Choanal 
atresia has also been associated [137]. The cat-eye or 
Schmid-Fraccaro syndrome has been described with 
ARM and provides a further link to chromosome 
22 [138]. Other associations include Stratton-Parker 
syndrome in association with growth hormone defi-
ciency [139].

Associations with Gastrointestinal Innervation
In addition to spinal cord associations, aberrations 
of the enteric nervous system (ENS) have been dem-
onstrated in both animal models [140] and humans, 
which may be partly responsible for postoperative 
dysfunction. Mostly nerves staining for vasointestinal 
peptide, SP-100 and neurone-specific enolase showed 
marked reduction in the rectum and fistulous tract 
of high lesions in ethylenethiourea-treated rats, thus 
giving possible explanations for postoperative colonic 
dysfunction [140]. In humans, several reports have 
indicated disturbed innervation in the affected seg-
ment of bowel, being as high as 81.82% in one study 
[141].

The association with HSCR [39,60,69,81,114,115,1
19] suggests a connection with the major susceptibil-
ity genes for that condition (RET and EDNRB) . Al-
though no known associations with RET mutations 
are known, there is a reported association between 
ARM and chromosome 13 (the “13q syndrome” [115], 
suggesting that the long arm of chromosome 13 (and 
thus EDNRB) is associated with anogenital abnormal-
ities. EDNRB mutations have also been identified in 
60% of patients with penoscrotal transposition [142].

Early studies suggested association between vas-
cular events and rectal stenosis [109]. More recently, 
an association with thalidomide and ARM [110] has 
been reported, and in the light of its known anti-an-
giogenic properties, it reopens the possibility of a 
vascular association. The vascular hypothesis for 
ARM has been explored since the 1960s. Correla-
tion between ARM and the origin of intestinal atresia 

[104] has yielded conflicting results, suggesting that 
the origin of ARM, with the exception of isolated to 
atresia, is not associated with vascular malperfusion 
during embryogenesis. On the other hand, other vas-
cular malformations are not uncommon in anorectal 
malformations [143,144]. In addition, retinoic acid, a 
well known modulator of the endothelin system, has 
been shown to induce caudal regression syndrome 
and ARM in a mouse model [145], thus adding sup-
port to the angiogenesis theory. The overlap in spatio-
temporal expression in the developing gut mesoderm 
between retinoic acid receptor beta, cellular retinal 
binding protein 1, CRBP1 and Hox b5 and c-ret sup-
ports the hypothesis that retinoic acid is involved in 
the neuromuscular development of the gastrointesti-
nal tract [146]. As such it can affect both innervation 
and embryologic development. The pertinent ques-
tion is therefore whether genetic factors influence the 
vascularisation, development and differentiation of 
smooth muscle and nerves, which may be among the 
most significant events in the aetiology of ARM.

3.4 Associations with an Increased 
Genetic Risk

The application of epidemiologic techniques to study 
genetic risk factors is growing rapidly due to major 
advances in our understanding of the human genome. 
This opens the door to the study of genetic risk fac-
tors and environmental factors as part of genetic 
epidemiology. ARM are generally accepted as being 
a largely genetically based disorder at a cellular level. 
From an epidemiological point of view, it could be ar-
gued that either the genetic influences pertain to only 
a few cases (particularly those with recognized clini-
cal syndromes) , or alternatively they could be more 
subtle and broad-based defects in genetic influences 
on signalling pathways and therefore implicated in 
the pathogenesis of ARM in general.

Many of the associated syndromes appear to have 
a complex aetiology and it may be that several dif-
ferent signalling pathways are involved in producing 
field defects. Developmental field defects would then 
include the coming together of associated pathways 
and sequences during blastogenesis [147].

The causes of ARM are unknown, but it is gener-
ally understood that development of the anorectal 
region appears to depend upon the normal devel-
opment of the terminal portion of the hindgut, the 
critical period of organogenesis being at or before the 
6th or 7th weeks of gestation. Abnormal development 
would have to commence in early embryogenesis, 
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possibly due to the limitations in the dorsal portion of 
the cloacal membrane resulting in persistent attach-
ment of the hindgut to the urogenital sinus, resulting 
in the associated fistula [148]. As such, the aetiology 
of ARM is probably multifactorial and may include 
both genetic and environmental factors.

Despite the paucity of information on the genetic 
associations of ARM in humans and a fairly low 
familial incidence, the probability of a genetic as-
sociation has increased due to the association with 
other chromosomal abnormalities and syndromes 
[58,60,61,80]. In addition, Scandinavian studies sug-
gest an increased incidence of chromosomal anoma-
lies [56]. There is also a considerable body of evidence 
from animal experiments to substantiate the genetic 
associations [104,108–111]. Among others, the VAC-
TERL association has been linked to defective Shh 
signalling (22q11.2q) [104] and the related Gli2,Gli3, 
ATRA pathways [102,122].

Several other cytogenetic deletions have been re-
ported between the 7p36 site and the hemisacrum of 
Currarino syndrome [109–111]. In the female, it has 
been shown that the p63 signalling pathway is impor-
tant in the development of epithelial stromal signal-
ling, urorectal septation and modelling of the exter-
nal genitalia [149], thus opening a further area for 
investigation. The significance of the ephrin pathways 
and complete lack of cloacal septation in the animal 
model [150] needs to be further investigated. Fur-
thermore, Fgf10 invalidation in experimental animals 
results in a genetically reproducible ARM [136]. One 
further significant candidate in this regard is endo-
thelin-1 and its action via the B receptor gene, which 
will be discussed later.

Previous work has shown that the sonic hedgehog 
system (which induces mesodermal gene expression) 
is required for the normal development of mid-axial 
organs including the developing gut [103,104]. It is 
thus involved in the pathogenesis of the VACTERL 
phenotype. Shh null mutant mice have persistent 
cloaca [102], whereas the Shh-responsive transcrip-
tion factors Gli2- or Gli3-deficient mice demonstrate 
ARM with fistula [151]. Although it therefore appears 
that mutations in Shh signalling are involved in an 
animal model phenotype that mimics human ARM, 
this does not necessarily provide an explanation for 
the full clinical spectrum.

In addition to Shh, B-subclass ephrin and ephrin 
molecules have been linked to midline cell–cell adhe-
sion and fusion events [150]. Ephrins are a family of 
membrane-bound proteins involved in neural guid-
ance during ENS development [152] that are possi-
bly mediated by Jak/Stat proteins. A complete lack 

of ephrin B2 reverse signalling has been reported to 
result in the complete lack of cloacal septation in an 
animal model [150].

Martinez-Frias [153] explains the differences be-
tween isolated ARM and those associated with other 
anomalies by suggesting that the entire field is a 
pathogenetic unit and responds in the same manner 
to the effect of different aetiological factors, which in-
clude genetic predisposition and environmental trig-
ger factors. The timing of the effect could explain an 
isolated or syndromic phenotype.

In addition, it is possible that some common ge-
netic background may be shared with HSCR sus-
ceptibility genes [80,81,115]. There are further asso-
ciations with pig chromosome 15 [154]. As a result, 
a more modern understanding of genetic influences 
on signalling pathways reopens the debate. Initially, 
ARM were thought to result from a vascular accident 
or insufficiency during development. This idea is sup-
ported by some early studies that suggested the ex-
istence of a vascular component, particularly in low 
malformations [155]. Early studies in experimental 
animal models produced only rectal stenosis and 
atresia [156]. Although further supported by certain 
anatomical [157] and post-mortem studies in animals 
[158], an ischaemic hypothesis appears insufficient to 
explain the full spectrum of observed related condi-
tions, particularly those associated with other abnor-
malities and known clinical syndromes. Nevertheless, 
animal models not uncommonly demonstrate a sin-
gle umbilical artery and/or radial artery hypoplasia 
[143,144]. In addition, studies noting an abnormal 
blood supply in lesions such as isolated rectal atresia 
or the Indian H-type lesions [159,160], further sug-
gest some measure of vascular compromise.

Reported associations with thalidomide, a well-
known anti-angiogenesis drug [161] as well as an as-
sociation between retinoic acid and caudal regression 
[145] lend further support for a vascular/angiogenesis 
hypothesis. In addition, the adriamycin/ethylenethio-
urea (ETU) animal model [101,104,153] suggests that 
toxic effects may be a trigger for disrupted genetic 
pathways. The way seems open to explore a potential 
combination of genetic and vascular influences as 
well as a genetic-based vascular hypothesis for ARM.

There appears to be some additional evidence that 
endothelins may be influential in the pathophysiol-
ogy and possible development of ARM. A potential 
link exists to chromosome 13 (and thus endothelin 
receptor type B, EDNRB) exists via associations with 
the “13q syndrome” and penoscrotal transposition, 
with a 60% ARM association [115]. EDNRB muta-
tions have also been identified in 60% of patients with 
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penoscrotal transposition [142]. Other potential links 
to EDNRB include those syndromes where ARM are 
associated with HSCR (Kaufman-McKusick) [60], 
Pallister-Hall [80] or sensorineural deafness (Towne-
Brock [58] and Lowe [61] syndromes) where a com-
mon genetic background may be postulated.

Endothelins have an established role in the prolif-
eration, differentiation and migration of neural crest 
cells [162–164]; enteric neuroblasts require an intact 
endothelin-3/EDNRB system to develop normally 
[165]. EDNRB relates to all three endothelins (ET-1, 
ET-2 and ET-3) [166–168], and its role in neural cell 
differentiation appears to be an anti-apoptotic one 
[169], whereby it may prevent early neuroblast differ-
entiation. It appears that EDNRB inhibition results in 
impairment of DNA repair and a decreased resistance 
to pro-apoptotic signals [169].

Endothelins are also involved in angiogenesis [170], 
and it is clear from recent animal studies that the ex-
ceptional circulatory physiology of the newborn is 
dependent upon the endothelin-controlled behav-
iour, which is not the case 1 month after birth [171]. 
In the study by Nankervis, the mesenteric arteries 
of newborn pigs demonstrated significant diameter 
changes in response to the blockade of endogenous 
nitric oxide production or blockage of endothelin 
receptors (EDNRB) compared to 1 month later. In 
addition, hypoxia-ischaemia experiments on 14-day-
old sl/sl rats have shown that ETB-deficient animals 
have an increased susceptibility to in vitro hypoxia, 
with a significant decrease in surviving neuronal cells 
[172]. In further experiments with endogenous “res-
cued” ETB receptor-knockout mice, Murakoshi et al. 
[173] showed that chronic inhibition of the ETB by 
the receptor antagonists A-192621 was harmful to 
vascular remodelling following injury. This is still fur-
ther supported by the reported inhibition of EDNRB, 
resulting in induction of VEGF expression in mela-
noma cells [169]. These actions of endothelin suggest 
that it plays a major role in development, possibly as 
a regional morphogen (perhaps via co-coordinated 
control of genes and signalling pathways) and possi-
bly in conjunction with GDNF as well as laminin-1 
downregulation.

In our own study of 14 children (6 males and 8 
females) with ARM [174], we showed mobility shift 
aberrations and variations in the EDNRB gene of all 
patients with ARM, which included one previously 
described polymorphism in exon 4 (831G/A) previ-
ously reported in association with HSCR. Six novel 
polymorphisms were identified in exons 1 (178G/
A), 2 (552C/T and 561C/T) and 3 (702C/T) in pa-
tients with ARM. Analysis of the total patient group 

with non-syndromic ARM compared to controls 
revealed statistically significant differences for the 
polymorphism 178G/A (p < 0.01, χ2 with Yates cor-
rection = 8.24) , which was identified in 3 out of 4 
affected individuals (75%) compared to 1 out of 84 
(1%) control samples. The genetic variations encoun-
tered in this study also appeared to correlate with the 
level of the lesion. By way of example, the polymor-
phism identified in exon 1 (178 G/A) was present in 
3 out of the 4 (75%) low lesions, but not the high or 
intermediate lesions. A different exon 3 (702C/T) sin-
gle nucleotide polymorphism was present in 3 out of 
5 (60%) of the supralevator lesions. Further research 
is required to establish the validity of the hypothesis 
that EDNRB plays a major role in the pathogenesis of 
ARM and to understand its mode of action.

3.5 Environmental Factors

3.5.1 The Effect of Drugs in Pregnancy

Although there is very little objective evidence of 
drugs in the pathogenesis of ARM, Stoll et al. [23] 
suggested from their relatively small sample that 
mothers of children with congenital anal atresia took 
drugs more often during pregnancy than did controls. 
Previous reports have implicated thalidomide [161] 
and tridione as possible aetiological agents [2]. More 
recently, Bonnot et al. [175] have reported 6 cases 
of anal atresia out of 262 congenital malformations 
identified in 13,703 patients exposed to benzodiaz-
epines during pregnancy. They then demonstrated a 
significant association (p = 0.01) between lorazepam 
and anal atresia (five out of six patients) 

3.5.2 Associations with Toxins

The known associations with toxins have been used 
to develop animal models as well as indicate possible 
involved pathways. The adriamycin-exposed animal 
model is well established [103] and ETU toxicity is 
the basis of a current animal model of ARM [104].

Retinoic acid is thought to be involved in the de-
velopment of patterns in the developing embryo. Ter-
atogenic doses of retinoic acid results in truncation of 
the embryonic body axis in the mouse, which corre-
sponds to caudal regression syndrome as described in 
humans [146]. All-transretinoic acid has been used as 
an animal model of high ARM with fistula, suggest-
ing that it interferes with the normal caudal migra-
tion along the urogenital system posterior wall [176]. 
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In a further study on the effects of retinoic acid in the 
developing foetus, 100% of offspring had craniofacial 
anomalies, 94% anorectal, 90% limb and 55% neural 
tube defects [177]. Etretinate (which targets the tail 
bud) produces a mouse model of Currarino syndrome 
[178]. Although it is not clear at this stage whether 
this is a toxic effect or has to do with blocking of re-
ceptors during normal development, this association 
appears to indicate that (retinoic acid and other drug) 
teratogenesis affects the neural crest developmen-
tal pathway. Retinoic acid is of particular interest as 
it appears to inhibit Shh signalling and downstream 
bone morphogenetic protein 4 synthesis [179].

An association with thalidomide [161] has been 
reported, which reopens the possibility of a vascular 
component to the aetiology, because of its recently 
discovered anti-angiogenic properties. This raises the 
possibility of a genetically based vascular hypothesis 
for ARM, which may combine the two hypotheses.

3.5.3 Association with Infectious Agents

Associations with infectious agents remain uncom-
mon, but foetal exposure to cytomegalovirus and 
toxoplasmosis have been reported as possible aetio-
logical factors [29].

3.5.4 Environmental Exposure and ARM

The results of epidemiological studies are inconsis-
tent as far as environmental exposure is concerned, 
but only weak potential associations with risk factors 
have been identified. The adverse effects of smoking, 
previous abortions and cycle disorders before preg-
nancy could not be established [180].

Stoll et al. [23] suggested that in their relatively 
small sample, fathers of ARM babies were more ex-
posed to hazardous substances than fathers of con-
trols. Other environmental factors such as exposure 
to electromagnetic radiation have proved to be diffi-
cult to determine from an epidemiological point of 
view.

3.5.5 Environmental �ersus Genetic 
Factors – Increased Susceptibility 
to Environmental Factors

Epidemiologic techniques are not infrequently used 
to study risk factors and interactions between gene 
susceptibility and environmental factors. The role of 

environmental factors in the development of ARM is 
probably small. Events during pregnancy or parental 
exposure (maternal or paternal) could theoretically 
be of significance and further research is clearly war-
ranted. A clear distinction between environmental 
and genetic factors is not necessarily justified, as 
demonstrated in the concept of ecogenetics [181].

Although a considerable spectrum of anorectal 
maldevelopment has been shown to result from the 
toxic effects of ETU administration to timed-preg-
nant rats [104], another study demonstrated that 
discordance among twin animals suggested that te-
ratogens could be eliminated as a major aetiological 
factor [182].
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4.1 Introduction

Despite many efforts, the embryology of numerous 
congenital anomalies in humans remains a matter of 
speculation. This is due to a number of reasons, such as 
a shortage of study material (both normal and abnor-
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mal embryos), various technical problems (difficul-
ties in the interpretation of serial sections, shortage of 
explanatory three-dimensional reconstructions), and 
misconceptions and/or outdated theories concerning 
normal and abnormal embryology. Fortunately, there 
are now several animal models that allow advanced 
embryological studies in various embryological fields, 
including that of anorectal malformations (ARM).

Appropriate and illustrative findings in various 
fields of embryology are still lacking. This explains 
why today many typical malformations are still not 
explained satisfactorily. Pediatric surgeons are still 
confused when they are confronted with the embryo-
logical background of normal and abnormal develop-
ment.

For misconceptions and/or outdated theories, 
Haeckel’s “biogenetic law”  [1] is one example. Ac-
cording to this theory, a human embryo recapitu-
lates in its individual development (ontogeny) the 
morphology observed in all life-forms (phylogeny). 
This means that during its development an advanced 
species is seen to pass through stages represented by 
adult organisms of more primitive species [2]. This 
theory still has an impact on the nomenclature of em-
bryonic organs. This explains why human embryos 
have “cloacas” like adult birds and “branchial” clefts 
like adult fish.

Another very popular misconception is the theory 
that malformations actually represent “frozen” stages 
of normal embryology (“Hemmungsmißbildung”) 
[3]. As a result, our understanding of normal em-
bryology stems more from pathological-anatomic 
interpretations of observed malformations than from 
proper embryological observations. The theory of the 

“rotation of the gut” as a step in normal development 
is a perfect example for this misconception (see be-
low for detailed discussion).

The most widely recognized descriptive embryol-
ogy of the anorectal region dates mostly from the late 
nineteenth century. Anorectal separation from the 
urogenital structures was thought for a long time to 
occur either as a result of a cranially orientated sep-
tum growing down to reach the cloacal membrane 
and fuse with it [4] or from lateral folds encroaching 

4 The Embryology of Anorectal Malformations
John M. Hutson, Sebastiaan C.J. van der Putte, Elizabeth Penington, 
Dietrich Kluth, and Henning Fiegel



John M. Hutson et al.50

on the lumen of the cloaca from either side and fus-
ing in the middle [5], or from a combination of the 
two processes [6]. These theories have been seriously 
questioned in the literature from time to time during 
the last century [7–10], but the surgical community 
largely ignored the doubts raised. Recent develop-
ments in our understanding of the mechanisms by 
which embryos grow and develop, the roles of local 
cytokines, and molecular messengers from adjacent 
epithelia, mesenchyme, and the regional nerve supply, 
have sparked renewed interest in reviewing both nor-
mal and abnormal development of the perineum. The 
clarification of normal embryological development 
and insights into abnormal development through 
studies of animal embryos with either genetic or 
chemically induced ARM now allows us to speculate 
much more accurately as to the mechanisms that may 
be involved in the pathogenesis of human anorectal 
and urogenital malformations.

As molecular biology delivers more insights into 
the molecular keys that trigger the various stages in 
development we will learn more about the pathogen-
esis of ARM. However, the key is to first understand 
the normal embryological development of the human 
perineum and the subtle differences that occur across 
species so as to avoid drawing false deductions from 
the abnormal development seen in experimental ani-
mals.

The value of detailed histological examination of 
abnormal human specimens cannot be underesti-
mated in adding pieces of information to the jigsaw 
puzzle of ARM. The detailed work of Douglas Ste-
phens [6] was invaluable and more recently has been 
complemented by further studies (see below).

By putting together the pieces of the puzzle, the 
pathogenesis of ARM in humans may be hypoth-
esized and a classification system proposed. This 
chapter illustrates what we have learned in the field 
of normal and abnormal hindgut development, us-
ing both standard histological sections and scanning 
electron microscopy (SEM) to illustrate the findings, 
as SEM allows documentation of three-dimensional 
structures in superior detail [11,12].

4.2 Early Controversies About 
Development of the Hindgut

4.2.1 The “Anorectal Septum” 
of the Hindgut

In very young embryos, the hindgut is a simple struc-
ture. Cranially, it is in continuity with the midgut; 

caudally, it is in direct contact with the ectoderm, 
thus forming the “cloacal membrane.” When develop-
ment progresses, the caudal part of the hindgut, the 

“cloaca,” differentiates into two separate organ systems 
– the urogenital tract and the anorectal tract. As men-
tioned above, since the work of Tourneux [4] and Ret-
terer [5] at the end of the nineteenth century, it has 
been generally accepted that the normal development 
of these tracts depends upon the proper subdivision 
of the cloaca by a septum, the so-called urorectal sep-
tum. According to this theory, abnormal septal de-
velopment should always result in abnormal cloacal 
development. However, there is no agreement among 
investigators about the nature of this septum and the 
way it develops. Whereas Tourneux [4] thought that 
the septum moves down from cranial to caudal “like 
a French curtain,” Retterer [5] speculated that lat-
eral folds or ridges appear in the lumen of the cloaca. 
These ridges should fuse and thus form the septum, 
beginning cranially and ending caudally at the level 
of the cloacal membrane. In the past, numerous in-
vestigators supported one or another of these theories. 
Stephens [6] combined both theories, believing that 
this could best explain the various forms of ARM. He 
claimed that the cranial part of the septum should 
grow downward, as explained by Tourneux, while in 
the caudal part lateral ridges should fuse to form the 
septum in this area. In 1986, van der Putte [13] first 
showed that the role of the urorectal septum in the 
process of “cloacal” differentiation was actually very 
minor.

4.2.2 The “Migration” of the Rectum

Studying the morphology of ARM in human new-
borns, Bill and Johnson [14], and later Gans and 
Friedman [15] stated that in most forms of ARM the 
fistula may represent an ectopic anal opening. They 
concluded from these observations that the rectum 
actually migrates during normal development, from 
a rather high position to the normal area of the anal 
opening. If this process of migration is stopped before 
the anus has reached its definitive position in the area 
of the perineum, an ectopic anal canal would result. 
Although this speculation is rather attractive, neither 
these investigators nor other researchers were able to 
show any embryological evidence of this migration.

In 1986, van der Putte [13] modified the theory of 
a rectal or anal migration. Studying normal and ab-
normal pig embryos, he proposed that a shift or rota-
tion of the dorsal cloaca takes place. This shift should 
bring the dorsal cloaca down to the area of the tail 
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groove, thus establishing there the future anal open-
ing (see below).

4.3 Normal Anourogenital 
Development

4.3.1 The Primitive Streak and Allantois

The earliest evidence of craniocaudal orientation in 
the developing embryo occurs with the formation of 
the primitive streak at the caudal end of the dorsal 
aspect of the embryo adjacent to the connecting stalk. 
From the primitive streak the mesenchymal cells first 
develop and migrate between the layers of the bilami-
nar disc and extend throughout the embryo, except 
where the endoderm and ectoderm are fused at the 
cloacal and oropharyngeal membranes. The cloacal 
membrane may be found immediately caudal to the 
primitive streak. The notochord develops from the 
notochordal process that also grows between the ec-

toderm and endoderm in the midline cranially from 
the primitive pit at the cranial end of the primitive 
streak. Dorsal to the notochord is the neural plate, the 
forerunner of the neural tube and future spinal cord.

As the embryo rapidly elongates with the produc-
tion of the mesoderm and the development of the 
notochord and the neural tube, the primitive streak 
itself becomes relatively smaller and is finally suc-
ceeded by the caudal eminence and tail bud, which 
is then the source of most of the caudal mesoderm, 
the tailgut and, by secondary neurulation, the distal 
spinal cord [16].

The term “allantois” is often used to describe the 
endodermal outpouching of the dorsal yolk sac that 
appears close to the cloacal membrane and extends 
into the connecting stalk at around day 16 in human 
embryos (Fig. 4.1). However, it is the combination of 
the endodermal pouch with its surrounding special-
ized mesenchyme that is the true allantois that is com-
mon to reptiles, birds, and mammals. The specialized 
mesenchyme of the allantois is also derived from the 

Fig. 4.1 Allantois: The allantois develops as an endodermal 
and mesenchymal outpouching of the yolk sac within the body 
stalk (A). As the caudal part of the embryo develops and the 
gut tube forms, the allantois and umbilicus become displaced 
to the ventral aspect of the embryo where the allantois is in 
continuity with the cranial aspect of the primitive cloaca. The 
endodermal allantois therefore extends a short distance into 
the proximal umbilical cord and is in continuity with the clo-
aca (B, diagram 3.8-mm human embryo; C, photomicrograph 
of 18-mm human embryo). HG Hindgut, T tailgut, C cloaca, 
CM cloacal membrane, UMB umbilical stalk, E endodermal al-
lantois, M mesodermal allantois, A allantois within body stalk, 
EEM extraembryonic mesoderm, B developing bladder, R de-
veloping rectum
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ectoderm of the primitive streak [16]. In birds and 
reptiles the allantois is a relatively well-developed 
structure that is a significant organ of respiration 
and is involved in the storage of waste products. In 
mammals it is fundamental to the development of 
the umbilical cord as well as being a site of angio-
genesis and the first site of formation of blood cells. 
The structure is highly variable. In humans the endo-
dermal component of the allantois is small, while 
in rodents the allantois is an entirely mesenchymal 
structure [16].

The allantois develops at what is initially the most 
caudal end of the cloacal membrane, but with the dis-
proportionate growth of the dorsal aspect of the em-
bryo and the development of the tail structures, the 
cloacal membrane is displaced to the ventral aspect 
of the embryo, together with the developing umbili-
cal cord, which therefore lies at the cranial end of the 
cloacal membrane on the ventral surface of the em-
bryo. The yolk sac is restricted and starts to develop a 
narrower connection to the mid-part of the develop-
ing gut tube.

4.3.2 The Cloaca and Cloacal Membrane

As the embryonic mesenchyme grows and spreads 
from the dorsal aspect of the embryonic disc the al-
lantois comes to connect the developing cloaca to 
the developing umbilical cord on the ventral aspect 
of the embryo. In humans the endodermal compo-
nent of the allantois becomes an outpouching at the 
cranioventral aspect of the newly formed cloaca and 
extends into the proximal umbilical cord. The cloacal 
membrane limits the cloaca ventrally and the tail gut 
extends as a narrow projection from the cloaca into 
the ventral aspect of the embryonic tail. The hindgut 
is that part of the endoderm-lined gut tube between 
the yolk sac and the allantois that has developed as a 
result of mesenchymal growth in that area. The me-
sonephric ducts open into either side of the hindgut 
soon after it first appears and at around the same time 
the endodermal allantois is first seen in humans. The 
presence of the mesonephric ducts and allantoic di-
verticulum marks the beginning of the cloaca proper 
(Fig. 4.2).

Fig. 4.2 The cloaca: The cloaca is bounded ventrally by the clo-
acal membrane, is continuous with the tailgut caudally, with the 
hindgut dorsocranially, and the allantois ventrocranially. This 
is seen in the human embryo at 3.8 mm length in a midsagit-
tal reconstruction with the mesonephric attachment drawn in 
the lateral plane. MSND Mesonephric duct, MTN metanephric 
blastema, MSN mesonephros

Fig. 4.3 Showing the development of the genital tubercle (clo-
acal eminence). Growth of the mesenchyme on either side of 
the cloaca as well as in the midline in the infraumbilical re-
gion results in the formation of the genital tubercle (cloacal 
eminence) as well as a change in the shape of the cloacal cavity 
and a displacement of the cloacal membrane such that a nearly 
solid plate of epithelial cells fills the caudal part of the develop-
ing tubercle, extending from the tail fold to the tip of the devel-
oping tubercle. GUS Genitourinary sinus (developing bladder 
and urethra)
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The cloacal membrane extends to the umbilical 
cord at this early stage and there is not yet any ven-
tral abdominal wall caudal to the umbilical cord. The 
first mesenchyme to develop between the umbilical 
cord and the cloacal membrane is that of the genital 
tubercle (also known as the cloacal eminence), which 
normally develops as a single infraumbilical bulge 
of densely cellular distinctive mesenchyme that dis-
places the cloacal membrane caudally in the midline 
and surrounds the ventral portion of the cloacal cav-
ity on either side laterally (Fig. 4.3). The membrane 
itself assumes the characteristics of a multilayered 
epithelial plate orientated in the sagittal plane [17]. 
(Fig. 4.4). This occurs chiefly as a result of lateral 
compression of the walls of the cloaca consequent 
to the proliferation of the mesenchyme surrounding 
the cloaca, but also to a smaller extent near the tip of 
the genital tubercle by the ingress of ectodermal cells 
from the surface into the urogenital portion of the 
plate in the region of the developing glans [18].

4.3.3 The Urogenital Sinus and Anal Canal

As the genital tubercle grows, so the cloacal cavity 
is displaced and its shape altered. At the same time 
growth of the mesenchyme surrounding the hindgut 
results in elongation of the hindgut. Growth in the 
ventral part of the cloaca and its surrounding mes-
enchyme adjacent to the endodermal allantois signals 

the beginning of bladder and urethra development 
(Fig. 4.5). This part is commonly referred to as the 
urogenital sinus. The tail gut is resorbed by a process 
of apoptosis or programmed cell death and the dor-
sal wall of the cloaca shortens by the same process 
[19–21].

As the mesenchyme surrounding the various struc-
tures associated with the cloaca grows, the cloaca be-
comes relatively smaller. The mesenchyme between 
the hindgut and the developing bladder appears to 
approach the cloacal plate; however, the apparent “de-
scent of the urorectal septum” or “fusion of the lateral 
walls of the cloaca” described in the past is an illusion 
created by the changes in the relative size and posi-
tion of the mesenchymal structures surrounding the 
cloaca as they grow, and their examination in two-di-
mensional sections.

As the cloaca develops, the cloacal plate becomes 
rapidly thinner in the dorsal part until it once again 
resumes the appearance of a membrane. The appear-
ance of the cloacal plate and the reformed cloacal 
membrane and their relationship to the mesenchyme 
between the urogenital sinus and the rectum varies 
widely across species leading to the mistaken belief 
that the “uroroectal septum” fuses with the cloacal 
membrane during normal development (as it appears 
to do in some species). In humans, however, it is clear 
that the cloacal membrane breaks down without 
ever fusing with the urorectal septum, thus exposing 
both the anal and urogenital compartments and the 

Fig. 4.4 Photomicrographs illustrate the relationship between 
the cloacal plate and the genital tubercle (caudal eminence) in 
A 13.5-day developing mouse embryo (magnification ×100). 
GT Genital tubercle, T tail; A Sagittal rectum; B transverse rec-
tum
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Fig. 4.6 A Diagrams redrawn from van der Putte [39]. show-
ing the changes seen in the cloacal plate in the pig embryo dur-
ing the formation of the genital tubercle and the cloacal plate. 
Note how the cloacal plate gradually loses height dorsally and 
reverts to a membrane. B Photomicrograph reproduced from 
van der Putte’s paper describing anorectal development [13]. 
The section passes through the distal hindgut, through the free 
lower border of the urorectal septum and the dorsal reformed 
cloacal membrane shortly before it ruptures. g Hindgut, d rem-
nant of cloacal cavity just prior to rupture of the cloacal mem-
brane, m cloacal membrane

Fig. 4.5 Diagram showing the de-
velopment of the ventral infraum-
bilical part of the embryo. Ventral 
growth in the mesenchyme sur-
rounding the cloaca combined with 
shortening of the dorsal cloacal 
wall and regression of the tailgut by 
apoptosis results in a fundamental 
change in the shape of the cloaca 
and the relationship of the associ-
ated structures during normal de-
velopment. Red arrows mark areas 
of regression and programmed cell 
loss (apoptosis). Black arrows mark 
areas of strong mesenchymal (and 
associated endodermal) growth. 
Embryos are aged from day 12 
(D12) to day 13½. NT Neural tube, 
U umbilicus, DC dorsal cloaca
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intermediate communication, which thus becomes 
the median cloacal groove (Fig. 4.6), the future mid-
perineum, and the source of the future raphe [22].

The metanephric buds form as an outpouching 
from the mesonephric duct close to the urogenital 
sinus. They are induced by the metanephric blas-
tema, which lies at the caudal end of the nephrogenic 
ridge adjacent to the dorsolateral aspect of the distal 
mesonephric ducts, and grow directly into the meta-
nephric blastema, thus commencing nephrogenesis. 
The mesonephric duct distal to the developing ureter 
(the common excretory duct) is incorporated into 
the urogenital sinus by a process that combines both 
apoptosis of the lining of the distal mesonephric duct 
and replacement by urogenital sinus epithelium, thus 
forming separate openings for the mesonephric and 
metanephric (ureteric) ducts into the urogenital si-
nus [22].

4.3.4 Sexual Differentiation in the Perineum

The median cloacal groove becomes the surface of the 
midperineal region between the anal and urogenital 
openings and is enhanced by growth in the contigu-
ous lateral mesenchyme [23]. The mesenchyme on 
either side of the cloaca initially grows more rapidly 

than that in the midline leading to labioscrotal swell-
ings on either side of the developing perineum. In 
the male, growth of the mesenchyme in the midline 

“fills in” the medial perineal groove and the median 
aspect of the scrotal swelling, allowing it to develop 
as a single mass. Strong midline growth increases the 
distance between the anal canal and the urogenital 
opening as well as the distance between the anus and 
the midline scrotal swelling and is associated with the 
development of the strong perineal body in the male 
and the muscles of the perineum and the superficial 
part of the corpus spongiosum of the phallus. Failure 
of midline development in the male for whatever rea-
son is associated with a shortened distance between 
the anus and phallus, bifid scrotum, and/or chordee 
or hypospadias.

In the female the strong growth in the midline per-
ineal structures does not occur, leaving a shorter ano-
phallic distance, a rudimentary perineal body, and 
separate labial folds with a midline cleft surrounded 
anteriorly and cranially by the erectile tissue of the 
labia minora and the corpora cavernosa of the clitoris 
[24].

Uterine and vaginal development commences with 
fusion of the paramesonephric or Mullerian ducts in 
the midline between the hindgut and the developing 
bladder and extending into the mesenchymal mantel 

Fig. 4.7 Schematic drawing of normal cloacal development in 
rats (drawn after SEM photographs). A A 12.5-day embryo. B A 
14-day embryo. C A 15-day embryo. Note the movement of the 
cloacal membrane (CM) from a vertical to a horizontal posi-
tion. This movement is caused by the ventral outgrowth of the 
genital tubercle and the cloaca. Note the descent of the urorec-

tal fold (short arrows). The dorsal part of the cloacal membrane 
(gray dots) is the area of the future anal opening. Arrows with 
an asterix point to the tail groove. This area is the fixed point 
in development of the cloaca. S Sinus urogenitalis, W Wolffian 
(mesonephric) duct, U ureter
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of the developing proximal urethra. The vaginal an-
lage derived from the paramesonephric ducts grows 
as a practically solid epithelial plate that gains access 
to the urogenital sinus through the openings of the 
regressing mesonephric ducts. Epithelial prolifera-
tion on the urogenital sinus adjacent to the develop-
ing vaginal plate is responsible for development of the 
hymen and introitus.

Disproportionate growth of the proximal urethra 
and development of the trigone of the bladder leads 
to elongation of the urethra and relative movement 
of the opening of the vagina caudally. As the vagina 
grows it gradually matches and then exceeds the size 
of the adjacent urethra such that the vagina that once 
developed in the mesenchymal wall of the urethra 
now houses the urethra in its anterior wall. The close 
relationship between vagina and urethra and their 
shared mesenchyme is borne out in the complica-
tions that beset those that have tried to separate them 
in surgical repairs of ARM.

4.4 SEM Studies in the Normal 
Embryonic Rat

In 1995, Kluth et al. [16] studied hindgut develop-
ment in 245 staged rat embryos between the 10th 
and the 15th gestational day (comparable to human 
embryos between the 3rd and 7th week of gestation) 
using SEM [16]. The essential findings of the study 
are summarized in Fig. 4.7. In contrast to earlier re-
ports, it was found that: (1) septation of the cloaca 
by means of fusion of the lateral folds does not take 

Fig. 4.9 SEM of the cloaca of a 14-day-old rat embryo. A Lat-
eral view of the cloaca. A lateral ridge that would divide the 
dorsal and ventral cloacas is not seen (arrow). B Ventral view 
of the cloaca (schematic drawing of SEM shown in C). Signs 

of fusion of the lateral wall components are missing. The shape 
of the lower tip of the urorectal fold (small arrows) is evidence 
against fusion from cranial to caudal. W Left and right orifices 
of Wolffian ducts, DC dorsal (anorectal) part of the cloaca

Fig. 4.8 Scanning electron micrograph (SEM) of the cloaca 
of a 12.5-day-old rat embryo. Lateral of view the cloaca after 
microdissection. The mesenchyme has been removed. See text 
for details. Arrows point to the cranial and caudal borders of 
the cloacal membrane. The large arrow points to the shallow 
urorectal fold
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place, and (2) migration of the anal opening cannot 
be observed.

4.4.1 Early Cloacal Development

The starting point of this series was the cloaca in an 
12.5-day-old rat embryo (Fig. 4.8). At this stage, all 
features of a typical cloaca were present: the hindgut 
(HG) enters the cloaca (C) from dorsocranial, while 
the allantois (A; the forerunner of the bladder) can be 
identified as a cranioventral diverticulum. Between 
this diverticulum and the hindgut, the urorectal fold 
(arrow) can be seen. This fold marks the cranial bor-
der of the undifferentiated hindgut, the so-called clo-
aca. The mesonephric duct (Wolffian duct; W) enters 
the cloaca in its cranial part but in a relatively dorsal 
position. Caudally, the cloaca continues directly into 
the tailgut (TG). The cloacal membrane (CM) extends 
in a slight concave curve from the caudal border of 
the body stalk to the tail, where the tailgut enters the 
cloaca. At this stage, the cloaca has the shape of a tri-
angle standing on its top. A genital tubercle is missing. 
In the subsequent stages, the cloacal shape starts to 
change. This is caused by the ventral growth of the 
genital tubercle, a process that can be traced easily in 
a 14-day-old rat embryo (Fig 4.9B). This growth re-
sults in two processes: (1) a remarkable outgrowth of 
the cloaca in a ventral direction, and (2) a rectangu-
lar displacement or rotation of the cloacal membrane 
(Fig. 4.9A–C), which swings down from a vertical to a 
horizontal position.

4.4.2 The Septum in Normal Cloacal 
Development

In a 12.5-day-old rat embryo (Fig. 4.8), a tiny depres-
sion can be noted between the diverticulum of the 

urachus and the rectum. This fold is the first indica-
tion or the so-called urogenital septum. Using the 
junction between the mesonephric duct and the clo-
aca as a marker, the relative movement of this fold can 
be discerned with ease (Fig. 4.7). To see directly what 
happens during this so-called process of septation, we 
sagitally opened cloacas of 13-day-old rat embryos to 
inspect them from inside. However, there was no sign 
of the lateral cloacal ridges or of fusion of the lateral 
cloacal wall components (Fig. 4.9).

4.4.3 The Fusion of the Urorectal Fold 
with the Cloacal Membrane 
in Normal Cloacal Development

In our studies we saw a disintegration of the cloacal 
membrane in the area where the tip of the urorectal 
fold meets the cloacal membrane (Fig. 4.10).

4.4.4 The Region of the Future Anal Orifice

It is interesting to note that in the period of ventral 
cloacal rotation (between day 11 and day 15), the 
dorsal part of the cloacal membrane and the dorsal 
cloaca always remains in close contact with the tail 
region. This region, which carries the anlage of the 
future anal orifice, is the “fixed point” in cloacal de-
velopment (Fig. 4.7).

4.4.5 Nomenclature

It must be kept in mind that the term “cloaca” is used 
to describe not only a transitional organ system in 
human embryos, but also a congenital anomaly and a 
normal organ in birds. This can lead to the false con-
clusion that the morphology of these three entities is 

Fig. 4.10 SEMs of the cloacas of 
16-day-old rat embryos. A Lateral 
view of the cloaca after microdis-
section. The mesenchyme has been 
removed. The urorectal fold (URF) 
has nearly reached the cloacal 
membrane. B In this slightly older 
embryo, the tip of the urorectal fold 
has reached the level of the cloacal 
membrane. Local disintegration of 
the cloacal membrane is obvious. U 
Urethra, R rectum, AO anal open-
ing, CE cloacal epithelium
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similar, which is not the case. Despite the same name, 
embryonic cloacas are completely different morpho-
logically from cloacas in females with ARM and in 
birds. The main difference is the presence/absence of 
the area of the future anal opening. In embryonic clo-
acas, the future anal region is always present, whereas 
the future anus is always missing in the human mal-
formation that we call “cloacas”. This confusion in the 
terminology is, as mentioned previously, the result 
of two outdated theories: Haeckel’s [1] “biogenetic 
law” and the theory of the malformation as a “frozen” 
stage of normal embryology (‘’Hemmungsmißbil-
dung”) [3].

4.4.6 Conclusions From SEM Studies

The SEM studies described here indicate clearly that 
the subdivision of the cloaca is not the result of a 
process of fusion of lateral cloacal wall components 
[2]. In our opinion, the importance of the process of 
septation has been overestimated in the past. Accord-
ing to these results, the normal development of the 
hindgut depends primarily on the normal formation 
of the cloacal membrane. In all normal embryos, we 
could identify the region of the future anal orifice in 
the dorsal part of the cloacal membrane close to the 
tail groove. This observation makes the theory of a 
migration of the rectal opening to the perineum ob-
solete. Furthermore it is obvious from our SEM ob-
servations that the embryonic cloaca never passes 

through a stage that is similar to any form of ARM in 
neonates, including the so-called cloacas in females.

The most impressive feature in most cases of 
ARM is the missing anus, which seems to enter the 
urogenital tract as an “ectopic” rectal opening or is 
simply misplaced ventrally into the perineum. Ob-
viously, this misplacement cannot be explained by a 
faulty septation alone because this would result in a 
persistent embryonic cloaca, with the area of the fu-
ture anal orifice still in its place. According to these 
findings, the relative downgrowth of the urorectal 
septum is the result of normal cloacal development, 
not its cause. A fusion of the urorectal fold with the 
cloacal membrane could not be observed. When the 
fold comes into contact with the cloacal membrane, it 
disintegrates locally.

4.5 Abnormal Anourogenital 
Development

Thus far there is only one study of human embryos 
at an early stage of maldevelopment. Padmanabhan 
et al. [25] examined embryos of 7.5 and 8 postovula-
tory weeks that had a blind-ending rectum, abnormal 
genital tubercle development, and sacral vertebral 
column defects. One also exhibited agenesis of the 
ureters. Our understanding of abnormal develop-
ment of the anogenital region depends principally 
on observations made in other mammalian embryos 
combined with detailed histological examination of 

Fig. 4.12 Histological section of the pelvic organs of an SD-
mouse (newborn). This newborn presents the features of ano-
rectal malformations (ARM) with a rectourethral fistula (F) 
and a blind ending rectal pouch (RP)

Fig. 4.11 Schematic drawings of a normal (A) and an abnor-
mal (B) cloaca. In the abnormal embryo, the cloacal membrane 
is too short (arrow); it does not extend to the region of the tail 
groove (gray area). The dorsal cloaca is missing. In the normal 
embryo (A), the cloacal membrane is of normal length and ex-
tends to the region of the tail groove (gray area)
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human fetuses and infants who succumbed to mul-
tiple malformations, including ARM. The observa-
tions in animal embryos fall into three broad cat-
egories: embryos from strains of animals with a high 
incidence of hereditary ARM, embryos exposed to te-
ratogens in early development, and genetically modi-
fied strains of mice where a single gene product has 
been “knocked out,” resulting in ARM. Each group 
of data add to our overall understanding of the likely 
pathogenesis of ARM in humans.

4.5.1 Hereditary Congenital Malformations 
in Pigs and Mice

Detailed reports are available regarding the embry-
onic development of timed pregnant Dutch minipigs 
[22,26] and short-tailed Danforth mice [27]. In all of 
these animals there was a high incidence of congeni-
tal ARM. In the pig population there were also many 
animals with normal anorectal development, allow-
ing a direct comparison of normal and abnormal em-
bryos. The common finding in all of these studies was 

that the all of the abnormal embryos had defects in 
the dorsal part of the cloacal membrane and the adja-
cent dorsal cloaca from the earliest stages of develop-
ment studied (Fig. 4.11). The size of the defect in the 
cloacal membrane and dorsal cloaca determines the 
severity of the ARM and the level of communication 
between the hindgut and the urogenital sinus. The 
reason why the defect is present in the dorsal cloaca 
and cloacal membrane is speculative, but the possi-
bilities include abnormal infiltration of mesenchyme 
from the primitive streak into the caudal part of the 
early cloacal membrane, abnormal apoptosis of the 
dorsal cloacal membrane and adjacent cloaca, or dis-
turbance of growth in the region of the dorsal cloaca 
and cloacal membrane.

4.5.2 Abnormal Cloacal Development

In 1940, a mutant of the normal house mouse, the 
SD-mutant, was described by Dunn et al. [28]. These 
mice, first bred by Danforth [29], prominently feature 
a short tail and therefore also are known as “Dan-

Fig. 4.13 SEM. An abnormal SD-mouse embryo. Note the 
crippled tail and the hypoplastic genital tubercle

Fig. 14 SEM of a normal (A) and an abnormal (B) 14-day-old 
SD-mouse embryo. The findings are identical to those shown 
in Fig. 4.11. Note that the dorsal cloaca (DC) is missing
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forth’s short-tail mice” [30]. However, the SD gene in-
fluences not only the axial skeleton, but also the rec-
tum and the urogenital system, causing a spectrum 
of ARM and urogenital anomalies [30]. Recently, we 
analyzed the spectrum of ARM in this model [27]. 
The pathologic-anatomic findings in the heterozy-
gous (SD/+) SD-mouse group (Fig. 4.12) were identi-
cal to those described earlier in pigs [13] and humans 
[6,31]. Since the percentage of abnormal animals per 
litter is high and breeding of SD-mice is simple and 
inexpensive, we believe that the SD-mouse model is 
ideal for studying the embryological background of 
disturbed cloacal development.

4.5.2.1	 Recent	Studies	in	SD-Mouse	Embryos

The SD-mice used for this study originally were re-
ceived from Philip Harris Biological (UK), in 1985, 
and were subsequently bred continuously in our facil-
ity in accordance with German federal and local regu-
lations. A total of 80 abnormal SD-mouse embryos 
were easily identified by their shortened or crooked 
tails. In several of these, the genitals were also abnor-
mal (Fig. 4.13). After microdissection, typical mor-
phological changes could be observed when abnormal 
and normal cloacas were compared (Figs. 14A, B). In 
all abnormal cloacas, we found: (1) the cloaca had an 
unusual shape – the dorsal cloaca was always missing, 
(2) the cloacal membrane was too short – in all cases 
the dorsal part of the cloacal membrane was absent, 
and (3) an abnormal junction between the proximal 
hindgut and the cloaca.

4.5.2.2	 Drug-Induced	Deformities	in	Rodents

Several agents have been identified that, when given 
to timed-pregnant rodents at the appropriate time 
in development, result in a high incidence of ARM. 
Etretinate, a long-acting synthetic retinoid, has been 
the most widely studied in mice and produces ARM 
together with several other deformities in that region 
and elsewhere. Ethylenethiourea has also been used 
with similar results. Adriamycin, in rats a potent in-
ducer of abnormalities similar to those seen in the 
VACTERL (vertebral anomalies, anal atresia, cardiac 
defect, tracheoesophageal fistula, renal (kidney) ab-
normalities, and limb abnormalities) anomaly in hu-
mans, also produces variable ARM. Unfortunately it 
also uniformly causes bladder agenesis in rats, thus 
muddying the interpretation of changes in the cloa-

cal region that might be related to anorectal develop-
ment.
Again the findings in the embryos treated with terato-
gens at embryo day 9 in mice is that of a deficiency of 
the dorsal cloacal membrane and the adjacent dorsal 
cloaca [32]. In addition, etretinate also has an effect 
on the proliferation of neuroepithelial cells in the pre-
sacral region, resulting in anterior sacral myelome-
ningocele. These animals also developed significant 
abnormalities in the sacral vertebrae and short or ab-
sent tails. Most of the ARM that developed were high 
lesions with rectourethral fistulas in males or “cloa-
cal” malformations in the females. Embryos exposed 
to etretinate at an earlier stage of development have 
more severe deformities and many do not survive, 
but of those that are not resorbed, many display sy-
ringomyelia, with the total absence of lower midline 
trunk and genital structures and fusion of the lower 
limb anlage (unpublished data). This would support 
the suggestion by Liu et al. [32] that the effects of 
etretinate are initiated by its effects on the tail bud/
caudal eminence.
Given that the primitive streak is responsible late in 
its development for the production of mesenchyme 
in the region of the distal cloaca as well as the devel-
opment of the caudal segments of the embryo (i.e., 
sacral somites and neural tissue and tail gut), it seems 
likely that this is the site of action of etretinate that ul-
timately results in the development of ARM. In other 
words, ARM may develop not, as was once thought 
as a result of excessive regression of the embryonic 
tail (caudal regression syndrome) but as a result of a 
primary abnormality of “tail” development.

4.5.2.3	 Genetically	Modified	Rodents

Abnormalities in SHH, Gli2, Gli3, Hoxa-13/Hoxd-13 
and bone morphogenic protein 4 (BMP4) expression 
have all been linked to abnormal anorectal develop-
ment, although there also appears to be a link to the 
effects produced by retinoids. Retinoids play an es-
sential part in normal growth and development and 
are thought to act at least in part by regulating the 
expression of Hox genes as well as the distribution 
of retinoic acid receptors. Hox genes in the meso-
derm are also regulated by the protein product of the 
sonic hedgehog (Shh) gene. Mutant mice that do not 
express Shh also exhibit a range of ARM similar to 
those found in humans [33].

Shh is produced in epithelial cells and also induces 
BMP4 in the mesoderm (an example of epithelial-
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mesenchyme interaction). Animals with defective Shh 
genes have isolated anal malformations rather than 
the regional deformities noted in Hoxa-13/Hoxd-13 
mice and those treated with retinoids [34,35]. Ani-
mals treated with Retinoids show defects in Shh and 
BMP4 expression in both rectal and urogenital tis-
sues compared to controls [36]; however, information 
demonstrating its effects at the stage when the cloacal 
membrane is first being formed is yet to be presented.

Other gene products known to relate to epithelial 
adhesion (or de-adhesion) [37] have also been linked 
to ARM in gene-knockout models. The morphologi-
cal appearance of the developing anorectum in all of 
these models is similar to those seen in the terato-
genic and hereditary models, that is a shortening of 
the cloacal membrane and deficiency of the dorsal 
cloaca. Fgf10 has also been reported as being im-
portant in anorectal development; however, the null 
mutant mouse strain exhibits rectal agenesis and is 
therefore not included for discussion here.

4.5.2.4	 Detailed	Histology	
of	Affected	Human	Infants

The histological analysis of specimens from human 
fetuses and newborns with nonviable malformations 
including imperforate anus [18] has revealed the fol-
lowing main findings:
1.  The malformation typically affects the anal canal 

rather than the rectum, which is generally only 
secondarily affected.

2.  The anal canal is displaced ventrally and ends ei-
ther on the perineum or forms an anourogenital 
connection. The communications demonstrate a 
lining of pseudostratified columnar epithelium 
from which extends anal glands. Around this is a 
lamina propria of very dense, longitudinally ori-
ented stroma with longitudinal grooves and ridges 
and fibromuscular differentiation, surrounded by 
a smooth muscle coat that is an extension of the 
muscularis propria of the rectum. Connections to 
the perineum have features of both the superficial 
and deep parts of the anal canal, while connec-
tions to the urogenital sinus have features of the 
deep part of the anal canal only and were there-
fore not truly ectopic anal canals.

3.  In those specimens where the rectum is blind-end-
ing there are commonly found signs of a partly re-
gressed preexisting connection. Such a connection 
is more likely to be lost in a region where there is 
rapid growth (e.g., midline perineum in the male). 

Some have no anal elements at all and are a truly 
blind-ending rectum, while others have a transi-
tion from rectum to anal canal but then have no 
further connection to the urogenital structures.

4.  Where there is a communication from the rectum 
to the urogenital sinus structures (rather than the 
perineum) there is a gradual transition from the 
anal mucosa normally found in the proximal anal 
canal, into the mucosa of the urogenital system. 
In rectovestibular fistulas in females, the transi-
tion is from proximal anal canal mucosa to the 
mixed pseudostratified columnar and metaplastic 
noncornifying stratified squamous epithelium of 
the vestibulum. This would concur with the clini-
cal impression reported by Peña that these lesions 
should be characterized as proximal rather than 
distal lesions [38].

5.  The most proximal connections to the urogenital 
sinus are found in the region of attachment of the 
mesonephric ducts to the urogenital sinus. In the 
so-called rectovesical fistulas, the rudimentary 
prostate gland is found consistently in the region 
where the abnormal anal canal meets the urogeni-
tal structures [6]. In these specimens the develop-
ment of the trigone of the bladder, the upper ure-
thra, and the urethral sphincter is also abnormal. 
In the female, vaginal development is grossly dis-
turbed leading to an abnormal persistence of the 
urogenital sinus caudal to the mesonephric ducts 
(referred to clinically as a persistent cloaca).

6.  The striated muscles of the perineum often have a 
very abnormal configuration, with the fibers of the 
external anal sphincter forming a median concen-
tration of longitudinal bundles in the absence of 
an anal canal. In high lesions the bulbospongio-
sus muscle is also displaced medially. The external 
urethral sphincter and ischiocavernosus muscle 
are also variably affected, as is the puborectalis 
sling, depending on the severity of the lesion.

7.  The more proximal the connection between rec-
tum and structures of the urogenital sinus, the 
greater the likelihood of associated abnormalities 
in the development of the pelvis and perineum as 
well as bladder, ureters, and phallus.

4.6 Proposed Pathogenesis 
of ARM in the Human

Many of the previous theories regarding the patho-
genesis of ARM in humans were based on theories of 
normal development that have not stood up to scru-
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tiny. It is now clear that lateral fusion plays no part 
in the division of the cloaca into anal and urogenital 
parts, nor does fusion of an anorectal septum with 
the cloacal membrane. The distribution of common 
sites of anogenital communication (or lack thereof) 
reflects the sites of rapid localized growth within the 
embryo rather than a series of layers of lateral fusion, 
as has been previously hypothesized. The evidence 
from animal models and from the detailed study 
of human fetuses with major anomalies suggests 
strongly that the earliest morphological defect lead-
ing to ARM is a deficiency in the dorsal component 
of the cloacal membrane and the adjacent dorsal clo-
aca. This is likely to be consequent on a malfunction, 
as yet ill-defined, of the primitive streak and tail bud, 
very early in the development of the caudal part of 
the embryo.

The extent of the defect in the dorsal part of the clo-
acal membrane determines the severity of the defect 
that develops. The smaller defects lead to distal de-
fects and anocutaneous fistulas, covered anus, and so 
on. The larger defects are associated with major mal-
formations in the region as well as urogenital fistulas 
and occasionally even abnormalities in the develop-
ment of the genitourinary sinus also with urethral hy-
poplasia and genital and scrotal malformations. The 
larger defects are also associated with abnormal de-
velopment of the striated muscle that would normally 
develop in the mesenchyme associated with the miss-
ing cloacal part, namely the anal and urethral sphinc-
ters, the bulbo and ischiocavernosus muscles, and the 
pelvic floor.

4.7 Conclusions

The embryology of the anal and urogenital region is 
quite different from that which has been understood 
by the pediatric surgical community until now. Previ-
ous classifications of ARM based on surgically apt the-
ories of development must now be revised in the light 
of this new (and sometimes really quite old) evidence 
that has to date been ignored. A better understand-
ing of the normal stages of anorectal and urogenital 
development will enhance future investigation, par-
ticularly into the molecular and genetic basis of ARM. 
This may in the future identify factors responsible for 
promoting the ARM, and the relationship between 
the adjacent structures may temper surgical expecta-
tions from repair.
The evidence that is currently available would support 
a classification of ARM that describes merely high 

and low (proximal and distal, severe, and mild) le-
sions with or without communication (see Chap. 8). 
In the female, communication between the rectum 
and vestibulum should be considered “high” lesions. 
Abnormalities affecting the development of the va-
gina where there is a persistence of the urogenital si-
nus below the openings of the vaginae might be more 
accurately referred to as persistent urogenital sinus 
with high ARM rather than a persistent cloaca, as has 
been the case to date. Finally, the term “caudal dys-
genesis sequence” should replace “caudal regression 
sequence” to describe the association between ARM 
and other abnormalities of caudal embryonic devel-
opment.
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5.1 Introduction

Knowledge about a problem brings with it under-
standing, allowing assessment of the situation and its 
ultimate solution. This flow of activity is interrupted 
where knowledge remains conjectural and unclear. 
This state, which is characterized by uncertainty, 
clouds what is written and spoken about by experts 
on the subject of congenital anorectal malformations 
(ARM). Major significant recent advances have been 
made, but ignorance due to a lack of clarification on 
the subject still pervades much of what we think is 
the truth concerning these malformations. Because 
of this sorting out of “fact from fiction,” finding the 
true pathway to follow through the literature on the 
subject is extremely difficult and subject to observer 
bias.

5.2 The Pelvic Floor

The sheet-like muscle of the pelvic floor has been arbi-
trarily divided into seemingly different muscles based 
on their site of origin and perhaps insertion. This is 
of no practical importance to the pediatric surgeon. 
Furthermore, conventional morphologic descrip-
tions, those of the anatomist, are of limited value to 
the clinical practitioner [12]. They do, however, form 
the basis, the core, around which the pelvic structures 
can be discussed. In practice what can be visualized 
in the living provides more guidance and insight to 
the nature of the problem addressed [91]. It is for this 
reason that imaged appearances (sonar, magnetic res-
onance – MR imaging, and computed tomography – 
CT scan) of the pelvic structures discussed are used 
in preference to those seen by the anatomist [120].

5.2.1 Levator Ani

This is the major muscle of the pelvic diaphragm and 
is attached anteriorly to the pubic bone. The ventro-
medial segment, is termed the pubovisceralis muscle 
as it holds the urethra, vagina, and anorectum within 
its sling-like fibers. It is drawn caudally by the viscera 
passing through it to which it is attached. A further 
subdivision of this muscle, a segment composed of 
fibers passing, but intimately in contact with, the 
anorectum in the shape of a U-loop from pubis to pu-
bis is named the puborectalis. It forms the anorectal 
junction, defining the rectum from the surgical anal 
canal, the anorectal ring. This muscle participates in 

the formation of the external anal sphincter, from 
which it can be distinguished, forming the most cra-
nial significant component of this structure. The pu-
bovisceralis is part of the levator, separated from it 
by its function, closing the urogenital and anorectal 
hiatuses by contraction.

5.2.2 The Nerve Supply

Gross dissection studies carried out in the female 
suggest that the levator muscle is not innervated 
by the pudendal nerve, but by a levator ani nerve 
(S3–S4), which travels on the superior surface of the 
pelvic floor and is made up of nerves that are direct 
branches that split from nerve roots proximal to the 
sacral plexus [4]. It should be noted that this supply 
is anatomically distinct from that of the external anal 
sphincter, which is supplied by nerve fibers traveling 
with the pudendal nerve [73]. This dual motor supply 
indicates that the pelvic floor muscles do not neces-
sarily have to behave as a unitary mass. This has been 
demonstrated in the cat, where bilateral section of the 
pudendal nerves entirely abolishes both the tonic ac-
tivity and phasic responsiveness of the external anal 
sphincter without affecting the activity of the levator 
ani [27]. In spite of proposals that the external anal 
and urethral sphincters and bulbocavernosus muscle 
originate from the puborectalis and can be demon-
strated to act as one muscle (they contract or relax en 
masse), a voluntary selective individual muscle func-
tion exists in man, such that each named component 
can act independently of the other [108–110]. Yet to 
be clarified in the human is the suggestion that there 
is a clear segregation of the segmental motor neuron 
pools innervating these muscular sections of the pel-
vic floor. Quantitative analysis of these motorneu-
rons in the rat model with ARM of various forms has 
shown that there are significantly fewer motor nerve 
cells in these cases [135].

Evolutionary considerations regarding the pelvic 
floor muscles indicate that they develop with specific 
attachments and function; they do not derive from 
preexisting muscles [26]. For instance, the external 
anal sphincter has strong connectivity with its sur-
rounding skin and has muscle spindles, but it is de-
void of the phasic monosynaptic component of the 
stretch reflex. Similarly, in quadrupedal mammals it 
has fast-twitch muscle characteristics, but in the hu-
man it is a slow-twitch muscle. Onuf ’s nucleus, which 
innervates the pelvic floor muscles and is suggested 
to occupy an intermediate position between the vis-
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ceral and somatic nuclei, receives an important group 
of suprasegmental afferents, probably direct cortico-
spinal fibers.

Sensory perception originating from the levator 
muscles plays a fundamental role in signaling the 
arrival of rectal content at the pelvic floor. Its role in 
anal continence mechanisms is undisputed. Sphincter-
saving operations in humans have shown clearly that 
the rectum is essential for neither the appreciation of 
impending evacuation, nor for the sphincter inhibi-
tory reflexes (rectoanal reflex) [62]. Because of this, 
sensory nerve endings in the puborectalis and anal 
region have been evaluated in humans with ARM and 
equated with normal material [65,82]. The reported 
findings must be interpreted in light of the fact that 
these sensory receptors appear to present themselves 
at different ages (i.e., there are no sensory nerve end-
ings in the anal canal of the newly born, but they 
are abundant in later life). In normal pelvic muscle, 
muscle spindles are not present in every part, being 
well represented in only the front two-thirds of the 
puborectalis and the middle segment of the external 
anal sphincter.

In ARM, not only are these monitoring structures 
decreased in number, but their location is limited to 
the middle segments of the puborectalis; the greater 
the degree of developmental regression, the greater 
the impact on this alteration (i.e., the decrease in den-
sity corresponds to the degree of anorectal agenesis).

Structural differences have been shown in the 
human with regard to the ultrastructure of the peri-
urethral levator ani muscle. The external urethral 
sphincter consists of a single population of type I 
(slow-twitch) fibers in the absence of muscle spindles; 
in contrast, the periurethral levator possesses muscle 
spindles and a heterogeneous population of type I and 
type II (fast-twitch) fibers, indicating that it could be 
of considerable importance in producing active ure-
thral closure during continence [43, 137].

5.3 The Anal Canal

This section of the terminal part of the hindgut re-
mains difficult to define; it means different things 
to different people. To anatomists, the canal has 
clearly defined borders: from the anal valve line 
(pectinate line) to the anus. To the surgeon, how-
ever, its upper margin is determined by puborectalis 
contraction – the upper border of the anorectal ring. 
Seen from a logical point of view, the intrinsic struc-
tures of the rectal wall stretch nearly to the skin, the 

anal canal being that part of it held within the exter-
nal anal sphincter. This implies that the anal canal is 
a modified part of the rectum [107]. New tissue in-
troduced from surface structures is only encountered 
within its wall at and distal to the pectinate (valve) 
line.

In ARM the anal canal may be either agenetic, 
where the terminal hindgut is not surrounded by a 
well-formed external anal sphincter, or dysgenetic, 
where the terminal hindgut is incompletely formed 
but surrounded by an external sphincter [30,113].

5.3.1 The Anal Canal in ARM

The following analysis is based on the assumption that 
the following anatomical considerations are correct:
1.  The anal canal stretches from the anorectal ring to 

the anus; it is defined and its length is determined 
by the presence of the striated muscle sphincter 
that surrounds it.

2.  That the canal is divided into two component 
parts: an upper canal formed intrinsically from 
structures of rectal origin (embryologically of 
endodermal origin) and a lower canal composed 
of tissue of somatic (surface) origin (embryologi-
cally of ectodermal origin). This is not absolute as 
endodermally derived structures of rectal origin 
are contained within its wall. The site of anatomi-
cal division between the parts of the canal is the 
pectinate or anal valve line.

3.  Congenital malformations involving the canal are 
classified as: (1) rectal malformations, where the 
upper canal and rectum are primarily involved, 
and  anal malformations, where the lower canal, 
external genital, and cutaneous structures are pri-
marily involved.

4.  In rectal malformations, the malformed endoder-
mally derived tissues retain the anatomical fea-
tures of the parent structures to variable degrees 
[60]. In anal malformations, the ectodermally de-
rived anatomical components do not retain these 
features. 

Given these assumptions, certain conclusions can 
be drawn. These are now discussed.

5.3.1.1	 Agenesis	of	the	Anal	Canal

In agenesis of the anal canal, the hindgut terminates 
above the anorectal ring or at the pelvic floor with 
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a noncommunicative (blind) pouch or a pouch that 
communicates by fistula with an epithelial surface. 
The malformation involves the rectum and the upper 
anal canal. It is therefore a rectal anomaly. Where a 
fistula is present, it retains, as predicted, anatomical 
features of its parent structure the rectum. Because of 
this the fistula is correctly called a terminal channel: 
a rectal terminal channel in this instance. Indeed, any 
fistula with its origin in the rectum or upper anal ca-
nal should be given this name. This is of importance 
anatomically as the fistulae that arise in the lower anal 
canal differ. This terminology is used as follows: (1) 
the Fistula’s site of origin is the rectum/upper anal 
canal, (2) Its endpoint is the bulbar urethra, (3) the 
name used is anal canal agenesis with terminal recto-
bulbar urethral channel. When this terminal channel 
traverses, or moves through, the muscular structures 
of the pelvic floor, it picks up (gains) a coating of stri-
ated muscle fibers, which are likened to a forme fruste 
of an external anal sphincter. Because of this, from a 
functional point of view, under physiological circum-
stances, it can act as an anal canal. It is either: (1) a 
pressure-determined incontinent (refluxing) channel, 
or (2) a stress-controlled continent channel. The fac-
tor that determines this difference is the length of the 
translevator channal, which is an obvious variable.

5.3.1.2	 Dysgenesis	of	the	Anal	Canal

In dysgenesis of the anal canal, the hindgut termi-
nates beneath the anorectal ring, at or below the 
pectinate or anal valve line, as a noncommunicative 
(blind) pouch, or the pouch communicates by fistula 
with an epithelial surface. Where the fistula is present 
it retains none of the features of its parent structure, 
the lower anal canal, as this structure is anatomically 
malformed. Because of this the fistula is correctly 
called a terminal tract. This terminology is used as 
follows: (1) the Fistula’s site of origin is the lower anal 
canal, (2) Its endpoint is the genital or perineal skin, 
(3) the name used is anal canal dysgenesis with termi-
nal anocutaneous tract. The anatomical distinctions 
to be emphasized here are that the tract does not have 
the mural features of the rectal or normal anal wall 
and that it loses (sheds) surrounding striated muscle 
fibers. Functionally, it is not a sphincter-controlled 
communication.

5.4 The Anal Canal – 
Relevant Anatomy

For descriptive purposes the anal canal can be divided 
endosonographically into three sections [37]:
1.  The high anal canal: A level midway between the 

inferior border of the puborectalis and complete 
formation of the external sphincter ring anteri-
orly.

2.  The middle anal canal: Completion of the external 
ring anteriorly in combination with maximal in-
ternal sphincter thickness.

3.  The low anal canal: Immediately caudal to the ter-
mination of the internal sphincter, it comprises 
the superficial external sphincter.

The length of the normal anal canal (external 
sphincter length) varies with age. There are no ac-
curate data for the term baby, but measurements are 
available for children (Table 5.1). In adults there are 
no statistically significant gender-determined dif-
ferences in overall canal length (Table 5.2). Females 
have a significantly shorter external anal sphincter 
anteriorly [9]. In ARM, measurements of the length 
of potential sphincter muscles have been reported 
upon; predictably influenced by the severity of the 
malformation.

5.4.1 Potential Sphincteric Structures

The striated muscle complex (SMC) and parasagittal 
fibers have been visualized using three-dimensional 

Table 5.1 The length of the normal anal canal as determined 
sonographically in healthy children [6]

Sphincter length (mm) Range (mm)

At rest 20.9 ± 3.1 17–28

At squeeze 22.4 ± 4.4 17–31

Table 5.2 The length of the normal anal canal as determined 
by magnetic resonance (MR) imaging in the adult [102]

Sphincter length (mm)

Females 
• Lateral wall 
• Anterior wall

 
27.1 ± 5.4 
14.0 ± 3.0

Males 
• Lateral wall 
• Anterior wall

 
28.6 ± 4.3 
27.0 ± 5.3
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image reconstruction in patients before anorecto-
plasty and in controls [88,117,118]. The data, which 
have not been confirmed, have been reported to show: 
extreme variation, with differing fiber configurations 
between cases and controls [128]. At a level where the 
parasagittal and vertical fiber components of the po-
tential striated sphincter muscles meet there is scanty 
representation, in comparison to controls, of vertical 
components in major malformations. In major mal-
formations there is an increased length of parasagit-
tal fibers in comparison to controls. Variations due to 
age were eliminated.

5.4.1.1	 Endoanal	Anatomy

The mucosal type and pattern in terminal rectal chan-
nels emulates that found in the normal upper anal 
canal [39]. Rectal mucosa gives way to transitional 
epithelium and then the valve line (forme fruste). 
Minor abnormalities show zonal changes, although 
individual variations are common. Major abnormali-
ties are associated with both underrepresentation and 
absence of the described features.

In the newborn piglet model, minor, lower anal 
canal anomalies have all three mucosal linings (rec-
tal, transitional, and squamous) represented, whereas 
in major anal canal agenesis, the fistula is completely 
lined by the transitional form, with a notable absence 
of squamous mucosa. A comment is made that anal 
glands were demonstrated in all studied animals with 
or without ARM [61].

Anal Cushions
Anal Cushions (corpus/cavernosum recti) [26] have 
grown in importance as a factor that determines anal 
continence. No study has looked at this in the human 
with an anal anomaly (see also Chaps. 7 and 8).

5.4.1.2	 Mucosal	Nerve	Supply

Sensory nerve endings present themselves during 
fetal life and go through the stages of immaturity 
through to morphologically mature structures [65]. 
Abundantly organized nerve endings are encoun-
tered at term in the wall of the anal canal. Free nerve 
endings are found in the epithelium of the canal and 
perianal skin. The densities of nerve bundles in the 
subepidermis and dermis of the perineal region as-
sociated with ARM are decreased; this correlates in-
versely with the degree of anorectal agenesis. This is 

also reflected by the density of free nerve endings in 
the region of the valve line (crypts and valves), where 
they are usually most numerous.

5.5 The Internal Anal Sphincter

This is the terminal portion of the inner circular 
smooth muscle layer of the rectum. The functional 
importance of this muscle is emphasized, as inconti-
nence after anal surgery is characterized by the virtu-
ally universal presence of an internal sphincter injury 
resulting in a reversal of the normal resting pressure 
gradient in the anal canal [67,115]. The internal anal 
sphincter in the adult human has recently been de-
scribed as being composed of 26 rings, flat ring-like 
slats, of smooth muscle bundles stacked like the slats 
of a Venetian blind, one on top of the other, and ar-
ranged to form 3 equally sized columns around the 
anal canal [124]. This is a morphological study and 
has not yet been confirmed by imaging studies.

At the anorectal junction, the muscularis propria 
of the rectum changes [102]. The inner circular layer 
thickens to become the internal sphincter. Imaging 
studies divide the length of the anal canal into three 
zones – high, middle, and low. The internal sphincter 
surrounds the upper two, with two-thirds of its length 
above the anal valve line. Its lower border is identified 
by the intersphincteric groove on the skin, thus defin-
ing the upper limit of the low canal zone.

5.5.1 Internal anal sphincter thickness

The thickness of the internal anal sphincter has 
been determined in neonates using infracoccygeal 

Table 5.3 Internal anal sphincter thickness as determined by 
infracoccygeal transperineal ultrasound (ITU) in neonates 
[46] and by endosonography in healthy children (average 
age = 12 years) [6]

Subjects Measurement 
technique

Internal anal 
sphincter thickness

Thickness 
(mm)

Range 
(mm)

Neonates ITU 1.3 ± 0.3 0.8–1.9

Children 
(average age 
12 years)

Endosono-
graphy

2.5 ± 0.66 2–4
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transperineal ultrasound, and by endosonography 
in healthy children (average age 12 years; Table 5.3) 
[6,46]. Using this technique it is seen as an echo-poor 
structure, an extension of the muscular wall of the 
rectum, which is homogeneous in appearance, vary-
ing only slightly in thickness. Normal values for 
sphincter dimensions differ between the imaging 
techniques employed. Therefore, muscle thicknesses 
obtained are not interchangeable and true values of 
thickness in normal individuals have not yet been 
determined [5]. The purpose of measurement, how-
ever, is to distinguish the normal from the abnormal 
muscle thickness with reproducible reliability.

Thicknesses can be determined by different meth-
ods, such as endosonography, endoanal MR imaging, 
or phased-array MR imaging. The effect of an endo-
anal coil – causing sphincter muscle stretch – is re-
flected by the difference in internal anal sphincteric 
thickness obtained between the two above MR tech-
niques. Also of note, there is an inherent inaccuracy 
of endoanal ultrasound in defining and measuring 
the external sphincteric muscle.

Evaluating the internal sphincter in the adult using 
data obtained manometrically, by ultrasound and MR 
techniques reveal:
1.  No gender differences.
2.  No difference in length (as a percentage of the 

overall anal canal sphincter length).
3.  The proximal sphincter is nearly equal in thick-

ness – anteriorly/posteriorly.
4.  Measured in the middle/high canal, the thickness 

tends to increase with increasing age (using en-
doanal MR, the thickness is reported to increase 
significantly with age).

5.  Homogeneous except in the elderly, where the ap-
pearance altered (not uniformly noted).

6.  In the adult, using endosonography, the internal 
sphincter thickness has been assessed at the mid-
canal level (Table 5.4) [5].

5.5.2 Nerve Supply

The internal anal sphincter is innervated by the in-
trinsic enteric nervous system: autonomic (sympa-
thetic, parasympathetic, and nitrinergic). It receives 
this supply uninterrupted from the distal rectum, 
which is innervated in a craniocaudal (isoperistaltic) 
direction [85]. The enteric nervous system is gangli-
onated in the rectum, where it is arranged in the form 
of named plexuses [mucosal (Henle); submucosal 
(Meissner); intermyenteric (Auerbach)], which con-
tain ganglia and interconnecting nerve fibers. In the 
wall of the anal canal its nature alters [1], with the 
upper canal (high) hypoganglionated, the mid canal 
aganglionic with nerve fibers present, and the low 
canal  aganglionic with nerve fibers prominent. The 
ganglia, ganglion cells, and microglia, contain imma-
ture cells, even at term [11]. This, in the preterm must 
be combined with the fact that the plexuses develop 
within the wall of the bowel in an “out to in” fashion. 
The intermyenteric plexus is always the most promi-
nent. The rectoanal inhibitory reflex tests the integrity 
of this supply.

5.5.3 The Internal Anal Sphincter 
in ARM

Depending inversely on the degree of dysgenesis pres-
ent, it has been well recognized for many years that 
a functional internal anal sphincter is present where 
the anal canal is partially formed [7,94]. Its presence 
is associated with a normal rectoanal inhibitory re-
sponse [100]. With rectal anomalies it has been estab-
lished that a translevator fistula (terminal channel), 
when present in instances of anal agenesis/dysgenesis, 
represents and is the terminal portion of the hindgut, 
with its opening an ectopically sited anus [64,106]. 
These channels have the mural features of the up-
per anal canal, identified classically by the presence 
of a terminally thickened portion of circular smooth 
muscle – a forme fruste of an internal anal sphincter 
[54]. This emulates the features shown to be present 
in the pig model with anal agenesis:
1.  A terminal hindgut end surrounded by an inter-

nal sphincter.
2.  The enteric nervous system of the pouch in the 

region of the fistulous connection, as well as the 
channel itself, show features of intestinal hypo- or 
aganglionosis with neuromatosis.

3.  The proximal fistula is lined by transitional epi-
thelium (see also Chap. 7).

Table 5.4 Internal anal sphincter thickness as determined 
at mid-anal canal level, endosonographically in the adult [5]. 
These figures are thicker than those obtained with phased-ar-
ray MR imaging and significantly thicker than that determined 
by endoanal MR

Internal anal sphincter thickness (mm)

Females 3.8 ± 1.2

Males 3.4 ± 1.4



715 Recent Advances Concerning the Normal and Abnormal Anatomy of the Anus and Rectum

Endoanal imaging in humans managed surgically 
using fistula-preserving techniques substantiate the 
idea that a mural sphincter with features determined 
by the severity of the anomaly present can be de-
tected and functionally assessed [24]. Its appearance, 
however, is often structurally abnormal and it may be 
scarred by the surgery done.

5.6 The Longitudinal Muscle 
of the Anal Canal

This is a structure that can be imaged clearly in the 
high anal canal [120]. It is the continuation of the lon-
gitudinal outer smooth muscle of the rectum, which 
is situated between the internal and external anal 
sphincters. Terminal fibers of this muscle insert into 
the submucosa of the canal, musculus canalis ani; 
others traverse the superficial external anal sphinc-
ter to reach the skin, the musculus corrugator cutis 
ani. It connects and tethers the visceral and somatic 
parts of the anal sphincteric complex together. It is 
seen on MR imaging within the fat tissue of the inter-
sphincteric space, and is best evaluated by a phased-
array MR technique where the sphincter complex is 
unstretched.

5.6.1 Dimensions 
of the Longitudinal Muscle

Length measurements (adult studies) indicate that 
in the female the longitudinal muscle ends cranial to 
the superficial external sphincter, while in the male 
it extends to the caudal end of the sphincter. In both 
males and females its thickness decreases with age 
(Table 5.5) [5]. Histologically, Pacinian corpuscles, 
pacemaker cells of Cajal, and ganglia can be identi-
fied within its muscular tissue [41,45].

5.7 External Anal Sphincter

5.7.1 Localization and Nature

There are perianal sphincter fibers of striated muscle 
that stretch from the lower border of the puborectalis 
cranially to the distal caudal termination of its fibers. 
No constant plains of cleavage within it are seen but 
it has a changing pattern at different levels conform-
ing to a trilaminar arrangement [2]. The sphincter 
has three open U-loop like sections, which give it an 
ellipsoidal shape morphologically [8]. It is situated 
between the fat-filled ischiorectal fossae laterally, it 
attaches anteriorly to the perineal muscles, and pos-
teriorly to the anococcygeal raphe and coccyx [55]. It 
seems not to form complete circles in certain planes 
in neither the male nor the female [35]. Sexual differ-
ences of the ventral part of this sphincter have been 
noted even in the fetus [79].

The classically described tripartite subdivision of 
this sphincter (see Chaps. 6 and 7] can not be con-
firmed using imaging techniques, but it can be di-
vided into sections that are continuous with one 
another, subdivisions of a single muscular structure 
[102]. From caudal to cranial, these are:
1.  The superficial external sphincter (subcutane-

ous). This surrounds the lower anal canal and is 
traversed by the coat tails of the longitudinal anal 
canal muscle (in the male). Histologically, it can 
be seen as two parallel muscle strips in the axial 
plane; confirmed operatively as the so-called 
parasagittal fibers and by MR imaging.

2.  The deep external sphincter, surrounds the mid-
dle anal canal anteriorly in both sexes. It is con-
tinuous through the high canal with the puborec-
talis fibers of the levator ani cranially; with which 
seen in the sagittal plane, it gives a posteriorly 
positioned teardrop-like appearance to the anal 
sphincters perpendicular to the axis of the canal.

3.  The puborectalis fibers of the levator ani. Contrac-
tion of this section of the levator muscle forms the 
anorectal ring. During contraction it cannot be 
separated from the external anal sphincter cau-
dally, but from the rest of the levator-formed pel-
vic diaphragm cranially. Its lower border defines 
the upper extent of the high anal canal, which is 
deficient in external sphincteric muscles anteri-
orly in the female – the major anatomical differ-
ence between the male and female anal sphincter 
(see Chaps. 6 and 7). The puborectalis is continu-
ous with, but not described as part of the anatomic 
external anal sphincter; it has a separate motor 
nerve supply.

Table 5.5 The longitudinal muscle of the anal canal: thickness 
measurements in adults [5]

Imaging technique Longitudinal muscle 
thickness (mm)

Female Male

Endoanal ultrasound 2.9 ± 1.0 2.3 ± 1.0

Endoanal MR 0.8 ± 0.2 0.8 ± 0.2

Phased-array MR 1.0 ± 0.2 0.9 ± 0.2
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Normal variants of the external sphincter may 
have a closed circular configuration or may have an 
open configuration anteriorly and posteriorly.

5.8 The Perineum and Perineal 
Body

The urogenital hiatus is bridged by a diaphragm, the 
fibrous perineal membrane. This is triangular in 
shape as it spans the inferior ischiopubic rami from 
the pubis to the ischial tuberosities. Posteriorly, the 
superficial and deep transverse perinei run along its 
free edge [102]. The genitalia are attached to its infe-
rior surface. The perineal body is a point of fusion at 
the posterior free edge of the urogenital diaphragm. It 
is a site of insertion of:
1.  Muscle: the superficial and deep perinei, bulbo-

cavernosus, levator ani fibers, rectourethralus, ex-
ternal anal and striated urethral sphincters, (the 
perineum acts as an insertion site for the striated 
muscles that anchor the anal sphincter to the sur-
rounding pelvis), the striated urethral sphinter.

2.  Fascia: the perineal membrane, Denonvilliers, 
Colle’s, and the outer pelvic stratum.

The deep transverse muscle is the primary muscle 
of the diaphragm, with the puborectalis muscle supe-
rior to it. It is penetrated by the urethra and the va-
gina.

The format of the perineum differs between the 
sexes [102]. The superficial transverse perineal muscle 
is directly superior, and overlaps the external sphinc-
ter in females, whereas it is directly anterior to the 
external sphincter in males. In addition, the female 
perineum is imaged as a pronounced intermingling 
of muscle fibers with the formation of a definable per-
ineal body. In the male, in contrast, it seen as a point 
of aggregation of fibers, directly superior to the root 
of the penis; inferior to the prostate gland.

It is proposed that anatomically, the external anal 
sphincter, urethral sphincter, and bulbocavernosus 
muscle originate from the puborectalis muscle and, 
furthermore, that the bulbocavernosus muscle is an 
integral part of the external anal sphincter. For this 
reason this muscle complex in its entirety has been 
named the “anogenital muscle”.

5.8.1 Gender Differences – 
 External Anal Sphincter

5.8.1.1	 The	Female	Sphincter

This is significantly shorter anteriorly, but there is no 
statistically significant difference between sexes in 
the length of the canal plus puborectalis muscle, for 
the same age (see Chaps. 6 and 7) [102]. There is a 
trend for the thickness of the external anal sphincter 
(plus puborectalis) to decrease with increasing age 
(not a significant finding). Also, the thickness of the 
external anal sphincter in young adult women is less 
than in young adult men (age-related atrophy has 
been observed and is thought to be associated with 
late-onset fecal incontinenced (Table 5.6). The major 
variation in anatomy lies in the anterior part of the 
anal sphincter [102], where in the male the central 
perineal body acts as a central insertion point, while 
in females there is not a point, rather an area of wo-
ven muscular fibers.

5.8.2 Nerve Supply of the External Anal 
Sphincter

The external anal sphincter is under voluntary control 
and is innervated by the pudendal nerves (S2, 3, and 
4), which supply the inferior rectal nerve, which in 
turn traverses the lower half of the ischiorectal fossa 
from out of the pudendal canal, and terminates in the 
external anal sphincter at the 3 and 9 o’clock positions 
[111]. The puborectalis has a separate nerve supply 
on its superior surface (S3 and 4).

Table 5.6 The thickness of the external anal sphincter as de-
termined in the neonate and child [6], and in the adult male 
and female [5]

Subject Technique Thickness (range)

Neonate child Endoanal ultrasound 1.6 mm (1.2–
2.3 mm)

Endoanal ultrasound (6.2 ± 1.64 mm)

Adult male Endonal ultrasound (6.1 ± 1.7 mm)

Endoanal MR (1.3 ± 0.4 mm)

Phased-array MR (1.4 ± 0.5 mm)

Adult female Endonal ultrasound (7.2 ± 2.3 mm)

Endoanal MR (1.2 ± 0.3 mm)

Phased-array MR (1.3 ± 0.2 mm)
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5.8.2.1	 Overlapping	Innervation	(Monkey)

Unilateral pudendal neurectomy causes histological 
changes consistent with partial denervation on both 
sides of the midline, and is most marked ipsilaterally 
[132]. This indicates overlap in supply or the interdig-
itation of muscle fascicles across the midline.

5.8.2.2	 Resting	Tone

An inherent permanent spontaneous activity char-
acterizes the resting state of the external sphincter. 
Combined positron emission and CT have confirmed 
this an extremely sensitive reflex state [116]. Resting 
tone is controlled by sensory (stretch) nerve end-
ings, muscle spindles, within the sphincter. Pressure 
receptors (Pacinian corpuscles) are found between 
the external anal/internal anal sphincters and in the 
presacral space. This is part of an abundant supply 
of sensory organized nerve endings (Meissners cor-
puscles, Golgi Mazzoni bodies, Krause bulbes, and 
globular nerve endings) encountered within the wall 
of the anal canal, with numerous free nerve endings 
[28,65].

5.8.3 Spinal Control 
of the Pelvic Floor Muscles

There is a prevalent notion in the literature that the 
pelvic floor muscles behave as a unitary mass. Uncon-
trolled stimulation of the pelvic floor substantiates 
this position. Personal experience could, however, 
question it. Experiments carried out in the spinal cat 
model show [27]:
1.  Electrical stimulation of different sacral ventral 

nerve roots elicited twitch responses from differ-
ent muscles.

2.  Dependent upon the intensity of the stimulation, 
various muscles of the pelvic floor could be reflexly 
reactivated either individually or as a mass unit.

3.  The external anal sphincter responded to tactile 
or electrical stimulation of the pudendal regions 
elicited on either side of the body; this is in con-
trast to other muscles that could be lateralized.

4.  Unilateral section of one pudendal nerve did not 
alter the level of tonic activity of the sphincter, and 
bilateral section abolished it, without affecting the 
activity of the levator muscles.

Based upon this evidence, it was concluded that 
the neural apparatus supplying the pelvic floor is ca-

pable of activating the different muscles that make up 
its structure individually, and that the external anal 
sphincter and the levator ani are subserved by dif-
ferent neuronal circuits. The extrapolation of these 
findings to the human could require modification, 
but support the concept that a segregation of the seg-
mented neuronal pools innervating the different pel-
vic floor muscles exists.

5.8.4 The �oluntary Anorectal Inhibition 
Reflex

This is a postulated viscerosomatic reflex: external 
anal sphincter contraction preventing emptying 
causes reflex rectal wall relaxation [108]. This illus-
trates the close functional relationship between pel-
vic visceral and somatic structures that may be traced 
back to Onuf ’s nucleus, which innervates pelvic floor 
muscles and occupies an intermediate position be-
tween visceral and somatic nuclei.

5.8.5 Neurophysiological Dysfunction

There is a well-documented association between 
abnormal neurology and constipation in adults 
[57]. The innervation of the external sphincter has 
been shown to be abnormal in ARM, concentrating 
on ventral spinal cord motor neuron damage [134]. 
Nerve arc studies determining latencies, spinoanal 
responses (pudendoanal reflex; dorsal nerve penis→
cord→to external sphincter) were recorded. In ARM, 
conduction latencies and evoked potentials were 
abnormal and grossly prolonged, documenting the 
presence of serious motor neuron lesions involving 
the sacral spinal centers [133]. Of great interest, loss 
of one sacral vertebra (S5) significantly affected the 
assessment results.

5.8.6 Endosonography of the Anal 
Sphincters

Endosonography is the tool of choice for assembling 
the component parts of the sphincter in a practical 
and available fashion. The individual and gender-re-
lated variability is emphasized, as shown by a study 
carried out in adult volunteers [121]. There was no 
plane of cleavage between components of the exter-
nal sphincter. A trilaminar arrangement conforming 
to the changing patterns encountered in the external 
sphincter at different levels was noted, with a deep 



Michael R.Q. Davies and Heinz Rode74

external sphincter annular in 72–76% of cases. The 
superficial external sphincter was elliptical in 76% of 
females and 86% of males. The subcutaneous compo-
nent of superficial external sphincter was conical in 
56–57% of cases. The external sphincter was shorter 
anteriorly in females. Abnormal insertions from the 
external sphincter were encountered anteriorly in 
14% of cases. The longitudinal muscle layer was iden-
tified in all men, and in 60% of women it was indis-
tinguishable from the external sphincter sonographi-
cally. Subepithelial tissues and the internal sphincter 
were easily identified in all subjects. Manometrically 
in healthy adults there is no relationship between 
resting and squeeze pressures and internal or external 
sphincter thickness [40].

5.8.7 Individual �ersus Common Sphincter 
Control of Pelvic Organ Continence

The external anal and urethral sphincters are examples 
of individual sphincters. The puborectalis in contra-
distinction gives origin to these individual sphincters, 
but at the same time embraces them as their common 
sphincter. This arrangement allows for common, in-
dividual or double sphincter control [108].

5.9 The Pelvic Floor and External 
Anal Sphincter in ARM

The work of Peña has had a major influence on our 
understanding of the anatomy in these congenital 
anomalies (see also Chaps. 6 and 7). We have read, 
digested, and found the structures he has described. 
Imaging techniques have supported his interpreta-
tions and recent human studies have consolidated 
rather than refuted his concepts of the presence of 

“potential” striated muscle tissue – designated, but 
not used for the formation of an external anal sphinc-
ter [88, 119]. A spectrum of deformities as has been 
stressed by Peña [104]. The normal anal canal and its 
opening, and the rectum with their surrounding ana-
tomical structures are either fully represented with 
only very minor modification, or else nonrepresenta-
tion or absent development is encountered. The vis-
ceral and parietal anatomical defects usually parallel 
one another in severity or degree. This facilitates their 
clinical detection and predicts the functional progno-
sis on completion of current surgical treatment.

The size of the anal orifice in the neonate has been 
expressed as a function of the birth weight (BW) [29]: 
1.3 + (BW in kg × 3), expressed in millimeters (Hegar 

size). The minimal functional (adequate) size at term 
is estimated to be at least 12 mm (12 Hegar).

5.9.1 Position of the Anus

The ectopic position of the opening is of importance 
when it is obvious and symptoms attributed to it are 
present. The orifice in these instances is usually ste-
notic. Minor variants of dystopia appear to be com-
mon. The perineum increases in length as the child 
matures, an important variable that makes accurate 
determination of the position of the orifice on clinical 
grounds imperfect. The proposition that in females 
the anus lies on the midpoint between the fourchette 
and the tip of the coccyx led to the conclusion that 
anterior ectopia was a common cause of constipation, 
and gave rise to an unusual incidence of this anomaly 
[63]. Ectopia was related in a causal way with chronic 
constipation, as it was necessarily associated with a 
prominent levator (puborectal) shelf. Surgical treat-
ment was directed at this feature. Building on this 
theme, gender-based ratios were quoted: the ratio of 
midanus to fourchette length to midanus to coccyx 
length being < 0.34 in females (< 0.46 in males).
In practical terms, anterior displacements can be ex-
cluded where the anus lies less than 2/3 of the distance 
from coccyx to fourchette [98]. The issue of posterior 
displacements remains controversial. Imaging tech-
niques may clarify these situations in the future by 
positioning the canal centrally within or partially ec-
centrically outside the sphincter complex.

5.9.2 The Anal (Canal Opening) Target Site

The normal anus has a cutaneous areola, a surround-
ing halo of pigmentation and puckering due to fibrous 
sphinteric attachments. Where this opening is absent, 
these changes or forme fruste thereof can be present 
[117, 118]. The low anal canal, below the intersphinc-
teric groove, develops from the proctodeum (anal pit), 
and partially from this structure as it stretches up to 
the valve line. It had been suggested, (now refuted) 
that these cutaneous developments were induced 
by the approaching terminal hindgut as it nears the 
skin. In ARM, the skin over the expected anal site 
may appear unaltered. This suggests to the clinician 
that the anomaly could be of a major nature, although 
this rule is not absolute. A spectrum of anal areolar 
maldevelopment can be encountered; in the presence 
of an absent perineal anus, changes from near nor-
mality to total absence are seen; its epicenter may be 
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depressed (anal fossette) or frequently everted as if 
it had not been sucked up to meet the approaching 
hindgut.

In the male, the perineum is divided by a midline 
(sagittal) raphe. In anal dysgenesis this may appear 
hypertrophied; inappropriately cross over the target 
site and /or have the appearance of a bucket handle. 
It can contain an epidermal tract that connects the 
lumen of the malformed anal canal to the raphe. Pre-
natally this is unfilled, although epithelial detritus ac-
cumulates within it and can give it an appearance of 
a string of pearls. Postnatally, meconium finds its way 
into it, turning it into a black track that may rupture 
anywhere along the length of the raphe.

In the female the normally featureless perineum 
can have a sagittally placed midline groove – the peri-
neal groove – lined by unkeratinized epithelium.

5.9.3 The Perineum

Where the anus is obviously absent, so too the peri-
neal body is not formed. Where the perineal muscles 
form part of the striated muscle sphincters of the anal 
canal or urethra, they are only represented where 
these structures traverse the levator ani and perineal 
diaphragm.

5.9.4 The Common Wall Phenomenon

Most obvious where the abnormal hindgut opening 
is found within the vestibule or posterior urethra, the 
anterior wall of its accompanying channel above the 
opening is unified cranially for a variable distance 
(2–4 cm) with the muscular wall of the urethra or va-
gina. The length of this union is determined by the 
length of the intralevator segment of the hindgut 
channel, which is longest with rectobulbar connec-
tions and absent with a T-shaped termination where 
the rectum opens above the bladder base or higher. In 
cloacal variants, the vagina may in a similar fashion 
be united with the urethra along its anterior wall. The 
implications of this anatomy are of great importance 
during the surgical correction of these anomalies.

5.9.5 Striated Muscle Tissue, “Potential” 
Sphincteric Fibers in ARM

This tissue is found in the infralevator space, the le-
vator muscle, perineal diaphragm, and the perineal 
body/male phallus [88, 119].

5.9.5.1	 The	Levator	Component	–	
The	Pubovisceralis

Dependent upon the anomaly present the following 
may be observed:
1.  A Puborectalis; in anal dysgenesis where the hind-

gut has descended through the levator floor (non-
communicating: communicating anomalies in 
males and females).

2.  A Pubourethralis; a fistula opens into the urethra 
above its membranous section, the prostatic ure-
thra, or the bladder neck.

3.  A Pubovaginalis in females. A urethral and genital 
opening is present within the external genitalia.

4.  A Pubourogenitalis in females. The cloacal vari-
ants.

There is a spectrum of severity, with an open pelvic 
osseous ring at one extreme. 

Here, diastasis of the symphysis pubis is pres-
ent. The pubovisceral section of the levator muscle is 
absent. The pelvic floor lies high and is flat in shape 
(imaging has shown that this diaphragm has a domed 
shape when normal). The pelvic viscera, where an 
ARM is present, lie outside the pelvic ring. There is 
foreshortening in the sagittal length of the true pelvic 
cavity. With a closed pelvic osseous ring, the pelvic 
viscera can abut the symphysis pubis. The regional 
effects of caudal regression are apparent and may 
include hypoplasia of the gluteae (flat-bottomed ap-
pearance; absent, shortened, or shallow natal cleft) 
with associated absent sacrum or underdevelopment 
and sagittally foreshortened external genitalia (this 
can facilitate phallic prominence). In addition, the 
cavity of the vulva may appear to be open or partially 
closed. The “potential” striated sphincteric muscle tis-
sues of the levator floor are severely underdeveloped, 
absent and/or compromised.

5.9.5.2	 The	Striated	Muscle	Complex	(Peña)

This terminology is used to name the striated muscle 
tissue destined for, but never used to form the exter-
nal anal sphincter. The tissue is found between the 
pubovisceralis cranially, and the predestined anal 
target site at skin level caudially. Peña describes it ac-
cording to the main direction of its component fibers, 
with deep, vertical fibers in a column of muscle that 
stretches between the pubovisceralis and the skin 
where it interdigitates with superficial horizontal fi-
bers, the parasagittal fibers, at right angles [88]. The 
original description of these fibers was based upon 
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the morphological appearance of the structures en-
countered during posterior sagittal anorectoplasty. 
Subsequent imaging studies have confirmed this ana-
tomical configuration.

The Deep Component
This is a strictly midline column that is held laterally 
between the fat-filled fascial pockets of the ischiorec-
tal fossae (Gonzales hernia). It is a poorly represented 
structure in major malformations. It has a defined an-
terior and posterior boundary.

The Superficial Component
This has parasagittal fibers that run horizontal to the 
vertical column and that interdigitate posteriorly (ra-
phe) and anteriorly (perineal body) in the midline, 
and superiorly with the vertical fibers that tend to fan 
out into it. It is an easily seen subcutaneous structure 
that can be better represented in major malforma-
tions.

5.10 The Rectum

The rectum imperceptibly begins with the disappear-
ance of the sigmoid mesentery opposite the third 
sacral vertebra, a site where the taenia coli fuse to 
form a continuous longitudinal layer as its outer coat. 
At the anorectal ring it is angulated posteriorly as it 
descends as part of the anal canal, its mural structures 
continuing in modified form to beneath the pectinate 
line. It is covered anteriorly at its upper two-thirds 
by parietal peritoneum and is separated in the male 
from the bladder by the rectovesical pouch and in the 
female from the uterus by the rectouterine pouch of 
Douglas. The lower third is “bare” and lies within the 
retroperitoneal space where its anterior wall and ad-
ventitial sheath, beneath the seminal vesicles or pos-
terior fornix of the vagina, is in contact with Denon-
villiers’ or rectovaginal fascia. It terminates at its most 
inferior part as an ampulla, which is attached to the 
posterior urethral sphincter and perineal body. It is 
innervated by the laterally placed pelvic plexus, and 
its blood supply reaches it via the superior (from the 
inferior mesenteric), middle (from the internal iliac), 
and inferior (from the internal pudendal) rectal ar-
teries [87, 112]

5.10.1 Rectal Ectasia

Dilatation of an unexpected magnitude of the most 
distal hindgut is seen in association with ARM (see 

Chap. 12) [19]. In its most extreme form it is encoun-
tered in pouch colon cases (see Chap. 11) [14]. This is 
suspected when on a plain abdominal X-ray study the 
erect picture shows the distended colon to be greater 
than 50% of the diameter of the abdomen. Detailed 
histopathology of the reservoir’s wall [15] has not 
been extensively researched. It would appear that the 
wall is reported to be normal in most instances, with 
no enteric nervous system anomaly.

5.10.1.1	 Pouch	Anatomy

Usually a thin-walled, sac-like structure; taenia coli 
are absent or poorly developed with no appendices 
epiploicae [13]. Rarely it is observed as thick walled 
and has an associated wide genitourinary fistula. 
There is a characteristically abrupt transition between 
the sac and normal-appearing proximal intestine. In 
summary, this anomaly of the colon has four major 
characteristics: a reservoir-like pouch, a foreshort-
ened colon, the presence of a genitourinary fistula 
(which is rarely absent or represented by a fibrous 
cord), and an ARM.

5.10.1.2	 Ectasia

Significantly less dramatic and more localized dilata-
tion of the terminal intestine immediately proximal 
to the fistula in ARM or to the blind-ending termina-
tion are reported [136]. These bulbous terminations 
not involving the fistula are labeled rectal ectasias. 
They are reported to be congenital or, when acquired 
due to anatomical defects in the wall of the bowel, 
deemed to be part of the ARM. In description they 
are minor variants of the pouch anomalies, although 
outlet obstruction and the effect of urinary retention 
in the segment play etiological roles. The significant 
nature of the dilatation draws attention to their pres-
ence. 

The normal rectal pouch (termination) with sec-
ondary dilatation due to outlet ARM may be attrib-
utable to poor or incomplete pouch emptying (see 
Chap. 12).

5.11 Fetal Defecation

Dilatation of the rectosigmoid in newborn infants 
with ARM supports the hypothesis that fetal colonic 
peristalsis and defecation is a normal physiological 
process [56]. What is contentious is whether colonic 
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emptying occurs during the third trimester. The de-
termination of fetal intestinal disaccharidases in the 
amniotic fluid suggests that they are released by def-
ecation [92]. Their disappearance after the 22nd week 
suggests that rectal emptying is absent during the 
third trimester.

This evidence must be correlated with morpholog-
ical data regarding the anatomical development of the 
anal sphincteric mechanism [10]. Digestive enzyme 
assays indicate that anal membrane perforation oc-
curs at about 12 weeks of gestation; their absence in 
amniotic fluid subsequent to 22 weeks of gestation 
apparently cannot be explained by development of 
anal continence, as morphological evidence shows 
that the functional components of the sphincteric 
mechanism are not adequate by the 30th week of ges-
tation. The use of ultrasound to observe anal activity 
revealed that the greatest frequency occurs between 
weeks 28 and 34 of gestation; however, defining fetal 
defecation as the expulsion of contents through the 
anus showed that emptying of rectal content occurs 
until term. The discrepancy between these studies re-
mains speculative.

Hypoxic defecation in the mature fetus is unchal-
lenged when meconium staining of liquor occurs. If, 
as it is suggested, defecation in utero is a physiologi-
cal fetal function, what happens to the evacuated ma-
terial? Filtration mechanisms clearing unwanted con-
tent have been demonstrated in animal experiments, 
which are rendered inoperative during hypoxic stress 
[17,18]. These findings point to the presence of a simi-
lar physiological cycle in the human. It is obvious that 
in the fetus with an ARM and fistula, emptying of the 
rectum is possible and determined by the size and site 
of this channel/tract. Meconium reaches the colon by 
the 18th week of gestation and builds up thereafter in 
the colon. How much of it is evacuated before term 
remains a matter of conjecture [97].

5.12 The Pelvic Connective Tissue

See also Chaps. 6 and 7. In the mind of the surgeon, 
the fibrous tissue within the pelvis is thought of as fi-
brous sheets; membranous fasciae that line the pelvic 
wall covering muscle and bone or fibrous ligaments 
(aggregations), which hold or tether the pelvic viscera 
to prevent visceral prolapse, especially in the female 
[122]. Little mention is made of the loose areola tis-
sue (retroperitoneal fascia) that surrounds the pelvic 
viscera and encloses the vessels and nerves that sup-
ply these structures. Intraoperative mobilization of 
the pelvic viscera is possible as this tissue can be di-

vided by blunt and sharp dissection, developing sur-
gical plains of dissection freeing up the structure to 
be removed [47]. During this dissection, vessels and 
nerves are divided [36,51].

What is termed fascia in the pelvis does not imply 
that the structure is merely collagenous; pelvic fascia 
is rich in elastic tissue and contains smooth muscle. 
This indicates that it plays a major role in the support 
and possible function of the pelvic viscera. This con-
nective tissue has been arbitrarily divided into outer, 
intermediate and inner strata.

5.12.1 The Outer Stratum, the Parietal Layer 
(Leaf)

This lines the inner surface of the pelvic wall and 
is continuous with the transversalis layer of the ab-
domen. Where it covers the sacrum it is known as 
Waldeyer’s fascia, and it is through this that the sur-
geon must enter before a retrorectal dissection plane 
can be developed.

5.12.2 The Intermediate Stratum

This is the tissue in which the pelvic viscera are em-
bedded. Its loose areolar nature is compressible, al-
lowing it to accommodate their emptying and filling. 
Because of this potential, four spaces can be devel-
oped in it: retropubic, paravesical, rectogenital, and 
retrorectal. This stratum coalesces around vessels 
and nerves and thickens to form well- and ill-defined 
named ligaments that suspend the viscera.

5.12.3 The Inner Stratum: The �isceral Layer 
(Leaf)

This layer clothes the viscera and is well defined where 
these structures are covered by peritoneum; it flows 
imperceptibly into the intermediate stratum when it 
is not.

Other named areas of importance are the aventi-
tia surrounding the rectum, the rectogenital septum 
(Denonvilliers’ fascia), the rectovaginal fascia, and 
the perianal connective tissue.

5.12.4 The Aventitia Surrounding the Rectum

This extends down from the sigmoid colon and con-
tinues to the pelvic floor. It is not well seen in the ca-
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daver. It is of extreme importance because within it 
are hidden the autonomic nerve supply to the rectum 
and bladder. The sympathetic supply originates from 
the lateral column of grey matter in the thoracolum-
bar spinal cord (T10–L2), and forms the superior hy-
pogastric plexus, which contains sympathetic fibers 
from the celiac plexus and first four lumbar splanch-
nic nerves. It divides into two hypogastric nerves to 
enter the pelvis beneath the outer stratum medial to 
the internal iliac vessels and anterior to the sacrum. 
Paravertebral sympathetic trunks descend into the 
pelvis deep to major vessels and medial to the sacral 
foramina to fuse in front of the coccyx as the ganglion 
impar. The parasympathetic nerves originate in the 
intermediolateral cell column of the sacral cord (S2–
4), and reach the pelvic plexus as the nervi erigenti.

5.12.5 The Pelvic Plexus

The pelvic plexus, or inferior hypogastric plexus, is a 
flat plexus of nerves and ganglia that is oriented in a 
semisagittal plane anterolateral to the surface of the 
rectum, with its midpoint sited at the seminal vesicles 
(in adults ± 4–5 cm long) [3,32,50]. It is tranversed by 
numerous vessels going to and from the rectum, blad-
der, and internal genitalia. The right and left plexus 
communicate behind the rectum and anterior and 
posterior to the bladder neck in the male. Branches 
of the plexus follow blood vessels to reach the viscera 
they supply.

The nervi erigenti leave their sacral nerve roots of 
origin well lateral to the midline behind Waldeyer’s 
fascia, through which they penetrate, then travel 
within the intermediate stratum of fascia to join the 
pelvic plexus.

5.12.6 The Neurovascular Bundle of Walsh

Since the advent of nerve-sparing radical prostatecto-
mies, this structure has increased in importance as it 
contains the innervation of the prostate and corpora 
cavernosa [126,127]. Inferior to the seminal vesicles, 
these nerves lie within the leaves of the intermediate 
stratum near its junction with but outside Denonvil-
lers’ fascia. They travel at the posterolateral border of 
the prostate on the surface of the rectum, lateral to 
the prostatic capsular arteries and veins. The nerves 
are composed of multiple fibers and are not visible on 
gross inspection. Blood vessels serve as surgical land-
marks for their course. At the apex of the prostate 

they approach the capsule of the gland at the 5 and 7 
o’clock positions. On reaching the membranous ure-
thra, its superficial branches travel on the surface of 
the striated urethral sphincter at 3–9 o’clock positions. 
At the base of the penis, they join to form 1–3 discrete 
bundles related to the urethra at 1–11 o’clock posi-
tions. They enter the corpora cavernosa with the ar-
teries to supply the erectile tissue. In the female these 
nerves travel between the anterior vaginal wall and 
bladder in association with lateral venous plexuses.

5.12.7 The Rectogenital Septum 
(Denonvilliers’ Fascia)

This is a thin layer of connective tissue between rec-
tum and the bladder, seminal vesicle, and prostate 
[25,66]. It is thought to represent an obliterated part 
of the rectovesical pouch, but has no macroscopically 
discernible layers once it has been separated from the 
adventitia (fascia propria) of the rectum. The pelvic 
plexus of nerves lie posterior to it [16].

5.12.8 The Rectovaginal Fascia

This is situated between the rectum and vagina and 
ends superficially in the perineal body supporting 
this structure [69]. It serves to subdivide the subperi-
toneal space into dorsal rectal and ventral urogenital 
compartments. It connects the rectum firmly to the 
vagina and serves as a good guiding structure during 
nerve-sparing surgery as nerves, part of the pelvic 
plexus, lie within the dorsal rectal compartment.

5.12.9 The Perianal Connective Tissue

The coattail intramural termination of the longitudi-
nal layer of the rectal muscular wall has been noted. 
This is a fibroelastic network (web) that continues 
through the surrounding perineal fat to the pelvic 
wall, connecting the lower levator fascia to the peri-
anal skin, firmly anchoring the anus [44]. The devel-
opment and organization of pelvic connective tissue 
has been studied in the human fetus [32,34]. The 
early general arrangement of this tissue in fetal life is 
the same in the male and female. No ligaments, save 
for the pubovesical and puboprostatic ligaments, can 
be identified; while easily identifiable compartments 
exist in the young fetus, the later development of adi-
pose tissue within them clouds this appearance, as 
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is encountered in the neonate [33]. This situation is 
carried through into adult life, where interperson, age, 
and ethnic differences have a major influence on the 
morphology of this tissue.

5.13 Intestinal Neuronal Dysplasia

Also see Chap. 25

5.13.1 General

If we accept that the terminal part of the fistula not 
only represents, but is also structurally similar to the 
proximal anal canal, then it follows that its intrinsic 
nerve supply and neuronal plexuses will conform an-
atomically with that present in the normal anal canal 
[99]. The nearer the opening of the fistula is to the 
normal anatomical position of the anus, the greater 
the similarity would be expected to be. The appear-
ance of the internal anal canal mucosal surface in 
many instances does indeed follow this rule. The col-
umns of Morgagni, and an improperly formed anal 
valve line, the pectinate line, are often discernible even 
in instances where the fistula opening is in the upper 
reaches of the urethra in the male. This expectation is 
confirmed in the more minor anal malformations.

5.13.2 Specific

The enteric nervous system has been looked at and 
aberrations in its anatomical appearance reported 
[74,76]. As our knowledge and ability to demonstrate 
this supply has increased, so too have these struc-
tural appearances become defined and found to have 
causative roles in the pathophysiology encountered in 
cases with anorectal dysfunctional states [75]. Quan-
titative and qualitative alterations in this system have 
been demonstrated to involve the fistula in ARM 
[52,53,71,77].

Prior to our current state of knowledge concerning 
the fistula and the enteric nervous system, agangli-
onosis with features of congenital intestinal agangli-
onosis were detected and reported [52,53,86.]. These 
findings were classified as abnormal and related to 
visceral malfunction. This analysis, however, was 
never accepted universally by pediatric surgeons, so 
that rectal biopsy sampling has never been used as a 
routine screening technique that would alter the pri-
mary management of this group of malformations.

5.13.3 Normal Anatomy

At birth, only one-third of the nerve cells within the 
ganglia of the submucosal plexus are mature [11]. 
Features consistent with those encountered with in-
testinal neuronal dysplasia, such as giant ganglia and 
neuromatosis, may be found, although where the def-
inition of this aberration is strictly applied and related 
to the patient’s age, it is accepted that these findings in 
most instances are normal [20,129,130]. The nearer 
to the anal opening from where the tissue is sampled, 
the more likely are these changes to be encountered.

5.13.4 Abnormal Anatomy

Hypoganglionosis has been detected and reported in 
patients with ARM [21]. Hyperganglionosis with as-
sociated submucosal and mucosal nerve plexus pro-
liferation consistent with a definition of an intestinal 
neuronal dysplasia has also been identified [59]. The 
significance of this altered anatomy involving the en-
teric nervous system is difficult to assess [57,72,103]. 
What role it may play, how it affects anorectal func-
tion in ARM, can only be postulated. Whether it is a 
true malformation of the nervous system, an altera-
tion acquired during fetal life, or the consequence of 
an obstructed gut is a further unclarified feature be-
cause intestinal neuronal dysplasia has been reported 
to occur in such instances [38,52,53,58,78,101].

If the appropriate animal model can be used to aid 
us in evaluating the effects and significance of these 
changes, then the altered microanatomy is abnormal 
and must play a role in the pathophysiology present in 
ARM [93]. This is even more important today where 
the fistulous termination of the intestine is used sur-
gically to establish an anal canal [31,95,114].

5.14 Caudal Regression

This was introduced by Bernard Duhamel as a con-
cept that features a continuum of anorectal, urogenital, 
and skeletal congenital anomalies, from sirenomelia 
to ARM at its two extremes [22,70]. It characterizes 
what is a spectrum of mesodermal dysplasia axial in 
position, which has been extensively studied in sev-
eral different animal models, the most important of 
which are the mouse, rat, and pig [89]. Information 
such as the absence of expression of Sonic Hedgehog 
and bone morphogenic protein 4 in murine embryos 
with ARM has been obtained, advancing our know-
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ledge regarding causative factors in mammals [105]. 
So too has the role played by the notochord been ex-
posed, indicating a common etiology for ARM and 
vertebral anomalies in these models [96]. Clinicians 
have used this association in the assessment of the 
degree of regression present in the human, by look-
ing at the osseous skeleton radiographically. This has 
prognostic implications. Soft-tissue MR imaging has 
shown up this link to even greater degree, revealing 
associated anomalies of neurilation not known about 
and not assessed or taken into consideration during 
case management [49,83].

Maldevelopment of the dorsal cloaca has shown 
similarities and differences in these models to that 
in the human [84]. In human and pig embryos, the 
urorectal septum formed by the process of embryonic 
caudal folding and the incorporation of surrounding 
extraembryonic mesoderm does not grow in the di-
rection of the cloacal membrane, and consequently 
has never been observed to fuse with it [125]. On 
rupture of this structure as the result of apoptotic cell 
death, the cloaca becomes part of the amniotic cav-
ity, thus exposing both the anorectal and urogenital 
tracts. In ARM the maldevelopment focuses on the 
cloacal plate, which is a vertically oriented midline 
plate of epithelial cells in the caudal half of the geni-
tal tubercle [90]. The anterior portion of this plate 
persists as the urethral plate and participates in the 
formation of the urethra in the male and the vesti-
bule in the female. Events limiting the movement of 
the dorsal part of the plate and adjacent hindgut onto 
the body surface and the normal development of the 
surrounding structures are operative in ARM and 
have been demonstrated in the pig [23]. In contrast 
to previous hypotheses, this rearrangement of dorsal 
cloacal structures takes place as the consequence of 
differential tissue growth, apoptosis, and changes in 
the curvature of the developing spine. Cloacal parti-
tion, as previously described by lateral fusion of its 
side walls, appears not to play any role; the emphasis 
now is placed upon remodeling of structures [123]

5.15 Spinal Dysraphism

Axial, caudal dysgenesis is always present where cloa-
calplate-related clinical malformations are present. 
What was not realized in the past is their incidence in 
minor anomalies [42,48]. The apparent central role of 
the notochord in the closure of the caudal neuropore, 
as part of the process of neurilation of the neural plate, 
has been emphasized.

5.15.1 Defects in the Development 
of the Axial �ertebral Structures

These defects will be discussed in terms of the sacrum, 
the vertebral canal, and the spinal cord [68,81].

5.15.1.1	 The	Sacrum

This is clinically the most obvious, with a wide spec-
trum in severity of the osseous maldevelopment en-
countered.

Sacral Hypoplasia
Its degree relates pari passu to the severity of the vis-
ceral maldevelopment. A sacral index determined 
radiologically measures this and is used to predict 
functional outcome. The pathology represents tissue 
underdevelopment, an underrepresentation not an 
absence.

Segmental Sacral Dysgenesis and Agenesis
The structural complement of the sacrum may be 
intact but disorganized or scrambled; an absence 
or maldevelopment is encountered within this con-
text (dysraphism). Complete absence of a part or the 
whole of a vertebral segment represents a degree of 
sacral agenesis. The most caudal are the most affected 
and are the most commonly absent. Hemisacral agen-
esis is encountered.

Sacral Agenesis
This has significant functional implications if more 
than two of the five sacral vertebrae are absent.

5.15.1.2	 The	Vertebral	Canal

Defective development may be reflected by an abnor-
mally shaped canal (J-shaped sacrum – Currarino 
syndrome) or incomplete axial closure (spina bifida 
occulta or spina bifida cystica). This may occur an-
teriorly or posteriorly. The complete vertebral canal 
may be stenotic. Conventional radiology has focused 
attention on the associated osseous anomalies in 
hindgut malformations. Modern imaging techniques 
have uncovered the regional nature of this maldevel-
opment.
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5.15.1.3	 The	Spinal	Cord,	Cauda	Equina	
and	their	Coverings	and	Attachments

Abnormality in cord shape (caudal regression syn-
drome), cord fixation (tethered cord), cord morphol-
ogy (syrinx, diastematomyelia), and conal level occur. 
Cauda equina involvement concerns absent nerve 
roots, while cord-covering abnormalities are associ-
ated with spina bifida.

Within this group, clinical attention has been fo-
cused on the tethered cord in association with ARM 
(see Chap. 18). Abnormalities of the filum terminale 
and cord pulsation are documented by MR imaging 
and sonographically when possible. The interpreta-
tion of these studies where minor variants of the nor-
mal anatomy are present is difficult and their clinical 
relevance uncertain [80].

It is clear that neurological deficit can be congeni-
tal or acquired. Where it is congenital, evaluation of 
the motor neuron innervation to the anal sphincter 
mechanism in the rat model is reported to indicate 
the presence of a quantitative deficiency in this sup-
ply. Whether this deficiency is inadequate in rela-
tion to the mass of muscular sphincter fibers pres-
ent, whether the sphincter is present but partially 
denervated, is not certain. The implications are that 
this scenario could be possible. If we can extrapolate 
urodynamic findings in patients with ARM not previ-
ously operated upon to the rectal continence-control-
ling mechanisms, then intrinsic defective motor neu-
ron innervation to the potential external sphincteric 
muscle fibers could be part of the primary anomaly. 
This could contribute to the poor postoperative ano-
rectal function seen in surgically corrected cases.

A further factor to consider is abnormal cord 
anatomy that restricts or causes neuronal dysfunc-
tion, which could occur during fetal life. This would 
compound any intrinsic innervation defect present. 
Acquired neurology would be based upon impaired 
cord development due to growth restriction.

It can be concluded that spinal dysraphism occurs 
in the absence of any osseous vertebral anomaly, in 
both anal and rectal malformations in both sexes, and 
that if abnormal anatomy is detected, its functional 
role in the physiological derangement of anorectal 
function has yet to be quantified accurately in these 
cases.

There may be early and late defects, with agenesis 
of the spinal cord being a disturbance of primary neu-
rilation (early embryonic period). Tethered cord may 
be a disturbance of degeneration or differentiation 
(late embryonic period). The conus medullaris [131] 

normally ascends between the 30th and 40th week 
postmenstrual age to reach the L1/L2 interspace by 
the 40th week. This suggests that the conus does not 
ascend during normal childhood.

Neuroradiological evaluation of patients with 
ARM has shown [64]: (1) abnormalities detected in 
proportion to the severity of the ARM (all cases of 
cloacal exstrophy and caudal regression, 60% of cases 
with anal agenesis, and 20% of cases with anal dys-
genesis), (2) the detected presence of sacral dysra-
phism/hypoplasia indicates the predicted presence of 
abnormal cord imaging in 60% of cases, and (3) there 
exists a spectrum of neuroanatomic anomalies (see 
Chap. 18).
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The specimens presented in the accompanying com-
pact disc were collected and sectioned at the Royal 
Children’s Hospital, Melbourne, Australia and the 
Children’s Memorial Hospital, Chicago, USA. The 
colored sections were enlarged directly from the 
stained histologic sections, which were selected from 
serial sections of the pelvis of newborn babies who 
had died of multiple anomalies. The sections show the 
normal and abnormal anatomy of the viscera and the 
muscular components of the levator ani and sphinc-
ter muscles of the anorectum. Kascot Media Incor-
porated (Chicago, Illinois, USA) rephotographed the 
Cibachromes and diagrams and arranged the layout 
in the original atlas.

The prints have been traced and colored. The sche-
matic diagrams are color-coded: yellow for urinary 
structures, green for smooth muscle of the bowel, red 
for the levator complex, brown for external sphincter 
muscle, purple for genital organs, and blue for carti-
lage. The red spots on the schematic diagrams serve 
to orient the sections of each specimen. The blue dots 
on some diagrams indicate the course of a fistula or 
bowel lumen.

“P-C” represents the pubococcygeal line, which is 
drawn on a true lateral radiograph between the center 
of the boomerang-shaped ossific center of the pubic 
bone through the junction of the cranial one-quar-

ter and the caudal three-quarters of the ischial ossific 
center, and a point just distal to the ossific center of 
the fifth sacral vertebra.

The 1984 classification of ARM is the first illustra-
tion (Table 6.1, Fig. 6.1). Figure numbers 6.2–6.28 
show female anomalies and 6.29–6.55 show male 
anomalies. Tables 6.2 and 6.3 list the malformations 
in females and males with corresponding Figure 
numbers.

Table 6.2 Female malformations with Figure number

Malformation Figures

Normal female pelvis 6.2–6.3

Normal female pelvis 6.4–6.5

Rectovesical fistula (with phallic urethra) 6.6–6.8

Rectovestibular/low cloaca (absent vagina) 6.9–6.12

Cloaca with short common chan-
nel (atrophic vagina)

6.13–6.15

Anorectal atresia 6.16–6.18

Anovestibular fistula 6.19–6.20

Anterior Anus (slightly oblique 
transverse section)

6.21–6.22

Anocutaneous fistula 6.23–6.25

Perineal groove 6.26–6.28

Table 6.3 Male malformations with Figure number

Malformation Figures

Normal male pelvis 6.29–6.30

Rectoprostatic urethral fistula 6.31–6.33

Rectobulbar urethral fistula (paremedian) 6.34–6.35

Rectobulbar fistula 6.36–6.38

Rectobulbar fistula (A+B) 6.39–6.40

Anocutaneous fistula 6.41–6.43

Anocutaneous fistula 6.44–6.45

Anocutaneous fistula (bucket handle) 6.46–6.48

Anocutaneous fistula 6.49–6.51

Imperforate anal membrane 6.52–6.55

6  Photographic Album of Anorectal Malformations  
and the Sphincter Muscles

F. Douglas Stephens

Table 6.1 Index of anomalies

Index of Anomalies

Anomaly: female

• Normal female 1F, 2F

• High anomaly 3F

• Intermediate anomalies 4–6F

• Low anomalies 7–10F

Anomaly: male

• Normal male 1M

• High anomaly 2M

• Intermediate anomalies 3–5M

• Low anomalies 6–10M
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Fig. 6.1
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Fig. 6.2 Normal female pelvis (1F.1)
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Fig. 6.3 Normal female pelvis (1F.2)
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Fig. 6.4 Normal female pelvis (2F.1)
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Fig. 6.5 Normal female pelvis (2F.2)
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Fig. 6.6 Rectovesical fistula (phallic urethra), female (3F.1)



F. Douglas Stephens94

Fig. 6.7 Rectovesical fistula (phallic urethra) (3F.2)
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Fig. 6.8 Rectovesical fistula (phallic urethra) (3F.3)
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Fig. 6.9 Rectovestibular or low rectocloacal fistula (absent vagina) (4F.1)
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Fig. 6.10 Rectovestibular or low cloacal fistula (absent vagina) (4F.2)
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Fig. 6.11 Rectovestibular or low rectocloacal fistula (absent vagina) (4F.3)
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Fig. 6.12 Cloacal anomaly (absent vagina, same as Fig. 6.11) (4F.4)
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Fig. 6.13 Cloaca with short conduit atrophic microcaliber vagina (5F.1)
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Fig. 6.14 Cloaca with short conduit atrophic microcaliber vagina (5F.2)
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Fig. 6.15 Cloaca with short conduit atrophic microcaliber vagina (5F.3)
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Fig. 6.16 Anorectal atresia, female (also multiple intestinal atresias) (6F.1)
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Fig. 6.17 Anorectal atresia, female (6F.2)



1056 Photographic Album of Anorectal Malformations and the Sphincter Muscles

Fig. 6.18 Anorectal atresia, female (also multiple intestinal atresias) (6F.3)
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Fig. 6.19 Anovestibular fistula, female (7F.1)
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Fig. 6.20 Anovestibular fistula, female (7F.2)
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Fig. 6.21  Anterior anus, transverse section at anus slightly oblique (8F.1)
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Fig. 6.22  Anterior anus, transverse section at pectinate line (8F.2)
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Fig. 6.23 Anocutaneous fistula, female (septate vagina and agenesis of S2–5 and coccyx) (9F.1)
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Fig. 6.24 Anocutaneous fistula, female (9F.2)
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Fig. 6.25 Anocutaneous fistula, female (9F.3)
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Fig. 6.26 Perineal groove, female (10F.1)
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Fig. 6.27 Perineal groove, female (10F.2)
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Fig. 6.28 Perineal groove, female (10F.3)
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Fig. 6.29  Normal male pelvis (1M.1)
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Fig. 6.30  Normal male pelvis (1M.2)
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Fig. 6.31 Rectoprostatic urethral fistula, male (2M.1)
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Fig. 6.32 Rectoprostatic urinary fistula, male (2M.2)
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Fig. 6.33 Rectoprostatic urinary fistula, male (2M.3)
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Fig. 6.34 Rectobulbar fistula, paramedian section (3M.1)
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Fig. 6.35 Rectobulbar fistula (3M.2)
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Fig. 6.36 Rectobulbar fistula, male (4M.1)
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Fig. 6.37 Rectobulbar fistula, male (4M.2)



1256 Photographic Album of Anorectal Malformations and the Sphincter Muscles

Fig. 6.38 Rectobulbar fistula, male (4M.3)
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Fig. 6.39 Rectobulbar fistula (approximately section A) (5M.1)



1276 Photographic Album of Anorectal Malformations and the Sphincter Muscles

Fig. 6.40 Rectobulbar fistula (approximately section B) (5M.2)
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Fig. 6.41 Anocutaneous fistula, male (6M.1)
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Fig. 6.42 Anocutaneous fistula, male (6M.2)
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Fig. 6.43 Anocutaneous fistula, male (6M.3)
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Fig. 6.44 Anocutaneous fistula, male (7M.1)
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Fig. 6.45 Anocutaneous fistula, male (7M.2)
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Fig. 6.46 Bucket handle anocutaneous fistula, male (8M.1)
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Fig. 6.47 Bucket handle male anocutaneous fistula (8M.2)
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Fig. 6.48 Bucket handle anocutaneous fistula, male (8M.3)
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Fig. 6.49 Anocutaneous fistula, male (9M.1)
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Fig. 6.50 Anocutaneous fistula, male (9M.2)
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Fig. 6.51 Anocutaneous fistula, male (9M.3)
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Fig. 6.52 Imperforate anal membrane, male (10M.1)
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Fig. 6.53 Imperforate anal membrane, male (10M.2)
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Fig. 6.54 Imperforate anal membrane, male (10M.3)
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Fig. 6.55 Imperforate anal membrane, male (10M.4)
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7.1	 Introduction

Sphincteric	control,	either	actual	or	potential,	 is	 the	
prime	 consideration	 in	 dealing	 with	 malformations	
of	 the	 anorectum.	 The	 management	 depends	 upon	
the	 predicted	 capacity	 of	 the	 sphincter	 muscles	 to	
maintain	 an	 adequate	 measure	 of	 cleanliness.	 It	 is	
important	to	understand	not	only	the	function	of	the	
muscles	 governing	 normal	 sphincters,	 but	 also	 the	
potential	 function	of	 the	muscles	 found	in	standard	
visceral	malformations.

7.2	 Comparative	Anatomy

It	 is	 believed	 that	 the	 “tail”	 muscles	 are	 adapted	 in	
the	human	to	form	the	pelvic	diaphragm	and	rectal	
sphincters.	 Magnus	 [1]	 considered	 that	 the	 anococ-
cygeal	body	[2]	of	the	human	is	phylogenetically	the	
tail	of	lower	animals	and	that	some	of	the	tail	muscles	
of	the	lower	animals	are	rearranged	around	the	raphe	
in	 humans.	 In	 man,	 these	 muscles	 form	 the	 pelvic	
diaphragm	and	its	raphe	and	are	composed	of	the	ilio-	
and	pubococcygeus	muscles.

The	 puborectalis	 muscle,	 which	 is	 grouped	 ana-
tomically	 and	 embryologically	 with	 the	 levator	 ani	
muscle,	is	not	found	in	lower	animals.	It	appears	to	be	
a	modification	of	the	external	or	cloacal	sphincter	[3].	
According	to	morphological	data,	the	anal	canal	and	
the	anal	 sphincter	complex	are	situated	beneath	 the	
level	of	the	caudal	tips	of	the	vertebral	column	[4].

7.3	 The	Anal	Canal

The	anal	canal	can	be	defined	embryologically	as	that	
part	of	the	proctodeum	lying	between	the	anal	valves	
(or	 pectinate	 line)	 and	 the	 anal	 orifice	 [5].	 It	 is	 sur-
rounded	 by	 the	 anal	 sphincter	 complex	 [6],	 which	
is	 composed	 of	 the	 internal	 sphincter,	 longitudinal	
muscle	 layer,	 and	 external	 sphincter.	 The	 surgeon’s	
definition	 is	based	on	the	“functional	anal	canal”	as	
determined	by	digital	 examination	of	 the	 subject	 in	
the	conscious	state,	extending	from	the	anorectal	ring	
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or	 cranial	 margin	 of	 the	 puborectalis	 muscle	 in	 the	
contractile	state	to	the	orifice	[7].	In	normal	individu-
als,	the	anal	orifice	is	located	in	the	middle	of	a	line	
drawn	between	the	ischial	tuberosities.	In	mature	ne-
onates,	the	anus	will	normally	admit	a	12-Fr	(4	mm)	
dilator.

7.3.1	 Epithelial	Lining

The	epithelium	of	the	anal	canal	changes	abruptly	at	
the	pectinate	 line	 from	the	stratified	squamous	skin	
of	the	anus	to	the	stratified	columnar	mucosa	of	the	
rectum.	This	line	also	demarcates	the	level	of	the	deep	
part	of	the	external	sphincter,	the	lowermost	limit	of	
the	puborectalis	sling,	and	the	junction	of	the	upper	
one-third	 with	 the	 lower	 two-thirds	 of	 the	 internal	
sphincter.	It	is	firmly	tethered	to	the	internal	sphinc-
ter	by	the	submucosa	ani.

7.3.1.1	 Epithelium	Caudal	to	the	Pectinate	Line

Adjoining	the	valves	is	the	pecten,	a	smooth	zone	of	
pink	shiny	skin	that	lacks	hair	and	sebaceous	glands,	
and	 which	 extends	 distally	 to	 the	 caudal	 margin	 of	
the	 internal	 sphincter.	 At	 the	 orifice	 and	 in	 the	 sur-
rounding	skin,	hair	follicles	and	sebaceous	glands	ap-
pear.	The	skin	is	puckered	by	the	pull	of	the	coattails	
of	 the	 longitudinal	muscle	of	the	bowel	wall	and,	 in	
this	puckered	perianal	 area,	 the	 skin	 is	brownish	 in	
color.

7.3.1.2	 Epithelium	Cranial	to	the	Valves

Stratified	columnar	epithelium	lines	 the	zone	of	 the	
anal	columns	 to	near	 the	 level	of	 the	anorectal	 ring.	
Aldridge	 and	 Campbell,	 who	 examined	 the	 zone	 in	
premature	and	full-term	babies	and	in	children	up	to	
age	12	years,	have	estimated	that	the	length	varies	in	
prepared	 specimens	 from	 0.1	 to	 1.0	cm	 [8].	 It	 lacks	
specialized	 structures.	 At	 the	 level	 of	 the	 anorectal	
ring,	 the	 epithelium	 thickens	 and	 exhibits	 crypts,	
goblet	 cells,	 and	 mucus-secreting	 glands	 typical	 of	
rectal	mucosa.

7.3.2	 Sphincter	Anatomy

The	anal	canal	is	well	endowed	with	involuntary	and	
voluntary	 muscles,	 the	 sphincters,	 which	 together	
with	the	longitudinal	muscle	constitute	the	sphincter	
complex.	The	smooth	muscle	of	the	internal	sphincter	

is	intrinsic	to	the	bowel	wall	and	spans	the	distal	two-
thirds	of	the	anal	canal.	Morphologically	there	are	two	
components	of	the	external	sphincter	embracing	the	
distal	half	of	the	canal,	outside	the	internal	sphincter.	
The	 levator	 ani	 complex,	 including	 the	 puborectalis,	
operates	in	sling-and-sleeve	fashion	upon	the	cranial	
half	of	the	canal.

7.3.2.1	 The	Internal	Sphincter

The	internal	sphincter	is	a	thickening	of	the	inner	cir-
cular	muscle	coat	of	the	bowel	wall	supplemented	and	
permeated	by	 the	dividing	coattails	of	 the	 longitudi-
nal	muscle	coat.	The	caudal	rim	is	palpable	digitally	as	
a	prominent	cushion	at	the	mucocutaneous	junction	
of	the	anal	orifice.	This	cushion	is	separated	from	the	
lowermost	fibers	of	the	external	sphincter	muscle	by	a	
palpable	circumferential	groove	called	the	anal	inter-
muscular	groove.	At	this	level	the	external	sphincter	
turns	 in	 and	 forms	 a	 muscular	 continuum	 with	 the	
internal	 sphincter	and	 the	 longitudinal	muscle	 layer	
[6].	 The	 coattails	 also	 penetrate	 the	 muscle	 bundles	
of	the	external	sphincter,	terminating	in	the	perineal	
body	[9]	and	in	the	perianal	skin	[10].

This	complex	network	of	coattails	knits	the	mass	of	
the	sphincters	to	the	perineum,	holds	the	canal	firmly	
in	 its	grasp,	 tethers	 the	mucosa	and	skin	above	and	
below	the	pectinate	line	to	the	circular	muscle	of	the	
internal	 sphincter,	corrugates	 the	perianal	 skin,	and	
exerts	 an	 opening	 action	 on	 the	 internal	 and	 exter-
nal	 sphincters	 during	 defecation.	 According	 to	 the	
detailed	morphometric	studies	by	Taffaszoli,	there	is	
no	uniform	distribution	pattern	of	ganglia	or	nerve	
cells	in	the	internal	anal	sphincter,	but	a	continuous	
decrease	towards	the	anus	[11].

7.3.2.2	 The	External	Sphincter

This	 voluntary	 striated	 muscle	 is	 an	 irregular	 collar	
around	 the	 anal	 canal	 from	 the	 region	 of	 the	 anal	
valves	 to	 the	 anal	 orifice,	 suspended	 between	 the	
perineal	 body	 and	 the	 anococcygeal	 body	 (Fig.	7.1).	
It	 is	 the	 subcutaneous	 or	 superficial	 portion	 that	 is	
cut	into	fasciculi	and	moored	to	the	skin	by	the	coat-
tails	of	the	longitudinal	muscle	coat	of	the	rectum.	Its	
cranial	extremity	is	contiguous	with,	and	cradles	the	
caudal	 cuff	 of	 the	 sling	 of	 the	 puborectalis	 muscle.	
Above	the	perineum	the	external	sphincter	seems	de-
ficient	in	the	midline	ventrally	[6,	12],	thus	ensuring	a	
continuity	of	voluntary	muscle	throughout	the	length	
of	the	anal	canal.	Note	the	differences	between	male	
and	female	sphincters	(Fig.	7.2)	[6].
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Fig.	7.1	 A	Sagittal	view	of	the	pelvis	in	man,	especially	levator	
ani	musculature	(reproduced	from	Stelzner	[3]).	1	Puborectalis	
muscle,	2	pubococcygeus,	3	iliococcygeus,	4	coccygeus,	5	linea	
alba,	6	 fascia	of	the	 levator	muscle	above	the	obturator	fascia,	
7	ischiorectal	groove,	8	pubourethralis	muscle,	9	puboperinea-
lis	muscle.	B	Sagittal	view	of	the	anorectal	continence	organ	in	
males	 (reproduced	 from	 Stelzner	 [3]	 with	 permission	 of	 the	
publishers).	1	rectum,	2	anal	canal,	3	dentate	line,	4	anocutane-
ous	line,	5	anorectal	line,	6	internal	anal	sphincter,	7a	external	

subcutaneous	 sphincter,	 7b	 superficial	 external	 sphincter,	 7c	
deep	 external	 sphincter,	 8	 puborectalis	 muscle,	 9	 corpus	 cav-
ernosum	 of	 rectum,	 10	 anococcygeal	 ligament,	 11	 levator	 ani	
muscle,	 12	 deep	 transverse	 perinei	 muscle,	 13	 prostate	 gland,	
14	 prerectal	 muscle,	 15	 corrugator	 muscle,	 16	 muscle	 of	 anal	
canal,	17	corpus	cavernosum	penis,	18	bulbourethralis	muscle,	
19	Colles	fascia	(superficial	layer),	20	Colles	fascia	(deep	layer),	
21	Buck	fascia

Fig.	7.2	 A	 Diagram	 illustrating	 the	 triple	 loop	 system	 of	 the	
external	anal	sphincter	in	men.	The	external	subcutaneous	part	
has	 the	 form	 of	 a	 ring,	 whereas	 the	 superficial	 part	 is	 stron-
ger	 coccygeally	 than	 perineally.	 The	 deep	 external	 sphincter	
ani	externus	profundus	muscle,	however,	is	stronger	perineally	

than	coccygeally.	Nevertheless,	 the	muscle	cuff	is	of	 the	same	
strength	on	both	sides	 (reproduced	 from	Stelzner	 [3]).	B	Di-
agram	 illustrating	 the	 triple	 loop	 system	 of	 the	 external	 anal	
sphincter	in	women.	Perineally	the	muscle	cuff	is	only	half	as	
strong	as	the	coccygeal	muscle	(reproduced	from	Stelzner	[3])
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7.3.2.3	 The	Pelvic	Diaphragm

The	 outlet	 of	 the	 bony	 pelvis	 is	 a	 wide,	 diamond-
shaped	 area	 bounded	 in	 front	 by	 the	 inferior	 pubic	
and	ischial	rami	and	posteriorly	by	the	sacrotuberous	
and	spinous	ligaments	of	the	coccyx.	The	floor	of	the	
front	 half	 is	 a	 triangular	 ligament,	 the	 ligamentous	
diaphragm,	is	thick	in	the	male	and	thin	in	the	female.	
In	the	posterior	half,	the	floor	is	resilient	and	muscu-
lar,	the	muscular	diaphragm.

7.3.2.4	 The	Muscular	Diaphragm

The	 levatore	 ani	 muscles	 arise	 directly	 or	 indirectly	
from	the	inside	walls	of	the	true	pelvis	and	converge	
on	the	midline	 to	 form	a	bipennate,	 staggered,	mus-
cular	hammock	posteriorly	and	a	funnel-shaped	por-
tal	of	exit	for	the	anal	canal.	The	muscle	spans	most	of	
the	pelvic	outlet,	except	for	two	small	gaps	on	the	pos-
terolateral	aspects,	which	are	filled	by	thin,	fibromus-
cular	structures	called	the	ischiococcygei	muscles.

The	 levator	 musculature	 comprises	 the	 iliococcy-
geus,	 pubococcygeus,	 and	 puborectalis	 subdivisions	
(Fig.	7.1A),	The	anlagen	of	the	levator	ani	muscle	can	
already	be	subdivided	into	the	three	portions	during	
early	fetal	development	[13].	The	iliococcygeus	mus-
cle	arises	from	the	white	 line	of	the	obturator	fascia	
posterior	to	the	obturator	nerve	and	unites	with	the	
muscle	of	the	opposite	side	and	with	the	sides	of	the	
coccyx	to	form	the	caudal	lamina	of	the	posterior	half	
of	 the	 pelvic	 diaphragm.	 The	 pubococcygeus	 has	 a	
linear	attachment	to	the	back	of	the	body	of	the	pubis	
and	the	anterior	part	of	the	white	line	as	far	back	as	
the	obturator	canal.	The	fibers	 take	a	posteromedial	
and	 medial	 course	 to	 attach	 to	 the	 coccyx	 and	 the	
muscle	of	 the	opposite	side	 to	 form	a	 lamina	of	 the	
pelvic	diaphragm,	which	is	more	extensive	than,	and	
cranial	to,	that	of	the	iliococcygeus.	This	muscle,	de-
pending	on	its	tone,	appears	to	be	funnel-shaped.	The	
pubococcygeus	and	iliococcygeus	elevate,	straighten,	
steady,	and	suspend	the	rectum.

The	 puborectalis	 muscle	 is	 the	 third	 component	
that	originates	from	the	myotomes	S1–S4.	It	is	a	sling-
like	ribbon	of	muscle	that	is	firmly	anchored	anteriorly	
to	the	inferior	ramus	of	the	pubic	bone	at	both	sides.	
The	sling	is	set	on	an	inclined	plane	from	the	pubis	to	
the	back	of	the	rectal	wall.	It	is	approximately	1–2	cm	
deep,	 is	 attached	 to	 the	 rectum	 several	 millimeters	
above	the	valves,	and	hugs	the	back	and	sides	of	the	
terminal	 rectum.	 It	 is	delicately	adherent	 to	 the	 ilio-
coccygeus.	The	caudal	edge	of	the	puborectalis	sling	
is	 cradled	 posteriorly	 by	 the	 upper	 extremity	 of	 the	

deep	 external	 voluntary	 sphincter	 at	 approximately	
the	level	of	the	pectinate	line.	It	has	been	shown	that	
already	 in	 fetal	 stages	 the	 puborectalis	 and	 external	
anal	 sphincter	 cannot	 clearly	 be	 separated	 [13].	 By	
its	action,	the	puborectalis	apposes	the	back	and	side	
walls	of	the	rectum	against	the	anterior	wall	and	jams	
the	 rectum	 against	 the	 fixed	 structures	 of	 the	 trian-
gular	ligament;	the	anal	canal	is	thereby	tilted	anteri-
orly,	shut,	and	elevated,	and	the	rectum	is	angulated	
between	the	anal	canal	and	the	ampulla.	Generally,	it	
can	 be	 said	 that	 if	 the	 myotomes	 of	 S1/S2	 are	 miss-
ing,	 there	 is	no	puborectalis	muscle	and	continence	
is	poor.	If	the	S3	vertebra	is	missing,	the	puborectalis	
sling	is	very	thin	and	continence	is	doubtful.	If	S4	is	
not	 developed,	 the	 puborectal	 sling	 is	 weakened,	 al-
though	continence	is	favorable;	only	if	S5	exists	will	
continence	be	good	[14].

That	part	of	the	anal	canal	cranial	to	the	pectinate	
line	is	intimately	wrapped	in	the	pubococcygeus	and	
puborectalis	muscles	–	the	sleeve-and-sling	complex,	
whereas	the	part	distal	is	clothed	by	the	encircling	in-
ternal	and	external	sphincters	(Fig.	7.1B).	The	narrow	
zone	of	the	pectinate	line	is	ringed	by	the	deep	part	
of	the	external	sphincter	muscle.	Wilson	[15]	consid-
ered	 that	 it	 is	more	correct	and	more	 logical	 to	call	
the	 puborectalis	 muscle	 the	 puborectoanalis	 muscle	
because	of	its	intimate	relationship	to	that	part	of	the	
rectum	that	forms	part	of	the	anal	canal.	That	is	the	
reason	 why	 in	 anorectal	 malformations	 (ARM)	 we	
see	only	a	so-called	muscle	complex	instead	of	differ-
ent	pelvic	floor	and	sphincter	muscles.

7.3.2.5	 The	Suspending	Mechanism

The	 rectum	 is	 mainly	 held	 in	 place	 by	 muscles	 that	
counterbalance	the	abdominal	pressures	exerted	on	it	
as	by	coughing	or	by	 the	erect	posture.	Wilson	[15]	
believed	that	there	is	a	direct	suspender	effect	of	the	
fascia	of	Waldeyer	where	its	favial	“claws”	gain	attach-
ment	 to	 the	 rectum.	 Recent	 studies	 show	 that	 there	
is	a	plane	of	cleavage	between	the	striated	muscles	of	
the	 pelvic	 diaphragm	 and	 the	 muscular	 coat	 of	 the	
rectum	 laterally	 [16].	 Indirectly,	 the	 parietal	 fascia	
and	its	septal	components	serve	to	stabilize	 the	ano-
rectum.	The	pubococcygeus,	 in	which	are	 found	nu-
merous	membranous	fibers,	and	the	iliococcygeus	are	
the	chief	pelvic	muscular	suspenders.

The	external	sphincter	is	attached	directly	or	indi-
rectly	to	the	perineal	body	and	to	the	coccyx.	Other	
so-called	 ligaments	 are	 condensations	 of	 the	 pelvic	
connective	 tissue	 and	 indirectly	 serve	 to	 take	 the	
strain	and	create	a	firm	anchorage.	Stelzner	 [3]	and	
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El	Shafik	[17]	suggest	a	triple	loop	concept	of	the	at-
tachment	and	functioning	of	the	external	sphincters	
of	 the	 anal	 canal	 (Fig.	7.2).	 However	 in	 radiologic	
defecography	it	is	difficult	to	demonstrate	this	triple	
loop	concept	(Fig.	7.3).

We	consider,	however,	that	the	fascial	suspension,	
although	 important,	 is	 not	 the	 essential	 mechanism	
and	that	the	perineal	membrane,	from	which	the	peri-
neal	body	gains	fixation,	and	the	muscular	diaphragm	
are	the	chief	supporters	of	the	viscera.	In	addition,	the	
rectogenital	 septum,	 which	 is	 found	 in	 both	 males	
and	females,	may	play	an	important	role	in	stabilizing	
the	anorectum	during	defecation	[9,	18].

7.4	 The	Striated	Muscle	Complex

Electrostimulation	of	the	perineum	and	study	of	the	
striated	 muscle	 bundles	 using	 the	 midsagittal	 ap-
proach	[19]	revealed	the	presence	of	a	“striated	mus-
cle	complex,”	which	represents	the	external	sphincter	
in	the	cases	of	low,	intermediate,	and	high	ARM.	Re-
cent	studies	[20,	21]	show	that	it	is	possible	to	define	
accurately	 the	 normal	 pelvic	 musculature,	 and	 also	
that	of	patients	with	ARM,	using	computed	tomogra-
phy	scans	(Fig.	7.4).

7.5	 The	Nerve	Supply		
of	the	Normal	Rectum		
and	Sphincters

The	second,	third,	and	fourth	sacral	segments	of	the	
spinal	cord	are	the	nerve	centers	of	the	arcs	that	sub-
serve	the	receptors	and	effectors	of	the	rectum,	anus,	
bladder,	and	urethra,	and,	 together	with	higher	cen-
ters	in	the	brain,	are	responsible	for	continence.	These	
centers	 in	 the	 spinal	 cord	 also	 subserve	 cutaneous	
sensation	in	the	anal	canal	 to	the	 level	of	 the	valves	
and	 in	 the	 perianal	 region.	 The	 sympathetic	 supply,	
however,	arises	in	the	second,	third,	and	fourth	lum-
bar	 segments.	Malformations	of	 the	 spinal	cord	per-
taining	to	the	sacral	segments	involve	all	systems,	but	
damage	of	nerves	within	the	pelvis	or	perineum	may	
have	more	localized	effects.

7.5.1	 Parasympathetic	Nerves

The	parasympathetic	nerves	to	the	bowel	arise	on	ei-
ther	side	of	the	pelvis	from	the	anterior	divisions	of	
the	 third	and	 fourth	sacral	nerves,	with	 twigs	 some-
times	from	the	second.	These	preganglionic	nerve	fi-

bers	usually	join	to	form	two	nervi	erigentes,	which	
give	short	branches	directly	to	the	rectum	at	the	level	
of	the	ischial	spine	(Fig.	7.5	A–C)	and	continue	as	lon-
ger	trunks	to	the	inferior	hypogastric	or	pelvic	plexus,	
where	they	are	redistributed	to	pelvic	organs,	directly	
or	via	blood	vessels.	In	the	wall	of	the	rectum,	these	
fibers	relay	in	the	ganglia	of	Auerbach’s	plexus.	Other	
small	parasympathetic	nerves	from	the	anterior	divi-
sions	of	 the	 third	and	 fourth	 sacral	nerves	 join	and	
ascend	 in	 the	presacral	 sympathetic	nerve	and	 then	
follow	the	ramifications	of	the	inferior	mesenteric	ar-
tery.

These	delicate,	tenuous	nervi	erigentes	run	lateral	
to	 the	 rectum,	 directly	 attached	 to	 the	 rectal	 fascia	
[16]	close	to	the	ischial	spine	or,	in	the	newborn	baby,	
at	the	level	of	the	pubococcygeal	(PC)	line	[56].	The	
main	trunks	can	be	separated	safely	from	the	rectum	
because	a	natural	plane	of	cleavage	can	be	found	be-
tween	 the	 perirectal	 connective	 tissue,	 rectal	 fascia,	
and	nerves.	Hence,	bladder	and	urethral	 function	is	
spared	 in	 excision	 of	 the	 rectum	 for	 nonmalignant	
conditions.

The	nervi	erigentes	 in	rectal	deformities	are	 sepa-
rated	throughout	their	course	by	the	rectum	if	 it	de-
scends	to	the	level	of	the	PC	line	(see	chapter	25).

When	 the	 rectum	 is	 located	 higher	 in	 the	 pelvis	
than	 the	 PC	 line,	 these	 nerves	 run	 a	 more	 medial	
course	with	the	perirectal	connective	tissue	(perirectal	

Fig.	7.3	 Defecography	in	a	healthy	child	in	sagittal	position.	A	
Normal	anorectal	angle	 formed	by	 the	puborectalis	 sling	and	
the	deep	part	of	the	external	anal	sphincter;	B	internal	sphinc-
ter	relaxation	starting	with	opening	of	the	proximal	one-third	
of	the	anal	canal.	The	middle	and	superficial	parts	of	the	exter-
nal	anal	 sphincter	are	 still	 closed;	C	 complete	opening	of	 the	
internal	anal	 sphincter	with	 simultaneous	 reflex	 inhibition	of	
puborectalis/levator	ani	and	external	sphincter	muscles	leading	
to	defecation;	D	 almost	complete	emptying	of	 the	rectum	af-
ter	defecation	and	restoring	of	the	anorectal	angle	(reproduced	
from	Holschneider	and	Puri	[23])
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fascia)	beneath	the	blind	ending	rectum	to	reach	the	
region	of	the	bladder	base	and	neck.	In	this	situation,	
they	are	more	vulnerable,	especially	if	mobilization	of	
the	rectum	is	attempted	from	the	sacrococcygeal	ap-
proach	[55].	Furthermore,	in	some	patients	the	nervi	
erigentes	 and	 nerves	 to	 levator	 ani	 have	 a	 common	
stem	or	origin	before	dividing	and	diverging	in	their	
different	 fascial	 investments,	 in	 which	 event,	 if	 the	
common	trunk	is	damaged,	the	function	of	both	the	
bladder	and	the	levator	ani	would	be	affected	[3].

7.5.2	 Sympathetic	Nerves

The	 sympathetic	 nerves	 arise	 in	 the	 second,	 third,	
and	 fourth	 lumbar	ganglia	and	 the	preaortic	plexus.	
They	 unite	 on	 either	 side	 and	 form	 the	 hypogastric	
plexus	in	front	of	the	fifth	lumbar	vertebra	and	then	
continue	down	the	posterolateral	pelvic	walls	as	 the	
presacral	nerves,	which	join	the	pelvic	ganglion	on	ei-
ther	side	of	the	pelvis.	Several	fine	sympathetic	nerves	
from	the	second	and	third	ganglia	of	the	sacral	sym-
pathetic	 chain	also	 join	 the	pelvic	ganglion	 in	close	
company	with	the	parasympathetic	nervi	erigentes.

The	pelvic	ganglion	is	a	flat	pannus	that	lies	closely	
applied	 to	 the	 base	 of	 the	 bladder	 and	 prostate,	 the	

Fig.	7.4	 A	Sagittal	section	of	a	normal	pelvis	at	the	level	of	the	
pubic	 arch	 (P).	 The	 longitudinal	 muscle	 (L)	 is	 thickened	 and	
blended	with	the	external	anal	sphincter.	DE	Deep	external	anal	
sphincter,	SE	superficial	anal	sphincter,	I	internal	anal	sphinc-
ter.	 B	 Transverse	 section	 of	 a	 normal	 male	 pelvis	 at	 the	 level	
of	 the	 pubic	 arch.	 Inner	 circular	 muscle	 (I)	 and	 longitudinal	
muscle	(L)	are	thickened	at	this	level.	P	Puborectalis	muscle,	U	

urethra.	C	Rectourethral	fistula	in	a	boy	with	a	high	anorectal	
malformation.	At	this	level,	2	cm	above	the	connection	with	a	
fistula,	the	thickening	of	the	inner	circular	muscle	can	be	seen.	
The	puborectalis	muscle	is	just	adjacent	to	the	rectal	wall.	A–C	
reproduced	from	Yokoyama	et	al.	[21]	with	the	permission	of	
the	publisher	
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Fig.	7.5	 A–C	Schematic	view	of	 the	compartments	of	 the	 fe-
male	 pelvis.	 A	 Dorsal	 compartment	 with	 hatched	 perirectal	
subcompartment	 [57];	 B	 ventral	 compartment	 with	 marked	
(yellow/hatched)	paravisceral	fat	body	[57];	C	middle	compart-
ment	 with	 hatched	 paracervical,	 adventitial	 connective	 tissue	
and	sacrouterine	ligament	[57].	V	Bladder,	U	uterus,	R	rectum,	
PS	os	coccyx,	Co	canalis	obturatorius,	Moi	Musculus	obturato-
rius	 internus,	 Lsu	 sacrouterine	 ligament	 (see	 also	 chapter	 25,	
Fig.	25.6)

region	 of	 the	 uterine	 cervix,	 and	 the	 adjoining	
anterolateral	 wall	 of	 the	 rectum.	 The	 ureter	 passes	
through	it	to	get	to	the	bladder.	The	ganglion	has	two	
posterior	 dog	 ears,	 one	 in	 the	 line	 of	 the	 presacral	
nerves	 and	 one	 adjacent	 to	 the	 third	 and	 fourth	
sacral	 segments,	 reaching	 backwards	 toward	 the	
contributions	 from	 the	 nervi	 erigentes.	 The	 pelvic	
ganglion	is	composed	of	multiple	convoluted	nerves	
and	 large	 clusters	 of	 ganglion	 cells	 packed	 into	 the	
tessellated	 pannus.	 It	 lies	 in	 the	 parietal	 layer	 of	
pelvic	 fascia	 and	 can	 be	 separated	 from	 the	 rectum,	
which	can	be	freed	and	resected	without	interference	
with	 function	 of	 the	 urinary	 or	 genital	 tracts	 (see	
Fig.	7.5A–C).

The	 sympathetic	 and	 parasympathetic	 nerves	 to	
the	 rectum	 and	 anal	 canal	 are	 responsible	 through	
the	ganglion	plexuses	of	Auerbach	and	Meissner	for	
organized	peristalsis	and	tone	in	the	internal	sphinc-
ter.	The	sympathetic	fibers	are	said	to	be	inhibitors	of	
the	bowel	wall	and	motor	to	the	involuntary	internal	
sphincter,	 whereas	 the	 parasympathetic	 nerves	 are	
motor	 to	 the	bowel	and	 inhibitors	of	 the	 sphincters	
[22,	 23].	 The	 parasympathetic	 nerves	 carry,	 in	 addi-
tion,	 sensory	 fibers	 conveying	 knowledge	 of	 disten-
tion	 of	 the	 rectum	 [24],	 which	 are	 supposed	 to	 be	
located	at	the	ventral	rectal	wall	[9].
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7.5.3	 Nerves	to	the	Levator	Ani	Muscles		
and	the	External	Sphincter

Branches	 from	 the	 anterior	 roots	 of	 the	 third	 and	
fourth	 sacral	 nerves	 unite	 to	 form	 the	 main	 nerve	
pathway	to	the	ilio-	and	pubococcygeus	muscles.	The	
trunk	 runs	 a	 lateral	 course	 on	 the	 cranial	 or	 pelvic	
surface	 of	 the	 levator	 ani	 muscle,	 not	 far	 from	 and	
parallel	 to	 the	white	 line	of	origin.	 Its	branches	 run	
obliquely,	 anteriorly,	 and	medially	on	 these	muscles.	
This	 nerve	 may	 be	 single	 with	 peripheral	 oblique	
branchings,	a	single	stem	with	two	main	branches,	or	
may	be	represented	by	 two	separate	nerves	running	
parallel	to	each	other,	arising	independently	from	the	
nerve	roots	of	third	and	fourth	sacral	nerves.

The	 pudendal	 nerve,	 which	 arises	 from	 the	 ante-
rior	divisions	of	the	second,	third,	and	fourth	sacral	
nerves,	 clings	 to	 the	 lateral	wall	of	 the	pelvis	 in	 the	
pudendal,	 or	 Alcock’s	 canal.	 It	 supplies	 branches	 to	
both	the	ilio-	and	pubococcygeus	muscles	and	to	the	
puborectalis	 [25]	 through	 its	 inferior	 hemorrhoidal	
and	 perineal	 branches,	 which	 cross	 the	 ischioanal	
space	to	enter	the	muscles	(Fig.	7.6).

The	 perineal	 branch	 of	 the	 fourth	 sacral	 nerve,	 a	
nerve	 that	 must	 be	 distinguished	 from	 the	 perineal	
branches	 of	 the	 pudendal	 nerve,	 enters	 the	 ischio-
rectal	fossa	medial	to	the	ischial	spine	on	the	caudal	
and	 lateral	 aspect	 of	 the	 coccygeus	 muscle,	 and	 its	
branches	are	directed	medially	to	the	posterior	fibers	
of	the	puborectalis	sling	and	external	sphincter	[15].	
This	nerve	 is	 at	 surgical	 risk	only	when	deep	 lateral	
cuts	are	directed	from	the	vicinity	of	the	coccyx	and	
anococcygeal	body.

The	 coccyx	 and	 the	 distal	 sacral	 vertebrae	 are	 ab-
sent	in	many	patients	exhibiting	ARM,	and	the	coccy-
geal	nerves	and	corresponding	sacral	nerves	in	some	
such	patients	are	also	defective.	Generally,	 it	 can	be	
observed	 that	 bilateral	 loss	 of	 all	 sacral	 nerve	 fibers	
S2–S4	 leads	 to	complete	 incontinence.	There	are	no	
longer	anorectal	reflex	mechanisms	or	sensitivity.

If	 only	 the	 sacral	 nerve	 supply	 of	 S1	 and	 S2	 is	
developed	 bilaterally,	 the	 feeling	 of	 fullness	 and	 the	
ability	to	discriminate	solid,	liquid,	or	gaseous	stools	
is	 disturbed,	 as	 well	 as	 the	 rectosphincteric	 reflex	
mechanism	to	the	external	anal	sphincter	and	the	pu-
borectalis	muscles.	The	complete	unilateral	loss	of	the	
sacral	nerves	has	almost	no	consequences	[26].

Fig.	7.6	 A	Pudendal	nerves	and	arteries	and	perineal	branches	
of	 S4	 (reproduced	 from	 Stelzner	 [3]	 with	 the	 permission	 of	
the	 publishers).	 Course	 of	 the	 pudendal	 nerve	 with	 radial	
branches	to	the	pubococcygeus	and	puborectalis	muscles.	Peri-
neal	 branch	 of	 S4	 to	 the	 puborectalis	 and	 external	 sphincter	
muscles.	Note	that	the	midline	zone	around	and	in	front	of	the	
coccyx	is	free	from	nerves	and	safe	for	dissection.	1	Pudendal	
artery,	 2	 anal	 branch,	 3	 perineal	 branch,	 4	 perineal	 nerve,	 5	
dorsal	nerve	of	the	penis	(4–6	branches	of	the	pudendal	nerve).	
B	 Nervi	 erigentes	 and	 nerves	 to	 the	 levator	 ani	 (reproduced	
from	 Stephens	 and	 Smith	 [55]	 with	 the	 permission	 of	 the	
publishers).	Right	half	of	the	pelvis	from	within.	a	Right	nervi	
erigentes	arising	 from	the	roots	of	S3	and	S4,	b	branch	of	S3	
and	S4	to	cranial	aspect	of	levator	ani,	c	pudendal	nerve	giving	
branch	to	the	caudal	aspect	of	 levator	ani	and	to	the	external	
anal	sphincter,	d	perineal	branch	of	S4	to	puborectalis	and	ex-
ternal	sphincter
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7.6	 Rectal	and	Anal	Sensation		
and	Control

Efficient	control	of	the	rectum	occurs	only	if	the	sen-
sory	afferent	messages	from	the	bowel	and	pelvis	are	
correctly	 interpreted	 by	 the	 control	 mechanism	 of	
the	brain.	There	 is	still	much	to	be	 learned	concern-
ing	the	 location	and	nature	of	the	afferent	receptors,	
of	 the	muscles	 that	guard	continence	by	day	and	by	
night,	and	of	the	differential	function	of	the	sphincter	
muscles.

7.6.1	 Intrinsic	Sensory	Receptors		
of	the	Anal	Canal

Duthie	and	Gairns	[27]	carefully	plotted	the	sensory	
nerve	 ends	 in	 the	 anal	 canal.	 They	 found	 an	 abun-
dance	 of	 conventional	 nerve	 endings,	 such	 as	 those	
presumed	to	denote	pain	(free	intraepithelial),	touch	
(Meissner’s	 corpuscles),	 cold	 (Krause	 end-bulbs),	
pressure	 or	 tension	 (corpuscles	 of	 Pacini	 and	 Golgi-
Mazzoni),	and	friction	(genital	corpuscles),	 together	
with	unnamed,	unconventional	receptors	in	the	anal	
canal	 of	 adults,	 lying	 distal	 to	 the	 valves	 and	 to	 a	
point	0.5–1.5	cm	cranial	to	these	valves.	These	recep-
tors	were	responsible	 for	acute	and	fine	sensory	dis-
crimination,	which	in	the	skin	beyond	the	pecten	was	
mediated	through	receptors	around	the	hair	follicles.	
There	was	a	crescendo	of	free	nerve	endings	and	geni-
tal	corpuscles	on	the	valve	line,	waning	in	the	strati-
fied	columnar	zone	cranial	to	the	valves.	No	receptors	
were	found	in	the	rectal	mucosa,	although	myelinated	
and	nonmyelinated	nerve	trunks	were	present	under	
the	 epithelium,	 and	 Meissner’s	 plexus	 of	 ganglion	
cells	was	readily	identified.	The	rectal	mucosa	of	the	
anal	canal	did	not	appreciate	any	of	the	above	stimuli	
when	tested	by	the	techniques	used	and	appeared	to	
lack	the	appropriate	receptors.	They	considered	that	
receptors	may	be	present	in	the	rectum	to	receive	dis-
tension	stimuli,	but	that	they	were	unable	to	demon-
strate	them	by	present	staining	methods.

In	two	other	papers,	Duthie	and	Bennett	[28]	and	
Duthie	 and	 Watts	 [29]	 suggested	 that	 the	 effect	 of	
rectal	distention	(as	assessed	using	balloons	in	these	
experiments)	was	to	relax	the	internal	sphincter	and	
contract	the	external	sphincter.	They	claimed	that	the	
relaxed	 internal	 sphincter	 allowed	 feces	 to	 contact	
the	 very	 sensitive	 and	 effective	 anal	 canal	 receptors	
that	 induced	 external	 sphincter	 contraction,	 which	
is	 thus	 important	 in	 the	 fine	 control	 of	 continence.	
We	 suggest	 in	 the	 following	 section	 that	 the	 initiat-
ing	signal	of	distention	of	the	rectum	may	not	be	only	

from	the	rectal	mucosa.	In	the	rectal	deformities	dis-
cussed,	both	the	internal	and	external	sphincters	may	
be	rudimentary,	yet	a	high	degree	of	continence	can	
be	achieved.

7.6.2	 Extrinsic	Sensory	Receptors

Work	and	observations	on	malformation	of	the	anus	
and	rectum	led	us	to	evaluate	the	absence	of	receptors	
in	the	rectal	mucosa	in	a	different	way.	We	consider	
that	 coarse	 perception	 of	 distention	 of	 the	 rectum	
is	 in	 part	 a	 function	 of	 the	 parasympathetic	 nerves	
conveying	impulses	from	the	muscle	spindles	in	the	
walls	 of	 the	 rectum	 and	 colon,	 but	 that	 fine	 appre-
ciation	 of	 distention,	 even	 of	 minor	 changes,	 is	 the	
function	 of	 the	 muscles	 surrounding	 the	 anal	 canal.	
Furthermore,	 the	 pubococcygeus	 and	 puborectalis,	
with	 their	 intimate	 sleeve-and-sling	 relationship	
to	 the	anal	canal	on	 the	cranial	aspect	of	 the	valves,	
provide	 the	 warning	 of	 impending	 peristaltic	 prog-
ress	 towards	 the	 anus.	 With	 the	 bowel	 empty	 and	
at	 rest,	 no	 sensation	 is	 registered,	 but	 gas,	 solid,	 or	
liquid	content	moving	into	the	sleeve-and-sling	zone	
provides	 a	 stretch	 that	 is	 immediately	 and	 keenly	
appreciated.

Goligher	and	Hughes	[30],	in	studies	in	adults	us-
ing	balloon	distention	of	the	bowel	brought	down	in	
pullthrough	 operations,	 also	 concluded	 that	 the	 re-
sponse	to	distention	probably	arose	in	structures	sur-
rounding	 the	 bowel.	 Similarly,	 Parks	 et	 al.	 [31]	 and	
Porter	[32],	in	studies	on	the	pelvic	floor	muscles	in	
rectal	prolapse,	suggested	that	the	receptors	lie	in	the	
rectal	wall	and	the	surrounding	pelvic	floor	muscles.	
Kiesewetter	 and	 Nixon	 [33],	 in	 their	 anatomic	 and	
physiologic	 studies	 of	 rectal	 sensation	 in	 patients	
following	 surgical	 correction	 of	 ARM,	 considered	
that	the	sensory	receptors	responsible	for	a	measure	
of	 rectal	 sensation	 were	 probably	 present	 in	 the	 pu-
borectalis	muscle.

The	 investigations	 of	 Freeman	 et	 al.	 [34]	 showed	
that	anal	sensation	as	detected	by	evoked	cortical	re-
sponses	 was	 not	 present	 at	 birth,	 but	 showed	 matu-
ration	 in	 the	first	3–4	months	of	 life.	 If	 the	eye	of	a	
newborn	 kitten	 is	 kept	 closed	 for	 4–5	weeks	 after	
birth	and	then	opened,	the	eye	is	permanently	blind;	
appropriate	 repetitive	 somatosensory	 stimuli	during	
the	 critical	 interval	 of	 brain	 development	 have	 not	
occurred.	On	 this	basis,	 they	argued	 that	 the	defini-
tive	pullthrough	operation	should	be	completed	by	3–
4	months	of	age	to	achieve	the	best	functional	results	
[34].	The	results	 in	neonatal	pullthrough	operations	
lend	support	to	the	above	hypothesis	[35].
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7.7	 Continence

7.7.1	 Electric	Properties		
of	the	Mechanism	of	Defecation

The internal anal sphincter has two functions: (1) it 
is persistently tonically contracted, and (2) it initiates 
the act of defecation by reflex dilation in response to 
rectal distention. This apparently contradictory be-
havior can be explained by the electric property of 
the smooth musculature of the sphincter. In the inter-
nal sphincter, a basic electric activity can be demon-
strated similar to that found in the colon or rectum.

Electromyographic investigations of the smooth 
intestinal musculature carried out by Bulbring et al. 
[36], Bortoff [37], Bolzer [38], and Christensen [39] 
have shown that the changes in intraluminal intes-
tinal pressure depend upon changes in the electric 
potential of these smooth muscle cells. These are slow, 
rhythmic potential changes of the membranes, the 
so-called basal electric rhythm (BER), and, in addi-
tion, super-added, fast, spike-like action potentials, 
which are triggered by a pacemaker cell causing seg-
mental musculature contractions. The development 
of a propulsive wave of contraction is coordinated by 
various pacemakers in the longitudinal and circular 
musculature. These pacemakers are synchronized in 
an oral-aboral direction (Fig. 7.7). The frequency of 
the BER and the mechanical activity diminishes in 
the same direction, but increases again in the region 
of the rectosigmoid in the direction towards the anus. 
The frequency of the pressure waves in the lower rec-
tum is greater than in the sigmoid and especially in 
the anal canal [40]. Here too, therefore, is an area 
where the pressure runs in the oral direction; thus, it 
is possible that the intestinal contents can be trans-
ported back into the more proximal segments of the 
colon, so that normally the rectum is empty. In ARM, 
this rectal property is acquired by the pulled-down 
colon several years after the pullthrough procedure 
[22, 23].

7.7.2	 Pharmacologic	Properties		
of	the	Mechanism	of	Defecation

Anorectal motility is frequently disturbed in ARM. It 
is therefore important to consider briefly the physiol-
ogy of normal bowel movements. Both the origin and 
the propagation of the propulsive waves, and in all 
probability the segmental contractions, are regulated 
via the intramural bowel-wall plexus. Distension of 
the bowel wall by a stool bolus produces an excitatory 

impulse, which, after traversing the submucous plexus 
and being transmuted by the myenteric plexus, leads 
to a cholinergic contraction oral to the bolus and to 
a nonadrenergic, noncholinergic (NANC) relaxation 
that is mediated by nitric oxide (NO)-containing 
inhibitory neurons, aboral to the bolus. Adrenalin 
modulates the acetylcholine release at cholinergic 
synapses. Nitric oxide has recently been recognized 
as a neurotransmitter that mediates relaxation of the 
smooth muscles of the gastrointestinal tract. Besides 
NO-containing inhibitory neurons, many other pep-
tidergic neurons that store, for example, vasoactive 
intestinal peptide (VIP), substance P, neurokinin A, 
and many others, are involved in the peristaltic reflex. 
In addition, the interstitial cells of Cajal have impor-
tant regulatory functions in the human gut muscu-
lature and on bowel motility. If they are disturbed or 
even lacking, severe chronic constipation may result 
(Fig. 7.8A) [23].

Two different pharmacologic regions can be dem-
onstrated in the internal sphincter. In the proximal 
part, acetylcholine will cause a contraction exactly 
as in the rectum and in the rest of the alimentary 
tract, and nitric oxide will cause relaxation (Fig. 7.8B). 
Ganglion cells are present here. In the more distal 
parts of the internal anal sphincter, alpha-stimulating, 
beta-relaxing receptors and especially NANC relax-
ing nerve fibers are present. The number of ganglia 
and ganglion cells diminishes in an anal direction. 
Relaxation is also mediated by VIP fibers; Cajal cells 
also play an important role in the function of the in-
ternal anal sphincter.

It is thought that relaxation is stimulated by ten-
sion receptors in the puborectal perception field and 
is transmitted via the ganglion cells of the mesenteric 
plexus to NANC neurons running to the sphincter. 
In the distal two-thirds of the internal sphincter, the 
impulses travel more electronically via a nexus in an 
anal direction [23].

Electromanometrically, a direct proportionality of 
the distending volume to the duration and amplitude 
of the relaxation can be shown. Electromyographically, 
the BER of the smooth muscle cells is desynchronized 
during the first part of the relaxation reflex (Fig. 7.9). 
This action can be demonstrated by cineradiography 
(see Fig. 7.3). In the course of defecation, the anorec-
tal angle becomes less acute, and the proximal third 
of the anal canal becomes dilated while the sphincter 
is still markedly contracted. Because this sympathetic 
nerve causes contractions via alpha receptors, the 
opening up of the anal canal lasts only for a short pe-
riod and defecation occurs in the form of a number of 
propulsion waves. In patients with transverse section 
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of the spinal cord secondary to lumbar myelomenin-
gocele, the sympathetic action is absent and marked 
and  delayed  relaxation  occurs  [22].  The  reflex  arc, 
however,  remains  intact;  it passes not via  the  spinal 
cord, but via the rectal ganglion cells of the myenteric 
plexus, which can be confirmed by the absence of the 
reflex in Hirschsprung’s disease [22, 23].

In high ARM, although the sphincter is rudimen-
tary,  there  might  be  some  circular  smooth  muscle 
fibers  persisting  at  a  higher  level  so  that  some  kind 
of  rudimentary  internal  sphincter  relaxation  is  de-
monstrable in a few patients. In low deformities, the 
sphincter can be fully developed, as in patients with 
imperforate  anal  membrane  or  orifices  at  the  peri-
neal site, but can also be rudimentary, as in girls with 
anovestibular fistula or in patients with anal agenesis 
(Figs. 7.6–7.9C).

According  to  Schweiger  [41],  the  internal  sphinc-
ter  ani  muscle  contributes  to  75%  of  the  anorectal 
pressure profile and, according to Frenckner and von 
Euler  [42], under  resting conditions  to 85% and un-
der rectal distension and relaxation to 40–65%. After 
spinal or pudendal anesthesia [43] or in patients with 
paraplegia [31, 44], there is almost no diminution of 
the  anorectal  sphincter  profile  under  resting  condi-
tions. Therefore, the internal anal sphincter has to be 
regarded,  together  with  the  puborectalis  muscle,  as 
one of the most important factors in anorectal conti-
nence. The complete strength of the anorectal sphinc-
ter mechanism, internal and external anal sphincters, 
and  puborectalis  muscle  can  be  demonstrated  by 
the  anorectal  resting-and-squeezing  pressure  profile 
(ARRP or ARSP; Fig. 7.10).

7.7.3	 Puborectalis	Muscle:	
Reflex	Contractions

The voluntary contraction of the puborectalis muscle 
will interrupt the start of defecation. The puborectalis 
muscle and  the external  anal  sphincter  function act 
here  as  a  unit  [6].  The  persistent  tonic  contraction 
of  these muscles  is based on a proprioceptive  reflex 
mechanism  where  the  receptors  are  situated  in  the 
striated  muscles  of  the  pelvic  floor  and  the  ganglia 
in the lumbosacral spinal cord. This has been proved 
by  the  investigations  of  Parks  et  al.  [31]  in  patients 
with  tabes. Here  the dorsal roots are destroyed, and 
the proprioceptive afferent nerve paths are therefore 
eliminated. No motor activity can be demonstrated in 
the muscles of  the pelvic floor at  rest. On  the other 
hand,  voluntary  contractions  of  the  pelvic  floor 
and  the  external  anal  sphincter  remain  because  the 

Fig.	7.7  A Basal electrical rhythm (BER): anorectal fluctuation 
of waves. Note the slow waves and the bursts of spike activity 
on the top of the waves. Simultaneous electromechanical con-
tractions occur  in  the rectum. R Rectum, RS  rectosigmoid. B 
Different pathologic patterns of anorectal fluctuations. The dif-
ferent morphology corresponds with different degrees of fecal 
incontinence. Part. Partial, Grad grade. A and B are reproduced 
from Holschneider [22, 23] with permission of the publishers)
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Fig. 7.8 A Schematic portrayal of the peristaltic reflex, showing 
the intramural plexus and the efferent postganglionic adrener-
gic and preganglionic cholinergic axons entering the bowel. SM 
submucosa, CM circular muscle, AP Auerbach’s plexus, symp. 
sympathetic, paras. parasympathetic, postgangl. postgangli-
onic, M mucosa, LM longitudinal muscle layer; *peptidergic 
transmitters. The sensory neurons are indicated by circles. The 
impulses from the mechanoreceptor cells are transmitted via 
interneurons (white squares) over cholinergic synapses to the 
nonadrenergic-non-cholinergic (NANC) inhibitory neurons 
(dark squares). The finely drawn neurons with white circles 
in their terminal axons represent postganglionic, adrenergic 
axons. The circles marked BV indicate blood vessels. The neu-
rons labeled S symbolize pacemaker neurons with spontaneous 

activity, situated in the interstitial Cajal cells of Stach’s plexus 
(plexus submucosus extremus). Stimulation of the NANC 
neurons leads to a neurogenically induced and peptidergic-
transmitted relaxation aboral to the bolus. Oral to the bolus, 
a myogenically produced contraction of the circular muscle 
occurs (rebound excitation). The sympathetic system acts as a 
modulator of acetylcholine release at the cholinergic synapses 
(reproduced from Holschneider and Puri [23]). B Schematic 
drawing of the innervation of the internal anal sphincter. 
Note: alpha-stimulating, beta-relaxing receptors and especially 
NANC relaxing fibers. Relaxation is also mediated by vasoac-
tive intestinal peptide (VIP) fibers. In contrast, in the proximal 
bowel there are beta- and alpha-relaxing influences [23].
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function of  the anterior horn cells  is  left  intact. The 
increase  in  activity  in  these  striated  muscles  of  the 
pelvic floor when speaking or coughing, when taking 
a deep breath, or when  touching  the rectum, shows 
that  the  puborectalis  muscle  is  a  much  more  sensi-
tive receptor for alterations  in pressure than the rec-
tum (Fig. 7.11). The reflex contraction of the striated 
anal sphincter muscles during internal anal sphincter 
relaxation (called continence reaction or continence 
reflex)  is a  further  important  factor supporting anal 
continence.  The  receptors  for  this  proprioceptive  re-
flex  mechanism  lie  eventually  in  the  parapuborecta-
lis tissues, and so this reflex remains intact even after 
amputation of the rectum or low anastomosis.

7.7.4	 Adaptation	Reaction

The adaptation reaction causes a delay in the passage 
of the intestinal contents. It thus prevents the changes 
in volume that will produce a rise in pressure, which 
would endanger continence (Fig. 7.12). This reaction 
shows  itself electromanometrically as a steep rise  in 
pressure followed by a slow pressure decrease at rest. 
The change in volume per unit of change of pressure, 
the  so-called  compliance,  can  be  calculated  for  the 
rectum and is a measure of the elasticity of this organ. 
In patients with a rigid anorectum, or when the colon 
is surrounded by fibrous tissue, as can be found after 
abdominoperineal  pullthrough  operations,  an  injec-

Fig.	7.9  A  Internal  sphincter  relaxations  with  direct  propor-
tionality of  the  relaxation amplitude and duration  to  the  rec-
tal  distending  balloon;  AR  anorectum,  B  balloon.  B  Internal 
sphincter relaxation after distending a balloon with 60 ml of air 
(LUFT) in the rectum (reproduced from Holschneider [22, 23] 
with  the  permission  of  the  publisher).  The  slow  waves  of  the 
internal anal sphincter (SPH.INT.) became desynchronized si-
multaneously with relaxation. They appear again together with 
the anorectal fluctuations. C Different patterns of internal anal 
sphincter  relaxation  after  rectal  distension  of  a  balloon  with 
different  amounts  of  air.  Pathologic  or  rudimentary  internal 
sphincter relaxations correspond with different degrees of fecal 
incontinence
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tion of even a small volume of air will lead to a steep 
rise of the intraluminal pressure, as there is a mark-
edly lower compliance. On the other hand, in patients 
with secondary megacolon with a widely dilated rec-
tosigmoid, the injection of even large volumes of air 
will cause only a very small rise in pressure, so that 
there the compliance is abnormally high. It can there-
fore be said that the function of the rectum is not so 
much as a storage or reservoir organ but as an organ 
that delays the passage and promotes the return of 
the stool into the more proximal intestinal segments 
in an attempt to prevent irritation of the puborectal 

perception field. Both these functions depend on the 
length of the rectum. Continence is not impaired after 
the resection of the colon, provided the distal 4–5 cm 
of rectum is left intact. If only 3cm of rectum is left 
behind, continence occurs in only 80%. If only 2 cm 
is left, 50% of the patients will not be continent.

7.7.5	 Feeling	of	Fullness

If the rectum is filled with intestinal contents, tension 
receptors in the rectal wall and in the neighboring 

Fig.	7.10 A Anorectal resting pressure profile. The horizon-
tal lines symbolize 1 cm of anorectal length each (reproduced 
from Holschneider [22, 23] with the permission of the pub-
lisher). The catheter is pulled out from the rectal area (pressure 
3 mmHg) to the anus (pressure in the internal sphincter area 
20–25 mmHg). B Different patterns of anorectal pressure pro-
file in relation to different degrees of fecal continence

Fig.	7.11 Increasing activity of the external anal sphincter 
(SPH.EXT.) during injection of 40 ml of physiological saline in 
the rectosigmoid. Note the increasing reflex activity in the ex-
ternal anal sphincter (continence reaction, external sphincter 
reflex; reproduced from Holschneider [22, 23] with the permis-
sion of the publishers)
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puborectal muscles are stimulated, and the nerve im-
pulses passing via the spinal cord up to the cortical 
centers will transmit a feeling of fullness and a desire 
to pass stool. At the same time, the reflex mechanism 
of the sphincters is triggered off, causing the relax-
ation of the internal anal sphincter and the simultane-
ous contraction of the external anal sphincter and the 
puborectalis [45, 46].

7.7.6	 The	Anorectal	Angle

In this connection, investigations carried out by 
Denny Brown and Robertson [47] are of interest. 
These authors were able to show that in kittens, in 
which during the 1st week of life the musculature 
loses its red color and as well as some lipids, there is 
an increased ability for rapid contractions. This seems 
to indicate that the pale, rapidly contracting muscle fi-
bers of animals develop only after birth. Holschneider 
and Lierse [23] were able to show that in man, the 
small-diameter red fibers are used for tone and the 
pale, large-diameter fibers are used for phasic con-
tractions, and that in young infants the appearance of 
continuous electrical activity in the striated muscles 
of the pelvic floor is associated with the child’s ability 
to attain an erect posture.

Apart from the reflex contractions, the striated 
muscles of the pelvic floor are governed by cortical 
centers and can be contracted voluntarily. The volun-
tary and involuntary contractions of these muscles 
depend upon two different types of muscle fibers, 
those with a high content of myoglobin, which are 
responsible for slow tonic contractions, and those 
(pale fibers) with a low content of myoglobin, which 
are responsible for rapid phasic contractions. Inves-
tigations by Dubowitz and Pearse [48, 49] showed 
that as well as anatomic differences, there are also 
biochemical and histochemical differences in the fat, 
glycogen, and enzyme contents of these muscle fi-
bers. The difference between these two types of fibers 
is, therefore, based on different metabolism. The red 
fibers contain several oxidizing enzymes and obtain 
their energy from the Krebs cycle, whereas the pale 
fibers have a high content of phosphorylase and need 
glycogen for their energy. Because the Krebs cycle is a 
better source of energy than glycolysis, the red fibers 
are better able to maintain tonic activity, whereas the 
pale fibers containing phosphorylase are designed for 
a sudden rapid increase of activity.

7.7.7	 Corpus	Cavernosum	Recti

The corpus cavernosum recti is a network of arterial 
vessels situated at the area of the anorectal line, work-
ing as a second plugging mechanism of the anal canal 
together with the corrugator and pubococcygeus. Its 
venous flow drains transsphincterically to the portal 
vein. These vessels fill during internal contraction, 
thereby obstructing the upper part of the canal.

7.7.8	 The	Rectum

The rectum and a colon of adequate length for the 
resorption of water are also important factors in ano-
rectal continence. The most important function of 
the rectum is delaying the passage of intestinal con-
tents. This is achieved by a pressure gradient that runs 
against the direction of normal peristalsis (i.e., in a 
cranial direction), and also by the adaptation reac-
tion.

7.7.9	 Mechanism	of	Defecation

Various reflexes, such as the gastrocolic reflex and the 
ileocolic reflex contraction of the colon, caused by 
filling the stomach and the ileum, respectively, as well 
as voluntary contraction of the abdominal muscula-
ture, may initiate defecation by suddenly filling the 
rectum with colonic contents. The increasing intra-
rectal pressure stimulates the distention receptors in 
the puborectalis muscle and the parapuborectal tis-
sues, and the desire to pass a stool is consciously felt. 
At the same time, a reflex relaxation of the internal 
anal sphincter occurs. This allows even the smallest 
amounts of stool to reach the anal canal. The hyper-
sensitive mucosa of the anal canal in the region of 
the anal valves is able to discriminate between flatus 
and liquid or solid stool. The reflex contraction of the 
external anal sphincter and the puborectalis will pre-
vent the expulsion of stool from the anal canal and 
thus inhibit fecal soiling. This effect is increased by 
the compression of the lower anal canal by the cor-
pus cavernosum of the rectum, and by the corruga-
tor muscle of the anus. This allows the rectum time 
to adapt itself to the increased intraluminal pressure. 
The aboral–oral pressure gradient of the rectum will 
propel the stools upward into a more proximal rectal 
segment. This, however, will stimulate further propul-
sive waves via a feedback mechanism. An intrarectal 
pressure of between 25 and 30 mmHg will stimulate 
a reflex inhibition of the anorectal sphincters and the 
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puborectalis muscles. The voluntary contractions of 
the abdominal muscle will also cause a reciprocal 
inhibition of the striated muscles of the pelvic floor. 
This, in turn, will decrease the acuteness of the ano-
rectal angle formed by the puborectalis muscle, and 
defecation commences. When the rectoanal reflex 
operates following sudden distention of the rectum, 
sampling of whether the waste is solid, liquid, or gas 
occurs at approximately the level of the anal valves. If 
defecation is not intended, voluntary contraction of 
the puborectalis muscle will return the contents back 
into the rectum off the sensitive zone and the desire 
to defecate will diminish.

The external sphincter is a powerful muscle that is 
brought into action in moments of stress to supple-

ment the sling action in arresting defecation or de-
flation. It too has a resting tone that mildly occludes 
the anus, and when forced open by flatus under high 
pressure it exhibits a flutter valve action with the ac-
companying characteristic noise. The tone of the 
internal and external sphincters that surround the 
skin-lined anal canal is probably responsible for pre-
vention of wetting of this part of the canal with mu-
cus secreted from the adjoining rectal mucosa in the 
long intervals between acts of defecation. Neither of 
these sphincters accounts for the minute-to-minute 
day and night fecal continence, which appears to be 
the function of the sleeve-and-sling.

Further observations of children who become 
chronically constipated indicate that the sleeve-and-

Fig.	7.12 A Adaptation reaction in the rectum. Note the sharp 
increase in rectal pressure and its slow decrease to resting con-
ditions after inflation of a rectal balloon with 20 ml of air (B20). 
B Rectal compliance. The compliance is high in cases of megar-
ectum and low after pullthrough procedures in patients with 
high-type imperforate anus. A and B reproduced from Holsch-
neider [22, 23]. V volume, P pressure
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sling become easily tired by impacting feces, become 
relaxed, and permit shortening of the anal canal to 
the length only of the skin-lined anus. It is found that 
then the short passage, although encircled by external 
and internal sphincters, is barely sphincteric, permit-
ting constant leakage, which is momentarily arrested 
only at the time of conscious muscular contractions 
of the external sphincter surrounding the skin-lined 
anus.

Finally, the anal canal constructed in patients ex-
hibiting a congenital rectourethral fistula is endowed 
with a high degree of sensation, content discrimina-
tion, and muscular sphincter function if the new canal 
is lodged within the striated muscle complex, which 
is then its only sphincter. If the canal is directed to the 
perineum through the muscular diaphragm posterior 
to the sling, the bowel lacks appreciation of its con-
tent and all power to control defecation [50–52].

The observations of Duthie and Gairns [27], in our 
view, support this extrinsic theory of rectal sensitivity 
as far caudally as the anal valves, and we take cogni-
zance of their findings of keen intrinsic receptiveness 
of the short, skin-lined anus to, for example, disten-
tion, temperature, and friction. A skin-lined anal 
canal is vital to continence. Kiesewetter and Nixon 
[33] showed an ingrowth of sensory fibers from the 
perianal skin following pullthrough operations. Ano-
plasty, to create a skin-lined canal if prolapse occurs 
after pullthrough operations, improves continence 
[53]. Stephens and Smith [54], however, consider 
that proper function of the puborectalis muscle is 
adequate for near complete continence, including 
content discrimination, as is found in patients after 
rectoplasty operations for ARM.
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8.1 Incidence

The incidence of anorectal malformations (ARM) is 
reported as 2.0–2.5 per 10,000 live births. However, 
there are significant variations in the prevalence be-
tween regions throughout the world. Confusion re-
garding the incidence is further increased with the 
addition and/or exclusion of anal stenosis in the 
studies in the literature. While no significant associa-
tion between ethnicity and ARM has been identified, 
there are several studies that identify variations be-
tween ethnic groups [1,2].

In North America the Texas Birth Defects Registry 
reported 542 cases during the period of 1999–2001, 
thus a prevalence of 5.03 per10,000 live births for all 
cases of “stenosis or atresia of large intestine, rectum, 
or anal canal” [3]. In California, similar to Texas, a 
lower rate of incidence has been identified within 
the African-American community than within the 
Hispanic [3,4]. Between 1981 and 1986, the Centre 
for Disease Control monitored 4,617,613 births. In-
formation on specific race and ethnicity was available 
for 92.6% of these births. These data revealed a higher 
incidence of ARM amongst Native American Indians 
and a lower incidence amongst African Americans 
than the rest of the population [2].

ARM are a common cause of bowel obstruction 
amongst neonates in Nigeria, where in one centre 
ARM accounted for 13.4% of all neonatal malforma-
tions and 39% of emergency neonatal surgery [5–7]. 
Louw reported an incidence of 5.5 per 10,000 live 
births in South Africa, with the highest rates noted 
among the Caucasians (5.7 per 10,000) and lower 
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rates amongst the Bantu (4.4 per 10,000) [8]. How-
ever, further detailed prevalence rates are not avail-
able for sub-Saharan Africa.

The incidence rate in British Columbia was 4.0 per 
10,000 live births (273 cases out of 689,118 consecu-
tive liveborn infants) between 1964 and 1982 [9]. Ac-
cording to the Latin American Collaborative Study 
for Congenital Malformations (ECLAMC, Estudio 
Colaborativo Latino Americano de Malformaciones 
Congenitas), its frequency is 4.1 per 10,000 live births. 
The highest recorded incidence is 7.7 per 10,000 in 
Chile [10].

In Europe, several countries have reported preva-
lence rates: for example in Denmark an incidence of 
3.8 per 10,000 live births was reported in Denmark 
over a 13-year period from 1980 to 1993; in Budapest, 
Hungary, 1.8 per 10,000 live births between 1970 and 
1977 [11,12]. A study of different ethnic groups from 
Birmingham, UK, revealed that rectal atresia occurs 
more frequently among Europeans and South Asians 
than amongst those from the Caribbean [13]. A more 
detailed analysis was performed by EUROCAT (Eu-
ropean network of population-based registries for the 
epidemiologic surveillance of congenital anomalies). 
Data from 1980 to 1994 from 33 registries revealed 
a prevalence of 4.05 per 10,000 births from a total of 
4,618,840 births throughout Europe. It also revealed 
significant differences between registries; the lowest 
being in Luxembourg, with a prevalence of 1.14 per 
10,000, to the highest in Finland with 6.13 per 10,000. 
There were also significant differences between regis-
tries within the same country, such as between Gal-
way (1.2 per 10,000) and Dublin (4.1 per10,000) in 
Ireland [14]. This may reflect different ethnic groups 
within nations or Europe, or different embryological 
factors.

In the Indian subcontinent, numerous studies have 
revealed a high prevalence, with ARM accounting for 
15% of admissions to one unit; however, overall in-
cidence figures are not presently available [15,16]. It 
is important to note the concept of the pouch colon 
with regard to the Indian subcontinent. Pouch colon 
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syndrome, or congenital short colon, is defined as a 
sac-like dilation of the shortened colon, which can 
lead to a massively dilated distal “pouch”, and which 
fistulates into the genitourinary tract. This unusual 
condition, which is associated with ARM, is much 
more common in North India than in the rest of the 
world. Indian patients account for 92% of all reported 
cases and pouch colon syndrome accounts for 6–13% 
of all ARM in Northern India [17–19].

In the Far East, the prevalence is reported as 3.5, 
5.04 and 3.38 per 10,000 for South Korea, Japan and 
China [20,21]. The incidence in the Singapore popu-
lation is reported as 0.86 per 10,00 live births [22]. In 
Victoria, Australia they have reported an increase in 
the overall prevalence between 1983 and 1995 to 5.6 
per 10,000, followed by a decline to 2.9 per 10,000 be-
tween 1999 and 2000. Similar to the increase in the 
incidence of gastroschisis born to teenage mothers 
within the state, they noted a significantly increased 
prevalence of births to mothers less than 20 years old 
(11.2 per 10,000) as opposed to those 25–29 years old 
(4.5 per 10,000) [23].

Some argue that the differences in the prevalence 
results are due to problems with case inclusion; how-
ever, ARM patients who are captured by a registry or 
a study are generally assessed by paediatric surgeons 
who are quite specific about the type of abnormality 
[14]. Thus, despite the variable prevalence rates rang-
ing from 0.86 to 7.7 per 10,000, the overall incidence 
is 2.0–2.5 per 10,000 live births (Table 8.1).

8.1.1 Associated Anomalies

ARM occur in 2.2% of children with trisomy 21, with 
a range of 2–8% [28–31]. This incidence is 15 times 
more common than the rate within the general popu-

lation [32]. In racial groups such as African Ameri-
cans, the incidence of ARM is much higher in chil-
dren with Down’s syndrome than its incidence in the 
general population [33]. Black and Sherman were the 
first to describe the particular association between 
Down’s syndrome and ARM without fistula [34].

A small number of studies have demonstrated an 
increased incidence among first-degree relatives of 
affected patients. Data from the 1950s placed the risk 
of a second child in a family being born with ARM 
at 1%; however, this has not been confirmed in later 
studies [35]. There are case reports of siblings and 
parents and children both having the anomalies, es-
pecially anal stenosis [36]. In 1957, Kaijser et al. re-
ported the case of a mother and two daughters in 
whom each had an imperforate anus with a rectovagi-
nal fistula [37]. In 1961, VanGelder commented on a 
family with three known and one possible ARM ex-
tending over four generations. The pattern suggested 
a dominant inheritance with reduced penetrance [38]. 
Seitz et al. reported anterior ectopic anus in a mother 
and her two daughters [39].

In India, Mittal et al. reported that a detailed fam-
ily history revealed 21 out of 140 patients (15%) had a 
sibling with an ARM [40]. In a report from Manches-
ter, 15 out of 186 patients (8%) had a strong family 
history of ARM [41]. Schwoebel et al. describe two 
families with nine members affected with ARM over 
two to three generations, with nine members affected 
with ARM, with a recurrence risk of 10–20% for first 
degree relatives [42]. Some studies reveal evidence of 
autosomal recessive inheritance, while others demon-
strate an autosomal dominant syndrome [38]. Chris-
tensen et al. found an increased frequency of chromo-
some anomalies among children with ARM [43].

Genetic factors are believed to be more important 
in anorectal stenosis than other anal anomalies. How-
ever, there is little evidence to imply that genetic pre-
disposition plays a significant role in the aetiology of 
this condition [44].

In 1981, Currarino et al. described the triad of 
anorectal stenosis (low ARM), an anterior sacral de-
fect and a presacral mass [45]. The complete Curra-
rino triad is rare and is familial in 50% of cases [46]. A 
screening program with lumbosacral ultrasound and 
plain radiography for siblings of those with the Cur-
rarino triad should be obligatory [47].

Cuschieri and the EUROCAT group demonstrated 
that of the 1,846 patients in the registry with ARM, 
1,174 children had other defects [31]. Chromosomal 
abnormalities occurred in 11%, most frequently 
those with anal stenosis. VACTERL association was 
present in 181 patients (10%) and multiple congeni-

Table 8.1 Summary of incidences of anorectal malformations 
(ARM) from registries

ARM Registry Region Incidence (per) 
10,000 live births

Texas Registry [3] USA 5.0

Kansas [24] USA 2.5

Louw [8] South Africa 5.7

ECLAMC [10] South America 4.1

EUROCAT [14] Europe 4.1

Haeusler [25] Europe 1.4

Finley [26] Sweden 2.5

Stoll [27] France 4.8
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tal anomalies in unrecognised patterns were present 
in 711 (38%) [31]. VACTERL stands for Vertebral, 
Anorectal, Cardiac, Tracheo-oEsophageal, Renal and 
Limbs particularly radial, anomalies. When three or 
more anomalies are present together then VACTERL 
is considered to exist.

Associated anomalies are more common in boys 
(52–63%) and the higher the ARM, the higher the 
risk of associated anomalies, commonly ranging from 
44% to 67% [48]. Associated anomalies can be twice 
as prevalent in patients with higher anomalies than 
in those with lower lesions [40]. However, Javid et al. 
reported a 61% incidence of associated anomalies in 
girls with low ARM [49].

Vertebral and spinal anomalies are commonly as-
sociated, especially with supralevator lesions, with 
an incidence of 4.6–40%. Abnormalities such as ver-
tebral defects, tethered spinal cord or diastematomy-
elia can occur, but by far the most frequent is a sacral 
anomaly consisting of the absence of one or more 
sacral vertebrae [14].

Ratan et al. from Haryana in India presented data 
from 416 patients demonstrating that males had a 
significantly higher incidence of genital anomalies in 
association with low ARM, and gastrointestinal tract 
anomalies in association with high ARM. Unlike 
other reports, girls with high ARM had more uro-
logical anomalies compared with the boys with high 
ARM [50].

Genitourinary anomalies occur in 21–61% of 
patients [14]. Up to 26% of boys had genitourinary 
problems, as opposed to 5% of girls, with upper uri-
nary tract anomalies present in 50% of boys and 30% 
of girls, respectively. The risk for both sets of prob-
lems increased with the level of the anorectal lesion 
[51]. Low lesions such as perineal cutaneous fistula 
have less than a 10% chance of having a urinary 
anomaly, while rectovesical fistulas have a 90% risk. 
The incidence of genital malformations increased in 
the presence of renal or spinal lesions. Conversely, the 
incidence of urinary and spinal anomalies increased 
in patients with genital malformations [51]. Unde-
scended testes are commonly associated with ARM 
and are reported to occur in up to 19% [52].

Gastrointestinal anomalies are less common, with 
reported incidence of 10–25%, the commonest defor-
mity being tracheoesophageal fistula (13%) followed 
by duodenal atresia [31,44]. Cardiac malformations 
occur in 9–20% of defects equally in patients with 
high and low lesions, with tetralogy of Fallot being 
the commonest diagnosis [44]. Several hypotheses 
exist for this association of abnormalities. Abnormal 
notochord development may be pivotal in producing 

neural tube defects and ARM, possibly by altering 
sonic hedgehog signalling [53].

8.2 Frequency

ARM occur more frequently in boys than girls. The 
sex ratio varies from 55% to 70% in favour of boys 
[22,54]. Smith and Stephens initially reviewed 2,376 
cases in the literature from 36 published reports 
in 1970, and then 5,454 cases in 42 reports in 1988, 
which was in keeping with a male preponderance 
(Table 8.2).

Studies show a higher incidence of supralevator 
lesions in boys as compared to girls, ranging from 
44% to 65%; however, there is significant variation 
between studies. In Nigeria, female neonates were af-
fected more than males in a ratio of 1.5:1, with high 
lesions present in 30 (55.6%) and low lesions in 24 
(44.4%) [57] (Table 8.3).

The frequency of each type of anomaly is difficult 
to define clearly. The reason for this is the failure of 
a single classification to be adopted. The medical lit-
erature is full of references and papers on ARM. In 
fact there are 1,211 references available on PubMed 
at the time of writing. However, the confused termi-
nology and classification systems make comparisons 
near impossible. In order to define the frequency of 
different forms we will focus on the larger cohorts. 

Table 8.2 Gender ratio of anorectal anomalies

Stephens [44] Endo et al. [55]

Male 57% 57%

Female 43% 43%

Total No. of patients 3,645 1,992

Table 8.3 Frequency of types of ARM

Authors High Inter-
mediate

Low

Mittal et al. [40] 52% 48%

Cook [41] 28% 13% 51%

Rich et al. [56] 28% 54% 18%

Melbourne series [58] 37% 62%

Stephens series [44] 46% 54%

Chen [59] 20% 47% 33%

Endo et al. [55] 26% 11% 57%
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The seminal work of Stephens and Smith reported the 
relative incidence of the subtypes in a series of 11 au-
thors in 1988 using the “International” classification 
(Table 8.4).

Stephens and Smith’s paper reported that in boys, 
52% of lesions were high and 48% were low, while in 
girls 65% were high and 35% were low. They demon-
strated that the rectourethral fistula is the commonest 
lesion in males, while lower anal lesions are twice as 
common as rectal anomalies in girls.

Kiesewetter’s data demonstrated anal stenosis in 
8% of cases, with rectourethral fistula in 29% of boys 
and rectovaginal fistula in 46% of girls; pure rectal 
atresia occurs only rarely [60,61].

EUROCAT data show that in patients with isolated 
ARM there is a male predominance for ARM without 
fistula, a female predominance for ectopic anus and 
an equal gender representation for ARM with fistula 
[14]. The same patterns of preponderance are present 
in those ARM that occur in association with VAC-
TERL [31].

In 1999 the Japanese Study Group of Anorectal 
Anomalies (JSGA) published their results of a total 
of 1,992 patients (1,183 boys and 809 girls) registered 
from 1976 to 1995 [55]. They used the international 
1970 classification and demonstrated low lesions in 
57% of cases, intermediate in 11% and high in 26%. In 
males, 48% of lesions were low, 13% were intermedi-
ate and 36% were high. Among the girls, had 71% low 
lesions, 7% intermediate lesions and 13% high lesions. 
The most frequent deformity reported in Japan was 
male anocutaneous fistula (30%; n = 364), followed 
by male rectourethral fistula (28%; n = 333) and fe-
male anovestibular fistula (30%; n = 241). The inci-

dence of rectovesical fistulas among the boys was 4% 
(n = 42), and that of rectocloacal fistulas among the 
girls was 11% (n = 93). Differences with Stephens and 
Smith consisted of a higher incidence of covered anus 
complete occurring at the same frequency (10.1% of 
low deformities) as covered anal stenosis. The JSGA 
series revealed a significantly lower rate of rectovagi-
nal and rectovestibular fistula.

Peña states from his case load that the common-
est defect in males is the rectourethral fistula followed 
by the cutaneous perineal fistula. In females the com-
monest defect is the vestibular fistula followed by the 
cutaneous perineal fistula. Rectovaginal fistulas are 
quite rare. Rectovesical fistulas occur in only 10% of 
all cases in both boys and girls. ARM without fistula 
occur in 5% [55,62].

8.3 Classification

ARM represent a wide spectrum of defects and con-
ditions. A clear understanding of normal anorectal 
anatomy and the different types of ARM is necessary 
for both the planning of surgery and the procedure 
itself. An appreciation of the classification systems 
is useful in practice to the surgeon. This is, however, 
much easier said than done. The classification sys-
tems are notoriously difficult and unwieldy. There 
are multiple classifications in use in different centres 
throughout the world, making comparisons difficult. 
A brief examination of the literature demonstrates the 
multitude of classification systems available and in 
daily use. In order to explain the classifications that 
have been proposed over the years and that still ex-
ist we will discuss the history and development of the 
classification systems

Amussat, the father of the proctoplasty in 1835, 
was the first to attempt a classification system of ARM 
[63]. He described five groups: (1) a narrowed anus, 
(2) a closed anal membrane, (3) rectum interrupted 
by a septum at some distance from the opening, (4) 
imperforate anus and (5) the presence of a rectal fis-
tula. Numerous other authors such as Stieda in 1903, 
Jones in 1904, Breener in 1915 and Frazer in 1926 
created clinical classification systems [58]. However, 
it was the classification system of Ladd and Gross 
(1934) that prevailed and became the standard (Ta-
ble 8.5) [64].

In 1963 a Melbourne team lead by Stephens classi-
fied the lesions into two categories, either high or low 
(Table 8.6). This classification recognises the impor-
tance of the puborectalis muscle and its effects in con-
tinence. Lesions above the pubococcygeal (PC) line 

Table 8.4 Incidence of subtypes (Stephens and Smith [44])

Type of anomaly Incidence (%)

Male Female

Rectourethral fistula 36

Rectocloacal fistula 5

Rectovesical fistula 6 5

Rectovaginal fistula 19

Anorectal agenesis (no fistula) 8 4

Anterior anus 4 17

Anovestibular fistula 18

Covered anus with fistula 25 18

Covered anal stenosis 10 4

Total 1,429 951
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were described as high and below as low. The PC line 
is drawn on a lateral pelvic radiograph “invertogram” 
between the midpoint of the pubis and the inferior 
aspect of the sacrum [65]. It represents the level of the 
levator ani attachment to the pelvic wall.

The Melbourne classification allowed Stephens 
to pioneer the sacrococcygeal approach in order to 
preserve the puborectalis. Although this classifica-
tion was deficient in clinical information and overly 

Male Female

Anorectal deformities

A: Defect of the partition of the internal cloaca

1. Anorectal agenesis (no fistula) 1. Anorectal agenesis (no fistula)

2. Rectovesical fistula 2. Rectovesical fistula

3. Rectourethral fistula 3. Rectourethral fistula

4. Rectovaginal fistula

5. Rectovestibular fistula

B: Secondary defects after Partition

Rectal atresia Rectal atresia

Rectal deformities

A: Defects of the perineum

1. Anterior perineal anus 1. Anterior perineal anus 
         Perineal 
         Vulvar

2. Anovestibular fistula

3. Perineal groove

4. Perineal canal

B: Defects of the genital fold

1. Covered anus complete 1. Covered anus complete

2. Anocutaneous fistula 2. Anocutaneous fistula

3. Anobulbar fistula 3. Anovulvar fistula

C: Defects of the proctodeal pit

1. Anorectal agenesis 1. Anorectal agenesis

2. Imperforate anal membrane 2. Imperforate anal membrane

3. Anal stenosis 
          (i) Covered anal stenosis 
          (ii) Anal membrane stenosis 
          (iii) Anorectal stenosis

3. Anal stenosis 
          (i) Covered anal stenosis 
          (ii) Anal membrane stenosis 
          (iii) Anorectal stenosis

Unclassified

1. Vesicointestinal fissure

2. Duplication of the rectum and anus

3. Combination of usual deformities

Table 8.5 Ladd and Gross classification 1934 [64]

Type Anomaly

I Anal and anorectal stenosis

II Imperforate anus

III Imperforate anus with blind  
ending pouch with fistula

IV Rectal Atresia

Table 8.6 Stephens and Smith 
1963 classification based on em-
bryological concepts
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Type of anomaly Female Male

High 1. Anorectal agenesis 1. Anorectal agenesis

A: Rectal atresia A: Rectal atresia

B:  With fistula 
Rectocloacal fistula 
Rectovaginal/high

    
Rectovesical fistula 
Rectourethral fistula

2. Rectal atresia 2. Rectal atresia

Intermediate 1.  Anal agenesis 
A. Without fistula 
B.  With fistula 

Rectovaginal fistula low 
Rectovestibular fistula

1.  Anal agenesis 
A. Without fistula 
B.  With fistula 

Rectobulbar fistula

2. Anorectal stenosis 2. Anorectal stenosis

Low 1.  At normal anal site 
Covered anus – complete 
Covered anal stenosis

1.  At normal anal site 
Covered anus – complete 
Covered anal stenosis

2.  At perineal site 
Anocutaneous fistula 
Anterior perineal anus

2.  At perineal site 
Anocutaneous fistula 
Anterior perineal anus

3.  At vulvar site 
Vulvar anus 
Anovulvar fistula 
Anovestibular fistula

Miscellaneous Anal membrane stenosis Anal membrane stenosis

Imperforated anal membrane Imperforated anal membrane

Perineal groove Perineal groove

Perineal canal Perineal canal

Type of anomaly Female Male

Low, infralevator I. Anal stenosis I. Anal stenosis

II. Anal membrane II. Anal membrane

III. Anal agenesis III. Anal agenesis

 A. Without fistula  A. Without fistula

 B. With fistula  B. With fistula

High, supralevator I. Rectal agenesis I. Rectal agenesis

 A. Without fistula  A. Without fistula

 B. With fistula  B. With fistula

II. Rectal atresia II. Rectal atresia

Table 8.7 Anorectal anom-
alies based on a simplified 
Santulli classification [66]

Table 8.8 A simplified ver-
sion of the ‘International’ 
classification
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Fig. 8.1 Pictorial account of the ‘International’ classification
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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Fig. 8.1 (continued)
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complex, it allowed ARM to be viewed in a structured 
fashion. “Intermediate” was later added to this clas-
sification to describe those lesions where the rectum 
ends below the PC line.

In 1964 Santulli proposed his classification system, 
which was based on the work of Ladd and Gross. This 
also divided lesions into low, infralevator, and high, 
supralevator (Table 8.7) [66].

In 1970 the “International” classification was 
proposed at a symposium on Anorectal Malfor-
mations at the paediatric surgical congress in 
Melbourne in order to further decrease confusion 
(Table 8.8). Based on the early work of Smith and 
Stephens, the 1970 International classification was 
based on the principles of normal and abnormal 
anatomy and divided the lesions into three groups 
high (supralevator), intermediate and low (transl-
evator). Although it proved much too complex for 
most surgical groups due to the fact it contained 
nearly 40 subtypes, it is still in use in the literature 
and is the primary reporting mechanism for the JSGA 
(Fig. 8.1) [55].

There are several terms that are used quite com-
monly in the classifications that can cause confusion 
for the modern reader. The term “covered anus” has 
been used to describe both the presence of the anal 
membrane and the cutaneous fistula. It was defined 
by Smith et al. in 1970 as a normally placed anus that 
is covered by excessive development of the genital 
folds or a fused congenital median band [58]. “Cov-
ered anus incomplete” is described as the common-
est male anomaly, which is best described as a low 
perineal cutaneous fistula [58]. The “perineal groove” 
describes a normal vestibule but with a groove ex-
tending from the vestibule to the anus, which is both 

normal sized and positioned. The “perineal canal” is 
defined as a normal anus and vestibule with the pres-
ence of a fistula from the anal canal to the fossa na-
vicularis [58].

The “International” classification also describes the 
anovulvar fistula as a variation of the covered anus 
with a fistula into the posterior fourchette. The vulvar 
anus was viewed as a variation of the anterior anus 
with so little development of the perineum that the 
anus, which is normal, is in the vestibule. The term 
rectocloacal fistula is used to describe all situations 
where the rectum, bladder and urethra enter a single 
channel as a common cloaca. The 1970 classification 
proposed that “rectovesical fistula” be used to de-
scribe the rectum entering the bladder between two 
separate vaginas to form a “common cloaca” at the 
bladder outlet [58].

The term “ectopic” anus still excites debate. It is 
used to describe a stenosed anus that has migrated 
to the vulva or, more commonly, the vestibule in the 
female, or any abnormally positioned anal opening in 
the male. It is also described as an anterior displace-
ment of the anus and “anterior ectopic anus”. It was 
on occasion also used to describe rectovaginal fistu-
lae [67]. An ectopic anus is described as an anal index 
of less than 0.34 in girls and less than 0.46 in boys. 
The anal index is defined as the ratio of the scro-
tal–anal distance to the scrotal–coccygeal distance 
in males, and as the ratio of the fourchette–anal dis-
tance to the fourchette–coccygeal distance in females 
[68]. Kluth’s embryological and histological evidence 
of hindgut development implies that any abnormal 
anal opening could be viewed as an anal fistula. Peña 
argues strongly from his experience of 1,460 patients 
that a normal anus surrounded by a normal voluntary 

Table 8.9 Wingspread Conference classification

Level of anomaly Male Female

High 1.  Anorectal agenesis 
A. Rectovesical fistula 
B. Without fistula

2. Rectal Atresia

1.  Anorectal agenesis 
A. Rectovaginal fistula 
B. Without fistula

2. Rectal Atresia

Intermediate 1. Rectourethral fistula
2. Anal agenesis without fistula

1. Rectovestibular Fistula,
2. Rectovaginal fistula
3. Anal agenesis without fistula

Low 1. Anocutaneous (perineal) fistula
2. Anal stenosis

1. Anovestibular (perineal) fistula,
2. Anocutaneous (perineal) fistula
3. Anal stenosis

Miscellaneous Rare malformations Persistent cloacal anomaly
Rare malformations
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sphincter in an abnormal position does not occur and 
that the term is overused (Figs. 8.2 and 8.3) [69].

New research and variations in surgical technique 
in the late 1970s and early 1980s altered previously 
fixed concepts. This led to the “Wingspread classifi-
cation”, which evolved from a conference held in the 
Wingspread Convention Center, Racine, Winconsin 
(USA) in 1984 [70]. It was created in order to update 
the “International” Melbourne classification that 
was described at the time as “unwieldy”. It is based 
on high, intermediate and low anomalies and is pre-
sented in Table 8.9. Rarer subtypes that had cluttered 
the 1970 classification were removed. The cloacal le-
sion was also placed in its own separate class as the 
other class divisions depended on the length of the 
cloacal canal. The members of the workshop accepted 
that the classification would not be the final word on 
the issue, and indeed it is not.

It is well accepted that the Wingspread classifica-
tion has not been fully endorsed and used within the 
surgical practice as it is based on anatomical princi-
ples [71]. Its important concept of a spectrum of dis-
ease are frequently alluded to and it is used to classify 
newly identified rarer anomalies such as translevator 
anal anomalies with cutaneous fistulae passing deep 
to the scrotum [72]. Yet even a perfunctory review of 
the literature reveals the ongoing use of the original 
Stephens, International and Wingspread classifica-
tions. This confusion has led to heated discussion on 
the need for even more classifications.

Peña argues that the terms “low”, “intermediate” 
and “high” are arbitrary and not based on outcome, 

therapeutic management and prognosis. He further 
argues that other classification systems overcompli-
cate the issue leading to misdiagnosis and unneces-
sary surgery. Peña’s classification is built on the con-
cept of high and low lesions and their requirement for 
colostomy or not, and hence the primary principle is 
the management algorithm in the neonate. He argues 
that his classification is based on the anatomical de-
fects and how they correlate with surgical manage-
ment (Table 8.10).

A brief discussion on the subtypes on Peña’s clas-
sification is necessary so that they can be compared 
to the other classification types. Male defects will be 
discussed initially. Cutaneous perineal fistula is the 
simplest ARM and has the lowest part of the rectum 
opening anterior to the sphincter. This can present in 
several manifestations in the male, which can cause 
confusion. In general, a midline fistula can appear 

Fig. 8.2 Perineal fistula or an anterior “ectopic” anus Fig. 8.3 Anterior “ectopic” anus or perineal fistula

Table 8.10 Peña’s classification

Males Females

Perineal (cutaneous) fistula Perineal (Cutaneous) fistula

Rectourethral fistula
Bulbar
Prostatic

Vestibular fistula

Rectovesical fistula Persistent Cloaca

Imperforate anus 
without fistula

Imperforate anus 
without fistula

Rectal atresia Rectal atresia
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anywhere from the base of the penis to the midline 
raphe to just anterior to the centre of the sphincter. 
The anal membrane is also included in this group 
(Figs. 8.4 and 8.5).

Rectourethral fistula describes the rectum con-
necting to the urethra. The fistula most commonly 
enters the bulbar urethra, but can also enter the pros-
tatic urethra. An important anatomical feature in the 
rectourethral fistula is the common wall between the 
fistula and the urethra. Rectovesical fistula involves 
the rectum opening into the bladder neck above the 
sphincter and bladder neck. On examination, the 

perineum is flat. The sacrum and pelvis can appear 
dysmorphic or underdeveloped (Fig. 8.6).

High imperforate anus without fistula implies that 
the rectum ends blindly at the level of the bulbar ure-
thra without a fistula. ARM without fistula occurs 
in 5% equally in both males and females and is an 
uncommon presentation in the normal population. 
However, 50–95% of patients have trisomy 21 and the 
others tend to suffer from syndromes such as Apert 
[73,74].

Rectal atresia is a rare condition that occurs in 
1% of all cases, although it is common in regions of 

Fig. 8.4 Low anorectal lesion with fistula in the scrotum

Fig. 8.5 Perineal fistula in a boy with probe in situ

Fig. 8.6 High lesion in the male with flat perineum

Fig. 8.7 Imperforate anus with anterior fistula
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southern India. It is frequently misdiagnosed due to 
the normal external appearance of the anus. The atre-
sia lies approximately 1–2 cm above the perineum. 
There can be a thick fibrous band separating the rec-
tum from the anus or a thin membrane with a small 
pinhole opening.

Female defects consist of several subtypes such as 
the cutaneous perineal fistula, which has an opening 
anterior to the sphincter and posterior to the introi-
tus (Fig. 8.7). The vestibular fistula enters the ves-
tibule superficial to the hymen. The vagina and the 
rectum contain a common wall and the fistula is of 
variable length. The opening can be difficult to see 
and requires careful inspection (Fig. 8.8).

Cloacal anomalies are a separate, complex, wide 
variety of malformations. Cloaca is derived from the 
Latin term for sewer or latrine and is defined as a com-
mon channel for the opening of the rectum, vagina 
and urinary systems. It is extremely important that it 
is correctly identified prior to definitive surgery. On 
examination of the perineum a single orifice is iden-
tified. The size of the introitus is smaller than in the 
normal female in most cases. Of note, the longer the 
common channel, the higher the defect and the more 
complex the lesions. Multiple subtypes of cloacal 
anomalies have been described and a full description 
of the cloacal anomaly is available in Chap. 10.

Peña argues that unusual and uncommon presen-
tations should be viewed as complex malformations 
that require an individualised approach to each pa-

tient; hence, no generalised guidelines can be cre-
ated [74].

In reality, whether one adheres strictly to the 
Wingspread or Peña’s classification was a matter of 
personal choice. From a practical point of view, Pe-
ña’s classification allowed a concise and appropriate 
clinical management structure. The Wingspread clas-
sification allowed the anatomical detail to be further 
elucidated. All descriptions of ARM require a de-
tailed anatomical description of the lesion in order to 
illustrate the defect and allow comparisons between 
centres.

In May 2005 an international congress for the de-
velopment of standards for the classification, treat-
ment and follow up of ARM took place in Kricken-
beck Castle in Westphalia, Germany. At this meeting 
the need for a new, unifying, international classifica-
tion system that enabled everyone to talk the same 
language was quite clear. Thus was born the new 
standards for diagnostic procedures international 
classification system “Krickenbeck” (Table 8.11) 
[75]. This new classification system was reached by 
consensus within the symposium. It does not focus 
on anatomical or embryological features or on imag-
ing. It is divided into two main groups “major clini-
cal groups” and “rare/regional variants” and is based 
on frequency of occurrence and allows management 
outcomes to be measured. The addition of the “rare/
regional variants” allows lesions that are less common 
in the Western world yet quite common in India and 

Table 8.11 Standards for diagnostic procedures: International 
Classification (Krickenbeck) [69]

Major clinical groups Perineal (cutaneous) fistula
Rectourethral fistula
Bulbar
Prostatic
Rectovesical fistula
Vestibular fistula
Cloaca
No fistula
Anal stenosis

Rare/regional variants Pouch Colon
Rectal atresia/stenosis
Rectovaginal fistula
H type fistula
Others

Fig. 8.8 Vestibular fistula
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the Far East to be included. For example, the H-type 
fistula, where together with a normally placed anal 
canal there is a fistulous communication between the 
anorectum and the genital tract, has an incidence of 
3% in Finland but is found more commonly in India 
[76]. We accept that cloacae are uncommon, but due 
to the significant impact of the potential errors from 
an incorrect initial diagnosis it has been placed in the 
major group. Also, despite the controversy over anal 
stenosis, the symposium agreed to include it in the 
major group.

Beside the new international “Krickenbeck” stan-
dards for diagnostic procedures, an international 
grouping of surgical procedures for follow was devel-
oped at the Krickenbeck meeting (Table 8.12). This 
second standardisation seemed to be necessary to 
make the different surgical procedures comparable 
with each other. Perineal (cutaneous) or ano-ves-
tibular fistulas could be operated either by a perineal 
operation or by an anterior sagittal approach (former 
Pott’s procedure). The PSARP technique is used for 
prostatic and bulbar or recto-vestibular fistulas. To be 
able to compare the results of the different operations 
with  the results of other authors, not only the type of 
the fistula or malformation has to be compared but 
also the type of the operation used. One should al-
ways keep in mind, that the postoperative results af-
ter the repair of anorectal malformations are strongly 
correlated to the extension of intraoperative mobili-
sation of the fistula and the blind pouch. This can be 
determined by the new international classifications 
for the diagnosis, the procedures and the new follow 
up scooring for postoperative results (see Chaps. 25 
and 27).

It is therefore, envisaged that the new three Krick-
enbeck classifications will enable comparable follow 
up of patients with anorectal malformations.
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9.1 Clinical Features

The diagnosis of anorectal malformations (ARM), 
with the exception of anal stenosis, should be made 
shortly after birth during the routine neonatal ex-
amination. The vast majority of lesions will be de-
tected even after the most cursory examination of the 
perineum. However, rectal atresia in isolation may 
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not be detected until later. In regions of the world 
where early neonatal review is not practiced, such as 
sub-Saharan Africa, ARM presents commonly with 
gross abdominal distension, bowel obstruction, and 
sepsis on the 4th day of life [1, 3].

The importance of a complete medical history 
should not be neglected in order to focus on the ex-
amination of the perineum. There is always time to 
do a detailed evaluation and examination. The family, 
antenatal, and birth history should be obtained. Ste-
phens and Smith found no relationship between the 
age of the mother and the birth of the affected child 
[44]. Cushieri reports that odds ratios for mothers 
above 35 years old were increased for supralevator 
atresia without fistula, supralevator atresia with fis-
tula, and congenital anal fistula [12]. Maternal rec-
reational drug use and parental consanguinity have 
been blamed as risk factors for ARM [45]. An asso-
ciation with maternal residence at high altitude and 
paternal occupation in vehicle manufacture has also 
been described [27].

9.1.1 Prenatal Diagnosis

Prenatal ultrasonography has a low sensitivity and 
specificity for the detection of ARM. A normal anus 
is visualized as a circular rim of hypoechogenicity in 
the perineum together with a central linear echogenic 
stripe. The absence of this circular rim is described as 
imperforate anus on the prenatal scan. Enterolithia-
sis has been described on prenatal scans of rectovesi-
cal or rectourethral fistula in patients with ARM [2]. 
Harris retrospectively viewed prenatal scans of chil-
dren with ARM and demonstrated dilated colon on 
prenatal ultrasonograms [16]. Oligohydramnios and 
a highly distended vagina are signs of imperforate 
anus on ultrasound. However, due to the frequency 
of concurrent anomalies associated with ARM it is 
these other lesions that are usually diagnosed on the 
prenatal scan. Polyhydramnios associated with an 
upper gastrointestinal obstruction, sacral anomalies, 
and vertebral and renal defects are much more read-
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ily seen on ultrasonography than an imperforate anus. 
At birth, a history of excess oral secretions and central 
cyanosis implies the potential presence of VACTERL 
(Vertebral, Anorectal, Cardiac, Tracheo-Esophageal, 
Renal and Limbs particularly radial) anomalies.

9.1.2 Neonatal Examination

There are several important clinical features that must 
be elicited on perineal examination, such as the pres-
ence or absence of the anus, the presence of vaginal 
and urethral openings, the presence and exact po-
sition of the fistula, the size of the anal dimple and 
midline groove, and the presence of a presacral mass. 
Due to the VACTERL condition, a full and detailed 
examination of the entire child is mandatory after 
the discovery of an ARM. Particular stress must be 
placed on the examination of the spine, the pelvis, the 
esophagus, and the cardiovascular system to ensure a 
life-threatening abnormality has not been overlooked 
because of an absent rectum.

In order to identify anomalies correctly, a de-
tailed understanding of the normal anatomy of the 
perineum is required. On inspection of the perineum 
the position of the anus or its absence should be noted. 
The normal position of the anus in a girl is one third 
of the distance from the coccyx to the fourchette. If 
the anus is present and in the correct position the 
passage of a soft catheter greater than 2 cm into the 
rectum and the presence of meconium passage rules 
out atresia. The parasagittal muscle fibers are located 
on either side of the midline of the normal anal posi-
tion. These fibers are responsible for the midline but-

tock groove. The higher the fistula in the urethra, the 
fewer the parasagittal fibers present, hence the flatter 
the perineum appears. The midline groove between 
the buttocks and the anal dimple also becomes less 
prominent the higher the fistula (Fig. 9.1).

Anal stenosis is a subjective diagnosis that is fre-
quently made following a “tight” digital examina-
tion. The normal size of the anus is described as 
1.3 + (3 × birth weight in kg) in millimeters.

In the presence of an anal membrane, the anus is 
usually in the normal position. However, a thin epi-
thelial lining is present overlying the opening. Meco-
nium can be seen bulging behind the membrane.

In boys, the midline raphae and the scrotum need 
to be examined for a fistulous opening. The urethral 
meatus is assessed for the presence of meconium 
staining, which occurs with rectourethral fistula 
(Fig. 9.2). A damp clean swab can be left at the me-
atus to assess for meconium staining and microscopy 
should be performed on the urine. The presence of 
meconium or squamous epithelium in the urine in-
dicates a fistula into the urinary system. Other lesions 
that can occur include a midline subepithelial tract 
along which meconium can be milked or a midline 
skin tag described as a “bucket handle”. On occasion a 
thin membrane (called the anal membrane) obstructs 
the meconium, which can be seen behind it.

In females a key step is determining the number of 
orifices present. The presence of the hymen and the 
small size of the newborn perineum can make this 
quite challenging and leads to significant confusion. 
Three frequently made errors are failure to diagnose 
the presence of a single orifice only (cloaca) and fail-
ure to visualize the vestibular fistula or to label ves-

Fig. 9.1 Flat perineum associated with a high anomaly Fig. 9.2 Meconium at the urethral meatus, demonstrating 
presence of a fistula
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tibular fistulas as vaginal. Careful inspection with a 
good light source is necessary to avoid these pitfalls. 
If the size of the introitus appears smaller than in a 
normal female, the possibility of a cloacal anomaly is 
very high. On probing a rectovestibular fistula with 
a fine forceps, the probe will pass posteriorly and 
backwards. The probe in a rectovaginal fistula will 
pass only upwards and this has long been stated as a 
method of differentiating between the two.

Rosen et al. in 2002 assessed the incidence of rec-
tovaginal fistula and demonstrated the importance of 
the correct initial diagnosis. A review of 617 patients 
over a 20-year period revealed that only 6 (1%) had 
a true rectovaginal fistula. Of a total of 139 patients 
who were referred after a previous repair, 42 had a 
diagnosis of rectovaginal fistula. The diagnosis was 
incorrect in all cases. Twelve patients had a rectoves-
tibular fistula, and 30 had a cloaca with a persistent 
urogenital sinus requiring a second complete repair 
[34].

In the rare female with a perineal groove anomaly, 
the anus is not stenotic but there is a mucosal strip 
extending through a slightly bifid perineal body to 
the introitus. In the “perineal canal” variant of an H-
fistula in girls the anus is patent (± stenosis). Deep in 
the fourchette is a fistulous orifice and mucosal-lined 
canal running through the perineal body to the ante-
rior wall of the anal canal.

9.2 Diagnostic Guidelines

The initial management of a newborn baby with ARM 
should be made only after accurate determination of 
the exact type and level of the anomaly. A decision 
can then be made as to whether to do a primary peri-
neal operation, or to perform a colostomy, deferring 
definitive repair. In addition to determining the ex-
act level and anatomical type, further information is 
required, such as the integrity of the neuromuscular 
components of the pelvis and the presence of any as-
sociated anomalies, particularly in the urinary tract. 
Most of the information required can be determined 
from the clinical observations of the baby and a ra-
diological study of the pelvis, along with renal, spinal, 
and cardiac ultrasound. The aims of the initial assess-
ment are threefold:
1.  To determine the level of the malformation in re-

lation to the muscular sphincters and the site of 
any fistulous communications.

2.  To determine the integrity of sphincters and their 
nerve supply.

3.  To document any associated anomalies that may 
affect survival.

9.3 Assessment of the Level 
of Anomaly and Presence 
of a Fistula

The internal anatomy is predicted by the clinical 
examination, “invertogram” radiology, the presence 
of gas on radiology in other viscera, radiopaque 
contrast studies of the fistula, urinary tract or the 
bowel, ultrasound examination of the abdomen, 
pelvis and spine, computed tomography (CT) and 
magnetic resonance imaging (MRI), and finally the 
occasional use of endoscopy. Under anesthesia, the 
use of a muscle stimulator can give a good assessment 
of the sphincter muscles, but this will be discussed in 
other chapters. The emphasis in physical diagnosis 
varies between the sexes and is therefore described 
separately.

9.4 Male Prediction 
from Clinical Appearance

The perineal appearance should be documented with 
photography and recorded on a standard assessment 
form. An orifice visible externally in the perineum 
predicts a translevator anomaly, except in a few 
anomalies such as rectal atresia (see Chap. 12). There 
may be a normal anus, although displaced anteriorly 
in the perineum, as in anterior perineal anus. In the 
case of a perineal fistula, the opening may be diffi-
cult to locate, especially if it is associated with genital 
fold anomalies. A careful search should be made for 
a minute orifice along or beside the perineal raphae 
from behind the normal site to the tip of the penis. A 
speck of meconium or a bubble of gas may direct at-
tention to the orifice. The fistulous track may be sug-
gested by a fine bluish line, a bulge of meconium, or 
white epithelial pearls along its course. In some forms 
of cutaneous perineal fistula, the opening is in the 
folds at the normal anal site. In the rare anomalies of 
rectal atresia and imperforate anal membrane or ano-
rectal stenosis, the superficial appearance of the anus 
may be normal, but the patients may have ribbon 
stools, and a stricture on rectal examination assists in 
the diagnosis.

Where there is no opening in the perineum it is not 
possible to predict the level of the anomaly with cer-
tainty, although most will have rectal lesions. There is 
nothing distinctive about the perineal shape, which 
may possess a raphe, hypertrophied genital folds, a 
dimple, or a pigmented patch. The diagnosis of a very 
low ARM without fistula can be suspected from the 
presence of hypertrophied genital folds or a median 
band over the normal anal site, especially if there is a 
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bluish tinge of meconium through the skin and bulg-
ing of the anal area on abdominal compression.

In many patients with rectobulbar urethral fistula, 
the diagnosis may be suspected because of an as-
sociated genital anomaly in the anterior part of the 
perineum, such as atypical hypospadias, cleft scrotum, 
a slender perineum, or a flimsy floor to the urethra.

Palpation of the urethra may produce meconium 
at the urethral meatus, and if urine is collected me-
conium is likely to be present. If urine is not passed, a 
catheter should be inserted and left in place for sub-
sequent radiological studies. Where no meconium is 
present in the urine, either a fistula is blocked with 
meconium or there is a noncommunicating abnor-
mality such as ARM without fistula. Further imaging 
is required to identify the specific abnormality in this 
case.

Where meconium is present in the urine, the rec-
tum is confirmed to communicate with the urinary 
tract. This occurs in rectoprostatic urethral fistula, 
rectobulbar urethral fistula, and rectovesical fistula. 
All three versions usually require initial colostomy 
prior to definitive treatment. Prone cross-table lateral 
x-rays and delayed contrast studies including pres-
sure-augmented colostogram and micturating cysto-
urethrography (MCUG) are useful.

9.4.1 Inversion Radiography

Wangensteen and Rice [50] first described the use 
of inversion radiography in 1930 to indicate the dis-
tance between the gas bubble within the terminal 
colon and the perineal skin. Many authors [6, 8, 11, 
13, 19, 22, 29, 39, 48] then subsequently related the 
distance from the skin to the underlying abnormality, 
although the measurement of the distance alone does 
not provide the essential information required, which 
is the relationship of the blind-ending rectum to the 
levator ani and sphincter muscle complex.

An upside-down inversion x-ray is no longer per-
formed, having been replaced by a prone, cross-table 
lateral examination of the pelvis, with the hips el-
evated over a bolster [26]. This examination allows 
for easier positioning of the patient and better de-
lineation of the anatomy. Use of bony landmarks on 
the pelvic x-ray allows the clinician to relate the gas 
bubble to the origin of the levator ani and the apex of 
the levator sphincter muscle complex near the lower 
point of the ischium.

The pubococcygeal line (PC line) and the ischial 
(I) point were determined by Stephens [40–43] from 
dissection of 25 stillborn pelves in documenting the 
attachment of the levator ani to the pelvic wall both 

macroscopically and radiologically, with opaque 
wires marking the attachment of the levator ani. Using 
these techniques the PC line stretches from the upper 
border of the symphysis pubis to the sacrococcygeal 
junction. At the symphyseal end this line is taken as 
the center of the “boomerang” shape of the os pubis, 
which corresponds with the upper border of the sym-
physis. The top of the “boomerang” corresponds with 
the superior pubic ramus. Ossification of the pubis 
begins in the second fetal month and extends along 
the superior pubic ramus medially to the body.

At the coccygeal end, the C point is just caudal to 
the last or fifth ossific center of the sacrum. The os-
sification center of this fifth piece normally appears 
at the 4th month of fetal development. The coccyx, by 
contrast, does not ossify until 2–5 years after birth. If 
the caudal segments of the sacrum are deficient, the 
PC line can be developed by projection from the pu-
bis through the same site on the ischium, which is ap-
proximately the junction between the upper quarter 
and the lower three-quarters. The soft tissues lying at 
the level of the PC line are the bladder neck, the veru-
montanum, the pelvic reflection from the rectum to 
the prostate, and the external os of the cervix.

In assessing the gas bubble in an ARM, its relation 
to the PC line defines the essential factor of whether 
the blind pouch is above or below the attachment of 
levator ani to the pelvic wall (Fig. 9.3). The ischial 
line (I line) and I point are related to the ossification 
center of the ischium, which is a comma shape in the 
neonate. The I point is demarcated on the x-rays at 
the inferior end of the ischial comma. The I line is 
drawn through the I point parallel to the PC line and 
corresponds to the upper surface of the bulb of the 
urethra in the male and the upper limit of perineal 
body and the level of the triangular ligament in the 
female. The anal pit is normally 1–2 cm caudal to the 
ossified ischium.

Kelly [18] has demonstrated the extent of the at-
tachments of the levator ani in dissections of neona-
tal pelvis. Using wires from the specimens and then 
taking x-rays, he was able to identify the attachments 
of the levator ani and the apex of the funnel-shaped 
muscle complex in the normal neonate. Kelly also 
dissected the pelves in neonates with rectal and anal 
anomalies and found that the origin of the levator 
muscles was constant and followed closely the PC line 
in both normal patients and those with malforma-
tions of the rectum. The triangle bounded by the PC 
line and the I point denotes the radiographic mark-
ings of the levator complex in babies with a significant 
ARM, with the bowel terminating above the sphincter 
muscle complex. In Kelly’s study group, in those with 
rectoprostatic urethral fistulae, the wire marking the 
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levator ani demonstrates the extent of the puborecta-
lis and the bowel opening into the back of the urethra 
well above the I point. The fistula is at or very close to 
the PC line. In perineal anomalies the gas bubble on 
radiology extends well below the I point to within a 
very short distance from the skin.

A true lateral view of the pelvis with accurate cen-
tering on the greater trochanter is essential. It ensures 
that the ossification centers of the pubic bones are su-
perimposed and readily recognized and that the two 
ischial bones are accurately superimposed, appearing 
as one, with the anal dimple and natal cleft outlined 
with barium or a radiopaque marker correctly aligned. 
In these circumstances the PC line can be drawn ac-
curately and the visceral anatomy interpreted. The 
common error, centering on the middle of abdomen, 
results in an angled projection of the right and left is-
chial bones. This causes distortion of the picture and 
difficult interpretation. The hips should be slightly ex-
tended so that the femoral shadows are clear of the 
pubic ossification centers.

The prone, cross-table lateral x-ray should be de-
layed for 12–24 h after birth to allow gas to reach the 
distal rectum. The baby should be placed in the prone 

position for 3 min before taking the film to allow 
gas to displace meconium and rise to the termina-
tion of the pouch. Barium paste or contrast-soaked 
gauze placed in the natal cleft is more accurate than 
a metal marker. A catheter may be placed in the ure-
thra to make delineation of the urethra more obvious, 
although this is not essential. The greater trochanter 
should be marked with a marker pen on the upper 
thigh and the x-ray beam centered on this spot.

Common causes for erroneous interpretation of 
prone, cross-table lateral x-ray include:
1.  Insufficient time for gas to reach the terminal 

bowel.
2.  Meconium plug in the terminal gut may produce 

an erroneously high shadow if the gas does not 
displace the meconium.

3.  Active contraction of the levator ani/sphincter 
muscle complex can push the gas shadow higher.

4.  Gas escape through a fistula may confuse the x-
ray, but clinical diagnosis should then be obvious.

5.  Distortion by x-ray magnification resulting in the 
appearance of a longer gap between the gas within 
the terminal colon and skin.

6.  Inappropriate placement of an anal marker may 
cause an error of assessment of the exact site of 
the anus on the skin.

7.  Erroneous estimation of level of the lesion inside 
the sphincter muscle complex may occur if the 
pelvic floor muscles are relaxed, or if there is a 
sacral anomaly.

8.  Finally, gas in the vagina may be mistaken for gas 
in the distal bowel.

9.4.2 Contrast Studies

9.4.2.1	 Pressure-Augmented	Colostogram

Beyond the neonatal period, in those who have un-
dergone a diverting colostomy, the anatomy of the 
terminal colon and fistula can be accurately depicted 
fluoroscopically by performing a pressure-augmented 
colostogram. This method was first described by Cr-
emin et al. [10] in 1972 and has subsequently been 
studied by Lernau et al. [21] and others [14, 46, 49], 
showing that it is a safe technique that can success-
fully demonstrate the presence or absence of a fistula 
in all published cases. The investigation involves the 
injection of water-soluble contrast medium into the 
distal limb of the colostomy using a balloon catheter. 
The balloon is inflated and traction applied to the 
catheter to occlude the stoma. Water-soluble contrast 
medium is then injected under constant gentle pres-

Fig. 9.3 Prone, cross-table lateral radiograph of a pelvis dem-
onstrating the pubococcygeal (PC) line between the pubic 
symphysis and coccyx, and the ischial (I) line running parallel 
to the PC line at the inferior aspect of the ischium. In the this 
example the terminal bowel gas extends to the I point in a child 
with a rectoprostatic urethral fistula
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sure until a fistula is filled, and visualized with the aid 
of fluoroscopy. The presence of a fistula is initially in-
dicated by the appearance of a nipple of contrast aris-
ing from the terminal colon (Fig 9.4).

9.4.2.2	 Micturating	Cystourethrography

MCUG should be performed in all neonates with an 
ARM due to the high incidence of renal tract anoma-
lies in these patients. This can be used to assess for the 

presence of associated vesicoureteric reflux. The ante-
grade urethrogram component of the study, together 
with a retrograde urethrogram performed whilst 
removing the catheter, may demonstrate the site of 
a rectourinary fistula. This is not as reliable at dem-
onstrating a fistula as a pressure-augmented colos-
togram, however [21]. The MCUG can be combined 
with the pressure-augmented colostogram by filling 
the bladder via the colostogram until an episode of 
voiding is achieved (Fig. 9.5). Even if a fistula is not 
identified on MCUG, there may be the impression 

Fig. 9.4 Pressure-augmented colostogram. The initial fluo-
roscopic image (A) demonstrates the nipple arising from the 
terminal colon. Following further injection of contrast medium 
(B), a rectoprostatic urethral fistula is demonstrated. A second 
catheter has been placed in the urethra to help demonstrate the 
bladder and urethra proximal to the fistula

Fig. 9.5 A Micturating cystourethrogram demonstrating a 
rectoprostatic urethral fistula. B Retrograde urethrogram per-
formed following a micturating cystourethrogram on with-
drawal of the urinary catheter, demonstrating a rectoprostatic 
urethral fistula
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of an abnormal communication by the presence of a 
region of acute angulation or tenting of the urethra 
(Fig. 9.6).

An alternative to this is a “flushing technique” first 
described by Shopfner [38] in 1965, where the ure-
thra is flushed with water-soluble contrast medium in 
a retrograde manner whilst a Foley catheter is in situ. 
The balloon of the Foley catheter is used to occlude 
the bladder neck by applying gentle traction, to stop 
contrast from entering the bladder. This may prove 
difficult, however, due to the size of these patients.

9.4.2.3	 Other	Contrast	Studies

Contrast studies by direct puncture of the distal bowel 
via the perineum may be performed in some cases 
to identify the level of the terminal colon, although 
pressure-augmented colostograms, MCUG, and ret-
rograde urethrography, as well as cross-sectional im-
aging have mostly obviated the need for this.

9.4.3 Ultrasound

Several authors [28, 37, 52] have postulated the use of 
ultrasound to determine the position of the terminal 

colon. Initial reports involved scanning from the anal 
dimple and measuring the distance between the ter-
minal colon and the skin at the anal dimple site. This 
provides similar information to the prone, cross-table 
lateral x-ray; however, like that study it also has limi-
tations, including the application of too much pres-
sure at the anal dimple distorting the distance to the 
terminal colon and the colon being difficult to visual-
ize if decompressed by surgery or a large fistula.

Recently, a new infracoccygeal scanning technique 
has been described [15], looking at the pelvic floor in 
an axial plane whilst directly visualizing the terminal 
colon and its relationship to the pelvic floor (Fig. 9.7). 
This technique may prove to be useful in determin-
ing the position of the terminal colon with respect to 
the levator sling. It cannot demonstrate the presence 
or site of any associated fistula. Whilst this technique 
may prove itself useful in the future, it will require 
time before pediatric radiologists and surgeons alike 
are comfortable with the procedure, and its efficacy is 
established.

9.4.4 Computed Tomography

Current multidetector CT allows for multiplanar im-
aging; this, however, comes at a radiation cost to the 

Fig. 9.6 Voiding phase of a micturating cystourethrogram 
demonstrating no urinary fistula; however, there is an area of 
acute angulation and tenting of the posterior urethra, sugges-
tive for the presence of a fistula

Fig. 9.7 Axial plane, infracoccygeal ultrasonogram demon-
strating the levator ani (straight arrows) with the colon (curved 
arrow) passing through the levator sling in a normal child
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patient. CT provides increased detail, particularly of 
the osseous structures, as well as being able to dem-
onstrate the pelvic floor musculature. There is diffi-
culty, however, in distinguishing meconium from the 
rectal wall and adjacent musculature, due to limita-
tions in contrast resolution. This limits its usefulness 
in detecting the site of any fistula, although it has 
been used to demonstrate the level of the terminal 
colon [17, 20].

9.4.5 Magnetic Resonance Imaging

MRI provides the same multiplanar capability as CT 
but without the radiation burden. Its improved con-
trast resolution also allows easy differentiation of 
meconium from the rectal wall and levator muscula-
ture [24]. In the neonatal period, meconium is easily 
visualized on MRI as hyperintense material on T1-
weighted imaging, due to its lipid content (Fig. 9.8) 
[9].

The role of MRI in the assessment of the level of 
anomaly and presence of a fistula in neonates, how-
ever, is unclear as their small body size impedes spa-
tial resolution. MRI can accurately detect the level of 
the terminal bowel, and the state of the pelvic floor 
musculature. In the newborn period prior to any sur-
gery the fistula may be visualized in approximately 

20% of cases [24]. In older children, due to their larger 
size and therefore improved resolution, this improves 
slightly, approximately one-third of fistulae being 
identified on MRI (Fig. 9.9) [4]. This can be improved 
in children who have undergone a colostomy by the 
use of an oil-based contrast agent such as Vaseline oil 
within the distal colon [46]. Pressure-augmented co-
lostograms, however, are still more sensitive at detect-
ing any associated fistula [4, 24, 46].

9.5 Female Prediction from Clinical 
Appearance

Even more than the male, the internal anatomy of the 
female can nearly always be predicted from a careful 
study of the visible orifices in the perineum. Non-
communicating anomalies are rare in the female, so 
that some clinical evidence for a fistulous communi-
cation can nearly always be determined by physical 
examination for the emission of meconium or gas. A 
photograph of the perineal anatomy is useful for the 
record as a basis for future comparison. There may be 
some fusion of the labial folds, preventing adequate 
inspection of the vulva. The possibility of a cloacal 
abnormality is very high particularly if the size of the 
introitus appears smaller than in the normal female.

The site, number and configuration of all of the or-
ifices should be carefully documented by inspection 
and with a probe. Special attention should be given 
to the vestibule, where a small orifice may be hidden 
under the overhanging fourchette. When only one 
orifice is present in the vulva, a cloacal abnormality is 
predicted. Meconium and urine issue from the com-
mon orifice and colostomy is necessary. The precise 
anatomy can then be determined later by endoscopy 
or contrast studies through the common channel or 
the colostomy.

Where two orifices are present in the vulva, one of 
these can be predicted to be the urethra. Meconium 
issuing from the second orifice indicates the presence 
of a rare rectovaginal fistula. Inspection alone cannot 
distinguish between high or low communication of 
the rectal fistula into the vagina. Care should be taken 
to ensure that this is not actually a cloacal anomaly. 
Two orifices in the vulva but a bulging of the anal skin, 
particularly on abdominal compression suggests a 
rare covered anus.

Where there are three orifices in the vulva and 
perineum and the urethral and vagina orifices are nor-
mal, the third orifice is likely to be a fistulous opening 
or abnormal anus. If there is an opening at the normal 
anal site there can be seven different anomalies: peri-
neal groove, perineal canal, imperforate anal mem-

Fig. 9.8 Sagittal T1-weighted magnetic resonance image of the 
pelvis in a 2-day-old neonate, demonstrating the hyperintense 
meconium within the colon
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brane, anal membrane stenosis, covered anal stenosis, 
anorectal stenosis, and rectal atresia.

In the case of a perineal groove, the anus is not ste-
notic but there is a mucosal strip extending through 
a slightly bifid perineal body to the introitus. With a 
perineal canal the anus may or may not be stenotic, 
but is patent and normal if at the normal anal site. 
Deep in the fourchette are a fistulous orifice and a ca-
nal running through the perineal body to the anterior 
wall of the anal canal (Fig. 9.10).

If there is an opening anterior to the anal dimple in 
the perineum, two deformities may be present, either 
anterior perineal anus or a cutaneous fistula. If there 
is an orifice outside the vagina but inside the vestibule, 
then the abnormality may be vulvar anus, anovular 
fistula, or a vestibular fistula. A rectovestibular fistula 
sometimes requires a different management approach. 
Anovestibular fistula can be distinguished from rec-
tovestibular fistula by passing a probe through the 
orifice and seeing if this can be directed toward the 
coccyx. By contrast, in the case of a rectovestibular 
fistula, the probe only passes cranially along the pos-
terior wall of the vagina.

9.5.1 Inversion Radiography

Prone, cross-table x-rays are needed only occasionally 
in the female, as noncommunicating abnormalities 
are rare; however, the technique and interpretation is 
otherwise the same as for males.

Fig. 9.9 A series of axial T2-weighted magnetic resonance im-
ages in a 5-week-old male. The images were taken at a level just 
above (A), at (B), and just below (C) the pubococcygeal plane. 
Initially the rectum (curved arrow) lies posterior to the urethra 
(straight arrow). On the image below the level of the pubococ-
cygeal plane (C) a rectoprostatic urethral fistula (arrowhead) is 
demonstrated

Fig. 9.10 A 3-month-old female with a normal-appearing 
anus, but also passing fecal material per vagina. Contrast study 
(sinugram) demonstrating passage of contrast from the vagina 
posteriorly into the rectum via a perineal canal (arrow)
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9.5.2 Contrast Studies

9.5.2.1	 Micturating	Cystourethrography

As in the male, this examination is useful in docu-
menting associated urinary abnormalities. It is rare, 
however, for a female to have a rectourinary commu-
nication (See Chap. 10 and 14).

9.5.2.2	 Cloacagram

In a female child with a clinical cloacal malformation, 
water-soluble contrast medium can be instilled into 
the cloaca to determine the anatomy and length of the 
common channel (Fig. 9.11). Multiple catheters may 
be required to outline the genital and urinary com-
ponents with contrast medium. Alternatively, a bal-
loon catheter can be used, with the balloon inflated 
outside the patient and applied to the cloacal opening 
to occlude it. If contrast does not reflux into the co-
lonic component and a colostomy is present, then a 
pressure-augmented colostogram can be performed, 
as in a male.

Barium paste or contrast-soaked gauze can be ap-
plied to the perineum to help determine the length 
of the common channel. An alternative method is to 
place a radiopaque marker of known dimensions at 
the cloacal orifice, which can then be used as a scale 
to directly measure the length of the common chan-
nel with minimal error from distortion by x-ray mag-
nification.

9.5.2.3	 Other	Contrast	Studies

As for males, radiological imagining with contrast 
medium injected into the fistula or abnormal anus 
might be required, as well as direct percutaneous 
needle injection of the rectal pouch (only rarely used). 
The need for such imaging however is rare, due to the 
availability of other imaging techniques.

9.5.3 Endoscopy

Endoscopy of the orifices within the urogenital sinus 
or common cloacal channel in particular, may be 
helpful.

9.5.4 Cross-Sectional Imaging

As for the male, ultrasound, CT, and MRI may also be 
useful in determining the anatomy of the malforma-
tion in indeterminate cases for surgical planning. The 
procedures are the same as for male infants.

Fig. 9.11 Cloacagram in a 2-day-old female, demonstrating a 
catheter in the common channel with contrast in the vagina 
and rectum. On the early filling image (A) a small jet of con-
trast was also identified in the urethra (arrow). Subsequently 
(B), an 11-mm-diameter washer was placed on the perineum 
to indicate scale. This demonstrated the common channel to be 
approximately 20 mm in length. This was confirmed at surgery
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9.6 Assessment of the Sphincter 
Complex and Nerve Supply

There is a close relationship between development of 
the sacrum and the extent of formation of the levator 
ani and sphincter muscle complex. Normal bony de-
velopment is correlated closely with normal neurolog-
ical development, and absence of the bony segments 
very commonly predicts absence of the nerve roots. 
When the nerve roots and the bony segments are 
missing, the sphincter muscle and levator ani muscle 
is deficient. This is now recognized by ultrasound of 
the spinal cord, plain x-rays of the sacrum, and MRI 
or CT scan of the pelvis to identify the amount and 
level of the muscle and presence or absence of the 
nerve roots.

A detailed study of specimens of ARM and sacral 
abnormalities predict the following general conclu-
sions:
1.  Deficiency of the fourth and fifth sacral vertebrae 

usually allows normal innervation of the bladder 
and levator ani and adequate development of the 
levator.

2.  Deficiency of the third, fourth, and fifth sacral 
vertebrae is usually accompanied by variable ab-
normal nerve and muscle development, and most 
patients are incontinent.

3.  Deficiencies involving the first or second sacral 
segments are always associated with incontinence 
and poorly developed and innervated levator ani 
and pelvic floor musculature.

4.  The innervation and muscle development accom-
panying hemisacral defects is unpredictable, but 
if only one or two vertebrae show the hemisacral 
defect, then innervation and muscle development 
may be adequate, and can be determined on cross-
sectional imaging.

5.  Finally, the presence of a lumbosacral myelome-
ningocele always involves a serious defect in in-
nervation. An anterior sacral myelomeningocele 
(Currarino syndrome) is also associated with 
significant abnormalities of the pelvic floor (see 
Chap. 2).

A problem arises in children in whom the sacral 
segments are present but may be dysmorphic, fused, 
or hypoplastic. There, innervation may be unpredict-
able and due to the distortion it may be difficult to 
accurately identify the number of sacral segments 
present, so as to use this to help predict the likelihood 
of adequate innervation and function. This is illus-
trated by the above prediction for hemisacral defects, 
based on specimen observations. In such cases Peña 

[30] has suggested the use of a sacral ratio, where the 
size of the sacrum is compared to that of the pelvis. 
This can be performed on either an anterior–poste-
rior (AP) or lateral radiograph of the pelvis. The lat-
eral ratio is thought to be more reliable, as the sacrum 
on the AP view may be foreshortened if the pelvis is 
tilted (Fig. 9.12).

The sacral ratio is calculated by dividing the dis-
tance from the lowest point of the sacrum to the low-
est point of the sacroiliac joints, by the distance from 
the iliac crests to the lowest point of the sacroiliac 
joints. There is good inter- and intraobserver repeat-

Fig. 9.12 Anteroposterior (A) and lateral (B) radiographs of 
the pelvis demonstrating the measurement of a sacral ratio. The 
ratio is calculated by dividing the distance from the inferior 
most point of sacrum to the inferior point of the sacroiliac joint 
(YZ) by the distance from the iliac crests to the inferior point of 
the sacroiliac joint (XY). Sacral ratio = YZ/XY
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ability for this measurement [51]. The mean values in 
normal children for the AP sacral and lateral sacral ra-
tios are 0.74 and 0.77, respectively [30, 47, 51]. There 
is a wide range of normal values, however, with some 
overlap between children with a normal sacrum and 
those with an abnormal sacrum. Those with a sacral 
ratio below 0.50, however, have a significantly de-
creased chance of normal function [30, 47].

A clinical assessment of sacral outflow should also 
be performed. As the same sacral segments (sec-
ond, third, and fourth) innervate the levator ani and 
sphincter muscles as well as the bladder sphincter, ab-
normalities of bladder sphincter function can be used 
to predict anal sphincteric muscle complex function, 
and vice versa. Careful observation of urinary con-
trol in the first few days will give a good indication 
of not only urinary continence, but also neurologi-
cal function of the sphincter muscles. Neurological 
abnormalities affecting the bladder will present with 
either continuous dribbling of small volumes through 
a patulous urethra, or overflow leakage with a firm 
full bladder that empties irregularly in episodes up 
to 1–2 h. The most constant and useful physical sign 
of a neurogenic bladder is the ability to express it by 
manual pressure. Even in the neonate, urine normally 
cannot be expressed from a bladder with normal in-
nervation.

In babies with abnormality of the innervation of 
the bladder it will be either freely expressible with 
little pressure or only expressible with considerable 
force when the abdominal muscle is relaxed. Neuro-
logical assessment of the sphincter muscles can also 
be determined by response to pinprick stimulation of 
the perineal skin, absence of which predicts abnor-
mal sacral outflow.

If imaging is required to demonstrate the pelvic 
floor and sphincter muscle, this can be achieved us-
ing both CT (Fig. 9.13) and MRI (Fig. 9.14) [4, 17, 20, 
33, 36]. Both modalities can now demonstrate the 
bulk and development of the musculature in multiple 
planes. MRI, however, offers the advantage of being 
able to image the spinal cord as well as the muscula-
ture and does not involve the use of ionizing radia-
tion.

9.7 Assessment for Associated 
Malformations

Associated malformations are identified in approxi-
mately 50% of children with ARM (see Chaps. 16–18) 
[23, 25, 31]. Some of these defects may be life threat-
ening or may have a greater impact than the ARM 

itself on the quality of survival of the child. It is im-
perative, therefore, that these are identified prior to 
undertaking surgery to treat the ARM. Some of these 
will be suggested or obvious on clinical examination, 
such as limb anomalies in the VACTERL complex, 
myelomeningocele, exomphalos, and cardiac lesions. 
The clinical examination should include the passage 
of an orogastric tube to exclude the presence of an 
esophageal atresia. Other defects may not be apparent 
clinically, but can be detected on screening investiga-
tions.

Screening ultrasound of the genitourinary tract 
should be performed before any initial surgery [7, 31]. 
This is a quick, noninvasive test with high sensitivity 
and specificity that can be performed at the patient’s 
bedside if required (Fig. 9.15). Depending on the 
clinical situation, this should be delayed for between 
24 and 72 h after birth, as during this time the uri-
nary output may be low, resulting in a false negative 
scan for hydronephrosis. The examination should in-
clude ultrasound of the pelvis in females to look for 
hydrocolpos, which may compress the bladder base 
producing ureteric obstruction and hydronephrosis. 
Pelvic ultrasound in female will also provide informa-
tion about the presence of uterine or vaginal anoma-
lies such as uterus didelphys. MCUG should also be 
performed to assess for vesicoureteric reflux, as well 
as to help in assessing the bladder in those with spinal 
anomalies.

Screening of the spine and spinal cord can be ob-
tained by the combination of radiographs of the spine 

Fig. 9.13 Coronal reconstruction of a computed tomography 
examination of the pelvis demonstrating the pelvic floor mus-
culature (arrow) and the rectal ampulla (curved arrow) sitting 
superior to the levator sling
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in conjunction with an ultrasound examination of the 
spine and spinal cord. In the hands of an experienced 
pediatric radiologist, this combination is as sensitive 
as MRI in detecting vertebral and sacral anomalies 
as well as abnormalities of the cord, including tether-
ing (Fig. 9.16) [5, 7, 23]. If abnormalities are detected 
ultrasonographically and further delineation of the 
anomaly is required, then this can readily be obtained 
with MRI.

If experience with spinal ultrasound is not avail-
able, or MRI is being performed to evaluate the anat-
omy or state of the pelvic floor, then MRI may be the 
modality of choice to screen for associated anomalies 
as well as evaluating the anatomy. This has been pos-
tulated by some authors as a “one-stop shop” in the 
investigation of ARM [4, 35]. In such cases the field of 
view can be expanded to encompass the renal fossae 
and spine, so as to evaluate both the spinal cord and 
kidneys at the same time. The trade-off, however, is 
the decrease in spatial resolution due to the increase 
in the field of view. If dedicated imaging of the spine, 
renal tracts, and pelvis is performed so as to improve 
resolution, the trade-off then is the greatly increased 
scan times.

Cardiac anomalies are found in approximately 12% 
of children with ARM [25], and can produce signifi-
cant morbidity. Screening for these can be obtained 
with echocardiography, which is a noninvasive, high-
resolution technique that is currently the dominant 
imaging test for congenital heart disease [32].

Other investigations may be required depending 
on clinical findings, such as limb radiographs in those 
with associated limb anomalies.

9.8 Conclusion

The initial assessment of a newborn with ARM is 
aimed at identifying the anatomy of the malforma-
tion, the presence of any associated anomalies that 
may impact on immediate survival or future quality 
of life, and the state of the pelvic floor musculature 
and its innervation, which will impact on future func-
tion. The assessment must include a thorough clini-
cal examination and appropriate imaging. An initial 

Fig. 9.15 Coronal ultrasonogram of a kidney, demonstrating 
dilatation of the pelvicaliceal system

Fig. 9.14 Coronal T1-weighted magnetic resonance images in 
a 1-year-old male demonstrating a right hemisacral defect (A) 
and associated poor development of the right leaf of the levator 
sling (B). The normal left half of the levator is easily identified 
(arrow), with the rectal ampulla (curved arrow) immediately 
superior to it
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period of observation for 12–24 h is required to allow 
adequate gaseous distention of the colon to develop. 
In clinically indeterminate cases, a prone, cross-table 
lateral x-ray can then be performed to help deter-
mine whether the terminal colon is likely supraleva-
tor or translevator in location. Screening ultrasound 
of the genitourinary tract, spine, and heart, as well as 
radiographs of the spine should be performed in the 
immediate newborn period on all children.

Following either definitive repair for translevator 
anomalies or diverting colostomy for supralevator le-
sions, delayed imaging should include MCUG and, 
when indicated, pressure-augmented colostogram, 
cloacagram, or other contrast studies as required.
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10.1 Introduction

Persistent cloaca represents the most complex de-
formity in female anorectal, vaginal, and urogenital 
malformations. It is defined as a defect in which the 
rectum, one or two vaginas and the urinary tract con-
verge into one common channel. It is very rare and 
occurs in 1:250,000 newborns [1]. It is physiological 
in some reptiles, birds, and a few mammals. In hu-
mans, however, it represents a malformation that oc-
curs at a very early stage of development.

According to Qi et al. [2] and Nievenstein et al. 
[3], the rat tail gut immediately distal to the hindgut 
starts to regress by apoptosis on day 12 of gestation 
in a craniocaudal direction and has regressed com-
pletely by day 13.5. This tail-gut regression and the 
urorectal septum play an important role in the pro-
cess of cloacal separation by cellular proliferation and 
differentiation. Rupture of the anal membrane plays 
an additional role. Cloacal malformations, accord-
ing to these authors, are early defects, while anorectal 
malformations (ARM) with the anus in the normal 
position are late embryonic defects. However, in the 
opinion of Kluth and Lambrecht [4], the embryonic 
cloaca never passes through a stage that is similar to 
any form of ARM in neonates, including the cloaca. 
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In contrast, the cloacal membrane is always too short 
in abnormal rodent embryos and the region of the 
future anal opening is missing, in contrast to normal 
mouse embryos (see Chap. 4 for a detailed descrip-
tion) [5].

Several experimental models of ARM including 
persistent cloaca exist. They are based on the terato-
genic effect of ethylenethiourea in the rat [6] and ex-
posure of rat fetuses to adriamycin [7] or etretinate, a 
long-acting vitamin A analog, in mice [8].

A molecular basis for ARM was first shown by 
Kimmel et al. [9]. In the murine model of ARM; 
Gli3-/-mutants exhibited anal stenosis and ectopic 
anus, Gli2-/-mutants exhibited imperforate anus and 
rectourethral fistula, and Gli2-/-Gli3+/- mutants de-
veloped a cloacal abnormality. In addition, isochro-
mosome 18q has been shown to cause megacystis, 
intrauterine growth retardation, and cloacal dysgen-
esis sequence in a fetus [10]. Keppler-Noreuil [11] 
suggests a possible etiologic role for homeobox genes, 
such as HLXB9, with mutations resulting in ARM 
and spinal abnormalities.

10.2 General Clinical Aspects

Prenatal diagnosis of persistent cloaca has been re-
ported, but is not always accurate [12,13]. In contrast, 
clinical diagnosis is simple. In girls, a single opening 
on the perineum is always suspicious of a cloacal mal-
formation. The length of the introitus is characteristi-
cally shorter than in a normal girl. Cloacas have only 
rarely been reported in boys in whom the urethra and 
rectum has coalesced into a common channel that is 
connected to the external surface in the perineal or 
anal area [14]. In girls, an abdominal mass and se-
vere abdominal distension resulting from hydrome-
trocolpos and/or rectal obstruction can frequently 
be observed. Additional malformations of the lower 
limbs, genitalia, skin (hemangioma), urogenital tract, 
vertebral, cardiac, and gastrointestinal deformities, 
among others may occur. A rarity is the posterior clo-
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aca, described first by Peña and Kessler [15]. In these 
patients the vagina and urethra fuse together but the 
urogenital sinus (UGS) opens into the anterior rectal 
wall; the rectum is normal or minimally mislocated 
anteriorly. The most severe type of deformity is cloa-
cal exstrophy, a combination of cloaca with blad-
der exstrophy that was first reported by Rickham in 
1960 [16]. It is now called vesicointestinal fissure (see 
Chap. 14 for details).

10.3 Classification 
of Persistent Cloacas

A detailed description of the varying anatomy of cloa-
cal malformations has been published by Hendren [1, 
17–22] and Peña [23–25]. Hendren distinguishes be-
tween anomalies of the perineum, UGS, vagina, and 
rectum (Table 10.1).

Table 10.1 Classification of cloacal malformations. UGS uro-
genital sinus, PC pubococcygeal

Type Anomaly

Type I: Forme fruste Anteposition of anus with ultra short 
UGS and normal female genitalia

Type II: Low cloacal 
malformation

Short UGS < 3 cm (confluence 
below PC line)

Type III: High cloacal 
malformation

long UGS > 3 cm (confluence 
at or above PC line)

Type IV: Vagina and/or rectum 
into bladder cavity

Rare cloacal 
malformations

Posterior cloaca in boys
Cloacal exstrophy

10.3.1 The Perineum

According to Hendren [1] there is a wide range of 
deformities of each pelvic structure. At the mild end 
of the spectrum of perineal malformations there is 
an almost normal-looking vaginal opening with an 
anal orifice that is situated very close, but not incor-
porated into, the UGS. In the next degree the vagi-
nal introitus might be incompletely formed and the 
anus displaced forward with a dysplastic perineum 
between both openings. There might be a large sinus 
urogenitalis opening and the anal opening just be-
hind it, or a single perineal opening covered by the 
clitoris, which could be either hyper- or hypoplastic. 
In a very few cases an accessory hypoplastic urethra 

can be observed at the tip of the phallus in addition 
to the proximal urethra fusing with the UGS. The 
perineal skin can be covered by a hemangioma and 
abnormal pigmentation (Fig. 10.1 A–F).

10.3.2 UGS Variations

The UGS may exhibit an ending on the tip of the cli-
toris, a subclitoral meatus, a wide opening to a short 
common channel, or a long sinus with the junction 
of urethra, vagina(s), and rectum above the pubococ-
cygeal (PC) line. By using this anatomical projection 
of the upper border of the prostate and the ischial (I) 
point representing the plane of the upper border of 
the internal anal sphincter, high, intermediate, and 
low types of cloaca can be distinguished according 
to the Wingspread classification of ARM [26]. How-
ever, there are so many variations of anomalies of the 
vagina, urethra, and rectum in cloacae that this clas-
sification, which is very useful in ARM, is not very 
helpful for the classification of cloacae. Peña’s sacral 
ratio [25], which should be in 0.77 in normal children, 
gives an idea of sacral hypodevelopment and, there-
fore, the probable degree of neurogenic bladder dys-
function and disturbed bowel control, but is no clas-
sification. Nevertheless, it is important to distinguish 
between high and low cloacal deformities because, for 
example, a UGS less than 3 cm long can be treated by 
total UGS advancement, whereas in longer channels 
an abdominal approach is necessary (Fig. 10.2) [27].

10.3.3 Vaginal Variations

The two most common variations are a single vaginal 
opening in the upper urethra, with the rectal opening 
below this orifice, and a double side-by-side vagina 
with the rectum ending on the septum between both 
vaginas. In cases of hemivaginas and an incomplete 
septum, the rectal fistula can be situated high on 
the septum; in cases with two separated vaginas it 
can usually be found between the vaginal openings. 
There might be two vaginas but atresia, or even ab-
sence of one, double diverging vaginas, two separate 
vaginas, or both, or two vaginas entering the bladder 
(Fig. 10.3 A–G).

10.3.4 Rectal Variations

The rectum can enter the UGS separate from and be-
low the vagina, may enter the posterior wall of the 
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vagina or the bladder, it can be positioned between 
and anterior to two vaginal openings, or run as a long 
fistula all along the posterior wall of the vagina down 
to the UGS. The rectal pouch at the upper end of the 
fistula is very high up in these cases, sometimes even 
above the peritoneal reflection (Fig. 10.4).

10.4 Associated Malformations

Being a very complex deformity of a very early stage 
of human development, many associated anomalies 
can be observed in patients with cloacal malforma-
tions (Table 10.2).

Fig. 10.1 Clinical aspects of cloacal malformations. A Almost 
normal-looking female genitalia. B Enlarged labia majora. C 
Male aspect of female genitalia (after drainage of hydrocolpos). 

D Malformation of the labia majora. E Total malformation of 
the introitus; the labia majora are visible. F Labia majora not 
developed
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Fig. 10.2 Urogenital sinus (UGS) variations [modified ac-
cording to Hendren (1992) J Pediatr Surg 27:890–901, Fig. 3]. 
a Long UGS ending in the tip of the clitoris. b Subclitoral me-
atus. c Wide opening of the UGS (like a vagina). d With acces-
sory tract

Vesicoureteral reflux Absence of uterus

Malformations of the kidneys Bladder exstrophy

Tethered cord Gastrointestinal duplications

Neurogenic Bladder Pouch colon

Diastematomyelia Cardiac malformations

Myelomeningocele Vertebral deformities

Lower-limb deformities Esophageal atresia

Occluded tubes Cerebral anomalies

Absence of one ovary Abnormalities of the enteric nervous

Hypoplastic labia

Table 10.2 Some of the associ-
ated anomalies found in children 
with cloacal anomalies
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Fig. 10.3 Vaginal variations [modified according to Hendren 
(1992) J Pediatr Surg 27:890–901, Fig. 4]. a Double vagina, side 
by side. b Double vagina, but atresia of one. c Double, diverg-
ing vagina. d Single vagina terminating in the UGS. e Two 
separate vaginas on each side. f Vagina entering the bladder. 
g Absence of a vagina, with a uterus present
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Fig. 10.4 Rectal variations [modified according to Hendren 
(1992) J Pediatr Surg 27:890–901, Fig. 5]. a Normal anus – no 
cloacal malformation. b Ectopic anus. c Low confluence of the 
rectum into the UGS. d Short common channel. e Long com-
mon channel. f Long fistula with colon at the upper end. g Rec-
tal fistula entering next to the bladder neck and anterior to the 
vagina(s). In very rare cases only the rectum enters the bladder 
cavity
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10.5 Initial Management  
of the Newborn

There might be an urgent need for surgical interven-
tion, but there is always time for detailed ultrasonog-
raphy prior to laparatomy, which could reveal hydro-
metrocolpos, an enlarged rectum, renal abnormalities, 
and tethered cord syndrome. The preliminary inter-
vention should consist of a colostomy at the hepatic 
flexure, keeping in mind that the left colic and the sig-
moidal arteries are essential for later reconstructive 
pullthrough procedures. A diverting pigtail catheter 
drainage should be introduced in the bladder and/
or vagina in case of hydrometrocolpos if intermit-
tent catheterization is not possible. After the recov-
ery of the baby, further detailed studies are necessary, 
particularly by endoscopy, with the introduction of 
stents in all visible urethral, vaginal, and rectal open-
ings. These probes are important for a detailed x-ray 
studies immediately after the endoscopy. In addition, 
magnetic resonance imaging of the spine, intravenous 
pyelogram if necessary, scintigraphic studies of kid-
ney function (usually some weeks later), ultrasound 
of the brain, and x-ray studies of skeletal anomalies 
and other defects should be undertaken. The final 
correction of the cloaca should be postponed to the 
age of about 1 year [22].

10.5.1 Diagnostic Management

Endoscopy includes a detailed investigation of the 
length of the UGS and the situation of the vagina(s), 
rectal fistula, the bladder neck, and urethral orifices. 
In addition, a distal loopogram is essential later, be-
fore definitive surgery. Without endoscopic aid it is 
usually not possible to catheterize the bladder because 
the fusion of the proximal urethra with the UGS is al-
most always sharply angulated in the direction of the 
pubic bone. In this situation a Tieman catheter may 
be helpful. The endoscopic situation should be dem-
onstrated to the parents to allow later intermittent 
catheterization by the mother until the final recon-
struction is performed. In many cases, however, the 
urine is passed by the baby first into the vagina before 
being evacuated through the common channel. In 
these patients it is sufficient to perform intermittent 
catheterization of the vagina. Only very few children 
with a cloacal anomaly need a persistent vesicostomy 
or vaginostomy.

It is essential to perform the x-ray studies in a 
strict sagittal position, the legs elevated and the anal 

dimple marked with contrast material. The complete 
lumbosacral spine should be visible (Figs. 10.5 and 
10.6). There is a clear correlation between the degree 

Fig. 10.5 Sagittal x-rays of cloacal malformations. A Low type: 
short UGS, one vagina, but higher confluence of the rectum. 
B High type: long UGS, one vagina visible. Note the feeding 
tubes in all cavities after endoscopy
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of vertebral and sacral malformations and the occur-
rence of neurogenic voiding and defecation disorders. 
A complete absence of S2–S4 leads to a lower motor 
neuron lesion and presents clinically as continually 
dribbling bladder. A disruption or severe deformity of 
higher lumbar neurons with intact sacral reflex activ-
ity results in an autonomic or reflex bladder, leading 
to an upper motor neuron lesion [28,29]. However, 
the majority of the patients suffer from a mixed mo-
tor neuron lesion with a varying amount of residual 
urine and uninhibited detrusor contractions.

Preoperative ultrasound may reveal tethered cord 
syndrome, sometimes associated with lipoma of the 
spinal canal or diastematomyelia. However, a teth-
ered cord should be treated only when neurological 
problems start to arise. Many of the patients who 
have had detethering have experienced a retethering 
postoperatively due to postoperative scarring. There-
fore, repeated neurological reviews by an experienced 
neurologist are necessary before untethering. On the 
other hand, it is true that once a deficit is established, 
it is unlikely to be improved after detethering the cord. 
The best time to operate on a tethered cord therefore 
remains an open question.

During endoscopy fecal material should be washed 
out from the rectal pouch using physiologic saline so-
lution. It is sometimes difficult to clean the rectum 
from the colostomy side even if a colostomy with two 
separate orifices has been established.

A detailed description of the definitive treatment 
of cloacal deformities is given in Chaps. 21 and 22 by 
Levitt and Peña.
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11.1 Introduction and Definition

Congenital pouch colon (CPC) is a common condi-
tion associated with anorectal agenesis, and is seen 
particularly in Asia. The condition is defined as an 
anomaly in which all or part of the colon is replaced 
by a pouch-like dilatation, which communicates dis-
tally with the urogenital tract via a large fistula. In 
this condition, a supralevator anorectal malformation 
(ARM) is associated with a colonic pouch of variable 
size (5–15 cm in diameter). The mesentery of this 
pouch is short and poorly developed, the wall is very 
thick, the taenia coli are absent or ill defined, and 
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haustration and the appendices epiploicae are absent. 
The main pouch is supplied by the branches arising 
from the superior mesenteric artery, which form a 
leash of vessels around it.

This condition is more common in the northern 
Indian population and neighboring nations like Paki-
stan and Nepal, although sporadic reports have also 
come from other parts of the world. With the grow-
ing awareness, this condition is being reported with 
increasing frequency in children born with ARM. Its 
management involves a diversion colostomy at birth 
with or without the excision of the pouch followed by 
a pull-through.

11.2 Historical Background

The first description of this anomaly was given in 
1912 by Spriggs in a London Hospital Museum speci-
men that exhibited absence of the left half of the co-
lon and rectum [1]. In 1959, Trusler et al. described 
a pouch-like dilatation of shortened colon associated 
with high ARM [2]. Until then no name was given to 
this entity. In 1953, Spencer [3] reported 53 cases: 43 
cases with exstrophy of bladder and intestines were 
labeled typical exstrophia splanchnica, and the re-
maining were labeled atypical exstrophia splanchnica. 
In 1967, Blunt and Rich described this condition as an 
absence of colon and rectum [4], and in 1971 Shafie 
described it as cystic dilatation of the colon [5].

The first report from India came in 1972 by Singh 
and Pathak who, in a series of six cases, named this 
condition as “short colon,” and attempted to discuss 
its embryogenesis [6]. In 1978, Gopal called it colonic 
reservoir in a case with rectovaginal fistula [7], and in 
1981, Li [8] from China named it congenital atresia 
of the anus with short colon malformation. Narsimha 
Rao et al. [9] in 1984 suggested the name “CPC syn-
drome”. In 1990, Wu Yuejie [10] called this condition 
as association of imperforate anus with short colon 
and suggested that cases with exstrophy of the blad-
der and/or intestine can be called association of im-
perforate anus with exstrophia splanchnica. Recent 
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large series have used two terms, congenital short co-
lon or CPC to describe this condition [11,12].

The anatomy of this malformation was first de-
scribed in 1977 by Singh et al. [13] and subsequently 
in detail by Wakhlu et al. [14] and Chadha et al. [11]. 
It was in 1984 that Narsimha Rao et al. proposed an 
anatomical classification of this condition that has 
been widely accepted [9]. An important advance-
ment in the management of this condition was the 
technique of coloplasty, which was developed in 1976 
by Chiba et al. [15]. Subsequently this has been used 
with good results [11,16,17].

11.3 Geographic Distribution

This condition is seen much more frequently in the 
northern, north western, and central parts of India. 
Most of the patients come from the states of Punjab, 
Uttar Pradesh, and Delhi. A few reports have origi-
nated from China, Japan, and other parts of the world. 
The cause of this unique geographical distribution 
has not yet been ascertained.

11.4 Incidence

The incidence of CPC varies in different parts of the 
world. Except from the northern part of the Indian 
subcontinent, there are only sporadic case reports 
from other parts of the world. The incidence of CPC 
among all cases of ARM in the northern parts of India 
has been reported to be between 2.5% and 9%. Chat-
terjee from Kolkata reported an incidence of 2% [12]. 
In Bangladesh, CPC forms 1.07% of all ARM cases 
(personal communication, Professor Tahmina Banu, 
Bangladesh). Similarly, in Assam (eastern India), the 
reported incidence is 5.05% of all and 7.93% of high 
anomalies (personal communication, Dr. NC Bhat-
tacharyya, Assam, North east India). In our series 
of 992 cases of all types of ARM treated during the 
period 1993–2005, 15.3% cases were of CPC, a much 
higher incidence than reported elsewhere. However, 
it may be possible that minor varieties of the ARM 
cases may not have reached us at the tertiary care 
hospital, hence projecting a false higher incidence of 
CPC.

CPC is more common in males. Interestingly, the 
sex ratio reported by authors outside India has been 
almost equal (1.27:1), while in India the reported 
incidence has been 3–4.3: 1 [11]. In our series (152 
cases, 1993–2005), it was significantly higher in males 
than in females (7:1; Table 11.1).

Table 11.1 Cases of congenital pouch colon (CPC) treated be-
tween 1993 and 2005 at the All India Institute of Medical Sci-
ences, New Delhi

Gender Type Number of cases

Male Colovesical 133

Female Colocloacal 13

Colovaginal 6

Total 152

11.4 Etiology and Embryogenesis

The exact embryogenesis of CPC is not known. In 
1959, Trusler proposed that the dilatation was the 
result of chronic obstruction, but this theory was 
discarded as the pouch fails to decrease in size even 
after colostomy [2]. Another theory proposed was 
aborted hindgut development following obliteration 
of the inferior mesenteric artery early in fetal life [18]. 
Chatterjee proposed that the cecum and right colon 
develop normally from the postaxial midgut when 
this portion of the midgut is stimulated by normally 
developing hindgut [12]. Thus improper development 
of the postaxial midgut or presplenic gut is due to a 
primary disorder of the proximal end of the hindgut 
or postsplenic gut.

Wu Yuejie suggested that faulty rotation and fixa-
tion of the colon leads consequently to a disturbed 
longitudinal growth [10]. Chadha et al. proposed that 
varying extents of vascular insult at the time of the 
partitioning of the cloaca by the urorectal septum 
could explain the different types of the malformation 
[17]. Wakhlu et al. have postulated that CPC repre-
sents a stage in the development of cloacal exstrophy 
and is the combined effect of defective development 
of the splanchnic layer of the caudal fold and failure 
of rotation of the gut, causing defective longitudinal 
growth of the colon [19].

In the authors’ view, the high density of cases in the 
northern belt of the Indian subcontinent points to-
ward environmental factors, with deficiency of iodine 
or vitamin B as some of the possible factors contribut-
ing to this anomaly. In the recently conducted survey 
on this anomaly from various pediatric surgical cen-
ters in India, Pakistan, Bangladesh, Nepal, Sri Lanka, 
Italy, Sweden, and Japan, the incidence was reported 
to be the highest in north India (Kashmir, Chandi-
garh, Delhi, Lucknow, Varanasi), but decreased as we 
proceeded toward the east. It was uncommon in Ban-
gladesh (1.07%); however, in Pakistan, the incidence 
was as high as 8% of all ARM. Only sporadic cases 
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have been seen from Sweden, Japan, and Italy, and 
were reported merely as curiosities (personal com-
munications).

As the blood supply is always abnormal to the 
pouch in these patients, an early vascular insult can-
not be ruled out. It is only the superior mesenteric 
artery that is prominent and supplies the whole dis-
tal bowel. The inferior mesenteric artery is present in 
only 50% of cases of distal CPC, and it is also quite 
insignificant. A genetic predisposition also needs to 
be ruled out.

The north Indian belt is also known as the stone 
belt (due to the deficient nutritional factors in the 
diet) and also for the iodine deficiency in the water 
there. The land is very fertile and the pesticides are 
used liberally in the fields. The population is mainly 
vegetarian and consume lot of fresh vegetables in the 
diet. In addition, most of the population with ARM 
in this region have a low socioeconomic status. All of 
these factors suggest environmental factors affecting 
or precipitating the anomaly at a window time after 
conception when the hindgut is developing and dif-
ferentiating into urinary and intestinal tracts.

11.5 Classification

The term short colon should not be used to describe 
this ARM. The short colon is a term that should be 
used exclusively for the condition seen in babies 
born with a shortened length of left colon, which is 
also narrow in caliber; these babies are usually born 
to diabetic mothers – there is no ARM. The condi-
tion of short colon was first classified by Chiba et al. 
(Table 11.2) [15].

According to the current definition of CPC, type 
3 of this classification can be called congenital CPC. 
Type 5 including the abnormal vessels forms part of 
the CPC. CPC also needs to be differentiated from 
those cases with the congenital segmental dilatation 
of the colon, without any ARM [20].

For all descriptive purposes, the widely accepted 
classification is based on the length of normal colon 
present proximal to the dilated pouch, as given by 
Narsimha Rao et al. (Table 11.3; Fig. 11.1) [15].

Wakhlu et al. [19], with their large clinical expe-
rience in this field, have simplified the classification, 
basing it upon the length of normal colon and the 
management planning in relation to need for colo-
plasty. They describe type A as a partial short colon, 
with at least 8 cm of colon proximal to the pouch. 
Their type B (or complete short colon) is where there 
is no normal colon, or a colon of less than 8 cm in 
length.

In the authors’ view, the terms “incomplete” and 
“complete” CPC may be more appropriate. It is prefer-
able that the term short colon should be avoided to 
avoid confusion in terminology. It is also feasible to 
use the remaining colon for definitive pull-through, 
which would be more important, rather than the 8 cm 
length of colon. Based on these, the authors propose a 
modified version of Wakhlu’s classification.

Table 11.2 Types of short colon

1. Agenesis of colon

2. Short colon without imperforate anus

3. Short colon with imperforate anus (dilated colon)

4. Short colon as a part of exstrophy of the bowel 
and bladder (small and narrow colon)

5. Short colon due to abnormal vessels and the like

Table 11.3 Types of CPC. Initially, in India, cases of types I and 
II were more commonly seen and accounted for more than 70% 
of cases until 1985. Interestingly, during the past two decades, it 
is types III and IV CPC that have become more common

Type I Normal colon is absent and the ileum opens 
directly into the colonic pouch.

Type II The ileum opens into a short segment of 
cecum, which then opens into the pouch.

Type III Presence of a significant length of normal colon 
between the ileum and the colonic pouch.

Type IV Presence of near-normal colon with only the 
terminal portion of colon (sigmoid and 
rectum) converted into a pouch.

Fig. 11.1 Modified classification of congenital pouch colon 
(CPC)
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1.  Incomplete CPC: where the length of the normal 
colon is adequate for performing the pull-through, 
without the need for doing a coloplasty. The pro-
cedure would involve excision of the pouch with 
an end colostomy at birth and a definitive pull-
through later. A single-stage pull-through in the 
newborn stage can also be undertaken if the con-
dition of the baby permits.

2.  Complete CPC: where there is either absent or 
insufficient normal colon left to permit a pull-
through procedure. In this situation, a coloplasty 
procedure would be required to retain only a 
15-cm length of CPC in the form of a tube, to be 
brought out as an end colostomy. A pull-through 
procedure at the time of performing coloplasty 
should not be preferred in the newborn stage as it 
is associated with high morbidity and mortality.

According to the authors, the CPC should have the 
following anatomical criteria:
1.  There is anorectal agenesis.
2.  The total length of the colon is short (Fig. 11.2).
3.  The colon has a pouch with varying length; saccu-

lar or diverticular with a collection of meconium 
or fecal matter (Fig. 11.3).

4.  The blood supply to the pouch is abnormal 
(Fig. 11.4).

5.  The colon wall is thick and muscular with hyper-
trophied mucosa (Fig. 11.5).

6.  The fistula with the genitourinary tract is large, 
muscular, and long. It is closely adherent with the 
bladder wall.

7.  There is no transitional zone between the pouch 
and the normal bowel. The pattern changes sud-
denly and sharply.

Associated genitourinary malformations (cloacal 
anomalies, double vagina, exstrophy) are common in 
girls; however, other (nongenitourinary) associated 
congenital anomalies are less common.

The anatomical features vary according to the 
length of the colon that exhibits pouching. In com-
plete pouching of the colon, there is a large, dilated, 
thick-walled pouch occupying most of the left side of 
abdomen. The cecum, if present almost always opens 
into the sac from the right side. It may be associated 
with an absent, rudimentary, or double appendix. The 
ileum opens into the cecum or the pouch from right 
side and there is associated malrotation. The pouch 
has a poorly developed mesentery and is supplied by 
the superior mesenteric artery on the superior and 
right side and an arcuate extension of the superior 

mesenteric artery on the left side [21]. The inferior 
mesenteric artery is present only in incomplete CPC 
and supplies the lower half of left lateral side of pouch. 
The pouch lacks haustrations, taeniae, and appendi-
ces epiploicae. At times the inferior mesenteric artery 
may be completely absent.

The distal communication of the pouch is in most 
instances with genitourinary system. In males, the 
communication is most commonly present with the 
bladder and the fistula opens on the posterior wall 
of bladder near the base. Occasionally the fistula 
may open higher or lower down (Fig. 11.6). The 
fistula is usually quite broad and thick-walled, and 
measures up to 1 cm in external diameter. In females, 
colocloacal fistula is the most commonly occurring 
fistula, followed by colovaginal and colovestibular 
fistulae.

In cases of incomplete CPC, the cecum is situated 
in the epigastrium or the left hypochondrium and a 
variable length of normal colon is found, which ends 
in a large sac that communicates with the bladder in 
males and the vagina or vestibule in females. The ce-
cum, appendix, and the normal part of the colon are 
vascularized by the superior mesenteric artery. The 
inferior mesenteric artery, if present, supplies part of 
the colonic pouch.

The pelvic musculature is variable in cases of CPC, 
and when associated with a complete pouch or low 
vertebral anomalies, the pelvic and perineal muscles 
are poorly developed.

11.6 Histopathological Examination

The pouch wall consists of a normal number of gan-
glion cells, although a few authors have found reduced 
and very small ganglion cells [7,9,13,22,23]. Nerve 
bundle hypertrophy has also been reported, but is not 
the regular feature [22]. Congestion of the mucosa 
and focal hemorrhages are seen commonly [22,23]. In 
a detailed review of these cases, the authors found the 
following histological features in patients with CPC:
1.  In most cases, the muscle coat did not have the 

normal differentiation of the inner circular and 
the outer longitudinal muscles. The muscles were 
also arranged in a decussating pattern. The circu-
lar muscle was incomplete in 50% of cases. The 
wall of the blood vessels was normal (Fig. 11.7 A).

2.  The ganglion cells were mature and present in all 
cases, with the presence of normal or occasionally 
hypertrophic nerve bundles. However, giant gan-
glia were seen in 10% of cases (Fig. 11.7 B).
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Fig. 11.2 Complete CPC with short length 
of normal bowel, cecum, and appendix. 
Th e remaining normal colon is not suffi  -
cient for pull-through procedure

Fig. 11.3 Incomplete CPC with dilated lower end of colon and 
anorectal malformation. Th e descending colon is normal and 
can easily be used for performing a pull-through procedure

Fig. 11.4 CPC showing abnormal blood vessels

Fig. 11.5 A, B Excised thick-walled CPC with window colos-
tomy

Fig. 11.6 Diagrammatic representation of colovesical fi stula 
sites in the bladder in congenital CPC
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Fig. 11.7 A Photomicrograph showing flattened mucosa, wid-
ened submucosa, and discontinuation of the circular muscle 
coat (magnification ×10). B Photomicrograph showing a gi-
ant ganglion cell between the longitudinal and circular muscle 
coats (magnification ×40)

The most characteristic finding was disorganiza-
tion of the muscle coat in an arborizing manner [22]. 
This is possibly responsible for the absence of nor-
mal peristaltic activity in these cases, requiring the 
removal of the dilated pouch and retaining only the 
normal bowel.

11.7 Clinical Presentation

The majority of the patients present in the early neo-
natal period within the first 7 days of life. Occasion-
ally, if the fistula is large, especially in a female child 
with colocloacal fistula, the presentation may be late, 
as the child remains decompressed. Classically, all ba-
bies present with an absent anal opening. The male 
baby presents early with anorectal agenesis and gross 

abdominal distension with or without passage of gas 
or meconium per urethra. The association of bilious 
vomiting with early gross distension of the abdomen 
in a case of ARM is strongly suggestive of congenital 
CPC.

In females, the colon is often associated with a 
cloacal anomaly. The female baby presents with pas-
sage of meconium from an abnormal opening, absent 
anus, and abdominal distension, and on examination 
a cloaca is usually found. Although reported by oth-
ers, in this author’s series, there was no case of colout-
erine or colovestibular fistula. There may be a double 
or septate vagina, and the fistulous communication 
may open in one of the hemivaginae or between the 
two into the cloaca (Table. 11.4).

Table 11.4 Associated anomalies reported in literature 
(N = 470) [21–27]

Anomalies Number of cases

I. Genitourinary System
Posturethral diverticulum
Hydronephrosis
Hydroureteronephrosis
Vesicoureteral reflux
Renal aplasia and dysplasia
Renal ectopia
Pseudo exstrophy bladder
Bicornuate uterus
Hypospadias
Cryptorchidism
Duplication of the male urethra
Stricture urethra
Bifid penis
Double uterus/vagina
Septate vagina

2
40
16
32
15
1
2

29
15
18
1
1
1

12
6

II: Gastrointestinal System
Double appendix
Absent appendix
Malrotation
Duplication of the gut
Duplication of the colon
Double CPC
Meckel’s diverticulum
Esophageal atresia

34
25
13
5
2
1

11
7

III: Other Anomalies
Sacral agenesis, 
other vertebral anomalies
Meningomyelocele
Congenital heart disease
Prune belly syndrome
Congenital talipes equinovarus
Hemivertebrae

16
1

19
5
5
4
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In cases of colonic perforation occurring early in 
patients with CPC, the baby may present with septi-
cemia, gross abdominal distension with prominent 
veins, fluid and electrolyte imbalance, and features of 
peritonitis.

When the fistulous connection with the urogenital 
tract is large, the child may present as late as a few 
months after birth. Usually at that time these children 
are constipated and passing feces from an abnormal 
opening.

Sometimes a child may present with a colostomy 
performed by a surgeon who was unaware of this 
condition. Usually in these cases the presentation is 
with complications of colostomy, like stenosis or pro-
lapse. The diagnosis may be apparent in a child with 
prolapse, but in a stenosed colostomy the diagnosis 
can be made only on performing a contrast radiogra-
phy and occasionally only while doing the definitive 
operation.

11.8 Investigations

An plain erect x-ray of the abdomen in anteroposte-
rior and lateral views in addition to an invertogram 
forms the mainstay of diagnosis. A large loop of 
bowel with single air fluid level occupying more than 
half of the total width of abdomen and displacing the 
small bowel to one side (usually right) is the classi-
cal picture (Fig. 11.8). The pouch is proximal to the 
pubococcygeal line in the invertogram. The majority 
of the patients can be diagnosed by an erect x-ray in 
addition to the conventional invertogram that is usu-
ally performed for ARM investigations.

The diagnosis may be missed when there is an in-
complete pouch. A false diagnosis can be made when 
there is significant dilatation of sigmoid colon or lo-
calized pneumoperitoneum following perforation in 
patients with ARM presenting late, or in female ba-
bies with rectouterine fistula where the massive dila-
tation of uterus with meconium and gas may mimic 
CPC [14].

In cases of perforation of the pouch, the pneu-
moperitoneum may mask the diagnosis of CPC. An 
early perforation in cases of high ARM is suggestive 
of pouch colon, especially if the baby comes from an 
area where CPC is commonly seen.

A detailed work up of the baby at the time of de-
finitive surgery should include ultrasound of the 
abdomen, intravenous urogram, and voiding cysto-
urethrography and echocardiography to evaluate for 
associated anomalies. Spiral computed tomography 
with three-dimensional reconstruction of the pelvic 

musculature, or magnetic resonance imaging of the 
pelvis are optional for studying the pelvic muscula-
ture.

11.9 Associated Anomalies

A large number of associated anomalies are found 
with CPC. The genitourinary system is most com-
monly involved, followed by the gastrointestinal sys-
tem and others. Table 11.4 summarizes the associated 
anomalies found with congenital CPC [21–27].

11.10 Management

Preoperative resuscitation is essential with a wide 
bore nasogastric tube to decompress the abdominal 
distention, correction of dehydration and electrolyte 
imbalance, maintenance of body temperature, anti-
biotic coverage, vitamin K injection, and a urethral 
catheter to measure urine output as well as to decom-
press the bladder.

11.10.1 Aims of Surgical Management

The aim of surgery is to utilize the available length 
of colon for absorption and storage capacity as well 
as for propelling fecal matter onward with a conti-
nent anal opening. In incomplete CPC, an adequate 
length of normal colon is present so the pouch can 
be excised and colonic function is preserved. In com-
plete pouching, these objectives can be achieved only 
by tubularizing the pouch in the form of coloplasty 
(Fig. 11.9). However, more complications are antici-
pated with the preservation and use of CPC as a tube. 

Fig. 11.8 Invertogram: anterior–posterior (left) and lateral 
(right), showing large air-fluid levels, which is suggestive of 
CPC
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A tube length of about 15 cm is just enough to serve 
the purpose of colon and to avoid the complications 
of a long and nonfunctional bowel.

11.10.2 Single-Stage versus Staged Surgery

At present, single-stage surgery for CPC is not advo-
cated as there is an unacceptably high mortality asso-
ciated with it. Although there are certain advantages 
of single-stage surgery, they are not sufficient to war-
rant a major surgical undertaking in a neonate with 
associated anomalies and complications.

11.10.3 Staged Surgery

There are two or more steps in the staged procedure 
depending upon the choice of procedure, which in 
turn depends upon the condition of the baby at pre-
sentation, the technical skill of the surgeon, and the 
availability of facilities for major neonatal surgery 
and postoperative care (Fig. 11.10). Proximal diver-
sion may take place in the form of:
1.  End colostomy after division of the fistula and ex-

cision of the pouch in incomplete CPC (preferred 
approach).

2.  End colostomy after division of the fistula and 
coloplasty in complete CPC.

3.  Window colostomy, in which an opening is made 
on the anterior surface of the colonic pouch with-
out attempting to ligate the fistulous connection.

4.  Proximal ileostomy in complete CPC
5.  Transverse colostomy in incomplete CPC

Fig. 11.10 Algorithm for the management of congenital CPC. 
APPT Abdominoperineal pull-through, PSARP posterior sagit-
tal anorectoplasty. *Preferred approach

Excision of the pouch with an end colostomy is 
the procedure of choice. Window colostomy is sim-
ple surgery, can be performed with minimum anes-
thesia time in a sick neonate, and provides adequate 
decompression and a time period to allow for weight 
gain and fitness for the second stage. However, it has 
certain disadvantages, as will be described later. The 
mortality following window colostomy is reported to 
be in the range of 15–20% [21]. However, the mor-
tality following coloplasty with end colostomy in the 
newborn period is higher, hence this is better done at 
a later date.

11.10.4 Definitive Procedure

In incomplete CPC with a colostomy already per-
formed, the operative steps include dismantling the 
colostomy and an abdomino-posterior sagittal ano-
rectoplasty (PSARP) for creation of a new anus. A 
proximal diversion with an ileostomy may be consid-
ered in selected cases to protect the neoanus.

Fig. 11.9 A Coloplasty procedure to lengthen the colon while 
preserving the vascular arcade. B The coloplasty may be 
brought out as an end colostomy on the abdominal wall for a 
staged procedure, or pulled through to the proposed anal site 
as a definitive procedure
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In complete CPC without the previous coloplasty, 
the operation involves ligation of fistula, coloplasty, 
and abdomino-PSARP. A proximal ileostomy is pre-
ferred and would need to be closed in next stage.

Appendectomy should be performed at the time of 
pull-through to prevent misdiagnosis in the event of 
appendicitis occurring at a later date.

The coloplasty is performed after mobilizing the 

pouch completely by division of the inferior mesen-
teric artery (if present) and incising the pouch on the 
antimesenteric border, thus preserving the vascular-
ity. The tube is fashioned over a red rubber catheter to 
obtain a uniform diameter (Fig. 11.9). Variable results 
have been reported by different authors [12,14,15,28–
30]. The author’s institutional experience is presented 
in Table 11.5.

Type of CPC Surgical procedure N

First stage

Incomplete CPC 106 cases
(69.7%)

Excision of pouch
and end colostomy 84

Pouch excision, end colostomy and ab-
dominoperineal pull-through 12

Referred from outside with
-window colostomy
-transverse colostomy

3
7

Complete CPC 46 cases
(30.3%)

-Excision of pouch and end colostomy/ileostomy
-coloplasty and end colostomy
-coloplasty, end colostomy with proximal ileostomy

4
36
6

Second stage

Abdominal pull-through 61

Abdominoperineal pull-through with 
proximal colostomy/ileostomy 49

Third stage

Colostomy/ileostomy closure 46

Outcome

Completed surgery 107

Mortality 11

Awaiting second or third stage 8

Dilatation of pouch requiring pouch 
excision and redo pull-though 3

Lost to follow-up 26

Abdominoperineal pull-through 61

Abdominoperineal pull-through with 
proximal colostomy/ileostomy 49

Third stage

Colostomy/ileostomy closure 46

Outcome

Completed surgery 107

Mortality 11

Awaiting second or third stage 8

Table 11.5 Various types of CPC 
and the surgical procedures carried 
out at the All India Institute of Med-
ical Sciences, New Delhi
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11.11 Complications

11.11.1 Window Colostomy

Complications related to window colostomy include 
recurrent urinary tract infections due to persistent 
colourinary fistula, associated vesicoureteric reflux, 
incomplete decompression of pouch through the 
window colostomy requiring regular washouts, mas-
sive prolapse requiring revision, recession and steno-
sis requiring dilatation, pouchitis (inflammation in 
the pouch), enterocolitis, adhesive obstruction and 
septicemia.

11.11.2 Colostomy

Complications related to colostomy include anemia, 
excoriation of skin, diarrhea, poor weight gain, pro-
lapse, and stenosis.

11.11.3 Coloplasty

Complications related to coloplasty include suture 
line leak (has become negligible since the introduc-
tion of the proximal ileostomy) and wound dehis-
cence (minor wound dehiscence occurs in 4–5% of 
patients, but full-thickness major dehiscence is un-
common and is usually associated with leak from the 
coloplasty). Mortality following coloplasty has been 
reduced to less than 5% since being performed as a 
staged procedure.

11.11.4 Pull-Through

Complications related to pull-through are mucosal 
prolapse (easily managed by excision), anal stenosis 
due to noncompliance with dilatation, and colonic 
dilatation. The latter sometimes occurs following 
coloplasty in long-term follow-up [31]. This may be 
due to the fact that the colonic pouch is abnormal his-
tologically and has a tendency to dilate. The utiliza-
tion of a shorter segment of the pouch for tubulariza-
tion is recommended.

11.11.5 Short Colon Length

Complications related to short length of colon are re-
current, watery diarrhea and poor weight gain.

11.12 Follow-Up

The follow-up examination is performed initially after 
15 days and then after 1 month. The patient is subse-
quently called every 3 months for 1 year and every 
6 months thereafter. Anal dilatation is started 3 weeks 
after surgery and continued as required. Initially the 
baby passes frequent loose stools, but subsequently 
the frequency of defecation decreases and the consis-
tency becomes semisolid to solid. The colon on fol-
low-up examination exhibits a normal caliber in most 
cases; however, dilatation of the tube coloplasty is a 
serious problem, though rare.

11.13 Prognosis

The prognosis depends upon the weight of the child, 
age at presentation, presence of sepsis and perfora-
tion, associated congenital anomalies, and most im-
portantly on the length of colon that has pouching. 
The prognosis is better in cases of incomplete CPC as 
cases of complete CPC suffer from recurrent watery 
diarrhea due to the short length of the large bowel. 
Window colostomy performed in the pouch also does 
not allow complete evacuation of the contents and is 
frequently associated with massive prolapse, bleeding, 
and recurrent urinary tract infection.

11.14 Overall Results

In the authors’ experience, as the anatomy and the 
histology of the CPC is abnormal, even the tube made 
from the dilated pouch does not work well; it does not 
contribute effectively to colonic motility. Rather, the 
postoperative complications like mucosal prolapse, 
incontinence, mucus discharge, skin excoriation, and 
colonic ectasia are more common than in those with 
ARM. Window colostomy is associated with serious 
complications and is thus not favored. Wherever fea-
sible, an excision of the pouch in toto with an end co-
lostomy (using normal colon) is the preferred proce-
dure. An attempt should be made to excise the pouch 
even in cases with colonic perforation.

The overall mortality of CPC was previously as 
high as 30–40%, but has now come down to 10–20% 
as a result of the growing awareness of this condition 
and improvements in surgical management and neo-
natal care. Prognosis depends on the aforementioned 
factors, with the most important factor being the ex-
tent of the malformation. Excision of the pouch and 
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end enterostomy has been associated with maximal 
survival (92.3%) in good-risk patients [32]. Babies 
with incomplete CPC fair well with normal conti-
nence, physical, motor, and behavioral development. 
Cases of complete CPC suffer from increased fre-
quency of stools for the initial 3–6 months, although 
the frequency decreases with the growth of the child 
and dietary modifications.
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12.1 Rectal Atresia

12.1.1 Introduction

Rectal atresia is a rare type of anorectal malformation 
(ARM) constituting 1–2% of the ARM (Table 12.1). 
However, an incidence of 14% was reported from the 
southern part of India at one stage [1]. The anomaly 
is no longer as common, even in that region. The 
male:female ratio is 7:3 [1]. In fact, because of its rar-
ity, many pediatric surgeons have not had the chance 
to see and manage such cases. Rectal atresia is charac-
terized by the presence of the proximal rectum, which 
ends at or above the pubococcygeal (PC) line, and a 
well-formed distal anus that is in its normal location 
and has a normal appearance, which is about 1–3 cm 
in depth. The two pouches may be connected to each 
other by a fibrous strand that may be hugged by the 
puborectalis sling. Unlike other ARM, the anal canal 
and lower rectum are well surrounded by the sphinc-
ter complexes and hence the outcome after surgery is 
good.
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Table 12.1 Incidence of rectal atresia associated with anorec-
tal malformations at the All India Institute of Medical Sciences, 
New Delhi (N = 820, 1995–2004)

Gender N

Male 6

Female 14

Total 20 (2.4%)

12.1.2 Classification

Rectal atresia has been classified as type IV using 
the Ladd-Gross classification, and as a separate high 
or intermediate variety using the International clas-
sification of ARM and under the group of rarities 
by the Wingspread classification. Depending upon 
the distance between the proximal rectum and dis-
tal anorectum, four grades have been described [1]: 
grade 1 – rectal atresia with a short gap between each 
(most common), grade 2 – rectal atresia with a long 
gap, grade 3 – membranous septal type, and grade 4 

– rectal stenosis. Grade 2 rectal atresias have not been 
found in clinical practice, even in areas with a very 
high incidence of this anomaly. Moreover, a few cases 
of double rectal atresia (multiple) have been reported 
recently [2–5]. There is neither a mesentery to the 
rectum nor a fistula described with this anomaly. In 
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Fig. 12.1 Revised classification of rectal atresia. Type I: rectal 
stenosis (rare); type II: rectal atresia with a septal defect; type 
III: rectal atresia with a fibrous cord between the two atretic 
ends (common); type IV: rectal atresia with a gap; type V: mul-
tiple rectal atresia with stenosis (A), and multiple atresia (B; 
only four cases reported)
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view of this, the authors propose the modified clas-
sification shown in Fig. 12.1, which incorporates all 
the various types seen.

12.1.3 Embryogenesis

The exact embryogenic process underlying this anom-
aly is not known, but the following theories have been 
postulated.
1.  Embryological theory: rectal atresia develops due 

to a vascular accident that occurs at a window in 
time between 13 and 14 weeks of gestation.

2.  Genetic theory: there is high incidence of these 
anomalies among consanguinous marriages, es-
pecially in South India. This supports the genetic 
association of the condition.

3.  Infective theory: this theory was supported by 
Magnus [6] and she believed that intrauterine 
infection causing thrombosis of the vessels could 
lead to acquired atresia of the already formed rec-
tum

Due to the pattern of geographic distribution 
noted with this anomaly, a racial or genetic defect 
may be much more important as the possible etio-
logical factor.

12.1.4 Clinical Features

Rectal atresia presents in the newborn period with a 
history of nonpassage of meconium in spite of having 
an anal opening. The presentation is usually late as 

the normal anus is present. Newborns present usually 
3–5 days after birth with abdominal distension. Bil-
ious vomiting may be associated in cases with delayed 
presentation. The condition may mimic and needs to 
be differentiated from long-segment Hirschsprung’s 
disease, intestinal atresia, colonic atresia, and meco-
nium ileus. A forceful anal/rectal catheterization may 
easily perforate the bowel resulting in peritonitis and 
septicemia.

Physical examination reveals marked abdomi-
nal distension with a normal-appearing anus and 
perineum. The diagnosis becomes evident when a 
rectal a thermometer, finger, or a red rubber catheter 
is passed and stops at about 1.5–3 cm depth from the 
anal verge. Associated anomalies, although rare, may 
be sacral, cardiac, or renal anomalies [7,8].

12.1.5 Investigations

A preoperative invertogram or prone crosstable view 
shows the rectal gas shadow stopping abruptly at or 
above the pubococcygeal (PC) line in spite having 
an anal opening. After the colostomy, a combination 
contrast procedure involving contrast medium in-
stilled into the distal stoma and Hegar’s dilator (or the 
contrast medium) in the anus, not only confirms the 
diagnosis but also depicts the distance between the 
two ends (Fig. 12.2), which helps to plan the surgi-
cal approach. A barium enema is usually performed 
to establish the diagnosis of microcolon; however, as 
a very high incidence of bowel perforation has been 
reported in cases with rectal atresia, the utmost care 
is needed to avoid injury to the bowel.

A computed tomography scan of the pelvis with 
contrast medium in the stoma and anus also helps to 
obtain anatomical details. Magnetic resonance imag-
ing provides an excellent indication of the relation-
ship between the two pouches and of sphincter com-
plex integrity. Finally, a sigmoidoscopic examination 
of the distal colostomy stoma may be helpful to rule 
out proximal webs or obstructions.

12.1.6 Treatment

The initial treatment is sigmoid colostomy with sero-
muscular biopsy to rule out Hirschsprung’s disease 
with no other additional manipulation. The next 
step would be to confirm the diagnosis and the gap 
between the two pouches. Many definitive surgical 
methods are described reflecting the nonstandard-
ized options and difficulty faced in managing this 

Fig. 12.2 Combined study with contrast from the colostomy 
and the anus, depicting the gap between two pouches
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condition [8,9]. Most techniques are of historical sig-
nificance [10–12] and are no longer adopted since the 
popularization of the posterior sagittal anorectoplasty 
(PSARP) approach.

The authors prefer and suggest the following ap-
proach to manage babies with rectal atresia. A sig-
moid colostomy in the newborn period is mandatory, 
except in cases with rectal stenosis, if they are able 
to decompress effectively. Rectal stenosis can be man-
aged with anal dilatations in a gradual manner until 
the desired lumen is achieved. For a rectal septum or 
a membrane, the septum can be made to project at 
the verge, with a Hegar’s dilator passed from the sig-
moid colostomy. The septum is held with stay sutures 
and divided under vision, and the edges can be su-
tured. Postoperative dilatation is maintained to avoid 
stricture formation. For rectal atresia, an end-to-end 
anastomosis with PSARP gives satisfactory results. 
The PSARP approach can also be used for patients 
presenting with multiple (type V) atresia. Only in rare 
instances, an additional abdominal approach may be 
needed for a pull-through procedure.

Fluoroscopic string placement followed by pro-
gressive dilatation with Tucker’s dilators [13], abdom-
inoperineal pull-through similar to Swenson’s opera-
tion, and abdominoperineal endorectal pull-through 
after stripping the mucous membrane of the distal 
pouch have been described in the literature, but are 
not popular. Transanal end-to-end rectorectal anas-
tomosis using an indigenously designed instrument, 
was described by Upadhyaya with a successful out-
come [14,15]. Recently, a case has been described in-
volving the antenatal repair of the defect diagnosed in 
conjunction with sacrococcygeal teratoma [16]. Post-
operative dilatation is very important and should be 
continued for at least 3 months to achieve a normal 
lumen and function. The postoperative outcome is 
good as the anal sphincter complex is normally de-
veloped and is usually not damaged by the surgical 
approach. The colostomy should be closed early so as 
to allow the feces to dilate the new passage.

12.2 Rectal Ectasia

Rectal ectasia is not uncommon in the field of pe-
diatric coloproctology, either de novo or associated 
with ARM [17]. Rectal ectasia is defined as a state of 
massive dilatation of the rectum and sigmoid colon. 
It may be primary (presenting at the time of birth) or 
secondary (developing later as a result of distal ob-
struction or inadequate evacuation) [18].

Many confusing terminologies have been used in 

the past to describe this entity. These include; bal-
loon-like rectum, colonic inertia, megarectum, termi-
nal fecal reservoir syndrome, pseudo-Hirschsprung’s 
disease and rectal inertia [19,20]. Congenital pouch 
colon, which was initially considered by some as a 
part of this entity, has now been universally accepted 
as a separate anomaly and is thus excluded from this 
chapter.

12.2.1 Classification

Rectal ectasia can be broadly classified into two types: 
primary and secondary rectal ectasia. Primary rectal 
ectasia is congenital in origin, and is attributable to a 
mid-anal sphincter defect or a deficiency of the rectal 
musculature. This excludes cases of congenital pouch 
colon, which were previously included in this cat-
egory. However, 2–5% of cases of ARM present with a 
congenital rectal ectasia that has a normal blood sup-
ply, unlike that in congenital pouch colon. There is 
no known cause for primary rectal ectasia; however, 
if the patient is symptomatic and investigated further, 
the rectosigmoid region is found to be very capacious. 
Secondary rectal ectasia, which develops after birth 
and is usually associated with distal obstruction sec-
ondary to fecal impaction or surgery at the anorec-
tum. Dilatation of the rectum will depend upon the 
degree and the duration of the obstruction.

Acquired ectasia develops after birth if the rectum 
or anus is partially obstructed or if the colon distal 
to a colostomy is cleansed inadequately, resulting in 
a bolus of desiccated meconium or a hard fecaloma. 
The presence of a fecaloma in the rectum may initiate 
a vicious cycle and worsen the dilatation further.

12.2.2 Embryogenesis of Primary Rectal 
Ectasia

Many theories have been proposed to explain the de-
velopment of primary rectal ectasia.
1.  The cloaca is normally divided by the urorec-

tal septum into urinary and rectal passages. The 
cloaca in babies with ARM may be initially more 
voluminous than normal before partition, with 
consequent oversized passage or passages after 
partition [18].

2.  The rectum is normally modeled into two ampul-
lae, one in the midrectum and one in the region 
of the future anal canal. The former becomes 
the ampulla of the mature rectum and the latter 
moulds into the anal canal. Primary rectal ectasia 
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that occurs in association with ARM may be an 
example of developmental overgrowth of the up-
per or lower primitive ampullae or both [18].

3.  The tail gut is an extension of the undivided clo-
aca into the temporary tail of the human embryo. 
It is initially quite voluminous, but becomes atro-
phic and disappears before partition of the cloaca 
is complete. Incorporation and persistence of part 
of the tail gut into the rectum may result in ano-
rectal ectasia [18].

4.  It may be a variant of segmental dilatation of the 
intestine, which is a well-known cause of obstruc-
tion [18].

5.  Primary hypomotility of the distal rectum has also 
been proposed [21].

6.  Weakness of the posterior rectal wall or a defect 
in the external anal sphincter has been suggested. 
The authors have found a primary deficiency of 
the musculature of the posterior rectal wall and 
the external anal sphincter, resulting in rectal in-
ertia followed by rectal ectasia. This is well appre-
ciated on surgical dissection during the PSARP 
procedure. Approximation of the defect improves 
the clinical symptoms.

In 1984, Upadhyaya suggested a similar cause of 
mid-anal sphincteric defect as the possible cause of 
constipation in anterior perineal anus [22]. It may also 
be possible that not much attention has been given to 
this entity so far and many more cases may be diag-
nosed in future. This possible cause also explains the 
clinically and radiologically evident posterior rectal 
shelf in a few cases of primary rectal ectasia.

12.2.3 Pathophysiology

It has been shown that the primary pathology in the 
causation of primary rectal ectasia is due to a defi-
ciency in the smooth muscle causing weakening and 
dilatation of the rectal wall [17]. Secondary rectal ec-
tasia develops due to the response to the obstructed 
rectum. The elasticity of the rectal wall permits the 
normal rectum to expand to approximately double 
the caliber, but it returns to its normal size. In the 
newborn, ectasia beyond this diameter is predictive 
of a primary developmental ectasia, which is made 
even more apparent when overdistended by gas and 
meconium content.

In the case of obstructive anorectal conditions, the 
rectal caliber soon reverts to normal dimensions after 
the relief of obstruction by surgery. If the rectal am-
pulla is developmentally ectatic, the dilatation may 

persist and lead postoperatively to fecal accumula-
tion, further enlargement, troublesome constipation, 
and soiling.

With high rectal anomalies, the terminal bowel is 
frequently focally ectatic, and in many patients the 
ectasia is primary or developmental. In others, hy-
pertrophy and dilatation may occur as reactions to 
propulsive activity against an obstruction or upon 
a retained meconium bolus in the terminus of the 
bowel after a defunctioning colostomy [23]. Primary 
and secondary rectal ectasia can be differentiated 
histologically by examining rectal specimens: hyper-
trophy and hyperplasia of smooth muscle cells is evi-
dent in acquired cases, and are normal or smaller in 
newborns with a primary or developmental anomaly. 
Dysplastic nitrergic neurons in the rectum of a patient 
with rectal ectasia have also been demonstrated [24]. 
Bowel activity after anorectal reconstruction for high 
lesions is compatible with near-normal continence in 
many children. Even when the sphincter muscles are 
adequate for high-grade continence, the ectatic ter-
minal reservoir may overload and overflow, requiring 
long-term treatment.

12.2.4 Clinical Features

The most common symptom is refractory constipa-
tion, either primarily or persistent after successful re-
constructive surgery for a known ARM. Rectal ectasia 
predisposes to ampullary overloading and constipa-
tion. Patients usually present after 6 months of age, 
the most common period being around 1–3 years.

Paradoxical diarrhea occurs when peristalsis re-
lentlessly pushes the column of feces against the pu-
borectalis sling and levator diaphragm. These mus-
cles fatigue, relax, and temporarily lose the important 
sphincter functions that control the entrance to the 
rectoanal canal. Soft feces are then massaged by peri-
stalsis over the fecal masses to escape constantly from 
the anus (known as a “hold-back dyschesia cycle” 
or “pseudoincontinence”), in spite of good surgery 
[21,23].

The clinical significance of the anomaly is two 
fold. First, following PSARP, the ectatic rectum may 
become a passive reservoir for feces, which accumu-
lates and impacts; second, the large bulk of the walls 
of the intact wide rectum may impair the reconstruc-
tion of the sphincter muscles at the time of the PSARP, 
thus lessening the ultimate degree of continence. 
Paradoxical diarrhea and incontinence resulting from 
anatomically defective sphincters may be differenti-
ated by rectal examination. Digital palpation of the 
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strongly contracting sphincters of the anal canal or 
satisfactory pressure profiles in the anal canal indi-
cates that the leakage is more likely to be paradoxical. 
The proximal ectatic bowel remains large and dilated 
even after a defunctioning colostomy.

In a study including adults who were diagnosed 
with rectal ectasia, it was noticed that all of the pa-
tients were symptomatic since childhood, with the 
most common symptom being soiling and impaction 
[25].

On per rectal examination, ballooning of the pos-
terior rectal shelf may be found, in which the finger in 
the rectum can be brought very close to the perineum 
with very little intervening tissue. Typically, the child 
presents with chronic constipation, straining at stool, 
and only able to pass small amounts of hard fecal mat-
ter by rubbing the bottom against the floor/toilet seat.

12.2.5 Investigations

Anorectal ectasia may be established by digital ex-
amination or barium enema studies, but it is unlikely 
that a distinction can be made between primary and 
secondary rectal ectasia unless there is a history of 
previous surgery, clinically evident anal stenosis, or 
a stricture. Contrast studies may delineate the di-
lated rectum with or without a posterior rectal shelf 
(Fig. 12.3). Manometry will show normal rectoanal 
inhibitory reflex, unlike patients with Hirschsprung’s 
disease. Persisting ectasia in infancy can be demon-
strated by distal cologram when associated with ARM 
(Fig. 12.4).

Differential diagnoses include habitual constipa-
tion, ultrashort segment Hirschsprung’s disease, and 
pouch colon syndrome. Rectal punch or suction bi-

Fig. 12.3 A Contrast study delineating the posterior rectal shelf. B Persistence of the shelf on a defecogram

Fig. 12.4 Distal colostogram sug-
gestive of rectal ectasia. This patient 
had an anorectal malformation with 
a long fistula opening in the bulbar 
urethra
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opsy should be performed to rule out Hirschsprung’s 
disease in suspected cases. Congenital pouch colon 
needs to be differentiated from rectal ectasia on x-ray 
or cologram, which would show a large communica-
tion with the bladder or the vestibule.

12.2.6 Treatment

12.2.6.1	 Medical	Management

The initial treatment is medical and depends upon the 
consistency of the stool, as judged by digital exami-
nation. Fecoliths may need digital disimpaction and 
saline washouts with a large rectal tube and funnel, 
whereas semisolid or soft impactions can be liquefied 
by enemas and catheter irrigation or suppositories. 
Evacuation of hard feces may entail daily washouts for 
several days, followed by less rigorous measures on a 
diminishing scale (i.e., bowel washouts, irrigations, or 
enemas three times per week for 3 weeks, twice per 
week for 2 weeks, and then once per week for sev-
eral weeks depending on the response). Bulk-form-
ing agents (fruits, fresh vegetables, husks) are added 
to the diet on a daily basis. Routine consumption of 
constipating agents (e.g., soft drinks, chocolates) is to 
be avoided. The child is trained to attend to the toi-
let every day at a fixed time and spend enough time 
there until he is successful in evacuating the bowel by 
using his abdominal muscles. Medication in adequate 
amounts is needed to maintain a suitable stool con-
sistency. While the rectal ectasia persists, relapses are 
prone to occur, necessitating vigilance on the part of 
parents and physicians, and repeating the local bowel 
toilet regimen. A minimum trial with medical man-
agement of 6 months duration should be given under 

continuous supervision before resorting to surgical 
options.

12.2.6.2	 Surgical	Treatment

The use of surgery depends on the primary pathology 
and is considered only if the medical management 
fails. The main principle of surgery is to excise or pli-
cate the redundant bowel to prevent postoperative 
incontinence or constipation. Resection or tailoring 
of the ectatic segment should be an integral part of 
the primary reconstructive procedure if rectal ecta-
sia is recognized perioperatively in association with 
anomalies like ARM or anal stenosis.

In selected cases with a prominent posterior shelf 
(suggesting the selective dilation of the posterior rec-
tal wall), a rectal wall plication procedure would be 
therapeutic. Similarly, a midsphincteric defect, if de-
tected on surgical dissection, can be repaired in lay-
ers.

Several investigators have described varying tech-
niques for dealing with rectal ectasia:
1.  Anterior resection [26]. This is a major procedure 

that would be indicated only for patients with a 
hugely dilated rectum, and is not amenable to 
evacuation and medical management. In this 
technique, excision of the dilated bowel is per-
formed to leave a normal-sized bowel, which is 
anastomosed to the distal rectum at the peritoneal 
reflection (Fig. 12.5).

2.  Endorectal pull-through [27]. Resection of the ab-
normal bowel by an endorectal pull-through pro-
cedure has been reported to give good to excellent 
results [20].

3.  Swenson’s pull-through.

Fig. 12.5 Perioperative photograph showing the ectatic rectosigmoid segment filled due to fecal impaction (A), and with prominent 
but ineffective peristalsis (B)
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4.  Tailoring and tapering of the dilated segment of 
rectum via the PSARP route is also a preferred 
method with desirable results [28].

5.  Duhamel’s pull-through has also been tried in few 
cases with good postoperative results [27].

6.  Resection of the terminal bowel down to the den-
tate line when associated with low ARM [19].

7.  Plication of the dilated segment through the 
PSARP route. The author prefers this method as it 
is associated with lower morbidity, preserves the 
sphincter complex, leaves the pelvic nerve plexus 
undisturbed, strengthens the deficient rectal mus-
cle, and has been found to produce good postop-
erative results (Fig. 12.6).

12.2.7 Summary

Rectal ectasia is focal dilatation of the rectum due 
to either a primary muscle defect or a secondary re-
sponse to an obstructive anorectal condition. Ectasia 
should be suspected in all patients with chronic con-
stipation in association with ARM. Postoperative anal 
stricture after an otherwise good surgical repair of 
ARM may also result in rectal ectasia.

Barium studies of the posterior shelf require care-
ful evaluation for midsphincteric and rectal wall de-
fects. An effective medical therapy would be helpful 
in the majority of cases; however, surgery may be 
needed if the ectasia is too severe or present for too 
long, where the symptoms are not likely to improve 
with conservative medical management.
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13.1 Rectal Duplication

13.1.1 Introduction

Alimentary tract duplications are rare congenital mal-
formations. They can occur at any level of the gastro-
intestinal tract, although the majority is found in the 
ileum. Rectal duplications form only 5% of alimentary 
tract duplications, with less than 100 cases reported 
in the English literature up to the present date.

The first case of rectal duplication was described 
in 1885 [1]. Since then, a confusing and varied termi-
nology has been used to represent rectal duplication, 
including enterocystoma of the rectum, enterogenous 
cyst of the rectum, tail gut cyst, precoccygeal cyst, 
rectal cyst, and cystic hamartoma [2]. The majority of 
rectal duplications are located in the retrorectal space 
as a cystic mass, which is both diagnostically and 
therapeutically challenging to the surgeon because of 
their rarity and polymorphic anatomic-clinical pre-
sentation. In a national survey from various teaching 
centers in India, only anecdotal case reports on rectal 
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duplication cyst were obtained. The authors have had 
personal experience of only four cases of rectal dupli-
cations, all of which presented in unique ways.

13.1.2 Pathology

The definition of rectal duplication relies on histologi-
cal appearance and includes three essential criteria for 
alimentary tract duplications as defined by Ladd and 
Gross: (1) continuity or contiguity with the rectum, 
(2) the presence of smooth muscle tissue in two layers, 
and (3) a mucosal lining normally present in the gut 
of that region or even distantly in the alimentary tract 
[3]. Rarely, a cyst containing ectopic gastric mucosa 
or pancreatic tissue may be observed [4,5]. Lymphan-
giomas and mesenteric cysts are not included in the 
definition because the wall of these lesions does not 
contain a muscular layer or intestinal mucosa.

13.1.3 Embryogenesis

Many hypotheses have been put forward to explain 
how alimentary duplications develop. Two of these 
are the Veeneklass theory and the Lewis–Thyng the-
ory. The Veeneklass theory seems to be accepted by 
most authors for isolated duplications with no spinal 
involvement. According to Veeneklass, duplications 
result from a disorder during separation of the noto-
chord due to defective adherence of the endoderm to 
the notochord [6]. Migration of cells during embry-
onic development and metaplasia of undifferentiated 
cells (totipotent cells) of the embryonic gut could ex-
plain the presence of heterotopic mucosa.

The Lewis–Thyng theory proposes that the em-
bryogenesis of rectal duplication is attributed to 

“pinching off ” of diverticula present in the 20- to 30-
mm (8- to 9-week) embryo [7]. This is in contrast 
to the process “caudal twinning” (caudal twinning 
theory), which occurs at the 10-mm embryonic stage 
and is associated with complicated hindgut twinning 
anomalies. By this mechanism it is possible that the 
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urothelial elements noted in these lesions are derived 
from cloacal tissues.

13.1.4 Classification

Rectal duplications can be anterior or more com-
monly posterior and these can be further classified as 
type I (cystic) and type II (tubular; Fig. 13.1). Type I is 
the most common anomaly reported. Based on their 
embryogenesis, rectal duplications are expected to 
appear posterior to the rectum. Anterior rectal dupli-
cations are very rare, with only few cases reported [4, 
8–10]. Type II can be further divided into blind end-
ing (A), communicating with the rectum (B), associ-
ated with a fistulous communication in the perineum 
(C), and multiple cysts(D). Type IIC should be differ-
entiated from double ani, in which the anal sphincter 
is well formed and looks clinically like an additional 
anal opening rather than a fistulous tract. Most of the 
rectal duplications are thus cystic and in 90% of cases 
do not communicate with the rectum [11].

Fig. 13.1 Cystic and various types of tubular (A–D) rectal du-
plication cysts

13.1.5 Clinical Features

Although a female:male ratio of 2–3:1 is reported in 
the literature [5], all the four cases in the author’s se-
ries were males. The presentation of a rectal duplica-
tion depends on the following factors: (1) the size and 
therefore the mass effect of the duplication, (2) the 
presence of a fistula, (3) infection in the duplication, 
(4) the presence of ectopic gastric mucosa with ulcer-
ation, and (5) malignant degeneration.

Rectal duplications are rarely symptomatic dur-
ing the immediate neonatal period unless presenting 
as a rectal mass bulging outside the anal canal or a 
mucosal-lined fistulous tract opening in the midline 
posteriorly or, rarely, anteriorly [11–14]. Since the 
cyst expands slowly and is located in the retrorectal 
area, compression of the rectum and lower urinary 
tract may result. The lack of suspicion due to its rarity 
explains the diagnostic difficulties. The cystic rectal 

duplication can be palpated on rectal examination as 
a smooth, firm mass that bulges into the rectal lumen 
from the sacral hollow.

As the duplication cyst slowly fills with the fluid, it 
enlarges causing local symptoms such as tenderness, 
low back pain, suprapubic pain, intestinal obstruc-
tion, dysuria, dystocia, or sciatic pain. Drainage of 
mucus or pus from the anus or from a perianal fistula 
is a frequent presenting sign. Fistulae are reported to 
occur in approximately 20% of cystic rectal duplica-
tions and involve the perianal skin posterior to the 
anus or the distal canal in the midline [15]. The fis-
tula rate of 45% in one series was based on both clini-
cal and pathological examination, suggesting that 
not all communications are clinically evident [5]. A 
characteristic finding is a cone-shaped dimple in the 
midline just posterior or anterior to the anal verge. It 
may rarely present as a perforated ulcer [16]. No case 
with communication to the urinary tract has been 
reported, although some patients presented with uri-
nary tract symptoms due to compression by a large 
duplication. Many of these patients who were misdi-
agnosed initially underwent drainage of an apparent 
perirectal abscess or marsupialization of a fistula-in-
ano only to suffer multiple recurrences.

Patients may present with a nonspecific picture of 
gastroenteritis in a setting of failure to thrive and a 
past history of recurrent urinary tract infections. Ma-
lignant degeneration in rectal duplications has also 
been reported in the adult age group; usually adeno-
carcinoma, rarely carcinoid [17,18].

The authors’ experience with the management of 
four rectal duplication cysts is as follows:

Case 1. A 9-month-old-male child was found to 
have three duplication cysts in the midline poste-
rior to the rectum, during a posterior sagittal ano-
rectoplasty (PSARP) procedure. The cysts were very 
small (0.5–1.0 cm), tubular, looked like segments of 
intestine, and were attached loosely to each other lon-
gitudinally; however, they were not adherent to the 
rectum. The cysts were easily excised and the diagno-
sis established histopathology. Rectal duplication was 
not suspected preoperatively and it was only a chance 
finding during the surgery.

Case 2. A newborn male child presented with a 
defect in the perineum around the anus anteriorly. A 
tongue of the anal mucosa extended from the anal 
verge high up for about 3 cm. There was mucus dis-
charge and the baby was incontinent. On examina-
tion, there was an incomplete tubular structure about 
3 cm long situated in the midline just anterior to the 
anal verge. It was lined by mucosa that communi-
cated freely with the rectum and the anal canal. The 
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cyst  was  excised  from  the  perineum  and  the  defect 
repaired.  The  anal  sphincter  was  reconstructed  and 
the postoperative result was good, with development 
of full continence.

Case 3. A 6-month-old male baby presented with 
constipation and a cystic mass bulging from the anal 
verge. A computed tomography (CT) scan confirmed 
the  presence  of  a  fluid-filled  mass  located  posterior 
to the rectum. It extended up for 5 cm from the anal 
verge.  Needle  aspiration  of  the  cyst  revealed  fluid 
mixed with mucus. The cyst was  located posteriorly 
but extended laterally more on the left side. The cyst 
and the rectum shared a common muscular wall that 
could be separated carefully. It was excised via a pos-
terior sagittal route. The rectal wall was repaired and 
the postoperative result was excellent.

Case 4. A 12-year-old boy presented with perineal 
hypospadias and ARM. A fistulous opening was pres-
ent in the perineum between the neoanus and the hy-
pospadiac  meatus.  A  fistulogram  delineated  a  4-cm-
long  tract  anterior  to  the  rectum  ending  in  a  blind 
tubular  structure.  An  anorectoplasty  was  done  and 
the hypospadias was repaired, separating the urethra 
from the fistulous tract and the anus, under cover of 
a  colostomy.  Excision  of  the  rectal  duplication  cyst 
has been deferred  for  fear of  injury  to  the posterior 
urethra and the possible risk of fecal incontinence re-
sulting from the surgical intervention. The patient is 
under  regular  follow-up  with  the  complaint  of  only 
an occasional mild discharge from the fistula.

Case  5.  An  18-month-old  male  baby  presented 
with  acute  urinary  retention  and  constipation  from 
the previous 6 months. On examination, the bladder 
was palpable. Per rectal examination revealed a retro-
rectal cystic mass. CT scan confirmed the findings of 
a retrorectal cystic mass (Fig. 13.2). Surgery via a pos-
terior sagittal route revealed a common wall between 
the cyst and the rectum. The cyst could be separated 
carefully  from  the  common  muscular  wall  and  was 
excised  completely.  The  rectal  wall  was  repaired.  A 
covering colostomy was performed, which was closed 
after  2 months.  A  histopathological  examination  es-
tablished the diagnosis.

13.1.6	 Differential	Diagnosis

The diagnosis of rectal duplications should be distin-
guished from other lesions occurring in the retrorec-
tal  space  including dermoid cysts,  cystic endopelvic 
sacrococcygeal  teratoma,  hydrocolpos,  hydrometro-
colpos,  hydrosalpinx,  cystic  neuroblastoma,  or  men-
ingeal herniation (pre-sacral meningocele), sarcoma, 

hamartomas,  anal  gland  cysts,  and  retrorectal  cysts 
lined with squamous epithelium.

13.1.7	 Investigations

Modalities  that  allow  diagnosis  include  abdominal 
x-ray, ultrasonography, CT, and magnetic resonance 
imaging (MRI). Cystography together with rectogra-
phy may be helpful for visualizing a large, retrorectal 
mass leading to pelvic compression of the rectum and 
bladder. MRI is the most accurate preoperative inves-
tigation for defining the localization, volume, and an-
atomic relationships of the duplicated rectal segment, 
with  its  multiplanar  capabilities  clearly  ruling  out  a 
uterine source of pathology. Absence of involvement 
of the sacral vertebrae (erosion, spina bifida, scimitar 
sacrum) and fat component would rule out anterior 
meningocele,  lipomeningocele,  and  teratomas.  Cor-
domas usually present at around puberty.

13.1.8	 Treatment

Once diagnosed,  the  treatment of  rectal duplication 
cysts  is  surgical.  Total  removal  of  the  lesion  is  the 
rule  so  as  to  avoid  peptic,  septic,  and  carcinogenic 
complications. Rarely, only  the mucosal  lining need 
be extirpated if  the duplication cyst and the normal 
rectum share a common muscularis layer. The surgi-
cal procedure should not be more radical than neces-
sary to eliminate the patient’s complaints and prevent 
further  recurrence  [19]. While  resecting a  rectal du-
plication, care should be observed as the lesions may 

Fig.	13.2  Computed  tomography  scan  showing  a  fluid-filled 
retrorectal  cyst  suggestive  of  rectal  duplication  (photograph 
and case 5 details, courtesy of Dr. Shivkumar, Trivandrum, In-
dia)
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be multilocular or have diverticula extending laterally 
or cephalad. Complete excision of at least all of the 
lining mucosa should be performed. Infected dupli-
cations may require initial drainage followed by a 
staged resection.

There are several surgical approaches, the decision 
being based primarily on the location of the dupli-
cation. A posterior sagittal approach is now the pre-
ferred approach for most of these  since it allows good 
access for complete surgical removal. Large cysts may 
require a combined approach (abdominal with pos-
terior sagittal or perineal approach). An abdominal 
approach is preferred for the high, anteriorly located 
and long tubular duplication cysts.
1.  Marsupialization is only indicated in cases with 

infection, to allow resolution of the sepsis before 
complete resection of the duplication can be per-
formed.

2.  For transanal excision, the anus is dilated and re-
tracted causing the lesion to bulge forward, an in-
cision of the rectal mucosa with subsequent strip-
ping of the mucosal lining of the duplication cyst 
may then be accomplished by keeping the dissec-
tion in the submucosal plane.

3.  For the transcoccygeal or Kraske approach, a 
transverse incision is made posterior to the anus 
(similar to the Kraske approach to low rectal tu-
mors). It may be necessary to remove the coccyx. 
Cyst excision using a transcoccygeal route was 
common prior to the development of the PSARP 
approach; it is not popular these days.

4.  The posterior sagittal approach with or without an 
additional abdominal/perineal approach is now the 
preferred approach. It provides better access and is 
similar to Peña’s approach for ARM. This approach 
is also useful for other types of retrorectal masses. 
The rectum may be dissected from the muscles 
and lifted off or bisected to reach the lesion. This 
approach can be combined with an abdominal 
approach to remove long and large cysts that are 
not attainable by the posterior sagittal route. The 
additional abdominal and/or perineal approach is 
required in cases where the lesion is large, if it is in 
association with genitourinary malformations and 
ARM, and if there is extension of the cyst into the 
abdomen, especially in anterior duplication cysts 
[20].

13.1.9 Summary

Rectal duplications are rare anomalies that present 
in a variable fashion. A suspicion of such an anom-

aly helps in investigative planning. A cyst of variable 
shape and often distended with mucus, lying in the 
presacral space, forms the diagnosis. These need to 
be differentiated from other types of anorectal pa-
thology. A single-stage excision of the cyst, usually by 
the transanal, perineal, or posterior sagittal route is 
curative in most cases. However, associated ARM and 
severe hypospadias with perineal duplication cysts, 
may require complex surgical procedures (involving 
repair of hypospadias, anorectum, and excision of the 
cyst) under a covering colostomy to achieve a suc-
cessful repair.

13.2 Anal Canal Duplication

13.2.1 Introduction

Anal canal duplication can be an isolated anorectal 
pathology or a part of caudal twinning syndrome that 
is characterized by the presence of twinning of the 
hindgut derivatives, giving rise to doubling of its de-
rivatives, namely the colon, rectum, bladder, urethra, 
genital organs, and kidney. It usually occurs in as-
sociation with colonic duplication. Cases of isolated 
colonic duplication without involving the anal canal 
have been excluded in this chapter.

13.2.2 Clinical Presentation

After an extensive review of the previously reported 
cases, three anatomical patterns of anal canal duplica-
tions have been seen (Fig. 13.3 A–C).
1.  Two separate perineal openings externally giving 

rise to double perineal ani, occurring in associa-
tion with colonic duplication.

2.  Colonic duplication with one normal and one im-
perforate anus terminating with or without a fis-
tula to the genitourinary tract.

3.  Colonic duplication with both imperforate ani 
terminating with or without a fistula to the geni-
tourinary tract.

Fig. 13.3 Types of duplication of the anal canal
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Double perineal ani is extremely rare and only 
a few cases with true double anal openings in the 
perineum have been reported in the world literature. 
There could even be a triplication of the colon, with or 
without any normal opening in the perineum. In case 
of double ani, these may lie on either side of the mid-
line with the external corresponding genitalia, or may 
be located along the anteroposterior axis in the mid-
line. One of them is, however, better developed than 
the other. The sites of the ani were initially reported to 
be seen more commonly on either side of the midline 
[21]. However, recent reports have found the open-
ings to be anteroposterior in location [22]. The two 
ani may be separated only by a thin septum or may 
lie wide apart from each other for about 1.5 cm [21]. 
Each anal canal passes through the sphincter complex 
separately. Each is lined by normal anal canal lining 
epithelium (Fig. 13.4).

Double ani in association with colonic duplica-
tions are usually tubular. Of the 32 cases reported in 
the literature up till 1988, only two cases had commu-
nications at the lower end, starting from the rectum 
to the anal verge. The remaining cases all had proxi-
mal communications in the region of colon, cecum, 
or even in the ileum [21].

Over 90% of cases are females, with the female:
male ratio being 9:1 [21,22]. The anomaly is appar-
ent in the newborn; however, its detection may be 
delayed if the additional colon is ending blindly in 

the perineum without external evidence. The age 
range in this group is from 1 to 24 months. Even the 
patients with perineal communications remain as-
ymptomatic but may present with mucus discharge, 
infection, diarrhea, ulceration, and bleeding due to 
the presence of gastric heterotopy. Malignancy is rare 
but has been reported in adults. Both the ani function 
simultaneously and with normal continence as they 
pass through the puborectalis and levator ani muscle 
separately. However, the amount of fecal matter com-
ing in each is variable.

13.2.3 Investigations

Investigations such as fistulogram, contrast enema, 
micturating cystourethrography (MCU), renogram, 
ultrasonography, and MRI, are performed to gain in-
formation about the location and communication of 
the double ani with the genitourinary and intestinal 
tracts. It may sometimes be difficult to differentiate 
this anomaly from fistula-in-ano, which mimics this 
condition closely. The fistula-in-ano is also uncom-
mon in the pediatric age group and, if present, would 
not open in the midline, unlike the double ani. Also, a 
solid mass would persist even after drainage, a char-
acteristic that is not seen with a fistula.

Diagnosis of double ani is made histologically, 
showing a smooth muscle wall with gastrointesti-
nal epithelial lining and the presence of anal glands. 
Contrast studies performed through each anal orifice 
and the urogenital orifices show complete duplication 
of the rectum and colon as far as the ascending co-
lon. Two separate bladders, vaginas and uteri may be 
seen.

13.2.4 Treatment

Treatment for patients with double ani remains con-
troversial and involves many considerations. In the 
present scenario, the decision would be in favor of 
surgery to provide the patient with as near a normal 
state of external genitalia and continence as possible, 
excising the unwanted component of the duplicated 
colon. In the past it was felt that if the second anus 
was not embarrassing to the patient it could be left 
untouched [21]. Also, if there is no neurogenic blad-
der or bowel problem (as with associated spina bi-
fida), a good continence and a normal function can 
be expected through both the ani and the urethrae. 
The levator and sphincter muscles, being mesodermal 
structures, are not related to hindgut development, 

Fig. 13.4 Double ani. The normal-located anus and the ectopi-
cally placed anus; both have independent anal sphincters (pho-
tograph courtesy of Professor Tahmina Banu, Bangladesh)
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and are thus single structures (except if the spine and 
sacrum are also duplicated).

The main reason for the excision of the extra anus 
is cosmetic and prevention of malignancy in the re-
dundant rectal pouch in cases in whom the colon 
needs to be excised due to obstructive symptoms in 
the duplicated colon. Alternatively, the mucosa of the 
rectal stump may be evaginated to achieve its non-
function.

The thin septum between the ani can be resected, 
or the distal continuity with the colon can be excised 
and made into a single channel if obstructive symp-
toms arise, using a combined abdominal and PSARP 
approach.

The colonic duplications that are associated with 
duplication of the genitalia are usually not fused and 
have a separate blood supply, so that resection of one 
colon from the other is usually possible [23]. Genital 
reconstruction is also performed only for cosmetic 
reasons. In females, construction of a single vulva 
provides a desirable external appearance in which the 
two urethrae and two vaginae open unimpeded [21]. 
Simultaneous continent streams prove no disadvan-
tage if covered with a single vulva. Urethral removal or 
closure may only be required if its presence interferes 
with vulval reconstruction. Vaginal duplication does 
not interfere with menstruation, coitus, or parturition, 
unless there is stenosis. Fertility has been reported in 
patients with double ani and double vaginae.

Most cases reported in the earlier literature had a 
very high mortality that was mostly due to severe as-
sociated anomalies and because of obstruction to one 
or both of the coli. However, with modern amenities 
available, the patient should have as near a normal 
perineum as possible, passing stool and urine at will 
through single orifices.

In cases of colonic duplication with one normal 
anus and one imperforate anus, the imperforate 
anus may or may not terminate as a fistulous com-
munication into the genital, urinary tract, rectum, or 
perineum. The appearance of the external genitalia is 
highly variable in this group. Most cases have nondu-
plicated external genitalia.

These patients present early because of complica-
tions of intestinal obstruction and sepsis. None reach 
adult age without surgery. If left untreated, the pa-
tients die of intestinal obstruction [21]. From the data 
available in the literature, patients in this group with 
one normal anus and one imperforate anus without a 
fistula had the worst outcome.

It has been observed that when the external genita-
lia are single, the double colons tend to be intimately 
fused, so that colonic resection of both coli together 

is necessary [23]. Treatment consists of anastomosis 
of the two coli together so that the fecal matter goes 
through the main anal canal, and the fistulous con-
nection is excised.

Colonic duplication/triplication with two or more 
imperforate ani terminating with or without a fistula 
to the genitourinary tract present in early infancy due 
to colonic obstruction [24]. External genital anoma-
lies are rare in these patients, but varying degrees of 
associated internal genitourinary anomalies requir-
ing treatment are present. The treatment options for 
these patients are: colostomy followed by definitive 
repair later, total colectomy, and ileoanal anastomo-
sis.

13.2.5 Management of Associated 
Anomalies

Associated anomalies occur frequently and are seen 
in 20–40% of cases and include cleft lip and palate, 
cardiac anomalies, malrotation, lumbosacral dysgen-
esis, renal anomalies, omphalocele, meningomyelo-
cele, and early cranial fusions [21–23, 25–27]. The 
most common associated anomaly is spina bifida. 
External genitalia in association with anal duplication 
may have a varied presentation – double external and 
internal genitalia, double genitourinary tract.

The urethral duplications may be complete or in-
complete. In complete duplications the patient may 
void with a double stream. Epispadiac duplications 
are usually associated with significant dorsal curva-
ture of the penis. The most common type of urethral 
duplication is the Y-type, where the duplication arises 
from the prostatic urethra and the main urethra 
opens at the anal verge, through which most of the 
urine passes. The other urethra is very narrow and 
dysplastic and can not serve the purpose for mictu-
rition. There is also a spindle duplication, where the 
duplication arises from the prostatic urethra and re-
joins the urethra at some point along the shaft of the 
penis.

Most urethral duplications present with a double 
stream or a leak from the second orifice. Diagnosis is 
by MCU and panendoscopy, although it is often diffi-
cult to catheterize either of the two urethrae. No spe-
cific treatment will be required if both the urethrae 
are normal in caliber and serve their purpose well. 
However, as the ventral component is the normal ure-
thra in almost all cases, and opens in the perineum 
just anterior to the anus, the urethral reconstruction 
is really technically demanding and requires staged 
procedures, even under the cover of a colostomy in 
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most cases. Still, the neourethra is not only very long, 
but is also without any urethral resistance (due to ab-
sence of corpus spongiosum), and micturition often 
remains ineffective.

Associated diphallia may occur as a simple bifid 
glans, a bifid penile shaft with distal duplication, or 
total penile duplication. The two organs may lie from 
side to side. The minor anomaly may not require any 
intervention; however, an ectopic phallus may be ex-
cised if the functional result is not affected. Before 
reconstruction, the genitourinary system should be 
evaluated fully with MCU and cystoscopy, as each pe-
nis may have a functioning urethra draining the blad-
der. The decision as to which of the organs is retained 
is a pragmatic one.
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14.1 Introduction

Vesicointestinal fissure, or cloacal exstrophy, is a se-
vere congenital abnormality of the infraumbilical 
body wall, which exhibits the following features: an 
exomphalos and an exstrophied cecum flanked by 
two hemibladders. The hemibladders contain the ure-
teric orifices (Fig. 14.1). The cecal plate has a proxi-
mal opening leading to the ileum, which often pro-
lapses leading to an elephant-trunk deformity, two 
appendiceal openings, and a distal opening leading to 
a blind bowel segment (hind- or tailgut). The pubic 
bones are widely separated and in a male the penis is 
split, with each pubic bone segment carrying a corpus 
cavernosum and hemiglans. In a female the clitoris 
is similarly split and the vagina is duplicated. The 
anatomy in a cloacal exstrophy, however, can never 
be predicted with any degree of certainty, as there are 
endless variations around a central theme.

Fig. 14.1 Cloacal exstrophy showing – umbilical cord with 
small exomphalos (open arrow head), hemibladder with ure-
teric orifice (solid arrow), exstrophied ileocecum (open arrow), 
imperforate anus (solid arrowhead)

14.2 Embryology 
of Cloacal Exstrophy

The normal development of the cloaca and the cloa-
cal membrane is the subject of much controversy and 
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confusion. Pohlmann hypothesized that the cloacal 
membrane does not extend higher than the level of 
the Wolffian orifices. An abnormal extension to the 
level of the umbilicus would therefore result in a 
deficiency of the lower abdominal wall [1]. In 1964, 
Muecke inserted a small piece of plastic into the re-
gion of the cloacal membrane in chick embryos and 
created a defect resembling cloacal exstrophy [2]. He 
concluded that a large cloacal membrane acts as a 
mechanical barrier and prevents mesodermal inva-
sion. Thomalla et al. used a CO2 laser to create an 
injury in the region of the tail bud in 68-h-old chick 
embryos and produced cloacal exstrophy in 5 of 59 
chicks. They postulated that early dehiscence of the 
cloacal membrane caused exstrophy [1].

The prevailing theory is that the cloacal mem-
brane ruptures at 7–8 weeks of gestation. Premature 
rupture when the cloaca is incompletely partitioned 
would then lead to exstrophy. The timing of cloacal 
membrane rupture was disputed in 1992 by Langer 
et al. [3]. In an antenatal scan they showed that one 
of twins with cloacal exstrophy had a persistent in-
fraumbilical membrane beyond 22 weeks gestation. 
In 1996, Bruch et al. proved that the membrane was 
indeed the cloacal membrane by documenting that 
oligohydramnios, a cystic pelvic mass (probably the 
distended cloaca), and hydronephrosis had disap-
peared after rupture of the membrane between 18 
and 24 weeks’ gestation [4].

Manner and Kluth believed that the entire spec-
trum of anomalies could not be reproduced by in-
terfering only with the cloacal membrane. They in-
troduced suramin and trypan blue into the coelomic 
cavity of chick embryos and induced the formation of 
cloacal exstrophy along with protrusions of the spinal 
cord and notochord, thereby closely matching the hu-
man situation [5].

The concept of a descending septum and lateral 
folds partitioning the cloaca has been the traditional 
description in embryological texts. However, recent 
work by Penington and Hutson has revealed that the 
lateral folds of Rathke do not exist [6]. There is re-
ally no downward movement of a septum to meet 
the cloacal membrane. Instead, cloacal partitioning 
is caused by: (1) apoptosis of the dorsal wall of the 
cloaca, (2) straightening of the dorsal kyphosis, and 
(3) growth of the infraumbilical mesenchyme. All of 
these result in a change in the position of the cloa-
cal membrane from the ventral aspect to an inferior 
position. The distance between the cloacal membrane 
and the urorectal mesenchyme is progressively short-
ened, ultimately resulting in fusion and breakdown 

and the separation of the cloaca into an anterior uro-
genital sinus and a posterior anorectum. In the light 
of these revolutionary findings, the etiopathogenesis 
of cloacal exstrophy is probably related to improper 
orchestration of cellular proliferation and apoptosis 
with poor mesodermal migration. The formation of 
the infraumbilical body wall is thereby affected and 
results in eversion of the cloacal cavity. This creates 
a wedge effect and keeps the pubic bones and genital 
tubercles wide apart [7].

The reason why the ileocecal region is present in 
cloacal exstrophy is unknown. According to standard 
teaching the cecum develops as a outpouching of the 
caudal limb of the primitive midgut loop and the 
hindgut extends from the proximal one-third of the 
transverse colon to the anus [8]. Johnston suggested 
that the site of Meckel’s diverticulum represents the 
point of transition between the midgut and the hind-
gut [9]. Therefore the ileocecal region presenting in 
the midline in a cloacal exstrophy is not anomalous, 
but suggests that abnormal growth of the hindgut is 
part of the abnormality.

The increased incidence of spinal dysraphism in 
cloacal exstrophy suggests concomitant abnormality 
of caudal development. This has been attributed to 
improper development of the dorsal mesenchyme, or 
the eventrated bowel field may actually pull apart ele-
ments of the developing caudal spinal column [10].

14.3 Nomenclature

The term cloaca refers to a sewer, and the term cloa-
cal exstrophy was replaced by the anatomically cor-
rect vesicointestinal fissure. However, the term OEIS 
complex, introduced in 2001, accurately describes the 
main components of the anomaly, namely omphalo-
cele, exstrophy, imperforate anus, and spinal defects 
[11].

14.4 Antenatal Diagnosis

Austin and Homsy attempted to streamline the ante-
natal diagnosis of cloacal exstrophy by a retrospec-
tive analysis of antenatal scans of affected patients. 
Features present in more than 50% of cases (major 
criteria) include nonvisualization of the bladder, a 
large midline anterior abdominal wall defect or a cys-
tic anterior wall structure, a large omphalocele, and 
myelomeningocele. Features present in less of 50% of 
cases (minor criteria) are ascites, lower extremity de-
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fects, renal anomalies, widened pubic arches, narrow 
thorax, hydrocephalus, and a single umbilical artery 
[12]. In 1999, Hamada et al. added the visualization 
of the elephant trunk-like protrusion of the proximal 
midgut as a minor criterion [13].

At the Fetal Care Research Foundation in Chennai 
India, 57,993 pregnancy ultrasound scans were per-
formed between January 1998 and December 2004, 
and 5,825 anomalies were detected. Twenty-five fe-
tuses were noted to have the body stalk anomaly, 7 
had vesical exstrophy, and 5 were antenatally detected 
to have cloacal exstrophy. In a retrospective review 
of these latter five ultrasounds, the following were 
identified: omphalocele (4/5), nonvisualization of the 
bladder (4/5), lower-limb anomalies (4/5), infraum-
bilical body wall defect (4/5), renal anomalies (3/5), 
meningomyelocele (2/5), narrow thorax (2/5), single 
umbilical artery (1/5), hydrocephalus (1/5), ascites 
(1/5), and widened pubic arch (1/5). Prolapse of the 
small bowel, giving the elephant-trunk deformity, 
was noted in one case (Fig. 14.2).

14.5 Incidence

Cloacal exstrophy forms 10% of all exstrophic anom-
alies. The figure of 1:200,000 to 1:400,000 widely 
quoted for the occurrence of cloacal exstrophy has 

been mathematically deduced from the known in-
cidence of vesical exstrophy (quoted as 1:20,000 to 
1:40,000) [14]. However, in 1987 the International 
Clearinghouse for Birth Defects quoted a figure of 3.3 
per 100,000 as the incidence of exstrophic anomalies 
(based on data obtained from 6.3 million births) [15]. 
Furthermore, if all stillborn births are taken into ac-
count, the incidence of cloacal exstrophy might range 
from 1:10,000 to 1:50,000 [16]. Thus, the true inci-
dence of cloacal exstrophy is not known.

Based on the 7-year data available at the Fetal 
Care Research Foundation in Chennai, India, the in-
cidence of cloacal exstrophy on antenatal diagnosis 
was pegged at 8 per 100,000. North American Indians 
have a similar incidence of cloacal exstrophy [17].

14.5.1 Genetics of Cloacal Exstrophy

Cloacal Exstrophy may be a spontaneous error of de-
velopment that is due to either a somatic mutation or 
a complex gene–environment interaction [17]. How-
ever, within a group of 232 families, 4 multiplex fami-
lies were identified, suggesting some genetic com-
ponent in the causation of these anomalies. A single 
case report of cloacal exstrophy due to an unbalanced 
translocation between the long arm of chromosome 9 
and the long arm of the Y chromosome lends further 
support to this hypothesis [18]. In a review of 22 cases 
of cloacal exstrophy, Husmann reported 1 female with 
trisomy 21 and 1 mosaic (45XO/46XX) [19].

In a series of six fetuses with cloacal exstrophy ex-
amined at the Fetal Care Research Foundation, one 
genetic anomaly was identified (Table. 14.1).

14.5.2 Risk Factors in the Development 
of Cloacal Exstrophy

In an analysis of 232 families with the exstrophy-epi-
spadias complex, increased maternal age has been 
postulated as a risk factor and was highest in the cloa-
cal exstrophy group at 31.5 years [17]. In a case-con-
trol series of 26 children with cloacal exstrophy, retro-
spective review of antenatal ultrasounds has suggested 
the presence of twin hearts and two fetal poles in a 
significant number of these fetuses [20]. The authors 
have suggested that these blighted twin pregnancies 
resulted in the occurrence of cloacal exstrophy vari-
ants. However, this conclusion may not really be valid 
because cloacal exstrophy has a wide variation in pre-
sentation and the variations reported are minor. In a 

Fig. 14.2 Cloacal exstrophy with arrow pointing to prolapsed 
ileum (elephant trunk deformity). Fetus also shows mesomelia 
and talipes
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review of 78 exstrophy-epispadias cases at Johns Hop-
kins, 4 children were conceived by in-vitro fertiliza-
tion (IVF). Based on an extrapolation of birth data in 
the USA over a 4-year period, it has been postulated 
that IVF predisposes to the development of complex 
body wall defects [21]. Th e International Clearing-
house for Birth Defects, in an analysis of 6.3 millions 
births from 10 registries, has postulated that mothers 
20 years and below, those with a parity of more than 
3, and low-birth-weight babies ran an increased risk 
of cloacal exstrophy [15]. In conjunction with data 
discussed earlier, it may be reasonable to assume that 
there is a bimodal risk for cloacal exstrophy: namely, 
very young mothers (less than 20 years of age) and 
old mothers (more than 30 years of age).

14.5.3 Classifi cation of Cloacal Exstrophy – 
the Manzoni Ransley Grid

In 1987 Manzoni et al. devised a coding system that 
attempted to coherently assemble various aspects of 
cloacal exstrophy in the form of a grid [22]. Th e lower 
abdominal wall was divided into umbilical, abdomi-
nal, and perineal segments, which were further sub-
divided into midline, right, and left  segments, making 
nine subdivisions in all.

Cloacal exstrophy has also been broadly divided 
into classic and variant types. In the classic variety, the 
diff ering relationship between the bladder and bowel 
is subdivided into three types. Th e variety in which 
the ileocecal region is a midline strip with hemiblad-

Table 14.1 Details of autopsy performed on six fetuses with cloacal exstrophy. Th e grid schema has not made provision for repre-
sentation of the hindgut or those cases in which the external genitalia are totally absent or severely ambiguous. M Male, F female, 
Primi primigravida, O omphalocele, HBLE exstrophied hemibladder (a line joining the hemibladder segments signifi es fusion be-
low the exstrophied bowel), HCL hemiclitoris, T testis, DA double appendix, B1E exstrophied ileocecal region, B3E exstrophied 
colon, BLC covered bladder, B3F colon communicating with the bladder as a fi stula, CL normal clitoris

Maternal age 
(years)/gravida

Gestational 
age (weeks)/
sex

Karyotyping Lower limbs Vertebrae/
spine

Kidneys Manzoni/
Ransley grid

20/Primi 30/M Not done Unilateral 
talipes

Normal Normal

25/Primi 25/F Trisomy 18 Bilateral talipes 
equinovarus

Hemivertebrae/
menigomy-
elocele

Normal

24/Primi 25/M 46XY Rocker bot-
tom feet

Kyphoscoliosis/
menigomy-
elocele

Bilateral cystic 
dysplasia

21/Primi 23/M 46XY Normal Normal Normal

24/3 24/M Not done Talipes 
equinovarus/
mesomelia

Normal Unilateral 
hypoplasia 

26/5 25/F Not done Talipes 
equinovarus

Normal Unilateral 
agenesis
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ders on either side is the commonest. A cloacal ex-
strophy variant may have a complete lower abdomi-
nal wall, a covered bladder or hemibladder, a bowel 
that communicates with the bladder through a fistula, 
a duplicated segment of distal bowel, or a patent anus. 
The variants have been subdivided into three types. In 
these variants, even if the bladder and bowel are not 
exstrophied and even if the lower abdominal wall is 
intact, a wide pubic diastasis and an omphalocele are 
always present (Table 14.1) [22,23].

14.6 Anomalies Associated 
with Cloacal Exstrophy

In 1990, Meglin et al. offered an exhaustive review of 
anomalies in 13 children with cloacal exstrophy [24].

14.6.1 The Skeletal System

Symphysis pubis diastasis has been noted in all cases 
of cloacal exstrophy. Anomalies of the posterior ele-
ments of the vertebral column and sacral dysplasias 
were seen in 12 out of 13 cases. Scoliosis was seen in 
6, and 3 children showed 11 pairs of ribs. Hip sub-
luxation was seen in five and acetabular dysplasia in 
one. Lower-limb anomalies were seen in seven, with 
congenital talipes equinovarus being the commonest 
defect.

14.6.2 Renal Anomalies

These were seen in eight children and included renal 
ectopy (commonest), renal agenesis, renal hypoplasia, 
and duplications.

14.6.3 Genital Anomalies

Undescended testes were seen in five of seven males, 
and duplication of the internal genitalia was seen in 
four out of five females. In a 1990 review of 10 cases, 
Stolar noted an absence of genitalia in 2 children (1 
genetic male and 1 genetic female) [25].

14.6.4 Central Nervous System Anomalies

In 10 of 12 children with spinal dysraphism, menin-
gocele, meningomyelocele, and spinal lipoma was 
seen.

14.6.5 The Gastrointestinal Tract

Contrast studies showed blind-ending colon in 10 out 
of 12 children, malrotation in 5, large bowel duplica-
tion, appendiceal duplication, and short bowel. Hus-
mann et al. accurately measured small bowel length 
in 22 children with cloacal exstrophy. In two children, 
bowel length was less than 70 cm (normal >200 cm) 
[19]. Soffer measured colonic length in 21 patients 
with cloacal exstrophy and noted that 12 had a nor-
mal-lengths colon. In four patients the lengths ranged 
from 20 to 70 cm, while in two patients the colon was 
less than 20 cm in length [26].

14.6.6 Omphalocele

Omphalocele (exomphalos) was noted in all cases 
studied.

14.6.7 The Pelvic Floor

Magnetic resonance imaging and three-dimensional 
computed tomography scans were performed on 
five patients. In all of them the levator muscle was 
hypoplastic. Six fetuses with cloacal exstrophy were 
subjected to study at the Fetal Care Research Founda-
tion, Chennai, India. The results have been tabulated 
and coded according to the Manzoni-Ransley grid 
(Table 14.1).

14.7 Management 
of Cloacal Exstrophy

The management of cloacal exstrophy involves the 
neonatologist, pediatric surgeon, pediatric urologist, 
neurosurgeon, orthopedic surgeon, radiologist, gas-
troenterologist, endocrinologist, psychiatrist, rehabil-
itationist, gynecologist, nurses, stoma therapists, nu-
tritionist, and the physiotherapist. Parental support is 
important as parental neglect is a cause of death in 
infancy and suicide is possible in the teenage child 
frustrated with multiple surgeries, stomas, neurologi-
cal disabilities, and an uncertain gender identity [27]. 
Surgical management should be creative and individ-
ualized, often aiming at a second-best, but achievable 
goal. Every well-meant but failed surgery is consid-
ered by the patient as a broken promise [28].
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14.7.1 Survival and Quality of Life Issues

Untreated cloacal exstrophy is lethal. With treatment, 
survival in the developed world has improved from 
22% in 1963–1978 to 90% in 1978–1986 [29]. Survival 
is the most important issue in infancy. Apart from the 
repair of body wall defects such as open meningomy-
elocele and exomphalos (omphaloele), management 
is focused mainly on the preservation of all of the 
bowel and nutrition [30]. After the 1st year, issues in-
volving quality of life become increasingly important, 
viz, fecal and urinary continence, correction of neuro-
logical and orthopedic disability, ambulation, genital 
reconstruction, and appropriate hormonal therapy.

14.7.2 The Neonatal Operation

14.7.2.1	 The	Standard	Approach

Lethal uncorrectable cardiopulmonary anomalies 
have to be excluded and an open meningomyelocele 
urgently repaired before embarking on the correction 
of the cloacal exstrophy. The standard approach that 
would be appropriate in the majority of cases pro-
ceeds with the following steps:
1.  Omphalocele (exomphalos) closure can generally 

be performed primarily, although a few have re-
quired staged closure with a prosthetic pouch or 
mercurochrome painting of the sac [25].

2.  Separation of the ileocecal plate (bowel field), its 
tubularization and “tailgutostomy”, whereby the 
bowel field is separated from the hemibladders 
and is maintained in continuity with the proximal 
bowel (ileum) and distal hindgut (tailgut). Care 
must be taken in hindgut mobilization as it is sup-
plied by a single mesenteric artery of variable ori-
gin. The hindgut should be preserved as it has con-
siderable growth potential if incorporated into the 
fecal stream. The ileocecal plate is tubularized, thus 
creating a continuous length of bowel from ileum 
to tailgut, which is brought out as an abdominal 
stoma – a tailgutostomy [31]. This later functions 
as a colostomy as the tailgut assumes the size and 
function of a colon [26]. A protective proximal il-
eostomy is not usually required. Associated small-
bowel malformations are corrected concomitantly. 
A duplicated tailgut could also be used as additional 
colon or later as vaginal replacement [27].

3.  Suturing of the hemibladders in the midline creates 
the appearance of a classical exstrophy.

14.7.2.2	 Variations	in	Neonatal	Surgery

Gender assignment is an important issue in the new-
born and will be discussed in a subsequent section.

In Situ Bladder Augmentation
There are three procedures providing an “in situ” blad-
der augmentation with the bowel field and/or tailgut:
1.  Proximal ileostomy: the ileum proximal to the 

bowel plate is brought out as an ileostomy with the 
ileocecal bowel plate and tailgut left attached to 
the bladder as “in situ” augmentation [32]. The ap-
pendix may be used as an in-situ port for drainage 
or clean intermittent catheterization (CIC). These 
cases have profuse fluid and electrolyte losses and 
need total parenteral nutrition for prolonged peri-
ods (median 60 days) when compared to the tail-
gutostomy patients (median 14 days) [19].

2.  Ileocecal plate left attached to bladder as in situ 
augmentation, with the detached proximal ileum 
anastomosed to the detached tailgut, which is then 
brought out as a tailgutostomy [33].

3.  Leaving the hindgut in situ for use as bladder aug-
mentation or vaginal reconstruction [34]. This is 
not advisable as the hindgut grows to a better size 
when incorporated into the fecal stream, and can 
later be used for bladder augmentation or vaginal 
reconstruction if required [19,31,35].

Primary Pull-Through of the Bowel
It has been suggested that the reconstructed bowel 
could be brought to the perineum as a neoanus via 
a primary anterior sagittal approach as the pelvis is 
open from the front after separation of the bowel 
plate (personal communication – Dr. Ila Meisheri, 
Bombay) [36]. The risk of profuse diarrhea via a peri-
neal stoma exists, restricting this procedure to cases 
with a good length of colon.

Cases with an Anus
Some cases are born with an anus that, however, 
could have minor abnormalities that are correctable 
by a perineal procedure such as cutback anoplasty. 
Such cases do not need a bowel stoma as the bowel 
continuity to the anus is restored by the detachment 
and tubularization of the bowel plate. Often such pa-
tients are the only children who are truly continent of 
stool [25,27].

Primary Neonatal Bladder Turn-In
After uniting the bladder halves in the midline, it is 
possible to perform bladder turn-in at the same time, 
utilizing the pliability of the neonatal pelvis in the 
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early neonatal period [28,31]. The surgeon has to 
consider whether the neonate would tolerate this ad-
ditional procedure, whether the closed bladder would 
have adequate capacity and compliance, and whether 
closure of the pelvis, especially if osteotomies are re-
quired, would produce unacceptably high intra-ab-
dominal pressures resulting in respiratory embarrass-
ment [28]. After the closure of a large omphalocele 
(exomphalos), the pelvis is often the only space that 
will accommodate the intestines.

14.7.3 Nutrition and Growth in Infancy 
and Childhood

This is the most important survival issue in cloacal 
exstrophy and the surgeon has an important role in 
the management of the bowel. Half of the patients 
at 1 year of age, and one-third of those at 5 years age 
experience failure to thrive [37]. Although “anatomi-
cal” short bowel is seen in 15% of cases, physiological 
short bowel is more common, especially in myelo-
dysplastic children [29,38]. Neurogenic bowel dys-
function and repeated abdominal surgery may play 
a role in malabsorption. Thus it cannot be overem-
phasized that all of the available bowel including the 
tailgut be incorporated into the alimentary pathway. 
Parts of the bowel can later be used for genitourinary 
purposes once the child is thriving [30,37]. Paren-
teral nutrition is required in the neonatal period for 
most cases, but much more so in those with ileostomy 
compared to those with a colostomy (tailgutostomy) 
[26,27,30,31,36]. After the age of 3 years, the nutri-
tional differences between the two groups become 
less significant [19]. Once the child is thriving on an 
oral diet, survival is generally assured, and it is time 
to consider quality of life issues.

14.7.4 Quality of Life Issues

Issues related to anorectal, genitourinary, neurosurgi-
cal, and orthopedic reconstructions are interrelated, 
and though dealt with by different specialists, should 
form part of a unified management plan appropriate 
for the individual child.

14.7.5 Anorectal Reconstruction and Fecal 
Continence

A truly continent anus with spontaneous passage of 
stool, no soiling, and no enemas, is rare and is usu-

ally seen only in cases born with an anus, which may, 
however, have needed a minor perineal procedure 
[19,25,30,35]. The nerve supply to the perineum is 
often abnormal, with frank or occult myelodysplastic 
abnormalities present in more than 90% of children 
[28]. Regardless of sphincter function, some authors 
advise a pull-through procedure to create a perineal 
neoanus, provided the child is producing solid stool 
in the abdominal stoma [26]. Continence in these is 
dependent upon an enema program and is more the 
result of the ability to produce solid stool rather than 
good sphincter function. There are, however, reports 
where the perineal neoanus have become unman-
ageable and had to be reconverted to an abdominal 
stoma [37]. The currently favored surgical approach 
for a pull-through procedure is the anterior sagittal 
enteroplasty, dividing the sphincters in the midline 
from the front to accommodate the bowel, which 
then are resutured in front of the bowel [26,39].

14.7.6 Urinary Reconstruction 
and Continence

True urinary continence (viz: dryness) with sponta-
neous voiding and no catheters has been reported, 
but is rare, even in centers that report very satisfac-
tory continence rates for classical bladder exstrophy 
[28,38]. Myelodysplasia and iatrogenic nerve injury 
during mobilization of the bowel plate could be con-
tributing factors [28]. The nerves to the bladder (and 
hemiphalli) in cloacal exstrophy proceed in the mid-
line from a presacral plexus to the back of the bowel 
plate and then diverge laterally to reach the hemiblad-
ders, and are thus susceptible to injury during dissec-
tion of the bowel plate [40].

Urinary reconstruction in most cases aims at a 
compliant urinary reservoir with a continent cath-
eterizable port [28,32,35,36] and proceeds in the fol-
lowing steps.

14.7.6.1	 Bladder	Turn-In

This may be performed during the neonatal surgery 
or in infancy. The pubic diastasis is wide and high 
rates of breakdown have been reported [32]. Beyond 
the early neonatal period, pubic approximation will 
require bilateral iliac osteotomies. Alternatively, we 
have repaired a case by covering the repaired blad-
der with a turned over lower left rectus abdominis 
muscle without any attempt at pubic approximation 
(Fig. 14.3). Unlike classical bladder exstrophy, cloa-
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cal exstrophy cases usually lack urethral tissue and a 
“pseudo-bladder-neck” will have to be fashioned, usu-
ally by a “mini-Young-Dees-Leadbetter” procedure or 
by using adjacent skin flaps [29].

14.7.6.2	 Bladder	Augmentation

Bladder augmentation is required in most cases to cre-
ate a large compliant urinary reservoir [28,32,35,36]. 
It is not known just how much bowel can be “stolen” 
from the gastrointestinal tract for this purpose with-
out any deleterious effect on nutrition or, in cases that 
have had a pull-through, on continence [29,35]. Gas-
trocystoplasty, or a gastric reservoir, has been favored 
by some to avoid shortening of the bowel [35,41], 
sometimes with an additional ileocystoplasty to im-
prove compliance [35]. The ileum and colon can also 
be used for augmentation in selected cases [28,32,41].

14.7.6.3	 A	Continent	Catheterizable	Port

A continent catheterizable port is fashioned concomi-
tant with augmentation. The bladder neck can be 
closed and an abdominal Mitrofanoff channel made 
from ureter, appendix, tapered ileum (Monti), or 
gastric tube [32,36,41]. A perineal port in the form 
of a neourethra is favored by some for an improved 
self-image, provided the patient has sufficient manual 
dexterity to catheterize via this neourethra. This can 
be made from the distal ureteral stump or tapered il-
eum [41]. The appendix/appendices in many patients 
is of small size and may not be suitable for use as a 
Mitrofanoff channel [36]. An attempt at bladder out-
let continence using the Young-Dees-Leadbetter pro-

cedure, artificial urinary sphincter, or collagen injec-
tion have not given consistent success [28].

14.7.7 Gender Assignment and Genital 
Reconstruction

In most children the hemiphalli are rudimentary and 
far apart. Thus, all genetic females and most genetic 
males are reared as girls [32,35,36]. Male type C vari-
ants may have united hemiphalli and may be suitable 
for a male sex of rearing [22]. Genetic males assigned 
the female gender of rearing will need early orchidec-
tomy to prevent further testosterone imprinting and 
vaginal reconstruction in later life using scrotal skin 
or bowel segments [26,31,35,42]. Genetic females 
also need genital reconstruction as the Mullerian 
structures are duplex, often far apart, and sometimes 
poorly developed. The vaginae may open in the back 
wall of the bladder or may be blind. The hemivaginae 
are too far apart to be surgically united and generally 
the lesser of the two is excised [31]. If both hemiva-
ginae are inadequate, a vagina may be reconstructed 
from bowel segment, bladder remnant, or even a di-
lated ureter [26,31,35,42]. Whatever the sex of rear-
ing, the result often leaves much to be desired (see 
psychosexual issues). Hormonal replacement therapy 
is needed for genetic males reared as girls [32].

14.7.8 Other Surgery and Ambulation

Inguinal herniae are seen in 50% of cases. Upper uri-
nary tract anomalies are common and may need cor-
rection [29,30]. Neurosurgical intervention includes 
surgery for tethered cord, meningomyelocele, and 
intraspinal lipoma [37]. In one report, 47 out of 50 
cases underwent detethering of the cord [36]. Ortho-
pedic intervention was required in 19 of 28 children, 
mainly to assist ambulation. Clubfoot, absent limbs, 
shortening of limbs, and scoliosis are some of the 
problems seen; 9 out of the 28 children were wheel-
chair bound [32].

Table 14.2 A summary of 11 published series in the manage-
ment of cloacal exstrophy (1983–2001). CIC Clean intermittent 
catheterization, YDL Young-Dees-Leadbetter surgery, AUS ar-
tificial urinary sphincter

Fig. 14.3 Left rectus abdominis muscle turned down to cover 
wide infraumbilical defect
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14.7.9 Gynecologic management

New problems may arise in genetic females after on-
set of menarche. This includes obstructed Mullerian 
systems, which will need drainage or excision, and 
large ovarian cysts, which require salpingo-oopho-
rectomy [31,43].

14.7.10 Psychosexual Problems

Apart from the psychological burden of repeated 
surgery, growth retardation, incontinence, stomas, 
catheters, and neuromotor disabilities, gender iden-
tity can be a major problem in later years, especially 
in genetic males. If reared as boys, the phallus is in-
adequate and lacks erectile and ejaculatory function 
[27,38]. The testes are often undescended [44]. When 
reared as girls, some children have revolted against 
the assigned female role and declared themselves as 
boys, even without prior knowledge of their genetic 
sex [32].

14.7.11 The World Experience in the 
Management of Cloacal Exstrophy

Table 14.2 summarizes the experience of 11 published 
series on cloacal exstrophy, arranged in the chrono-
logical order of their publication, reporting a total of 
238 cases in the period 1983–2001. Important trends 
observed are increasing survival rate, preference for 
tailgutostomy rather than ileostomy, increasing use 
of bladder augmentation and continent catheteriz-
able port for urinary reconstruction, pull-through 
to create a perineal neoanus in selected cases, and a 
high rate of gender conversion from genetic males 
to the female sex of rearing. The published series are 
from the developed world. In the developing world, 
the prognosis for cloacal exstrophy remains poor. A 
questionnaire was sent to all major pediatric surgical 
centers in India and 14 centers responded. The total 
number of cases seen was 92, of whom 35 had been 
operated on, and 20 children survived long enough 
to be discharged from hospital; only 7 are on follow-
up. All are incontinent of urine and stool. Parental 
bias against a female upbringing in genetic males was 
noted by several surgeons.
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15.1	 Introduction

Rare	 malformations	 and	 regional	 variants	 are	 rela-
tive	 terms.	 While	 it	 is	 generally	 easy	 to	 distinguish	
between	rare	and	common,	it	is	difficult	to	define	the	
border	 between	 the	 rare	 and	 the	 not-so-rare.	 As	 far	
as	 anorectal	 malformations	 (ARM)	 are	 concerned,	
the	problem	is	compounded	by	the	vagaries	of	space	
and	time.	Lesions	that	are	nonexistent	or	super-rari-
ties	in	one	part	of	the	world	are	common	in	another	
part.	Lesions	that	were	common	at	one	period	of	time	
become	rare	in	the	same	part	of	the	world	at	another	
period	of	time.	Nevertheless,	many	varieties	of	ARM	
are	seen	universally	and	have	been	seen	over	several	
decades;	 these	 varieties	 merit	 the	 name	 “common”	
and	will	not	be	discussed	in	this	chapter.

15.2	 A	Visible	Abnormal	Opening	
at	the	Normal	Anal	Site

15.2.1	 Anal	Stenosis

Anal	 stenosis	 is	 a	 low	 lesion	 that	 is	 confined	 to	 the	
terminal	bowel	and	is	common	in	boys	but	quite	rare	
in	girls.	We	have	seen	only	two	cases.

15.2.2	 Anorectal	Stenosis

This	 is	 an	 intermediate	 lesion	 that	 is	 equally	 rare	
in	 both	 sexes.	 Wilkinson	 [79]	 first	 used	 the	 term	
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Fig.	15.1	 Diagrammatic	 sagittal	 section	 (SS)	 of	 anorectal	 ste-
nosis
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to	 denote	 an	 anomaly	 in	 which	 a	 bowel	 of	 normal	
or	 greater	 caliber	 ends	 above	 the	 levator	 ani	 and	
reaches	 the	 normal	 anal	 site	 by	 a	 long	 narrow	 tract	
that	passes	through	the	center	of	a	normally	disposed	
striated	muscle	mass.	The	upper	part	of	 this	 tract	 is	
generally	adherent	 to	 the	urethra	or	vagina.	A	Japa-
nese	study	group	[24]	has	reported	on	11	boys	and	3	
girls;	we	ourselves	have	reported	on	4	boys	and	3	girls	
(Fig.	15.1).

15.2.3	 Anal	Canal	Stenosis

This	is	a	borderline	lesion	involving	about	2.5	cm	of	
terminal	bowel	and	is	rare	in	both	sexes.	We	have	ex-
perience	of	6	boys	and	2	girls	with	this	anomaly.

15.3	 A	Visible	Abnormal	Opening	
in	the	Anterior	Perineum

15.3.1	 Anterior	Perineal	Anus

This	is	a	low	lesion	with	a	terminal	bowel	of	adequate	
caliber	in	the	anterior	perineum	that	is	surrounded	by	
striated	muscle	complex	over	360o	(as	demonstrated	
by	electrical	stimulation),	has	not	been	seen	either	by	
Peña	[52]	or	by	us.	Most	cases	that	are	labeled	ante-
rior	perineal	anus,	ectopic	anus,	or	vulvar	anus	are	in	
fact	anoperineal	fistulas;	the	bowel	does	not	traverse	
the	whole	of	the	striated	muscle	complex,	and	some	
striated	muscle	lies	behind	the	anal	canal.

15.3.2	 Rectoperineal	Fistula

Rectoperineal	fistula	was	the	name	given	by	Wilkin-
son	[79]	to	denote	an	intermediate	anomaly	wherein	
a	bowel	of	normal	or	greater	caliber	ends	above	 the	
diaphragmatic	part	of	the	levator	ani	and	a	long	nar-
row	tract	passes	between	the	limbs	of	the	sling	fibers	
to	 reach	 the	 anterior	 perineum,	 the	 scrotum,	 or	 the	
ventrum	of	the	penis	of	boys	and	the	vestibule	of	girls.	
The	fistula	is	intimately	adherent	to	the	male	urethra	
or	 the	vagina	(Figs.	15.2	and	15.3).	 It	 is	rare	 in	boys	
and	super-rare	in	girls.	It	has	been	named	differently	
by	different	authors,	[1,4,27,64,69].	A	Japanese	Study	
Group	[24]	has	experienced	five	cases;	they	used	the	
term	 “rectoscrotal	 cutaneous	 fistula”.	 We	 have	 expe-
rienced	19	boys,	1	girl,	and	1	male	pseudohermaph-
rodite.

15.3.3	 Rectourinary	Perineal	Fistula

Rectourinary	 perineal	 fistula	 is	 a	 super-rare	
intermediate	 anomaly	 that	 has	 been	 reported	 only	
by	us	[12,16].	We	have	seen	two	boys	who	presented	
in	infancy	in	the	1970s.	The	first	had	a	large	opening	
in	 the	 anterior	 perineum	 through	 which	 he	 passed	
both	 urine	 and	 feces	 without	 control	 and	 through	
which	mucosa	prolapsed.	He	had	a	small	hypospadiac	
penis	 with	 severe	 chordee	 and	 multiple	 associated	
malformations.	When	the	prolapse	was	reduced,	the	
interior	of	the	bladder	and	the	rectum	could	be	seen.	
Bowel	 formed	 the	 posterior	 quadrant	 and	 bladder	
formed	 the	 anterior	 three	 quadrants	 (Figs.	15.4	 and	
15.5).	The	second	had	a	smaller	opening	at	the	same	
site	 through	 which	 he	 passed	 both	 urine	 and	 feces	
and	 through	 which	 mucosa	 prolapsed.	 He	 also	 had	
hypospadias	 with	 severe	 chordee	 and	 penoscrotal	
transposition,	 but	 he	 was	 continent	 and	 had	 no	
other	anomalies.	After	the	prolapse	was	reduced,	we	
found	that	the	urethra	formed	the	anterior	quadrant	
and	 bowel	 formed	 the	 three	 posterior	 quadrants	
(Figs.	15.6	 and	 15.7).	 We	 named	 the	 first	 anomaly	
“rectovesicoperineal	 fistula”	 and	 named	 the	 second	
anomaly	“rectourethroperineal	fistula”.	These	are	now	
included	in	the	Krickenbeck	classification	as	forms	of	
H-fistula.

15.3.4	 Rectovaginal	Fistula

Rectovaginal	 fistula	 was	 thought	 to	 be	 a	 sufficiently	
common	anomaly	in	1985	to	have	retained	a	place	in	
Wingspread	[72];	however	it	is	now	considered	rare.	
Peña’s	group	has	only	six	cases	[58];	they	found	that	
many	vestibular	and	cloacal	fistulas	had	been	errone-
ously	 labeled	 as	 vaginal	 fistulas.	 However,	 Wakhlu’s	
group	 (2005,	 personal	 communication)	 has	 experi-
enced	 8	 cases	 and	 we	 have	 22.	 In	 three	 of	 Wakhlu’s	
cases	 and	 in	 three	 of	 ours,	 the	 rectum	 opened	 high	
up	 in	 the	 posterior	 fornix;	 these	 were	 high	 anoma-
lies.	The	others	were	intermediate	anomalies	with	the	
rectum	opening	in	the	lower	vagina.	One	of	Wakhlu’s	
cases	had	been	put	up	for	surgery	for	vestibular	fistula	
but	was	found	to	have	at	operation	a	vaginal	fistula.	
These	figures	suggest	that	rectovaginal	fistula	is	a	re-
gional	variant	that	is	seen	more	in	India	than	in	West-
ern	countries.
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Fig.	15.2	 Diagrammatic	 SS	 of	 rectoperineal	 fistula	 ending	 at	
the	perineoscrotal	junction

Fig.	15.3	 Diagrammatic	 SS	 of	 rectoperineal	 fistula	 ending	 at	
the	penoscrotal	junction

Fig.	15.4	 Perineum	 of	 rectovesicoperineal	 fistula	 showing	 a	
wide	 opening	 of	 the	 bladder	 with	 visible	 ureteric	 orifices	 in	
front	 and	 a	 rectal	 fistula	 behind.	 The	 patient	 also	 had	 hypo-
spadias	with	severe	chordee,	left	undescended	testis,	and	right	
inguinal	hernia

Fig.	15.5	 Diagrammatic	SS	of	 the	same	anomaly	as	shown	in	
Fig.	15.4

Fig.	15.6	 Perineum	 of	 rectourethroperineal	 fistula	 showing	
a	 smaller	opening	 in	 the	perineum	with	urethra	 in	 front	and	
rectum	behind.	The	patient	also	had	hypospadias	with	severe	
chordee

Fig.	15.7	 Diagrammatic	SS	of	 the	same	anomaly	as	shown	in	
Fig.	15.6
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15.3.5	 Rectopenile	and	Anopenile	Fistulas

These	 have	 been	 described	 by	 Stephens	 and	 Smith	
[72]	and	 the	 Japanese	Study	Group	 [24].	Unlike	 the	
common	varieties	of	 rectourethral	fistula,	 the	bowel	
in	 these	 anomalies	 terminates	 in	 the	 penile	 urethra	
distal	to	the	bulbar	portion.

15.4	 No	Manifest	Opening

15.4.1	 Covered	Anus	Complete

Covered	 anus	 complete,	 or	 imperforate	 anal	 mem-
brane	are	low	lesions	that	are	distinctly	uncommon	in	
almost	all	series	[72],	including	ours.

15.4.2	 Anorectal	Agenesis	Without	Fistula

High	and	intermediate	varieties	of	anorectal	agenesis	
without	 fistula	 are	 more	 common	 in	 our	 series	 and	
in	 the	 Japanese	 series	 than	 in	 other	 series.	 Some	 of	
our	colleagues	have	seen	this	anomaly	in	association	
with	 Down	 syndrome	 (R.	 Chadha,	 2005,	 personal	
communication).	The	coexistence	of	a	proximal	atre-
sia	has	been	described	by	Ein	[25],	Gangopadhyaya	et	
al.	[28],	Sharma	et	al.	[65],	and	Rajendran	and	Varma	
[54]	(Fig.	15.8).

15.5	 Two	Manifest	Abnormal	
Openings

15.5.1	 Boys

In	boys,	this	 is	a	very	rare	anomaly.	Aleem	et	al.	[1]	
described	a	case	with	a	perineal	and	a	penoscrotal	fis-
tula,	and	Prasad	(1970,	personal	communication)	de-
scribed	a	case	with	a	rectovesical	fistula	and	a	patent	
stenotic	anus.	Rintala	and	Jarvinen	[56]	described	five	
cases,	 two	 had	 rectovesical	 and	 anoperineal	 fistulas,	
two	 had	 anoperineal	 and	 urethral	 fistulas,	 and	 one	
had	a	fistula	between	the	midurethra	and	a	scrotal	ec-
topic	anal	opening.	Wakhlu	et	al.	[77]	had	four	cases;	
three	had	two	openings	on	the	perineum	and	one	had	
a	 urethral	 and	 a	 perineal	 opening	 with	 prune-belly	
syndrome.	 We	 have	 seen	 four	 cases;	 one	 had	 a	 rec-
toprostatic	urethral	fistula	and	a	rectoperineal	fistula,	
one	 had	 rectobulbar	 urethral	 fistula	 and	 anal	 canal	
stenosis,	 and	 two	 had	 rectobulbar	 urethral	 fistula,	
narrow	urethra,	and	anorectal	stenosis	(Fig.	15.9).

15.5.2	 Girls

In	 girls,	 this	 condition	 is	 equally	 rare.	 Rintala	 et	 al.	
[57]	reported	two	cases,	one	with	a	vulvar	and	a	high	
vaginal	fistula	and	the	other	with	a	perineal	and	a	low	
vaginal	 fistula.	 Wakhlu	 et	 al.	 [78]	 also	 reported	 two	
cases,	both	had	an	anterior	ectopic	opening	and	a	ves-
tibular	fistula.	Bianchini	et	al.	[6]	reported	a	case	with	
a	very	large	rectovaginal	fistula	and	anal	canal	steno-
sis.	We	have	seen	five	cases;	two	had	a	vestibular	and	

Fig.	15.8	 Diagrammatic	SS	of	anal	agenesis	and	proximal	atre-
sia

Fig.	15.9	 Diagrammatic	SS	of	rectourethral	and	rectoperineal	
fistulas
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Fig.	15.10	 Diagrammatic	 SS	 of	 rectovaginal	 fistula	 and	 anal	
canal	stenosis

Fig.	15.11	 Diagrammatic	SS	of	urogenital	 sinus	and	rectoves-
tibular	fistula

Fig.	15.12	 Diagrammatic	 SS	 of	 urogenital	 sinus	 and	 bowel	
ending	without	fistula

a	 perineal	 fistula,	 two	 had	 a	 vaginal	 and	 a	 perineal	
fistula,	and	one	had	a	vaginal	and	a	vestibular	fistula	
(Fig.	15.10).	These	can	all	be	included	in	the	Kricken-
beck	classification	as	variants	of	H-fistula.

15.6	 Unusual	Forms	of	Cloaca

15.6.1	 Urogenital	Sinus

A	 urogenital	 sinus	 with	 the	 bowel	 opening	 in	 the	
perineum	 or	 the	 vestibule	 is	 the	 least	 severe	 variety	
of	cloaca	and	is	extremely	rare.	It	was	first	described	
by	Hendren	 [29,30].	We	have	 seen	one	case	of	 each	
(Fig.	15.11).	A	urogenital	 sinus	with	 the	bowel	 end-
ing	 blindly	 is	 also	 extremely	 rare.	 One	 case	 was	 re-
ported	 by	 Snyder	 [68],	 and	 we	 have	 seen	 two	 cases	
(Fig.	15.12).

15.6.2	 Retrovesical	Fistula

A	 rectovesical	 fistula	 associated	 with	 a	 duplex	 or	 a	
unicornuate	 uterovaginal	 system	 is	 very	 rare.	 Ste-
phens	described	two	cases	[43,70];	we	have	seen	one	
(Fig.	15.13).	 A	 rectovesical	 fistula	 with	 a	 duplex	 va-
gina	and	a	duplex	vulva	is	super-rare;	it	has	been	re-
ported	by	Sripathi	 (2005,	personal	communication);	
the	urethra	opened	into	the	right	hemivagina	and	the	
rectum	into	the	left	hemivagina.

15.6.3	 Urethrovaginal	Canal	with	an	H	
Fistula

A	 urethrovaginal	 canal	 with	 an	 H-fistula	 is	 also	 su-
per-rare.	Patankar	et	al.	[50]	described	a	case	with	a	
urogenital	sinus,	and	a	rectum	opening	into	it	as	well	

Fig.	15.13	 Diagrammatic	SS	of	rectovesical	fistula	and	duplex	
Mullerian	system
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as	 on	 the	 surface	 through	 an	 “anteposed	 stenosed	
anus”.	We	would	consider	this	to	be	a	perineal	fistula	
coexisting	with	a	cloacal	fistula.	Vaidya	et	al.	[75]	de-
scribed	 a	 case	 with	 the	 bowel	 terminating	 through	
two	openings,	one	 into	 the	urogenital	 sinus	and	 the	
other	at	the	normal	site.	We	have	seen	one	case,	which	
was	even	more	complicated.	She	had	a	 single	open-
ing	between	the	labia	through	which	both	urine	and	
feces	 emerged;	 in	 addition,	 there	 was	 a	 small	 open-
ing	 far	 behind	 the	 normal	 anal	 site	 though	 which	
she	passed	small	amounts	of	 feces	 too.	She	also	had	
microcephaly	 and	 her	 karyotype	 was	 46	 XX,	 45XO.	
She	 was	 treated	 elsewhere	 by	 periodic	 dilatations	 of	
the	two	orifices	for	2	years.	Contrast	x-ray	showed	a	
dilated	bowel	at	the	level	of	the	fourth	sacral	vertebra,	
continuing	through	two	narrow	channels,	one	enter-
ing	the	urogenital	sinus	and	the	other	ending	in	the	
posterior	 perineum.	 An	 endoscope	 could	 be	 passed	
from	one	opening	to	the	other	and	into	the	bladder;	
this	was	normal.	No	female	internal	genitalia	could	be	
seen	(Fig.	15.14).	The	only	genital	organ	she	had	was	
a	streak	gonad,	which	was	confirmed	during	postre-
construction	colostomy	closure.

15.6.4	 Agenesis	of	the	Vagina

Agenesis	of	the	vagina	associated	with	rectovestibular	
fistula	or	rectourethral	fistula	is	very	rare.	The	anom-
aly	was	first	reported	by	Cohn	and	Murphy	[18].	Two	
cases	were	subsequently	reported	by	Ein	and	Stephens	
[26],	 eight	 by	 Levitt	 et	 al.	 [42],	 one	 by	 Digray	 et	 al.	
[22],	four	by	Sarin	[60],	two	by	Jiwane	et	al.	[35],	one	
by	Deshpande	et	al.	 [19],	and	one	by	Patankar	et	al.	
[51].	Most	cases	were	diagnosed	after	anorectoplasty	
or	after	detection	of	amenorrhea.	We	have	seen	two	
cases	(Fig.	15.15);	in	one	there	was	agenesis	of	the	va-
gina	only	and	in	the	other	there	was	neither	a	uterus	
nor	a	vagina.

15.6.5	 Posterior	Cloaca

Posterior	cloaca,	unrecognized	at	 the	 time	of	Wing-
spread,	 was	 first	 described	 by	 Leditschke	 and	 Peña	
[41]	and	by	us	 [13].	 It	 is	 super-rare.	The	name	pos-
terior	cloaca	was	suggested	by	Peña	and	Kessler	[53];	
they	 reported	 five	 cases.	 Subsequently,	 Krstic	 et	 al.	
[36]	 reported	 three	 cases.	 In	 this	 anomaly,	 the	 uro-
genital	sinus	opens	on	the	anterior	wall	of	a	normally	
placed	anorectum,	and	there	are	associated	urogenital	
problems.	Our	patient	had	severe	bilateral	hydroure-
teronephrosis	and	urinary	tract	infection;	she	also	had	
urocolpos	and	a	duplex	Mullerian	system	(Fig.	15.16).	

Ravikumar	(2005,	personal	communication)	has	just	
reported	a	case.

15.6.6	 Posterior	Cloaca	with	a	Duplex	
Urogenital	Sinus

This	variant	of	posterior	cloaca,	is	also	super-rare.	The	
urogenital	 sinus	 in	 this	 anomaly	 splits	 into	 two;	 the	
posterior	 component	 opens	 into	 the	 anal	 canal	 and	
the	 anterior	 component	 passes	 through	 a	 hypertro-
phied	phallus	to	open	at	its	tip.	It	has	been	reported	
by	Sen	Gupta	[62]	and	Peña	and	Kessler	[53].

15.7	 A	Normal	Anus	with	an	
Abnormal	Anorectum

15.7.1	 Rectal	Atresia

Rectal	atresia	merited	a	place	in	the	Wingspread	list	
but	 it	 is	 in	 fact	quite	 rare.	 It	was	 relatively	common	
in	the	southern	states	of	India	[23],	but	its	incidence	
there	has	been	falling	rapidly	and	is	now	almost	simi-
lar	to	that	in	other	parts	of	India	(T.	Dorairajan,	2003,	
personal	communication;	Ravikumar,	2005,	personal	
communication).	The	Japanese	Study	group	[24]	has	
six	cases;	we	have	nine,	 four	boys	and	five	girls.	We	
distinguish	 three	varieties	of	 rectal	 atresia.	The	nor-
mal	anal	 canal	may	be	 separated	 from	the	proximal	
dilated	 bowel	 by	 a	 septum,	 a	 fibrous	 band,	 or	 by	 a	
large	 gap.	 It	 is	 a	 high	 lesion	 if	 the	 proximal	 dilated	
bowel	terminates	above	the	lower	border	of	the	third	
sacral	vertebra	and	the	levator	ani,	and	is	an	interme-
diate	lesion	if	it	terminates	below	this;	only	two	of	our	
cases	had	high	lesions	(Figs.	15.17	and	15.18).

15.7.2	 Rectal	Atresia	with	an	Associated	
Fistula

This	is	super-rare	and	has	been	reported	only	in	girls.	
Kulshrestha	et	al.	[37]	described	one	case	with	a	ves-
tibular	fistula;	the	Japanese	Study	Group	[24]	has	one	
case	with	a	rectovaginal	fistula	and	we	have	two	cases,	
one	with	a	vestibular	fistula	and	the	other	with	a	cloa-
cal	fistula	(Fig.	15.19).

15.7.3	 Rectal	Stenosis

This	is	a	rare	anomaly.	Dorairajan	[24]	reported	three	
cases;	 we	 also	 have	 three	 cases,	 one	 of	 which	 had	 a	
high	lesion.	A	super-rare	combination	of	rectal	atresia	
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Fig.	15.14	 Diagrammatic	SS	of	rectocloacal	and	rectoperineal	
fistulas

Fig.	15.15	 Diagrammatic	SS	of	agenesis	of	vagina	and	rectoves-
tibular	fistula

Fig.	15.16	 Diagrammatic	SS	of	posterior	cloaca Fig.	15.17	 Diagrammatic	SS	of	intermediate	rectal	atresia	with	
septum

Fig.	15.18	 Diagrammatic	SS	of	high	rectal	atresia	with	a	large	
gap

Fig.	15.19	 Diagrammatic	SS	of	rectal	atresia	and	rectovestibu-
lar	fistula
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and	rectal	stenosis	has	been	reported	by	Gangopad-
hyaya	et	al.	[28]	(Fig.	15.20	and	15.21).

Congenital	 Funnel	 anus	 is	 super-rare;	 there	 is	 a	
stenosis	low	down	in	the	anal	canal.	Nixon	[49]	first	
described	 the	 condition.	 Subsequently,	 Rintala	 and	
Jarvinen	[56]	described	five	cases	and	Mahomed	et	al.	
[45]	described	two.	We	have	three	cases	(Fig.	15.22).

15.8		 A	Normal	Anus	and	Anorectum	
with	a	Fistula

15.8.1	 Fistula	Between	a	Normal	Anorectum	
and	the	Perineum

A	 fistula	 between	 a	 normal	 anorectum	 and	 the	
perineum	is	super-rare.	Brem	et	al.	[8]	has	described	

one	 boy	 of	 Asian	 origin	 living	 in	 the	 USA,	 and	 we	
have	seen	one	boy.	A	fistula	between	a	normal	ano-
rectum	and	a	normal	male	urethra	is	rare.	It	has	been	
reported	by	Stephens	and	Donnellan	[71],	Hong	et	al.	
[31],	Rintala	et	al.	[57],	and	Sharma	et	al.	[66],	and	we	
have	also	seen	two	cases	(Fig.	15.23).

15.8.2	 Fistula	Between	a	Normal	Anorectum	
and	an	Abnormal	Male	Urethra

A	fistula	between	a	normal	anorectum	and	an	abnor-
mal	 male	 urethra	 is	 relatively	 more	 common.	 It	 has	
been	 reported	 by	 de	 Vries	 and	 Friedland	 [20],	 Ste-
phens	and	Donnellan	[71],	Belmann	[5],	Senocak	and	
Buyukpamukeu	 [63],	Lal	 et	 al.	 [40],	Al-Basam	et	al.	
[3],	and	the	Japanese	Study	group	[24].	Mishra	et	al.	

Fig.	15.20	 Diagrammatic	SS	of	high	rectal	stenosis Fig.	15.21	 Diagrammatic	SS	of	rectal	atresia	and	proximal	rec-
tal	stenosis

Fig.	15.22	 Diagrammatic	SS	of	congenital	funnel	anus Fig.	15.23	 Diagrammatic	 SS	 of	 normal	 anorectum,	 normal	
urethra	and	rectourethral	fistula



25915	 Rare/Regional	Variants

[47]	described	five	cases;	all	had	a	wide	fistula,	a	nar-
row	distal	urethra	and	upper	tract	problems.	Wakhlu	
and	Wakhlu	[76]	have	described	four	cases;	three	had	
hypoplasia	of	the	anterior	urethra	and	one	had	mega-
lourethra.	 We	 have	 observed	 four	 cases;	 three	 were	
continent	 but	 passed	 most	 of	 their	 urine	 per	 anum	
and	 small	 amounts	 resembling	 tear	 drops	 per	 ure-
thra	(Fig.	15.24).	The	fourth	had	in	addition	an	atypi-
cal	 superior	 vesical	 fissure;	 the	 connection	 between	
bowel	and	urethra	was	only	recognized	after	the	blad-
der	was	repaired.

15.8.3	 Fistula	Between	a	Normal	Anorectum	
and	the	Vestibule

A	 fistula	 between	 a	 normal	 anorectum	 and	 the	 ves-
tibule	 (or	 “perineal	 canal”)	 is	 rare	 elsewhere	 but	 is	
relatively	 common	 in	 India.	 It	 was	 first	 reported	 by	
Bryndorf	and	Madsen	[9]	from	Scandinavia.	Brem	et	
al.	[8]	reported	this	anomaly	in	2	girls	of	Asian	origin	
living	in	the	USA,	and	Rintala	et	al.	[57]	reported	on	
12	girls	 from	Finland.	Almost	all	other	reports	have	
come	from	Asia	and	North	Africa.	We	[14]	reported	
6	cases	in	1969,	added	10	more	in	1980	[11],	and	12	
more	in	1991	[12].	Other	reports	from	India	include	
1	 case	 from	 Chatterjee	 [10],	 1	 from	 Rao	 et	 al.	 [55],	
58	 from	 Wakhlu’s	 group	 [77],	 10	 from	 Kulshrestha	
[38],	2	from	Kutumbala	et	al.	[39],	1	from	Singh	et	al.	
[67],	1	from	Arora	et	al.	[2],	5	from	Wani	et	al.	[78].	
Arora’s	 patient	 had	 bilateral	 fistulas,	 one	 on	 either	
side	of	the	fourchette	[2].	The	anomaly	has	also	been	
reported	 from	 Vietnam	 [48],	 Japan	 [34,59,73,74],	
China	[81]	Pakistan	[46],	Qatar	[33],	and	Egypt	[44].	
We	now	have	62	cases	and	have	classified	them	as	low	
or	anovestibular	and	 intermediate	or	 rectovestibular	
fistulas	(Figs.	15.25	and	15.26).	The	anterior	wall	of	a	
rectovestibular	fistula	is	generally	closely	adherent	to	
the	posterior	wall	of	the	vagina.	Several	surgeons	have	
named	the	condition	“perineal	canal”.

15.8.4	 Fistula	Between	a	Normal	Anorectum	
and	the	Vagina

A	fistula	between	a	normal	anorectum	and	the	vagina	
is	super-rare;	we	have	a	single	case	[12].	She	was	first	
seen	at	the	age	of	7	years.	She	passed	stools	per	anum	
and	also	through	the	vagina.	A	huge	fistula	was	found	
between	the	lower	rectum	and	the	vagina;	at	surgery	
the	bowel	and	the	vagina	were	found	to	share	a	com-
mon	wall	above	the	fistula	(Fig.	15.27).

Fig.	15.24	 Diagrammatic	 SS	 of	 normal	 anorectum,	 narrow	
urethra	and	rectourethral	fistula

Fig.	15.26	 Diagrammatic	 SS	 of	 normal	 anorectum	 and	 rec-
tovestibular	fistula

Fig.	15.25	 Diagrammatic	SS	of	normal	anorectum	and	anoves-
tibular	fistula
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15.9	 Perineal	Groove

This	is	rare	in	girls	and	super-rare	in	boys.	It	has	been	
described	 in	 a	 girl	 by	 Stephens	 and	 Smith	 [72]	 and	
by	Sripathi	(2005,	personal	communication);	we	have	
observed	 four	 girls	 [15].	 Scharli	 described	 a	 boy	 in	
2000	[61],	and	we	have	seen	two	boys,	one	has	been	
reported	in	2003;	he	had	in	addition	penoscrotal	hy-
pospadias.

15.10	 Colonic	Agenesis

Absence	of	the	left	colon	rectum	with	the	bowel	end-
ing	blindly	or	through	a	fistula	into	the	bladder	is	very	
rare;	 it	has	been	described	by	Zaidi	 [80],	Dickinson	
[21],	Blunt	and	Rich	[7],	Irving	et	al.	[32],	Chiba	et	al.	
[17],	and	Gharpure	(2005;	personal	communication).	
We	have	seen	seven	cases,	all	boys.
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16.1	 Introduction

Given	 the	 emerging	 knowledge	 of	 embryogenesis	
involving	 the	 sonic	 hedgehog	 (Shh)	 gene	 and	 the	
relationship	to	both	upper	and	lower	intestinal	mal-
formations	 [1–6],	 it	 is	 surprising	 that	 more	 patients	
with	anorectal	malformations	(ARM)	and	esophageal	
atresia/tracheoesophageal	 fistula	 (EA/TEF)	 do	 not	
manifest	both	anomalies.	The	collections	of	data	over	
the	 years	 have	 indicated	 that	 the	 coincidence	 of	 the	
major	associated	anomalies	has	remained	remarkably	
constant	(Table	16.1)	[7–10].

In	 the	 earlier	 series	 reported,	 the	 mortality	 from	
many	 of	 the	 associated	 anomalies	 was	 higher	 than	

Contents

16.1	 Introduction	 .	.	.	 263
16.2	 Esophageal	Atresia/Tracheoesophageal	

Fistula	Malformations	 .	.	.	 264
16.3	 Other	Intestinal	Malformations	 .	.	.	 266
16.4	 Hirschsprung’s	Disease	 .	.	.	 266
16.5	 Cardiac	Malformations	 .	.	.	 266
16.6	 Spinal	Deformities	 .	.	.	 267

References	 .	.	.	 267

it	is	at	present.	Unless	the	ARM	is	exceedingly	com-
plex,	the	mortality	is	almost	always	related	to	one	of	
the	concomitant	lesions	and	not	to	the	ARM	itself.	At	
the	time	of	the	Survey	of	the	Surgical	Section	of	the	
American	Academy	of	Pediatrics	in	1964	[11]	the	sur-
vival	of	babies	born	with	EA/TEF	was	reported	at	78%	
without	associated	anomalies,	whereas	at	present	the	
survival	of	these	babies	born	without	other	anomalies	
would	be	expected	to	approach	100%.	In	that	survey	
data	only	43%	of	babies	born	with	ARM	and	EA/TEF	
survived,	whereas	at	present	 this	combination	of	 le-
sions	would	not	be	expected	to	be	fatal	in	the	absence	
of	major	cardiac	or	chromosomal	defects.

Associated	anomalies	of	all	 types	are	much	more	
frequent	with	the	more	complex	ARM.	The	definitive	
treatise	 on	 this	 subject,	 albeit	 almost	 2	decades	 old,	
continues	to	accurately	reflect	the	spectrum	of	associ-
ated	malformations	correlated	with	the	level	of	ARM	
that	are	seen	to	this	day	[8].

The	 genitourinary	 malformations	 are	 that	 are	
commonly	 seen	 in	 babies	 born	 with	 ARM	 are	 cov-
ered	 in	 Chap.	17.	 In	 this	 chapter	 we	 will	 consider	
only	 the	 nongenitourinary	 malformations,	 which	
include	EA/TEF,	duodenal	and	other	 intestinal	atre-
sias,	Hirschsprung’s	disease	(HD),	neuronal	intestinal	
dysplasia	 (NID),	 cardiac	 malformations,	 and	 spinal	
malformations.	 It	 is	 important	 to	remember	 that	al-
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Table	16.1	 Anomalies	associated	with	anorectal	malformations.	Vert	Vertebrae,	EA	esophageal	atresia,	TEF	tracheoesophageal	fis-
tula,	GI	gastrointestinal,	GU	genitourinary

Author Gross 1953 [7] Kiesewetter 
1981 [8]

Smith 1988 [9] Ratam 2005 [10] Totals

No.	of	patients 507 317 246 416 1,479

%	anomalies 40	% 54% 61% 58% 51%

Vert/Skeletal 5% 6% 26% 41% 19%

Cardiovascular 8% 7% 9% 10% 9%

EA/TEF 4% 9% 4% 6% 7%

GI	other 5% 4% 8% 9% 6%

GU	system 16% 40% 25% 39% 29%
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most	any	condition	seen	in	a	newborn	child	may	oc-
cur	with	an	ARM,	but	the	most	commonly	occurring	
ones	 are	 covered	 in	 this	 chapter.	 It	 may	 be	 that	 the	
same	 embryogenic	 events	 that	 produce	 EA/TEF	 are	
responsible	for	the	development	of	an	ARM.	It	is	not	
known	that	duodenal	atresia	(DA)	is	related	embryo-
genically	to	ARM,	but	the	incidence	of	DA	is	signifi-
cant	enough	 to	warrant	consideration	herein.	Other	
intestinal	atresias	seem	to	be	a	result	of	vascular	ac-
cidents	far	beyond	the	embryologic	stage	and	are	only	
rarely	found	in	association	with	ARM.	The	septation	
defects	 that	 comprise	 the	 majority	 of	 cardiac	 mal-
formations	 seen	 in	 patients	 with	 ARM	 are	 probably	
only	randomly	associated	with	the	ARM.	The	surgical	
treatment	of	cardiac	anomalies	will	not	be	covered	in	
detail.	Since	cardiac	malformations	are	the	most	com-
mon	associated	malformations	that	can	threaten	the	
survival	of	the	child,	they	must	be	investigated	before	
the	ARM	is	definitively	treated.

Many	 of	 the	 vertebral	 anomalies	 associated	 with	
pelvic	malformation,	while	not	life-threatening,	have	
a	 profound	 impact	 upon	 the	 functional	 outcome	 of	
the	 surgical	 treatment	 of	 ARM.	 The	 surgical	 treat-
ment	of	 spinal	 anomalies,	 specifically	 tethered	cord,	
will	be	addressed	in	Chap.	18.

16.2	 Esophageal	Atresia/
Tracheoesophageal	Fistula	
Malformations

Timing	is	everything!	Nowhere	is	this	old	axiom	truer	
than	 in	 the	 triage	of	babies	born	with	ARM	and	an	
associated	 anomaly.	 Recognition	 of	 an	 associated	
anomaly	thus	becomes	the	first	order	in	the	planning	
of	 any	 approach	 to	 treating	 an	 ARM.	 The	 most	 im-
mediately	troublesome	associated	lesion	is	that	of	EA/
TEF.	Because	the	child	with	EA	is	at	risk	of	potentially	
fatal	 respiratory	 complications	 as	 a	 result	 of	 either	
spillover	aspiration	of	saliva	or	milk	or	as	a	result	of	
refluxed	gastric	content	in	the	instance	of	a	distal	TEF,	
this	lesion	must	be	excluded	very	early.	The	presence	
of	a	distal	fistula	also	complicates	anesthetic	manage-
ment.

The	 diagnosis	 of	 EA/TEF	 is	 easily	 made	 (or	 ex-
cluded)	 by	 the	 passage	 of	 a	 nasogastric	 tube.	 It	 is	
imperative	 that	 a	 relatively	 stiff	 tube	be	passed	gen-
tly	to	the	stomach	by	the	oral	route	before	the	child	
receives	any	oral	intake.	It	is	possible	for	a	flimsy	tube	
to	curl	in	a	blind-ending	upper	esophageal	pouch	giv-
ing	the	impression	of	having	passed	into	the	stomach	
(Fig.	16.1).	 There	 are	 times	 when	 some	 well-inten-

tioned	 person	 will	 use	 a	 5-Fr	 feeding	 tube	 for	 this	
diagnostic	test	to	reduce	the	perceived	discomfort	to	
the	newborn	but	a	tube	of	less	than	10	Fr	is	not	satis-
factory.	Using	a	rigid	tube	obviates	the	need	to	inject	
air	into	the	stomach	to	confirm	passage	of	the	tube.

This	 maneuver	 will	 not	 exclude	 the	 possibility	 of	
an	 isolated	 TEF,	 but	 the	 clinical	 recognition	 of	 this	
uncommon	 anomaly	 is	 often	 delayed	 in	 most	 chil-
dren	who	have	no	other	anomalies	and	is	unlikely	to	
adversely	affect	the	early	treatment	of	the	ARM	from	
either	a	nutritional	or	an	anesthetic	point	of	view.

The	components	that	make	the	constellation	known	
as	 the	 VACTERL	 association	 (Vertebral,	 Anal,	 Car-
diac,	TracheoEsophageal,	Renal,	and	Limb	malforma-
tions)	are	so	common	that	it	is	necessary	to	perform	
other	initial	diagnostic	studies.	Chief	among	these	are	
the	 radiograph	of	 the	baby	 to	 include	 the	 torso	and	
the	limbs,	a	so-called	babygram.	It	may	be	helpful	to	

Fig.	16.1	 Magnified	view	of	the	mediastinum	and	upper	abdo-
men	from	a	chest	and	abdominal	radiograph	in	a	newborn	in-
fant,	demonstrating	an	orogastric	tube	curled	within	the	upper	
esophageal	pouch	and	gas	in	the	stomach.	This	appearance	is	
pathognomonic	 for	 esophageal	 atresia	 with	 a	 distal	 tracheo-
esophageal	fistula.	Image	courtesy	of	Dr.	E.	Bekhit,	Department	
of	 Medical	 Imaging,	 Royal	 Children’s	 Hospital,	 Melbourne,	
Australia
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leave	 the	orogastric	 tube	 in	 the	stomach	during	 this	
radiographic	study	for	documentation	purposes.	This	
radiographic	 study	 provides	 important	 information	
including	the	presence	(or	absence)	of	air	in	the	stom-
ach,	the	presence	of	and	distribution	of	air	beyond	the	
duodenum,	the	distribution	of	air	in	the	small	bowel,	
the	 cardiac	 silhouette,	 the	 vertebrae	 (especially	 the	
pelvic	structures),	and	limb	abnormalities.

More	sophisticated	investigations	are	warranted	if	
the	babygram	indicates	absence	of	air	in	the	stomach.	
This	 indicates	 the	 presence	 of	 isolated	 EA	 without	
communication	 of	 the	 distal	 esophageal	 segment	 to	
the	airway.	Very	rarely	a	distal	TEF	may	be	obstructed	
by	mucus,	giving	the	radiographic	impression	of	iso-
lated	EA.	Because	isolated	EA	is	a	lesion	that	requires	
elongation	of	the	blind	ends	of	the	esophagus	or	any	
of	 a	 number	 of	 substitution	 procedures	 to	 establish	
esophageal	continuity,	a	gastrostomy	is	indicated	for	
nutrition.	 The	 definitive	 esophageal	 procedure	 will	
occur	 in	 most	 cases	 long	 after	 the	 ARM	 has	 been	
treated	surgically.

The	upper	esophageal	pouch	may	be	safely	managed	
by	sump	suction	drainage	and	intermittent	bouginage	
for	an	 indefinite	period.	Either	gastroesophageal	 re-
flux	 or	 the	 intermittent	 bouginage	 via	 gastrostomy	
will	 serve	 to	 elongate	 the	 lower	esophageal	 segment	
while	a	decision	is	reached	on	the	method	of	defini-
tive	esophageal	treatment.	Most	commonly	the	estab-
lishment	of	a	 colostomy	 in	 the	presence	of	an	obvi-
ously	high	ARM	or	an	 indeterminate	 low	ARM	will	
accompany	the	gastrostomy	procedure.	The	potential	
use	of	colon	for	esophageal	interposition	must	be	kept	
in	mind	at	all	stages	of	the	ARM	repair.	Similarly,	the	
placement	of	a	gastrostomy	near	the	greater	curvature	
of	the	stomach	may	compromise	the	ability	to	develop	
a	reversed	gastric	 tube	for	 later	esophageal	substitu-
tion.	 If	 the	 initial	 whole	 body	 radiograph	 indicates	
air	 in	the	stomach	but	none	beyond	the	duodenum,	
atresia	of	the	duodenum	may	be	present.	Because	of	
the	absence	of	intraabdominal	air	in	the	case	of	iso-
lated	EA,	the	patency	of	the	gut	between	the	stomach	
and	colon	must	be	confirmed	intraoperatively	during	
the	creation	of	these	ostomies	to	insure	that	duodenal	
atresia	or	small	bowel	atresia	is	not	also	present.	Once	
a	route	for	nutrition	has	been	established	the	plans	for	
the	definitive	treatment	of	both	EA	and	ARM	can	be	
formulated	and	undertaken.

In	the	presence	of	duodenal	atresia	(Fig.	16.2)	the	
treatment	of	the	upper	GI	tract	becomes	much	more	
complex	and	the	establishment	of	a	colostomy	to	pal-
liate	 the	ARM	becomes	much	more	probable.	Often	
prematurity	 will	 complicate	 the	 therapeutic	 plans.	

Parenteral	nutrition	is	certainly	indicated	for	patients	
with	 this	 constellation	 of	 associated	 anomalies,	 but	
the	volume	of	intravenous	fluid	required	is	not	with-
out	 its	 potential	 to	 complicate	 an	 associated	 cardiac	
malformation.	 Because	 low	 birth	 weight	 was	 more	
of	a	risk	 factor	 for	mortality	 in	 the	past,	 staging	 the	
surgical	 treatment	 was	 popular.	 The	 upper	 esopha-
geal	pouch	can	be	safely	managed	with	sump	suction	
drainage,	but	the	presence	of	the	distal	TEF	is	a	risk	
factor	for	aspiration	that	is	not	always	eliminated	by	
the	 establishment	 of	 a	 decompression	 gastrostomy.	
The	 upper	 gastrointestinal	 tract	 has	 been	 managed	
by	transthoracic	ligation	of	the	distal	TEF.	Definitive	
repair	of	EA/TEF	can	be	safely	accomplished	in	pre-
mature	babies	weighing	as	little	as	1200–1300	g	and	is	
probably	 the	preferred	approach	at	present.	A	 small	
transesophageal	tube	passed	at	operation	will	suffice	
for	 initial	postoperative	decompression	of	 the	stom-
ach.	A	decompression	gastrostomy	and	a	 colostomy	
can	be	established	a	day	or	two	later	at	the	time	of	the	
procedure	 to	 treat	 DA.	 In	 our	 experience,	 sufficient	
gut	function	to	allow	enteral	nutrition	is	usually	de-
layed	for	a	period	of	weeks	following	duoduodenos-
tomy.	During	this	time	the	treatment	program	for	the	
ARM	may	be	undertaken	if	appropriate.

Fig.	16.2	 Abdominal	 radiograph,	 demonstrating	 marked	
gaseous	distension	of	the	stomach	and	duodenal	cap	(arrow),	
in	 keeping	 with	 a	 high-grade	 duodenal	 obstruction.	 Duode-
nal	atresia	was	 identified	at	 surgery.	 Image	courtesy	of	Dr.	E.	
Bekhit,	Department	of	Medical	Imaging,	Royal	Children’s	Hos-
pital,	Melbourne,	Australia
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16.3	 Other	Intestinal	Malformations

Other	intestinal	malformations	that	may	accompany	
ARM	include	jejunal-ileal	atresia	and	colonic	malfor-
mations.	Given	the	association	between	notochordal	
malformations	and	intestinal	malformations,	some	of	
the	 same	processes	 that	produce	EA/TEF	and	ARM	
may	 be	 applicable	 to	 other	 malformations.	 Many	
years	ago	we	reported	a	congenital	malformation	of	
the	colon	associated	with	a	teratoma	arising	from	L2	
that	was	associated	with	a	low	ARM	and	in	whom	the	
aorta	was	noted	to	be	bifid	below	the	level	of	T12	[12].	
Other	cases,	 although	rare,	of	dilated,	dysfunctional	
colon	found	in	patients	with	ARM	may	be	of	similar	
etiology	(see	Chap.	11	on	congenital	pouch	colon).

16.4	 Hirschsprung’s	Disease

The	 coincidence	 of	 HD	 and	 ARM	 is	 not	 easily	 de-
termined.	 In	 the	 aforementioned	 extensive	 series	 of	
lesions	associated	with	ARM,	the	incidence	of	classi-
cally	proven	HD	was	thought	to	be	very	low	[9].	Hy-
poganglionosis	of	the	terminal	gut	has	been	observed	
in	cases	of	ARM	where	it	was	felt	to	be	a	result	of	the	
etiologic	factors	producing	the	ARM	rather	than	due	
to	a	de	novo	failure	of	ganglion	cell	migration	[13,14].	
It	has	been	suggested	that	the	terminal	bowel	in	cases	
of	high	ARM	be	biopsied	and	that	the	aganglionic	or	
hypoganglionic	segments	be	resected	during	the	pull-
through	[15],	but	most	surgeons	now	feel	that	the	as-
sociation	 between	 HD	 and	 ARM	 is	 sufficiently	 rare	
that	 biopsy	 sampling	 is	 unnecessary.	 Constipation	
following	repair	of	an	ARM	is	unlikely	 to	be	due	 to	
HD	and	can	be	managed	by	ensuring	patency	of	the	
anus	and	attention	to	dietary	factors.

More	recently,	 the	subject	of	NID	and	the	occur-
rence	of	classical	HD	in	the	presence	of	low	ARM	have	
entered	the	complex	picture	of	innervation	disorders	
of	the	anorectum	and	terminal	colon.	Using	the	more	
modern	 techniques	 of	 histochemical	 analysis	 of	 the	
fistula	or	terminal	rectum	in	patients	with	ARM,	the	
criteria	 for	 both	 HD	 and	 NID	 have	 been	 seen	 with	
somewhat	alarming	frequency	[16].	All	fistulas	were	
“abnormally”	innervated.	The	four	patients	with	low	
ARM	 and	 recognizable	 innervation	 disorders	 of	 the	
distal	 centimeter	 of	 the	 rectal	 pouch	 portion	 of	 the	
resection	ultimately	had	severe	constipation.	Only	5	
of	 19	 patients	 with	 intermediate	 or	 high	 ARM	 and	
innervation	 disorders	 suffered	 from	 constipation	 or	
soiling.	The	authors’	recommendation	was	that	since	
the	 clinical	 course	 could	 not	 be	 correlated	 with	 the	

type	or	severity	of	the	distal	innervation	disorder,	the	
fistula	and	the	distal	segment	of	rectal	pouch	should	
not	be	used	in	the	repair	of	the	ARM.	Perhaps	the	saf-
est	course	in	the	absence	of	the	histochemical	analysis	
is	to	follow	the	authors’	recommendation	and	discard	
the	distal	1	cm	of	the	rectal	pouch.

16.5	 Cardiac	Malformations

Because	 the	 association	 between	 ARM	 and	 cardiac	
malformations	 exceeds	 that	 of	 any	 other	 “correct-
able”	associated	malformation,	 it	 is	necessary	 to	ob-
tain	 a	 cardiology	 consultation	 and	 an	 echocardio-
gram	as	part	of	the	initial	evaluation	(Fig.	16.3).	The	
most	 common	 associated	 cardiac	 malformation	 is	 a	
ventricular	septal	defect	(VSD).	Some	are	associated	
with	tetralogy	of	Fallot	(TOF)	and	others	are	isolated	
defects.	It	is	unusual	for	a	VSD	of	any	type	to	be	as-
sociated	with	cyanosis	or	cardiac	failure	in	the	new-
born	 except	 for	 those	 with	 complex	 cardiac	 malfor-
mations	 such	 as	 pulmonary	 atresia	 or	 transposition	
of	the	great	vessels.	In	the	very	rare	instance	of	these	
latter	 lesions	being	associated	with	ARM	patency	of	
the	ductus	arteriosus	may	be	maintained	by	 the	use	
of	 prostaglandin	 while	 the	 colostomy	 is	 established.	
Additionally,	 the	 patent	 foramen	 ovale	 may	 need	 to	
be	enlarged	by	the	balloon	technique	in	the	case	of	in-

Fig.	16.3	 Transthoracic	echocardiogram	demonstrating	a	gap	
between	the	left	ventricle	(LV)	and	right	ventricle	(RV)	that	does	
not	involve	the	left	ventricular	outflow	tract	and	aorta	(curved 
arrow),	 in	keeping	with	a	perimembranous	ventricular	 septal	
defect	(arrow).	Image	courtesy	of	Dr.	G.	Lane,	Department	of	
Cardiology,	Royal	Children’s	Hospital,	Melbourne,	Australia
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adequate	atrial	mixing.	This	is	probably	the	only	time	
the	cardiac	lesion	will	take	precedence	over	the	repair	
of	the	ARM.	The	usual	associated	cardiac	malforma-
tions	of	VSD	and	TOF	will	be	addressed	following	the	
repair	of	the	ARM.

When	EA/TEF	is	present	to	further	complicate	the	
clinical	 and	 therapeutic	 course,	 many	 factors	 enter	
into	the	treatment	algorithm.	Among	these	is	the	pos-
sibility	of	ligation	or	division	of	the	distal	TEF	along	
with	a	colostomy	to	temporize.	If	 the	baby	has	TOF	
the	descending	aorta	may	be	on	the	right	side,	mak-
ing	 the	 definitive	 repair	 of	 the	 EA/TEF	 easier	 from	
the	left	thoracic	approach.

Only	 in	 the	presence	of	 a	 cyanotic	 cardiac	 lesion	
without	ductal	patency	will	a	systemic-to-pulmonary	
shunt	 be	 required.	 Although	 most	 of	 these	 are	 cur-
rently	done	by	 the	 interposition	of	a	Gore-Tex	graft	
from	 the	 subclavian	 artery	 to	 the	 ipsilateral	 pulmo-
nary	 vessel,	 the	 classic	 Blalock-Taussig	 shunt	 is	 cre-
ated	 on	 the	 side	 of	 the	 innominate	 artery	 and	 may	
cause	the	later	repair	of	the	EA/TEF	to	be	performed	
through	a	previously	violated	pleural	cavity.

The	 mortality	 rate	 of	 the	 commonly	 associated	
cardiac	malformations	has	dropped	significantly	over	
the	last	decade	or	two,	but	the	constellation	of	a	more	
severe,	cyanotic	cardiac	defect	with	EA	or	ARM	will	
obviously	increase	the	complexity	of	the	surgical	ap-
proach	as	well	as	the	mortality	and	morbidity.

16.6	 Spinal	Deformities

These	are	the	most	commonly	associated	malforma-
tions	 with	 ARM.	 The	 most	 common	 of	 the	 spinal	
deformities	are	aberrations	in	the	numbers	and	sym-
metrical	 development	 of	 the	 pelvic	 vertebrae.	 There	
are	usually	hemivertebrae	present	that	will	tilt	the	pel-
vis	 to	 a	 varying	 degree	 and,	 if	 extensive,	 may	 result	
in	severe	deformity	of	the	lower	body.	The	absence	of	
several	pelvic	vertebrae	is	more	often	associated	with	
urinary	incontinence	than	with	bowel	incontinence.

At	 times	 the	 spinal	 malformation	 may	 be	 very	
severe	 with	 lack	 of	 development	 of	 the	 sacrum	 and	
sacral	 nerve	 plexus,	 a	 condition	 know	 as	 caudal	 re-
gression	or	caudal	dysgenesis	 sequence.	 In	 these	 in-
stances	 the	 baby’s	 buttocks	 are	 flat	 and	 the	 gluteal	
crease	is	barely	discernable.	The	clinical	import	of	this	
condition	is	that	the	pelvic	musculature	and	innerva-
tion	are	impossible	to	utilize.	The	establishment	of	an	
anal	opening	on	the	perineum	will	result	in	a	perineal	
colostomy	with	little	or	no	bowel	control	and	no	pos-
sibility	of	maintaining	a	colostomy	bag	seal.	In	these	

cases,	establishment	of	a	permanent	colostomy	is	re-
quired	following	separation	of	the	distal	bowel	from	
the	urogenital	tract.

Some	 of	 the	 associated	 spinal	 malformations	 are	
accompanied	by	a	tethered	spinal	cord.	The	filum	ter-
minale	is	fixed	to	the	abnormal	sacral	vertebrae	and	
the	spinal	cord	is	stretched,	resulting	in	dysfunction	
of	the	most	distal	spinal	nerves	first	–	those	innervat-
ing	the	levator/sphincter	mechanism,	which	results	in	
a	flaccid	anus.	There	is	usually	is	some	skin	abnormal-
ity	such	as	a	hairy	nevus	located	over	the	sacrum	or	
distal	lumbar	vertebrae.	Ultrasonography	will	usually	
detect	the	tethered	cord	or	will	indicate	the	presence	
of	an	intraspinal	lipoma	or	meningeal	cyst	that	might	
also	eventually	prevent	 the	patient	 from	being	satis-
factorily	continent	following	repair	of	an	ARM.	There	
continues	to	be	no	hard	evidence	that	the	presence	of	
a	 tethered	 cord	 affects	 continence	 or	 that	 release	 of	
the	tethered	cord	alone	will	improve	continence	when	
it	is	suboptimal.	The	reader	is	directed	to	Chap.	18	for	
a	more	complete	discussion	of	this	topic.
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17.1	 Introduction

The	importance	of	investigating	and	treating	the	uri-
nary	tract	in	patients	born	with	anorectal	malforma-
tions	 (ARM),	 has	 until	 recently	 been	 underempha-
sized	[5].	This	is	surprising	as	the	association	between	
urological	anomalies	and	ARM	is	well	described	and	
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is	 a	 known	 feature	 of	 both	 the	 VATER	 (acronym	 of	
Vertebral	 and	 vascular	 anomalies,	 Anal	 atresia,	 Tra-
cheoesophageal	fistula,	Esophageal	atresia,	and	Renal	
anomalies,	 Radial	 dysplasia)	 and	 VACTERL	 (acro-
nym	of	Vertebral	abnormalities,	Anal	atresia,	Cardiac	
defects,	 Tracheoesophageal	 fistula	 with	 Esophageal	
atresia,	Radial	and	renal	defects,	and	Lower-limb	ab-
normalities)	associations	[40,56].	These	children	can	
have	both	structural	and	functional	abnormalities	of	
the	upper	and	lower	urinary	tract	as	well	as	significant	
genital	 anomalies	 [37].	 Anomalies	 of	 the	 genitouri-
nary	tract	can	have	a	dramatic	impact	on	the	length	
and	quality	of	these	children’s	lives	[27].

Genitourinary	 anomalies	 occur	 frequently	 in	 pa-
tients	with	ARM	and	previous	retrospective	reviews	
report	incidences	from	20	to	50%	[27,28,36,41,54,55].	
In	 one	 large	 series	 from	 Japan	 consisting	 of	 1,992	
patients,	 425	 had	 genitourinary	 problems	 [16].	 This	
association	 is	easily	understood	when	one	considers	
that	 the	 embryological	 development	 of	 the	 rectum	
and	 genitourinary	 tract	 develop	 simultaneously	 and	
in	 close	 proximity	 [10].	 A	 common	 embryological	
insult	affecting	the	caudal	portion	of	the	embryos	de-
velopment	at	a	critical	time	during	early	gestation	can	
cause	a	spectrum	of	defects	in	the	anorectal,	genital,	
urinary,	and	spinal	tract	[26,32,47].

Overall,	approximately	40%	of	patients	have	a	uri-
nary	tract	anomaly	and	10%	have	a	genital	anomaly	
(Table	17.1)	 [27,28,30,41].	 Historical	 studies	 have	
used	 different	 classification	 systems;	 in	 this	 chapter	
it	 has	 only	 been	 possible	 to	 compare	 reports	 using	
the	 “high,	 intermediate	 and	 low”	 definitions.	 In	 ad-
dition,	 female	 patients	 with	 cloacal	 anomalies	 will	
be	 considered	 separately.	 The	 incidence	 of	 urinary	
anomalies	 increases	 according	 to	 the	 severity	 of	 the	
anorectal	lesion	[28,37,42]	and	is	shown	in	Table	17.2.	
The	incidence	of	an	associated	genitourinary	anom-
aly	also	increases	when	a	lumbosacral	defect	is	pres-
ent	[28,37,42].

Genital	maldevelopment	is	less	frequent,	but	still	a	
significant	problem.	Interestingly,	those	patients	with	
a	 urinary	 anomaly	 are	 more	 likely	 to	 have	 a	 genital	
tract	problem	(26%)	compared	with	those	without	a	

17	 Urological	Problems	in	Children		
with	Anorectal	Malformations

Duncan T. Wilcox and Stephanie A. Warne



Duncan	T.	Wilcox	and	Stephanie	A.	Warne270

urinary	defect	(14%)	[28].	However,	a	genital	anom-
aly	is	much	better	at	predicting	a	urinary	problem,	as	
55%	of	these	patients	have	both	[28].

The	incidence	of	genitourinary	problems	depend-
ing	on	the	sex	of	the	patient	is	confusing.	In	their	early	
series,	Metts	et	al.	showed	clearly	that	boys	had	more	
problems	 than	girls	 (50%	versus	30%),	 and	 this	dif-
ference	continued	to	be	significant	even	when	the	se-
verity	of	the	abnormality	was	considered	[28].	Ratan,	
however,	 showed	 the	 opposite,	 with	 girls	 more	 fre-
quently	affected	[40].	McLorie	and	Warne	identified	
no	significant	difference	between	the	sexes	 for	renal	
abnormalities	[27,41,51	52].

This	chapter	will	outline	 the	 structural	and	 func-
tional	anomalies	seen	in	the	genitourinary	tract	and	
describe	the	abnormalities	seen	according	to	the	se-
verity	of	the	underlying	ARM.	In	addition,	the	poten-
tially	adverse	effects	of	surgical	reconstruction	on	the	
urological	outcome	will	be	discussed.	Finally,	a	sug-
gested	outline	for	the	evaluation	of	these	patients	will	
be	proposed.

17.2	 Renal	Anomalies

The	majority	of	anomalies	associated	with	the	kidney	
and	ureter	have	been	described	in	patients	with	ARM.	
This	review	will	outline	those	seen	and	the	manage-
ment	of	these	problems.

17.2.1	 Structural

17.2.1.1	 Position

Kidneys	placed	ectopically	have	been	well	described	
[27,28,30,41].	Kidneys	can	either	be	single	and	ectop-
ically	positioned	(i.e.,	pelvic)	or	can	be	 joined.	 Join-
ing	of	 the	kidneys	can	either	be	midline	 (horseshoe	
kidney;	 Fig.	17.1)	 or	 joined	 both	 on	 the	 same	 side	
(crossed	 fused	 ectopia;	 Fig.	17.2).	 Renal	 ectopia	 oc-
curs	in	approximately	5%	of	patients	and	renal	fusion	
in	 5%	 [27,28].	 These	 patients	 do	 not	 need	 specific	
management	of	 these	renal	problems;	however,	 they	
do	predispose	to	urinary	tract	infections	and	to	vesi-
coureteric	reflux,	which	needs	to	be	considered.

17.2.1.2	 Duplication

Renal	duplication,	either	partial	or	complete,	is	seen	
in	between	2	and	5%	of	patients	[28,30].	The	manage-
ment	 of	 these	 patients	 is	 the	 same	 as	 those	 without	
ARM.	 An	 ectopic	 ureter	 associated	 with	 an	 upper	
pole	moiety	must	be	considered	as	a	cause	of	inconti-
nence	in	these	children.

17.1.2.3	 Hydronephrosis

The	 incidence	 of	 hydronephrosis	 varies	 greatly	 be-
tween	the	series	reported	in	the	literature.	Hydrone-

Table	17.1	 Incidence	 of	 genitourinary	 anomalies	 related	 to	
type	of	ARM	Anorectal	malformation

Fistula level Associated genitourinary 
malformation
%

Cloaca 88

Bladder	neck 92

Prostatic	urethra 66

Vestibular 30

Bulbar	urethra 25

Perineal 0

No	fistula 25

Table	17.2	 Genitourinary	anomalies	according	to	severity	of	the	ARM	[28]

Abnormality ARM Boys
n = 21

ARM Girls
n = 12

Cloaca
n = 12

Total
n = 45

Abnormal	sacrum 10	(48%) 5	(42%) 	6	(50%) 21	(47%)

Abnormal	spinal	cord 	2	(9%) 4	(33%) 	5	(42%) 11	(24%)

Abnormal	kidneys 11	(52%) 3	(25%) 	3	(25%) 17	(38%)

Vesicoureteric	reflux 	6	(29%) 3	(25%) 	1	(8%) 10	(22%)

Abnormal	genitalia 11	(52%) 1	(8%) 12	(100%) 24	(53%)

Abnormal	urodynamics 13	(62%) 6	(50%) 10	(75%) 29	(64%)
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phrosis	was	the	most	common	problem	identified	in	
the	renal	tract	by	Ratan	and	colleagues,	but	in	other	
series	the	rate	is	between	2	and	10%	[41].	In	most	se-
ries	hydronephrosis	is	used	to	refer	to	a	uretero-pelvic	
junction	impairment	to	urine	flow.	The	management	
of	these	patients	has	not	been	specifically	discussed;	
the	 general	 approach	 is	 prophylactic	 antibiotics	 and	
observation,	 with	 approximately	 25%	 requiring	 sur-
gical	 reconstruction	 [14].	 Surgical	 reconstruction	 is	
needed	 in	 those	 patients	 with	 an	 increasing	 hydro-
nephrosis,	deteriorating	renal	function,	or	symptoms	
[14].

17.2.1.4	 Renal	Dysplasia

Renal	dysplasia	is	seen	in	patients	with	both	low	and	
high	ARM	[27,30];	the	incidence	varies	from	2	to	8%.	
The	diagnosis	of	dysplasia	has	been	made	 in	a	vari-
ety	of	ways	including	pathological	specimens	and	by	
nuclear	renography.	The	latter	technique	is	not	as	ac-
curate.	 In	 addition	 to	 dysplasia,	 patients	 with	 ARM	
may	also	have	a	multicystic	dysplastic	kidney,	which	
is	 nonfunctioning.	 This	 abnormality	 appears	 less	
commonly,	 in	 about	 1–3%	 of	 patients	 [27,30].	 The	
importance	of	dysplasia	and	renal	agenesis	cannot	be	
overlooked,	as	chronic	renal	failure	is	one	of	the	ma-
jor	causes	of	mortality	in	these	patients	[27].

17.2.1.5	 Renal	Agenesis

Unilateral	 renal	 agenesis	 is	 a	 common	 problem,	 it	
is	 reported	 in	 3–5%	 of	 children	 with	 low	 anoma-
lies	 and	 up	 to	 20%	 of	 patients	 with	 high	 anomalies	
[27,28,30,42].

17.2.2	 Functional

Studies	 looking	 at	 renal	 function	 in	 prospective	 co-
horts	of	patients	with	ARM	have	not	been	reported.	
Patients	with	chronic	renal	failure	(defined	as	a	glo-
merular	 filtration	 rate,	 GFR	 -	 corrected	 for	 surface	
area-	of	less	than	80	ml/min)	have	been	described	in	
both	low	and	high	anomalies.	Misra	described	4	of	95	
patients	who	had	chronic	renal	 failure;	 the	underly-
ing	 diagnosis	 was	 bilateral	 renal	 dysplasia,	 bilateral	
vesicoureteric	 reflux,	 and	 neuropathic	 bladder.	 One	
of	these	patients	required	renal	transplantation	before	
18	years	 of	 age	 [30].	 The	 incidence	 of	 chronic	 renal	
failure	in	patients	with	high	lesions	is	not	well	docu-
mented,	but	between	2	and	6%	of	 these	patients	die	
from	 renal	 insufficiency,	 compared	 with	 1.1%	 with	
low	 lesions	 [27].	 The	 management	 of	 chronic	 renal	
failure	 and	 end-stage	 disease	 in	 children	 with	 ARM	
raises	specific	challenges.	Peritoneal	dialysis	and	sub-
sequent	 renal	 transplantation	 can	 be	 technically	 de-

Fig.	17.2	 Intravenous	urogram	showing	a	right-crossed,	fused,	
ectopic	kidney

Fig.	17.1	 Intravenous	urogram	showing	a	horseshoe	kidney
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manding	due	to	 the	previous	abdominal	operations.	
In	addition,	those	patients	who	go	on	to	renal	trans-
plantation	 need	 specific	 attention	 to	 exclude	 neuro-
pathic	bladder,	which	could	continue	to	damage	the	
new	kidney.

In	 a	 recent	 long-term	 outcome	 review	 of	 64	 clo-
aca	patients,	 an	abnormality	of	 the	kidneys,	ureters,	
and	 bladder	 was	 identified	 in	 83%	 at	 presentation	
(Table	17.3)	[52].	Other	authors	also	describe	a	simi-
larly	high	incidence	of	genitourinary	abnormalities	in	
girls	with	persistent	cloaca	[20,21,42].	Bilateral	renal	
dysplasia	 and	 dysplasia	 of	 a	 solitary	 or	 cross-fused	
ectopic	 kidney	 was	 diagnosed	 in	 the	 early	 neonatal	
period,	 with	 abnormal	 renal	 function	 on	 presenta-
tion	in	15	(23%).	At	an	average	age	of	11	years,	50%	of	
the	group	had	developed	chronic	renal	 failure	(with	
GFR	<	80	ml/min/1.73	m2).	 This	 was	 severe	 or	 end-
stage	 renal	 failure	 in	 17%	 (with	 GFR	<	25	ml/min/
1.73	m2).	Six	patients	(9%)	required	renal	transplan-
tation.	One	died	posttransplantation	from	renal	vein	
thrombosis	in	the	grafted	kidney.	A	further	three	pa-
tients	died	as	a	consequence	of	renal	failure,	giving	an	
overall	mortality	rate	of	6%	from	renal	failure	[52].

17.3	 Ureteric	Anomalies

17.3.1	 Vesicoureteric	Reflux

The	 reported	 incidence	 of	 vesicoureteric	 reflux	 var-
ies	 greatly	 from	 2	 to	 nearly	 50%	 [27,41].	 The	 varia-

tion	 appears	 to	 depend	 entirely	 upon	 the	 number	
of	 patients	 who	 undergo	 a	 diagnostic	 micturating	
cystogram	 to	 detect	 reflux.	 In	 a	 cohort	 who	 all	 had	
cystograms,	33%	presented	with	reflux;	however,	this	
represented	a	selected	group	[27].	In	a	prospectively	
studied	group,	10	out	of	45	(22%)	had	vesicoureteric	
reflux;	 4	 of	 these	 (9%)	 had	 structurally	 normal	 up-
per	 tracts	 at	 presentation.	 All	 grades	 of	 reflux	 have	
been	described:	in	1996,	Boemers	et	al.	reported	that	
27%	of	their	cohort	had	reflux;	of	the	24	patients	(37	
kidneys)	with	reflux,	6	were	grade	I,	4	were	grade	II,	
5	were	grade	III,	9	were	grade	IV,	and	3	were	grade	
V	[3,4].	This	suggests	that	higher-grade	reflux	is	seen	
than	 in	 patients	 with	 primary	 vesicoureteric	 reflux;	
however,	large	series	have	not	been	well	reported	and	
an	association	between	reflux	with	and	that	without	a	
neuropathic	bladder	has	not	been	documented.

The	management	of	reflux	follows	the	same	princi-
ples	as	all	patients	with	primary	reflux.	In	18	patients	
with	reflux,	10	spontaneously	improved,	3	are	still	be-
ing	observed,	and	5	had	the	reflux	corrected	[30].	Nei-
ther	the	initial	grade	of	reflux	nor	the	indication	for	
surgical	treatment,	however,	was	mentioned.	Division	
of	the	rectourinary	fistula	and	subsequent	decrease	in	
bacterial	contamination	frequently	leads	to	resolution	
of	lower	grades	of	reflux	[9,43].	This	report	and	oth-
ers,	suggest	that	a	policy	of	observation	and	expectant	
management	is	appropriate	for	these	patients.

17.3.2	 Megaureters

Megaureters	 are	 rarely	 observed	 (approximately	 1–
3%)	[28,30].	As	with	hydronephrosis,	a	policy	of	pro-
phylactic	 antibiotics	 and	 observation	 is	 appropriate.	
The	 necessity	 for	 surgical	 reconstruction	 is	 not	 well	
reported.

17.3.3	 Ureteric	Ectopia

Ureteric	ectopia	is	a	rare	clinical	entity.	It	is	associated	
with	 complete	 ureteric	 duplication	 in	 80%	 of	 cases.	
Single	 system	 ureteric	 ectopia	 usually	 presents	 with	
persistent	urinary	incontinence	and	hydroureterone-
phrosis	and	is	more	frequently	seen	in	patients	with	
cloacal	anomalies	(A.	Trainer,	personal	communica-
tion)	 [51].	 It	 is	 associated	 with	 a	 renal	 abnormality	
such	 as	 horseshoe	 kidney,	 crossed-fused	 renal	 ecto-
pia,	 malrotated	 kidney,	 renal	 dysplasia,	 and	 pelvic	
kidney.	Surgical	options	to	correct	this	condition	usu-
ally	 include	 ureteric	 reimplantation	 and	 procedures	
to	increase	bladder	outlet	resistance.

Table	17.3	 The	incidence	of	urinary	tract	anomalies	in	64	pa-
tients	with	a	persistent	cloaca

Urinary tract anomalies Number %

Bilateral	renal	dysplasia 	15 23

Unilateral	renal	dysplasia 	 	2 		3

Solitary	kidney	(dysplastic) 		 8 13

Pelviureteric	junction	obstruction 		 4 		6

Bilateral	duplex 		 6 		9

Horseshoe	kidney 		 1 		3

Pelvic	kidney 		 4 		6

Crossed	fused	ectopia 		 4 		6

Hydronephrosis 	10 16

Ureterocele 		 1 		2

Patent	urachus 		 1 		2

Bladder	diverticulum 		 2 		3

Bladder	atresia 		 3 		5
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17.4	 Bladder	Anomalies

17.4.1	 Structural

Structural	 abnormalities	 of	 the	 bladder	 occur	 infre-
quently	 in	patients	with	ARM.	However,	fistulas	be-
tween	the	rectum	and	bladder	or	bladder	neck	occur	
in	 around	 10%	 of	 all	 ARM	 and	 represent	 the	 most	
complex	malformations	in	males	[37,42].	The	bladder	
is	absent	in	up	to	8%	of	female	infants	with	a	persis-
tent	cloaca;	in	these	patients	it	is	associated	with	bilat-
eral,	single-system	ectopic	ureters	[51].

17.4.2	 Functional

The	 etiology	 of	 lower	 urinary	 tract	 dysfunction	 in	
ARM	 and	 cloacal	 anomalies	 is	 poorly	 understood	
[2–4,50,51].	 However,	 bladder	 dysfunction	 causes	
significant	 urological	 morbidity	 in	 the	 pediatric	
population,	resulting	in	renal	damage	from	recurrent	
urinary	 tract	 infections	 and	 urinary	 incontinence,	
both	 of	 which	 can	 cause	 profound	 morbidity	 and	
disability	 [7].	 Recurrent	 urinary	 tract	 infection	 may	
be	 overlooked	 or	 attributed	 to	 coexisting	 vesicoure-
teric	 reflux	 or	 renal	 anomalies,	 which	 are	 prevalent	
in	a	high	proportion	of	these	children	[7,27].	Conse-
quently,	detecting	bladder	dysfunction	at	an	early	age	
is	essential	in	avoiding	deterioration	in	renal	function	
[5,18,24,45,46].

17.4.2.1	 Preoperative

In	 newly	 diagnosed	 ARM	 and	 cloacal	 malforma-
tions,	surgical	and	medical	treatment,	for	the	first	few	

years	 of	 life,	 focuses	 primarily	 on	 construction	 of	 a	
new	anus	and	to	restore	continuity	to	the	gastrointes-
tinal	tract	[37,38].	Bladder	dysfunction	can	easily	be	
overlooked	and	 is	difficult	 to	evaluate	 since	 surgical	
reconstruction	is	performed	at	an	age	where	the	ma-
jority	of	patients	have	not	reached	the	age	to	achieve	
urinary	continence.

Recently,	 De	 Gennaro	 and	 colleagues	 described	
a	 4-h	 voiding	 observation	 in	 infants	 and	 observed	
that	50	out	of	89	patients	(55%)	had	abnormal	blad-
der	function.	In	the	neonates,	five	out	of	nine	had	in-
complete	 voiding	 [32].	 This	 compares	 well	 with	 the	
overall	 incidence	of	bladder	dysfunction	as	assessed	
by	urodynamics,	which	is	between	7	and	30%	[4,49].	
The	 majority	 of	 children	 with	 bladder	 dysfunction	
had	 abnormal	 spines,	 88%	 in	 a	 recent	 series	 [32].	
However,	there	are	multiple	reports	of	ARM	patients	
with	abnormal	bladder	function	with	a	normal	bony	
sacrum	[32,49].	Therefore	it	is	not	possible	to	use	spi-
nal	radiography	alone	as	the	investigation	to	exclude	
spinal	dysraphism	or	spinal	cord	lesion	and	potential	
neurogenic	bladder	in	ARM	patients.	Ultrasound	and	
magnetic	 resonance	 imaging	 (MRI)	 are	 comparable	
in	 depicting	 the	 presence	 or	 absence	 of	 intraspinal	
pathology	 [44,48].	 Spinal	 ultrasound	 provides	 rapid	
information	on	the	bony	sacrum,	the	spinal	cord,	fi-
lum	terminale,	and	overlying	soft	 tissue	 [15,49]	and	
is	 a	 useful	 screening	 investigation	 during	 the	 first	
3	months	of	life.	MRI	delineates	the	specific	nature	of	
the	 spinal	 abnormalities	 more	 clearly	 [1]	 and	 is	 the	
modality	of	choice	in	older	children,	or	where	ultra-
sound	has	failed.

The	incidence	of	neurogenic	bladder	increases	with	
the	severity	of	the	underlying	ARM.	Mosiello	and	col-
leagues	observed	a	neurogenic	bladder	in	8	out	of	39	
patients	with	 low	 lesions,	18	out	of	45	patients	with	

Table	17.4	 Urodynamic	findings	in	a	prospective	cohort	of	patients	with	an	ARM	according	to	fistula	position.	NFU Abn	Abnor-
mality	found	on	natural	filling	urodynamics	DO	detrusor	overactivity,	M	male,	F	female

Cloaca Vesical fistula High, no fistula Urethral fistula Vestibular fistula

n* 12 5 4 12 10

Gender F M 2M,	2F M F

Normal 2	(17%) 0 0 6	(50%) 6	(60%)

NFU	Abn 10	(83%) 5	(100%) 4	(100%) 6	(50%) 4	(40%)

Idiopathic	DO 3 0 1 2 1

Neurogenic	DO 7 2 1 4 2

Asynchronous	 0 0 2 0 1

Inadequate 0 3 0 0 0
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high	lesions,	and	all	5	cloaca	patients	[32].	This	was	
confirmed	 by	 Warne,	 who	 prospectively	 studied	 a	
group	 of	 45	 ARM	 patients	 by	 natural	 filling	 urody-
namics	and	found	that	58%	of	ARM	patients	and	83%	
of	 cloaca	 patients	 had	 bladder	 dysfunction	 on	 pre-
sentation	(Table	17.4,	Fig.	17.3)	[49].	The	high	rate	of	
bladder	dysfunction	in	this	series	may	be	explained	by	
the	predominance	of	high	lesions,	and	the	incidence	
of	bladder	dysfunction	increases	with	the	severity	of	
the	ARM.	These	data	suggest	that	a	neurogenic	blad-
der	can	be	seen	in	all	varieties	of	patients	with	ARM,	
either	with	or	without	an	abnormal	spine	[32].

17.4.2.2	 Postoperative	Urinary	Continence

The	rate	of	urinary	incontinence	varies	greatly	in	the	
literature	 depending	 on	 the	 severity	 of	 the	 original	
ARM	 and	 on	 the	 definitions	 used	 to	 describe	 con-
tinence.	 Overall	 incontinence	 rates	 in	 the	 literature	
vary	from	10%	up	to	25%	[3,4,37].	Rintala	reviewed	
continence	in	adult	high	and	intermediate	ARM	pa-
tients	with	mean	age	of	35	years	and	reported	urinary	
incontinence	 in	 33%,	 which	 greatly	 affected	 their	
quality	of	 life	 [12].	The	rate	of	 incontinence	 in	girls	
born	 with	 a	 cloacal	 anomaly	 can	 approach	 60–70%	
[37,50].

17.4.2.3	 Bladder	Physiology

Denervation	of	the	lower	urinary	tract	has	been	ob-
served	 following	 posterior	 sagittal	 anorectoplasty	
(PSARP)	 and	 with	 other	 techniques	 used	 to	 recon-

struct	 ARM	 [2,4,8,11,55].	 In	 prospective	 series,	 the	
incidence	 of	 new	 neurological	 damage	 following	
PSARP	for	anorectal	malformations	varies	between	5	
and	10%	[2,49].	However,	the	rate	of	change	is	much	
greater	 in	 patients	 with	 a	 cloacal	 anomaly	 who	 un-
dergo	reconstruction	using	PSARP	and	total	urogeni-
tal	 mobilization,	 with	 50%	 showing	 deterioration	 in	
bladder	function	[50].	The	bladder	tended	to	change	
from	an	unstable	bladder	to	a	denervated,	 low-pres-
sure,	 high-capacity	 bladder	 [49].	 This	 change	 was	
more	commonly	noted	when	the	length	of	the	com-
mon	 channel	 was	 greater	 than	 3	cm.	 This	 change	 is	
supported	 by	 the	 high	 incidence	 of	 patients	 requir-
ing	 postoperative	 catheterization	 observed	 by	 Peña	
[37].	The	deterioration	in	bladder	function	following	
surgery	may	be	partially	due	to	the	pelvic	autonomic	
plexus	lying	more	midline	and	in	close	proximity	to	
the	 fistula	 in	 these	 children	 than	 in	 those	 without	
ARM	[13].
Constipation	may	also	contribute	to	abnormal	blad-
der	 function.	 More	 recently,	 Warne	 and	 colleagues	
observed	that	in	12	of	45	patients	a	wave	of	peristalsis	
could	initiate	an	abnormal	bladder	contraction.	This	
work	suggests	that	there	is	a	direct	link	between	bowel	
motility	and	urinary	incontinence.

17.4.2.4	 Management	of	Urinary	Incontinence

Unlike	 fecal	 incontinence,	urinary	 incontinence	 im-
pacts	on	other	organ	systems.	Incontinence	caused	by	
a	neurogenic	bladder	may	be	associated	with	 recur-
rent	urinary	tract	infections	and	vesicoureteric	reflux.	
This	combination	can	result	in	ongoing	damage	to	the	

Fig.	17.3	 Urodynamic	 tracing	 in	a	
patient	 with	 an	 anorectal	 malfor-
mation.	The	bottom	line	represents	
the	 detrusor	 pressure.	 Marked	 in-
stability,	indicative	of	a	neuropathic	
bladder,	 can	 be	 clearly	 seen.	 Pabd	
Abdominal	pressure,	Pves	vesicular	
pressure,	Pdet	detrusor	pressure
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kidneys,	resulting	in	renal	failure	[27].	Consequently,	
the	early	aggressive	management	of	these	patients	 is	
important	 to	 prevent	 renal	 damage.	 The	 important	
factors	are	to	ensure	that	the	bladder	is	emptied	regu-
larly	 and	 that	 the	 intravesical	 pressure	 remains	 low.	
Bladder	emptying,	when	necessary,	is	best	performed	
by	clean	intermittent	catheterization	(CIC).	CIC	can	
be	 performed	 either	 urethrally	 or	 via	 a	 Mitrofanoff	
stoma	[6,24].	In	the	majority	of	patients	with	an	ARM	
the	urethra	is	sensate,	consequently	urethral	CIC	can	
be	uncomfortable,	especially	in	the	older	patient.	By	
starting	 in	 the	first	3	months	of	 life,	Boemers	 found	
a	higher	compliance	rate	[6].	Reducing	bladder	pres-
sure	 should	 first	 be	 attempted	 medically	 using	 anti-
cholinergic	agents;	when	this	fails,	bladder	augmenta-
tion	may	be	necessary.	These	techniques	can	be	used	
to	achieve	social	continence	 in	many	of	 the	patients	
[6].

17.5	 Urethral	Problems

Posterior	 urethral	 valves,	 megaurethra,	 and	 urethral	
duplication	 have	 been	 reported	 in	 association	 with	
ARM	 [28,41].	 The	 most	 commonly	 reported	 ure-
thral	 problems	 are	 iatrogenic	 and	 include	 urethral	
strictures,	large	diverticula,	or	remnants	of	the	rectal	
pouch	from	incomplete	dissection	of	the	rectal	fistula	
at	 the	 time	 of	 pull-through	 [8,37].	 These	 complica-
tions	are	now	seen	less	 frequently	with	the	develop-
ment	 of	 PSARP,	 which	 allows	 good	 visualization	 of	
the	urethral	fistula.	Stones	may	form	if	a	urethral	di-
verticulum	 is	 left,	 precipitating	 recurrent	 infections,	
and	 it	 can	 be	 technically	 difficult	 to	 catheterize	 the	
urethra	in	those	patients	who	require	CIC	for	neuro-
genic	bladder	[36,39].

17.6	 Genital	Anomalies

17.6.1	 Male

Among	21	male	ARM	patients,	abnormalities	of	 the	
genitalia	were	identified	in	11	(52%)	[28].	An	associ-
ated	renal	abnormality	was	detected	in	nine	of	these	
boys	and	in	all	male	patients	with	hypospadias,	bifid	
scrotum,	bilateral	undescended	testes,	or	penoscrotal	
transposition.	There	were	two	boys	with	a	unilateral	
undescended	 testis	 who	 had	 normal	 kidneys.	 The	
presence	of	a	genital	abnormality	in	boys	with	ARM	
appears	 to	 be	 associated	 with	 a	 renal	 abnormality	
[28].

17.6.1.1	 Penis	and	Urethra

A	 penile	 abnormality	 has	 been	 described	 in	 14–25	
%	of	male	ARM	patients	[28,42].	Hypospadias	is	the	
most	common	penile	abnormality	detected,	but	chor-
dee,	rotational	anomalies	of	the	penis,	and	epispadias	
are	 also	 reported.	 Megaurethra	 and	 ectopic	 urethra	
are	uncommon,	and	penile	duplication	has	occurred	
in	a	few	patients	[28].

17.6.1.2	 Testicles	and	Scrotum

Cryptorchidism	 is	 a	 common	 finding	 and	 the	 inci-
dence	varies	between	10	and	40%	of	male	ARM	pa-
tients	 [27,28,42].	 McLorie	 reports	 that	 this	 is	 more	
common	 in	high	versus	 low	malformations	 (27%	vs	
7%).	 A	 bifid	 scrotum	 commonly	 occurs	 and	 is	 of-
ten	 with	 the	 more	 severe	 variants	 of	 hypospadias.	
Penoscrotal	 transposition	 has	 also	 been	 described	
(Fig.	17.4)	[27].

Fig.	17.4	 A	patient	with	penoscrotal	 transposition	and	hypo-
spadias
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17.6.1.3	 Epididymis,	Vas,	and	Ejaculatory	Ducts

There	 is	 an	 increased	 incidence	 of	 epididymitis	 in	
ARM	boys	and	this	is	seen	prior	to	and	after	surgical	
closure	of	rectourinary	fistula	[8,35].	The	exact	mech-
anism	 for	 this	 is	 unknown,	 but	 abnormalities	 such	
as	 urethral	 strictures,	 ectopic	 ureters,	 diverticulum	
at	the	previous	fistula	site,	and	a	neurogenic	bladder	
may	all	be	contributory	factors.	Ectopia	of	the	vas	has	
been	reported	[28],	and	Wolffian	duct	abnormalities	
are	more	common	on	the	same	side	as	renal	anoma-
lies	[23].	The	vas	and	seminal	vesicles	are	prone	to	iat-
rogenic	injury	in	patients	with	prostatic	and	bladder	
neck	fistulas	[11].	Holt	et	al.	reported	a	high	incidence	
of	 male	 infertility	 in	 adult	 males	 treated	 for	 ARM.	
Half	of	the	groups	studied	were	azospermic	and	there	
was	 a	 high	 incidence	 of	 ejaculatory	 problems	 [23].	
This	highlights	 the	 importance	of	 treating	 recurrent	
epididymitis,	 performing	 early	 orchidopexy,	 and	 re-
ferring	 these	 patients	 to	 adolescent	 urology	 for	 as-
sessment	in	early	adult	life.

17.6.2	 Females

Mullerian	 abnormalities	 occur	 in	 30–45	 %	 of	 girls	
with	ARM	[17,19,30,31].	Cloacal	anomalies	are	char-
acterized	by	a	confluence	of	the	urethra,	vagina,	and	
rectum	into	a	single	channel,	or	persistent	cloaca	with	
a	 solitary	 opening	 on	 the	 perineum.	 This	 anomaly	
occurs	as	a	result	of	a	complex	defect	of	perineal	de-
velopment,	 and	 is	 associated	 with	 maldevelopment	
of	 the	Mullerian	 tubercle,	 sinovaginal	bulbs,	vaginal	
plate,	and	urogenital	sinus.	The	resulting	abnormali-
ties	 show	 great	 variation	 depending	 on	 whether	 the	
confluence	 is	high	or	 low.	Some	degree	of	 septation	
of	the	uterus	and	vagina,	ranging	from	a	partial	sep-
tum	 in	 a	 large	 vagina	 with	 single	 cervix	 and	 uterus	
to	a	completely	separated	double	vagina	with	double	
cervix	 and	 uteri,	 is	 seen	 in	 60%	 of	 cloaca	 patients	
[25,33,37,53].

Abnormalities	of	the	external	genitalia	are	rare,	but	
hamartomas	 and	 hemangiomas	 of	 the	 labia	 majora	
have	both	been	observed.

17.7	 Management	Suggestions

17.7.1	 Initial	Evaluation

Since	around	40%	of	ARM	patients	have	a	structural	
abnormality	 of	 the	 urinary	 tract,	 it	 is	 important	 to	

document	 these	 early	 in	 life	 and	 initiate	 treatment	
where	appropriate.	Ultrasound	scan,	cystogram,	and	
isotope	 renogram	 should	 therefore	 be	 performed	 in	
all	 ARM	 patients	 at	 presentation	 [5].	 In	 all	 patients	
with	bilateral	renal	disease,	GFR	measurement	should	
be	 assessed	 and	 joint	 management	 with	 nephrology	
specialists	may	be	required.	As	50%	of	cloaca	patients	
develop	renal	impairment	we	would	recommend	that	
all	new	cloaca	patients	have	a	baseline	GFR	measure-
ment	at	around	1	year	of	age	[52].

Spinal	 status	 should	 be	 documented	 before	 as-
sessing	 bladder	 function	 in	 all	 new	 ARM	 patients.	
All	should	have	full	vertebral	radiographs	in	the	an-
terior–posterior	 and	 lateral	 views,	 and	 either	 spinal	
ultrasound	 or	 MRI.	 Spinal	 ultrasound	 is	 useful	 as	 a	
screening	 tool;	 however,	 MRI	 is	 the	 most	 sensitive	
tool	 with	 which	 to	 detect	 spinal	 cord	 abnormalities	
[1].	If	the	investigation	is	performed	early	in	infancy	
then	sedation	may	not	be	necessary.

There	should	be	a	high	index	of	suspicion	for	blad-
der	dysfunction	in	all	new	ARM	patients.	This	can	be	
investigated	by	noninvasive	bladder	 function	assess-
ment,	as	described	by	Holmdahl	and	Mosiello,	within	
the	first	few	months	of	life	[22,32].	This	will	probably	
suffice	for	patients	with	low	malformations,	who	have	
a	 low	 incidence	 of	 bladder	 dysfunction.	 However,	
all	other	ARM	patients,	particularly	those	with	high	
malformations,	persistent	cloaca,	and	those	with	doc-
umented	spinal	pathology,	should	have	formal	urody-
namics	assessment	by	conventional	cystometrogram	
or	natural	filling	techniques	[4,49,57].

17.7.2	 Postreconstruction	Evaluation

As	bladder	function	does	not	change	following	PSARP,	
the	urodynamic	study	can	be	performed	at	any	time	
during	the	1st	year	of	life	providing	the	initial	bladder	
function	assessment	showed	good	bladder	emptying	
and	the	child	does	not	suffer	from	urinary	tract	infec-
tions.	In	cloaca	patients	there	is	a	frequent	association	
with	bladder	dysfunction	and	as	 there	may	be	delay	
before	cloaca	reconstruction,	it	is	recommended	that	
all	 cloaca	 patients	 should	 be	 screened	 using	 urody-
namics	within	the	first	few	months	of	life.	Since	a	high	
proportion	of	the	cloaca	group	showed	deterioration	
after	surgical	reconstruction,	bladder	function	should	
be	 reassessed	 again	 postoperatively	 by	 urodynamics	
[49].
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17.7.3	 Long-Term	Evaluation

All	ARM	patients	who	are	diagnosed	with	a	genito-
urinary	 malformation,	 spinal	 cord	 abnormality,	 or	
bladder	 dysfunction	 on	 initial	 assessment,	 and	 all	
cloaca	 patients	 require	 regular	 review.	 Patients	 with	
renal	 abnormalities	 and	vesicoureteric	 reflux	 should	
have	 serial	 ultrasound	 scans	 to	 monitor	 their	 renal	
status.	In	patients	suffering	from	urinary	tract	infec-
tion,	whatever	the	etiology,	a	Tc-99m	dimercaptosuc-
cinic	acid	renogram	is	recommended	to	diagnose	re-
nal	scarring.

Gynecological	 abnormalities	 are	 common,	 espe-
cially	 in	 cloaca	 patients	 [25,30,53],	 but	 may	 remain	
asymptomatic	 until	 puberty	 or	 adult	 life	 (Fig.	17.5).	
All	cloaca	patients	and	those	with	documented	Mul-
lerian	and	vaginal	anomalies	should	be	reassessed	and	
monitored	 in	 the	 peripubertal	 period.	 Ultrasound	
scan	of	the	pelvis	is	a	useful	investigation	for	screen-
ing	[34],	whereas	an	MRI	scan	is	the	investigation	of	
choice	 to	 document	 the	 complex	 anatomy	 in	 these	
patients,	particularly	when	 reconstructive	 surgery	 is	
necessary	 [29].	 Examination	 under	 anesthesia	 and	
vaginoscopy	are	also	recommended	to	assess	vaginal	
patency,	adequacy,	and	the	presence	of	a	cervix	(cervi-
ces).	Findings	previously	documented	in	infancy	may	

be	misleading.	An	apparently	vestigial	uterus	may	de-
velop	 enough	 to	 produce	 menstrual	 flow	 and	 hence	
obstruction	if	the	genital	tract	is	not	patent	[53].	The	
size	and	adequacy	of	the	vagina	in	proportion	to	the	
size	of	the	child	may	also	appear	to	have	changed	at	
puberty,	so	it	is	of	utmost	importance	to	reassess	the	
patient	at	this	stage.
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18.1	 Prevalence

Anorectal	 malformations	 (ARM)	 are	 commonly	 as-
sociated	 with	 maldevelopment	 of	 neighbouring	
structures	 derived	 from	 the	 caudal	 cell	 mass.	 Bony	
spinal	 anomalies	 and	 malformations	 of	 the	 spinal	
cord	are	among	the	more	 frequent	findings.	The	as-
sociation	of	ARM	and	tethered	cord	has	been	repeat-
edly	 documented	 [1–5].	 The	 reported	 prevalence	 of	
spinal	cord	abnormalities	in	patients	with	ARM	var-
ies	between	around	10%	(4/44	[5],	15/106	[6],	22/223	
[7]),	and	50%	and	more	(40/76	[8],	25/50	[9],	54/89	
[10]).	A	prevalence	of	between	20	and	35%	appears	
most	plausible	(27/111	[2],	22/63	[11]).	The	majority	
of	tethered	cord	lesions	will	be	missed	unless	routine	
screening	 with	 ultrasound	 and	 magnetic	 resonance	
imaging	(MRI)	is	applied,	as	was	shown	by	Tuuha	et	
al.	in	a	retrospective	10-year	analysis.	With	systematic	
screening,	the	percentage	of	spinal	cord	abnormalities	
found	jumped	from	4%	to	20%	[7].	In	surgical	series	
of	 tethered	cord,	 associated	ARM	are	comparatively	
rare	(7/435	[7],	35/480	own	experience).	Historically,	
a	risk	stratification	subdividing	between	low,	interme-
diate	and	high	level	of	ARM	has	been	proposed,	with	
supposedly	 higher	 incidence	 in	 high	 versus	 low	 le-
sions	[1,6,12].	However,	similar	incidences	of	tethered	
cord	were	 found	 in	 those	 subgroups	 in	more	 recent	
surveys	[7,9,10];	one	study	even	recorded	a	higher	in-
cidence	in	low	lesions	[11].	The	incidence	of	intraspi-
nal	anomalies	is	significantly	higher	in	patients	with	
anomalies	 of	 the	 sacrum	 on	 plain	 x-rays,	 typically	
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hypoplasia	of	lower	sacral	segments	[2,13].	Classifica-
tion	of	ARM	is	a	complex	topic	that	is	covered	exten-
sively	in	this	book.	While	the	frequent	association	of	
cloacal	 exstrophy	and	 spinal	 cord	malformation	has	
long	been	established	[1,8,14],	 there	are	no	compre-
hensive	 assessments	 so	 far.	 There	 are	 strong	 indica-
tions	in	line	with	embryological	considerations,	how-
ever,	that	the	prevalence	of	tethered	cord	is	correlated	
with	 the	 severity	 of	 the	 ARM,	 as	 was	 proposed	 and	
demonstrated	by	Peña’s	workgroup	[2].	Tethered	cord	
prevalence	was	found	in	11%	of	vestibular	versus	18%	
of	bulbar	and	prostatic	fistulas,	27%	of	cloacal	com-
mon	 channels,	 40%	 of	 cloacal	 exstrophies,	 and	 43%	
of	 complex	 malformations	 [2].	 The	 risk	 of	 tethered	
cord	increased	with	the	number	of	associated	anoma-
lies.	Presacral	mass,	sacral	hemivertebrae,	and	single	
or	ectopic	kidney	were	each	associated	with	tethered	
cord	in	50–60%	of	cases,	reflux	only	in	10%	[2].

18.2	 Clinical	Presentation,	Diagnosis

Closed	spinal	dysraphism	reveals	 itself	 through	skin	
abnormalities	in	50%	to	more	than	80%	of	cases	[15–
18].	 In	 the	context	of	ARM,	vascular	nevus,	 lumbo-
sacral	subcutaneous	mass,	skin	dimple	and	deviation	
of	 the	 natal	 cleft	 should	 be	 searched	 for.	 The	 mani-
festations	of	tethered	cord	have	rightfully	been	called	
protean	by	Hoffman	and	coworkers	in	1976	[19].	Pre-
senting	 symptoms	 may	 include	 motor	 and	 sensory	
deficits	 in	 the	 lower	 extremities,	 gluteal	 and	 genital	
region,	leg	or	back	pain	(especially	in	older	children	
and	adults),	foot	deformities,	leg	length	discrepancies	
and	scoliosis	(neuro-orthopaedic	syndrome)	or	blad-
der	and	bowel	dysfunction	(Fig.	18.1).	The	majority	of	
our	patients	had	abnormal	findings	in	one	or	several	
of	 these	 aspects	 (27/35),	 but	 only	 a	 minority	 (6/35)	
presented	with	clear-cut	progressive	symptoms.	Most	
authors	 agree,	 that	 faecal	 incontinence	 and	 urinary	
abnormalities	 are	 more	 common	 in	 patients	 with	
tethered	cord	[2,5,20],	whereas	constipation	 is	more	
common	 in	 ARM	 without	 tethered	 cord	 [2].	 When	
the	type	of	ARM	is	accounted	for,	faecal	incontinence	
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and	constipation	are	similar;	only	urinary	dysfunction	
remains	slightly	more	common	[2].	This	relationship	
and	the	commonly	found	dysplasia	of	the	sacral	bone	
point	 to	 maldevelopment	 of	 the	 respective	 innerva-
tion	rather	than	secondary	factors.

Abnormalities	 of	 the	 sacral	 bone	 and	 lumbar	
spine	point	to	the	presence	of	 intraspinal	pathology,	
but	 plain	 x-rays	 are	 less	 sensitive	 than	 ultrasound	
and	 MRI	 and	 are	 therefore	 no	 longer	 advocated	 as	
a	 screening	 procedure	 for	 intraspinal	 pathology.	 All	
neonates	with	ARM	should	be	subjected	to	an	ultra-
sound	examination	of	the	spine	and	spinal	canal,	with	
emphasis	on	conus	shape	and	position	as	well	as	ex-
clusion	 of	 irregular	 intraspinal	 tissue	 and	 abnormal	
fluid	collections	(syrinx,	arachnoid	cyst,	meningocele,	
myelocystocele).	An	MRI	is	indicated	at	3	months	of	
age	if	either	ultrasound	or	clinical	signs	(skin	lesion,	
neurological	 or	 neuro-orthopaedic	 abnormalities	 of	
the	 lower	 extremities)	 are	 positive.	 In	 the	 neonatal	
period,	 the	 image	quality	of	MRI	 is	 significantly	 re-
duced.	 From	 a	 neurosurgical	 standpoint,	 early	 MRI	
is	 indicated	 only	 in	 cases	 requiring	 early	 interven-
tion,	such	as	large	myelocystoceles	precluding	supine	
positioning	 of	 the	 infant.	 Whether	 all	 infants	 with	
negative	 ultrasound	 and	 without	 clinical	 signs	 and	
symptoms	should	still	be	screened	with	MRI	at	about	
1	year	 of	 age	 is	 not	 entirely	 clear.	 The	 sensitivity	 of	
MRI	 is	 higher	 than	 that	 of	 ultrasound,	 estimated	 at	
95.6%	 and	 86.5%,	 respectively.	 Specificity	 is	 similar,	

at	 90.9%	 and	 92.9%,	 respectively	 [21,22].	 It	 appears	
prudent,	 therefore,	 to	screen	all	patients	using	MRI,	
at	 least	 those	 patients	 with	 higher	 risk	 (e.g.	 cloacal	
and	complex	malformations).

18.3	 Pathophysiology,	Malformation	
Entities

Tethered	cord	is	not	synonymous	with	malformation	
of	the	spinal	cord.	In	caudal	regression	syndrome,	ab-
sence	of	the	lower	sacral	spinal	cord	segments	and	ac-
cording	neurological	deficits	often	occur	without	as-
sociated	tethering	 lesions.	Tethered	cord	describes	a	
potentially	harmful	pathological	fixation	of	the	spinal	
cord,	either	directly	or	via	inelastic	tissue	(bone,	fat,	
fibrous	or	fatty	filum	terminale).	It	is	typically	located	
in	the	lumbosacral	region	and	most	commonly	caused	
by	spinal	cord	malformations.	The	negative	impact	on	
the	spinal	cord	is	believed	to	result	from	a	stretching	
effect	brought	about	by	everyday	activities,	especially	
flexion	of	 the	 spine	and	pelvis.	Elongation	has	been	
demonstrated	to	be	most	severe	at	the	point	of	fixa-
tion	and	extends	upward	for	up	to	five	segments,	but	
not	 beyond	 the	 lowest	 insertion	 of	 the	 dentate	 liga-
ment	at	the	thoracolumbar	junction.	Such	traction	on	
the	spinal	cord	causes	impairment	of	capillary	blood	
flow	and	results	in	reduced	oxygenation	of	the	spinal	
cord.	Experimental	studies	 in	animals	have	shown	a	

Fig.	18.1	 Signs	and	symptoms	of	tethered	cord.	A	Subcutane-
ous	 mass	 and	 reddish	 vascular	 naevi	 point	 to	 a	 lumbosacral	
lipoma	 of	 the	 spinal	 cord.	 B	 Neuro-orthopaedic	 syndrome.	

C	Club	 feet.	D	Pressure	 sore	due	 to	 sensory	 loss	and	 trophic	
problems	on	deformed	foot
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close	correlation	between	the	severity	and	duration	of	
traction,	and	reduction	of	blood	flow,	deterioration	of	
interneuron	potentials	and	neurological	deficits	[23].	
These	results	have	been	corroborated	by	 intraopera-
tive	measurements	of	spinal	cord	blood	flow	[24]	and	
cytochrome-C	 redox	 state	 [23].	 Intraoperative	 im-
provement	 of	 those	 parameters	 was	 correlated	 with	
the	neurological	outcome.

Spinal	 cord	 malformations	 causing	 tethered	 cord	
are	 a	 heterogeneous	 group	 of	 lesions	 resulting	 from	
maldevelopment	of	mesoderm	invagination	and	pre-
neurulation	midline	formation,	errors	of	primary	and	
secondary	 neurulation	 and	 post-neurulation	 events.	
As	would	be	expected,	the	spectrum	of	entities	asso-
ciated	with	ARM	consists	of	the	subgroup	related	to	
secondary	neurulation	and	subsequent	processes	(see	
Fig.	18.2	for	typical	MRI	findings).	Most	common	is	
a	 thickened,	 shortened	 or	 fatty	 filum	 terminale,	 fol-
lowed	by	lumbosacral	lipoma	or	lipomyelomeningo-
cele.	 Other	 lesions	 are	 terminal	 myelocystocele	 and	
ventral	 sacral	 meningocele.	 Caudal	 regression	 syn-
drome,	 also	 labelled	 caudal	 suppression	 syndrome	
or,	better,	caudal	dysplasia	syndrome,	occurs	without	
tethering	 lesion	 or	 in	 combination	 with	 the	 lesions	
mentioned	above.	The	complexity	of	these	lesions	and	
their	 impact	 on	 neurological	 function,	 natural	 his-
tory,	difficulty	of	surgical	repair,	outcome	and	related	
long-term	problems	varies	enormously,	similar	to	the	
spectrum	of	ARM.

Pathological	filum	is	 the	prototype	of	pure	spinal	
cord	tethering.	Dysplasia	of	the	spinal	cord	and	cauda	
is	minor	or	absent,	unless	caused	by	associated	mal-
formations.	 The	 dura	 is	 intact,	 the	 arachnoid	 mem-
branes	 only	 slightly	 abnormal	 if	 at	 all.	 Patients	 are	
less	 likely	 to	have	neonatal	neurological	deficits,	de-
teriorate	later	than	patients	with	more	severe	malfor-
mations,	but	continue	 to	be	at	 risk	 for	deterioration	
throughout	their	life	[25,26].

Spinal	 cord	 lipomas	 and	 lipomyelomeningoceles	
occur	 in	a	wide	spectrum	of	mild	 to	severe	cases	 in	
terms	of	malformation	size,	degree	of	spinal	cord	in-
volvement,	extent	of	dysplasia	of	the	spinal	cord	and	
cauda	 and	 intensity	 of	 spinal	 cord	 tethering	 and/or	
compression.	 At	 birth,	 about	 20%	 have	 functional	
deficits	attributable	 to	 the	malformation,	 the	major-
ity	 will	 deteriorate	 during	 infancy	 and	 childhood	
[27–30].

Terminal	 myelocystocele	 is	 a	 malformation	 that	
is	 not	 rarely	 associated	 with	 cloacal	 malformations	
[31,32].	 It	 has	 all	 the	 features	 of	 a	 lipomyelomenin-
gocele	(i.e.	extension	of	the	spinal	cord	into	a	menin-
gocele,	where	it	is	infiltrated	by	and	tethered	to	fat	tis-
sue).	In	addition,	the	central	canal	of	the	spinal	cord	
is	 distended	 into	 a	 terminal	 ventricle,	 which	 forms	
another	component	of	the	cele.	The	spinal	cord	tends	
to	be	both	dysplastic	and	hypertrophic	at	the	level	of	
the	malformation,	a	syrinx	may	extend	upwards	into	
functionally	 normal	 spinal	 cord	 segments.	 Patients	

Fig.	18.2	 Magnetic	 resonance	 imaging	 findings	 typical	 for	
tethered	 cord	 in	 patients	 with	 anorectal	 malformations.	
A	Thickened	filum	terminale	(see	arrow	in	A2),	absence	of	the	
lower	segments	of	the	sacral	bone.	B	Lipoma	of	the	spinal	cord	
(arrow).	 C	 Terminal	 myelocystocele.	 Note	 the	 terminal	 ven-

tricle	(v)	dorsal	to	the	malformed	spinal	cord,	which	is	pushed	
out	 far	 above	 the	 fascial	 plane	 by	 an	 enlarged	 subarachnoid	
space	 (sa).	 D	 Ventral	 sacral	 meningocele	 with	 large	 dermoid	
(d)	adjacent	to	the	subarachnoid	space
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tend	to	be	more	severely	affected	at	birth	and	through-
out	life	than	average	spinal	cord	lipoma	patients.

Ventral	 sacral	 meningocele	 together	 with	 ARM	
and	 dysplasia	 of	 the	 sacral	 bone	 (scimitar	 sacrum)	
often	presents	as	a	component	of	the	Currarino	syn-
drome.	A	high	proportion	of	cases	are	hereditary	with	
autosomal	dominant	inheritance	[33].	Tethered	cord	
is	a	common	finding	in	ventral	sacral	meningoceles.	
The	spinal	cord	 is	attached	to	the	caudal	wall	of	 the	
meningocele,	either	directly	or	by	way	of	a	pathologi-
cal	filum	terminale.	The	spinal	cord	can	be	elongated	
to	an	extent	that	it	may	be	addressed	as	a	mere	patho-
logical	filum	on	imaging.	Dermoid	tumours	are	com-
monly	associated,	located	in	or	adjacent	to	the	caudal	
wall	 of	 the	 meningocele.	 Comorbidities	 other	 than	
faecal	 abnormalities	 are	 uncommon.	 Early	 progres-
sion	of	tethered	cord	syndrome	is	uncommon,	but	we	
have	seen	some	cases	with	deterioration	even	in	adult	
age.

18.4	 Tethered	Cord	Surgery

The	decision	 for	 surgical	 treatment	of	 tethered	cord	
in	 patients	 with	 ARM	 is	 controversial.	 Patients	 suf-
fering	from	progressive	motor	or	sensory	deficits	are	
unanimously	considered	good	candidates	for	surgery	
[7–9,11].	 The	 relationship,	 however,	 between	 faecal	
and	urinary	abnormalities	and	spinal	cord	tethering	
is	 highly	 questionable	 in	 the	 context	 of	 caudal	 dys-
plasia	 with	 ARM	 [2,13].	 The	 natural	 history	 of	 pa-
tients	with	ARM	appears	to	harbour	only	a	 low	risk	
of	neurological	deterioration	[2,7].	Tuuha	found	that	
only	2%	of	435	patients	with	ARM	had	tethered	cord	
symptoms	and	only	18%	of	the	subgroup	were	diag-
nosed	with	tethered	cord	[7].	It	is	concluded	by	some	
authors,	therefore,	that	patients	with	ARM	may	form	
a	 subgroup	 of	 tethered	 cord	 patients	 less	 prone	 to	
deterioration	who	may	not	profit	enough	from	unte-
thering	to	outweigh	the	risks	of	this	procedure	[2,7],	
while	other	authors	and	most	of	the	paediatric	neuro-
surgical	community	keep	recommending	prophylac-
tic	surgery	for	all	tethered	cord	patients	[9,34].	When	
tethered	 cord	 is	 diagnosed	 late	 and	 the	 patient	 has	
been	 stable	 so	 far,	 further	 observation	 is	 preferred.	
Warf	et	al.	did	so	in	patients	beyond	10	years	of	age	
[8];	non-progressive	patients	should	certainly	not	be	
operated	on	in	adult	age	[35].	The	controversy	regard-
ing	prophylactic	surgery	is	less	applicable	for	terminal	
myelocystocele,	 where	 large	 lumps	 on	 the	 back	 and	
the	threat	of	direct	transcutaneous	pressure	transmis-
sion	 through	 the	 terminal	 ventricle	 and	 syrinx	 into	
the	 normal	 lumbar	 spinal	 cord	 warrant	 early	 inter-

vention.	Expanding	intrapelvic	meningocele	or	detec-
tion	of	an	inclusion	tumour	are	additional	reasons	for	
prophylactic	 surgery	 in	ventral	 sacral	meningoceles.	
Constipation	is	not	an	indication	for	surgery,	at	least	
in	our	experience,	 since	we	never	saw	 improvement	
after	untethering	plus	closure	or	removal	of	the	me-
ningocele.

18.5	 Results/Outcome

Data	on	the	outcome	of	tethered	cord	surgery	specific	
for	patients	with	ARM	remain	scarce.	There	is	no	re-
ported	 mortality,	 and	 permanent	 morbidity	 such	 as	
injury	 to	 neurological	 or	 urological	 function,	 while	
certainly	 possible,	 appears	 to	 be	 low.	 Specifically,	
there	is	no	reported	iatrogenic	deficit	in	6	series	with	
an	accumulated	number	of	87	patients	[1,2,7,8,11,34],	
which	parallels	our	own	results	in	35	patients.	Motor	
and	sensory	deficits	usually	stop	deteriorating.	Post-
operative	motor	improvement	is	reported	in	a	cumu-
lative	8/15	patients	[1,2,7,8].	Unanimously,	however,	
very	little	influence	of	surgery	on	manifest	urinary	or	
faecal	incontinence	has	been	found,	as	is	our	experi-
ence.	A	surprising	exception	is	the	paper	by	Muthu-
kumar,	 who	 reported	 improvement	 of	 urinary,	 but	
not	faecal	incontinence	in	all	eight	patients	operated	
on,	 without	 giving	 details	 or	 plausible	 explanations	
[34].	A	9%	rate	(2/22)	of	late	deterioration	ascribed	to	
retethering	has	been	reported	in	one	series	[11].

In	the	general	tethered	cord	population,	the	com-
plication	 rate	 and	 long-term	results	 are	 significantly	
different	 in	 patients	 with	 pathological	 filum	 com-
pared	to	lipomas	of	the	conus.	In	the	former,	surgery	
is	straightforward	and	the	rate	of	neurological	injury	
approaches	zero	in	large	series.	Secondary	deteriora-
tion	during	follow-up	is	rare	[29,30].	Deficits	present	
at	the	time	of	surgery	will	usually	stop	worsening,	but	
will	 improve	 in	 only	 53%	 of	 cases	 [29]	 and	 resolve	
completely	in	only	19–41%	[29,30].	Prophylactic	sur-
gery	of	pathological	filum	 terminale	and	of	 lipomas	
of	 the	 filum	 therefore	 continues	 to	 be	 unanimously	
recommended	 [29,30].	 Conus	 lipoma	 (and	 lipomy-
elomeningocele),	on	 the	other	hand,	often	pose	 sig-
nificant	 surgical	 problems;	 complete	 untethering	 is	
impossible	in	up	to	20%	of	the	patients	and	the	risk	
of	neurological	injury	is	not	negligible,	at	around	4%	
[29].	 Figure	18.3	 illustrates	 the	 different	 situations	
encountered	 intraoperatively.	There	 is	a	disturbingly	
high	rate	of	secondary	deterioration	during	follow-up,	
ranging	from	28%	[30]	to	36%	after	5	years	or	more	
[29].	Some	have	been	moved	by	these	results	to	offer	
surgery	only	when	symptoms	evolve	[29],	while	most	



28518	 Tethered	Spinal	Cord	in	Patients	with	Anorectal	Malformations

of	the	neurosurgical	community	continue	to	advocate	
prophylactic	 surgery.	 The	 main	 arguments	 for	 that	
position	remain	that	existing	symptoms	are	only	sta-
bilized	after	surgery	in	the	majority	of	patients,	rather	
than	reversed,	and	that	deterioration	over	time,	while	
not	 completely	 preventable,	 appears	 to	 be	 mitigated	
[30].	 In	 our	 experience	 (122	 patients,	 unpublished	
data),	deterioration	during	a	5-year	follow-up	period	
was	 less	 common	 after	 complete	 untethering	 (16%)	
than	after	incomplete	untethering	(48%).

18.6	 Conclusion

Spinal	 cord	 malformations	 and	 tethered	 cord	 are	
no	 less	 heterogeneous	 a	 group	 as	 are	 ARM.	 While	
the	specific	aspects	of	tethered	cord	in	patients	with	
ARM	 warrant	 more	 extensive	 investigation,	 these	
patients	cannot	be	adequately	addressed	and	treated	
as	a	homogeneous	subgroup	of	tethered	cord.	Exist-
ing	 data	 are	 insufficient	 to	 either	 reject	 or	 mandate	
prophylactic	 tethered	cord	surgery	conclusively.	The	
true	 natural	 history	 remains	 unknown.	 The	 lifelong	
deterioration	 risk,	 sufficiently	 demonstrated	 for	 the	
general	 tethered	 cord	 population,	 however,	 cannot	
be	completely	denied,	although	its	incidence	and	dy-
namics	need	further	quantification.	Prospective	stud-
ies,	 while	 welcome,	 would	 need	 to	 span	 decades	 to	

properly	 balance	 the	 risks	 and	 benefits	 of	 operative	
versus	 conservative	 treatment.	 Since	 the	 risk:benefit	
ratio	of	tethered	cord	surgery	is	so	much	better	and	
the	retethering	risk	so	much	lower	for	pathological	fi-
lum	compared	to	lipomas	of	the	spinal	cord,	prophy-
lactic	surgery	appears	to	be	difficult	to	reject	at	least	
for	this	subgroup.
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19.1 Males

Figure 19.1 shows the decision-making algorithm for 
the initial management of male patients with anorec-
tal malformations. When one is called to see a new-
born  male  with  an  anorectal  malformation,  a  thor-
ough  perineal  inspection  must  be  performed.  This 
usually gives the most important clues about the type 
of malformation that the patient has. It is important 
not  to make a decision about colostomy or primary 
operation before 24 h of life because significant intra-
luminal pressure is required for the meconium to be 
forced through a fistula orifice, which is the most reli-
able sign of the location of the fistula. If meconium is 
seen on the perineum, it is evidence of a perineal fis-
tula. If there is meconium in the urine, a rectourinary 
fistula is present.

Radiologic evaluations do not show the real anat-
omy before 24 h because the rectum is collapsed and 
does  not  yet  have  enough  intraluminal  pressure  to 
overcome the muscle tone of the sphincters that sur-
round  it.  Therefore,  radiologic  evaluations  done  too 
early (before 24 h) will most likely reveal the false im-
pression of a “very high rectum.”

During the first 24 h, the baby should receive intra-
venous fluids and antibiotics. The presence of associ-
ated defects should be investigated. These include car-
diac conditions, esophageal atresia, duodenal atresia, 
and urologic and spinal defects. An echocardiogram 
of the heart can be taken. A nasogastric tube is passed 
to detect the presence of esophageal atresia. An x-ray 
film of the  lumbar spine and the sacrum are helpful 

Contents

19.1  Males  . . .  289
19.2  Females  . . .  290
19.3  Colostomy  . . .  292

References  . . .  292

to  determine  the  presence  of  associated  spinal  and 
sacral anomalies. A spinal ultrasound in the newborn 
period  is  a good  screen  for  tethered cord and other 
spinal anomalies. An ultrasound of the abdomen will 
rule  out  the  presence  of  hydronephrosis  [1].  If  the 
baby has signs of a perineal fistula, an anoplasty can 
be  performed  during  the  first  48 h  of  life  without  a 
protective colostomy (Fig. 19.2). If the baby’s clinical 
condition warrants waiting to do surgery, such as for 
a  premature  baby  or  one  with  an  associated  cardiac 
defect, dilatations of the fistula with a delayed repair 
is acceptable. Such a baby must be watched closely to 
be sure that the colon is adequately emptying through 
the fistula. After 24 h, if no meconium is seen on the 
perineum,  a  cross-table,  lateral  x-ray  film  with  the 
baby in a prone position often shows the location of 
the distal rectum. If the gas in the rectum is  located 
below the coccyx and the baby is in a good condition 
with no significant associated defects, depending on 
the  surgeon’s  experience,  a  posterior  sagittal  opera-

19 Management in the Newborn Period
Marc A. Levitt and Alberto Peña

Fig. 19.1  Decision-making algorithm for male newborns with 
anorectal malformations (ARM). U/S Ultrasound, PSARP pos-
terior  sagittal  anorectoplasty,  R/O  rule  out  (Reprinted  from 
Pediatric Surgery, 4th ed., Ashcraft, Whitfield & Murphy eds. 
Peña A, Levitt MA. Imperforate Anus and Cloacal Malforma-
tions, p 501, Elsevier Saunders, Philadelphia (2005), with per-
mission from Elsevier.) 
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tion without a protective colostomy can be considered 
(Fig. 19.3). If the rectal gas is seen located above the 
coccyx  and  the  patient  has  meconium  in  the  urine, 
or has significant associated defects, an abnormal sa-
crum, or a flat bottom, a colostomy is  the safest ap-
proach, with postponement of  the main repair  for a 
subsequent  operation  [2].  The  definitive  operation 
can be performed as early as 4–8 weeks later provided 
the baby is gaining weight normally. Performing the 
definitive  repair  early  has  important  advantages  for 
the  patient,  including  less  time  with  an  abdominal 
stoma,  less  size  discrepancy  between  the  proximal 
and distal bowel at the time of colostomy closure, eas-
ier anal dilatation, and avoidance of psychological se-
quelae from painful perineal maneuvers. In addition, 
placing the rectum in the right location early in life, 
and using it, may represent an advantage in terms of 
the potential for acquired local sensation [3].

A temptation to repair these defects without a pro-
tective  colostomy  always  exists  [4,  5].  Such  a  repair 
without  colostomy  is  performed  without  adequate 
anatomic  information  about  the  specific  type  of  de-
fect.  Catastrophic  complications  have  been  seen  in 
patients  in  whom  the  surgeon  did  not  have  a  distal 
colostogram, approached the patients posterior sagit-
tally looking for the rectum, and during the search for 
the rectum, injured to important structures (urethra, 
bladder, ureters, vas deferens, or seminal vesicles) oc-
curred [6].

19.2 Females

Figure 19.4  shows  a  decision-making  algorithm  for 
the  initial  management  of  female  patients.  As  in 
males, the perineal inspection is the most important 
step  in  the diagnosis and decision-making. The first 
24 h should also be used to rule out important associ-
ated defects, as described previously.

The  perineal  inspection  may  disclose  a  single 
perineal orifice, which establishes  the diagnosis of a 
cloaca. The clinician should know that such patients 
have a high likelihood (90%) of having an associated 
urologic defect. The patient needs a urologic evalua-
tion and the presence of hydrocolpos should be ruled 
out by ultrasound.

Babies  with  a  cloaca  should  undergo  a  diverting 
colostomy. It  is  important to perform the colostomy 
proximally  enough  to  allow  for  the  future  repair  of 
the malformation without  interference  from  the co-
lostomy.  The  surgeon  must  leave  enough  redundant 
distal  rectosigmoid  to  allow  a  pull-through  and,  if 
needed, a vaginal reconstruction.

During the opening of the colostomy, it is manda-
tory to drain a hydrocolpos  if present [7]. If  the hy-
drocolpos is not large enough to reach the abdominal 
wall above the bladder, it can be drained with a rubber 
tube. Because a significant number of  these patients 
have  two  hemivaginas,  the  surgeon  must  be  certain 
that the tube inserted into the hydrocolpos is drain-

Fig. 19.2  Newborn anoplasty Fig. 19.3  Radiograph of cross-table lateral x-ray
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ing both hemivaginas. Occasionally, the surgeon has 
to open a window in the vaginal septum in order to 
drain both with a single tube. The hydrocolpos can be 
so large that it may produce respiratory distress; vagi-
nas that large may be drained by suturing the vaginal 
wall to the abdominal wall as a stoma.

Drainage  of  the  hydrocolpos  will  relieve  the  ure-
teral  obstruction,  as  the  dilated  vagina  compresses 
the  trigone.  In  rare  cases,  the  bladder  remains  dis-
tended, and this may be evidence of particularly long, 
or narrow common channel.  In such circumstances, 
the baby may require a vesicostomy or a suprapubic 
cystotomy. During the same anesthetic, it is helpful to 
perform an endoscopy to try to determine the anat-
omy, particularly the length of the common channel, 
which will help planning of the definitive operation.

The perineal inspection may show the presence of 
a perineal fistula, for which a primary anoplasty with-
out a colostomy may be performed. Occasionally, the 
surgeon may have to care for a baby with severe asso-
ciated defects or one who is very premature. If that is 
the case, dilatation of the fistula facilitates emptying of 
the colon, and a definitive operation can be planned 
for a future time.

The presence of a rectovestibular fistula is the most 
common finding  in  female patients. This malforma-
tion can be repaired during the neonatal period with-
out a protective colostomy. A newborn pull-through 
in such patients  is  ideal, but unfortunately also rep-

resents the most common source of complications in 
these patients. To decide to repair this malformation 
primarily or to open a colostomy is a personal deci-
sion  that  should  be  based  on  the  experience  of  the 
surgeon. Colostomy is still the most effective way to 
protect the pull-through.

Occasionally  (less  than 10% of  the cases)  there  is 
no visible fistula and  there  is no meconium coming 
out  from  either  the  perineum  or  the  urinary  tract, 
even after 24 h of observation. For this small group of 
patients, a cross-table, lateral film is valuable. If the x-
ray shows the gas in the rectum located very near the 
skin, it is likely that the patient has a perineal fistula. 
If  the patient has a blind  rectum  located about 1 or 
2 cm above the skin, the patient probably suffers from 
an  imperforate  anus  with  no  fistula.  One  can  con-
sider,  in  this  case,  performing  a  primary  operation 
without a colostomy, depending on the surgeon’s ex-
perience (many of these patients with no fistula also 
have Down syndrome) [8].

Patients with a rectovestibular fistula who are very 
sick or premature can have dilatations of the fistula to 
allow decompression of the colon, with a repair to be 
performed later in life. That repair can be done with 
a  protective  colostomy  or  in  a  primary  fashion,  de-
pending again on the surgeon’s experience.

When  patients  with  rectovestibular  fistulas  are 
repaired  primarily  in  the  newborn  period,  we  rec-
ommend  keeping  them  hospitalized  for  5 days  with 

Fig. 19.4  Decision-making  al-
gorithm  for  female  newborns 
with ARM. Urol. Urological (Re-
printed  from  Pediatric  Surgery, 
4th  ed.,  Ashcraft,  Whitfield  & 
Murphy eds. Peña A, Levitt MA. 
Imperforate  Anus  and  Cloacal 
Malformations,  p 502,  Elsevier 
Saunders,  Philadelphia  (2005), 
with permission from Elsevier.)
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nothing  by  mouth,  and  on  parenteral  nutrition.  On 
the other hand, when the patients are subjected to a 
primary repair of a perineal fistula or rectovestibular 
fistula later in life, strict preoperative bowel irrigation 
is vital  in order to be sure that the  intestine  is com-
pletely clean. We insert a central venous line and keep 
the patient hospitalized for 7–10 days with nothing by 
mouth, receiving parenteral nutrition. With this regi-
men, there have been no cases of perineal infection.

19.3 Colostomy

A divided descending colostomy is ideal for the man-
agement of  anorectal malformations  (Fig. 19.5). The 
completely  diverting  colostomy  provides  bowel  de-
compression as well as protection for the final repair 
of  the malformation. In addition,  this  type of colos-
tomy facilitates  the distal colostogram, which repre-
sents  the  most  accurate  diagnostic  study  for  deter-
mining the anatomy of these defects [9].

A descending colostomy has advantages over a right 
or transverse colostomy [10, 11]. There is a relatively 
short segment of defunctionalized distal colon. Atro-
phy of the bowel distal to a more proximal colostomy 

and development of a microcolon with megarectosig-
moid may result when a higher colostomy is utilized. 
Mechanical cleansing of the distal colon prior to the 
definitive repair is much less difficult when the colos-
tomy is located in the descending colon. In the case of 
a large rectourethral fistula the patient may pass urine 
into  the  colon,  whereas  a  more  distal  colostomy  al-
lows urine to escape through the distal stoma without 
significant absorption.  If urine remains  in  the colon 
and is absorbed, metabolic acidosis may develop.

Loop  colostomies  permit  the  passage  of  stool 
from the proximal stoma into the distal bowel, which 
produces urinary  tract  infection, distal  rectal pouch 
dilatation, and fecal impaction. Prolonged distention 
of  the  rectal  pouch  may  produce  irreversible  bowel 
damage,  leading  to  a  significant  bowel  hypomotility 
disorder and severe constipation later in life. Loop co-
lostomies are also prone to prolapse [11].

A colostomy created too distal  in the area of rec-
tosigmoid may interfere with the mobilization of the 
rectum during the pull-through and is a common er-
ror.
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20.1 Introduction

Anorectal  malformations  (ARM)  represent  a  wide 
spectrum of defects. The terms low, intermediate, and 
high are arbitrary and not very useful in therapeutic 
or prognostic  terms. Within  the group of ARM tra-
ditionally  referred  to  as  high,  there  are  defects  with 
different therapeutic and prognostic implications. For 
instance,  retroprostatic  fistula  and  rectobladderneck 
fistula were both considered high, yet the first can be 
repaired with a posterior sagittal approach alone, but 
the second also requires an abdominal approach. The 
prognosis for each type is completely different. There-
fore, anatomic descriptions of the malformations are 
more useful clinically (Table 20.1).

In  the  past,  many  surgical  techniques  to  repair 
ARM have been described. These included endorectal 
dissection [1–3], anterior perineal approach to a rec-
tourethral fistula [4], and many different types of ano-
plasties  [5].  However,  most  pediatric  surgeons  now 
use  the  posterior  sagittal  approach  to  repair  these 
malformations  with  or  without  laparotomy  or  lapa-
roscopy. The debate recently has been centered more 
on the possibility of performing these operations pri-
marily without a protective colostomy and using lapa-
roscopy if an abdominal component is needed [6–8].
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20.2 Posterior Sagittal Approach

The patient  is placed  in  the prone position with  the 
pelvis elevated. The use of an electrical stimulator to 
elicit muscle contraction during the operation is very 
helpful.  This  contraction  serves  as  a  guide  to  keep 
the  incision  precisely  in  the  midline,  leaving  equal 
amounts of muscle on either side. The  length of  the 
incision varies with the type of defect and can be ex-
tended to achieve  the necessary exposure  to effect a 
satisfactory repair. Thus, a perineal fistula requires a 
minimal  posterior  sagittal  incision  (2 cm),  whereas 
higher  defects  may  require  a  full  posterior  sagittal 
incision that runs from the middle portion of the sa-
crum towards the base of the scrotum in the male. The 
incision includes the skin, subcutaneous tissue, para-
sagittal  fibers,  muscle  complex,  and  levator  muscles 
(Fig. 20.1).  In  simple  defects  (perineal),  the  incision 
includes the parasagittal fibers and the muscle com-

20 Operative Management of Anomalies in Males
Marc A. Levitt and Alberto Peña

Table 20.1  Classification  of  anomalies  (according  to  Peña 
[14], with permission)

Males

Cutaneous (perineal fistula)

Rectourethral fistula

  Bulbar

  Prostatic

Rectobladderneck fistula

Imperforate anus without fistula

Rectal atresia

Females

Cutaneous (perineal fistula)

Vestibular fistula

Imperforate anus without fistula

Rectal atresia

Cloaca

Complex malformations
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plex, and it is not usually necessary to expose the le-
vator ani muscle. Once the sphincter mechanism has 
been divided, the next most important step of the op-
eration is the separation of the rectum from the uro-
genital structures, which represents the most delicate 
part  of  the  procedure.  Any  kind  of  blind  maneuver 
exposes the patient to a serious injury during this part 
of the operation [9].

About 90% of defects  in boys can be repaired via 
the posterior sagittal approach alone without an ab-
dominal  component  [10].  Each  case  has  individual 
anatomical  characteristics  that  mandate  technical 
modifications. An example is the size discrepancy fre-
quently seen between an ectatic rectum and the space 
available  for  pull-through.  If  the  discrepancy  is  sig-
nificant, the surgeon must tailor the rectum to fit. The 
number of rectums that need tapering is decreasing, 
probably because patients are receiving better colos-
tomies, and the babies are undergoing the main repair 
earlier  in  life  so  that  the distalrectosignoid does not 
have time to dilate.

A posterior sagittal approach should never be at-
tempted without a technically adequate high-pressure 
distal colostogram to determine the exact position of 
the rectum and the fistula [11]. Attempting the repair 
without  this  important  information  significantly  in-
creases the risk of nerve damage, damage to the semi-
nal vesicles, prostate, urethra, ureters, bladder neck, 
and bladder denervation [9].

20.3 Repair of Specific Defects 
in Boys

20.3.1 Rectoperineal Fistulas

Rectoperineal fistula is what traditionally was known 
as a low defect. The rectum is located within most of 

the sphincter mechanism. Only the lowest part of the 
rectum  is  anteriorly  mislocated  (Fig. 20.2).  Some-
times the fistula does not open into the perineum, but 
rather  follows a  subepithelial midline  tract, opening 
somewhere  along  the  midline  perineal  raphe,  scro-
tum, or even at  the base of  the penis. The diagnosis 
is  established by perineal  inspection. No  further  in-
vestigations are  required. Most of  the  time,  the anal 
fistula opening  is abnormally narrow (stenosis). The 
terms “covered anus,” “anal membrane,” and “anteri-
orly mislocated anus,” as well as “bucket-handle mal-
formations” refer to different external manifestations 
of perineal fistulas. We prefer the term “rectoperineal 
fistula” as this is most descriptive. The opening is not 
an anus as it is not a normal anal canal and is not sur-
rounded by sphincter. The term “fistula” therefore is 
more accurate.

The operation is performed in the prone position 
with the pelvis elevated. Multiple 6-0 silk stitches are 
placed in the fistula orifice. An incision, usually about 
2 cm, is created dividing the entire sphincter mecha-
nism located posterior to the fistula. The sphincter is 

Fig. 20.1  Posterior  sagittal  incision.  Separation  of  the  parasagittal  fibers  and  exposure  of  the  muscle  complex  ([15],  with 
permission)

Fig. 20.2  Perineal fistula ([15], with permission)
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divided and the posterior rectal wall  is  identified by 
its  characteristic  whitish  appearance.  Dissection  of 
the rectum begins laterally, which makes dissection of 
the anterior rectal wall easier to visualize.

Dissection  of  the  anterior  rectal  wall  is  the  most 
critical because even when these patients have a low 
malformation, the rectum is still  intimately attached 
to  the urethra. The most common, and  feared com-
plication  in  these  operations  involves  injury  to  the 
urethra.  The  patient  must  have  a  Foley  catheter  in 
place. To avoid a urethral injury, the surgeon must be 
meticulous during the dissection of the anterior rectal 
wall,  and must keep  in mind  that  the common wall 
has no plane of dissection and two walls must be cre-
ated out of one.

These  patients  have  an  excellent  functional  prog-
nosis  in  terms  of  bowel  control.  However,  they  suf-
fer from the highest incidence of constipation. When 
the  problem  of  constipation  is  not  treated  properly, 
chronic fecal impaction and overflow pseudoinconti-
nence can occur.

20.3.2 Rectourethral Fistulas

Imperforate  anus  with  rectourethral  fistula  is  the 
most frequent defect in male patients [10]. The fistula 
may be located at the lower part of the urethra (bul-
bar urethra; Fig. 20.3) or the upper urethra (prostatic 
urethra)  (Fig. 20.4).  Immediately  above  the  fistula 
site,  the  rectum  and  urethra  share  a  common  wall, 
an anatomic fact with significant technical and surgi-
cal implications. The rectum is usually distended and 
surrounded laterally and posteriorly by the levator ani 
muscle. Between the rectum and the perineal skin, a 
portion of striated voluntary muscle, called the mus-
cle complex,  is present. Contraction of  these muscle 

fibers elevates the skin of the anal dimple. At the level 
of the skin, a group of voluntary muscle fibers, called 
parasagittal  fibers,  are  located  on  both  sides  of  the 
midline.

Lower urethral (bulbar) fistulas are usually associ-
ated with good-quality muscles, a well-developed sa-
crum, a prominent midline groove, and a prominent 
anal  dimple.  Higher  urethral  (prostatic)  fistulas  are 
more frequently associated with poor-quality muscles, 
an  abnormally  developed  sacrum,  a  flat  perineum 
with a poor midline groove, and a barely visible anal 
dimple. Of course, exceptions to these rules exist.

A  Foley  catheter  is  inserted  through  the  urethra. 
About  20%  of  the  time,  this  catheter  goes  into  the 
rectum rather than the bladder. Under these circum-
stances,  the surgeon can attempt catheterizing again 
using  a  catheter  guide,  or  can  relocate  the  catheter 
into the bladder under direct visualization during the 
operation.  The  incision  is  performed  as  previously 
described  (Fig. 20.1);  the  parasagittal  fibers,  muscle 
complex, and levator muscle fibers are completely di-
vided. Sometimes, the coccyx can be split in the mid-
line with a cautery, particularly in those cases of rec-
toprostatic fistula in which the surgeon requires more 
exposure in the upper part of the incision. The higher 
the  malformation,  the  deeper  the  levator  muscle  is 
located.  When  the  entire  sphincter  mechanism  has 
been divided, the surgeon expects to find the rectum.

It is at this point in the operation that the impor-
tance of a good high-pressure distal colostogram can-
not be overstated.  If  the radiologic  image shows  the 
presence of a rectourethral bulbar fistula, the surgeon 
can expect  that  the rectum will be  found  just below 
the levator, and there is no way to injure the urinary 
tract  because  the  rectum  extends  all  the  way  down 
to the area of the bulbar urethra. On the other hand, 
if  the  preoperative  image  of  the  distal  colostogram 

Fig. 20.3  Rectourethrobulbar fistula ([15], with permission) Fig. 20.4  Rectourethroprostatic fistula ([15], with permission)
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shows  a  rectoprostatic  fistula,  the  surgeon  must  be 
particularly careful and look for the rectum near the 
coccyx.  Looking  for  the  rectum  lower  than  that  ex-
poses  the  patient  to  the  risk  of  urinary  tract  injury. 
Also, if the high-pressure distal colostogram discloses 
the  presence  of  a  rectobladder-neck  fistula,  the  sur-
geon  should not  even  look  for  the  rectum posterior 
sagittally because  it  is not  there,  and during a blind 
search, injury to the genitourinary tract could occur. 
In  patients  with  rectourethrobulbar  fistula,  the  rec-
tum  actually  bulges  through  the  incision  when  one 
completes division of the entire sphincter mechanism 
(Fig. 20.5).

Silk stitches are placed in the posterior rectal wall 
on both  sides of  the midline. The rectum  is opened 
in  the  midline  and  the  incised  distally,  exactly  in 
the midline, down to the fistula site. Temporary silk 
stitches are placed on the edges of the opened poste-
rior rectal wall. When the fistula site  is visualized, a 
final silk stitch is placed in the fistula orifice itself.

The anterior rectal wall above the fistula  is a thin 
structure. It is actually a common wall with no plane 
of separation between the urinary tract and the rec-

tum. Therefore, a plane of separation must be created 
in that common wall. For this, multiple 6-0 silk trac-
tion stitches are placed in the rectal mucosa immedi-
ately above  the fistula site. The rectum is  then sepa-
rated from the urethra, creating a submucosal plane 
for  approximately  5–10 mm  above  the  fistula  site 
(Fig. 20.6). This dissection  is  the  source of  the most 
serious  complications  during  this  repair.  Creating  a 
lateral plan first makes the anterior dissection easier.

The  rectum  is  covered  by  a  thin  fascia  that  must 
be completely  removed  to be  sure  that one  is work-
ing  as  close  as  possible  to  the  rectal  wall,  to  avoid 
denervation  and  injury  to  neighboring  structures 
and to insure mobilization. Once the rectum is fully 
separated,  a  circumferential  perirectal  dissection  is 
performed to gain enough rectal length to reach the 
perineum. In cases of rectourethrobulbar fistula, the 
dissection is rather minimal because only a short gap 
exists between the rectum and the perineum. In cases 
of  rectoprostatic  fistulas,  the  perirectal  dissection  is 
significant.

During  this  dissection,  uniform  traction  is  ap-
plied on the multiple silk stitches that were originally 
placed on the rectal edges and on the mucosa above 
the fistula. Uniform traction shows the rectal wall and 
identifies  bands  and  vessels  that  hold  the  rectum  in 
the  pelvis.  These  bands  must  be  carefully  separated 
from the rectal wall and cauterized because they are 
vessels that tend to retract into the pelvis. The dissec-
tion should be performed as close as possible to the 
rectal  wall  without  injuring  the  wall  itself.  Injury  to 
the rectal wall can disrupt the intramural blood sup-
ply, upon which the pulled-through rectum depends.

The bands that are divided around the rectum are 
actually vessels and nerves. One would think that this 
denervation would provoke dysmotility, which leads 
to the problem of constipation in these patients. Thus, 
patients  with  higher  malformations  (which  require 

Fig. 20.5  Dividing  the  muscle  complex  and  levator  muscle. 
The rectum is exposed ([15], with permission)

Fig. 20.6  A,  B  Separation  of  the 
rectum from the urethra. C The rec-
tum  is  completely  separated  ([15], 
with permission)
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more  dissection)  would  be  expected  to  suffer  from 
more  severe  constipation.  However,  the  opposite  is 
true  in  that  patients  with  lower  defects  suffer  more 
severe constipation than patients with higher defects 
[10]. The explanation for the observed dysmotility re-
mains elusive [12].

The circumferential dissection of the rectum con-
tinues until the surgeon feels that enough length has 
been  gained  to  allow  a  tension-free  rectoperineal 
anastomosis. At this point, the size of the rectum can 
be evaluated and compared with the available space. 
If  necessary,  the  rectum  can  be  tapered,  removing 
part of the posterior wall. In such cases, the rectal wall 
is reconstructed with two layers of interrupted long-
lasting absorbable stitches.

The  anterior  rectal  wall  is  frequently  damaged  to 
some degree as a consequence of  the mucosal  sepa-
ration between rectum and urethra. To reinforce this 
wall,  both  smooth  muscle  layers  can  be  stitched  to-
gether  with  interrupted  5-0  long-lasting  absorbable 
stitches. The urethral fistula is sutured with the same 
material.  The  rectal  tapering  should  never  be  per-
formed anteriorly as this would leave a rectal suture 
line  in  front  of  the  urethral  fistula  repair,  and  may 
lead to a recurrent fistula.

The  limits of  the  sphincter mechanism are deter-
mined  electrically  and  marked  with  temporary  silk 
stitches at the skin level. Those limits are sometimes 
easily visible without electrical stimulation in patients 
with a good sphincter mechanism. The  limits of  the 
sphincter are represented by the crossing of the mus-
cle complex (the voluntary muscle structure that runs 
from the levator all the way down to the skin paral-
lel to the direction of the rectum) with the parasagit-

tal fibers (which run perpendicular and lateral to the 
muscle complex and parallel to the posterior sagittal 
incision.).

The  perineal  body  is  reconstructed,  bringing  to-
gether  the  anterior  limits  of  the  external  sphincter, 
which was marked previously with the temporary silk 
stitches.  The  rectum  must  be  placed  in  front  of  the 
levator and within  the  limits of  the muscle complex 
(Fig. 20.7 a). Long-lasting 5-0 absorbable stitches are 
placed on the posterior edge of the levator muscle.

The  posterior  limit  of  the  muscle  complex  must 
also  be  reapproximated  behind  the  rectum.  These 
stitches must take part of the rectal wall to anchor it 
to  avoid  rectal  prolapse  (Fig. 20.7  b).  An  anoplasty 
is  performed  with  16  interrupted  long-lasting  ab-
sorbable  stitches  (Fig. 20.8).  The  ischiorectal  fossa 
and the subcutaneous tissue are reapproximated and 
the  wound  is  closed  with  a  subcuticular  absorbable 
monofilament.

All of these patients have a Foley catheter inserted 
prior  to  starting  the  operation.  The  patient  receives 
broad-spectrum  antibiotics  for  24–48 h  and  can  be 
fed postoperatively on the same day of surgery.

Repair of rectourethral fistulas has been performed 
laparoscopically  [7]  with  separation  of  the  fistula 
through  the  abdomen,  and  pull-through  of  the  rec-
tum through a minimized perineal incision. The pre-
liminary experience shows that these procedures are 
feasible. It is unclear whether a laparoscopic approach 
for a rectourethral fistula is less invasive than the pos-
terior sagittal approach. Prevention of prolapse is by a 
pelvic hitch rather than tacking of the posterior rec-
tum via the posterior sagittal incision. Technical chal-
lenges  with  this  approach  include  gaining  adequate 

Fig. 20.7  a The rectum is passed in front of the levator muscle. 
b Muscle complex sutures anchor the rectum ([15], with per-
mission)

Fig. 20.8  Anoplasty ([15], with permission)
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rectal length, and tapering an ectatic rectum if neces-
sary.

20.3.3 Rectobladderneck Fistula

In this defect, which affects 10% of males, the rectum 
opens at the bladder neck (Fig. 20.9). The patient has 
a poor prognosis because the levator ani muscle, mus-
cle  complex,  and  external  sphincter  are  frequently 
poorly developed. Consistent with the caudal regres-
sion, the sacrum and entire pelvis is often deformed 
and underdeveloped. The perineum is often flat, with 
evidence of poor muscle development.

For  this  repair,  a  total  body  preparation  is  per-
formed; the sterile field includes the entire lower part 
of the patient’s body. The initial  incision is posterior 
sagittal.  All  of  the  muscle  structures  are  divided  in 
the  midline.  The  channel  for  the  rectum,  which  lies 
just under the coccyx,  is created bluntly. This poste-
rior sagittal incision can be created with the child in 
supine position and  the  legs  lifted up. At  this point, 
laparoscopy  represents  an  excellent  minimally  inva-
sive alternative to a laparotomy.

These  patients  have  the  rectum  connected  to  the 
bladder neck,  located approximately 2 cm below the 
peritoneal  reflection.  Interestingly,  the  higher  the 
malformation, the shorter the common wall between 
the rectum and the urinary tract. This means that the 
rectum  in  this  group  of  defects  opens  in  a  perpen-

dicular  fashion  into  the  bladder  neck,  which  makes 
its dissection much easier. The laparoscopic approach 
provides an excellent view of the peritoneal reflection, 
and one can also see the ureters and the vas deferens, 
which tend to run in the direction of the bladder neck. 
During the dissection of the rectum, therefore, these 
structures must be kept under direct view to prevent 
damage to them. The serosa that covers the most dis-
tal  part  of  the  rectum  should  be  divided,  creating  a 
plane of dissection around the rectum; it is this plane 
that  is  used  to  continue  the  dissection  distally.  The 
rectum rapidly narrows down, and this  is where the 
fistula should be ligated.

At this point the surgeon must gain adequate length 
for the rectum to reach the perineum. The vessels that 
supply  the  distal  rectum  must  be  meticulously  di-
vided. Laparoscopically, or through a laparotomy, the 
space in the retroperitoneum for pull-through of the 
rectum  is  visualized  (Fig. 20.10).  An  instrument  or 
trocar from the perineum can be introduced to grab 
the rectum and pull it down. This allows the surgeon 
to  see  from  above  the  tension  lines  that  represent 
the  vessels  that  it  must  be  divided  until  the  rectum 
reaches the perineum.

Tapering of  the rectum,  if  that  is  required,  is dif-
ficult with a laparoscopic approach, and mobilization 
of  a  very  high  rectum  is  technically  challenging.  In 
addition,  passage  of  the  trocar  from  perineum  into 
the  pelvis  must  be  done  carefully  to  avoid  injury  to 
the bladder neck and ureters.

Fig. 20.9  Rectobladderneck fistula ([15], with permission) Fig. 20.10  A Abdominal approach for high defects (rectoblad-
der-neck fistula). The rectum has been separated from the blad-
der neck. The presacral rubber tube is identified. B The rectum 
is anchored to the rubber tube to guide the pull-through ([15], 
with permission)
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20.3.4 Imperforate Anus Without Fistula

Most  patients  with  this  unusual  defect  have  a  well-
developed sacrum and good muscles,  and  thus  they 
have good prognosis for bowel function. The rectum 
ends approximately 2 cm from the perineal skin. Even 
though  the  patient  has  no  communication  between 
rectum  and  urethra,  these  two  structures  are  sepa-
rated only by a  thin, common wall, which  is an  im-
portant  anatomic  detail  with  technical  implications. 
About  half  of  the  patients  with  no  fistula  also  have 
Down’s syndrome and more than 90% of the patients 
with  Down’s  syndrome  and  imperforate  anus  suffer 
from  this  specific  defect,  hinting  at  a  chromosomal 
link  [13].  The  fact  that  these  patients  have  Down’s 
syndrome  does  not  seem  to  interfere  with  the  good 
prognosis in terms of bowel control.

In these cases, the blind end of the rectum is usually 
located at the level of the bulbar urethra. The rectum 
must be carefully separated from the urethra, because 
both structures share a common wall even though no 
fistula is present. The rest of the repair must be per-
formed as described for the rectourethral fistula.

20.3.5 Rectal Atresia and Stenosis

This is an extremely unusual defect that occurs in only 
1% of male patients, occurring in 1% of our cases, in 
which the lumen of the rectum may be atretic or ste-
notic. The upper pouch is dilated and the lower por-
tion is a small anal canal in the normal location. The 
narrow area starts at a depth of approximately 1–2 cm. 
These two structures may be separated by a thin mem-
brane or by a dense portion of fibrous tissue. Patients 
with this defect have all the necessary elements to be 
continent and have an excellent functional prognosis. 
Because  they have a well-developed anal canal,  they 
have  normal  sensation  in  the  anorectum.  They  also 
have almost normal voluntary sphincters.

The approach to these malformations is also via a 
posterior sagittal incision. The upper rectal pouch is 
open, as well as  the short distal anal canal. An end-
to-end  anastomosis  is  performed  under  direct  visu-
alization, followed by a meticulous reconstruction of 
the sphincter mechanism posterior to the rectum (see 
Chap. 12)..

20.4 Postoperative Management 
and Colostomy Closure

In male patients with rectourethral fistulas, the Foley 
catheter remains  in for 7 days. If  the catheter comes 
out  accidentally  before  that,  patients  usually  void 
without  any  problem  and  do  not  require  catheter 
replacement.  Intravenous  antibiotics  are  adminis-
tered  for  48 h.  Antibiotic  ointment  is  applied  to  the 
perineum for 7 days. Most patients usually go home 
after 2 days, or after 3–4 days if the abdomen was en-
tered.
Two weeks after the repair anal dilatations are started. 
A dilator that fits snugly into the anus is passed twice 
daily by the parents. Every week, the size of the dila-
tor is increased, until the rectum reaches the desired 
size, which depends on the patient’s age (Table 20.2). 
Once this desired size is reached, the colostomy may 
be closed. The frequency of dilatation may be reduced 
once the dilator goes in easily with no resistance ac-
cording  to  the  following  protocol:  once  a  day  for 
1 month, every 3rd day for 1 month, twice a week for 
1 month, once a week for 1 month, and once a month 
for  3 months.  Nonmanageable,  severe  strictures  are 
seen  in  cases  in  which  the  dilatation  program  was 
not carried out as  indicated or when the blood sup-
ply of the distal rectum was damaged during the pull-
through.

After  the  colostomy  is  closed,  the  patient  usually 
has multiple bowel movements and may develop per-
ineal excoriation. A constipating diet may be helpful 
in the treatment of this problem. After several weeks, 
the  number  of  bowel  movements  decreases  and 
most  patients  then  start  to  have  constipation.  After 
3 months, the patient develops a more regular bowel 
movement  pattern.  A  patient  who  has  one  to  three 
bowel  movements  per  day,  remains  clean  between 
bowel movements, and shows evidence of a feeling or 
pushing during bowel movements, has a good bowel 
movement pattern and is usually able to potty train. A 

Table 20.2  Size of dilator according to age ([14], with permis-
sion)

Age Hegar dilator (no.)

1–4 months 12

4–12 months 13

8–12 months 14

1–3 years 15

3–12 years 16

>12 years 17
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patient with multiple bowel movements or one who 
passes stool constantly without showing any signs of 
sensation  or  pushing  usually  has  a  poor  functional 
prognosis.

20.4.1 Evaluation of Results

Each  defect  described  herein  has  a  different  prog-
nosis.  When  evaluating  clinical  results,  the  error  of 
oversimplification should be avoided. Categories such 
as high, intermediate, and low, or even high and low, 
include specific malformations, each with a different 
prognosis.  The  patients  with  low  defects  can  be  ex-
pected to have excellent results. Table 20.3 shows the 
results obtained  in our  series. A patient with a very 
abnormal sacrum (a ratio of less than 0.3) and a flat 
perineum can be expected to suffer from fecal incon-
tinence regardless of the type of malformation.
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Table 20.3  Global functional results. Pts Patient ([14], with permission)

Voluntary bowel 
movement

Soiling Totally continent Constipated

Pts % Pts % Pts % Pts %

Perineal fistula 39/39 100 3/43 20.9 35/39 89.7 30/53 56.6

Rectal atresia or stenosis 8/8 100 2/8 25 6/8 75 4/8 50

Vestibular fistula 89/97 92 36/100 36 63/89 70.8 61/100 61

Imperforate anus without fistula 30/35 86 18/37 48.6 18/30 60 22/40 55

Bulbar urethra fistula 68/83 82 48/89 53.9 34/68 50 52/81 64.2

Prostatic fistula 52/71 73 67/87 77.1 16/52 30.8 42/93 45.2

Cloaca: short common channel 50/70 71 50/79 63.3 25/50 50 34/85 40

Cloaca: long common channel 18/41 44 34/39 87.2 5/18 27.8 17/45 34.8

Vaginal fistula 3/4 75 4/5 80 1/3 33.3 1/5 20

Bladder neck fistula 8/29 28 39/43 90.7 1/8 12.5 7/45 15.6
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Many surgical techniques to repair anorectal malfor-
mations  (ARM)  in  females  have  been  described  in-
cluding  an  endorectal  dissection  [1–3],  an  anterior 
perineal  approach  [4],  and  many  different  types  of 
anoplasties  [5].  The  majority  of  pediatric  surgeons 
now use the posterior sagittal approach to repair these 
malformations. The debate recently has been centered 
more  on  the  possibility  of  performing  these  opera-
tions primarily without a protective colostomy.

21.1 The Posterior Sagittal Approach

The posterior sagittal approach is utilized as described 
in Chap. 20.

21.2 Repair of specific Defects 
in Girls

21.2.1 Rectoperineal Fistulas

From the therapeutic and prognostic points of view, 
this common defect is equivalent to the perineal fis-
tula described in the male patients. The rectum is lo-
cated within the sphincter mechanism, except for its 
lower portion, which is located anteriorly. The rectum 
and vagina are well separated (Fig. 21.1). This defect 
is repaired in the same way as described for male pa-
tients  with  the  exception  of  course  that  the  dissec-
tion  is off  the posterior vaginal wall  rather  than  the 
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urethra. Complete mobilization of the rectum is vital 
until the surgeon sees the areolar tissue that demon-
strates that the rectal and vaginal walls are completely 
separated, so that the anoplasty is performed with no 
tension. Failure to complete this separation can lead 
to retraction of the pull-through and to dehiscence of 
the perineal body.

21.2.2 Rectovestibular Fistulas

Patients with rectovestibular fistulas are frequently er-
roneously diagnosed as having a rectovaginal fistula. 
Rectovestibular fistula is by far the most common de-
fect in females, It has an excellent functional progno-
sis.  The  precise  diagnosis  is  a  clinical  one  requiring 
only a meticulous inspection of the newborn genita-
lia. The clinician observes a normal urethral meatus, 
a  normal  vagina,  and  a  third  hole  in  the  vestibule, 
which is the rectovestibular fistula (Fig. 21.2). About 
5% of these patients also have two hemivaginas, and a 
vaginal septum is visible, which should be removed at 
the time of the pull-through.

This  defect  may  be  repaired  without  a  protec-
tive  colostomy.  This  is  a  well-recognized  trend  in 
the management of ARM [6, 7], avoids the potential 
morbidity  of  a  colostomy,  and  reduces  the  number 
of  operations  to  one  rather  than  three  (colostomy, 
main  repair,  and  colostomy  closure).  Many  patients 
do very well with a single neonatal primary operation 
without a protective colostomy. However,  a perineal 
infection followed by dehiscence of  the anal anasto-
moses  and  recurrence  of  the  fistula  provokes  severe 
fibrosis,  which  may  interfere  with  the  sphincteric 
mechanism. In such a case, the patient may have lost 
the best opportunity for an optimal functional result, 
because secondary operations do not render the same 
good prognosis as successful primary operations [8]. 
Thus, a protective colostomy is still the safest way to 
avoid these complications. The decision related to the 
opening of a colostomy or operating primarily must 
be taken by individual surgeons, taking into consider-
ation his or her experience and the clinical condition 
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Fig. 21.3  Repair of rectovestibular fistula. The rectum is com-
pletely separated from the vagina ([11], with permission)

Fig. 21.2  Vestibular fistula ([11], with permission)

Fig. 21.4  Repair of the rectovestibular fistula. The 
perineal body is repaired ([11], with permission)

Fig. 21.5  Repair  of  the  vestibular  fistula. 
Muscle  complex  sutures  anchor  the  rectum 
([11], with permission)

Fig. 21.6  Repair  of  the  vestibular  fistula.  Anoplasty 
([11], with permission)

Fig. 21.1  Perineal fistula ([11], with permission)
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of  the  patient.  At  our  institution,  patients  who  are 
born with this kind of malformation without serious 
associated defects are operated primarily as newborns 
without a colostomy.

The term “rectovaginal fistula” is often misused in 
patients who actually have a rectovestibular fistula or 
a cloaca. A real rectovaginal fistula occurs in less than 
1% of all cases [9, 10]. 

The complexity of the rectovesticular fistula defect 
is frequently underestimated. Multiple 6-0 silk stitches 
are placed at the mucocutaneous junction of the fis-
tula. The incision used to repair this defect is shorter 
than that used to repair the male rectourethral fistula. 
The incision continues down to the fistula and around 
the fistula into the vestibule. Once the entire sphinc-
ter mechanism has been divided, the posterior rectal 
wall  is  evident  by  its  characteristic  whitish  appear-
ance.  The  fascia  that  surrounds  the  rectum  must  be 
removed to be sure  that  the dissection  is performed 
as close as possible to the rectal wall. The dissection 
continues  creating  the  plane  of  dissection  along  the 
lateral walls of the rectum while applying traction on 
the multiple silk stitches. The last part is the most im-
portant part of this dissection, which is the separation 
of the rectum from the vagina.

There is a long common wall, and two walls must 
be created out of one using a meticulous  technique, 
trying  to  keep  both  walls  of  the  rectum  and  vagina 
intact.  The  dissection  continues  cephalad  until  both 
walls of the rectum and vagina are fully separated (a 
location identified when the surgeon encounters are-
olar tissue between rectum and vagina). At this point 
both walls are full thickness (Fig. 21.3). If the rectum 
and the vagina are not completely separated, a tense 
rectal anastomosis would be created, which, as for the 
rectoperineal fistula, would predispose the patient to 
dehiscence and retraction.

Once the dissection has been completed, the peri-
neal body is repaired (Fig. 21.4). The anterior edge of 
the  muscle  complex  is  reapproximated  as  described 
previously. The muscle complex must be reconstructed 
posterior  to  the  rectum,  with  the  stitches  including 
the posterior edge of the muscle complex and the pos-
terior rectal wall  to avoid rectal prolapse (Fig. 21.5). 
The anoplasty is then performed (Fig. 21.6).

21.2.3 Imperforate Anus Without Fistula

This defect in female patients carries the same thera-
peutic  and  prognostic  implications  as  described  for 
male patients. The surgical technique is similar to that 
described for males, with the obvious difference being 
a separation of the rectum from the posterior vaginal 
wall rather than the posterior urethra.

21.2.4 Postoperative Care

The dilatation protocol is similar to that described for 
males in Chap. 20. The Foley catheter can be removed 
in the first 24 h.
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22.1 Introduction

Persistent cloaca was, in the past, considered an un-
usual  defect,  with  a  high  incidence  of  “rectovaginal 
fistula” reported in the literature [1]. In retrospect, it 
seems  that cloaca represents a much more common 
defect in female patients than previously thought, and 
rectovaginal  fistula  is  an  almost  nonexistent  defect 
that  is  present  in  fewer  than  1%  of  all  cases,  except 
in a few specific geographical areas [2]. Most patients 
suffering  from  a  persistent  cloaca  were  erroneously 
thought to have a rectovaginal fistula. Many of those 
patients underwent surgery with repair of  the rectal 
component only and were left with the urogenital si-
nus untouched [2], requiring a complete redo opera-
tion.

This group of defects represents the extreme in the 
spectrum of complexity of  female malformations. A 
cloaca is defined as a defect in which the rectum, va-
gina,  and urinary  tract meet  and  form a confluence 
exiting  the  perineum  via  a  single  common  channel 
(Figs. 22.1–22.3).  The  diagnosis  of  persistent  cloaca 
is  a  clinical  one.  This  defect  should  be  suspected  in 
a female born with imperforate anus and small-look-
ing genitalia. Careful separation of the labia discloses 
a single perineal orifice.
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The length of the common channel varies from 1 
to 7 cm. Common channels longer than 3 cm are usu-
ally  associated  with  complex  defects  (Fig. 22.3).  The 
mobilization of the vagina is difficult and often some 
form of vaginal replacement is needed during the de-
finitive repair. A common channel of  less than 3 cm 
usually means that the defect can be repaired with a 
posterior sagittal approach only without opening the 
abdomen (Fig. 22.1).

The rectum sometimes opens high into the dome 
of the vagina. Therefore, a laparotomy or laparoscopy 
must be part of the procedure to mobilize the bowel. 
The  vagina  is  frequently  abnormally  distended  and 
full  of  secretions  (hydrocolpos;  Fig. 22.3).  This  dis-
tended vagina can compress the trigone and interfere 
with the drainage of the ureters, leading to megaure-
ters. The dilated vagina can also become infected, pyo-
colpos, which can lead to perforation and peritonitis. 
On the other hand, such a large vagina may represent 
a  technical  advantage  for  the  repair,  because  having 
more vaginal tissue will facilitate its reconstruction.

A frequent finding in cloacal malformations is the 
presence  of  different  degrees  of  vaginal  and  uterine 
septation or duplication (Fig. 22.3). The rectum usu-
ally opens in between the two hemivaginas. These pa-
tients may also suffer from cervical atresia and during 
puberty are unable to drain menstrual blood through 
the  vagina;  the  menstrual  blood  accumulates  in  the 
peritoneal cavity and sometimes requires emergency 
surgery [3].

Low  cloacal  malformations  (less  than  3 cm; 
Figs. 22.1 and 22.2) are usually associated with a well-
developed  sacrum,  a  normal-appearing  perineum, 
and adequate muscles and nerves. Therefore, a good 
functional prognosis is expected.

22.2 Surgical Treatment of Cloacas

Prior to undertaking the repair of cloacal malforma-
tions, the surgeon should perform endoscopy to de-
termine the length of the common channel. There are 
two well-characterized groups of patients with cloaca 
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Fig. 22.4 Cloaca repair. A Inci-
sion. B Rectum and common 
channel are exposed. C Rectal 
opening ([6], with permission)

Fig. 22.1 Spectrum of cloacae. 
A Most common channel. B Long 
common channel ([6], with per-
mission)

Fig. 22.2 Spectrum of cloacae. A 
High rectal implantation into the 
vagina. B Short common channel 
([6], with permission)

Fig. 22.3 A Associated hydrocol-
pos. B Double vagina and double 
uterus ([6], with permission)
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[4], and each represent different technical challenges 
that must be recognized preoperatively.

The  first  is  represented  by  patients  who  are  born 
with  a  common  channel  shorter  than  3 cm.  Fortu-
nately,  these  patients  represent  the  majority  (over 
60%)  of  all  cloacas.  The  great  majority  of  these  pa-
tients can be repaired using only a posterior sagittal 
approach,  without  a  laparotomy,  and  the  operation 
is a reproducible one that can be performed by most 
general pediatric surgeons.

The second group  is represented by patients with 
longer common channels. These patients usually need 
a  laparotomy  and  a  decision-making  algorithm  for 
the  reconstruction  that  requires  a  large  experience 
and  special  training  in  urology.  These  patients  are 
therefore best cared for in centers with special exper-
tise in the repair of these defects.

22.2.1 Cloacas With a Common Channel 
Shorter than 3 cm

The incision extends from the middle portion of the 
sacrum down to the single perineal orifice. The entire 
sphincter mechanism  is divided  in  the midline. The 
first structure that the surgeon finds after the division 
of the sphincter mechanism is the rectum (Fig. 22.4). 
Because of the complexity of these malformations, the 
surgeon  must  be  prepared  to  find  bizarre  anatomic 
arrangements of the rectum and vagina.

The  rectum  is  opened  precisely  in  the  midline 
(Fig. 22.4) and silk stitches are placed along the edges 
of the posterior rectal wall. The incision is extended 
distally  through  the  posterior  wall  of  the  common 
channel.  The  entire  common  channel  is  exposed, 
which  allows  measurement  of  the  common  channel 
under direct vision. The rectum is then separated from 
the vagina (Fig. 22.5) in the same way as described for 
the  repair  of  rectovestibular  fistula.  The  rectum  and 
vagina share the same type of common wall that has 
already been described.

Once  the  rectum  has  been  completely  separated 
from  the  vagina,  a  total  urogenital  mobilization  is 
performed [5]. In the past, the vagina was separated 
from the urinary tract, which was a technically chal-
lenging maneuver associated with a significant mor-
bidity.  Total  urogenital  mobilization  consists  of  the 
mobilization  of  both  the  vagina  and  urethra  as  a 
unit.  After  the  rectum  has  been  separated,  multiple 
silk stitches are placed, taking the edges of the vagina 
and the common channel, in order to apply uniform 
traction on the urogenital sinus for  its mobilization. 
Another  series  of  fine  stitches  is  placed  across  the 

urogenital sinus approximately 5 mm proximal to the 
clitoris (Fig. 22.6). The urogenital sinus is transected 
between the  last row of silk stitches and the clitoris, 
and  is  dissected,  taking  advantage  of  the  fact  that 
there is a natural plane between it and the pubis. Very 
rapidly,  and  in  a  bloodless  field,  one  can  reach  the 
upper  edge  of  the  pubis.  There,  a  fibrous,  avascular 
structure is identified that gives support to the vagina 
and  bladder  and  is  called  the  “suspensory  ligament 
of the urethra and bladder.” While applying traction 
to  the  multiple  stitches,  these  suspensory  ligaments 
are  divided,  which  provides  significant  mobilization 
(2–3 cm) of the urogenital sinus. In addition, one can 
then dissect the lateral and dorsal walls of the vagina 
to gain a further 5–10 mm (Fig. 22.7).

This  dissection  is  enough  to  repair  about  60%  of 
all cloacas and is a reproducible maneuver. It has the 
additional advantage of preserving an excellent blood 
supply to both the urethra and the vagina, and placing 
the urethral opening in a visible location to facilitate 
intermittent catheterization if necessary (Fig. 22.8). It 
also provides a smooth urethra that can be catheter-
ized easily.

What used to be the common channel is divided in 
the midline creating two lateral flaps that are sutured 
to the skin, creating the new labia. The vaginal edges 
are mobilized to reach the skin to create the introitus. 
The limits of the sphincter are then determined elec-
trically and the perineal body is reconstructed, bring-
ing  together  the  anterior  limit  of  the  sphincter.  The 
rectum is placed within the limits of the sphincter as 
described previously.

Fig. 22.5  Total  urogenital  mobilization.  The  rectum  is  sepa-
rated from the vagina ([7], with permission)



Marc A. Levitt and Alberto Peña310

22.2.2 Cloacas with a Common Channel 
Longer than 3 cm

When  the  endoscopy  shows  that  the  patient  has  a 
long common channel, the surgeon must be prepared 
to  face  a  very  significant  technical  challenge.  In  the 
presence of a long common channel, patients should 
receive  a  total  body  preparation,  as  it  is  likely  that 
they  will  require  a  laparotomy.  The  rectum  is  sepa-
rated from the vagina and urethra. The presence of a 
very long common channel (more than 5 cm) means 
that there is no way that the total urogenital mobiliza-
tion will be enough to repair that malformation, and 
it is therefore advisable to leave the common channel 
in place using it for the urethra for intermittent cath-
eterization.

In  that  situation,  it  is  suggested  that  the  surgeon 
tries  to  separate  the  vagina  from  the  urinary  tract 
from within the abdomen, rescuing it from the back of 
the common channel, and then closing the posterior 
aspect  of  the  common  channel,  which  will  become 
the catheterizable urethra. The bladder  is opened  in 
the midline and feeding tubes are placed into the ure-
ters to protect them. In these types of malformations, 
there is a significant common wall between the vagina 

Fig. 22.8  Total  urogenital  mobilization.  Urethra  and  vagina 
sutured into their new positions ([8], with permission)

Fig. 22.6  Total urogenital mobilization. Stitches placed on the 
edges of  the sinus and across, near  the clitoris ([8], with per-
mission)

Fig. 22.7  Total urogenital mobilization. Urogenital sinus fully 
mobilized ([8], with permission)
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and  the bladder. The ureters  run  through  that com-
mon wall and must  therefore be consistently  identi-
fied and palpated during the separation of the vagina 
from the urinary tract. The surgeon must be familiar 
with the different techniques of ureteral reimplanta-
tions  because  these  patients  frequently  require  that 
operation during the same procedure.

Once in the abdomen, the patency of the Mullerian 
structures are investigated by passing a no. 3 feeding 
tube through the fimbriae of the Fallopian tubes and 
injecting saline through them to be sure that they are 
patent. If one of the systems is not patent, excision of 
the atretic Mullerian structure without damage to the 
blood  supply  of  the  ovary  is  recommended.  When 
both Mullerian structures are atretic, they should be 
left in place, and the patient followed closely with fur-
ther decisions made when she reaches puberty.

With  the  abdomen  open,  the  surgeon  has  to  a 
make decisions based on the specific anatomic find-
ings.  In  the  presence  of  a  single  mid-sized  vagina, 
the  surgeon  must  separate  the  vagina  from  the  uri-
nary tract, being sure to preserve the blood supply of 

this structure, which comes from the uterine vessels. 
When the vagina is found to be too short, the patient 
requires  some  form of vaginal  replacement  that  can 
be performed using tissue from the rectum, colon, or 
small bowel.

22.2.3 Vaginal Switch Maneuver

There is one specific group of patients who are born 
with hydrocolpos and two hemivaginas. The hemiva-
ginas  are  very  large  and  the  two  hemiuteri  are  very 
separated, the distance between one hemiuterus and 
the  other  is  longer  than  the  vertical  length  of  both 
the hemivaginas. In those cases, it is ideal to perform 
a maneuver called a “vaginal  switch”  (Figs. 22.9 and 
22.10). One of  the hemiuteri and  the  ipsilateral Fal-
lopian tube is resected (Fig. 22.9), with particular care 
given  to  preserving  the  blood  supply  of  the  ovary. 
The  blood  supply  of  the  hemivagina  of  that  side  is 
sacrificed  and  the  blood  supply  of  the  contralateral 
hemivagina is preserved. Most of the time it provides 

Fig. 22.9  Bilateral  hydrocolpos 
and very high vagina. Ideal anat-
omy to be repaired with vaginal 
switch maneuver. L Left, R right 
([9], with permission)

Fig. 22.10  Vaginal  switch  ma-
neuver,  where  one  vagina  is 
brought  to  introitus,  with  exci-
sion  of  ipsilateral  hemiuterus 
and  tube  and  vaginal  septum. 
([9], with permission)
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good blood supply for both hemivaginas. The vaginal 
septum  is  resected,  and both hemivaginas are  tubu-
larized  into  a  single  vagina,  taking  advantage  of  the 
long lateral dimension of both hemivaginas together. 
Then, what used to be dome of the hemivagina, where 
the  hemiuterus  was  resected,  is  turned  down  to  the 
perineum (Fig. 22.10). This is an excellent maneuver 
that can be performed only when the anatomic char-
acteristics fulfill these unique requirements.

22.2.4 Vaginal Augmentation 
and/or Replacement

The vagina can be augmented or totally replaced with 
bowel tissue when it is very small and is located very 
high, or in cases of absent vagina. The choices are: rec-
tum, colon, or small bowel. Vaginal replacement with 
rectum is only feasible in patients who have a megar-
ectum that is large enough to be able to divide it lon-
gitudinally into a portion with its own blood supply 
that will represent a new vagina and to leave another 
half  with  enough  circumference  to  reconstruct  an 
adequate-sized  rectum  (Fig. 22.11).  The  blood  sup-
ply of the rectum will be provided transmurally from 
branches of the inferior mesenteric vessels.

The colon is an ideal substitute to replace the va-
gina (Fig. 22.12). However, sometimes, the location of 
the colostomy interferes with this type of reconstruc-
tion. When available, the sigmoid colon is preferable. 
One must take the most mobile portion of the colon 
in  order  to  use  a  piece  that  has  a  long  mesentery. 
When the patient has internal genitalia or a little cuff 
of vagina or cervix, the upper part of the bowel used 
for replacement must be sutured to the vaginal cuff. 
When the patient has no internal genitalia (no vagina 
and no uterus), the vagina is created and is left with 

Fig. 22.11  A  Vaginal  replacement  with  rectum.  Planning  the 
neovagina.  B  Neovagina  separated  from  rectum  ([10],  with 
permission)

Fig. 22.12  Vaginal replacement with colon ([10], with permis-
sion)
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its  upper  portion  blind,  and  is  used  only  for  sexual 
purposes, not for reproduction.

When the colon is not available, then the most mo-
bile portion of the small bowel is utilized for vaginal 
reconstruction. The mesentery of  the small bowel  is 
longer in an area located approximately 15 cm proxi-
mal to the ileocecal valve. This is the best portion of 
small  bowel  to  be  used  for  vaginal  replacement.  A 
portion of this ileum is isolated and pulled down, pre-
serving its blood supply (Fig. 22.13).

22.2.5 Two Hemivaginas Attached 
to the Bladder Neck

In the highest type of cloaca one may find two little 
hemivaginas attached to the bladder neck or even to 
the trigone of the bladder. In these cases, the rectum 
also opens into the trigone. Separation of these struc-
tures is performed abdominally. Unfortunately, when 
that separation is completed, the patient is frequently 
left with no bladder neck or a severely damaged blad-

Fig. 22.13  A Vaginal replacement with small bowel, using the 
portion with the longest mesentery. B Pulling the small bowel 
down. C Operation completed ([10], with permission)
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der neck. At that point, the surgeon must have enough 
experience to make a decision as to whether to recon-
struct the bladder neck or to close it. In the first situa-
tion, most patients will need intermittent catheteriza-
tion to empty the bladder and there  is no guarantee 
that the bladder neck reconstruction will work. In the 
second  situation  (permanent  closure  of  the  bladder 
neck),  a  vesicostomy  is  created,  and  the  patient  will 
require a continent diversion-type of procedure at the 
age of urinary continence (3–4 years old). In this par-
ticular type of malformation, the patient also needs a 
vaginal replacement.

22.3 Postoperative Care

The patients with cloacas usually keep the Foley cath-
eter  for  10–14 days.  In  our  series,  about  20%  of  pa-
tients  with  a  cloaca  with  common  channel  shorter 
than  3 cm  require  intermittent  catheterization  to 
empty  the  bladder.  Patients  with  common  channels 
longer than 3 cm require intermittent catheterization 
70–80%  of  the  time.  Therefore,  we  leave  the  Foley 
catheter in place as long as the patient shows signs of 
swelling in the genitalia and until the urethral meatus 
is not readily visible. Once we are able to see the ure-
thral orifice, the Foley catheter can be removed in the 
clinic, and the baby watched to see if she is capable of 
emptying the bladder. If she cannot pass urine, then 
we can teach the parent to pass the catheter intermit-
tently.

In cases with very long common channels, we pre-
fer to leave a suprapubic tube. One month after sur-
gery, we can perform a suprapubic cystogram and start 
clamping the tube and measuring the residual urine, 
which is an indicator of the efficiency in the function 
of the bladder. The suprapubic tube remains in place 
until we have evidence of a good bladder function or 
the caregiver  learns  to catheterize  the bladder when 

indicated.  The  rectal  dilatation  protocol  is  the  same 
as described in Chaps 20 and 21. Once the rectum is 
the appropriate size, the colostomy can be closed. An 
endoscopy should always be performed prior  to co-
lostomy closure to inspect the repair.
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23.1 Introduction

Posterior  sagittal  anorectoplasty  (PSARP  [3])  is  the 
current  standard  surgical  management  for  patients 
with anorectal malformations (ARM). Despite the ex-
cellent exposure of the anatomy and the exact place-
ment of the distal rectum within the muscle complex 
with  this  operation,  postoperative  fecal  continence 
is  less  than ideal [4,7]. Tsuji et al. reported a careful 
analysis of postoperative anorectal function, compar-
ing PSARP with older, conventional operations [10]. 
They found that patients in both groups had a similar 
manometry and long-term function. Most of the pa-
tients needed bowel management. Other authors have 
reported  similar  findings  [1,9].  Increased  constipa-
tion after PSARP compared to a more limited surgical 
approach has also been reported [2].

The  goals  of  laparoscopic  assisted  pull-through 
for ARM include avoiding the dividing and weaken-
ing of the external sphincters, diminishing perirectal 
scarring while allowing  for precise placement of  the 
rectum through the external sphincters, and the po-
tential  development  of  a  primary  procedure  in  the 
newborn,  which  would  avoid  the  morbidity  associ-
ated with a colostomy.

23.2 Operative Technique

A standard proximal sigmoid colostomy is performed 
in the newborn. About 2–4 months later, the patient 
is positioned transversely at the end of the operating 
table  (Fig. 23.1).  Circumferential  skin  preparation 
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is  performed  from  the  nipples  down  to  the  toes.  A 
catheter  is passed  into  the bladder  in all cases, even 
if cystoscopy  is  required  to do so. A pneumoperito-
neum with pressures of 12 cm of water is established. 
A 4-mm trocar is placed in the anterior-axillary line 
just below the  liver. A 5-mm port  is placed through 
the umbilicus using an open technique. A 3- or 4-mm 
port is placed in the anterior-axillary line just above 
the anterior superior iliac spine (Fig. 23.1).

Laparoscopic  rectal  dissection  is  initiated  at  the 
peritoneal  reflection.  Using  a  hook  cautery,  the  dis-
tal mesorectum  is divided. The dissection  is  contin-
ued circumferentially around the rectum down to the 
rectourethral or rectovesical fistula. It is important to 
keep  this  dissection  in  the  definitive  plane  between 
the  longitudinal rectal muscles and surrounding tis-
sues. Just proximal to the entrance of the fistula into 
the urinary tract, a loop ligature is preloaded through 
the  5-mm  trocar  in  the  umbilicus  over  a  Maryland 
clamp  placed  through  right  lower  quadrant  trocar. 
This clamp is placed on the fistula several millimeters 
proximal to the entrance of the fistula into the urinary 
tract (Fig. 23.2). The fistula is divided proximal to the 
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Fig. 23.1  The patient is positioned transversely on the operat-
ing table, a bladder catheter is placed, and the trocars are po-
sitioned in the illustrated sites (umbilical – 5 mm, right upper 
and lower quadrant – 4 mm)
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placement of the Maryland clamp. The loop ligature is 
then passed around the Maryland clamp and the fis-
tula and snugged in place, adjacent to the urethra. A 
second loop can be placed on the rectal fistula proxi-
mally  in  a  similar  fashion  (Fig. 23.3).  The  rectum  is 
then retracted out of  the pelvis. The pubococcygeus 
muscle  can  often  be  visualized  when  it  is  present 
(Fig. 23.4).  In some patients with ARM, particularly 
the higher lesions, the levator ani muscle is poorly de-
veloped. However, in many patients with a rectopros-
tatic  fistula,  the  muscle  is  quite  well  developed  and 
can be seen from above with the endoscope.

A  transperineal dissection  follows division of  the 
rectourethral fistula. The external anal sphincters are 

mapped using a transcutaneous electrostimulator. The 
area of maximal contraction is identified and marked 
appropriately  with  sutures.  A  1-cm  vertical  midline 
incision is made at the site of the maximal muscle con-
traction. The intersphincteric plane is gently dissected 
from below the  level of  the  levator sling up through 
the  muscle  complex  bluntly  (Fig. 23.5).  A  radially 
expanding trocar is then passed over a Veress needle 
through this intersphincteric plane and advanced be-
tween the two bellies of the pubococcygeus muscle in 
the midline just posterior to the urethra, using lapa-
roscopic guidance. If the needle is inaccurately passed 
to either side of the midline it is readily apparent due 
to the laparoscopic surveillance. The Veress needle is 

Fig. 23.2  After  circumferential  dissection  of  the  rectum,  the 
fistula is grasped with a Maryland clamp preloaded with a loop 
ligature.  The  fistula  is  then  divided  on  the  rectal  side  of  the 
clamp,  and  the  ligature  is  tightened  around  the  urethral  side 
of the clamp

Bladder

Ligated fistula

Rectum

Fig. 23.3  A second loop ligature is used to close the fistula 
on the rectum

Fig. 23.4  Anatomic  diagram  of 
the pull-through site  in  relation 
to the pubococcygeus muscle

Pubococcygeus muscle

Iliococcygeus muscle

Prostate

Pullthrough site

Anococcygeal raphe
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redirected to the correct position prior to the dilata-
tion of the tract through the expandable trocar sleeve. 
The tract is dilated radially up to 10–12 mm. The rec-
tal  fistula  is  then  grasped  through  the  transperineal 
trocar and is pulled down onto the perineum trailing 
the  trocar  (Fig. 23.6).  The  anastomosis  between  the 
rectum and the anus is completed with a polyglycolic 
acid suture. The rectum is retracted cephalad laparo-
scopically and secured in this retracted position with 

2-0  silk  sutures  (Fig. 23.7).  It  is  important  to  place 
these hitch stitches to avoid prolapse of the rectal mu-
cosal wall through the anus and also to lengthen the 
skin-lined anal canal.

Patients  are  fed  on  the  first  or  second  postop-
erative day. Graduated anorectal dilatation is started 
2–3 weeks  after  surgery.  The  colostomy  is  closed 
2–3 months after the pull-through procedure is com-
pleted.

23.3 Results

The best comparative study between the laparoscopic-
assisted  anorectal  pull-through  and  the  PSARP  has 
been reported by Lin et al [6]. Nine patients had a lap-
aroscopy-assisted pull-through and 13 had a PSARP. 
Lin et al. reported equal centrality of the pull-through 
segment when comparing  the PSARP approach and 
the laparoscopic approach. However, sphincter asym-
metry was much greater with the posterior sagittal ap-
proach, as was sphincter irregularity. Megarectum and 
constipation  were  also  greater  in  the  PSARP  group. 
Eight of  the 9  laparoscopy-assisted pull-through pa-
tients developed an anorectal reflex after laparoscopic 
pull-through, while only 4 out of 13 PSARP patients 
developed an anorectal reflex after surgery. As many 
other authors have noted, eventual continence  is re-

Fig. 23.5  Transperitoneal blunt dissection of the  intersphinc-
teric plane is performed through a 1-cm vertical incision using 
a clamp (the underlying external muscle complex and the pu-
bococcygeus muscle are dotted)

Bladder

Rectum

Pubococcygeus
 muscle

Prostate

Fig. 23.6  Schematic  diagram  of  the  trocar  passing  from  the 
peritoneum  between  the  two  bellies  of  the  pubococcygeus 
muscle into the abdomen. A grasper is advanced through the 
port to grasp the distal end of the dissected rectum. The rectum 
is then pulled down through the perineum trailing the trocar

Fig. 23.7  After performing  the anastomosis between  the  rec-
tum and anus, the rectum is retracted cephalad and secured to 
the presacral fascia using lateral hitch stitches to avoid prolapse 
of the rectal mucosa through the anus
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lated to a positive anorectal reflex [5,8]. Lin et al. also 
reported  similar anal  resting pressures after  the  two 
operations.  However,  rectal  compliance  was  much 
better  in  the  laparoscopy-assisted  approach  when 
compared to the PSARP group of patients [6].

23.4 Discussion

Laparoscopy-assisted  anorectal  pull-through  seems 
to  achieve  some  of  its  stated  goals.  There  does  not 
seem to be any question that the centrality of the pull-
through inside the sphincter complex is achieved suc-
cessfully. In addition, there appears to be less scarring 
with  the  laparoscopic  approach  when  compared  to 
the  PSARP  approach,  as  demonstrated  by  magnetic 
resonance imaging [11]. Long-term follow-up for fe-
cal continence has yet to be determined. Because the 
internal sphincter is not well developed in these pa-
tients, long-term continence may not be significantly 
improved. A normally functioning internal sphincter 
is certainly a great aid to fecal continence.

In  summary,  laparoscopy-assisted  anorectal  pull-
through is anatomically sound and leaves the external 
sphincter  muscles  intact.  This  technique  allows  for 
the centrality of the pull-through inside the sphincter 
complex.  There  is  a  higher  incidence  of  the  anorec-
tal  reflex  in  patients  after  laparoscopy-assisted  pull-
through than after PSARP. There is also less scarring 
of  the  pelvic  floor,  resulting  in  better  rectal  compli-
ance. Long-term follow-up for continence  is needed 
for further evaluation of this technique.
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24.1 Introduction

In spite of  the  technical advances  in  the surgical re-
pair  of  anorectal  malformations  (ARM)  that  have 
occurred  over  the  last  20 years,  complications  that 
require  a  secondary  procedure  are  still  common. 
Surprisingly, this need is not isolated to the group of 
patients  with  very  complex  malformations.  Instead, 
it  spans  the  entire  spectrum  of  malformations  seen, 
and in fact is quite common for the relatively benign 
malformations.

Reoperative surgery may be considered for several 
reasons  (see  Chap. 25).  Fecal  incontinence  may  be 
present  after  the  first  operation,  and  a  surgeon  may 
wish to attempt to improve on the results. Other pa-
tients may have suffered significant, sometimes cata-
strophic  complications  because  of  technical  errors 
and  require  revisional  surgery  to  alleviate  pain,  dis-

comfort, and other sequelae. Finally, mismanagement 
of constipation can lead to significant sequelae.

It  is  clear  that  a  patient’s  best  chance  for  a  good 
functional  result  is  when  the  proper  operation  is 
performed  during  the  first  definitive  procedure  and 
complications are avoided [1]. This is especially true 
in those patients born with a defect  that has a good 
prognosis.  It  is  unfortunate  when  such  patients  end 
up  with  fecal  or  urinary  incontinence  as  a  result  of 
avoidable complications of the surgical repair.

Complications  in  patients  who  have  undergone 
surgical repair of an ARM can be grouped into three 
categories:  (A) those with fecal  incontinence requir-
ing a reoperation, (B) those who have suffered a peri-
operative complication, and (C) those suffering from 
sequelae resulting from constipation (Table 24.1) [2].
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Table 24.1  Complications  associated  with  anorectal  malfor-
mations

Group A Patients with fecal incontinence 
requiring reoperation

Group B Perioperative complications
•  Wound infection
•  Femoral nerve palsy
•   Rectal problems: dehiscence, retraction, 

infection and/or acquired atresia
•  Rectourinary fistula
•  Rectovaginal fistula
•  Persistent urogenital sinus
•  Acquired vaginal atresia
•  Acquired urethral atresia
•  Posterior urethral diverticulum
•  Urologic injuries
•  Neurogenic bladder
•   Complications involving 

the laparoscopic approach
•  Rectal prolapse

Group C Complications from mismanagement 
of constipation
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24.1.1 Group A, Patients with Fecal 
Incontinence Requiring Reoperation

Reoperation  to  improve  a  patient’s  functional  prog-
nosis  is  indicated  in  several  circumstances.  During 
the  first  5 years  of  our  experience,  reoperative  sur-
gery  was  performed  on  every  patient  we  evaluated 
who  underwent  a  repair  at  another  institution  and 
suffered from fecal incontinence. During those years, 
we  hoped  that  the  new  posterior  sagittal  approach 
would give  these patients  an opportunity  to  recover 
bowel control. When the results were evaluated [3,4], 
only 30% of  those patients experienced a significant 
improvement.  Therefore,  the  indications  for  surgery 
were modified.

At  the  present  time,  reoperation  for  fecal  incon-
tinence  is  recommended only  for patients with very 
special criteria. Those born with a malformation as-
sociated with a goog prognosis, with a rectum that is 
completely mislocated, with an intact rectosigmoid, a 
normal  sacrum, and an  intact  sphincter mechansim 
are  candidates.  The  rectal  location  can  be  evaluated 
by  magnetic  resonance  imaging  if  its  mislocation  is 
not obvious by inspection.

For  these  reoperations,  the  rectum  is approached 
posteriorly. Multiple silk stitches are placed at the mu-
cocutaneous margin in order to apply uniform trac-
tion  to  facilitate  the  dissection  and  mobilization  of 
the rectum. A full rectal dissection and mobilization 
is performed, staying as close as possible to the bowel 
wall but avoiding injury. The limits of the sphincters, 
including the parasagittal fibers, muscle complex, and 
levator muscle, are determined by electrical stimula-
tion and the rectum is repositioned within it.

In  many  cases,  the  patient  is  found  to  have  had 
the  colon,  and  not  the  rectum  pulled  down,  which 
is  identified  by  the  presence  of  mesentery  attached 
to  the bowel.  In  such cases,  the mesenteric  fat must 
be trimmed from the last few centimeters of the rec-
tum to allow for direct contact between the sphincter 
mechanism  and  the  colonic  wall.  An  anoplasty  per-
formed within the limits of the sphincter mechanism 
completes the reconstruction.

The number of patients that require a reoperation 
for fecal incontinence has decreased significantly over 
the years. This is probably due to the increased use of 
the posterior sagittal approach, which provides supe-
rior exposure and prevents the complete mislocation 
of the rectum that was seen with other techniques.

Years  ago  many  patients  underwent  abdominal 
perineal  pull-through  procedures  with  endorectal 
dissections  of  the  rectosigmoid  [5].  This  procedure 

essentially resulted in loss of the rectosigmoid. These 
patients do not suffer from constipation. Instead they 
suffer from increased colonic motility and a tendency 
to diarrhea. It took several years to recognize this spe-
cific group of patients, and today revisional surgery is 
not offered to them, because it is clear that they never 
regain  bowel  control.  Fortunately,  endorectal  pull-
throughs are no longer performed for ARM and it is 
rather unusual to see these patients.

In  addition  to  the  aforementioned  group,  those 
patients  born  with  poor  prognosis  defects  and  fecal 
incontinence  are  also  considered  inappropriate  can-
didates for reoperation. These patients typically have 
an abnormal sacrum, flat perineum, and poor sphinc-
ters.  There  is  usually  evidence  that  they  were  born 
with  a  high  rectoprostatic  or  rectobladderfistula,  or 
a  cloaca  with  a  common  channel  longer  than  3 cm. 
Their  sacral  ratio  is  almost  always  less  than 0.4. We 
do not reoperate on these patients, even if they have 
a completely mislocated rectum because they do not 
improve  after  reoperation.  Instead  they  are  offered 
a  bowel  management  program  [6]  in  order  to  pre-
vent soiling and to keep  them completely clean (see 
Chaps. 29 and 30).

When revisional surgery  for  fecal  incontinence  is 
offered, the likelihood of the patient regaining bowel 
control  is reviewed with the family. Even with those 
patients who are expected to improve, the bowel man-
agement program is implemented prior to surgery. If 
it turns out that the patient does not improve enough 
after reoperation to avoid enemas, the already tested 
bowel management is reinstituted.

24.1.2 Group B, Perioperative Complications

Group  B  includes  those  who  sustained  a  periopera-
tive complication during or shortly after the first op-
eration [2]. The specific types of complication are de-
scribed below.

24.1.2.1	 Wound	Infection

Wound  infection of  the posterior  sagittal  incision  is 
very uncommon in the immediate postoperative pe-
riod, but is more prevalent in the presence of a loop 
colostomy, which might not be completely diverting, 
or in cases operated without a colostomy. Fortunately, 
the infections usually affect only the skin and subcu-
taneous  tissue  and  heal  secondarily,  without  func-
tional sequelae.
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24.1.2.2	 Femoral	Nerve	Palsy

Transient  femoral nerve palsy can be observed, par-
ticularly in adolescent patients, and is a consequence 
of excessive pressure in the groin during the PSARP 
operation. This problem can be avoided by adequate 
cushioning of the patient’s groin area.

24.1.2.3	 Rectal	Problems

Patients can experience dehiscence, retraction, infec-
tion and/or acquired atresia of the rectum related to 
technical  problems  arising  during  the  pull-through 
procedure.  These  are  usually  the  result  of  excessive 
tension or inadequate blood supply. In addition, anal 
strictures may result when families do not follow the 
prescribed protocol of dilatations.

Reoperation for  these patients proceeds posterior 
sagittally.  In cases of  retraction, dehiscence,  and ac-
quired  atresia,  the  rectum  is  usually  located  some-
where high in the pelvis and is surrounded by a sig-
nificant amount of fibrosis. Multiple 6-0 silk sutures 
are placed in the rectal wall in order to exert uniform 
traction and facilitate a circumferential dissection of 
the rectum, again trying to stay as close as possible to 
the rectal wall without injuring it. Bands and extrinsic 
vessels surrounding the rectum are divided and cau-
terized circumferentially until enough rectal length is 
gained so as to place the rectum within the limits of 
the sphincter mechanism.

Short ring-like rectal strictures can be treated with 
a Heineke-Mikulicz type of plasty. Strictures that are 
longer  than 1 cm must be resected, with  the rectum 
mobilized until the fibrotic portion can be removed, 
and  a  fresh  nonscarred  portion  of  rectum  pulled 
down, creating a new anus.

Based  on  our  anatomic  findings  during  these  re-
operations, we  speculate  that  retraction, dehiscence, 
and acquired rectal atresia were most likely due to a 
poor technique used to mobilize the rectum. During 
a  primary  procedure,  the  rectum,  when  seen  poste-
rior sagittally, is covered by a very characteristic white 
fascia that contains vessels to the rectum. The surgeon 
must dissect this fascia off the rectum, remaining as 
close as possible to the rectal wall. Uniform traction 
provided by multiple silk sutures is imperative to fa-
cilitate the dissection. Bands and the extrinsic rectal 
blood  supply  must  be  divided  to  gain  rectal  length. 
The  intramural blood supply of  the rectum is excel-
lent; and the rectum can be dissected to gain signifi-
cant length provided the rectal wall is not injured. The 

most likely cause for difficulty in dissection of the rec-
tum is working outside the fascia. Alternatively, dis-
section too close  to  the rectum can  injure  the rectal 
wall, interfere with the intramural blood supply, and 
provoke ischemia. The result of all  this  is an incom-
plete  mobilization,  rectal  ischemia,  and  a  rectal-to-
skin  anastomosis  under  tension,  which  may  explain 
most of these complications.

We  speculate  that  rectal  strictures  are  also  most 
likely  due  to  ischemia  of  the  distal  part  of  the  rec-
tum. When the rectum is correctly mobilized and the 
blood  supply  kept  intact,  it  is  extremely  unlikely  to 
see an anal stricture. A few patients of ours who were 
operated on primarily failed to follow our protocol of 
dilatations and returned months after their operation 
with strictures. These patients had a thin fibrotic ring 
in  the area of  the anoplasty, which was easy  to  treat 
either with an anoplasty or dilatations. A long narrow 
stricture is most likely due to rectal ischemia.

Some surgeons do not have their patients follow a 
protocol of anal dilatations. In order to avoid painful 
maneuvers to the patient, they follow a specific plan 
consisting of taking the patient to the operating room 
every  week  and  under  anesthesia  performing  force-
ful dilatations. Those dilatations can actually provoke 
lacerations  in  the  anal  verge,  which  then  heal  with 
scarring, only to be reopened during the next forceful 
dilatation, leading ultimately to an intractable ring of 
fibrosis.

24.1.2.4	 Rectourinary	and	Rectovaginal	Fistulae

Patients may have various types of rectogenitourinary 
tract fistula complications. Fistulae can be persistent 
when  the  original  rectourethral  fistula  remains  un-
touched during the main repair, even when the rec-
tum was repaired. Recurrent fistulae may occur if the 
surgeon repaired the fistula but it reopened. Acquired 
rectourethral fistulae are those that are inadvertently 
created during the repair of a malformation [7].

Acquired rectovaginal fistulae can occur during a 
failed attempt at repair of a rectovestibular fistula. In 
the past urethra-vaginal fistula was the most common 
and feared complication in cases of persistent cloaca 
prior to the introduction of the total urogenital mobi-
lization  maneuver  [8].  In  certain  circumstances,  the 
vagina can be rotated to try to prevent this complica-
tion [9], but even with  that maneuver,  these fistulae 
can occur.

Persistent  rectourethral  fistulae  can  occur  in  pa-
tients who were born with a rectourethral bulbar fis-
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tula and underwent a repair that did not address the 
fistula. We speculate that surgeons following the old 
diagnostic  approach  performed  an  invertogram  and 
found the bubble of rectal air close to the skin. This 
may have led to an approach through the perineum, 
with  identification  of  the  rectum  and  subsequent 
pull-through  and  anoplasty.  Since  the  surgeon  was 
completely  unaware  of  the  low  rectourethral  bulbar 
fistula, it was not repaired.

Recurrent  rectourethral  fistulae  may  result  if  the 
fistula is closed, but the rectum is not mobilized ad-
equately,  leaving  the  anterior  wall  under  tension.  A 
dehiscence of the anterior rectal wall may explain the 
recurrence of the fistula. Also, leaving sutures in the 
rectum adjacent to the sutures in the urethra may lead 
to the formation of a recurrent fistula. Consequently, 
an injured rectum that requires a repair to the ante-
rior wall may lead to the development of a recurrent 
fistula. The same explanation may apply to rectovagi-
nal fistulae.

Acquired rectourethral fistulae can occur  in male 
patients  who  were  born  with  rectoperineal  fistulae 
if  they undergo their first operation without a Foley 
catheter  in  the  urethra.  During  the  mobilization  of 
the anterior wall of the rectum, an unrecognized ure-
thral  injury can occur and,  if not mobilized to  leave 
normal rectal wall  in front of the urethral  injury, an 
acquired rectourethral fistula will form.

Fistulous  complications  can  be  approached  pos-
terior  sagittally.   The posterior  rectal wall  should be 
opened  and  the  fistulae  identified  and  closed.    The 
rectum then needs to be separated from the urinary 
tract or the vagina, and mobilized as so as to be sure 
that a completely normal anterior rectal wall is left in 
front of the urethral or vaginal suture line.

24.1.2.5	 Persistent	Urogenital	Sinus

This  problem  occurs  in  patients  born  with  a  cloaca 
who  underwent  an  operation  in  which  the  rectal 
component  of  the  malformation  was  repaired,  but 
the  urogenital  sinus  was  ignored  (Fig. 24.1).  Their 
reoperation  can  also  be  approached  posterior  sagit-
tally.  The  rectum  must  be  completely  dissected  and 
reflected out of the way. This allows exposure of the 
urogenital  sinus,  which  can  be  repaired  using  the 
same  technique  that  is  employed  during  the  treat-
ment of a cloaca [8,9].

All  of  the  patients  in  one  of  our  reports  came  to 
us with an original diagnosis of “rectovaginal fistula” 
[10]. The word cloaca was never mentioned in the op-
erative report. Only the rectal component of the mal-

formation was repaired and the urogenital sinus was 
left unattended. In our experience, a true congenital 
rectovaginal  fistula  is  an  extremely  unusual  defect 
[1], yet in the literature from previous years, we have 
found  frequent  mention  of  this  malformation  and 
very little reference to cloacas [11–17]. In the recent 
literature, there is an increase in the diagnosis of clo-
acas and less mention of rectovaginal fistulae, which, 
we think, reflects the improved understanding of the 
true anatomy of these lesions [18–21].

24.1.2.6	 Acquired	Vaginal	Atresia

Complete fibrosis of the vagina can occur as a result of 
excessive dissection in an attempt to mobilize a high 
vagina, during a failed attempt to repair a cloaca. This 
comlication requires a reoperation and sometimes a 
vaginal  replacement.  It  usually  occurs  when  the  va-
gina is separated from the urethra during the repair 
of cloacas. Such maneuvers are rarely used since the 
advent of total urogenital mobilization [8]. The sepa-
ration of the vagina from the urinary tract is not an 
easy  maneuver;  the  vagina  may  become  devascular-
ized and as a consequence, patients develop ischemic 
vaginal atresia. Those patients with acquired vaginal 
atresia are treated using the same surgical approach as 
for persistent urogenital sinus.

24.1.2.7	 Acquired	Urethral	Atresia

Acquired urethral atresia in cloaca patients can occur 
as a result of devascularization of the pulled-through 

Fig. 24.1  Pull-through only of  the rectum in a patient with a 
cloacal malformation,  leaving the urogenital  sinus untouched 
([27], with permission)
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or reconstructed neourethra. In male patients, it has 
occurred  when  the  urethra  was  accidentally  tran-
sected during an attempt to repair an anorectal mal-
formation.  This  complication  mostly  occured  when 
the  surgeon approached a patient posterior  sagitally 
without  a  pre-operative  high  pressure  distal  colos-
togram.  To  repair  this  problem  the  rectum  must  be 
mobilized in order to expose the urethral area. Both 
urethral  ends  need  to  be  identified,  dissected,  and 
mobilized enough to perform a tension-free end-to-
end anastomosis.

24.1.2.8	 Posterior	Urethral	Diverticulum

This complication can occur when a retained portion 
of the rectum is left attached to the posterior urethra 
(Fig. 24.2).  The  same  reoperative  approach  to  fix  it 
can be utilized, with a posterior sagittal incision, mo-
bilization of the rectum to expose the posterior aspect 
of  the  urinary  tract,  identification  of  the  diverticu-
lum, and dissection of it down to the urethra. The di-
verticulum can be separated from the urethra in the 
same manner as in a primary repair of ARM, with the 
urethra closed and the diverticulum resected.

This  complication  occurs  in  patients  born  with  a 
rectourethral bulbar fistula that was repaired transab-
dominally.  It  is  easy  to understand  that  the  surgeon 
was  unable  to  reach  the  fistula  site  through  the  ab-
domen.  Consequently,  the  rectum  was  amputated, 
leaving a piece of rectum attached to the urethra. This 
potential complication is possible with a laparoscopic 
approach, particularly if the rectum reaches well be-
low the peritoneal reflection.

These patients, are  initially asymptomatic, but af-
ter years develop symptoms such as passage of mucus 
through  the  urethra,  dribbling,  orchioepididimitis, 
urinary  tract  infections, and urinary pseudoinconti-
nence. In addition, we saw one such patient who, after 
30 years, developed an adenocarcinoma  in  the piece 
of rectum left attached to the urethra.

24.1.2.9	 Other	Urologic	Injuries

Significant urologic injuries such as transection of the 
bladder  neck,  transection  of  the  urethra,  and  injury 
to the vas deferens, seminal vesicles, prostate, and ec-
topic ureters have occurred, usually when the poste-
rior sagittal approach was performed without a good 
previous  distal  colostogram,  and  thus  the  precise 
anatomy was not known prior to the posterior sagittal 
dissection [7].

24.1.2.10	Neurogenic	Bladder

Neurogenic  bladder  in  male  patients  with  ARM  is 
extremely unusual.  In our  series, we have only  seen 
it in patients with a very abnormal sacrum or associ-
ated spinal anomalies. If it does occur, it mostly likely 
represents a denervation of  the bladder and bladder 
neck  during  the  repair.  It  is  very  important  to  note 
that patients with cloacal malformations are different 
with regard to this subject. Patients with cloaca often 
have a deficient emptying mechanism of the bladder. 
They do not have the typical “Christmas tree” type of 
image of a neurogenic bladder seen in patients with a 
spina bifida. They have rather a flaccid, smooth, large 
bladder that does not empty completely. Fortunately, 
most patients with cloacas have a very good bladder 
neck. The combination of a good bladder neck with 
a  floppy,  flaccid  bladder,  make  these  patients  ideal 
candidates  for  intermittent  catheterization,  which 
keeps them completely dry.

Two  exceptions  to  this  rule  exist.  One  is  repre-
sented  by  patients  who  have  a  very  long  common 
channel, in which the hemivaginas as well as the rec-
tum are attached to the bladder neck and after these 
are separated the patients are left with no bladder neck 
or a very damaged bladder neck. The second group is 
represented by a small number of cloaca patients who 
are  born  with  separated  pubic  bones,  who  could  be 
described as having a covered exstrophy [22]. These 
patients have no bladder neck congenitally and they 
eventually  require  a  continent  diversion  type  of  op-
eration.

Fig. 24.2  Posterior urethral diverticulum, representing the un-
dissected former distal rectum ([27], with permission)
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24.1.2.11	Complications	Specific	to	the	
Laparoscopic	Approach	to	ARM

Long-term  results  and  complications  have  not  yet 
been described for the laparoscopic approach to im-
perforate anus, which is a relatively new approach that 
was developed to avoid a laparotomy and to minimize 
the posterior sagittal incision [23]. We have managed 
several complications with this approach, and can an-
ticipate others.

Avoidance of the exposure required to perform the 
posterior sagittal approach can lead to inadvertent in-
juries, such as injury to the bladder neck, urethra, or 
an ectopic ureter. Precise understanding of  the ana-
tomic relationships between the pelvis and the laparo-
scopic view is vital to avoid these problems. Like the 
transabdominal approach, there is potential for leav-
ing behind the distal rectal cuff, leading to a posterior 
urethral diverticulum, particularly for malformations 
below  the  peritoneal  reflection,  such  as  rectobulbar 
fistula. Finally, to avoid rectal prolapse, a pelvic hitch 
is employed; if this step is omitted or done incorrectly, 
the incidence of prolapse will probably be significant. 
With the avoidance of the posterior sagittal incision, 
the  described  laparoscopic  operation  omits  several 
key  steps  of  the  PSARP  that  are  very  important  to 
avoid prolapse [24], particularly tacking of the poste-
rior rectal wall to the muscle complex.

24.1.2.12	Rectal	Prolapse

Rectal  mucosal  prolapse  occurs  following  PSARP, 
with an incidence of 3% [24]. It is more common in 
patients  with  higher  malformations  and  with  poor 
sacral  and  pelvic  musculature.  Significant  prolapse 
may lead to ulceration, bleeding, and mucus produc-
tion, and can interfere with anal canal sensation and 
thus  impact  upon  a  patient’s  functional  prognosis. 
Correction of the prolapse can be performed transa-
nally, with mobilization of  the redundant  full-thick-
ness rectum, and redo-anoplasty. This is ideally done 
prior to colostomy closure. Sometimes, however, pro-
lapse only develops after colostomy closure and in the 
presence of constipation [24]. The repair of the pro-
lapse in patients without a colostomy requires a strict 
preoperative bowel preparation, insertion of a central 
line, nothing by mouth for 7 days, and administration 
of parenteral nutrition.

24.1.3 Group C, Sequelae of Constipation

Group C includes those patients referred to our insti-
tution because of fecal incontinence who actually had 
untreated severe constipation, chronic impaction, and 
therefore suffered from overflow pseudoincontinence. 
All of these patients have several factors in common. 
All were born with a malformation with good func-
tional prognosis and underwent a technically correct, 
successful operation. Postoperatively, they all had se-
vere  constipation  which  was  not  adequately  treated 
and developed megasigmoid and chronic fecal impac-
tion. Adequate  treatment of  their  constipation, with 
or  without  a  sigmoid  resection  [25],  rendered  them 
fecally continent (see Chaps. 29, 30 and 32].

Constipation is the most common functional dis-
order  observed  in  patients  who  undergo  posterior 
sagittal anorectoplasty [1]. Interestingly the incidence 
of constipation is inversely related to the frequency of 
voluntary bowel movements. This means that patients 
with  the  best  prognosis  for  bowel  control  have  the 
highest incidence of constipation. Patients with very 
poor prognosis,  such as bladder neck fistula, have a 
rather low incidence of constipation.

It  seems  from  analysis  of  our  series  that  consti-
pation  is  related  to  the degree of preoperative rectal 
ectasia.  Colostomies  that  do  not  allow  cleaning  and 
irrigation  of  the  distal  colon  lead  to  megarectum. 
Transverse colostomies lead to a micro left colon with 
dilatation of  the  rectosigmoid. Loop colostomies al-
low for passage of stool and distal fecal impaction. It 
is  clear  that  keeping  the  distal  rectosigmoid  empty 
and not distended from the time the colostomy is es-
tablished and proceeding with pull-through and sub-
sequent colostomy closure as early as possible within 
several months results in better ultimate bowel func-
tion [26].

All  patients  in  this  pseudoincontinent  group  un-
derwent  a  laxative  test  to  determine  whether  they 
were  fecally  continent.  First,  large-volume  enemas 
were administered until the patient’s colon was clean 
(disimpacted). Daily laxatives were then administered, 
increasing  the  amount  each  day  until  the  amount 
necessary  to  produce  colonic  evacuation  was  deter-
mined. A plain abdominal x-ray was obtained every 
day to assess the colonic emptying (see Chaps. 29, 30 
and 32).  If  the patient demonstrated  the capacity  to 
feel the stool in the rectum, reach the bathroom, have 
voluntary bowel movements, and remain clean every 
day, the patient was considered continent. The patient 
was  then offered  the option of continuing  the  treat-
ment with large quantities of laxative for an indefinite 
period of time or a sigmoid resection [25] in order to 
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make the constipation more manageable and thereby 
decreasing the laxative requirement. 

It is extremely important to recognize this group of 
patients. Some may be wrongly diagnosed as suffering 
from true fecal incontinence and some have even un-
dergone reoperations such as gracilis muscle or arti-
ficial sphincters, which can actually make the patient 
worse.  This  problem  should  be  suspected  when  one 
sees a patient who was born with a benign malforma-
tion, who underwent a technically correct operation, 
but who was not treated correctly for constipation.

24.2 Conclusion

Unfortunately,  despite  great  advances  in  pediatric 
surgical care, there remain a significant number of pa-
tients who undergo attempted anorectal repairs with 
significant complications, many of which are prevent-
able.  One  must  have  a  thorough  understanding  of 
these malformations, utilize a meticulous technique, 
and employ rigorous, careful postoperative manage-
ment if repairs are to be successful. These basic fun-
damentals need  to be emphasized  in  the  training of 
young pediatric  surgeons,  so as  to  improve  the out-
look for children born with ARM.
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25.1 Introduction

The treatment of ARM either by a perineal, sacral, 
abdominal, or combined approach is technically de-
manding and requires strict adherence to the finer 
anatomical and physiological details to achieve good 
results. The most important problem after imperfo-
rate anus repair is chronic constipation. It is aston-
ishing that in the period from 1953, when Stephens 
presented first his sacral approach, up to 1982, when 
Peña and de Vries introduced the posterior sagittal 
anorectoplasty (PSARP) procedure, fecal inconti-
nence represented the main postoperative problem 
[1,2]. After the introduction of PSARP, primary fecal 
incontinence dropped considerably down from 31 to 
11.8% [3], but chronic constipation with overflow in-
continence became the most important postoperative 
sequelae [4–9].

25.2 Postoperative Outcome 
after ARM

In 2001, Holschneider et al. [3] compared two groups 
of patients after ARM treatment: results achieved be-
fore the introduction of PSARP in the period 1962–
1984 (n = 381) and those achieved after the introduc-
tion of Peña’s technique (period 1985–1997; n = 197). 
Incontinence decreased during these two periods in 
high types of ARM from 55% to 24%, in intermediate 
types from 30% to 11%, and in low forms from 8% to 
zero. The frequency of partial continence increased in 
the same time interval from 32% to 56% in the high 
types and decreased from 60% to 47% in the interme-
diate forms. It remained unchanged at 25% and 21%, 
respectively, in the low malformations. Continence 
increased from 13.5% to 20% in high, 10% to 42% 
in intermediate, and 67% to 79% in low anomalies 
(Fig. 25.1).

The main postoperative problem in our last series 
from 1985 to 1997 of 197 children operated accord-
ing to Peña was chronic constipation with overflow 
incontinence: 63.2% of the patients showed no consti-
pation and had normal defecation habits, but 28.6% 
of the children were occasionally, and 8.3% always 
constipated. In other series too, chronic constipa-
tion is a well-known phenomenon. In 1992, Hedlund 
and Peña reported on 9 out of 30 severely constipated 
children and 6 with additional overflow soiling [10].

In 1995 Peña described his results in 285 children 
[4]. He observed chronic constipation to varying de-
grees in 61.4% with vestibular fistulae, 55.0% with 
bulbar fistulae, and 41.4% with prostatic fistulae. Soil-
ing occurred in 0–82.6% of his patients depending on 
the type of the fistula. It is well known that vestibu-
lar, bulbar, and prostatic fistulae usually need more 
preparation to allow sacroperineal pull-through than 
do perineal and bladder-neck fistulae. Therefore, the 
possibility of damage to the extramural nerve supply 
to the rectum is higher in intermediate-type lesions 
than in low- or high-type malformations. On the 
other hand, in bladder-neck fistulae the development 
of the striated muscle complex is hypoplastic, favor-
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ing anal incontinence as a result of a reduced anorec-
tal pressure barrier. Therefore, soiling was observed 
in 82.6% of patients with bladder-neck fistulae. Bliss 
et al. [11] and Chau et al. [12] found similar results 
(Table 25.1).

In addition, chronic constipation is also an ongoing 
problem after repair of low ARM. In 1997 Rintala et 
al. [13] found constipation in 17 out of 40 (42%) chil-
dren after correction of low ARM. In addition, four 
patients (10%) suffered from daily soiling by overflow 
incontinence. Only half of the children with low ARM 
had age-appropriate normal bowel function.

25.3 Continence and the Mechanism 
of Defecation in Normal 
Individuals

The most important physiological factors contribut-
ing to fecal control in normal individuals are a nor-
mal propulsive activity of the rectum, good rectal wall 
compliance, a high resting tone, contractility of the 
smooth and striated anal sphincters, and intact sensa-
tion. It is important to remember that 70–80% of the 
anorectal resting pressure profile is established by the 
internal anal sphincter. The striated muscle fibers of 
the external anal sphincter and pelvic floor muscles 
are an additional help, but not the main factors of the 
anorectal pressure barrier (Table 25.2) [14,15].

The relationship between continence and the 
mechanism of defecation is described in Chap. 7 and 
can be summarized as follows. Normally, the rectum 
is empty. Various reflexes, such as the gastrocolic re-
flex and the ileocolic reflex (contraction of the colon 

caused by filling of the stomach or ileum, respec-
tively) as well as voluntary contraction of the abdomi-
nal musculature, may initiate defecation by filling the 
rectum with colonic contents. The increasing intrarec-
tal pressure stimulates the distension receptors in the 
puborectalis muscle and the parapuborectal tissues, 
and desire to pass stool is consciously felt. At the same 
time, a reflex relaxation of the internal anal sphincter 
occurs. This allows even the smallest amounts of stool 
to reach the anal canal. The hypersensitive mucosa 
of the anal canal is able to distinguish the difference 
between flatus and liquid or solid stool. The reflex 
contraction of the external anal sphincter and the 
puborectalis will prevent expulsion of stool from the 
anal canal and thus inhibit fecal soiling. This effect is 
increased by the compression of the lower anal canal 
by the engorged hemorrhoidal vessels of the rectum 
and the corrugator muscle of the anus. This allows 
the rectum time to adapt itself toward the increased 
intraluminal pressure. The aboral–oral pressure gra-
dient of the rectum will propel the stool upward into 
a more proximal rectal segment. This will, however, 
stimulate a further propulsive wave via a feed-back-
mechanism. An intrarectal pressure of 25–30 mmHg 
will stimulate a reflex inhibiting the anorectal sphinc-
ters and the puborectalis muscles. Voluntary contrac-
tion of the abdominal wall muscles will also cause a 
reciprocal inhibition of the striated muscles of the 
pelvic floor. This, in turn, will decrease the acute-
ness of the anorectal angle formed by the puborecta-
lis muscle, and defecation commences. The increas-
ing desynchronization of electrical activities in the 
smooth muscle fibers will cause dilatation of the anal 
canal at first in its upper third, and later throughout 

Fig. 25.1 Continence, partial conti-
nence, and incontinence in two groups 
of patients (periods 1962–1984 and 
1985–1997; from Holschneider et al. 
2001 [3])
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its whole length, and thus the intestinal contents of 
the descending colon, rectosigmoid, and rectum will 
be expressed by contraction of the abdominal mus-
cles with a closed epiglottis in a few strong propulsive 
waves [16].

The etiology of defecation problems after PSARP is 
multifactorial and includes: (1) sacral malformations, 
(2) altered rectosigmoid motility, (3) sphincteric in-
sufficiency, and (4) secondary psychological prob-
lems. In some cases, fecal incontinence is a complica-
tion of surgery (e.g., a mislocated rectum); however, 
in most children fecal incontinence is secondary to 
the defect. Children with sacral agenesis, and males 

with a rectal fistula to the bladder neck had the high-
est rates of fecal incontinence, followed by females 
with a high confluence cloaca [4].

25.4 Surgical Anatomy of the PSARP 
Approach

The most important factor for postoperative con-
tinence is adequate surgical technique. It is there-
fore necessary to mention the anatomical sections 
of a PSARP approach performed by Huber et al. in 
1983 [17]. His preparations in a human cadaver with 
normal pelvic anatomy correspond with the recent 
PSARP procedure in children with ARM (Fig. 25.2).

In newborn babies, the anatomical situation is sim-
ilar to that in adults, but is more difficult to demon-
strate, especially under surgical conditions. However, 
the nerve supply inside the ailerons latéraux, the lat-
eral fascial wings, shows the same course and density 
[3] (Fig. 25.3). These postganglionic extramural cho-
linergic nerve fibers running from the pelvic plexus 
are responsible for the propulsive rectal evacuation 
and descend from segments S2 to S4. They should 
only be cut inside Waldeyer’s fascia and directly on 
the rectal wall.

Unfortunately, in patients with ARM the anatomi-
cal structures of the rectum, anorectal sphincters, and 
their nerve supply are frequently not well developed. 
This includes malformations of the intramural plexus, 
pelvic fascia, and the blood supply to the blind pouch 
(see CD Chap. 6 and Chap. 7).

In piglets with anal atresia, the ailerons latéraux 
appear to be less well developed and the nerve sup-

Table 25.2 Physiological factors contributing to anorectal 
continence. ARRP Anorectal resting pressure profile

Anatomical site Physiological factor

Rectum Propulsive bowel motility
Compliance (adaptation reaction)

Pelvic floor Anorectal angle
Resting tone and contractility 
of striated muscle complex
Sensibility: feeling of fullness

Internal anal sphincter Resting tone (70–80% of ARRP)
Internal sphincter relaxation reflex

External anal sphincter Resting tone and voluntary 
contractility of muscle fibers
Fine continence (hem-
orrhoidal plexus)
Rectosphincteric reflex

Anorectum Discrimination
Warning period

Table 25.1 Frequency of continence and soiling according to Peña 1995 [4]

Soiling (%) Constipation (%)

Grade I Grade II Total Grade I Grade II Total

Low Perineal Fistula (n = 14) 0.0 0.0 0.0 21.5 7.1 28.6

Vestibular Fistula (n = 44) 20.9 9.3 30.2 34.1 27.3 61.4

Intermediate Bulbar Fistula (n = 42) 29.1 35.4 64.6 11.1 44.4 55.5

Imperforate  
without Fistula (n = 17)

5.5 33.3 38.9 16.7 33.3 50.0

Vaginal Fistula (n = 4) 50.0 50.0 100 0 25.0 25.0

High Cloacal Fistula (n = 38) 23.6 44.7 68.4 2.7 25.0 27.7

Prostatic Fistula (n = 57) 18.9 55.1 74.1 15.5 25.9 41.4

Bladderneck Fistula (n = 19) 4.3 78.2 82.6 4.6 13.6 18.2

Other Rectal Atresia or Stenosis (n = 5) 0.0 0.0 0.0 20.0 20.0 40.0

Total (n = 245) 18.7 38.2 57.0 15.4 27.6 43.1
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Fig. 25.2 A The external anal sphincter (8), the urogenital dia-
phragm (4), the puborectalis muscle (5) as part of the levator 
ani muscles (2), and the pudendal nerves (9) running lateral 
into Alcock’s canal, as well as branches of the pudendal artery 
and the inferior rectal nerves (9). The external anal sphincter 
is innervated by the pudendal nerves; however, the levator ani 
muscles and the upper part of the puborectalis muscle are in-
nervated by branches of the sacral plexus laying on the inner 
surface of the pelvic floor. Sacrospinal ligament (7), coccygeal 
muscle (3). B The pelvic floor is opened and the levator ani (10) 
and sphincter muscles cut (8). The internal muscle fibers of 
the levator muscles can be seen inserting into the longitudinal 
muscle layer of the rectum (11). The sacrotuberal ligament (2) 
is cut as well and elevated. The inferior rectal nerves and the 
inferior rectal artery (7) are visible. Here, the pudendal nerves 
can be seen more closely (4), passing into Alcock’s canal (3) 
after having left the pelvis. Very important are the rectal fas-

cias (15) and next to them, the lateral rectal wings (also called 
“ailerons latéraux” (16), the lateral fixation of the rectum. Is-
chial spines (5), sacrospinal ligament (6), anococcygeal liga-
ment (12/13). C After having removed the sacrum, the rectal 
fascias (2) can be demonstrated. Only the dorsal part of the 
rectal fascia is called Waldeyer’s fascia (3). Laterally, the rectal 
fascia passes over into the internal parietal pelvic fascia. meso-
sigmoid (5), rectum (1). D This is the most important view for 
PSARP. It shows branches of the medial rectal artery (5), the 
venous plexus (6), and the parasympathetic splanchnic nerves 
(the erigentes and pelvic nerves). They run together with the 
sympathetic nerve fibers of the inferior hypogastric plexus of 
the pelvic sympathetic trunk inside the ailerons lateraux to the 
rectum (7). The endarteries and the tiny endings of the nerve 
fibers are passing through Waldeyer’s perirectal fascia into the 
muscular wall of the rectum. Pouch of Douglas (8) (reproduced 
from Huber et al 1993) [17]
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Fig. 25.3 Anatomical situation in female newborn. A Puden-
dal nerve supply to the anus and lateral wings in a female new-
born. B Magnification of lateral wings (ailerons lateraux) after 
removing the fascia

Fig. 25.4 Anatomical situation in a female piglet with imper-
forate anus. A Piglet with imperforate anus. B Blind pouch in 
the piglet with a poor nerve supply. C Blind pouch (above va-
gina) opened
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Fig. 25.5 A Insertion of Waldeyer’s 
fascia (W.F.) in a patient with inter-
mediate anal atresia. B Waldeyer’s 
perirectal fascia incised (green ar-
row)

Fig. 25.6 Course of the erigentes nerve, according to Stephens 
1988 [2]. A Normal situation. B Intermediate type imperforate 
anus with rectourethral fistula. C High-type anorectal malfor-
mation (ARM). P---C Pubococcygeal line
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Fig. 25.7 A–D Variations of arterial supply to 
the rectum and rectosigmoid according to van 
Lanz and Wachsmuth 1982 [22]. A Normal 
course of rectal arteries in 88% of patients. B Bi-
lateral middle rectal arteries (4.8%). C Only the 
left branch coming from superior rectal artery 
(4.8%). D Only the right branch coming from 
superior rectal artery (2.4%). E Branches of in-
ferior mesenteric artery to the rectosigmoid. A 
Artery
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ply seems to be poorer (Fig. 25.4). Likewise, the nerve 
supply of the external anal sphincter seems to be less 
dense, which might be explained by the purely re-
flex-controlled fecal continence of these animals [3]. 
Contribution of the ailerons latéraux to fixation of the 
rectum in the small pelvis might account for stronger 
development in men, particularly in adults.

25.5 Pathologic Anatomy in ARM

25.5.1 Extrinsic Malformations of the 
Anorectum

In patients with ARM, Waldeyer’s fascia is hardly visi-
ble and is very difficult to demonstrate (Fig. 25.5). It is 
therefore difficult to identify the erigentes nerves dur-
ing preparation of the blind pouch. For that reason it 
is even more important to dissect directly on the rec-
tal wall and to identify the individual neurovascular 
bundles at the point where they penetrate the rectal 
wall, and to dissect them as little as absolutely neces-
sary for the pull-through.

Peña et al. had already pointed in 1993 [18] that 
after perisacral approach (PSA) and perirectal dissec-
tion in dogs, 57.1% of the animals were able to hold 
an enema; however, after additional intensive perirec-
tal dissection only 44.4% could do so. They concluded 
that PSA did not hurt the perirectal nerve supply, but 
extended perirectal dissection does.

In this context it is important to remember the 
studies of Stephens et al. [1,2] and Kelly [19,20]. These 
authors pointed out that the stimulating parasympa-
thetic pelvic nerves (erigentes nerves) take an atypical 
course in patients with ARM. They demonstrated that 
pelvic nerves normally pass the pubococcygeal line 
separately on the right and the left of the rectum. In 
patients with high ARM, nerve fibers pass more me-
dially. They may pass medially and caudally along the 
lower pole of the rectal pouch only in its inferior part 
and around the fistula (Fig. 25.6).

These observations are in accordance with findings 
made by Davies [21]. In specimens from corpses, Da-
vies found that the autonomic nerves pass laterally to 
the rectal wall and are covered with endopelvic fascia. 
He stressed the importance of Denonvillier’s fascia 
(fascia prostatoperinealis) on the ventral side of the 
blind pouch. The nerves of the pelvic plexus, which 
supply the urogenital intestines, lie on Denonvillier’s 
fascia anterior to the rectum. In ARM, the fascia, too, 
is frequently not developed, and for that reason nerve 
fibers are particularly easily damaged. Denonvillier’s 
fascia should not be touched. A neurogenic bladder 

can result from an excessively extensive mobilization 
inside this fascia prostatoperinealis.

The vascular supply to the rectum also varies to a 
great extent [22]. There might exist one well-devel-
oped middle rectal artery on each side, or there may 
be only one on one side, the other half of the rectum 
receiving its vascular supply as a branch of the supe-
rior rectal artery. Or else both of the middle rectal ar-
teries are lacking and the whole vascular supply of the 
rectum comes from the superior rectal artery. This 
becomes especially important in pull-through pro-
cedures, in particular in cloacal malformations. The 
branches of the inferior mesenteric and sigmoid ves-
sels, usually 15 and 12 cm long, respectively, might be 
too short to allow a pull-through for both the vagina 
and the rectum. An enforced trial to do so may result 
in vascular problems, leading to stenosis (Fig. 25.7).

25.5.2 Intrinsic Malformations 
of the Anorectum

Fetal experiments by Pickard et al. [23] revealed that 
an intestinal obstruction evolving in early fetal life 
might cause secondary alterations in the plexus of the 
intestinal wall. According to our own studies in 1994 
and 1996, aganglionosis, hypoganglionosis, intestinal 
neuronal dysplasia (IND), desmosis, and deficiency of 
interstitial cells of Cajal may occur [24–26]. We also 
observed a case with duplication of the plexus, and 
another where the internal anal sphincter consisted of 
longitudinal muscle fibers of the rectum instead of, as 
usual, the circular muscle layer (Fig. 25.8).

Martuciello et al. [27] examined 100 suction rectal 
biopsy samples from the fistulae, and at 6, 4, 3, and 
2 cm distance to the opening of the fistula in 22 pa-
tients with ARM. They detected innervation disor-
ders of the rectal wall in 81.8% of the biopsy samples. 
All female patients with vestibular fistulae exhibited 
dysganglionosis. Aganglionosis was found in 18% of 
all patients.

Masumoto et al. [26] described anomalies of en-
teric neurons, intestinal pacemaker cells, and smooth 
muscle in human intestinal atresia. They observed 
a hypoplasia of the myenteric ganglia and a marked 
reduction of intramuscular nerve fibers, including 
nitrergic neurons, in the dilated proximal segment of 
intestinal atresia. C-kit-positive cells were localized 
around the myenteric plexus, but were rarely found 
within the muscularis propria in the proximal seg-
ment. A reduced staining intensity for monoclonal 
antibodies to α-smooth muscle actin was observed 
mainly in the hypertrophic circular muscle layer of 
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the proximal segment. These data suggest that anom-
alies of the intramural nerve plexus are less impor-
tant for chronic constipation than is malformation or 
damage to the extramural cholinergic nerve fibers. In 
addition, biopsy samples of the rectal wall in 25 pa-
tients with severe postoperative constipation investi-
gated by Holschneider et al. revealed no correlation 
between histomorphological findings and the clinical 
symptoms. Only four out of nine patients with agan-
glionosis and two out of eight children with hypogan-
glionosis suffered from severe chronic constipation. 
However, all patients without histological abnormali-
ties showed normal bowel evacuations [7,13]. There-
fore, aganglionosis, hypoganglionosis, and IND of the 
most distal part of the rectal pouch and in the fistula 
may represent a normal situation.

25.6 Pathophysiology of Continence 
and Defecation in ARM

The pathophysiological conditions arising from the 
aforementioned pathoanatomical findings are sum-
marized in Table 25.3.

25.6.1 Rectum

The rectum in children with ARM is usually dilated 
and does not shrink very much after the establish-
ment of a colostomy. Its voiding function is reduced 
due to the impairment of parasympathetic nerve 
fibers and, in a few cases, of the intramural nerve 
plexus. A dilated bowel segment is not usually able to 

Fig. 25.8 Muscular and neuronal abnormalities of the blind 
pouch. A Absent ganglion cells of the internal anal sphincter, 
short hypoganglionic segment, and oral normalization of the 
myenteric plexus (arrow). B Higher magnification of the sec-
tion shown in A. C The submoucus plexus (arrow) showing 
hypoganglionosis with a strongly reduced number of ganglia 
and ganglion cells inside the smaller ganglia. D Enlarged and 
heterotopic ganglia in the circular muscle layer of the rectal 
pouch (intestinal neuronal dysplasia; arrow). E Two completely 
doubled mesenteric plexus in the muscle wall of the rectal 
pouch (arrows)
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contract. The slow waves are disturbed and the evo-
cations of spike potentials are reduced [15]. This is a 
well-known phenomenon in other diseases like ileus, 
segmental dilatation of the small bowel loops, and je-
junal atresia. However, rectal dilatation in ARM does 
not usually need tapering like jejunal obstructions. 
Partial resection might be necessary only in a very 
few cases of inert rectum that are resistant to wash-
outs. However, one always has to keep in mind that 
patients with ARM need a certain degree of constipa-
tion to become clean with washouts.

In 1997, Rintala [13] demonstrated that total co-
lonic transit is significantly prolonged in patients with 
ARM and even more prolonged in high types (me-
dian 24% prolonged transit) than in low types and 
healthy individuals (median 10% prolonged transit). 
However, Nagashami et al. in 1992 [28] found no dif-
ference in either contractile or myoelectric activity 
(spike bursts and slow waves) of the rectum between 
the two groups. Heikenen et al. [29] observed high-
amplitude propagating contractions in severely con-
stipated children with ARM soiling after repair. The 
same phenomenon is found in children with myelo-
meningocele [13,24,30]. Thus, overflow incontinence 
in ARM seems mainly to be a motility disturbance 
of the rectum and not a problem of the anorectal 

sphincters. This can also be concluded by comparing 
the functional situation in ARM with that of patients 
with Hirschsprung’s disease. In Rehbein’s procedure 
it is permitted to leave 4–5 cm of aganglionic anorec-
tum in situ. However, chronic constipation occurred 
postoperatively in only 7.9% of these patients [31]. 
The frequency of postoperative chronic constipation 
in children after megacolon repair is lower than in 
children after PSARP for imperforate anus. In addi-
tion, hypoganglionosis of the lower most part of the 
blind pouch represents the normal ganglion cell dis-
tribution in the internal anal sphincter in healthy in-
dividuals.

Motility disturbance could theoretically also result 
from malformations of the parasympathetic nerve 
supply to the rectum. Christensen pointed out that 
the large intestine receives its extrinsic nerve sup-
ply through the vagus nerves, from the pelvic nerves 
and from the mesenteric nerves [16]. The vagus 
nerves provide a parasympathetic innervation to the 
whole gastrointestinal tract and to the rostral end of 
the large intestine. The pelvic nerves also distribute 
cholinergic fibers, the sacral component of the cra-
niosacral outflow, to the whole of the large intestine. 
They form the pelvic plexus from which colonic nerve 
branches pass to the large intestine. The mesenteric-

Anatomical site Pathological condition

Rectum Blind-ending, dilated rectal pouch
Malformation of extramural nerve supply
-tethered cord, spinal dysraphism, caudal regression, 
over-distension of cholinergic nerve fibers, damage, 
and atypical course of the erigentes nerves
Malformations of intramural nerve plexus 
and bowel wall structures
-AG, HG, IND, desmosis, absence of interstitial cells of Cajal
Reduced fixation of the rectum in the small pelvis 
after pull-through: disposition for rectal prolapse

Pelvic floor Hypoplastic striated muscle complex, frequently not in direct 
contact with external sphincter muscle fibers and much better 
developed close to the sacrum than at the side of the anal dimple
No clearly visible anorectal angle

Internal anal sphincter Reduced number and weaker smooth muscle fibers localized 
around the fistula and not always at the deepest point of the 
blind pouch, with the exception of ARM without fistula

External anal sphincter Hypoplastic and sometimes malpositioned muscle fibers
Hemorrhoidal plexus on a higher level
No longitudinal muscle fibers of the rectal muscle 
coat running through the external anal sphincter into 
the anal skin: disposition for mucosal prolapse
No anoderm: reduced sensibility

Table 25.3 Pathologic conditions 
for stool continence in anorectal 
malformations. ARM Anorectal 
malformations, AG Agangliono-
sis, HG hypoganglionosis, IND 
intestinal neuronal dysplasia
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adrenergic nerves emerge from the three prevertebral 
ganglia, which send branches along the three arter-
ies to the gut. The vagal branches extend no further 
than about the middle of the transverse colon. The 
pelvic nerves distribute nerve fibers to the remainder 
of the large intestine. Branches of these colonic nerves 
extend rostrally in the myenteric plexus as far as the 
transverse colon. These are called ascending nerves of 
the colon. They may well overlap to some degree with 
that of the vagus nerve and vary widely.

In children with ARM this descending, ascending, 
and intramural nerve supply could be disturbed and 
its stimulating influence diminished leading to the 
varying degree of constipation observed in these chil-
dren. This aspect is supported by studies of Mandhan 
et al. [32] showing that the imunoreactivity of neu-
ron-specific enolase, vasoactive intestinal peptide, 
NSE, VIP, and nuclear protein SP-100 is markedly re-
duced in the rectum and fistulous tract of high ARM 
and slightly reduced in low ARM compared with con-
trols. Intramural nerves immunostained with VIP and 
SP-100 antisera are decreased in both types of ARM, 
indicating that both inhibitory and excitatory motor 
neural elements are affected. This may also explain 
the distal colonic dysmotility seen postoperatively in 
both high and low ARM.

However, the degree of rectal dysmotility varies 
widely. Kayaba et al. [33], performing fecoflowmetric 
studies in 16 patients after repair of ARM, demon-
strated that 7 out of 16 children exhibited periodical 
contractions of the rectum synchronized with relax-
ations of the anal canal during saline infusion, as did 
controls, and had significantly better clinical scores 
than other patients. Only two children with severe 
chronic constipation lacked rectal contraction. The 
fecoflow parameters, such as the maximum flow, av-
erage flow, and tolerable volume of saline infused into 
the rectum, were significantly lower in the patients 
with poor clinical scores than those of controls. The 
maximal squeeze pressure and resting anal pressure 
were not significantly different between the patients 
and controls. This also indicates that anorectal dys-
function in patients with ARM is more a problem of 
dysmotility of the rectum than of anal sphincter in-
competence. However, a low anorectal pressure bar-
rier might be an additional problem leading to over-
flow incontinence. This is supported by the studies of 
Heikenen et al. [29]; they performed motility studies 
in 13 children with repaired ARM and fecal soiling 
and found high-amplitude propagating contractions 
with an average of 80% propagation into the neorec-
tum. Internal sphincter resting pressure was low in six 
out of ten patients. Internal sphincter relaxation was 

also present in six out of ten children. Only one out 
of five patients was able to cooperate and therefore 
capable of generating a normal squeeze pressure. The 
authors conclude that fecal soiling in patients with 
repaired ARM is a multifactorial problem including 
propagation of excessive numbers of high-amplitude 
propagating contractions into the neorectum as well 
as internal sphincter dysfunction. However, high-am-
plitude contractions are a typical electromanometric 
sign of chronic constipation [34]. In addition, in 20% 
of Heikenen’s patients the rectum was “lazy”, showing 
no motility. These patients probably needed rectal re-
section [29].

25.6.2 Pelvic Floor

From the anatomical sections by Stephens (see CD) 
it becomes obvious that the muscle complex struc-
tures vary individually in a wide range that is not 
only dependent upon the level of the malformation. 
In one and the same type of ARM in one patient the 
muscle complex can be well developed, while in an 
other patient it is hypoplastic. In high lesions there 
is not always a continuity of well-developed muscle 
fibers from the upper parts of the pelvic floor down 
to the external anal sphincter fibers and there might 
be instead some very tiny, hypoplastic muscle fibers 
around the urethra simulating a gap filled with fatty 
ischiorectal tissue. The striated muscle fibers covering 
the dorsal wall of the urethra are usually much better 
developed proximal to the coccyx than in the more 
caudal region below the rectal pouch. The develop-
ment of the pelvic floor muscles seems to correspond 
with the growth of the rectal pouch inside the muscle 
complex structures.

25.6.3 Internal Anal Sphincter

Lambrecht and Lierse [35] demonstrated a normal 
internal anal sphincter surrounding the proximal part 
of the fistula in 33 neonatal piglets with anal atresia 
[30]. The position of the internal sphincter depended 
on the localization of the fistula orifice into the rectal 
pouch. This differed greatly. The form and thickness 
of the internal sphincter also varied to a large degree. 
Sometimes the muscle had the form of a tube, or an 
acute-angled funnel as in healthy piglets. However, 
mostly the internal sphincter was spread out wide 
and had the form of a disc or a flat dish. In addition, 
the rectal pouches in the region of the internal anal 
sphincter as well as the fistula are hypoganglionic. 
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Fig. 25.9 A–C Histological sec-
tions through the internal anal 
sphincter fibers in the rectal 
pouch of piglets with imperforate 
anus (right). Schematic drawings 
of the histological sections are 
shown on the left (from Lam-
brecht and Lierse 1987 [35] with 
permission from the publishers). 
A Female piglet with high ARM 
and rectovaginal fistula. Note 
the funnel-shaped internal anal 
sphincter. B Male piglet with 
high ARM and rectourethral fis-
tula. Note the disc-type develop-
ment of internal anal sphincter. 
C Female piglet with high ARM 
and rectovaginal fistula. Note the 
wide spreading out of the smooth 
muscle fibers. R Rectum, V va-
gina, F fistula, IS internal anal 
sphincter, U urethra
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The proximal fistula region is lined by transitional 
epithelium, and it contains anal glands. The authors 
concluded, therefore, that the fistula should be re-
garded as an ectopic anal canal (Fig. 25.9).

The questions as to whether these smooth muscle 
fibers should be preserved during the operation and 
whether they play an important role for postopera-
tive continence remains open. In 1985, Iwai reported 
that internal sphincter relaxation correlated well to 
the Kelly score of continence [36]. However, in 1992 
Peña and Hedlund reported that the correlation be-
tween electromanometric findings and clinical results 
is incomplete [37]. In contrast, Rintala observed good 
continence in children with positive internal anal 
sphincter relaxation and a high anorectal pressure 
profile [8,9,38]. These findings are in contrast to fol-
low-up studies of Chen-Lung in 1998 [39], who re-
ported that internal sphincter relaxation was not cor-
related with the surgical procedure. However, if the 
internal sphincter relaxation was positive and a high 
anorectal pressure profile was established, the devel-
opment of constipation was six times more likely to 
occur. By studying 24 infants less than 3 years who 
had ARM, Sangkhathat et al. came to the conclusion 
that the rectoanal inhibitory reflex plays a crucial role 
in emptying function after anoplasty in such children 
[40]. Internal sphincter relaxation was present in 93% 
of cases without constipation and 12% of the patients 
with constipation. One patient who had clinical con-
version from constipation to a good result also showed 
a positive conversion of the internal sphincter relax-
ation reflex. This means that these functions should 
be preserved during reconstruction if possible. This 
corresponds with Lambrecht’s suggestions.

The deepest point of the rectal pouch, however, 
does not always correspond with the rectal origin of 
the fistula or the confluence to the urethra. Only in 
patients without fistula is the lowest point of the rectal 
pouch thickened by a cluster of smooth muscle cells 
that could easily be implanted in the perineum inside 
the external sphincter fibers. In many patients with 
fistulae, however, the smooth muscle fibers surround-
ing the fistulae are on a higher level than the deepest 
point of the pouch and can hardly be brought to the 
midline to be used as additional sphincter support.

25.6.4 External Anal Sphincter

The external anal sphincter fibers develop from the 
anal tubercules. The fibers are not circularly arranged, 
which may impair concentric contraction. They can 

easily be identified by electrical stimulation and are 
usually situated in a line between the ischial tuber-
osities. However, they can also be antepositioned. 
There are no longitudinal muscle fibers penetrating 
the smooth muscle fibers of an internal anal sphinc-
ter, as in normal individuals, and inserting into the 
skin. Therefore, there is no corrugator ani muscle for 
the so-called fine continence helping to avoid staining 
or smearing, and fixing the mucosa to the surround-
ing tissue, which avoids mucosal prolapse. Rectal 
prolapse with a protrusion of all muscle layers of the 
pulled-down rectum, on the other hand, is unusual if 
the lateral wings continue to fix the neorectum inside 
the pelvis or the colon is fixed to the presacral fascia. 
The hemorrhoidal plexus is developed on a higher 
level and therefore not supporting fine continence by 
obstructing the lower anal canal by filling its vessels.

Abnormalities of innervation of the external 
sphincter are another important factor affecting 
postoperative anorectal function. Yuan et al. investi-
gated 45 patients with ARM by neural electrophysi-
ologic methods [41]. They found the latencies of the 
pudendoanal reflex, the spinoanal response, and the 
conduction times of sacral spinal centers are signifi-
cantly prolonged in patients with ARM. There was a 
significant difference between the rectourethral fis-
tula group and the vestibular fistula group, as well as 
the low-type deformity group on the other side. There 
was significant negative correlation between the laten-
cies and clinical scores. Although pudendoanal reflex 
latency was longer in patients who had PSARP than 
those who had abdominoperineal pull-through pro-
cedures, the difference was not significant. The neuro-
nal lesions resemble those of lumbosacral deformity 
but vary for each type of anal lesion. Nevertheless, 
they are important for clinical outcome.

Abbaso et al. came to the same result [42]. Five out 
of eight children showed well-preserved electrical ac-
tivity of the external sphincter muscle in postopera-
tive electromyographic studies. In one patient there 
was no activity and in only two patients the activity 
was normal. Six out of eight children showed a nor-
mally localized anus.

This is contradictory to studies in rats performed 
by Yuan et al. in 2003 showing that the innervation to 
the sphincter mechanism is defective and should be 
regarded as a primary anomaly that coexists with the 
alimentary tract anomaly in ARM during fetal devel-
opment [43]. However, in the animal model of ethy-
lenethiourea (ETU)-treated rats, the development of 
the muscle complex is decreased, especially in type 
II deformities showing only a muscular cord without 



Alexander M. Holschneider et al.342

any intestinal tube [44]. ETU-induced malformations 
are more complex, showing additional neural tube 
defects in 24 out of 29 animals studied by Qi et al. 
[45]. In addition, in Bai’s ETU experiments the only 
types of ARM induced were the rectourethral fistula 
and common cloaca [46]. According to Mortell et al. 
adriamycin induces notochord hypertrophy, resulting 
in a significant increased volume of notochord during 
the critical phase of development [47,48]. This may 
interfere with organogenesis, resulting in vertebral, 
anorectal, cardiac, tracheoesophageal, renal, and limb 
(VACTERL) association. ETU-induced ARM cannot, 
therefore, be compared with human alterations.

25.6.5 Anoderm (Skin of the Anal Canal)

In many cases the anoderm is well developed and 
should be preserved or reconstructed, for example 
by using Nixon’s plasty or retraction at the neoanus 
at the end of the procedure after having sutured the 
fistula under tension to the perineal skin. This tech-
nique could also help to increase sensibility and to 
improve the rectosphincteric reflex.

Fecal incontinence in patients having undergone 
PSARP repair for ARM improves at adolescence, as 
constipation disappears. Continence was ameliorated 
in 14 out of 22 children followed up by Rintala et al. 
after puberty [49]. Constipation improved in 13 out 
of 15 patients and only 2 needed a regular enema 
regimen after puberty. This improvement with time 
is probably related to a reinforced sphincter func-
tion and an increasing use of gluteal and pelvic floor 
muscles, and is a manifestation of the adaptation and 
adjustments made by the patient himself to achieve a 
socially acceptable status.

However, we believe that future continence behav-
ior can be predicted within the 1st year of life. Regu-
lar bowel movements with evidence of straining and 
observation of signs suggestive of imminent defeca-
tion by the mother without staining of the napkins 
suggests a good outcome.

25.7 Conclusion

The reconstruction of anal sphincters is much im-
proved by preservation of the blind pouch, but rec-
tal motility remains disturbed. It has become appar-
ent that there should be an equilibrium between the 
propagating forces of propulsive waves from the nor-
mal colon down to the rectum and the stool-retaining 

forces of the anorectal pressure barrier. However, this 
state of balance is frequently disturbed by reduced 
motility of the blind pouch on one side and lowered 
anorectal resting and squeeze pressures on the other. 
Therefore, the most important goal of repair of ARM 
should be to preserve as many anatomical and physi-
ological continence-improving structures as possible 
and to avoid any damage to the nerve supply of the 
blind pouch and the anorectal sphincters during sur-
gery. In addition, the dysmotility of the blind-ending 
rectum should be used as a help to slow down the 
propulsive waves of the normal descending colon, 
otherwise these movements could overwhelm the 
weakened sphincter barrier leading to incontinence. 
However, storage of fecal material in a dysfunction-
ing rectum with overflow incontinence should be 
avoided.

These aforementioned anatomical and pathophysi-
ological considerations yield the following conclu-
sions for clinical purposes:
1.  The introduction of PSARP has been of great ben-

efit to children with ARM.
2.  Chronic constipation with overflow incontinence 

is more frequent after PSARP than it is after ab-
dominoperineal pull-through procedures, which 
more frequently lead to stool incontinence.

3.  The rectal pouch cecum should always be pre-
served.

4.  It is of greater importance, however, to mobilize 
the pouch as little as possible and keep directly on 
the rectal wall.

5.  If possible, the fistula and the surrounding smooth 
muscle fibers, representing an ectopic anus, should 
be implanted into the perineum.

6.  In constipated children one should always be 
aware of associated malformations of the intra-
mural plexus. In addition, malformations of the 
smooth and striated muscle fibers and Cajal’s cells 
could be present. In cases of severe chronic con-
stipation, suction, or even full-thickness biopsy 
samples should be taken.

7.  Postoperative electromanometric studies are of 
great importance for the differentiation between 
motility disturbances of the rectum and incompe-
tence of the anorectal sphincter.

8.  There is no place for ongoing postoperative 
sphincter dilatations. After a few weeks the anus 
should grow elastically by itself.
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The goal of treatment for anorectal malformations 
(ARM) is to achieve anal continence, and various 
attempts have been made to obtain objective assess-
ments for it. These objective measures give us accu-
rate information about postoperative sphincter func-
tion or sphincter distribution, and provide us with 
further strategies for postoperative treatments.

We have two main objective assessments: physi-
ological examinations and imaging studies. In this 
chapter we describe our experience with postopera-
tive electromanometric, electromyographic, and anal 
endosonographic evaluations, in addition to the use 
of biofeedback therapy.

26.1	 Electromanometric	Evaluation

For the complete evaluation of postoperative conti-
nence, anorectal manometric studies have been per-
formed on patients with ARM [1,2]. We also investi-
gated whether there was a correlation between clinical 
assessment and manometric assessment [3].

26.1.1	 Manometry	Study

Manometry was done without anesthesia, except in 
restless children, who required mild sedation at the 
time of examination. The probe was filled with water 

before the examination, but was not perfused during 
the test. The anorectal pressure profile was first re-
corded in centimeters by withdrawing the probe that 
was introduced 8 cm above the mucocutaneous line 
into the rectum. The presence or absence of an ano-
rectal reflex was determined by distending the bal-
loon in the rectum.

26.1.2	 Results	of	Anorectal	Manometry

Patients with a good clinical result after staged ab-
dominoperineal rectoplasty or perineoplasty exhib-
ited the same anorectal pressure profile as normal 
subjects, with a high-pressure zone in the anal canal 
(Fig. 26.1). They also had an adequate anorectal pres-
sure difference that was not significantly different 
from that of normal subjects. On the other hand, pa-
tients with a poor clinical result showed a slight radial 
change in the anorectal pressure profile and did not 
have such a high-pressure zone as was found in nor-
mal subjects (Fig. 26.2). The anorectal pressure differ-
ence was as low as 3 cmH2O. Most of the patients with 
a good clinical result, regardless of the type anomaly, 
exhibited an anorectal reflex. In high anomalies, how-
ever, some patients with a good clinical result did not 
necessarily show the reflex.

Manometric investigations showed that good clini-
cal results after surgery were associated with a normal 
function of the anorectum. The anorectal pressure 
profile, observed in all patients with adequate conti-
nence, characteristically had a marked high-pressure 
zone, as did normal subjects. Thus, the presence of 
normal anal pressure at rest as well as an adequate 
anorectal pressure difference was found to correlate 
well with continence after surgery for ARM. How-
ever, the anorectal reflex in high anomalies did not 
necessarily correlate well with continence. Accord-
ingly, it seems that the reflex is not essential to achieve 
continence, at least in patients with high anomalies. 
This might be explained as follows. In a high anomaly, 
only a mechanical resistance remains without sensi-
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Fig.	26.2 Anorectal pressure pro-
file in a patient with a poor result 
after staged abdominoperineal 
rectoplasty. A slight radial pres-
sure change in the anal canal was 
found without a high-pressure 
zone

Fig.	26.1 Anorectal pressure pro-
file in patients with good results. 
A Staged abdominoperineal recto-
plasty. B Perineoplasty. The same 
anorectal pressure profile with a 
high-pressure zone was observed

Fig.	26.3 Electromyographic re-
cording of the external sphincter 
(EAS) during rectal distension. 
In response to each rectal disten-
sion, relaxation of the anal canal 
pressure and contraction of the 
external sphincter were observed 
(arrows)

Fig.	26.4 Electromyographic re-
cording of the EAS during further 
rectal filling. The further rectal 
filling elicited renewed contrac-
tion of the external sphincter
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tive receptors in the mucosa, which is concerned with 
initiating the anorectal reflex. Therefore, normal anal 
resting pressure and an adequate anorectal pressure 
difference in a high anomaly are apparently more 
important factors relating to continence after recon-
structive surgery for ARM.

26.2	 Electromyography

In the treatment of ARM it seems that the function 
of the external sphincter has not been emphasized 
sufficiently. The external sphincter muscle provides 
fine control, especially at the time of a “sense of ur-
gency”. The external sphincter function was assessed 
by electromyography (EMG) and voluntary contrac-
tion pressure.

26.2.1	 EMG	study

The EMG was recorded by two surface electrodes 
placed just outside the anal orifice, as reported pre-
viously [4]. The patient was grounded with a similar 
electrode. The time constant was 0.03 s. The patients 
were examined awake, without sedation, and in a 
supine position. The external sphincter electrogram 
at rest was recorded first. When the rectum was 
transiently distended by a balloon, contraction of 
the external sphincter was observed. This response 
was defined as the presence of an inflation reflex 
(Fig. 26.3). The rectal balloon was further inflated to 
a maximum tolerable level, and the electrical activity 
was observed during rectal filling (Fig. 26.4). In coop-
erative patients, the presence or absence of phasic 
activity during voluntary anal contraction pressures 
were measured at 2 cm and at 1 cm from the anal 
verge.

26.2.2	 Results	of	the	EMG	Study

In patients with low anomalies, the inflation reflex 
was observed, and electrical activity during further 
rectal filling was increased. Phasic activity was pres-
ent in all of them. On the other hand, in patients with 
intermediate or high anomalies, most did not show 
an inflation reflex, and electrical activity was station-
ary in spite of further rectal filling. Phasic activity was 
present in all.

Adequate electrical activity of the external sphinc-
ter at rest was observed in patients with low and in-

termediate anomalies. On the other hand, tonic ac-
tivity was observed less often in patients with high 
anomalies. These results suggest that patients with 
high anomalies have a congenital functional prob-
lem of the external sphincter muscle. Molander and 
Frenckner [5] showed that the presence of an infla-
tion reflex correlated well with the development of 
voluntary anal continence. In our study the inflation 
reflex was much more common in normal subjects 
and in patients with low anomalies. From the point of 
view of the inflation reflex, the function of the exter-
nal sphincter is more frequently disturbed in patients 
with high anomalies. Electrical activity during further 
rectal filling is an index of external sphincter function 
in patients with high anomalies, as is tonic activity 
or the inflation reflex. The results of phasic activity 
indicate that although patients with high anomalies 
may have congenitally rudimentary external sphinc-
ter muscles, they may still be able to improve their 
external sphincter function. Therefore, patients with 
high anomalies may achieve compensatory volun-
tary continence of defecation if the external sphincter 
muscle is developed by voluntary bowel training such 
as biofeedback training (Fig. 26.5). These results have 
led us to devise a new computer-assisted biofeedback 
therapy in patients who have fecal incontinence after 
surgery for ARM [6,7].

26.2.3	 Anal	Endosonography

Information on sphincter morphology cannot be ob-
tained by physiological examination. Accordingly, 
anal endosonography has come into use for the mor-
phological evaluation of the external anal sphincter 
(EAS) and the internal anal sphincter (IAS) [8,9], and 
we have applied this method to assess ultrasonically 
the structures around the anal canal in ten patients 
with high-type anomalies and five patients with inter-
mediate anomalies [10].

An ultrasonographic scanner (ASU-61; Aloka, To-
kyo, Japan) was used with a 7.5-MHz rotating endo-
probe. The endoprobe is protected by a hard sonolu-
cent plastic cone with a diameter of less than 2 cm, 
designed to fit within the anal canal. The presence or 
absence of a well-defined uniform hypoechoic band 
that corresponds to the IAS was examined. Whether 
the hypoechoic band was well or moderately defined 
from the surrounding tissues and whether continuity 
of the band was interrupted were also examined. In 
addition, the appearance of the layer and its continu-
ity were checked.



Naomi Iwai et al.348

26.2.4	 Results	of	Anal	Endosonography

An image of the EAS was obtained in all ten patients 
with high anomalies; however, the distribution of the 
image was inadequate. The hyperechoic layer corre-
sponding to the EAS was not completely defined from 
the surrounding tissues, although it was moderately 
defined in all ten patients (Fig. 26.6). The continuity 
of the hyperechoic layer was partially interrupted in 

two patients, and was complete in eight. The IAS was 
seen in five of the ten patients with high anomalies. 
Four out of the five patients showed a well-defined 
layer corresponding to the IAS with circular continu-
ity, but the other showed complete interruption of the 
hypoechoic band.

The EAS was seen in all five patients with inter-
mediate anomalies (Fig. 26.7). In addition, a well-de-
fined layer corresponding to the EAS and uninter-

Fig.	26.5 Voluntary contraction pressures and phasic activities of the external sphincter before (A) and after (B) biofeedback ther-
apy. Voluntary contraction pressures and electrical activities of the phasic activities are increased after therapy

Fig.	26.6 An endosonographic image showing the hyperechoic 
band and hypoechoic band (high anomaly). The hyperechoic 
band layer is moderately defined from the surrounding tissues, 
and the continuity is uninterrupted. The hypoechoic band layer 
is well defined and the continuity is uninterrupted

Fig.	26.7 An endosonographic image showing the hypere-
choic band corresponding to the EAS (intermediate type). The 
lower portion of the hyperechoic band is well defined from the 
surrounding tissues, and the continuity is not interrupted. Ant 
Anterior, Post posterior
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rupted continuity of the EAS image were noted in 
two. A moderately defined layer was observed in the 
other three patients. The IAS was seen in one patient 
with an intermediate anomaly, and was not seen in 
the remaining four patients.

Anal endosonography has demonstrated that pa-
tients with high anomalies have less adequate distri-
bution of the EAS compared with those with interme-
diate anomalies, especially for the hyperechoic layer. 
These results indicate that patients with high anoma-
lies have a congenitally rudimentary EAS.

The IAS has been regarded as being congenitally 
absent in patients with high or intermediate anoma-
lies. However, Rintala reported the presence of the 
IAS even in patients with high anomalies, and stressed 
the importance of preserving the IAS at the time of 
surgery [11]. In the present study, five of the ten pa-
tients with high-type anomalies and one of the five 
patients with intermediate-type anomalies showed 
the hypoechoic band that corresponds to the IAS. 
Therefore, if the IAS is present in patients with high 
or intermediate anomalies, its preservation might 
contribute to the improvement of postoperative ano-
rectal function.
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27.1	 Introduction

Standardized assessment of clinical outcome after re-
pair of anorectal malformations (ARM) is essential 
for appropriate quality control in series of patients 
treated in single or different institutions, and for com-
paring different treatment modalities. Clinical assess-
ment is subjective and may be biased by the observer, 
who is often the surgeon treating the patient. There-
fore, pediatric surgeons performing clinical research 
need scales and scores that provide reliable informa-
tion on the condition and functional status of their 
patients. However, appropriate methods and instru-
ments for collecting data on the outcome after repair 
of ARM have been a matter of debate for decades.

In 1960, Scott [30] introduced a simple score, 
which was based on his clinical experience and which 
included exclusively clinical data. Since then, approxi-
mately ten scores have been introduced and used with 
varying frequency in patients after ARM repair. These 
scores are of different complexity with regard to clini-
cal, functional, and other parameters. However, none 

of the instruments has undergone a proper validation 
process. This may be the main reason why no single 
score has been generally accepted to date. Therefore, 
the reported differences in results of different series of 
patients with ARM undergoing different methods of 
repair remain difficult to interpret [10], and a gener-
ally accepted score remains mandatory.

27.2	 Principles	of	Scaling	
and	Scoring

A scale is an instrument that is used to measure clini-
cal phenomena, such as the degree of incontinence or 
the squeezing pressure of the anal sphincter. A score 
is a value on a scale in a given patient. The simplest 
and most complex scales have similar structures. They 
consist of elements and questions and their answers. 
Scores in specific patients may be dichotomous (yes/
no), or rank-ordered. Thus, qualitative scores can be 
differentiated from numerical scores.

Principally, a score may serve three functions: 
prediction, evaluation over time, or description at 
a certain time point [2]. Scores have to be within a 
reasonable range of variation, with repeated admin-
istrations to the same patient by the same and differ-
ent observers (reproducibility). In addition, a score 
has to be a valid measure of what it is supposed to be 
measuring (validity), and should show changes when 
the patient changes and no change when the patient 
is stable (responsiveness). Ideally, the process of en-
suring reproducibility, validity, or responsiveness of 
a specific scale or score should not be based on the 
observer’s clinical knowledge and common sense, but 
on a structured process.

Patients with ARM have mostly been scored de-
scriptively. None of the scores suggested for use in 
these patients has undergone a standardized valida-
tion process concerning reproducibility, validity, or 
responsiveness, with the exception of specific quality-
of-life scores. The latter were not specifically designed 
for patients with ARM. In addition, the problem of 
definition of endpoints has not been sufficiently ad-
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dressed. Constipation, intermittent soiling, or other 
symptoms are not uniformly defined.

27.3	 Specific	Scores	used	in	Patients	
with	ARM

There is consensus that fecal continence represents 
the most important endpoint in patients with ARM. 
Therefore, specific scores for assessment of long-term 
results are focused on differentiating various de-
grees of fecal incontinence. No consensus has been 
achieved on including and scoring other symptoms 
such as constipation, urinary incontinence, electro-
manometric and endosonographic findings, or qual-
ity-of-life measurements.

27.3.1	 The	Scott	Score

In 1960, Scott [30] established a qualitative score 
that differentiates between “good”, “fair,” and “poor” 
continence (Table 27.1). The items used are defeca-
tion habits, stool control, perianal soreness, and the 
function of the puborectalis muscle on digital ex-
amination. “Good” continence is defined as sponta-
neous regular defecation with or without occasional 
soiling during stress situations. Patients who are 
scored as “fair” have spontaneous and regular def-
ecations or chronic constipation. They are continent 
for normal, but not for liquid stool. They suffer from 
frequent soiling and intermittent perianal soreness. 
The strength of the puborectalis sphincter is reduced. 
Patients with “poor” continence suffer from frequent 
stools, constant soiling, and perianal soreness, and 
have no puborectalis sphincter tone. This score was 
not validated, and a clear definition of specific items 
such as constipation, and puborectalis sphincter pres-
sure was not given. However, the score was used and 
modified subsequently in early series of children with 
ARM [17,23].

27.3.2	 The	Kelly	Score

In the Kelly method [15], the criteria are somewhat 
similar to the Scott score, but continence is scored 
quantitatively (Table 27.2). The determination is 
based on leakage phenomena, on the strength of the 
puborectalis sphincter, and on sensitivity. Factors 
include the appearance of staining or smearing, ac-
cidental defecation or soiling, sensitivity, the strength 
of the puborectal is muscle action on digital examina-
tion, and “feeling of defecation”. A total of 5–6 points 

is considered “good,” 3–4 points is “fair,” and 2 points 
is “poor.” Although not validated, the score has gained 
increasing popularity [6,13,19,22,29] and probably 
represents the most commonly used instrument for 
assessment of fecal incontinence today. It is not of-
ten used as a single instrument, but is compared with 
other more objective measures, such as manometry, 
electromyography, and quality-of-life data.

27.3.3	 The	Holschneider	Score

Holschneider and Metzer [11] introduced a quantita-
tive clinical score, including the parameters frequency 

Table	27.1 Assessment criteria for continence according to 
Scott et al. (1960) [30]

Evaluation Assessment 
criteria

Clinical result

Good Defecation Spontaneous/regular

Stool control Normal/occasional soiling 
during stress situations

Soreness perianal None

Sphincter tension Strong

Fair Defecation a) Regular
b) Chronic constipation

Stool control Frequent soiling, con-
tinence restricted to 
normal stool consistency

Soreness perianal Only with frequent soiling

Sphincter tension Reduced

Poor Defecation Frequent

Stool control Constant soiling

Soreness perianal Constant

Sphincter tension None

Table	27.2 Kelly score (Kelly, 1972) [15]

Staining/smearing none 2

occasional 1

constant 0

Accidental defecation/soiling none 2

occasional 1

constant 0

Strength of puborectalis muscle strong 2

weak 1

none 0
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of defecation, fecal consistency, soiling, rectal sensa-
tion, ability to hold back, discrimination, and need of 
therapy. Each of these seven parameters is scored as 
0–2 according to the degree of impairment. In con-
trast to previous scores, items such as “frequency of 
stools” or “warning period” are clearly defined. A 
score of 10–14 points is “continent,” 5–9 points “fair,” 
and 0–4 points “incontinent.” Later, the authors felt 
that the parameters of rectoanal sensibility were over-
represented. They modified the score, reduced the 
clinical parameters, and included manometric data 
without changing the numerical scoring (Table 27.3) 
[8]. Both the initial and the modified scores have been 
used by some other authors in recent years [27].

Holschneider et al. [10] recently stated that neither 
a reference to the course of the anal or rectal fistula, 
nor a rating as “good,” “satisfactory”, or “sufficient”, 

nor the current score systems are suitable for com-
parative postoperative studies. The authors suggested 
renouncing the assessment of fecal continence, tak-
ing chronic constipation into account. With regard to 
three subgroups, the types of partial continence, but 
not the degrees of continence, are differentiated. The 
authors used their score in 78 patients and postulated 
that with regard to therapeutic conclusions, the results 
were more evident and more correct as compared to 
other scores.

27.3.4	 The	Wingspread	Score

In the Wingspread score [31,32], the grades of conti-
nence are scored qualitatively. They fall into the four 
main categories of “clean,” “staining,” “intermittent fe-
cal soiling,” and “constant fecal soiling” (Table 27.4). 
Subcategories include the need of occasional or con-
stant therapy. In an additional category, related com-
plications concerning the anorectum, urinary, genital, 
or other functions are noted. The grades are scored 
qualitatively and the instrument has been widely used 
in recent years [3,18,22,25,27].

27.3.5	 The	Rintala	Score

Rintala and Lindahl [25] established a clinical score 
for the evaluation of fecal continence. The score is de-
rived from standardized questionnaires and physical 
examination is not required (Table 27.5). The score 
consists of seven factors, which are scored from 0 to 3, 
except the factor of frequency of defecation, which is 
scored 1–2. The maximum bowel function score is 20. 
The authors used the score initially in 46 consecutive 
patients who had undergone surgical repair of high 
or intermediate ARM, and compared the results with 
data obtained from 70 healthy children with a similar 
age and sex distribution. Only 52% of the children of 
the control population obtained a completely normal 
bowel function score of 20 points. Functional aberra-
tions in controls were occasional staining in 42% and 
constipation in 15%. The authors considered a score 
of 18 or higher to be normal. The score differentiated 
an excellent outcome with a normal score in 35% of 
the patients after repair. Another 35% of the patients 
were scored as “good,” having occasional staining and 
infrequent accidents; this group of patients scored 9–
16 points. Patients with “fair” results had intermittent 
daily soiling or staining and scored 7–11 points. Pa-
tients with “poor” results scored 6–9 points and had 
to use daily enemas because of severe constipation or 
had constant soiling.

Table	27.3 Clinical evaluation of continence according to 
Holschneider (1983) [8]. For these scores, 14 points means 
normal bowel habits, 10–13 points means good (social con-
tinence, few limitations in social life), 5–9 points means fair 
(marked limitations in social life), and 0–4 points means poor 
bowel habits (total incontinence)

Frequency of defecation Normal (1–2/day) 2

Often (3–5/day) 1

Very often 0

Fecal consistency Normal 2

Soft 1

Liquid 0

Soiling No 2

Stress/diarrhea 1

Constant 0

Sensitivity Normal 2

Reduced 
(no discrimination) 1

Missing 0

Anorectal resting pressure profile ≥ 20–24 mmHg 2

14–19 mmHg 1

< 13 mmHg 0

Maximum pressure at maximum ≥ 30 mmHg 2

squeezing 20–29 mmHg 1

< 20 mmHg 0

Adaptation reaction Normal 2

Small amplitude, 
shortened 1

Not detectable 0



Benno M. Ure et al.354

There were some validation steps. The scores de-
rived from the questionnaires and the clinical out-
come noted in the hospital records were positively 
correlated. In addition, pathological findings on plain 

spinal radiography or magnetic resonance imaging in 
11 patients were negatively correlated with the bowel 
function score. Manometric findings did not differen-
tiate between patients with excellent and good clini-
cal outcome, but showed a significantly reduced anal 
resting pressure in patients with “fair” or “poor” clini-
cal outcome. The authors used the score subsequently 
in a series of patients with low ARM [28]. Only half 
of these children had age-appropriate bowel function 
as compared to the control group. The main problem 
was constipation.

Table	27.4 Wingspread Score according to Stephens et al. 
(1988) [32]

1.  Clean 
1.1 No accumulated feces 
 1.11 No therapy 
 1.12 Occasional therapy 
 1.13 Therapy dependent 
1.2 Accumulated feces 
 1.21 No therapy 
 1.22 Occasional therapy 
 1.23 Therapy dependent

2.  Staining 
2.1 No accumulated feces 
 2.11 No therapy 
 2.12 Occasional therapy 
 2.13 Therapy dependent

3.  Intermittent fecal soiling 
3.1 No accumulated feces 
 3.11 No therapy 
 3.12 Occasional therapy 
 3.13 Therapy dependent 
3.2 Accumulated feces 
 3.21 No therapy 
 3.22 Occasional therapy 
 3.33 Therapy dependent

4.  Constant fecal soiling 
4.1 No accumulated feces 
 4.11 No therapy 
 4.12 Occasional therapy 
 4.13 Therapy dependent 
4.2 Accumulated feces 
 4.21 No therapy 
 4.22 Occasional therapy 
 4.23 Therapy dependent

Re lated complications (specify) 
1. Anorectal 
 (a) abnormal position 
 (b) stenosis 
 (c) prolapse 
 (d) fistula 
 (e) lack of contractility 
 (f) abnormal length 
2. Urinary 
3. Genital 
4. Other

Table	27.5 Evaluation of fecal continence according to Rintala 
and Lindahl (1995) [25]

Ability to hold back defecation

 Always
 Problems less than 1/week
 Weekly problems
 No voluntary control

3
2
1
0

Feels/reports the urge to defecate

 Always
 Most of the time
 Uncertain
 Absent

3
2
1
0

Frequency of defecation

 Every other day to twice a day
 More often
 Less often

2
1
1

Soiling

 Never
  Staining less than 1/week, no change 

of underwear required
  Frequent staining, change of  

underwear often required
 Daily soiling, requires protective aids

3

2

1
0

Accidents

 Never
 Fewer than 1/week
 Weekly accidents; often requires protective aids
 Daily, requires protective aids during day and night

3
2
1
0

Constipation

 No constipation
 Manageable with diet
 Manageable with laxatives
 Manageable with enemas

3
2
1
0

Social problems

 No social problems
 Sometimes (foul odors)
 Problems causing restrictions in social life
 Severe social and/or psychic problems

3
2
1
0
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The advantages of the score are threefold. First, the 
questionnaires are completed by patients or parents; 
the assessment is thus observer-independent. Second, 
a physical examination is not required. And finally, 
data from a control group of children with normal 
bowel habits are available, and a drawback is the over-
lapping of scores in the different groups of continence 
(i.e., patients with a score of 9–11 may have either 
“good” or “fair” continence), which is the result of a 
lack of clear cut-off points.

27.3.6	 Peña	1995

Peña [24] suggested a specific methodology for evalu-
ation of long-term results according to his personal 
experience (Table 27.6). He evaluated 387 out of 792 
patients who had undergone a posterior sagittal ano-
rectoplasty. At the time of evaluation, none of the pa-
tients was allowed to be subjected to any type of med-
ical management. Four parameters are evaluated:
1.  Voluntary bowel movements, which are defined 

as feeling the urge to use the toilet to have a bowel 
movement, the capacity to verbalize it, and to hold 
the bowel movement.

2.  Soiling is defined as involuntary leaking of small 
amounts of stool, which may be present with or 
without voluntary bowel movements. Soiling grade 
1 occurs occasionally (once or twice per week). 
Grade 2 refers to soiling that occurs every day, but 
does not cause social problems. Grade 3 represents 
constant soiling with social problems.

3.  Constipation is defined as the incapacity to empty 
the rectum spontaneously without help every day 
(grade 1: when the patient is manageable by diet; 
grade 2: when he requires laxatives; grade 3: when 
he requires enemas).

4.  Urinary incontinence is considered grade 1 when 
the patient has mild dribbling and wetness of the 
underwear day and night, and grade 2 when he is 
completely incontinent. Patients with voluntary 
bowel movements and no soiling are considered 
totally continent. (These were 41% of the total se-
ries.)

Peña presented a detailed analysis of the postop-
erative results related to the types of fistula and mal-
formation. However, to our knowledge, this score has 
not yet been widely used.

27.3.7	 Other	Scores

Other authors have suggested their own method of 
assessing continence and investigated small series of 
patients. Ditesheim and Templeton [4] introduced a 
“qualitative fecocontinence score.” Points are assigned 
for the degree of awareness of impending stool, oc-
currence of accidental defecation, need for extra un-
derwear or liners, social problems related to odor, re-
striction of physical activity, and presence of rashes. 
The items are scored from 0 to 1; a total score of 4–5 
points is “good continence”, 2–3.5 points is “fair conti-
nence”, and 0–1.5 points is “poor continence.”

Kiesewetter and Chang [16] categorized conti-
nence as “continent most of the time, suffering only 
occasionally from soiling when diarrhea or unusual 
physical stress were encountered,” fair as “occasional 
soiling or staining with a normal consistency stool, 
but with a socially acceptable degree of continence,” 
and poor as “frank incontinence, with occasional 
times of control, or permanent colostomy established 
after a period of definitive therapy.”

27.4	 Other	“Objective”	Methods	
of	Scoring

Electromanometry has been used to determine the 
degree of incontinence since the early 1960s [11–13]. 
Holschneider [8] electromanometrically defined four 
grades of continence. These grades were derived from 
numerous parameters, such as anorectal pressure pro-
file, fluctuations, relaxation of the internal sphincter, 
external sphincter contractions, puborectalis sphinc-

Table	27.6 Evaluation of Bowel Function according to Peña 
1995 [24]

1. Voluntary bowel movements

 Feeling of urge 
 Capacity to verbalize
 Hold the bowel movement

2. Soiling

 Grade 1 Occasionally (once or twice per week)
 Grade 2 Every day, no social problem
 Grade 3 Constant, social problem

3. Constipation

 Grade 1 Manageable by changes in diet
 Grade 2 Requires laxatives
 Grade 3 Requires enemas

4. Urinary incontinence

 Grade 1 Mild dribbling/wetness day and night
 Grade 2 Complete incontinence
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ter contractions, pressure tolerance, defecation reflex, 
adaptation, compliance, and critical volume. The cri-
teria for grading continence were well established, but 
there remained some inconsistency due to overlap-
ping of the parameters in the different groups. The 
author stated that electromanometric scoring reveals 
more unfavorable results when compared to clinical 
scores, but data derived from a large series of patients 
undergoing both clinical and electromanometric 
scoring are lacking. However, he suggested including 
selected manometric data in his clinical score for ob-
taining a more objective result [8].

Diseth and Emblem [3] confirmed that anal ca-
nal resting pressure and squeeze pressure correlated 
negatively with fecal incontinence. In a study of Hed-
lund et al. [7], abnormal anal resting tone was found 
in 14 out of 17 patients with soiling 5–10 years after 
repair. However, the correlation to clinical results was 
incomplete and some patients without soiling had 
an abnormal resting tone. Other authors confirmed 
a lack of correlation of some manometric parameters 
with clinical continence. In a long-term study of 22 
patients with high ARM, Rintala et al. [26] found that 
the only manometric parameter that correlated with 
the continence outcome was voluntary squeeze pres-
sure.

Schuster et al. [29] recently used computerized 
vector manometry in 17 patients with various types 
of ARM. Besides computerized software supported by 
data on standard manometric parameters, a score as-
sessing three pressure zones of the anal canal (0–16 
points) was established. However, the authors found 
a poor correlation between quantitative manometric 
parameters and clinical results, which were assessed 
by a modified Kelly score.

Fukata et al. [6] compared endosonography and 
electromyography of the external anal sphincter with 
electromanometry and clinical data derived from 
the Kelly score. Endosonographic findings for the 
external anal sphincter corresponded well with elec-
tromyographic findings, but not with manometry. 
Only 15 patients were investigated. Jones et al. [14] 
compared endosonography with magnetic resonance 
imaging after repair of ARM. The findings were com-
parable in only 9 out of 14 patients. Fukuya et al. [5] 
compared magnetic resonance imaging with clinical 
assessment on the basis of the Kelly score. The pro-
portion of “fair” or “poor” developed muscles was not 
significantly different between the continence groups 
according to Kelly. Therefore, no conclusion concern-
ing the correlation of endosonographic and magnetic 
resonance imaging findings with clinical scores can 
be drawn to date.

27.5	 Quality-of-Life	Measurements

Quality of life is a multidimensional concept, which 
includes, but is not limited to, the social, physical, and 
psychological functioning of the individual. Validated 
instruments are supposed to objectively measure the 
domains of quality of life, and to exclude observer 
bias. The relevance of quality-of-life assessment in 
children with ARM was confirmed in an early study 
by Ditesheim and Templeton [4], who used a ques-
tionnaire scoring system that included items such as 
school attendance, social relationships, and physical 
capacities. Today it is well known that children and 
adolescents with fecal incontinence may suffer from 
emotional problems, internalizing behavior problems, 
and depressive symptoms. Various measures of qual-
ity of life have been used for quantitative and quali-
tative scoring of children and adolescents with fecal 
incontinence and constipation. However, the results 
presented below are not conclusive and none of the 
suggested instruments has been generally accepted.

Diseth and Emblem [3] used semistructured in-
terviews and questionnaires, such as the Child As-
sessment Schedule, Child Behavior Check List, and 
self report in 33 adolescents with ARM. Psychosocial 
functions were impaired in 73% of the adolescents, 
and 58% met the criteria for psychiatric diagnosis. 
The authors found a significant correlation of the 
degree of flatus incontinence with the degree of psy-
chosocial impairment and of continence of flatus with 
mental health symptom scores.

Ludman and Spitz [19] assessed the quality of life 
by self-report questionnaires, such as the Depression 
Self-Rating Scale and Self-Perception Profile, in 157 
children and adolescents. In addition, the authors as-
sessed parents and teachers using the Child Behavior 
Checklist and other instruments. The level of conti-
nence, which was defined by the Kelly score, did not 
influence psychological adjustment, with exception of 
incontinent young girls. There were no significant dif-
ferences between continent and incontinent children 
concerning the global self-worth measure. However, 
29% had some psychiatric disorder and these were 
more likely children with incontinence. Other work 
confirmed that mental health or psychological prob-
lems were found more frequently in 160 children and 
adolescents with ARM as compared to the normal 
population, but the incidence of these problems was 
similar in continent and incontinent patients [20].

Bai et al. [1] used the Achenbach’s Child Behavior 
Checklist in 71 children with ARM and found qual-
ity of life to be significantly reduced as compared to a 
normal control group. The authors established tenta-
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tive quality-of-life scoring criteria, including somatic 
assessment, social aspects, and psychological investi-
gation (Table 27.7).

Quality-of-life assessment in patients with ARM is 
essential. However, no instruments taking the specific 
symptoms and problems into account have yet been 
established. The use of currently available instru-
ments and the calculation of scores remains difficult 
and time consuming. Therefore, a specific instrument 
for scoring quality of life after ARM repair cannot be 
recommended for routine use yet.

27.6	 Comparison	of	Scores	
and	Outcomes

Studies comparing different scores in the same study 
population are scarce. Ong and Beasley [21] compared 
4 scoring methods in 37 patients who had undergone 
sacroperineal rectoplasty. Continence was scored as 
“good,” “fair,” and “poor” using two numerical (Kelly 
[15], Templeton and Ditesheim [33] and two qualita-
tive scores (Kiesewetter and Chang [16], Wingspread 
– Stephens and Smith [31]). The Wingspread score 
was adapted to three categories for comparison pur-

poses. The results differed considerably. The authors 
found “good” continence in approximately 30–70% 
of patients with high ARM, and “poor” continence in 
approximately 5–20%. The Templeton score assigned 
a higher score of fecal continence than the other three, 
with excellent concordance. In patients requiring re-
vision after Stephens rectoplasty, the Templeton and 
Kelly scores, in contrast to the others, did not show 
incontinence in two and three patients, respectively 
[22].

27.7	 Conclusions	and	Results	of	the	
Krickenbeck	Meeting	2005

A clear recommendation concerning specific instru-
ments cannot be derived from clinical experience or 
from data in the literature. To date, the Kelly score 
[15] has been most widely used. The Holschneider 
score [8] is the only one that includes an objective 
parameter (electromanometry) and gives more de-
tailed information regarding bowel habits. The score 
introduced by Rintala and Lindahl [25] underwent 
a validation process and data from a control group 
of children with normal bowel habits are available. 
Quality-of-life measurement reveals the most rel-
evant and detailed information. However, the appro-
priate instruments for quality-of-life measurement of 
children and adolescents with incontinence remain a 
matter of discussion.

At the Krickenbeck Meeting in 2005, consensus 
was achieved concerning the assessment of outcome 
after ARM repair (Table 27.8). The method comprises 
three parameters: voluntary bowel movements (yes/
no), soiling (yes/no, if yes grade 1–3), and constipa-

Table	27.7 Quality-of-life scoring criteria for children (aged 
8–16 years) with fecal incontinence according to Bai et al. 
(2000) [1]. Note that the higher the scores, the better the qual-
ify of life

Item Criteria Points

Soiling Absent 4

Accidental 3

Frequent 2

Incontinence Accidental 1

Frequent 0

School absence Never 2

Accidental 1

Frequent 0

Unhappy or anxious Never 2

Accidental 1

Frequent 0

Food restriction No 2

Somewhat 1

Much 0

Peer rejection Never 2

Accidental 1

Frequent 0

Table	27.8 Method for assessment of outcome established in 
Krickenbeck 2005 (patient age > 3 years, no therapy; Holsch-
neider et al. [9])

1. Voluntary bowel movements yes/no

 Feeling of urge 
 Capacity to verbalize
 Hold the bowel movement

2. Soiling yes/no

 Grade 1 Occasionally (once or twice per week)
 Grade 2 Every day, no social problem
 Grade 3 Constant, social problem

3. Constipation yes/no

 Grade 1 Manageable by changes in diet
 Grade 2 Requires laxatives
 Grade 3 Resistant to diet and laxatives
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tion (yes/no, if yes grade 1–3). The assessment should 
be performed in children more than 3 years of age 
who are not undergoing therapy. The surgeon, who 
is involved in the treatment and follow-up of the pa-
tients who are to be scored, may bias the results of 
scoring. Therefore, the assessment and analysis of 
data should preferably be done by a person who is 
not involved in the treatment of the patient. This may 
bring pediatric surgeons closer to psychologists and 
methodologists, who are essential for establishing 
validated instruments for assessment of children and 
adolescents with ARM in the future.
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28.1	 Introduction

The outcomes of patients with anorectal malforma-
tions (ARM) have greatly improved during the last 
decades as a result of modern surgical techniques 
and improved neonatal care facilities. Early survival 
is today a rule except in some rare cases with cardiac, 
urogenital, or chromosomal anomalies that are not 
compatible with life. The overall long-term functional 
outcome expectancy in terms of fecal and urinary 
continence is today relatively optimistic. The majority 
of patients reaching adolescence and adulthood are 
able to maintain themselves socially continent.

The present review is based mainly on pertinent lit-
erature. In addition, the author’s personal experience 
with 245 posterior sagittal anorectoplasty (PSARP) 
procedures for high and intermediate malformations, 
and management of 130 low anomalies between 1984 
and 2004 is used as a basic material to address specific 
previously unpublished issues in the management of 
ARM.

28.2	 Short-Term	Outcome

28.2.1	 Mortality

ARM are very often a part of a malformation com-
plex. Some associated anomalies, especially cardio-
vascular malformations, may be uncorrectable and 
there is therefore always going to be a degree of mor-
tality, albeit low, among these patients. The VACTERL 
(acronym: Vertebral anomalies, Anal atresia, Cardiac 
defect, TracheoEsophageal fistula with esophageal 
atresia, Renal abnormalities, and Limb abnormalities) 
association carries considerable mortality, especially 
if there is a combination of esophageal atresia and 
cardiovascular anomaly as well as an ARM [1,2].

The mortality of patients with ARM during the 
last decades has been between 10 and 20% of all cases 
[2,3]. The mortality of patients with high and interme-
diate anomalies is about three times higher than that 
of patients with low anomalies, which corresponds to 
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the higher incidence of severe associated anomalies. 
Only a minority of deaths are directly related to the 
ARM and its treatment [1–3]. At the Children’s Hos-
pital, University of Helsinki, the mortality of ARM 
has decreased from 23% in the late 1940s and early 
1950s to 3% in the 1980s and 1990s (Fig. 28.1). This 
decrease is clearly due to improvements in the care 
of severe associated anomalies, especially cardiac de-
fects.

28.2.2	 Operative	Complications	–	
High	and	Intermediate	Anomalies

A neonatally performed colostomy carries a high de-
gree of morbidity. The most common complications 
are colostomy prolapse and stricture [4,5]. Stoma 
complications appear to be less common with a com-
pletely divided sigmoid colostomy than with trans-
verse or loop colostomy [6,7]. The reported total in-
cidence of complications of infant colostomies ranges 
between 17 and 68% of cases; the complications also 
include a few colostomy-related deaths.

Early complications occur following all com-
monly used reconstructions for high and interme-
diate ARM. Peritonitis, retraction or dehiscence of 
the pull-through segment, and refistula between the 
bowel and the urogenital tract are typical severe early 
complications. The incidence of these major compli-
cations ranges between 10 and 30% following abdom-
inoperineal or sacroabdominoperineal pull-through 
operations [2–4]. Severe complications seem to be 
less common following posterior sagittal anorecto-
plasty. In the large series of Peña, serious complica-
tions requiring major reoperative surgery occurred in 
2% of the cases, mainly following repair of a cloaca 
[8]. In the author’s series of 245 patients there were 
4 major early complications requiring reoperations: 2 
patients with a persistent cloaca developed urethro-

vaginal fistulae, 1 patient with rectovaginal fistula 
had retraction of the pulled-through anal canal, and 
1 with rectovestibular fistula had dehiscence of the re-
constructed perineal body.

Postoperative anal complications have been com-
mon following traditional pull-through operations. 
Anal stenosis and mucosal prolapse have been found 
in up to 15-78% of patients [2–4,9,10]. Stenosis has 
usually been attributed to inadequate anal dilatations 
during the follow-up period. Anal stenosis may re-
spond to dilatations; in refractory cases, surgical exci-
sion of scar tissue is needed. Mucosal prolapse usu-
ally requires operative treatment to reduce mucosal 
soiling and to improve sensation in the neoanal canal. 
On the other hand, local anal problems have been 
rare following posterior sagittal anorectoplasty. Peña 
reported very few local complications in his series of 
792 patients [8]. In the author’s series of 245 posterior 
sagittal anorectoplasties, anal stenosis requiring ano-
plasty occurred in 3 patients; in addition, 3 patients, 
early in the series, required local operation for a mi-
nor mucosal ectopy.

28.2.3	 Operative	Complications	–	
Low	Anomalies

Early complications after neonatal treatment of low 
anomalies are uncommon. However, local complica-
tions may occur later and are usually caused by in-
appropriate long-term follow-up and care. A typical 
problem is postoperative anal stenosis, which can be 
prevented by gradual postoperative dilatations and 
careful follow-up of the patient. Untreated anal ste-
nosis may cause secondary megacolon, which may 
require operative treatment [2,3,11]. In some cases 
the rectal blind pouch is primarily so ectatic that it is 
symptomatic without any associated anal stricture or 
stenosis [11,12].

28.2.4	 Urological	Complications

Lesions in the urinary tract may complicate surgery 
for ARM. Before the definitive repair, it is essential to 
minimize the risk of urinary tract infections caused 
by the rectourogenital connection, if present. This is 
best accomplished by establishing a completely di-
verting colostomy and by careful washout of the rec-
tal pouch [8]. Infection may cause permanent damage 
to the kidneys, because upper urinary tract anoma-
lies, and especially vesicoureteral reflux, are common 
[13–15]. Infection may occur after definitive repair 

Fig.	28.1 Reduction in mortality (%) in patients with anorectal 
malformations between 1946 and 1994



36328 Results Following Treatment of Anorectal Malformations

and is caused in most cases by a urological anomaly, 
vesicoureteral reflux being the most common [15]. 
Urinary infections may be caused by a rectourinary 
fistula remnant that is too long [16]. Damage to the 
pelvic innervation and urethra during the dissection 
of rectal blind pouch may cause urinary incontinence 
or urethral stricture [17]. The incidence of urological 
injuries associated with surgery are strongly related to 
the experience of the surgeon [18]. A detailed imaging 
of the rectourinary communication by contrast stud-
ies may decrease the possibility of injury. Many of the 
functional urinary abnormalities previously attrib-
uted to surgical intervention are congenital [13,19].

28.2.5	 Functional	Problems	During	the	First	
Years	of	Life

Bowel function is not normal in patients with re-
paired high or intermediate ARM following closure 
of the protecting colostomy. The most common prob-
lem is frequent bowel movements, which may cause 
perineal skin excoriation. In patients with traditional 
pull-through operations, this stage of bowel func-
tion, which is best characterized as uncontrollable 
soiling, may continue for a long period of time, often 
for years. This is particularly the case with operations 
where the terminal rectum is resected as a part of the 
procedure and not pulled-through (sacroabdomino-
perineal pull-through and endorectal abdominoperi-
neal pull-through) [2,20].

Constipation is a major problem with patients who 
have had PSARP or anal transposition for rectoves-
tibular fistula [2,8,11,21]. Constipation may develop 
secondary to untreated anal stenosis, but more 
commonly is a consequence of disordered colonic 
motility [8,22]. Constipation may begin early after 
the operation, and its severity is related to the degree 
of the initial dilatation of the rectal blind pouch 
[8,21]. Constipation is also the most common early 
functional problem in patients with low anomalies 
[2,23]. Severe soiling with low anomalies is rare and is 
caused by operative sphincter damage or severe sacral 
defects.

Associated anomalies cause significant morbidity 
in patients with ARM. Congenital heart defects oc-
cur in more than 15% of the patients [2] and often 
require major cardiac surgery during early childhood. 
Associated gastrointestinal anomalies are found in al-
most 20% of the patients [2]. Half of these patients 
have esophageal atresia, which may require additional 
surgery such as esophageal dilatations and fundopli-
cation, despite successful neonatal repair.

Genitourinary tract abnormalities are encountered 
in more than 40% of patients with ARM [2,24]. These 
anomalies are more common in patients with high 
malformations. Upper urinary tract dilatation, which 
is most commonly related to vesicoureteral reflux, 
requires careful follow-up and sometimes surgery. 
Congenital neurovesical dysfunction may complicate 
successful treatment of structural urinary tract ab-
normalities [13,25].

Vertebral anomalies occur frequently in patients 
with ARM [2]. Hemivertebral anomalies may cause 
scoliosis, which may require operative stabilization 
or bracing early in childhood. Spinal dysraphism, 
detected by magnetic resonance imaging (MRI), has 
recently been found to be more common than has 
previously been appreciated [26]. This may have sig-
nificant impact on the functional outcome in terms 
of urinary function and fecal incontinence. Routine 
spinal and cord MRI studies have been advocated for 
all patients [27]. Careful neuroradiological follow-up 
is warranted in patients with spinal dysraphism.

28.3	 Long-Term	Outcome

28.3.1	 Evaluation	of	Long-Term	Functional	
Outcome

28.3.1.1	 Clinical	Evaluation

In the literature there is a great variation in the func-
tional results after repair of ARM. There is no gener-
ally agreed method by which to assess the bowel func-
tion of patients with ARM, and the main problem in 
comparing different series is the highly variable crite-
ria used in the evaluation of fecal continence. Evalu-
ation of bowel function during childhood may be 
biased because the information concerning the func-
tional outcome is derived mainly from the parents; 
they may not want to report unfavorable results to a 
surgeon who has been responsible for the treatment 
of their child. The parents may also ignore minor 
and moderate defects in continence in a child whose 
bowel function has been deficient from birth or, in 
the case of smaller children, may consider them to 
be part of normal maturation of defecation. The final 
outcome may not be assessed until the patients have 
reached adulthood and, as independent individuals, 
can evaluate the social consequences of possibly de-
fective bowel control.

Assessment of long-term results has been made at 
different ages by different pediatric surgeons. An ap-
propriate age to perform functional assessment is the 
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age when normal children are fully toilet trained. In 
the Western world children are usually toilet trained 
when they reach the age of 3 years. Peña [8] evaluated 
his patients with PSARP when they were older than 
3 years of age, Rintala et al. [28] 3 years after the clo-
sure of the colostomy, and Langemeijer et al. [29] and 
Bliss et al. [30 ] at the age of 4 years.

Clinical assessment based mainly on history has 
been the most common method to evaluate func-
tional outcome. The outcome has usually been pre-
sented as good, fair, or poor. Kiesewetter and Chang 
[31] used fecal soiling as a basis for clinical evaluation. 
A patient with a good result was defined as being con-
tinent most of the time, suffering only occasional soil-
ing during diarrhea and physical stress. A fair result 
was one in which there was occasional soiling with 
normal stool consistency, but acceptable social con-
tinence. Frank incontinence or permanent colostomy 
was considered a poor result. Nixon and Puri [32] 
used a questionnaire to the parents, hospital records, 
personal interview, and clinical examination to clas-
sify bowel control into three groups: normal control, 
occasional soiling, and frequent soiling or colostomy. 
Swenson and Donnellan [33] suggested that motility 
problems causing constipation were the most frequent 
long-term complications in patients who had experi-
enced abdominoperineal pull-through. He based his 
nonscoring clinical evaluation on the occurrence of 
symptoms of constipation. Scoring methods for the 
assessment of postoperative functional outcome are 
discussed in Chap. 27.

28.3.1.2	 Objective	Methods

Manometric assessment has been the principal 
method used to obtain objective data of postoperative 
sphincter function. However, there is no standard for 
manometric evaluation. Some authors [34] have used 
single, fluid-filled balloons in the anal canal. Balloon 
devices allow only stationary measurements; others 
[35,36] favor, therefore, the open-tip perfused cath-
eter method. The numerical pressure recordings in 
stationary and dynamic studies are not directly com-
parable; the values of manometric tracings tend to be 
higher with the balloon method.

The manometric data are most often combined 
with clinical information [28,37–39]. Only Hecker 
and Holschneider have used manometric findings 
alone as an indicator of functional outcome [3]. 
Manometric and clinical results have often been found 
contradictory. Some investigators have found a posi-

tive correlation between clinical continence and the 
anal resting pressure profile [28,34,38], others have 
found no such correlation, but have observed a cor-
relation between continence and voluntary squeeze 
force [40]; still others have reported no correlation at 
all between clinical continence and pressure profile 
or squeeze force [35,37]. However, a clear correlation 
between the presence of an inhibitory rectoanal reflex 
and clinical continence have been stated by several 
authors [28,34,35,38,39]. Decreased rectal sensitiv-
ity at rectal distension has been reported to correlate 
with poor functional outcome [34,35,40].

Anal sphincter myography has also been used to 
evaluate the postoperative results. A positive inflation 
reflex has been associated with good fecal continence 
[40,41]. Boyd et al. [42] found significant abnormali-
ties in the external sphincter in most of their patients 
with incontinence following repair of an ARM. The 
typical findings were asymmetry of the sphincter in 
relation to the anal orifice, a sphincter that is com-
pletely separate from the neoanus, and no sphincter 
activity at all. They suggested that these findings are 
consistent with sphincter damage during primary 
corrective surgery.

Shandling et al. have developed a simple method 
to measure anal sphincter force in patients with 
ARM [43]. They used a balloon catheter attached to a 
hand-held dynamometer. The device records the anal 
sphincter force in grams when pulled out from the 
distal rectum. The main findings were that patients 
with high ARM had significantly lower anal sphincter 
force than normal subjects, and also lower than pa-
tients with spina bifida.

Imaging studies to assess long-term anorectal 
function in patients with ARM have been reported 
infrequently. Dynamic radiographic examination of 
the anorectal function by defecography has been used 
to objectively analyze anorectal function [44–46], but 
has not gained widespread popularity, mainly because 
it is cumbersome and requires the full cooperation of 
the patients to provide valid information. Modern im-
aging modalities such as intra-anal ultrasound, com-
puted tomography (CT) and MRI provide excellent 
information about the postoperative anatomy of an 
ARM. Anal ultrasound has been found to be a reliable 
tool in the evaluation of sphincter integrity in patients 
with repaired ARM [47,48]. Good sphincter anatomy 
at ultrasound is also correlated with good function 
[47]. CT provides good anatomical data concerning 
the relationship between a pulled-through bowel and 
the sphincter system [49], but gives a high dose of 
ionizing radiation. Only a few studies have shown any 
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correlation between clinical outcome and the integ-
rity of the sphincter complex at CT [35]. MRI may 
have an advantage over CT because of superior soft-
tissue characterization, multiplanar imaging, and lack 
of ionizing radiation. At MRI, a hypoplastic sphinc-
ter complex, misplacement of the bowel in relation 
to the sphincters, and an obtuse anorectal angle have 
been related to poor outcome [50,51]. However, cor-
relations between clinical results and findings in MRI 
have not been convincing. It may also be that MRI 
is not superior to anal ultrasound, which is a much 
cheaper and easier imaging method [48]. The main 
value of MRI in patients with ARM is not in detect-
ing abnormalities in the sphincter complex, but that it  
reveals associated spinal dysraphism, which is com-
mon in these patients [52,27].

28.3.2	 Long-Term	Bowel	Function

The variable criteria used to evaluate long-term 
outcome in patients with ARM makes compari-
son of the reported outcomes difficult. Moreover, 
these criteria are mainly designed for high anoma-
lies [4,20,31,53,54]. In high anomalies, a good result 
usually means socially acceptable continence, which 
is not equivalent to normal anal function. A patient 
with a high anomaly and a good functional result 
rarely has normal bowel function and, although so-
cially continent, often has a minor degree of smear-
ing or soiling associated with physical straining or 
loose stools. Although many patients with low mal-
formations have normal bowel function at long term, 
a method designed to assess long-term outcome in 
high anomalies may underestimate minor defects in 
bowel function, which may become significant when 
the patient leads an independent adult life.

28.3.3	 Results	in	Low	Anomalies

28.3.3.1	 Long-Term	Bowel	Function	During	
Childhood

Traditionally, the long-term results of low malforma-
tions are considered to be good in the great major-
ity of patients (Table 28.1) [4,17,31,32,55]. The poor 
results have been considered to be related to neuro-
logical damage and mental retardation [56] or insuf-
ficient long-term care of the patients [3,32]. Recently, 
more critical and comprehensive analyses have dem-
onstrated clearly a significant number of patients with 
functional aberrations, especially chronic constipation 
(Table 28.1). In the series of Yeung and Kiely [23], 15 
of 32 children with a follow-up between 1 and 7 years 
had normal bowel function. Of the remaining 17 pa-
tients, all had constipation and 9 occasional or fre-
quent soiling requiring treatment. Rintala et al. [57] 
used a scoring system to compare the bowel function 
of 40 children with low anomalies with that of healthy 
children. Only 52% of their patients had scores within 
the range of healthy children; constipation was found 
in 42% and soiling in 10% of the patients. Ong and 
Beasley [58] reported a follow-up of 70 patients with 
low ARM; of the 35 children under the age of 15, 9 
were clean, 14 had occasional smearing, and 12 soil-
ing. Laboure et al. [59] reported 27 male patients with 
3–20 years follow-up; 48% of the patients had long-
term problems related to constipation or soiling. Javid 
et al. [60] found, in their series of 44 girls with low 
imperforate anus, that 47% experienced at least occa-
sional fecal incontinence. The median follow-up time 
in this series was 11 years.

Older series N Good Fair Poor

Stephens and Smith [4] 46 83% 15% 2%

Trusler and Wilkinson [17] 20 80% 20% –

Kiesewetter and Chang [31] 68 88% 7% 5%

Partridge and Gough [55] 150 86% 11% 3%

Recent series N Normal Constipated Soil/smear

Yeung and Kiely [23] 35 47% 53% 28%

Rintala et al. [57] 40 52% 42% 10%

Laboure et al. [59] 27 52% 48%
47%Javid et al. [60] 28 53%

Table	28.1 Functional outcome during 
childhood - low malformations
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28.3.3.2	 Long-Term	Bowel	Function	in	Adults

There are only a few reports concerning the func-
tional results of low ARM, with a follow-up extend-
ing beyond childhood. Karkowski et al. [61] reported 
good continence in 12 (80%) of his 15 patients with 
low malformations. Nixon and Puri [32] found nor-
mal control under all circumstances in 23 (74%) of 
their 31 adult or adolescent patients. The remaining 
patients had occasional or frequent soiling. These 
results reflects the traditional view of the long-term 
outcome in these patients. More recently, the large 
series of Ong and Beasley [58] and Rintala et al. [62] 
have demonstrated that a significant percentage of 
patients have abnormal anorectal function at adult 
age. Ong and Beasley had 35 patients with a follow-
up of more than 15 years. Although the majority had 
good continence according to commonly used clini-
cal scoring methods, only 13 (37%) of the patients 
were clean at all times. Seventeen patients (49%) had 
smearing and 5 (14%) intermittent soiling. Rintala et 
al., using a quantitative scoring method, compared 
the bowel function of 83 patients with that of healthy 
individuals with a similar age and sex distribution. 
All controls, but only 60% of the patients with low 
anomalies, had good continence. The social problems 
related to deficient fecal control were reported by 39% 
of the patients. In addition, 13% of the patients had 
difficulties in sexual function. Other health problems 
were reported by 52% of the patients, but only by 6% 
of the controls.

28.3.4	 Results	in	High	and	Intermediate	
Anomalies

28.3.4.1	 Prognostic	Factors

The level of the rectourogenital connection is an im-
portant prognostic factor of bowel function. Males 
with a bladder-neck fistula and females with a high-
confluence cloaca [8] have worse prognosis than 
patients with a lower connection. It has been shown 
clearly that the bowel function of patients with in-
termediate anomalies (rectobulbar fistulae in males, 
low-confluence cloacae and rectovestibular fistulae in 
females) is better than of those with higher anoma-
lies [28,38]. The obvious cause of poorer prognosis in 
high anomalies is the more marked hypoplasia of the 
voluntary sphincter muscles [8].

Severe sacral abnormalities adversely affect long-
term functional outcome. More than two missing 

sacral vertebrae or other major sacral deformities, 
such as hemivertebrae and vertebral fusions, worsen 
the functional outcome when compared with patients 
with a more normal sacrum [8,28]. The poor outcome 
in patients with severe sacral anomalies is usually re-
lated to sphincter insufficiency. Sacral dysplasia may 
also cause severe constipation by impairing rectal 
sensibility [21,28].

Modern ultrasound and MRI imaging has enabled 
noninvasive evaluation of the spinal cord in patients 
with ARM. Occult myelodysplasias have been found 
to be common, occurring in 20-50% of the patients 
[26,52]. Myelodysplasias are more common in high 
lesions and usually associated with sacral deformities. 
At the moment it is unclear if these lesions have any 
effect on long-term bowel function.

The functional role of the internal sphincter fol-
lowing repair of ARM is controversial. The internal 
sphincter has been considered to be either missing or 
insignificant for the development of fecal continence 
[4]. Embryological, animal and clinical studies have, 
however, documented the presence of the internal 
sphincter in the region of the fistulous bowel termina-
tion [63–65]. The functioning internal sphincter can 
be demonstrated by the presence of rectoanal relax-
ation reflex on anorectal manometry. Most patients 
with a low anomaly have a positive rectoanal reflex 
[2,38,56]. In patients with more complex malforma-
tions, the rectoanal relaxation reflex has traditionally 
been present in only a minority of patients [37,38,56]. 
However, when the rectourogenital connection has 
been preserved at the anorectal repair, a functional 
internal sphincter has been demonstrated later in 
40-80% of patients [28,66,67]. The presence of inter-
nal sphincter has been shown to correlate with favor-
able functional outcome [28,34,36,39,66,68].

Abnormal colonic motility, usually presenting with 
constipation, has been reported to be a problem in 
patients with low ARM and in females with a vestibu-
lar fistula [2,8]. Since the advent of PSARP for higher 
anomalies, however, cumulative evidence has shown 
that chronic constipation is one of the main func-
tional complications encountered following repair 
[8,21,69]. The incidence of constipation following the 
PSARP procedure varies in the literature between less 
than 10% [29] and 73% [28,70]. Constipation seems 
to be more common when internal-sphincter-pre-
serving techniques have been used [28,66,70]. The 
cause of constipation is unclear; extensive mobiliza-
tion of the anorectum may cause partial sensory de-
nervation of the rectum and impair rectal sensation. 
Rectosigmoid hypomotility has also been suggested 
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[8]. Many patients suffering from postoperative con-
stipation have a dilated rectosigmoid. In some, the 
dilatation of the rectum is present at birth [12], oth-
ers appear to develop dilatation later in life. The dila-
tation is only rarely related to stenosis of the bowel 
outlet [8,28]. Segmental colonic transit time studies 
in patients with ARM has shown that those with low 
anomalies have rectosigmoid hypomotility, whereas 
those with high anomalies have a generalized colonic 
motility disturbance [22].

It is likely that the surgical method of anorec-
tal reconstruction is a significant prognostic factor. 
However, this is very difficult to prove since there are 
no randomized controlled studies. In the literature, 
comparisons between surgical methods have been 
performed by comparing the results from different 
institutions [4,20,71] or by comparison with histori-
cal controls within one institution [20,69,72]. Several 
factors bias both methods. Methods of assessment as 
well as the age at assessment may vary significantly 
between institutions. When historical controls are 
used for comparisons, the age distribution between 
groups is usually quite different. It is difficult to find 
reliable criteria to compare bowel function in small 
children and that of adolescents or adults. Retrospec-
tive case note evaluation is unreliable unless strictly 
defined criteria for long-term bowel function have 
been used or one single investigator has reviewed all 
the patients during the entire follow-up period. These 
conditions are rarely fulfilled. Nevertheless, some au-
thors have made such comparisons. Kiesewetter and 
Chang [31] found abdominoperineal pull-through to 
be slightly better than sacroabdominoperineal opera-
tion in a series of 78 patients. The age distribution in 
both groups is not given. Holschneider et al. [69] re-
ported significantly better continence outcome in 21 
patients who had PSARP compared with a historical 
cohort of 16 patients who underwent abdominoperi-
neal pull-through with or without submucosal rectal 
resection. In a retrospective case note study, Mulder 
et al. [72] compared 15 patients who had undergone 
sacroabdominoperineal pull-through with 25 patients 
who had had PSARP. A good continence outcome 
was found in 40% of patients in both groups. Tem-
pleton and Ditesheim [20] reviewed the outcomes in 
several series without taking into account the method 
of continence evaluation or the age at the time of 
the assessment. They suggested that the use of full-
thickness terminal bowel (abdominoperineal pull-
through, sacroperineal pull-through) in the anorectal 
reconstruction might give better long-term outcome 
than endorectal pull-through procedures (sacroab-

dominoperineal pull-through, anterior perineal pull-
though). In a similar literature review, deVries [71] 
could not find evidence to support the superiority of 
any procedure in anorectal reconstruction. However, 
like Templeton and Ditesheim, he suggested that the 
preservation of full-thickness terminal bowel gives an 
individual the best chance for fecal continence.

The age of the patient at the time of the anorectal 
repair has been suggested to influence the long-term 
functional outcome. Neonatal abdominoperineal re-
construction of the anorectum was popularized by 
Rhoads et al. in 1948 [73] and used extensively in the 
1950s and 1960s. However, many surgeons were dis-
satisfied with the functional results following this pro-
cedure, therefore a staged procedure became the pre-
ferred approach [4,74]. The anorectal reconstruction 
was usually performed at the age of 6-12 months, fol-
lowing a neonatal colostomy. Recently, early repair of 
high ARM during the first 3-6 weeks of life has gained 
popularity [8,75]. Some surgeons advocate neonatal 
repair [76–80]. Although the operation is technically 
more demanding, there are some advantages in per-
forming the definitive reconstruction early. The criti-
cal anal dilatations are easier to perform in an infant. 
Moreover, early reconstruction may theoretically 
allow the early development of neural pathways be-
tween the anal canal and the brain, facilitating better 
anorectal sensation and sphincteric function. How-
ever, at present there is no evidence that a neonatal 
or early repair would provide better functional results 
than a repair at the age of 6-12 months, although some 
reports suggest that this might be the case [8,77,81].

28.3.4.2	 Long-Term	Bowel	Function	During	
Childhood

Reported long-term functional outcomes in patients 
with high ARM are highly variable. Most series grade 
the results as good, fair, or poor. It has to be remem-
bered that a good outcome does not mean that the 
patient has a normal bowel function. Patients with a 
good result have usually been considered socially con-
tinent, which implies that the defects in bowel func-
tion do not cause significant social disability. Prior to 
PSARP the reported percentages of patients, evalu-
ated with clinical criteria, with a “good” result varied 
between 6 and 56%. The percentage of poor results, 
which means more or less total incontinence, varied 
between 10 and 70% (Table 28.2). It is unlikely that 
such a variation in the long-term results would reflect 
true differences in function. The operative methods 
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used in these series were routine procedures for ano-
rectal reconstruction and the number of patients in 
each series relatively large, which implies that the 
reporting authors/centers were experienced in the 
repair of ARM. The probable explanation for the ob-
served variation is the differences in assessment crite-
ria. The two large series of Templeton and Ditesheim 
[20] and Rintala et al. [2] both used a quantitative 
multifactorial evaluation for continence. Both these 
series identified a lower percentage of poor results 
than the other series using mainly qualitative criteria. 
These multifactorial quantitative assessments seemed 
to grade continence higher than a qualitative clinical 
assessment, probably because they are a more sensi-
tive index of the patient’s social adaptation to abnor-
mal anorectal function [82]. Only Taylor et al. [37] 
and Rintala et al. [2] have reported the incidence of 
patients with a completely normal bowel function 
without soiling or staining in any circumstances, 
which in both series was only 7.5%. In Rintala’s series 
all such patients had an intermediate anomaly. It is 
probable that this grim figure reflects the true inci-
dence of unequivocally good long-term outcome in 
patients treated with abdominoperineal and sacral 
approaches.

There are still few reports concerning long-term 
functional outcome following PSARP, and the results 
have been inconsistent (Table 28.3). Some surgeons 
report a dismal outcome, with most patients requir-
ing adjunctive measures to maintain social conti-
nence [29]. On the other hand, in the series of Peña 
[8], approximately one-third of the patients with high 
or intermediate anomalies could be considered as to-

tally continent. In the series of Rintala and Lindahl 
[28], in which the bowel function of the patients was 
compared to that of healthy children with a similar 
age and sex distribution, 35% of the patients had age-
appropriate, normal bowel function. A fair outcome, 
with intermittent soiling requiring frequent change of 
underwear or protective aids, or poor outcome, with 
intractable constipation or total incontinence, was 
found in 30% of the patients.

Many authors report an improvement in fecal 
continence with increasing age in patients who have 
undergone abdominoperineal procedure with or 
without a sacral approach [2,20,31]. In the series of 
Rintala et al. with similar patients, the frequency of 
good outcome increased from 35% at 5-10 years of 
age to 58% at 11 and 15 years of age [2]. The improve-
ment in fecal continence is more clearly shown in 
series including adolescent or adult patients [31,32]. 
It is not clear whether this improvement is the result 
of a true improvement of sphincter function or just 
adaptation to their handicap. In contrast, reports by 
Peña, and Rintala and Lindahl [8,28] have shown that 
in favorable cases, patients who have had PSARP may 
gain normal or near normal bowel function as early 
as 3 years of age provided that the inherent functional 
complications related to the procedure, especially 
constipation, are treated early and vigorously. In many 
cases, soiling during the early years after PSARP has 
been a consequence of severe constipation with over-
flow incontinence rather than sphincter insufficiency. 
The treatment of soiling associated with constipation 
is much more rewarding than treatment of soiling 
related to sphincter insufficiency. The functional out-

Total continence Significant soiling Constipation

Peña [8] 36% 41% 43%

Rintala and Lindahl [28] 35% 30% 60%

Langemeijer and Molenaar [29]  7% 56%  5%

Rintala and Lindahl [70]* 50% 22%  9%

N Good Fair Poor

Partridge and Gough [55] 63 33% 43% 24%

Trusler and Wilkinson [17] 15 26% 20% 54%

Stephens and Smith [4] 25 56% 32% 12%

Taylor et al. [37] 45 24% 20% 56%

Cywes et al. [45] 38 42% 35% 23%

Smith et al. [88] 18  6% 28% 66%

Table	28.3 Functional outcome 
during childhood – high malfor-
mations: PSARP. *Adolescents

Table	28.2 Functional outcome 
during childhood – high mal-
formations: before the era of 
posterior sagittal anorectoplasty 
(PSARP)
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come following PSARP procedure appears to further 
improve at adolescence. Rintala and Lindahl [70] re-
ported that 50% of adolescents who had undergone a 
PSARP procedure were fully continent, and a further 
14% had only occasional minor soiling. The improve-
ment was attributed to the disappearance of constipa-
tion and overflow soiling at puberty.

28.3.4.3	 Long-Term	Bowel	Function		
at	Adult	Age

The pediatric surgical literature has only a few reports 
concerning the functional outcome of high anoma-
lies in adults (Table 28.4). These results, however, il-
lustrate the end-point in the development of bowel 
function. Moreover, an adult patient as an indepen-
dent individual may be able to provide a more reliable 
picture of the overall outcome, including the social 
consequences of defective bowel function. Nixon and 
Puri [32] found normal bowel control in 7 (15%) out 
of 47 adolescent and young adult patients. Twenty-
nine patients (62%) had occasional soiling and 11 
(23%) frequent soiling or a colostomy. In this series, 
“normal control” is not defined; moreover, all seven 
patients who were clean at the time of the study soiled 
6-17 years after the reconstruction before achieving 
continence. More recently, Rintala et al. [83] studied 
33 adult patients with a mean age of 35 years, using 
a questionnaire-based scoring system. Healthy adults 
with an age and sex distribution similar to the patients 
were used as controls. None of the patients reached a 
score indicating normal bowel function, and only 6 
(18%) had a good continence score. All controls had 
good scores and 80% had normal bowel function. 
Eighteen (54%) patients had fair continence, and 9 
(27%) were totally incontinent or had a colostomy. 
Thirty-one (94%) of the 33 patients reported some 
degree of fecal soiling. Hassink et al. [84] evaluated 58 
patients with a median age of 26 years using a similar 
scoring method. None of their patients met the crite-
ria for normal bowel habits, 21 (36%) had good conti-
nence scores, 25 (43%) scored fair, and 12 (21%) were 
totally incontinent or had a permanent stoma. About 
80% of the patients had soiling. In both these series 

most patients had undergone an abdominoperineal 
repair as a primary reconstruction. In the series of 
Nixon and Puri [32], 68% of the patients had major 
secondary surgery to improve continence. In the se-
ries of Rintala et al. [83] and Hassink et al. [84], 30% 
and half of the patients had secondary sphincter re-
pairs, respectively.

According to these reports it is obvious that almost 
all adult patients who have undergone repair of a high 
ARM using traditional methods (direct perineal, ab-
dominoperineal, or sacroabdominoperineal opera-
tion) have some form of fecal incontinence despite 
secondary sphincter reconstructions. Although many 
patients report being satisfied with their current level 
of fecal continence [84], objective evaluation of the 
data yields a different picture. It is likely that the adult 
patients have accepted their handicap. The patients 
have developed measures to cope with unsatisfactory 
bowel control, such as staying near toilets, wearing 
liners or diapers, having regular enemas, or having 
dietary restrictions [83–85].

In adulthood, defective fecal continence has sig-
nificant social consequences. The main problem is 
fecal soiling that restricts social activities. In the se-
ries of Rintala et al. [83], 85% of the adult patients re-
ported social disability related to soiling. Other prob-
lems, especially those that disturb occupational life, 
were inability to hold back flatus and fecal urgency. 
Hassink et al. [85] reported that adult patients had a 
significantly lower educational level than expected. 
A striking finding in both these series was that af-
ter their childhood, most of the adult patients were 
not followed up by clinicians who were familiar with 
ARM. Consequently, their medical and social support 
has not been appropriate and most of the patients had 
had to attain bowel control by themselves.

28.3.5	 Long-Term	Problems	Related		
to	Associated	Malformations

28.3.5.1	 Urinary	Tract	Problems

Urinary tract anomalies occur in more than 40% of all 
patients with ARM. It is not unexpected that urologi-

Table	28.4 Functional outcome 
in adults – high malformations: 
operated before the era of PSARP

N Normal Good Fair Poor

Hassink et al. [84] 58 0 36% 43% 21%

Rintala et al. [83] 33 0 18% 54% 27%

Nixon and Puri [32] 47 15% 62% (good/fair) 23%
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cal long-term morbidity is common. The incidence 
of long-term urological morbidity is difficult to as-
sess because only a few long -term follow-up reports 
have specifically addressed urological problems. Late 
surgery to repair concomitant urogenital anomalies is 
required in approximately 20% of the patients. There 
is a significant risk of death from renal failure in pa-
tients with ARM. McLorie et al. [14] reviewed a large 
series of patients and found that death from renal fail-
ure occurred in 6.4% of patients with high anomalies 
and 1.1% of those with low anomalies.

A high incidence of neurovesical dysfunction in 
patients with ARM has been reported by several au-
thors [13,26,86,87]. Neurovesical dysfunction is usu-
ally congenital and often associated with lumbosacral 
or intraspinal abnormalities [24,87]. This is reflected 
by the dominance of hyperreflexic findings in cystom-
etry and radiological investigations, suggesting upper 
motor neuron lesion. Vesicoureteral reflux in patients 
with ARM is commonly associated with neurovesical 
dysfunction, and therefore carries a high risk of recur-
rent urinary infection and subsequent renal damage. 
Urinary incontinence is related to dysplastic sacrum, 
urethral and bladder anomalies, and neurovesical 
dysfunction. Surgical damage to the bladder neck or 

urethra accounts for a minority of causes of urinary 
incontinence [24,87].

Urinary incontinence is uncommon in patients 
with low anomalies, which probably reflects the lower 
incidence of spinal anomalies and neurogenic blad-
der in these patients. Rintala and Lindahl [28] and 
Peña [8] reported no cases with urinary incontinence 
in their recent work; Trusler and Wilkinson [17] and 
Smith et al. [88] found 10% of their patients to have 
some degree of urinary incontinence. Rintala et al. 
[62] reported urinary incontinence in 11% of 83 adult 
patients with low ARM (Table 28.5).

Urinary incontinence is significantly more com-
mon in patients with high anomalies (Table 28.5). 
Trusler and Wilkinson [17] reported that 5 out of 15 
(33%) patients who had undergone abdominoperi-
neal pull-through had urinary incontinence. Smith 
et al. [88] found urinary incontinence in 5 (28%) 
out of 18 patients with high anomalies treated by 
sacroabdominoperineal operation. Wiener and Kie-
sewetter [24] found neurogenic bladder in 28 (31%) 
out of 90 children with high malformations, most of 
whom had urinary incontinence. These figures com-
pare well with the incidence of urinary incontinence 
among adult patients with high ARM. Rintala et al. 
[83] found urinary incontinence in 11 (33%) out of 
33 adults who were operated on by abdominoperineal 
or direct perineal procedures during their early child-
hood, and Hassink et al. [84] reported urinary incon-
tinence in 13 (22%) of their 58 patients operated on 
by similar methods.

It appears that patients who have had PSARP have 
lower incidence of neurogenic bladder and urinary 
incontinence than patients operated on by traditional 
methods, despite the fact that PSARP requires exten-
sive dissection behind the urethra and bladder neck 
(Table 28.5). Peña [8] found a 10% incidence of uri-
nary incontinence in 233 children who had PSARP 
for high or intermediate anomalies including rec-
tovestibular fistulae. The incidence was highest (69%) 
in patients with high-confluence cloaca. Excluding 
these patients, urinary incontinence was related to 
poor sacrum. In the series of Rintala and Lindahl 
[75], of 65 patients with high or intermediate ARM 
repaired by internal-sphincter-preserving PSARP, 8% 
had long-term postoperative urinary incontinence. 
Urinary incontinence was related to severe sacral 
anomalies and high cloacal deformities. The inci-
dence of urinary incontinence among patients who 
had PSARP was lower than in the older series, even if 
rectovestibular fistulae, which were often classified as 
low anomalies, are excluded. If vestibular fistulae are 

Table	28.5 Urinary incontinence

N Incontinence

Low anomalies

 Peña [8] 14 0%

 Rintala and Lindahl [28] 40 0%

 Trusler and Wilkinson [17] 20 10%

 Smith et al. [88] 29 10%

 Rintala et al. [62] 83 11%

High anomalies  
(before posterior sagittal 
anorectoplasty)

 Trusler and Wilkinson [17] 15 33%

 Wiener and Kiesewetter [24] 90 31%

 Smith et al. [88] 18 28%

 Rintala et al. [83] 33 33%

 Hassink et al. [84] 58 22%

High anomalies  
(posterior sagittal anorectoplasty)

 Peña [8] 233 10%

 Rintala and Lindahl [75] 65 8%
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excluded, Peña’s series reports an incidence of urinary 
incontinence of 11% and that of Rintala and Lindahl 
one of 10%.

28.3.5.2	 Genital	Anomalies,	Fertility,	
and	Sexual	Problems

Patients with ARM have a high incidence of genital 
anomalies. Genital anomalies occur in 26% of boys 
[89], the most common being undescended testes 
and hypospadias. The most common in girls are vagi-
nal and uterine septation anomalies and vaginal agen-
esis [90]. Genital tract function has been reported 
to be impaired in almost half of patients because of 
vaginal scarring [90]. In sexually active females this 
often causes coital problems; Matley et al. [91] found 
dyspareunia in four of nine adult females who had 
undergone repair of a vestibular anus. Vaginal scar-
ring may interfere with deliveries, and today most 
females with significant ARM deliver by cesarean sec-
tion [91,92]. Vaginal deliveries and pregnancies may 
also worsen fecal continence in patients with a history 
of vestibular fistula [91,93]. Late gynecological prob-
lems are especially common in patients with cloaca. A 
high percentage of postpubertal females with cloaca 
develop obstruction of some part of Mullerian struc-
tures, with subsequent cystic collections of menstrual 
blood [94].

There is little information about fertility in pa-
tients with ARM. In the series of Rintala et al. of 83 
adult patients [62] with low malformations, 47 (57%) 
had offspring of their own. In the same study, 54% of 
the healthy controls of similar age and sex distribu-
tion had children of their own. On the other hand, 
in another study from the same institution concern-
ing high malformations, only 39% of the patients had 
children, which was significantly less than the healthy 
controls (60%) [83]. In Hendren’s [92] large series of 
cloaca patients, 7 out of 24 adults have had children of 
their own. Obviously, the low frequency of offspring 
in patients with high anomalies reflects true infertil-
ity in a significant percentage of patients. Ejaculatory 
duct obstruction has been reported in males [95], 
some have weak or missing erections, or retrograde 
ejaculations [83], and some females have Mullerian 
structure agenesis [90]. On the other hand, some pa-
tients may avoid sexual contacts because of defective 
fecal continence. Rintala et al. [62,83] reported that 
20% of patients with high anomalies and 13% of those 
with low anomalies avoided sexual intercourse be-
cause of poor bowel control.

28.3.5.3	 Vertebral	Anomalies	
and	Myelodysplasias

In the literature there are essentially no reports con-
cerning late problems related to vertebral anomalies 
in patients with ARM. In the author’s consecutive 
series of 375 ARM during the period 1984-1994, 2 
patients have required spinal bracing and 4 required 
operative spinal stabilization because of progressive 
scoliosis. A report from the same institution in adults 
with ARM noted that 18 (16%) out of 116 patients re-
ported symptoms, mainly chronic back pain, related 
to their vertebral anomalies [62,83].

Recently, much attention has been placed on the 
occurrence of myelodysplasias in patients with ARM 
[26,96,97]. The effect of spinal abnormalities, espe-
cially tethered cord, on long-term functional outcome 
in terms of bladder and bowel function or neurologi-
cal symptoms in the lower extremities is unclear, al-
though some recent reports suggest that worsening of 
the function due to spinal anomalies is possible. De-
Gennaro et al. [86] found a higher incidence of spinal 
dysraphism associated neurovesical dysfunction in 
older patients than in infants. Sato et al. [97] reported 
aggravation of neurological symptoms related to teth-
ered cord in a small group of patients with ARM. In 
the author’s series, only 3 out of 375 patients have re-
quired detethering because of progressive neurologi-
cal symptoms, which were completely alleviated only 
in 1 patient. There appears to be no evidence to sup-
port prophylactic detethering of patients who do not 
have specific symptoms related to tethering [98,99]. 
There is also no evidence to support the concept that 
tethered cord affects functional outcome in terms of 
fecal or urinary continence in patients with ARM 
[98,100]. Screening for spinal abnormalities for diag-
nostic purposes is, however, indicated in patients with 
ARM, including those with low anomalies [52,96]. 
Normal vertebral anatomy on spinal x-rays does not 
preclude the presence of spinal cord abnormalities 
[96]. Screening can be performed by ultrasound dur-
ing early infancy or by MRI at any age.

28.4	 Functional	Outcome	Following	
Secondary	Surgery	for	ARM

Secondary reconstructions to improve poor anorectal 
function have been used extensively in patients with 
ARM. In most long-term follow-up series extend-
ing to adulthood, a significant proportion of patients 
have undergone redo-surgery [32,83,84]. A clear mes-
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sage arises from these reported series: the long-term 
outcome is not better in patients who have had sec-
ondary surgery [83] and may be worse than in those 
who had only one reconstruction [84]. It is possible, 
however, that the patients who have undergone redo-
operations had initially worse continence than those 
with only one operation, but there are no reports that 
have specifically addressed this question.

Gracilisplasty has been a common method for sec-
ondary sphincter reconstruction. Several reports have 
shown a clear improvement in fecal continence in the 
short term [101,102]. The improvement in continence 
is caused by a somewhat increased resting pressure 
[101] and significantly increased squeeze pressure. 
In adults who have had gracilisplasty during child-
hood, the functional results are not very encouraging 
[32,83,84]. Fecal continence is no better, and may be 
worse, than in patients with only a primary recon-
struction. The main functional limitation of con-
ventional gracilisplasty is that a skeletal muscle like 
the gracilis muscle can contract only voluntarily. The 
initially increased tone of a tight muscle wrap around 
the anus tends to weaken with time [101]. Recently, 
electrically stimulated gracilisplasty has been used to 
improve deficient fecal continence in adult patients 
with ARM. The patients underwent conventional 
gracilisplasty followed by implantation of a muscle 
stimulator [103]. After a training period the stimula-
tor was used continuously to maintain constant anal 
tone. Short-term clinical and manometric results were 
promising, but after a median follow-up of 4 years 
only one-third of the patients gained satisfactory fecal 
continence [104].

Levatorplasty, originally described by Kottmeier 
and Dzaidiw [105], was popularized as a secondary 
sphincter reconstruction by Puri and Nixon [106]. 
Several authors [32,107,108] have published encour-
aging results. The functional improvement following 
this procedure has been thought to be related to the 
creation of an acute anorectal angle, because actual 
resting or squeeze pressures are not changed at the 
level of the anal canal. Again, as in patients who had 
gracilisplasty during childhood, the long-term out-
come in adults does not seem to be encouraging. In 
the author’s institution, 15 children with high malfor-
mations underwent secondary levatorplasty for poor 
fecal continence in the late 1970’s. At adulthood, only 
1 of these 15 patients have gained a satisfactory fecal 
continence. There does not seem to be any significant 
differences in fecal continence between those who 
had secondary levatorplasty and those who have un-
dergone only primary reconstruction [83,84].

Rerouting of the pulled-through bowel has been 
advocated for patients who have a misplaced anal ca-
nal following primary operation [4,109]. In patients 
with previous abdominoperineal, sacroperineal, or 
sacroabdominoperineal pull-through, a typical mis-
placement is anterior to the external sphincter fun-
nel [110–112]. An essentially identical procedure for 
the rerouting and repair of the muscular anal canal 
has been suggested by Stephens and Smith, Peña, and 
Kiesewetter and Jeffries [4,109,113]. The repair is per-
formed through a posterior sagittal sacroperineal in-
cision and includes splitting of the voluntary sphinc-
ter muscles in the midline, as in standard PSARP.

Anterior sagittal repair for anterior misplace-
ment has been suggested by Okada et al. [112] and 
Bass and Yazbeck [114]. The reported outcomes in 
terms of improved fecal continence have been vari-
able. Following redo PSARP, Peña found a very sig-
nificant improvement in 52% of his 62 patients, mild 
improvement in 18%, and no improvement in 12%; 
the length of follow-up was not stated. The patients 
who improved had a lesser degree of sacral dysplasia 
than those who did not improve. Mulder et al. [72] 
reported that 25% of their 20 patients became con-
tinent following this procedure; the mean follow-up 
period was 3.5 years. Both these series allowed occa-
sional soiling in patients with a good outcome. Brain 
and Kiely [115] had a success rate of 16% following 
a relatively short follow-up period. Rintala and Lin-
dahl [111] followed-up 16 patients with redo-PSARP 
beyond childhood (mean follow-up period 6 years). 
Although the clinical continence and manometric 
findings initially improved in 13 of the 16 patients, at 
adult age only 4 (25%) of the patients could be con-
sidered more or less continent, despite a significant 
increase in both anal resting and squeeze pressures. 
According to the results of these reports, the role of 
secondary PSARP in the treatment of fecal inconti-
nence after primary reconstruction of ARM remains 
to be established.

Late fecal soiling may be related to intractable con-
stipation [8,11,28,116]. This occurs most commonly 
in patients with a repaired vestibular fistula [2,8,11]. 
Many of these patients have an adynamic megarec-
tum, which cannot be emptied with medical man-
agement or regular enemas. Aganglionosis, although 
a rare occurrence in patients with ARM, should be 
ruled out by rectal biopsies. In recalcitrant cases, re-
section of the dilated distal colon has given favorable 
results. Peña et al. [117, 118] and Cheu and Grosfeld 
[116] have used anterior resection with good outcome. 
Rintala et al. and Powell et al. [2,11] combined resec-
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tion of the megarectum with endorectal pull-through, 
which cured the constipation in all of their patients. 
In the series of Rintala et al., which comprised 13 pa-
tients with surgically treated megarectum, 1 had an 
associated short-segment aganglionosis. The consti-
pation may not be resolved permanently, however; 
recurrent constipation has been reported following 
rectosigmoid resection of a megarectum [22].

28.5	 Conclusion

Despite significant developments in the understand-
ing of the pathological anatomy and physiology, and 
innovation of novel surgical techniques, the results 
of surgical therapy of ARM remain far from perfect. 
Completely normal bowel function, comparable to 
that of healthy individuals, is not possible in many 
patients with high and intermediate malformations. 
At present it is evident that PSARP and its modifica-
tions can improve the dismal outcome found in adult 
patients who have undergone conventional repairs. It 
remains to be seen whether novel mini-invasive lapa-
roscopic techniques further improve the promising 
results that have been achieved with PSARP. Clearly 
the most important role of a pediatric surgeon in the 
management of patients with ARM is to perform as 
optimal repair as possible, taking into account the 
unique anatomy of each patient. An optimal opera-
tion restores normal anatomy and preserves all po-
tential sphincter structures. Secondary surgery for 
failed or inadequate primary reconstruction is un-
likely to provide results that are comparable to those 
achieved following a successful primary operation. In 
contrast to more or less commonly accepted earlier 
assumptions, many patients with low malformations 
also have functional problems that continue beyond 
childhood. Therefore, not only the patients with high 
anomalies, but all patients with ARM need careful 
follow-up, preferably in a specialized unit, through-
out their childhood. Functional complications, espe-
cially treatable ones, such as constipation, should be 
detected and treated early to achieve an optimal out-
come. The treatment of defective continence should 
be commenced well before the child reaches school 
age to overcome the devastating social consequences 
of fecal soiling and to integrate the child to the so-
cial context of his peers. Because the management 
of ARM requires years of commitment and special 
knowledge concerning the anatomical and physiolog-
ical characteristics of this complex group of congeni-
tal malformations, these children should be treated by 

specialized medical personnel in specialized referral 
centers.
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29.1	 Introduction

Most patients who undergo repair of an anorectal 
malformation (ARM) suffer from a degree of func-
tional defecating disorder, and all suffer from an ab-
normality in their fecal continence mechanism. Ap-
proximately 25% of patients are deficient enough in 
these mechanisms that they are fecally incontinent 
and cannot have a voluntary bowel movement. The 
others are capable of having voluntary bowel move-
ments, but may require treatment of an underlying 
dysmotility disorder, which manifests as constipation. 
This management is discussed in Chaps. 29, 30 and 
33.

Fecal incontinence represents a devastating prob-
lem that often prevents a person from becoming 
socially accepted, which in turn provokes serious 
psychological sequelae. These patients require an ar-
tificial way to keep them clean and in normal under-
wear, a regimen termed bowel management.

29.2	 Fecal	Continence

Fecal continence depends on three main factors: (1) 
voluntary sphincter muscles, (2) anal canal sensation, 
and (3) colonic motility [1].

29.2.1	 Voluntary	Sphincter	Muscles

The voluntary muscle structures are represented by 
the levators, the muscle complex, and external sphinc-
ter. They are normally used only for brief periods, 
when the rectal fecal mass reaches the anorectal area, 
pushed by the involuntary peristaltic contraction of 
the rectosigmoid motility. This voluntary contraction 
occurs only in the minutes prior to defecation, and 
these muscles are used only occasionally during the 
rest of the day and night. Patients with ARM have 
abnormal voluntary striated muscles with different 
degrees of hypodevelopment. However, voluntary 
muscles can be used only when the patient feels that 
it is necessary to use them. For that sensation, the pa-
tient needs information that can only be derived from 
an intact anal sensory mechanism, a mechanism that 
many patients with ARM lack.

29.2.2	 Anal	Canal	Sensation

Exquisite sensation in normal individuals resides in 
the anal canal. Except for patients with rectal atresia, 
most patients with ARM are born without an anal 
canal; therefore, sensation either does not exist or is 
rudimentary. It does seem that patients can perceive 
distention of the rectum, but this requires that the 
rectum has been properly located within the muscle 
structures. This sensation seems to be a consequence 
of stretching of the voluntary muscle (propriocep-
tion). The most important clinical implication of this 
is that liquid stool or soft fecal material may not be 
felt by the patient with ARM, as it does not distend 
the rectum. Thus, to achieve some degree of sensation 
and bowel control, the patient must have the capacity 
to form solid stool.

29.2.3	 Bowel	Motility

Perhaps the most important factor in fecal continence 
is bowel motility; however, the impact of motility has 
been largely underestimated. In a normal individual, 
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the rectosigmoid remains quiet for variable periods 
of time (one to several days), depending on specific 
defecation habits. During that time, sensation and 
voluntary muscle structures are almost unnecessary 
because the stool, if it is solid, remains inside the co-
lon. The peristaltic contraction of the rectosigmoid 
that occurs prior to defecation is normally felt by the 
patient. The normal individual can voluntarily relax 
the striated muscles, which allows the rectal contents 
to migrate down into the highly sensitive area of the 
anal canal. There, accurate information is provided 
concerning the consistency and quality of the stool. 
The voluntary muscles are used to push the rectal 
contents back up into the rectosigmoid and to hold 
them, if desired, until the appropriate time for evacu-
ation. At the time of defecation, the voluntary muscle 
structures relax.

The main factor that provokes the emptying of 
the rectosigmoid is a massive involuntary peristaltic 
contraction that is sometimes helped by a Valsalva 
maneuver. Most patients with ARM suffer from 
disturbance of this sophisticated bowel motility 
mechanism. Patients who have undergone a PSARP 
or any other type of sacroperineal approach, in which 
the most distal part of the bowel was preserved, 
show evidence of an overefficient bowel reservoir 
(megarectum). The main clinical manifestation of 
this is constipation, which seems to be more severe 
in patients with lower defects (see Chaps. 29 and 30) 
[2].

Constipation that is not aggressively treated, in 
combination with an ectatic distended colon (some-
times associated with a loop colostomy that allows 
fecal impaction in the blind rectal pouch), eventu-
ally leads to severe constipation, and a vicious cycle 
ensues, with worsening constipation leading to more 
rectosigmoid dilation, leading to worse constipation. 
The enormously dilated rectosigmoid, with normal 
ganglion cells, behaves like a myopathic type of hy-
pomotile colon [1]. For these patients who are fecally 
incontinent, a daily enema successfully cleans the co-
lon, which then remains clean until the next enema 
[3].

Those patients treated with techniques in which 
the most distal part of the bowel was resected behave 
clinically as individuals without a rectal reservoir. 
This is a situation equivalent to a perineal colostomy. 
Depending on the amount of colon resected, the pa-
tient may have loose stools. In these cases, medical 
management consisting of enemas plus a constipating 
diet, and medications to slow down the colonic motil-
ity is indicated.

29.3	 Bowel	Management	Program

The bowel management program consists of teaching 
the patient or his/her parents how to clean the colon 
once daily so as to stay completely clean in the under-
wear for 24 h. This is achieved by keeping the colon 
quiet in between enemas. The program, although sim-
plistic, is implemented by trial and error over a period 
of 1 week. The patient is seen each day and an x-ray 
film of the abdomen is taken so that they can be mon-
itored on a daily basis for the amount and location of 
any stool left in the colon as well as the presence of 
stool in the underwear. The decision as to whether the 
type and/or quality of the enemas should be modified 
as well as changes in their diet and/or medication can 
be made [3].

It is important to differentiate real fecal 
incontinence from overflow pseudoincontinence. 
In patients with real fecal incontinence, the normal 
mechanism of bowel control is deficient for the 
reasons described. Pseudoincontinence occurs when 
a patient behaves like they are fecally incontinent, 
but really have severe constipation and overflow 
soiling. Once the disimpaction is treated and the 
patient receives enough laxatives so as to avoid 
constipation, he/she becomes continent. This patient 
group is described in Chaps. 29 and 30. It is extremely 
important to distinguish between real incontinence 
and pseudoincontinence in order to identify the 
origin of the problem and consequently to plan the 
best treatment.

Of all children with ARM who have undergone a 
correct and successful operation, 75% have voluntary 
bowel movements after the age of 3 years [2]. About 
half of these patients soil their underwear on occa-
sion. Those episodes of soiling are usually related 
to constipation. When the constipation is treated 
properly, the soiling frequently disappears. Thus, ap-
proximately 40% of all children have voluntary bowel 
movements and no soiling. In other words, they be-
have like normal children. Children with good bowel 
control may still suffer from temporary episodes of 
fecal incontinence, especially when they experience 
severe diarrhea. Some 25% of all children suffer from 
real fecal incontinence, and these are the patients who 
must receive bowel management to keep them clean.

The surgeon should be able to predict in advance 
which children have good functional prognosis and 
which children have a poor prognosis. Table 29.1 
shows the most common indicators of good and poor 
prognosis. After the main repair and the colostomy 
closure, it is possible to establish the functional prog-
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nosis (Table 29.2). Parents must be realistically in-
formed as to their child’s chances for bowel control, 
avoiding needless frustration later on. It is imperative 
to establish the functional prognosis of each child as 
early as possible, sometimes even in the newborn pe-
riod, in order to avoid creating false expectations for 
the parents. Once the diagnosis of the specific defect 
is established, the functional prognosis can be pre-
dicted. If the child’s defect is of a type associated with 
good prognosis, such as a vestibular fistula, perineal 
fistula, rectal atresia, rectourethral bulbar fistula, or 
imperforate anus with no fistula, one should expect 
that the child would have voluntary bowel move-
ments by the age of 3 years. These children will still 
need supervision to avoid fecal impaction, constipa-
tion, and soiling (see Chaps. 29, 30 and 33).

If the child’s defect is of the type associated with a 
poor prognosis, for example, a very high cloaca with 
a common channel longer than 3 cm, a rectoblad-
derneck fistula, or if they have a very hypodeveloped 
sacrum or associated spinal anomalies the parents 
must understand that their child will most likely need 
a bowel management program to remain clean. This 
should be implemented when the child is 3 or 4 years 
old, before he/she begins spending a great deal of 
time away from home. Children with rectoprostatic 
fistula have an almost 50:50 chance of having volun-
tary bowel movements or of being incontinent. In 
these children, an attempt should be made to achieve 

toilet training by the age of 3 years. If this proves to 
be unsuccessful, bowel management should be imple-
mented. Each summer, during school vacation, re-
attempts can be made to assess the child’s ability to 
potty train.

In patients previously operated on for an ARM 
with fecal incontinence, a reoperation with the hope 
of obtaining good bowel control can be considered if 
the child was born with a good sacrum, good sphinc-
ter mechanism, a malformation with good functional 
prognosis, and the rectum is mislocated (see Chap. 
24). A redo posterior sagittal anorectoplasty (PSARP) 
can be performed and the rectum can be relocated 
within the limits of the sphincter mechanism. Ap-
proximately 50% of the children operated on under 
these very specific circumstances have a significant 
improvement in bowel control [4].

Patients with fecal incontinence and a tendency 
toward constipation cannot be treated with laxatives, 
but instead need bowel management for fecal incon-
tinence. Such children are usually those born with a 
defect that carries a bad prognosis and severe associ-
ated defects (e.g., defect of the sacrum, poor muscle 
complex). 

Children operated on for ARM that suffer from fe-
cal incontinence can be divided into two well-defined 
groups that require individualized treatment plans: 
(1) those with constipation (colonic hypomotility), 
and (2) children with loose stools and diarrhea.

Table	29.1 Prognostic signs

Good prognosis signs: Bad prognosis signs:

•  Good Bowel movement patterns:  
1–2 bowel movement per day – no soiling in between

• Constant soiling and passing stool

•  Evidence of sensation when passing stool  
(pushing, making faces)

• No sensation (no pushing)

• Urinary control • Urinary incontinence, dribbling of urine

Table	29.2 Predictors of prognosis

Indicators of good prognosis for bowel control Indicators of poor prognosis for bowel control

•  Normal sacrum •  Abnormal sacrum

•  Prominent midline groove (good muscles) •  Flat perineum (poor muscles)

• Some types of anorectal malformations:
 - Rectal atresia
 - Vestibular fistula
 - Imperforate anus without a fistula
 - Cloacas with a common channel < 3 cm
 - Less complex malformations: perineal fistula

• Some types of anorectal malformations:
 - Rectobladderneck fistula
 - Cloacas with a common channel > 3 cm
 - Complex malformations
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29.3.1	 Children	with	Constipation	
(Colonic	Hypomotility)

In these children the motility of the colon is signifi-
cantly reduced. The basis of the bowel management 
program is thus to teach the parents to clean the 
child’s colon once a day with a suppository, an enema, 
or colonic irrigation. No special diet or medications 
are necessary in these cases. The fact that they suffer 
from constipation (hypomotility) is very helpful, as 
it guarantees that they will remain clean in between 
enemas. The real challenge is to find an enema that 
is capable of cleaning the colon completely. Definitive 
evidence that the colon is truly empty following the 
enema requires a plain abdominal radiograph. Soil-
ing episodes or severe “accidents” occur when there 
is an incomplete cleaning of the bowel, with feces that 
progressively accumulates.

29.3.2	 Children	with	Loose	Stools	
and	Diarrhea

The great majority of children who suffer from this 
kind of problem were operated on before 1980, prior 
to the introduction of the PSARP technique. In those 
years the techniques frequently included resection 
of the rectosigmoid (reservoir) [5,6]. Therefore, this 
group of children have overactive colons. Rapid transit 
of stool results in frequent episodes of diarrhea. This 
means that even when an enema cleans their colon 
rather easily, stool keeps passing fairly quickly from 
the cecum to the descending colon and the anus. To 
prevent this, a constipating diet and/or medications 
to slow down the colon are necessary. Eliminating 
foods that further loosen bowel movements will help 
the colon to slow down. Some children, however, may 
have in addition an “irritable” colon, which makes the 
management more challenging.

29.4	 Evaluation	and	Treatment

The keys to success of the bowel management pro-
gram are dedication and sensitivity from the medical 
team. The basis of the program is to clean the colon 
and keep it quiet, and thus the patient remains clean 
for the 24 h after the enema, colonic irrigation, or 
suppository that is given once a day. Sometimes ma-
nipulation of diet and medication are utilized for pa-
tients with a hypermotile colon.

The program is an ongoing process that is re-
sponsive to the individual patient and differs for 

each child. The program is usually successful within 
a week, during which family, patient, physician, and 
nurse undergo a process of trial and error, tailoring 
the program to the specific patient. More than 90% of 
the children who follow this program are artificially 
clean and dry for the whole day and can lead a com-
pletely normal life. It is unacceptable to send a child 
with fecal incontinence to school in diapers when 
his classmates are already toilet trained, and proper 
treatment to prevent this is perhaps more important 
than the surgical procedure itself. Children who re-
quire diapers or who have accidents while in school 
because of fecal incontinence are exposed to ridicule 
from their peers, which can lead to adverse psycho-
logical sequelae.

The first step is to perform a contrast enema study 
with hydrosoluble material. The study should never 
be done with barium; it is also important to obtain a 
picture after the evacuation of the contrast material. 
This study shows the type of colonic motility, hypo-
motility – constipated (Fig. 29.1) or hypermotility 
(Fig. 29.2).

The bowel management program is then imple-
mented according to the patient’s type of colon, and 
the results are evaluated every day. Changes in the 
volume and content of the enemas are made until the 
colon is successfully cleaned. For this, an x-ray film of 
the abdomen, taken every day, is invaluable in deter-
mining whether the colon is empty.

29.4.1	 Types	of	Enema

There are different types of solutions to use for en-
emas: there are some ready-made solutions that can 
be bought in a pharmacy or drugstore, or solutions 
that can be prepared at home based on water and salt 
(0.9% saline can be made by adding 3–4 teaspoons 
to 1 liter of water). The use of phosphate enemas is 
most convenient since it is already in a prepared vial. 
However, saline enemas are often just as effective and 
some families find it easier and less expensive. Occa-
sionally, children will complain of cramping with the 
phosphate enema, but have no complaints with the sa-
line one. Children older than 8 years of age or heavier 
than 30 kg may receive one adult phosphate enema 
daily (240cc). Children between 3 and 8 years of age 
or between 15 and 30 kg in body weight may receive 
one pediatric phosphate enema each day (120cc). 
Children should never receive more than one phos-
phate enema a day because of the risk of phosphate 
intoxication, and others with impaired renal function 
should use these enemas with caution.
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The enema administered on a regular basis should 
result in a bowel movement followed by a period 
of 24 h of complete cleanliness. If one enema is not 
enough to clean the colon (as demonstrated by an x-
ray, or if the child keeps soiling), then the child re-
quires a more aggressive treatment, and a saline en-
ema is added to the phosphate one. If the addition 
of the saline enema still results in inadequate results, 
then glycerin can be added, or high colonic washings 
with a balloon catheter may help. The “right” enema 
is the one that can empty the child’s colon and allow 
him to stay clean for the following 24 h. This can be 
achieved only by trial and error and learning from 
previous attempts.

Children with loose stool have an overactive colon 
and most of the time they do not have a reservoir. This 
means that even when an enema cleans their colon 
rather easily, new stool passes quickly from the cecum 
to the descending colon and the anus. To prevent this, 
a constipating diet and/or medications (such as lop-
eramide) to slow down the colon are recommended. 
Eliminating foods that loosen bowel movements will 
help the colon to move slowly.

Parents are provided with a list of constipating 
type of foods to be given and a list of laxative foods to 
be avoided. The diet is very rigid (e.g., banana, apple, 
baked bread, white pasta with no sauce, boiled meat). 
Fried foods and dairy products must be avoided 

(Table 29.3). Most parents know which meals pro-
voke diarrhea and which constipate their child. To 
determine the right combination, the treatment starts 
with enemas, a very strict diet, and loperamide. Most 
children respond to this aggressive management 

Fig.	29.1 Contrast enema of megarectosigmoid (Reprinted 
from Current Problems in Surgery, 39, Peña A., Levitt M. Co-
lonic Inertia Disorders in Pediatrics, p 681, Mosby (2002), with 
permission from Elsevier.)

Fig.	29.2 Contrast enema in a patient who has had their rec-
tosigmoid resected (Reprinted from Current Problems in Sur-
gery, 39, Peña A., Levitt M. Colonic Inertia Disorders in Pediat-
rics, p 695, Mosby (2002), with permission from Elsevier.)

Table	29.3 Constipating foods

Constipating diet

No Yes

Milk or milk products Apple sauce

Fats Apple without skin

Fried foods Rice

Fruits White bread

Vegetables Bagels

Spices Boiled, broiled, baked 
meat, chicken or fish

Fruit juices Soft drinks

French fries Banana

Chocolate Pasta

Pretzels

Tea

Potato

Jelly (no jam)
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within a few days. The child should remain on a strict 
diet until clean for 24 h for 2–3 days in a row. The 
child can then choose one new food every 2–3 days, 
observing the effect on his/her colonic activity. If the 
child soils after eating a newly introduced food, that 
food must be eliminated from the diet. Over sev-
eral months, the most liberal diet possible should be 
sought for the child. If he or she remains clean with 
a liberal diet, the dose of the medication can gradu-
ally be reduced to the lowest effective dose to keep the 
child clean for 24 h.

In children in whom a successful bowel manage-
ment program has been implemented, the parents 
frequently ask if this program will be needed for life. 
The answer is “yes” for those patients born with a 
poor prognosis type of defect. However, since we are 
dealing with a spectrum of defects, there are patients 
with some degree of bowel control. These patients are 
subjected to the bowel management program in order 
not to be exposed to embarrassing accidents of un-
controlled bowel movements. However, as time goes 
by the child becomes more cooperative and more in-
terested in his/her problem. It is conceivable that later 
in life, a child may stop using enemas and remain 
clean, following a specific regimen of a disciplined 
diet with regular meals (three meals per day and no 
snacks) to provoke bowel movements at a predictable 
time.

Every summer, the children with some potential 
for bowel control can try to find out how well they 
can control their bowel movements without the help 
of enemas. This is done during vacations to avoid 

accidents at school, during a time that they can stay 
home and try some of the strategies.

Most preschool and school-age children enjoy a 
good quality of life while undergoing the bowel man-
agement program. However, when they reach puberty, 
many express a high degree of dissatisfaction. They 
feel that their parents are intruding on their privacy 
by giving them enemas. It is feasible, but rather dif-
ficult for them to administer the enema themselves. 
An operation called a continent appendicostomy or 
a Malone procedure has been designed for this spe-
cific group of children (Fig. 29.3) [7]. It is important 
to stress that the Malone procedure is just another 
way to administer an enema, and therefore, before 
implementing the Malone procedure, the child has to 
be perfectly clean with his/her regular bowel manage-
ment. The operation consists of connecting the ap-
pendix to the umbilicus, and creating a valve mecha-
nism that allows catheterization of the appendix for 
the enema fluid, but avoids leakage of stool through 
it. If the child has lost his/her appendix, it is possible 
to create a new one from the colon. This is called a 
continent neoappendicostomy (see Chap. 34, for fur-
ther continence imroving operations see Chap. 31).
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30.1	 Introduction

After the definitive correction of anorectal malforma-
tions (ARM), two different new diseases frequently 
occur: chronic constipation and stool incontinence. 
Chronic constipation is sometimes associated with 
smearing, staining, or overflow incontinence, which 
should not be confused with true incapability to re-
tain stools due to an insufficient sphincter mecha-
nism. Digital and electromanometric investigations 
under resting and squeezing conditions are very help-
ful for the differentiation. According to Holschneider 
et al., only 11.8% of the high-, 22.7% of intermediate-, 
and 63.3% of low-type malformations became com-
pletely continent without need of any additional help 
[1]. Total continence corresponds to the continence 
behavior of a healthy person who does not soil, does 
not have constipation, and can regularly and volun-
tarily have bowel movements. Another group of pa-
tients become continent with some aid, which means 
they need occasionally a light constipating diet or 
laxatives for the regulation of their stools. 23.5% of 
the patients with a high, 13.6% of children with an 
intermediate, and 22.7% of cases with a low type of 
imperforate anus behave this way. Taking these two 
groups of patients together, 35.3% of the high-, 36.3% 
of the intermediate-, and 86.3% of the low-type anal 
atresias became acceptably continent. In the literature 
this behavior is usually called “good continence”.

The so-called “satisfactory results” in the litera-
ture involve two groups of patients: children who are 

chronically constipated and patients with a partially 
incompetent sphincter. However, the problems of the 
patients in both groups can be managed sufficiently 
by conservative means. Only the last small group in 
Holschneider’s new classification [1], the “bad re-
sults” with complete therapy-resistant fecal incon-
tinence need surgical therapy either due to untreat-
able chronic constipation or complete incompetence 
of the anorectal sphincters. The surgical therapy for 
incurable constipation is described in Chap. 32 and 
consists of resection of a megarectum. In contrast, 
complete insufficiency of the anal sphincters needs 
strengthening, sometimes of the external anal sphinc-
ter muscles, by a continence-improving operation, 
which will be described in the Chap. 31. This very 
unsatisfactory group of children comprises 20.6% of 
the high-, 9.1% of the intermediate-, and 4.5% of the 
low-type malformations.

The largest group of patients is, as mentioned 
above, the so-called “satisfactory results.” The conti-
nence behavior of these patients is, per se, not satisfac-
tory at all. They consist of two different, postoperative 
newly appearing diseases, which have to be treated by 
different therapeutic means: chronic constipation and 
stool incontinence.

Fecally incontinent patients suffer from hypopla-
sia of the muscle complex and an absence of smooth 
muscle fibers. For this group of patients, the diet must 
be constipative (e.g., bitter chocolate with 70% or 
more portion of cocoa, blueberries, bananas, apple 
pie, and carrot soup). Carrot pie however, may have 
a laxative effect due to its high amount of cellulose. 
Administration of activated carbon for medical use or 
loperamide, or the use of soft anal tampons after suf-
ficient bowel cleaning may help.

Chronic constipation needs a totally different diet. 
The definition of the term constipation is difficult and 
imprecise. If bowel movements are only possible when 
the patient exerts the utmost pressure or after convul-
sive cramps, if there is a sensation that the bowel has 
not been completely emptied, if the stools are hard, if 
no bowel movements occur for a period of 3–4 days, 
or if an overflow soiling occurs, all of these occur-
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rences are referred to as constipation [2,3]. Overflow 
soiling is the most common sign of chronic constipa-
tion in children after ARM repair. Rectal examination 
shows an impacted rectum that cannot be evacuated 
completely. The first therapeutic procedure described 
in Chap. 29 consists, therefore, of rectal washouts, as 
described in Chap. 31. After cleaning of as much colon 
as possible, either retro- or anterogradely, a laxative 
diet should be administered. This diet should take into 
account the underlying reasons for the constipation. 
Constipation can occur in an acute form (e.g., due to 
a change in diet when traveling, after febrile illnesses, 
after being bedridden for some time, because of lo-
cal anal complaints, or after taking medication). They 
can occur, for example, if too little food is ingested, if 
insufficient roughage is consumed, if the amount of 
ingested liquids is insufficient, if the defecation stimu-
lus is repressed, if the patient uses too many laxatives 
over longer periods, and/or if the patient has too little 
exercise. A medical examination will be necessary to 
clarify whether we are dealing with an acute and/or a 
chronic disorder, or if the constipation is the result of 
organic disease, (e.g., Hirschsprung’s disease, dysgan-
glionoses, or anal stenoses). The most frequent cause 
for chronic constipation in ARM are inborn motility 
disorders of the extra- or intramural nerve supply to 
the rectum, malformations of the rectal smooth mus-
cle structure, or damage to the neuronal or vascular 
supply of the rectum during surgery. Whatever the 
reasons for the digestive complications, an optimal 
diet can have positive effect on constipation [3,4].

The best effect is achieved by a combination of dif-
ferent factors. These may include treatment of the un-
derlying disease, a diet calculated to loosen the stools, 
drinks, bowel training, and exercise.

30.2	 Dietary	Fiber

Roughage, or fiber, plays an important role in the 
passage of chyme. Roughage increases the digestive 
juices in the gastrointestinal tract. In the intestine 
the roughage swells due to its absorption of water. 
It serves as a culture medium for the bacteria in the 
colon, allowing them to multiply more quickly and 
contribute to the volume increase. The breakdown of 
the fibers by bacteria creates gases and acids, which 
in turn stimulate the peristalsis of the intestinal wall. 
The consistency of the stools becomes softer, and the 
distension of the intestinal wall and increased pro-
pulsive motility shortens the transit time and reduces 
water resorption.

For roughage to have the optimal effect, it is im-
portant to drink enough liquids. Children between 
the ages of 1 and 4 years should drink at least 950 ml, 
children between 4 and 10 years of age should drink 
at least 1100 ml, between 10 and 13 years at least 
1200 ml, and children between 13 and 15 years at least 
1300 ml [5,6]. The more roughage the food contains, 
the more should be drunk. It is also important to in-
crease the fluid intake if there is increased sweating, 
for example during sports. Insufficient fluid intake 
may lead to bowel obstruction. Mineral water, still 
mineral water, unsweetened fruit tea or herbal teas, 
and sugar-free fruit juices diluted with mineral water 
are all suitable. The amount drunk can be monitored 
using a checklist. Certain types of receptacles, drink-
ing bottles, or jugs are useful aids to monitor fluid in-
take. To begin with, the current fluid intake should be 
monitored by recording all fluids ingested and then 
the amounts should be slowly increased until the de-
sired daily amount is reached. Milk is not considered 
as a drink, but as a liquid meal. Too much milk often 
results in too little being eaten or drunk.

Roughage is indigestible vegetable material, which 
can be found in leaves, fruits, or roots. It is also re-
ferred to as raw fiber, vegetable fiber, or indigestible 
carbohydrate. Roughage cannot be broken down 
by digestive enzymes, but it can be partially broken 
down by the bacteria in the colon. The most impor-
tant types of roughage are water-insoluble cellulose, 
lignin, and the partially water-soluble hemicellulose, 
together with water-soluble pectins. No single type 
of roughage is an essential food; however a certain 
amount of roughage is indispensable, beginning in 
the second half of the 1st year of life at the latest, to 
ensure that the bowel functions properly [7,8].

Nonpurified vegetable fibers are the fibers found in 
cereals, fruits, and vegetables. Purified vegetable fibers 
are fibrous and polymer substances such as lignin, 
cellulose and pectins, if they are ingested alone. These 
must be differentiated from synthetic fibers, such as 
crystalline cellulose, lignin, and cellulose, which are 
used in synthetic products. They are referred to as fill-
ers because they have only a limited ability to swell. 
Hemicellulose and pectin are both bulking agents; 
however, pectin absorbs more water. Vegetable food-
stuffs usually have less than 15% roughage. The decla-
ration of the raw fiber content of foodstuffs in nutri-
tional indices always refers to cellulose, hemicellulose, 
and lignin [7,8].

To increase the roughage intake, the amount of veg-
etable foodstuffs should be increased and the amount 
of animal products ingested should be reduced. This 
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will result in a mechanical stimulation of the bowel. 
An increase in roughage can be achieved not just 
by increasing the percentage of vegetable foodstuffs 
ingested, but also by choosing products with more 
roughage. As fruits and vegetables largely consist of 
cellulose, such a substitution is limited, because the 
roughage in fruits and vegetables, with the excep-
tion of pulses, is only around 1–3% [7,8]. Berries and 
dried fruits have the highest roughage content. The 
vegetables with the highest amount of roughage are 
green peas, leeks, cabbages, and pulses; however, they 
are also more indigestible and can lead to flatulence. 
One should eat four to five portions of vegetables, 
uncooked vegetables, salads, fruit, and/or fruit juices 
every day.

Cereals consist in the main of hemicellulose that 
has a high capacity to absorb water. If wholegrain, 
multigrain, or wholemeal breads, pumpernickel, 
Graham bread, crispbread, or products such as gra-
nola, linseed, wholemeal gruel, wholemeal noodles, 
or brown rice are eaten instead of white bread, the 
roughage intake can be increased without increasing 
the size of the portions.

The roughage intake can also be increased by eat-
ing wheat bran, oat bran, or products containing 
wheat or oat bran. The volume of chyme is increased 
by the coarse bran’s capacity to bind water and swell. 
Products made with coarse meal are more effective 
than those made of finely ground meal or bran flour, 
as their water absorption is limited. Wheat and oat 
bran are both available as supplements that can be 
added to granola and can be purchased either roasted 
or crisped.

Due to the hydrophilic nature of bran, ingesting 
around 5–10 g bran will require an additional 200 ml 
of liquid to be drunk; in other words, after the inges-
tion of bran it is important to drink enough. If it is not 
possible to ensure sufficient liquid intake, then the 
bran should be soaked prior to consumption, for ex-
ample in water or juice. If sufficient amounts of liquid 
are ingested together with the bran, the time required 
for passage can be reduced. Bran can also be added to 
milk products, compotes, soups, and stews, and even 
to dishes with minced meat, to potato dumplings, and 
potato pancakes [4,9].

Various roughage supplements with different ef-
fects are available. These supplements have a high 
capacity to bind water and can increase the mois-
ture content in the stools, increase the volume of the 
stools, and/or serve as a nutrient substrate for colon 
cells. The choice of supplement is an individual deci-
sion [4,9,10].

Nuts, almonds and sesame seeds also contain rela-
tively high amounts of roughage and can promote the 
passing of stools.

Foodstuffs made of very finely ground meal (for 
example white bread rolls, toast bread, milk bread 
rolls, cake, and biscuits), are very unsuitable because 
these foodstuffs contain very little roughage. Other 
products with little roughage are noodles made of 
semolina wheat flour, white rice, desserts, sweets, and 
confectionery [10].

Foodstuffs that consolidate the stools, such as ba-
nanas, blueberries, boiled carrots, rice, low-fat curd 
cheese, hard-boiled eggs, cocoa and black tea, should 
initially be avoided. If the symptoms improve it may 
be possible to reintroduce them.

30.3	 Dietary	Stimulants

In addition to the mechanical stimulation provided 
by roughage, a chemical stimulation may also im-
prove bowel peristalsis. The laxative effect of lactic 
acid, for example, is well known. It has an impact on 
intestinal motility via the bacterial flora and shortens 
the transit period. Lactic acid is found in yogurt, but-
termilk, soured milk, kefir, vegetables that have been 
pickled, such as sauerkraut and pickles, and vegetable 
juices such as sauerkraut juice or red beet juice. Other 
organic acids, such as the tartaric acid found in grape 
juice, malic acid, which is found in grape juice but also 
in the juice of pip fruits and stone fruit, especially in 
apple, prune or fig juice, the citric acid in citrus fruits, 
and the acetic acid in wine vinegar are also believed to 
improve intestinal peristalsis.

Lactose or concentrated sugar solutions made of 
lactose also stimulate intestinal motility because lac-
tose is digested more slowly than sucrose (normal 
sugar) due to the physiologically reduced activity of 
lactase in the small intestine. If larger amounts are in-
gested the lactose will reach the intestine without be-
ing digested. The laxative effect is due to the increase 
in the amount of liquid because of the osmotic activ-
ity of the lactose. The increased distension stimulus 
in the colon leads to an increase in intestinal motility. 
Lactose is partly broken down in the colon by bac-
teria in a similar manner to water-soluble roughage. 
This results in the creation of short-chain fatty acids, 
such as lactic acid, acetic acid, and formic acid, and 
carbon dioxide. In addition to the increased motility 
because of intestinal gas formation, the short-chain 
fatty acids help regenerate the intestinal mucosa and 
create an acidic intestinal milieu. Intestinal bacteria, 
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such as lactobacilli and bifidobacteria, which prefer 
an acidic environment, multiply more rapidly, reduc-
ing the numbers of pathogenic organisms.

Sugar substitutes such as fructose, sorbite, sorbitol, 
mannitol, and xylitol also have a laxative effect. Their 
resorption is passive and therefore slower than that 
of glucose, which has an osmotic effect. Flatulence is 
a frequent side effect. Here again, it is important to 
gradually increase the dose.

Thermal stimulation through cold drinks, for ex-
ample one glass of cold mineral water or fruit juice 
drunk before breakfast on an empty stomach, can 
have a gastrocolic effect. Cold food or drinks in the 
small intestine can improve colonic peristalsis.

Carbonated drinks can also accelerate the progress 
of chyme through the intestine.

In addition to gradual changes in diet so as to in-
clude more roughage and a sufficient amount of fluids, 
it is necessary to consistently train the intestine until 
it reacts with a normal defecation reflex. Defecation 
training should be carried out at certain fixed times 
of the day, preferably 30 min after breakfast, lunch, 
and dinner. Active pressing, carried out every day at 
the same time, together with sufficient calm, should 
accustom the bowel to being voided. This requires 
practice and does not work on command. If the urge 
to defecate occurs at a different time, it should on no 
account be suppressed.

30.4	 Lifestyle

Modern life is often characterized by a lack of exer-
cise. This means that muscles are exercised less. The 
measures outlined should ideally be combined with 
regular sports activities and other types of exercise. 
This will stimulate the metabolism, which in turn will 
also stimulate intestinal activity. A stomach massage 
using slow, circular, clockwise movements or damp, 
warm compresses may bring some relief.

At the beginning of the change in diet there may be 
some abdominal discomfort, which will take the form 
of flatulence and spasmodic cramps due to the for-
mation of intestinal gases, but this can be expected to 
disappear after some time. It is possible to make food 
more digestible by thoroughly chewing it, making sure 
that meals are unhurried, and ensuring that there are 
sufficient rest periods between meals. It is best to be-
gin with more easily digestible foodstuffs such as fruit 
purées, boiled vegetables, salads, oatmeal, and bread 
made of more finely ground wholemeal. Flatulence or 
a feeling of fullness can be relieved by drinking fennel 

tea, caraway tea, fennel-caraway-aniseed tea, or mint 
tee, or caraway can be added to food during cooking.

From infancy on a child should be given a varied 
mixed diet which should include products made of 
wholemeal, potatoes, vegetables, fruit, and curdled 
milk products. Sweets, cookies, cakes, and ice cream 
should not be forbidden, but they should make up 
only a small part of the daily food intake. A list of the 
appropriate amounts of food depending on the child’s 
age can be obtained from the Research Institute for 
Child Nutrition or the German Society for Nutrition 
(Table 30.1).

30.5	 Weaning

The possibilities available during the 1st year of 
life are much smaller. In breastfed babies who re-
ceive only breast milk, normal bowel movements 
may range from several times a day to once every 
10 days, because breast milk is very digestible [2]. If 
the baby is given formula, it is important to ensure 
that the choice of formula is appropriate for the baby’s 
age, that the formula is properly prepared, and that 
the baby receives the optimum daily amount at the 
proper intervals. These points must all be resolved 
before attempting to loosen the stools by giving the 
baby lactose, germ oil, or medium-chain triglyceride 
oil. The digestive tract of a baby is not yet fully devel-
oped and cannot fully resorb larger amounts of fat, so 
fat allows the chyme to slide more easily through the 
bowel. When beginning with solids it is important to 
avoid giving the baby foodstuffs that will consolidate 
the stools. The solids given at lunch can be prepared 
once or twice a week using wholemeal noodles or 
brown rice instead of potatoes. Wholemeal flakes and 
fruit purées should be used to make the evening por-
ridge of milk and cereals. It is very important to en-
sure that the baby drinks sufficient amounts of liquid 
in the form of fruit tea or water. The more solid food 
the baby is fed instead of milk, the higher the liquid 
intake should be.

30.6	 Laxatives

Many different laxatives exist and different groups 
have different effects. Laxatives should not be given 
indiscriminately, but only after consultation with a 
doctor and for short periods of time. They do speed 
up the passage of food through the bowel and result 
in defecation. If they are the only form of therapy 
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used without any corresponding change in diet or 
lifestyle, they will not be effective in the long term. 
Inappropriate use may result in complications such as 
fluid imbalance, loss of electrolytes, and disturbances 
of the acid-base metabolism. If laxatives are taken to 
supplement the altered diet and lifestyle, they should 
not be stopped abruptly, but gradually phased out.

30.6.1	 Slow-Transit	Constipation

If constipation is caused by intestinal neural dysplasia 
or slow-transit constipation, a diet with large amounts 
of roughage may be contraindicated. Due to the lack 
of distension stimulus the bowel peristalsis will not be 
sufficient for the passage of chyme. In this case it is 
important that the child receives a laxative diet with 
very little roughage.
As mentioned above, a laxative effect can be elicited 
by:
1.  Acids, such as lactic acid, wine vinegar or cider 

vinegar, and citric and acetic acid.

2. Carbonated drinks.
3. Thermal stimulation.
4. Lactose.

Fig syrup also has a slightly laxative effect as it con-
tains inverted sugar.

Malt extract is a polysaccharide, which consists 
chemically of various starch breakdown products that 
have been reduced enzymatically, a lot of maltose, 
and a small amount of dextrines. Depending on the 
amount of maltose, it affects the bowel by promoting 
fermentation and can therefore have a positive effect 
on constipation. One teaspoon of malt extract can be 
added 1–3 times per day to tea or in soup. The use 
of lactulose syrup may also be helpful. The amount 
given will depend on the child’s age.

For children with intestinal neural dysplasia, in 
addition to a laxative diet with little roughage and 
the intake of lactulose syrup it is important to avoid 
the ingestion of foodstuffs that will consolidate the 
stools; the child must also drink sufficient amounts of 
liquid.

Table	30.1 Desirable and undesirable food in the treatment of chronic constipation

Desirable food Undesirable food

Fruits All kinds of fruit (better fresh than 
cooked), nuts, almonds

Bananas, blueberries, raw apples

Vegetables Vegetables of all kinds, especially legumes, cabbages 
and potatoes, if possible raw  (except raw carrots)

Cooked carrots

Cereals and breads Wholemeal bread, rye bread, bread with linseed, 
sesame bread, crisp bread, wholemeal rolls, muesli, 
bran, millet, linseed, cake or biscuits with whole-
meal, whole-wheat pasta, whole-wheat rice, porridge

White bread, sandwiches, rolls, croissants, 
cakes, crescents, biscuits, cookies, pudding 
(nothing with starch flour), pasta, rice, semo-
lina puddings, semolina dumplings, sweets 
only occasionally, farinaceous products 

Fat Butter, plant margarine, olive oil Lard

Bread spreads Berry marmalades (blackberry, rasp-
berry, strawberry, gooseberry), honey

Peanut butter, chocolate cream, mar-
malade without seeds

Milk and milk 
products

Buttermilk, yoghurt Cream cheese, cheese (under 30% fat)

Liquids Mineral water, water, tea, fruit spritzer, fruit juice 
with fibre, fruit juice (after meals), malt coffee

Skim milk, curds, tea (with a lot of sugar), cocoa

Sweets Dried fruit (figs, prunes, apricots, dates) 
with a lot of water to increase volume 

Ice cream, marzipan, nougat, chocolate, sweet 
paste made from cocoa, sugar and crushed nuts

Other Milk sugar (lactose), malt sugar (malt-
ose), juice from figs or plums

Not forbidden, but 
restricted foods

Meat, ham, cream, eggs, cheese 
with more than 30% of fat

Strongly forbidden: fast food
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31.1	 Introduction

Several techniques have been described to restore 
continence after previous repair of anorectal mal-
formations (ARM). In principle, these attempts have 
been based on: (1) secondary repair of the levator 
ani, (2) substitution for the levator by muscle grafts, 
(3) strengthening of the levator by muscle grafts, (4) 
construction of a sphincter from the bowel itself, (5) 
electronic devices to stimulate the muscle, and (6) 
restoration of dermal sensibility especially after mu-
cosal ectopy or rectal prolapse.

A secondary operation for a patient born with an 
ARM is generally necessary in two main groups of pa-
tients. The first group is represented by those patients 
who had a failed operation for the original defect. 
This may include retraction of the descended bowel, 
severe wound infection, severe stricture, recanaliza-
tion of a fistula, or a combination of these. The second 
group is represented by patients who had a previous 
procedure but who suffer from fecal incontinence.

A good candidate for a reoperation is considered to 
be a patient who was born with a rather benign type 
of malformation, namely rectobulbar urethral fistula 
in the male or rectovestibular or low vaginal fistula in 
the female, with a good sacrum and a “good-looking 
perineum.” In addition, if we see a very mislocated 
rectum, patulous and prolapsed, most frequently an-
terior to the center of the external sphincter, signifi-
cant improvement by reoperation through a posterior 
sagittal approach can be expected. On the other hand, 
we no longer operate on a patient who has a grossly 
abnormal sacrum and a rectum that was well placed 
at the center of the external sphincter.

The redo posterior sagittal anorectoplasty (PSARP) 
is an operation that takes advantage of the available 
muscles. If the patient does not have good muscles 
and the rectum is relatively well located by the previ-
ous operation, we must assume that reoperation will 
not benefit him (see Chap. 25)

31.2	 Stephens’	Secondary	Pull-
Through	[1,2]

In all patients who need a sacroperineal or sacroab-
dominoperineal reexploration and levator repair, 
magnetic resonance imaging (MRI) and a cinedefe-
cography should be performed before the secondary 
repair. Prior to intended repair, defecography indi-
cates whether there is complete or partial loss of ano-
rectal angulation and movement so that the inconti-
nence is indeed due to muscle inaction rather than to 
some simply correctable factor such as constipation. 

Contents

31.1 Introduction . . . 391
31.2 Stephens’ Secondary Pull-Through [1,2] . . . 391
31.3 Stephens’ Secondary Repair of Damaged or 

Hypoplastic Muscle Complex [2] . . . 392
31.4 Reinforcement and Substitution 

for the Levator Ani . . . 395
31.4.1 Kottmeier’s Levatorplasty 

(Levator Release) . . . 395
31.4.2 Puri and Nixon’s Levatorplasty 

(Levator Plication) . . . 396
31.4.3 Free Autogenous Muscle Transplant 

for Strengthening of the Levator Ani 
(Palmaris Longus Transplant) . . . 396

31.5 Substitution of Striated Anal Sphincter . . . 398
31.5.1 Gracilis Muscle Transplant . . . 398
31.5.1.1 Follow-Up . . . 401
31.5.2 Dynamic Graciloplasty . . . 403
31.5.3 Gluteus Maximus Transplant . . . 403
31.6 Construction of Sphincters from Bowel Wall 

(Free Smooth Muscle Transplantation) . . . 404
31.7 Flap Smooth Muscle Transplantation . . . 404
31.8 Electrical Devices . . . 408
31.9 Secondary Proceduresfor Anal 

Prolapseor Stricture . . . 408
31.9.1 Nixon Anoplasty . . . 408
31.9.2 Mollard-Laberge Operation . . . 409

References . . . 411

31	 Operations	to	Improve	Continence	after	Previous	Surgery
Alexander M. Holschneider and Philipp Holschneider



Alexander M. Holschneider and Philipp Holschneider392

MRI is able to show the presence of muscular damage 
or hypoplasia and the wrong position of the pulled-
down rectum.

For reconstruction, we usually use the technique 
of Stephens and Smith [2], which is basically a sacro-
perineal exposure of the entire muscle complex, as 
shown in Figs. 31.1 and 31.2. The purpose of the op-
eration is to place the rectum so that it lies adjacent to 
the urethra or vagina, with the levator muscles drawn 
together behind it. The most anterior muscle bundles 
are approximated in the midline as far anteriorly as 
possible, preferably indenting the rectum to the point 
of occlusion.

The age of these patients is usually 3 years or older, 
and for this reason it is deemed unnecessary to per-
form a preliminary colostomy. The pelvis and the 
levator muscles are larger in these patients than in 
the newborn and are larger compared with the size 
of the collapsed rectum, which is tucked up anteri-
orly against the urethra or vagina. Needless to say, the 
bowel should be empty. The patient is anesthetized, 
a bladder catheter is passed into the urethra, and the 
patient is turned into the jackknife position. A gauze 
with Betadine is inserted into the anal canal. A natal 
cleft incision is made from sacrum to anus, which is 
encircled by a circumferential racket extension. The 
incision is deepened in the midline through the fat 
using a muscle stimulator to identify muscle as it 
comes into view. It is possible to detect the activity 
and direction of muscle pull and thus incise the pel-
vic diaphragm as close to the raphe as possible. The 
coccyx should be split or excised and the supralevator 
space dissected up under the tip of the sacrum. It is 
then possible to separate the tissues from the rectum 
from above down, within and outside the supralevator 
space. In this way, the pelvic diaphragm is laid open, 
the rectum is isolated from the levator muscles, and 
the route that the rectum has taken can be identified.

The nerves to the levator muscles pass from the lat-
eral pelvic wall toward the midline on or in the sub-
stance of the levator muscle. Midline operations with 
expansion of the window thus created should not im-
pair these nerves. It may be necessary at this juncture 
to insert a metal obturator or gloved finger into the 
rectum to facilitate isolation of the wall from the sur-
rounding very adherent fibrous and muscular tissues.

The rectum and anus are cleared and thoroughly 
mobilized from the pelvis and perineum, and re-
placed in a collapsed and empty state, with the gauze 
removed, against the urethra or vagina, and the leva-
tor muscle, ragged and barely recognizable, partly ob-
scured by fat and fascia, is sutured in the midline as 
far anteriorly as possible to the indent or, if possible, 

to occlude temporarily the rectal lumen and thus heal 
in this position. The remainder of the diaphragm and 
the fat of the perineum are approximated, and the 
anus, divested of any cutaneous cuff still adhering to 
the wall of the rectum, is restored in its original site.

A drain tube is brought out of the incision in the 
vicinity of the coccyx. A rectal tube is then passed into 
the rectum through the indented zone and is left in 
place for several days. Regular saline irrigations of the 
rectum are recommended to deflate the lumen and 
wash away fecal matter as it accumulates. The tube 
may be removed on the 4th day. To reduce residue, 
the patient should be given fluids by the intravenous 
route and only water by mouth for at least 3–4 days, 
and longer if tolerated after surgery. A low-residue 
diet is continued for 1–2 weeks postoperatively.

At 10 days postoperatively, gentle dilatation of the 
indented zone of the rectum is then performed daily 
with the surgeon’s or parent’s finger until the sling is 
softened and agile. This may take several weeks.

In a paper describing 29 secondary operations, 
with “acceptable” continence in three-quarters of the 
patients, Kiesewetter and Jeffries [3] described the ad-
vantages of the sacral route in revision repairs. Fur-
thermore, it is interesting to note the similarity of this 
reconstruction to that of Peña’s PSARP [4], even to 
the use of a muscle stimulator.

31.3	 Stephens’	Secondary	Repair	
of	Damaged	or	Hypoplastic	
Muscle	Complex	[2]

Once the decision has been made to operate on a 
specific patient, a protective colostomy should be cre-
ated. We always prefer a right transverse colostomy. 
The technique corresponds in principle to Peña’s pro-
cedure for PSARP and redo operations [5].

The patient is placed in the prone position, as de-
scribed previously. The electrical stimulator allows 
the surgeon to make a full evaluation of the available 
muscles in the perineum. Multiple 5-0 stitches are 
placed at the mucocutaneous junction of the anus. All 
of these stitches are used for traction as in a primary 
PSARP (Fig. 31.3). The incision runs from a point im-
mediately below the coccyx midsagittally and around 
the mucocutaneous junction in a “racket-like” fash-
ion. Since the rectum is usually anteriorly mislo-
cated, the midline incision necessarily cuts through 
the midline external sphincter and divides it into two 
halves. The dissection around the rectum must run as 
close as possible to the serosa of the rectum (colon) 
to avoid unnecessary damage to the surrounding stri-
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Fig.	31.1 Secondary repair of 
the levator ani muscle following 
inadequate rectoplasty. Rerout-
ing the rectum from the lateral 
diaphragmatic to the sphinc-
teric parts of the levator ani 
(From Stephens and Smith [2], 
Fig. 21-1). A Perineal incision 
in the natal cleft and around 
the anus. B Rectum located in 
the lateral levator diaphragm. C 
Levator incised in the line of the 
raphe. D Rectum then dissected 
from its tunnel through the le-
vator muscle. E Rectum drawn 
up through the lateral tunnel. 
F Rectum rerouted through the 
puborectalis funnel; levator ani 
sutured in the midline, lateral 
rent closed, and anus resutured

Fig.	31.2 Posterior sagittal ano-
rectoplasty with repair of the 
levator ani muscle following in-
adequate rectoplasty. Rerouting 
the rectum in the sagittally di-
vided levator ani muscle (from 
Stephens and Smith [2], Fig. 21-
2). A Rectum emerging from 
the split diaphragmatic part of 
the levator ani. B Liberation 
of the rectum from the adher-
ent levator muscles. C Levator 
ani incised in the midline be-
hind and around the rectum. D 
Rectum tucked closely against 
the urethra and the levator ani 
muscle, including the remains 
of the puborectalis, approxi-
mated caudal to it. End of the 
rectum resutured to the skin of 
the perineum.
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ated muscle structures. The midline incision is deep-
ened until the posterior rectal wall is located. The 
lowest part of the levator muscle, the muscle complex, 
and the external sphincter usually have to be divided. 
The rectal dissection is carried out high enough until 
the posterior urethra is identified. The electrical stim-
ulator allows one to determine whether there is any 
striated muscle left behind the urethra and in front of 
the rectum, which could be identified as the “missed 
puborectalis” [2].

Once the dissection is complete, the operative field 
is evaluated and the strategy of reconstruction is es-
tablished. Moreover, each case represents a different 
problem. There have been several basic findings in 
most of these cases, including:
1.  A prolapsed patulous anus was found located an-

terior to an intact external sphincter.
2.  An intact muscle complex had been left behind 

the rectum, which was pulled down in a rather 
straight manner.

Fig.	31.3 Different types of inadequate rectoplasty (from Ste-
phens and Smith [2], Fig. 21-7–21-9). A Muscle complex dam-
aged and levator muscle not completely closed. B Parts of the 
muscle complex anterior the rectum. C Mesenteric fat adding 

to the rectal wall. D Finished repair showing tapered rectum, 
reconstruction of the muscle complex with reestablished ano-
rectal angle including striated muscle of external anal sphinc-
ter
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3.  There was a significant piece of mesenteric fat sur-
rounding the rectum (colon) that represented the 
colon mesentery, which was pulled down to pre-
serve the blood supply of the colon. The mesen-
teric fat occupies a significant space and interferes 
with the muscle function, since it lies in between 
the bowel wall and the striated muscle.

4.  There have been different degrees of lateral mislo-
cation of the rectum.

5.  There have been a few patients in whom the rec-
tum was pulled down behind the muscle complex 
and behind the external sphincter, leaving a sig-
nificant portion of the striated muscle (which rep-
resents the lowest part of the levator), which also 
could be identified as a “missed puborectalis” [2]. 
In these patients the rectum was pulled straight 
behind, leaving a good portion of levator muscle 
in front of the rectum and behind the urethra.

6.  There have also been different degrees of leva-
tor muscle scarring and destruction, particularly 
in its lowest portion, as a consequence of a pull-
through of a very large rectum or muscle hypo-
plasia, or just an inappropriate preparation of the 
muscle complex. In some patients there is a gap 
between the upper part of the muscle complex 
being well developed at its posterior coccygeal 
attachment and hypoplastic close to the external 
sphincter fibers.

The goal of the operation is to reconstruct the patient’s 
anatomy to make it resemble, as closely as possible, 
the normal configuration (Fig. 31.3 D). Thus, the rec-
tum (which is not frequently necessary in secondary 
operations) might be tapered and should be relocated 
and placed in front of the levator and in the middle of 
the muscle complex. Then the new anus is created at 
the center of the contraction of the external sphincter. 
The entire mesenteric fat should be resected, leaving 
the blood supply of the rectum through its transmu-
ral circulation. During this type of operation, one can 
gain a very accurate idea of the final prognosis of the 
patient based on the appearance of the muscles and 
on their strength of contractions.

The reconstruction is carried out with 5-0 Vicryl 
or Dexon interrupted sutures. The same principles 
described for the primary reconstruction of these pa-
tients [6,7] are used for the secondary repair.

31.4	 Reinforcement	and	Substitution	
for	the	Levator	Ani

Procedures for the reinforcement and substitution of 
the levator ani are applicable when the levator is de-
stroyed or is congenitally hypoplastic, or when neuro-
pathic paralysis of the sacral outflow occurs.

31.4.1	 Kottmeier’s	Levatorplasty	
(Levator	Release)

Kottmeier [8] and coworkers [9,10] described an 
operation to gain increased effectiveness of the leva-
tor ani in secondary repair. An attempt was made to 
improve fecal continence through the utilization of 
salvageable remnants of the levator sling through: (1) 
enhancement of the motor function by increasing the 
anterior shutter action of the levator muscle, and (2) 
increasing the area of sensory perception of the leva-
tor by enlarging the levator sling through a posterior 
release and plication (Fig. 31.4).

With the patient in either a lateral position with 
knees flexed or a jackknife position, the perineum 
is opened through a posterior midline incision or 
through an inverted chevron incision. The coccygeal 
attachment of the levator muscle is transected, and 
the dissection is carried into the presacral space. The 
rectum or the pulled-through intestine is freed from 
its presacral attachment and pushed anteriorly. This 
maneuver will reveal the levator sling with its upper 
components, the ileococcygeal and pubococcygeal 
muscles. The ileococcygeal muscle is split sharply in a 
horizontal plane parallel to its fibers. The entire leva-
tor sling, consisting of ileococcygeal, pubococcygeal, 
and if present, puborectalis muscle, is then liberated 
from its posterior attachment. A finger is placed into 
the rectum, and the levator sling is then snugly tight-
ened around the rectum with interrupted nonabsorb-
able sutures to achieve an acute anterior angulation. 
The presacral space is irrigated with saline and Beta-
dine and closed with multiple interrupted absorbable 
sutures. The skin is closed with sutures. Drainage of 
the presacral space is not necessary.

Follow-up examination of 18 patients with a leva-
torplasty for incontinence following repair of ARM 
showed that complete restoration of continence oc-
curred in 8 children, 6 improved, and gross incon-
tinence persisted in 4 children [8]. Kottmeier later 
reported [see 4] 35 children in whom this procedure 
was performed, with similar results.

It is remarkable that the nerve supply to the levator 
is not divided in this procedure; nevertheless, the ac-
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companying radiographs show forward and backward 
movement of the muscle, with a considerable shutter 
effect on the rectal lumen. Gross [11] also described a 
similar procedure.

31.4.2	 Puri	and	Nixon’s	Levatorplasty	
(Levator	Plication)

This procedure [12] is based on the Kottmeier [8] 
concept, together with the levator plication described 
by Gross [11]. Of 15 patients, 4 became fully conti-
nent, 7 were improved, and 4 did not improve. The 
technique is illustrated in Fig. 31.5.

31.4.3	 Free	Autogenous	Muscle	Transplant	
for	Strengthening	of	the	Levator	Ani	
(Palmaris	Longus	Transplant)

Hakelius [13] and Hakelius et al. [14–16] originally 
described the procedure in which a graft of muscle 
(usually the palmaris longus, less commonly the 
sartorius, or extensor digitorum brevis) is first de-
nervated 2 weeks before transplantation and is then 

transplanted as a U-shaped sling around the rectum, 
in close contact with the puborectalis, and anchored 
to the pubic bone (Figs. 31.6 and  31.7). Denervation 
allows muscle survival as it initiates a lower level of 
energy consumption. The graft becomes reinnervated 
from the puborectalis over a period of 9 months. 
Central atrophy of the muscle occurs, but the surviv-
ing one-third facilitates continence.

Grotte et al. [16] reported the follow-up of 21 pa-
tients. Continence was virtually normal in ten pa-
tients, nine were “socially satisfactory”, and in two 
the results were poor. The procedure has undoubted 
merit. Successful reports were also given by Mol-
lard et al. [17] and by Holschneider and Hecker [18] 
(Fig. 31.8).

The problem with this operation is similar to that 
of transposition of denervated gracilis muscle de-
scribed by Holle et al. [19]. Scarring of the pelvic floor 
prevents reinnervation, and fibrosis of the regenerat-
ing muscle graft remains a critical factor for the in-
growing nerve fibers. A further problem is the degree 
to which the graft is prestretched. On the one hand, 
it is necessary to prestretch the muscle sufficiently to 
obtain a better angulation of the anorectal angle and 
to achieve a compression of the rectum from both 

Fig.	31.4 A–C Levator ani release and plication(from Stephens 
and Smith [2], Fig. 21-3–21-5). A The posterior coccygeal at-
tachment of the levator sling is illustrated schematically. B The 
levator sling has been severed from its posterior attachment, 
and the rectum pushed anteriorly. C The levator tightened be-
hind the rectum to its sheath on the acute angulation of the 
rectum
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Fig.	31.5 Steps of levatorplasty 
(reproduced from Puri and 
Nixon [12] with permission 
of the publishers). A Incision. 
B Beginning of flap reflection. 
C Exposition of the levator 
ani in the midline. D Coccyx 
separated from the sacrum, and 
levator freed from adjacent at-
tachments. E Plication of the 
mobilized levator. Max Maxi-
mus, Ext external

Fig.	31.6 Schematic representation of palmaris longus trans-
plantation [13,14]. Reproduced from Holschneider and Hecker 
[18] with permission of the publisher)
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sides. On the other hand, striated muscles can only 
be prestretched about 15% over resting conditions for 
the fibers to survive.

Studies in the rat [20] have shown that necrosis in-
creases in proportion to the degree of prestretching. 
In human studies, six out of nine patients treated with 
Hakelius-Grotte free muscle transplantation became 
continent for solid bowel contents, and three for liq-
uid content, but none were continent for flatus. These 
results are less favorable than those reported by Hake-
lius et al. [13–15] and Grotte et al. [16]. Postoperative 
electromanometric studies have shown that the ano-

rectal pressure difference is improved by transplanta-
tion and that there is some reflex response coinciden-
tal with puborectalis sling contractions.

31.5	 Substitution	of	Striated	
Anal	Sphincter

31.5.1	 Gracilis	Muscle	Transplant

Pickrell et al. [21] described the original procedures; 
further reports and modifications have since been 

Fig.	31.7 A–D Palmaris longus transplantation. A Preparation 
of the palmaris longus muscle, which was denervated 14 days 
previously. B Dorsal incision in the natal cleft. C Tendon of the 

palmaris longus muscle divided and resutured to the muscle 
belly, creating a sling. Sling ready for transposition. D Palmaris 
longus sling in situ close to the muscle complex
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made [22–26], including those by Brandesky and 
Holschneider [27] in 24 patients, showing definite 
improvements in 21; Berger et al. [28], who obtained 
poor results in 8 patients; and Brandesky et al. [29], 
who achieved improvement in 8 of 11 patients, but 
had poor results in myelomeningocele children. In 
the original method [21], the gracilis muscle was used 
as a neurovascular pedicle transplant. The muscle was 
detached distally and freed from the surrounding tis-
sue up to its proximal one-third, where the neural 
innervation from the femoral nerve joins the muscle 
medially. From this point the muscle was transposed 
to the perineum, where it surrounded the anorectum 
subcutaneously, then dorsally, and again anteriorly. 
The tendon of the gracilis muscle was then fixed to 
the contralateral ischial tuberosity (Fig. 31.9).

Holschneider states that to obtain a good func-
tional result, some requirements must be met. First, 
the gracilis muscle should be long enough so that the 
muscle belly and not the tendon surrounds the anal 
canal. Second, the gracilis muscle should have one 
good neurovascular supply in the most proximal one-

third of the thigh, because more distal vessels and 
nerves must be divided during the operation to al-
low the transposition of the muscle. Third, the muscle 
should be fixed with minimal tension to the contra-
lateral ischial tuberosity. Dilatation should be un-
necessary if the tension is correct. Fourth, although 
infection is a high risk in gracilis muscle transplanta-
tion, Holschneider never uses a colostomy and states 
that the infection rate is very low because of 24-h 
postoperative antibiotic prophylaxis and very careful 
postoperative care.

Holschneider and Lahoda [30] were able to show 
that commencing a few weeks to 9 months postopera-
tively, the patient learns to contract the gracilis muscle 
sling without a simultaneous contraction of the other 
adductor muscles of the thigh. On the other hand, the 
patient learns to contract his adductor muscles with-
out simultaneous contraction of the gracilis muscle 
sling, A good result is shown in Fig. 31.10. However, 
variations in the innervation of the gracilis muscle, 
with a low neurovascular support joining the muscle 
at its distal end in about 15–20% of patients, may lead 

Fig.	31.8 A Electromanometric investigation of a child after 
palmaris longus transplantation: preoperatively (top trace), 
3 months after operation (middle trace), and 1 year after the 
operation (bottom trace). B Continence after palmaris longus 
transposition. Injection of 30 ml of air (L30) into the recto-
sigmoid (RS). Contractions of the muscle complex reinforced 

by the palmaris longus muscle interrupting the evacuation of 
flatus. Note the spontaneous relaxation of the internal anal 
sphincter. AR Anorectum, ARP anorectal resting pressure pro-
file (also ARRPP), R rectum, prop. preoperatively, postpone. 
postoperatively
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to poor results. To avoid these problems Hartl’s modi-
fication [31] of Pickrell’s method used the gracilis 
muscles of both sides simultaneously. A disadvantage 
of this technique is that if an infection affects both 
muscles, there is no possibility for a second gracilis 
transposition.

In another modification, Holle et al. [19] first de-
nervated and then transposed the gracilis muscle 
sling as a vascularized pedicle transplant (Fig. 31.11). 
After the muscle is transposed to the perineum, it is 
divided into two equal parts and attached closely to 
the pelvic floor. Both parts of the muscle belly are su-
tured to the ischiococcygeal ligament so that the ano-
rectum is now lying in between the gracilis muscle 
belly. According to Holle et al., reinnervation of the 
denervated muscle will take place from the puden-
dal nerve within about 9 months [19]. Therefore, the 
gracilis muscle can be contracted simultaneously with 
the pelvic floor muscles and is able to exert a passive 
continence reaction, which was never possible follow-
ing the original operation procedure [21].

The success of the operation of Holle et al. [19] de-
pends on two points: (1) There should be no scarring 

of the pelvic floor from previous operations, because 
this disturbs the ingrowing nerve fibers, and (2) the 
vascular supply should be uniform in both parts of 
the gracilis muscle; unfortunately, this is not always 
the case.

Holschneider et al. [20] have extended these studies 
in goats by performing a microsurgical anastomosis 
between the pudendal nerve and the gracilis branch 
of the femoral nerve. Although the nerve pathways 
were reestablished, the division of the muscle into 
two parts (as in the Holle technique) sometimes leads 
to muscle death. Holschneider et al. are therefore not 
in favor of the Holle method.

A further modification of Pickrell’s method was 
made by Dittertová and Grim [32], who combined 
Pickrell’s gracilis muscle transplantation with Hartl’s 
modification. They use the proximal two-thirds of 
both gracilis muscles, but prepare the neurovascular 
supply of both muscles so that the muscles and their 
neurovascular flaps can be transposed at the pelvic 
floor. Both parts of the gracilis muscle are sutured at 
the os pubis of each side and fixed to each other be-
hind the anorectum, forming a muscle sling. The is-

Fig.	31.9 A–D Schematic drawing of gracilis muscle transplan-
tation according to Pickrell [21]. A Incisions on the thigh. B 
Electrostimulation of the innervating branches of the femoral 
nerve. C Pull-through of the gracilis muscle to the perineum 

and around the anorectum. D Transposition of the muscle fin-
ished. The gracilis muscle is fixed at the contralateral ischial 
tuberosity
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sue with this modification is avoidance of damage to 
the innervation of the transplanted muscle segments 
(Fig. 31.12).

In assessing their own results, Holschneider et al. 
stated that gracilis transplantation creates a myogenic 
stenosis that is able to establish a high-pressure bar-
rier  and  to  relax, but  is not  able  to  contract  reflexly 
[20]. Electromanometrically they observed a postop-
erative rise in the anorectal pressure barrier. The pa-
tient was able to stop propulsive waves by voluntary 
contractions of  this muscle and  to avoid defecation. 
The  anorectal  squeezing  pressure  profile  also  in-
creased (Figs. 31.13 and 31.14).

31.5.1.1	 Follow-Up

Eight out of 56 of Holschneider’s patients with Pick-
rell’s  gracilis  transplantations  acquired  a  postopera-
tive  infection.  Eight  others  developed  anal  stenosis 
that could be gently dilated. Five children developed 
an  ileus because of adhesions as a  late  complication 
of  the  primary  pull-through  procedure.  In  one  pa-

tient mucosal ectopy persisted, and three other chil-
dren  developed  a  keloid  scarring  of  the  distal  thigh 
[25].  Twenty-eight  out  of  40  patients  in  whom  the 
operation  was  performed  at  least  2 years  previously 
developed good continence. The children ceased soil-
ing and had regular stools or suffered a little staining 
under  conditions  of  stress  and  diarrhea.  Three  chil-
dren had a small degree of persistent soiling, but did 

Fig. 31.10  Gracilis muscle transplant 
(from  Holschneider  [55],  with  per-
mission of publisher). A Under rest-
ing conditions. B When contracting

Fig. 31.11  Schematic representation of gracilis transplantation 
of Holle [19], reproduced from Holschneider [55] with permis-
sion of the publisher

Fig. 31.12  Technical details of graci-
lis transplantation. A Branches of the 
femoral nerve to the gracilis muscle 
in situ. B Additional vessel in the dis-
tal part of  the muscle. Note damage 
to the nerve supply and an additional 
distal vessel will lead to atrophy and 
fibrosis of the muscle
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not wear napkins. Nine patients remained completely 
incontinent.  Manometrically,  the  anorectal  pressure 
profile  increased  to  values  over  20 mmHg  in  31  pa-
tients,  and  remained  poor  (under  15 mmHg)  in  9 
patients. The squeezing pressure profile  increased to 
values higher  than 20 mmHg in 38 children and re-
mained poor (under 19 mmHg) in 2. The adaptation 
reaction was normal in 23 patients, remained short-
ened in 14, and was lacking in 3.

The increased pressure profile led to a maturation 
of  the  pulled-through  colon,  which  acquired  rectal 
qualities.  During  some  years,  however,  the  contrac-
tile  force  of  the  gracilis  muscle  diminished,  prob-
ably  because  of  atrophy  of  the  muscle.  Nevertheless 
these  patients  did  not  become  incontinent,  because 
in the meantime the pelvic floor muscles grew strong 
enough  to  balance  the  diminished  anorectal  resting 
pressure barrier. Holschneider’s results are similar to 
those reported in the literature.

Recently, Kotobi et al. published their results with 
the Pickrell intervention in 23 children for anal incon-
tinence secondary to ARM [33]. After a mean follow 
up of 6 years the functional result was estimated to be 
good in 25%, intermediate in 45% and poor in 30%. 

Fig. 31.13  Electromyography  and  electromanometry  after 
gracilis  muscle  transplantation.  Injection  of  30 ml  of  air  (L) 
into the rectosigmoid (RS), leading to a propulsisve wave in the 
rectum (R) and anorectum (AR). Defecation starts but  is  im-
mediately interrupted by a vigorous contraction of the gracilis 
muscle. GR Electromyography of the gracilis muscle

Fig. 31.14  Squeeze pressure of 33 patients, 5 years after gracilis 
muscle transplantation surgery. In seven patients the maximal 
squeeze pressure dropped down again in this follow-up period 

after  a  primary  increase  in  all  transplanted  children.  From 
Holschneider [55] with permission of the publishers
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Clinical improvement could therefore be obtained in 
70% of the cases. This corresponds to our earlier ex-
perience.

31.5.2	 Dynamic	Graciloplasty

In  general,  two  local  muscles  are  used  for  intensifi-
cation of the striated muscle complex, especially the 
external  anal  sphincter,  the  gracilis,  and  the  gluteus 
muscles. With both muscles,  long-term muscle con-
tractions  are  difficult  to  maintain  due  to  muscle  fa-
tigue.  The  gracilis  muscle,  however,  is  technically 
much  easier  to  transfer,  and  most  activities  of  daily 
living and even sports are still possible. The patients 
are  able  to  contract  the  gracilis  without  contraction 
of  the other adductor mucles of  the  thigh  in a neu-
rophysiological  adaptation  process  that  takes  about 
7–9 months  and  needs  intensive  cooperation  by  the 
child. However, the gracilis muscle is not contracted 
under resting conditions and can only be used to sup-
port voluntary efforts to restain defecation if the pa-
tient wishes. Therefore it replaces only the voluntary 
function of the external anal sphincter, not the resting 
pressure barrier.

Experimental  studies  have  shown  that  electrical 
stimulation of skeletal muscles can transform fatigue-
prone  muscles  into  fatigue-restistant  muscles  [19]. 
Electrical  stimulation  leads  to  morphologic  and 
metabolic  transformation  of  the  muscle,  with  an 
increase in slow-twitch fibers (type I) [34–36] and a 
change  in  mitochondrial  metabolism  [37–39],  thus 
enhancing the muscle’s ability for continuous contrac-
tion. Therefore, in 1986 Baeten et al. [40–42] started 
to  perform  graciloplasty  procedures  with  intramus-
cular electrodes connected to an electrical stimulator. 
More than 200 patients, especially adults, have been 
treated  since  then  in  his  institution  [42].  The  mean 
age  of  the  patients  was  48 years;  in  only  28  patients 
the  cause  of  stool  incontinence  was  congenital.  Of 
200 patients, 76% were considered to have successful 
outcomes, but patients whose cause of  incontinence 
was  trauma  or  pudendal  nerve  pathology  tended  to 
respond  better  to  this  treatment  than  patients  with 
ARM [43].

Koch et al. reported on 28 patients (median age of 
25.5 years) born with ARM and operated on by dy-
namic graciloplasty [44]. Rectal inhibitory reflex was 
present  in  17%  of  these  patients.  Satisfactory  conti-
nence  was  achieved  in  35%;  however,  7.1%  of  his 
patients  gained  this  continence  score  by  additional 
bowel  irrigation.  Twenty-nine  percent  of  patients 

were  incontinent  for  loose  stools,  36%  were  incon-
tinent  for  formed  stool.  Satisfactory  continence  was 
reached in only 18% of patients with high ARM, but 
in 100% in patients with low ARM. However,  in the 
total  group  of  patients  with  dynamic  graciloplasty, 
satisfactory continence was obtained in 76%.

Unfortunately  many  complications  with  this  new 
technique have also been reported. Da Silva et al. [45] 
compared  2  groups  of  patients,  11  had  an  artificial 
bowel sphincter and 5 had the gracilis neosphincter. 
Complications  occurred  in  six  patients  (50%), 
including  three  with  fecal  impaction  (all  artificial 
sphincter), three with device migration (two gracilis 
neosphincter,  one  artificial  bowel  sphincter),  and  in 
two patients with concomitant wound infection (one 
gracilis, one artificial sphincter). None of the patients 
had  the  device  explanted.  The  quality  of  life  scales 
increased  with  both  the  artificial  and  the  gracilis 
sphincter.

Saunders  et  al.  used  the  electrically  stimulated 
gracilis neoanal sphincter in combination with conti-
nent colon conduits [46]. Seven patients (50%) had a 
successful outcome, defined as continent to solid and 
liquid stool, and eight (57%) reported some degree of 
improvement  in their bowel  function; an end stoma 
had to be formed in six (43%). Only one out of four 
boys treated by Rückauer [47] became almost conti-
nent. It seems, therefore, that this method could only 
be  the  last  choice  in  really  desperate  cases  of  stool 
incontinence. It should only be performed in adults, 
but it is possible to create a gracilis transplantation in 
childhood and activate it with success later in adult-
hood [40,41,48].

31.5.3	 Gluteus	Maximus	Transplant

Chetwood [49] first used the gluteus maximus muscle 
to  support  the  rectum;  further  reports  were  made 
by  Shoemaker  [50],  Bistrom  [51],  Prochiantz  [52], 
Hentz  [53],  Skef  et  al.  [54],  and  Holschneider  [55] 
(Fig. 31.15).  Skef  et  al.  stated  that  the  muscle  “nor-
mally  functions as an accessory muscle of anal con-
tinence” [54]. The coccygeal fibers of the gluteus are 
wrapped  around  the  anal  canal  with  its  intact  neu-
romuscular bundle. The pull  is direct and sling-like. 
Shoemaker  [50] reported  that  six out of  six patients 
became continent, but there have been only  isolated 
reports since then (Fig. 31.16). Kücükaydin et al. re-
cently  presented  5  patients  with  gluteus  maximus 
transplant  who  in  the  follow-up  period  showed  no 
continence problems.
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31.6	 Construction	of	Sphincters	
from	Bowel	Wall	(Free	Smooth	
Muscle	Transplantation)

Free  smooth muscle  transplantation was  introduced 
by  Schmidt  [56],  who  used  this  method  to  create  a 
continent colostomy in adult patients after rectal re-
section.  After  resection  of  a  segment  of  ascending 
colon, Schmidt excised the mucosa, prestretched the 
seromuscular cuff of the bowel by at least 120%, and 
applied it around the colostomy in a circular manner. 
Schmidt  claimed  development  of  a  continent  colos-
tomy  using  this  method  in  more  than  300  patients. 
However, in manometric studies, Holschneider could 
not show any physiological sphincter mechanism. The 
smooth  muscle  graft  was  not  able  to  relax,  and  the 
anorectal pressure barrier was simply the result of an 
external obstruction of the bowel. Most of his patients 
had to evacuate by enema. His results in children with 
imperforate anus were not encouraging; all four chil-
dren acquired anal stenosis that had to be dilated by 
bouginage and/or a Heinieke/Mikulicz-plasty, result-
ing in incontinence.

31.7	 Flap	Smooth	Muscle	
Transplantation

Because of the poor aforementioned results, Holsch-
neider  and  Hecker  [57]  introduced  the  flap  smooth 
muscle transplant for the treatment of high ARM. The 
procedure can be performed as a primary operation 
following  the  abdominosacroperineal  pull-through 
procedure in high anomalies, or as a secondary pro-
cedure in failed cases.

As  a  primary  operation,  Holschneider  first  per-
forms  an  abdominoperineal  or  abdominosacrope-
rineal  pull-through  procedure.  After  having  pulled 
down  the  colon  through  the  puborectalis  sling  and 
the muscle complex, the mucosa is resected from the 
colon.  The  seromuscular  cuff  is  turned  back  180 °, 
prestretched to 120–140% of the original length, and 
then attached to the serosa of the pulled-down colon 
with Vicryl  sutures. The reversed muscle segment  is 
brought back  just above  the pelvic floor  (Figs. 31.17 
and 31.18).

Postoperative studies in goats and in children have 
shown normal internal sphincter relaxations with an 
amplitude  and  duration  directly  proportional  to  the 
distending rectal volume, a normal anorectal pressure 
profile,  and  normal  defecation  behavior,  with  open-
ing  and  closing  of  the  anal  canal  during  defecation 
(Figs. 31.19 and 31.20).

Fig.	31.15  Gluteus muscle transplant after Shoemaker [50]

Fig.	31.16  Patient  with  gluteus  maximus  transplant  (repro-
duced from Holschneider [55] with permission of the publish-
ers) in the relaxed condition (A) and contracted (B)
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It  is  not  necessary  to  prestretch  the  muscle  cuff 
more  than  one-third  over  the  resting  condition,  as 
proposed by Hofmann-von Kap-herr and Koltai [58], 
as this leads to stenosis.

Flap  smooth  muscle  transplantation  has  been 
added to the Peña and de Vries PSARP as a secondary 
procedure.  When  the  muscle  complex  is  too  hypo-

Fig.	31.17  A–D  Reverse  smooth  muscle  plasty  according  to 
Holschneider (reproduced from Holschneider and Hecker [58] 
with permission of the publisher). A High anorectal malforma-
tion.  B  After  abdominoperineal  pull-through  of  the  colon  to 

the perineum.  C The  seromuscular  cuff  is  turned up 180 de-
grees  orally  and  sutured  to  the  serosa  of  the  pulled-through 
colon. D The bowel is pulled back cranially within the puborec-
talis sling.

plastic to become a satisfactory sphincter, one can in-
cise the seromuscular cuff of the pulled-down rectum 
or colon, detach the mucosa from the circular muscle 
layer, prestretch the seromuscular cuff to about 120–
140%,  and  suture  both  seromuscular  layers  to  each 
other. The most important point in this kind of pro-
cedure  is  the amount of prestretching of  the muscle 
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Fig. 31.18 Flapped smooth muscle transplantation 
in situ (from Holschneider and Hecker [58] with 
permission of the publisher). A Extirpation of the 
mucosa and turning back the smooth muscle layer. 

B Prestretching of the smooth muscle segment by 
about one-third over resting conditions and sutur-
ing to the serosa of the pulled-down colon

Fig. 31.19 Anorectal resting pressure profile after 
reverse smooth muscle plasty
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graft. Hofmann-von Kap-herr et al. [59] modified the 
Holschneider technique by creating a smooth- mus-
cle fold-over double-plasty (SMSD-plasty), but pre-
stretched the muscle cuff more severely, in some parts 
not only duplicating, but triplicating the muscle lay-
ers. In recent studies in the goat, Holschneider could 
show that such a high amount of prestretching results 
in stenosis and fibrosis of the muscle graft.

In Holschneider’s series with his own technique, 
ten patients were operated upon. Eight of them 
showed normal internal sphincter relaxation and an 
anorectal resting pressure of over 20 mmHg, six chil-
dren became completely continent or suffered from 
soiling only under stress conditions and diarrhea, one 
remained incontinent, and in the other child an anal 
stenosis required bouginage.

A secondary smooth muscle flap plasty was also 
performed in 12 children; 7 became completely conti-
nent, 2 remained incontinent because of stenosis and 
required bouginage, and 3 improved but continued to 
suffer from soiling under stress conditions and diar-

rhea. However, after the introduction of PSARP, this 
procedure has only been used by us in children with 
rectal prolapse combined with spinal lesions. In these 
patients with a flat bottom and neurogenic defecation 
disorders, a sacroperineal redo procedure combined 
with smooth muscle plasty and fixation of the rectum 
to the sacral or ischial fascia could be supported. In 
cases with simple ectopy of parts of the rectal mu-
cosa, a perineal skin flap plasty is recommended. One 
should carefully distinguish between mucosal and 
rectal prolapse. In patients with mucosal prolapse the 
mucosa is not fixed by the longitudinal muscle fibers 
of the rectum at the perineal skin. Therefore, gliding 
in the submucosal layer is possible. In contrast, rectal 
prolapse involves all muscle layers. It occurs because 
the pulled-down rectum is not fixed to the lateral pel-
vic fascia after the lateral wings (ailerons latereaux) 
have been cut during preparation. In these cases a 
laparoscopic fixation of the rectum to the presacral 
fascia is the method of choice. However, this is not 
always possible and resection of the prolapsing bowel 

Fig. 31.20 A–D Defecography after reverse smooth muscle plasty. Narrowing and opening of the strengthened internal anal sphinc-
ter has been effected by the plasty
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may be necessary. This should be performed with 
great care to the sphincter fibers.

31.8  Electrical Devices

Various attempts have been made to stimulate the 
sphincters tonically to gain continence [60–65]. In 
1987 Christiansen and Lorentzen [66] developed an 
artificial anal sphincter (AMS 800; American Medi-
cal Systems, Minneapolis, MN, USA). This sphincter 
offers great benefit to patients with intractable fe-
cal incontinence [66–70]. However, only half of the 
patients who underwent implantation of AMS 800 
obtained satisfactory results. Amae et al. [71] and 
Nishi et al. [72] reported recently the development 
of an artificial sphincter using a shape memory al-
loy (AS-SMA) that had a simple structure and good 
durability. The aim of this device is to sandwich the 
bowel between two plates covered by silicon rubber. 
They are designed to close and to generate a pressure 
of 40 mmHg when electrical current is not supplied. 
When electrical current is supplied to the heaters, the 
temperature of the SMA plates immediately starts to 
rise, and the two plates bend to form an almond-like 
shape with a maximal gap of 33 mm between the two 
plates. First results in piglets with colostomy seem to 
be promising.

31.9  Secondary Procedures 
for Anal Prolapse 
or Stricture

31.9.1  Nixon Anoplasty

We recommend the “Nixon anoplasty” as the most 
satisfactory repair [73,74]. The lateral flap procto-
plasty [73] was originally added to the “Kiesewetter-
Rehbein” pull-through. It can be added to any form 
of pull-through and can also be used as a secondary 
procedure to correct postoperative prolapse.

This simplest form of anoplasty was fist described 
by Nixon in 1967 [73], but is not widely known. We 
and others use it regularly in both primary and sec-
ondary rectoplasties or in a few cases for revision 
anoplasty after stricture or mucosal ectopy. It creates a 
skin-lined anus, which reduces mucus discharge, pre-
serves anal sensation, and is cosmetically satisfactory. 
A series is also reported by Davies and Cywes [74]. 
Nixon originally advocated incision of triangular ar-
eas of skin, but later suggests “kite”-shaped areas. The 
resulting anus is not so “tubular” and easier to clean.

Kite-shaped excisions of skin are taken from the 
perineum in front of and behind the anal site so that 
lateral advancement flaps are formed. (Fig. 31.21) The 
incision at the anal site must be long enough to form 
the circumference of an adequate anus (proximately 
1.5–2 cm). The sutures include sphincter muscle as 
well as skin and bowel wall and are tied loosely to 
avoid cutting out. When the surgery is carried out 
secondarily for prolapse it may be necessary to excise 
a considerable amount of redundant “rectum,” but 
control of prolapse depends mainly on the sutures at-
taching the bowel to the sphincter muscle. This has 
not proved to be necessary in the usual case treated 
by the minimal mobilization inversion anoplasty, but 
has been used on rare occasions in a slightly modi-
fied form to allow for the presence of the “Mollard 
flap,” the large anterior and smaller posterior excision 

Fig. 31.21 A–C Nixon anoplasty (from Stephens and Smith 
[2] with permission of the publishers). A Incisions in the 
perineum, as shown by the lines. The kite-shaped areas of skin 
are excised. Each edge of the incision is sutured to 180° of the 
circumference of the bowel. By closing the “kites” of the skin 
flaps, the anastomosis ascends cephalically and creates a skin-
lined anus. B The operative appearance before the closure of 
the “kites”. C Postoperative appearance
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forming posterolateral flaps, which retain an adequate 
base for their blood supply.

Mirsi et al. also described a sliding skin graft tech-
nique, and Freeman has utilized the penile foreskin to 
create a skin-lined anal canal. Millard and Rowe [75] 
described a double skin flap procedure, one flap be-
ing a dorsally based trap-door incision at the anal site, 
and the defect being covered by a second flap from 
the scrotum and thigh.

31.9.2  Mollard-Laberge Operation

In 1975, Mollard et al. [76] first reported his expe-
rience using an anterior perineal approach for high 
imperforate anus pull-through operations. For the 
reconstruction of the anoderm his group preferred a 
three-flap anoplasty, which has been described in de-

tail by Caouette-Laberge et al. [77,2]. A posterior flap 
measuring 1.5 x 3 cm and lateral flaps 1.5 x 4 cm are 
created dorsal and lateral of the anus (Figs. 31.22 and 
31.23). The V-shaped perineal flap is first raised to al-
low dissection parallel and just posterior to the ure-
thra, as in the original Mollard technique (Fig. 31.22 
A, B). The external anal sphincter is then identified 
in its subcutaneous portion, separated bluntly in its 
center, and gradually divided in the midline anteri-
orly up to the level of the puborectalis (Fig. 31.22 C). 
The colon is brought just below the puborectalis. The 
posterior flap is elevated, rotated by 180 ° and sutured 
into a 1-cm slit made on the posterior wall of the co-
lon (Fig. 31.22 D).

The left flap is raised with enough subcutaneous 
tissue to protect its blood supply. It is then spiraled 
in the anal canal, its tip going beyond the midline. 
The interrupted 5-0 resorbable sutures include skin, 

Fig. 31.22 Three-flap operation of Caouette-Laberge [79,80]. 
A Outline of the incision. The posterior flap measures 1.5 x 3 cm 
and the lateral flaps 1.5 x 4 cm. B The V-shaped perineal flap is 
first raised to allow dissection parallel and just posterior to the 
urethra. C The external sphincter is then identified in its sub-

cutaneous portion, separated bluntly in its center and gradually 
divided in the midline anteriorly up to the level of the puborec-
talis. D The colon is brought below the puborectalis. The pos-
terior flap is elevated, rotated 180° and sutured into a 1-cm slit 
made on the posterior wall for the colon
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sphincter fibers, and colon (Fig. 31.23 A). The right 
perineal flap is now in place, overlapping the left one 
across the midline (Fig. 31.23 B). The external sphinc-
ter fibers are then closed around the distal colon and 
the newly created anal canal (Fig. 31.23 C). After the 
procedure the external anal sphincter should sur-
round a skin-lined anal canal as in the normal anat-
omy (Fig. 31.23 D).

We use this technique not for primary reconstruc-
tion because the goal of this approach, a skin-lined 
anal canal for better discrimination, can be achieved 
easier using the techniques of Peña or Nixon tech-
nique. However, the three-flap procedure is very use-
ful and superior to Nixon anoplasty in cases of severe 
rectal prolapse or circular mucosal ectopia.

Daily dilatation with Hegar bougies are started 
on the 10th postoperative day. As the caliber of the 

anal canal increases, dilatations are performed less 
frequently and are discontinued 6–12 weeks postop-
eratively. The anus is now growing itself and should 
remain elastic.

Very good results with this three-flap anoplasty 
in the repair of ARM have recently been reported by 
Yazbeck et al. [78], Bass et al. [79] and Becmeur et al. 
[80]. A cruciate incision creating four flaps was de-
scribed by Dorio de Amaral in 1999 [81] as an ap-
proach for perineal anorectoplasty.

In cases with severe rectal prolapse following 
PSARP for ARM, the three-flap technique is of course 
only the last step of the surgical repair. At first, cir-
cumferential incision and mobilization of the redun-
dant rectum with preservation of anal skin and mus-
cle fibers has to be performed, as recently shown by 
Belizon et al. [82].

Fig. 31.23 Three-flap operation of Caouette-Laberge [79,80] 
continued. A The left flap is raised with enough subcutaneous 
tissue to protect its blood supply. It is then spiraled into the anal 
canal, its tip going beyond the midline. The interrupted 4-0 
resorbable sutures included skin, sphincter fibers, and colon. 
B The right perineal flap is now in place overlapping the left 

one across the midline. C The external sphincter fibers are then 
closed around the distal colon and the newly created anal canal. 
D Sagittal view of the completed operation. the puborectalis is 
intact and the external sphincter surrounds a skin-lined anal 
canal
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32.1	 Introduction

The colon absorbs water from the stool and serves a 
reservoir function. These processes depend on colonic 
motility, which is an area of physiology that is not well 
understood, and for which treatments of problems are 
limited. In normal individuals the rectosigmoid stores 
the stool, and every 24–48 h develops active peristal-
tic waves indicating that it is time to empty. A normal 
individual feels this sensation and decides when to re-
lax the voluntary sphincter mechanism. Patients with 
anorectal malformations, as discussed in Chaps. 29, 
30 and 33, lack a normal anal canal, have deficient 
sphincters, and have an accompanying motility dis-
order, usually hypomotility [1]. Their ability to have 
a voluntary bowel movement depends on these three 
factors. Solid stool allows for distension of the distal 
rectum, and proprioception allows the child to detect 
this. It is for this reason that loose stools make their 
ability to be fecally continent much less likely.

If a child is fecally continent (i.e., those with a 
good-prognosis anorectal defect, a normal sacrum, 
good sphincters, and an intact rectosigmoid), then 
management involves the treatment of constipation 
using laxatives, which help provoke peristalsis and 
overcome the dysmotility disorder. Patients in whom 
the rectosigmoid was resected, a common part of 
older operations for anorectal malformations, have 
hypermotility and require treatments that slow down 
the colon. Unfortunately, most of these patients are 

fecally incontinent because their lack of anal canal, 
and deficient sphincters cannot hold back the loose 
stool. They do not detect rectal fullness and thus can-
not rely on proprioception for help with a voluntary 
bowel movement. For patients with fecal inconti-
nence, a bowel management program is a way to arti-
ficially keep patients clean (Chaps. 29, 30 and 33). For 
the majority of patients (75%), management consists 
of avoidance and treatment of constipation, and toi-
let-training strategies.

Constipation in anorectal malformations is ex-
tremely common, particularly in the more benign 
types [2]. When left untreated, constipation can be ex-
tremely incapacitating, and in its most serious forms 
can produce a form of fecal incontinence known as 
overflow pseudoincontinence. Diet impacts colonic 
motility, but its therapeutic value is negligible in the 
most serious forms of constipation. It is true that 
many patients with severe constipation suffer from 
psychologic disorders, but a psychologic origin cannot 
explain the severe forms as it is not easy to voluntarily 
retain the stool when an otherwise autonomous rec-
tosigmoid peristalses. Passage of large, hard pieces of 
stool may provoke pain and make the patient behave 
like stool retainers. This may complicate the problem 
of constipation; but it is not the original cause.

The clinician must decide which type of patient he 
or she is dealing with. Patients with a good prognosis 
are those more likely to have constipation, and while 
they are in disapers, aggressive, proactive treatment 
of their constipation is the best approach. Once they 
reach the age of toilet training, the child must have 
the capacity for voluntary bowel movements before 
employing treatment for constipation. Otherwise, 
theys require bowel management and enemas.

Most of these patients suffer from different degrees 
of dilatation of the rectum and sigmoid, a condition 
defined as megarectosigmoid, due to a hypomotility 
disorder that interferes with complete emptying of 
the rectosigmoid [1]. These children are born with 
a good-prognosis type of anorectal defect and un-
derwent a technically correct operation, but did not 
receive appropriate treatment for constipation. They 
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therefore developed fecal impaction and overflow 
pseudoincontinence. The impaction needs to be re-
moved with enemas and colonic irrigations to clean 
the megarectosigmoid. The constipation is subse-
quently treated with the administration of large doses 
of laxatives. The dosage of the laxative is increased 
daily until the right amount of laxative is reached 
in order to completely empty the colon every day. If 
medical treatment proves to be extremely difficult 
because the child has a severe megasigmoid and re-
quires an enormous amount of laxatives to empty, the 
surgeon can offer a resection of the sigmoid colon. 
After the sigmoid resection, the amount of laxatives 
required to treat these children can be significantly 
reduced or even eliminated. Before performing this 
operation it is mandatory to confirm that they are 
definitely suffering from overflow pseudoinconti-
nence rather than true fecal incontinence with consti-
pation. Failure to make this distinction may lead to an 
operation in which a fecally incontinent constipated 
child is changed to one with a tendency to have loose 
stool, which will make them much more difficult to 
manage (see Chaps. 29, 30 and 33).

When managed from the beginning, with aggres-
sive treatment of constipation, children with a good 
prognosis should toilet train without difficulty. When 
constipation is not managed properly and a patient 
presents after many years, they behave much like 
children with idiopathic constipation, and may have 
overflow pseudoincontinence.

On occasion, the constipation in anorectal malfor-
mations is attributed to Hirschsprung’s disease, and 
it is not uncommon that clinicians perform a rectal 
biopsy. In our experience, Hirschsprung’s disease is 
no more common in patients with anorectal malfor-
mations than in the general population and we do not 
routinely biopsy these patients.

Constipation in anorectal malformations is a self-
perpetuating disease. A patient who suffers from a 
certain degree of constipation and who is not treated 
adequately only partially empties the colon, leaving 
larger and larger amounts of stool inside the recto-
sigmoid, which results in greater degrees of megasig-
moid. It is clear that dilatation of a hollow viscus pro-
duces poor peristalsis, which explains the fact that 
constipation leads to fecal retention, thereafter mega-
colon, which exacerbates the constipation. In addi-
tion, the passage of large, hard pieces of stool may 
produce anal fissures, which result in a reluctance by 
the patient to have bowel movements.

The clinician must accept the fact that the dys-
motility associated with anorectal malformations is 
essentially incurable. It is manageable, however, but 

requires careful follow-up for life. Most importantly, 
it must be anticipated and treated early, even within 
weeks following the colostomy closure. Treatments 
cannot be given on a temporary basis; once they are 
tapered or interrupted, constipation recurs.

Some clinicians treat such patients with colosto-
mies or colonic washouts via a catheterizable stoma 
or button device, and monitor the degree of colonic 
dilatation with contrast studies. Once the distal co-
lon regains a normal caliber, the physician assumes 
that the patient is cured and the colostomy is closed 
or the washouts are discontinued with the predict-
able return of symptoms. Washouts are really only for 
patients with fecal incontinence who are incapable of 
having voluntary bowel movements and thus require 
a daily irrigation to empty. The patients described in 
this chapter are capable of emptying their colon with 
the help of adequate doses of laxatives.

Determining if the patient is continent or inconti-
nent is the challenge. If incontinent, washouts with a 
bowel management regimen are appropriate. If conti-
nent, then aggressive management of the constipation 
after ensuring disimpaction is the appropriate treat-
ment. These latter patients have a good-prognosis 
anorectal defect, good sacrum, and good sphincters. 

Fecal impaction is a stressful event defined as a 
condition of retained stool for several days or weeks, 
crampy abdominal pain, and sometimes tenesmus. 
When laxatives are prescribed to such a patient the 
result is exacerbation of the crampy abdominal pain 
and sometimes vomiting. This is a consequence of an 
increased colonic peristalsis (produced by the laxa-
tive) acting against a fecally impacted colon. There-
fore, disimpaction, proven by x-ray, must precede the 
initiation of laxative therapy.

Soiling of the underwear is an ominous sign of bad 
constipation. A patient who at an age of bowel con-
trol soils the underwear day and night and basically 
does not have spontaneous bowel movements may 
have “overflow pseudoincontinence.” These patients 
behave as fecally incontinent individuals. When the 
constipation is treated adequately, the great major-
ity of these pseudoincontinent children regain bowel 
control. Of course, this clinical presentation may also 
occur in a patient with anorectal malformation and 
true fecal incontinence. In such a patient with a poor-
prognosis defect, poor sacrum, and poor sphincters, 
bowel management with a daily enema is needed (see 
Chaps. 29, 30 and 33).

When uncertain, we usually start the 3.5 to 4 year-
old child having trouble with toilet training on a daily 
enema, and once clean with this regimen, and if they 
have the potential for bowel control, then try a laxa-
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tive program. A contrast enema with a hydrosoluble 
material (never barium) is the most valuable tool that, 
in the constipated patient, usually shows a megarecto-
sigmoid with dilatation of the colon all the way down 
to the level of the levator mechanism (Fig. 32.1). 
There is usually a dramatic size discrepancy between 
a normal transverse and descending colon and the 
very dilated megarectosigmoid. The size of the colon 
guides the dosing of the laxatives, and it seems that 
the more localized the dilatation of the rectosigmoid, 
the better the results of a sigmoid resection. The con-
trast study may show an absence of the rectosigmoid 
(Fig. 32.2), which may have been resected during the 
original operation, and correlates with hypermotility 
and usually fecal incontinence.

Some clinicans use rectal and colonic manometry 
in the evaluation of these patients; however, more 
objective techniques are needed. Manometry is per-
formed by placing balloons at different levels of the 
colon and recording the waves of contraction [3] or 
the electrical activity [4]. Scintigraphy, a nuclear med-
icine tool, is also being used to assess colonic motility 
[5]. These are sophisticated tools but at present, their 
help as guides for therapeutic decisions is lacking. 
The key information the surgeon needs is to know if 
and where a colonic resection would provide benefit 
to the patient. Histologic studies of the colon in these 
patients mainly show hypertrophic smooth muscle 
in the area of the dilated colon and normal ganglion 
cells, but more sophisticated histopathologic investi-
gations will hopefully soon yield results. Further in-
vestigations in this area will enhance our knowledge 
about colonic dysmotility in this patients, and thereby 
guide therapy.

32.2	 Treatment

Patients with anorectal malformations and severe 
constipation in whom dietary measures or gentle lax-
atives do not work require a more aggressive regimen. 
It cannot be overemphasized that the treatment must 
start early. Drugs designed to increase the motility 
of the colon are best, as opposed to medications that 
are only stool softeners. As discussed, softening of 
the stool without improving the colonic motility will 
likely make the patient worse, because with soft stool 
they no longer have control, whereas they do reason-
ably well with solid stool that allow them to feel dis-
tension of the rectum.

Our protocol of treatment of these patients in-
cludes a trial of medical management [6]. If the pa-
tients respond to this treatment but require an enor-

mous amount of laxatives to empty, then an operation  
is considered. The regimen uses the same medications 
as have been tried previously in many cases, but the 
protocol is different in that the dosage is adapted to 
the patient’s response, the response is monitored daily 
with an abdominal radiograph, and the laxative dose 
adjusted if necessary. The patient has almost always 
been receiving less laxative than they required.

When a patient with anorectal malformations 
presents with constipation, the steps of treatment are 
as follows.

Fig.	32.1 Megarectosigmoid (Reprinted from Current Prob-
lems in Surgery, 39, Peña A., Levitt M. Colonic Inertia Disor-
ders in Pediatrics, p 681, Mosby (2002), with permission from 
Elsevier.)

Fig.	32.2 Absence of rectosigmoid
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32.2.1	 Disimpaction

The disimpaction process is a vital and often neglected 
step. The routine first includes the administration of 
enemas until the patient is disimpacted (confirmed 
radiologically). If the patient remains impacted they 
are given a balanced electrolyte solution via a naso-
gastric tube in the hospital, and the enema regimen 
is continued. If this is unsuccessful, a manual disim-
paction under anesthesia may be necessary. It is im-
portant to remember not to prescribe laxatives to a 
patient that is fecally impacted. To do so may provoke 
vomiting and severe abdominal pain. In addition, the 
patient will become reluctant to take laxatives because 
he or she is afraid of those symptoms.

32.2.2	 Determination	of	the	Laxative	
Requirement	in	a	Disimpacted	Patient

Once the patient has been disimpacted, an arbitrary 
amount of laxative is started, usually a senna deriva-
tive. The initial amount is based on the information 
that the parents give about the previous response to 
laxatives, and the subjective evaluation of the megasig-
moid on the contrast enema. The empiric dose is 
given and the patient is observed for the next 24 h. If 
the patient does not have a bowel movement in the 24 
hours after giving the laxative, it means the laxative 
dose was not enough, and it must be increased. An 
enema is also required in order to remove the stool 
produced during the previous 24 h. Stool in these ex-
tremely constipated patients should never remain in 
the rectosigmoid for more than 24 h.

The routine of increasing the amount of laxatives 
and giving an enema, if needed, is continued every 
night until the child has a voluntary bowel move-
ment and empties the colon completely. The day that 
the patient has a bowel movement (which is usually 
with diarrhea), a radiograph should confirm that the 
bowel movement was effective, meaning that the pa-
tient has completely emptied the rectosigmoid. If the 
patient passed stool but did not empty completely, the 
dose of laxative must be increased.

Since this condition covers a wide spectrum, pa-
tients may have laxative requirements much larger 
than the manufacturer’s recommendation. Occasion-
ally, in the process of increasing the amount of laxa-
tives, patients throw up before reaching any positive 
effect. In these patients, a different medication can be 
tried. Some patients vomit all kind of laxatives and 
and are unable to reach the amount of laxative that 
produces a bowel movement that empties the colon. 

Such a patient is considered intractable, and there-
fore a candidate for surgical intervention. Most of the 
time, however, the dosage that the patient needs in 
order to empty the colon completely, as demonstrated 
radiologically, can be achieved. At that dose, the pa-
tient should stop soiling because they are successfully 
emptying their colon each day, and because the colon 
is empty, they remain clean until the next voluntary 
bowel movement.

At this point, the patient and the parents have the 
opportunity to evaluate the quality of life that they 
have with that kind of treatment, understanding that 
this treatment will most likely be for life. There is an 
operation, a sigmoid resection, which provides symp-
tomatic improvement, sometimes to the point that 
they do not need laxatives at all. Since this is a quality 
of life issue, it must be determined by the parents and 
the patient.

32.2.3	 Surgical	Treatment

32.2.3.1	 Sigmoid	Resection

For the last 14 years, we have been performing a sig-
moid resection for the treatment of these conditions 
[7,8]. The very dilated megarectosigmoid is resected 
and the descending colon is anastomosed to the rec-
tum. In a recent review of patients with anorectal 
malformations, 315 suffered from severe constipation 
and were fecally continent, but required significant 
laxative doses to empty their colon. Of these, 53 un-
derwent a sigmoid resection. The degree of improve-
ment varied. Following sigmoid resection, 10% of pa-
tients did not require any more laxatives, have bowel 
movements every day, and do not soil. Thirty percent 
of patients decreased their laxative requirement by 
80%. The remaining 60% of patients decreased their 
laxative requirement by 40%. These patients must be 
followed closely because the condition is not cured by 
the operation. The remaining rectum is most likely 
abnormal, and without careful observation and treat-
ment of constipation, the colon can redilate. It is vital 
however in its role as a reservoir, and to allow the pa-
tient to feel rectal distension.

It is vital however in its role as a reservoir, and to 
allow the patient to feel rectal distension.

The most dilated part of the colon is resected be-
cause it is most seriously affected. The nondilated part 
of the colon is assumed to have a more normal mo-
tility. Clearly, there must be a more scientific way to 
assess the dysmotile anatomy. Perhaps with emerging 
colonic motility techniques, these studies will help 
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with surgical planning. It does seem that the patients 
who improve the most are those who have a more lo-
calized form of megarectosigmoid. Patients with more 
generalized dilatation of the colon do not respond as 
well. Perhaps in the future, these observations can be 
corroborated, and the results of resection better pre-
dicted by noninvasive modalities.

The administration of antegrade enemas through 
a continent appendicostomy or a button cecostomy 
is becoming popular [9]. Some clinicians use this 
approach, observe radiologically that the colon de-
creases in size over time, and then start laxatives. In 
our patients, we have only utilized antegrade enemas 
in incontinent patients who require a daily enema and 
seek more independence for their bowel management 
program [10]. An appendicostomy represents a useful 
alternative for patients who are treated with enemas 
only, since those antegrade enemas are only a differ-
ent route of administration of enemas. It must be em-
phasized that the majority of patients with anorectal 
malformations and constipation can be treated with 
laxatives alone, provided it is in adequate doses, and 
on occasion benefit from a sigmoid resection. There-
fore, most do not need washouts at all.

Distinguishing which patients require washouts 
because they cannot empty on their own from those 
who could empty if their constipation was adequately 
managed with laxatives is the key challenge for the 
clinician.
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33.1	 Introduction

Most children born with anorectal malformations 
(ARM) suffer from defecation problems during child-
hood. For a majority of patients constipation disap-
pears in adolescence and fecal incontinence also im-
proves at that time [1]. Although problems tend to be 
worse in young children [2], even some adolescents 
and adults continue to have difficulties with defeca-
tion [3–5].

Chronic defecation problems have a negative im-
pact on the child’s somatic and psychosocial develop-
ment. Chronic constipation leads to eating problems, 
chronic fatigue, inactivity, and urinary problems [6]. 
Incontinence leads to social and emotional problems 
like a negative self-image, lack of self-confidence, 
behavioral difficulties, and parent–child interaction 
problems [7–10].

Possible conservative treatments for fecal inconti-
nence include dietary, medical, and behavioral treat-
ment, all of which are often effective [11]. They are 
directed to prevent as much suffering as possible in 
young children and their parents. Long-term follow-
up with adequate toilet training is required for all pa-
tients with an ARM [12].

We can discern the strict medical therapies, includ-
ing the bowel management program, from the mul-
tidisciplinary behavioral treatment and the dietary 
contribution, both of which are too often neglected. 
An abnormality of the anorectal area does not mean it 
can never function properly and therefore automati-
cally lead to a life with daily washouts. Proper func-

tional rehabilitation with behavioral therapy can im-
prove the incontinence or constipation.

As we try to avoid all unpleasant and often painful 
rectal interventions, we start with behavioral treat-
ment if a child is still incontinent at 4 years of age. 
When a child has severe constipation and simple oral 
and consistently given medication therapy and di-
etary advice does not result in improvement, we start 
at an earlier age.

33.2	 Multidisciplinary	Behavioral	
Treatment

In the Nijmegen behavioral treatment protocol, de-
veloped at the Radboud University Nijmegen Medi-
cal Centre, defecation problems are considered to be 
the result of a dysfunctional interaction between the 
organ, which is impaired by the ARM, and behavioral 
factors [13]. To have a bowel movement, there has to 
be rectal filling. In healthy children this will lead to a 
sense of urge, which induces a defecation reflex and 
results in an empty bowel. For children to become 
continent, there has to be an interaction between the 
organ and the behavior of the child. The child has to 
perceive a sense of urge and to learn to react by with-
holding defecation for a short while, to go to the toilet 
or potty for voluntary evacuation. This will not only 
lead to an empty bowel, but also to empty diapers or 
trousers. In this learning process, several things can 
go wrong. For instance, a child who experiences pain 
with defecation will react to a sense of urge by with-
holding instead of relaxation. This will lead to incom-
plete defecation, which causes constipation. Children 
who have been constipated for a long time no longer 
feel any sense of urge, and in response will not do 
anything to have defecation, which results in persis-
tence of the problems.

These processes do not only take place in healthy 
children, but also in children with ARM who are al-
ready more vulnerable because of their impairment.
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In the multidisciplinary treatment, a learning 
process is started in the child, with the parents as co-
therapist, aimed at resolving the chronic defecation 
problems by teaching the child bowel self-control, 
primarily by training optimal defecation skills and 
subsequently toilet behavior. The therapeutic team 
consists of a pediatric surgeon, a child psychologist, 
and a pediatric physiotherapist, who work closely to-
gether. The pediatric surgeon determines whether the 
child’s somatic condition is sufficient to reach some 
form of self-control over defecation. He/she facili-
tates the learning process by prescribing oral medica-
tion to allow sufficient emptying of the bowel. After 
disimpaction by enema or a rectal washout (if neces-
sary), prescribing oral laxatives prevents new impac-
tion. This treatment is continued as long as the child 
is withholding defecation or has not yet mastered 
enough self-control. For some children, medication 
will be necessary for a very long period of time.

The child psychologist educates the child an par-
ents concerning defecation and manages the learning 
process, looking after the defecation and /or toilet be-
havior; he or she will establish whether the problems 
are caused by a lack of knowledge, defecation and/or 
toilet anxiety, or whether there is a motivational prob-
lem. Parental skills and cooperation in general, and 

in particular concerning the defecation problems, are 
investigated and attended to if necessary.

The pediatric physiotherapist assists in managing 
the learning process by teaching the child to use the 
lower part of the body in a pleasant way by playing 
motor games. If necessary, the child is taught to evac-
uate feces voluntarily even without a feeling of urge 
by teaching a correct straining technique. The child 
is instructed how to build up pressure in the right di-
rection and to tense the abdominal wall muscles and 
relax the muscles of the pelvic floor selectively, and to 
combine both to defecate in the correct way [9].

The multidisciplinary treatment is carried out in 
accordance with a protocol. The different steps of the 
Nijmegen multidisciplinary behavioral treatment pro-
tocol are described in Table 33.1. This treatment pro-
tocol was studied in a prospective, controlled study 
with follow-up. Compared with a waiting-list control 
group, the experimental treatment group scored sig-
nificantly better on two important measures (Temple-
ton and percentages of feces in toilet; Table 33.2). Al-
though young children had poorer scores than older 
children before treatment, no significant differences 
in the favorable outcome of treatment were found be-
tween both groups after treatment (Table 33.3). Nor 
was there any effect of type of ARM on treatment. 

Table	33.1 The Nijmegen Behavioral Treatment protocol. ARM Anorectal malformations

Knowing •  Child and parents are educated about defecation in general and in ARM, how 
children become continent normally, how defecation problems develop

•   They are educated about the working of and compliance to medication
•  Parents and child both learn what they can do to change the prob-

lems and the child learns skills of self-control

Daring •  Extinction of reactions of fear and aversion relating to urge sensations and 
defecation avoidance behavior like squeezing and withholding feces and avoiding 
the toilet. For example, by using desensitization techniques, by prescribing 
oral instead of anal medication, and by stopping invasive treatment

Wanting •  The child is motivated by taking small, reachable steps, being given direct 
rewards, and by having their effort rewarded at first and the result later on

Being able •  Sufficient emptying of the bowel by oral medication
•  Being able to defecate by learning an adequate straining technique

Doing •  Learning to try to defecate regularly and to empty their bowel 2–3 times 
a day after the meal by straining adequately 5–10 times each time

•  Learning to think about it themselves
•  Learning to react to an external sign first and, when possible, to an internal sign
•  Adjustment of exercises to the defecation rhythm
•  Compliance in taking medication

Continue doing •  Consolidation of behavior discipline in child and parents
•  Finishing medication if possible
•  Prevention of relapses
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The results of multidisciplinary behavioral treatment 
remained stable over a mean follow-up period of 
7 months (Table 33.4) [14].

This treatment is suitable for young children, thus 
preventing chronic problems in vulnerable children. 
Children can be treated individually as well as in 
groups. Group treatment seems to be very effective. 
Parents and children profit from each other. Groups 
are formed with six children of the same developmen-
tal age. The group meets six times for 2 hours each 
time, with a follow-up session after 6 months.

For children who do not profit from multidisci-
plinary behavioral treatment (for instance because of 
their anatomic limitations or because of psychiatric 
comorbidity or severe parent–child interaction prob-
lems), bowel management can be a good solution of 
their defecation problems. In our clinic, children start 
with behavioral treatment when possible, and if this is 

not effective enough in managing the problems, chil-
dren begin bowel management.

With the new Krickenbeck classification [15], it 
has become easier to evaluate and compare the post-
operative results after ARM repair, but it remains 
difficult to choose the best therapy for children with 
continence problems. By treating the children with 
multidisciplinary behavioral treatment, not only can 
further surgery for improving continence be avoided, 
but also the quality of life of these children can be im-
proved, as they stop suffering from chronic inconti-
nence and constipation. It is therefore a valuable ad-
junct to standard medical treatment of children with 
surgically repaired ARM.

Table	33.2 Means and standard deviations (SD) of children in the experimental treatment and waiting-list control group on first 
and second assessment based on intention-to-treat analysis, and analysis of variance (ANOVA) on change of scores between both 
assessments, controlled for pretreatment scores. Reproduced with permission from van Kuyk et al. [14]

Experimental treatment  
group n = 13

Waiting list control  
group n = 11

Significance 
ANOVAa

First assessment Second assessment First assessment Second assessment

Templeton
1 = good
2 = fair
3 = poor

2.2 (0.63)
-
9 (69%)
4 (31%)

1.6 (0.76)
7 (54%)
4 (31%)
2 (15%)

2.0 (0.59)
1 (9%)
8 (73%)
2 (18%)

2.0 (0.72)
2 (18%)
6 (55%)
3 (27%)

0.03*

Wingspread
1 = clean
2 = staining
3 = intermit-
tent soiling
4 = constant soiling

2.7 (0.88)
1 (8%)
3 (23%)

5 (38%)
4 (31%)

2.3 (0.95)
2 (15%)
6 (47%)

3 (23%)
2 (15%)

2.9 (0.86)
-
3 (27%)

5 (46%)
3 (27%)

2.6 (1.1)
3 (27%)
-

6 (55%)
2 (18%)

0.53

Wingspread 
constipation
1 = no
2 = sometimes
3 = yes

1.8 (0.69)
4 (31%)
7 (54%)
2 (15%)

1.3 (0.60)
10 (77%)
2 (15%)
1 (8%)

1.8 (0.72)
3 (27%)
6 (55%)
2 (18%)

1.4 (0.49)
6 (55%)
5 (45%)
-

0.52

Percentage of 
feces in toilet 41.5 (30.9) 57.9 (35.0) 43.5 (28.0) 38.5 (25.6) 0.049*

Number of days 
without soiling 3.7 (4.9) 5.8 (5.5) 3.7 (4.2) 2.8 (4.3) 0.09

Parental Judgment 
Incontinence Scale

17.5 (5.7) 13.2 (5.3)
two missing

18.1 (6.1) 16.1 (7.3) 0.26

*p ≤ 0.05
 aANOVA on change of scores (scores on the second assessment minus scores on the first assessment) between both groups, with 
scores at the first assessment as covariate
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Table	33.4 Means and SD of all completers at pretreatment and follow-up, and paired samples t-test. Reproduced with permission 
from van Kuyk et al. [14]

First assessment 
(baseline) n = 19

Last assessment 
(follow-up) n = 19

Paired samples t-testa

Templeton
1 = good
2 = fair
3 = poor

1.9 (0.55)
1 (5%)
15 (79%)
3 (16%)

1.3 (0.48)
13 (68%)
6 (32%)
-

0.00*

Wingspread
1 = clean
2 = staining
3 = intermittent soiling
4 = constant soiling

2.6 (0.81)
1 (5%)
6 (32%)
8 (42%)
4 (21%)

2.1 (0.71)
4 (21%)
10 (53%)
5 (26%)
-

0.00*

Wingspread constipation
1 = no
2 = sometimes
3 = yes

1.9 (0.66)
5 (26%)
11 (58%)
3 (16%)

1.3 (0.48)
13 (68%)
6 (32%)
-

0.00*

Percentage of feces in toilet 48.8 (27.4) 77.9 (16.8) 0.00*

Number of days without soiling 4.5 (4.8) 8.2 (5.0) 0.01*

Parental Judgment 
Incontinence Scale

16.7 (5.6) 12.7 (5.2) 0.00*

* P ≤ 0.05
a Paired samples t-test on scores of all children on baseline and on last assessment
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34.1	 Introduction

The concept of clean intermittent catheterization and 
its efficacy in emptying urinary reservoirs was first in-
troduced by Lapides in 1972 and is accepted as the first 
step in the use of continent catheterizable channels 
(CCC). Subsequent important progress in CCC in-
cludes performance of the first continent cystostomy 
by Mitrofanoff in the 1980s, acknowledgment of low-
pressure reservoirs from the beginning of the 1980s, 
recognition of the importance and efficacy of colonic 
washouts in the management of fecal continence, and 
the first continent cecostomy performed by Malone 
in 1990 [1–4]. CCC are used in anorectal malforma-
tions (ARM) for problems involving the gastrointes-
tinal and/or urinary systems. The aim is to overcome 
fecal and urinary incontinence concomitantly. These 
circumstances also lead to competition for the appen-
dix, since this has been the favored channel for both 
the Malone’s antegrade colonic enema (MACE) and 
Mitrofanoff procedures. These limitations have lead 
to the creation of new techniques for these channels 
[5].

34.2	 Indications

The Mitrofanoff and MACE procedures are widely 
used alone or in combination for different problems 

in both children and adults, such as ARM, spina 
bifida, sacral agenesis, exstrophy complex, postradia-
tion cystitis, complex vesicovaginal fistulae, posterior 
urethral valves, prune-belly syndrome, cerebral palsy, 
sacrococcygeal teratoma, spinal-cord injury, perineal 
trauma, Hirschsprung’s disease, intractable consti-
pation, and different types of urethral failures, or in 
patients with perineal colostomy after rectal resec-
tion [6–19]. In the original description of Mitrofanoff 
and antegrade colonic enema (ACE) procedures, the 
conduit of choice is the appendix. In conditions in 
which the appendix is not available, tubular struc-
tures such as the ureter, fallopian tube, Meckel’s 
diverticulum, and the vas deferens, or tubes created 
from the ileum, colon, stomach, bladder, rectus 
abdominis muscle, and prepuce can be used to create 
a Mitrofanoff channel. Ileal tubes are most commonly 
preferred if the appendix is not available. The use of 
the other organs except the ureters and bladder tubes 
are either sporadic or experimental (Table 34.1) [20–
37].

In ARM, the ACE procedure is used with two in-
dications: the treatment of fecal incontinence and/or 
the treatment of postoperative intractable consti-
pation and developing megarectum/megacolon in 
which conservative management frequently fails [38]. 
The presence of sacrospinal anomalies in ARM can 
also lead to both urinary and fecal incontinence [39–
42]. In this group of patients, the Mitrofanoff prin-
ciple is used to provide urinary continence. In some 
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34	 Continent	Catheterizable	Channels
Yunus Söylet

Table	34.1 Organs used in the construction of continent chan-
nels using the Mitrofanoff principle

Tubular organs Tubularized organs

Appendix Ileum

Ureter Colon

Fallopian tubes Stomach 
Bladder 
Prepuce 
Rectus abdominis muscle
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patients with combined incontinence, the ACE and 
Mitrofanoff  procedures are used together.

34.3	 The	Mitrofanoff	 	Procedure

Th e Mitrofanoff  procedure is also known as continent 
appendicovesicostomy according to the Mitrofanoff  
principle. Th e two indications for continent vesicos-
tomy in ARM are the same as those for incontinent 
intestinal conduits: management of urinary inconti-
nence and preservation of renal function. ARM pa-
tients usually have neurogenic bladders secondary to 
sacrospinal anomalies. In a small group of patients 
that have urethral injury secondary to their ARM re-
construction, the Mitrofanoff  procedure may be help-
ful in the long-lasting management of urethral stric-
ture. Th is is the third indication for the Mitrofanoff  
procedure, and has been reported in the management 
of urethral problems [43]. Th e Mitrofanoff  procedure 
as the pioneer of CCC has helped to defi ne the pri-
mary principles of these channels. Since the appen-

dix is anastomosed to the bladder with an antirefl ux 
technique, there is no leak from the abdominal wall 
orifi ce, thus it is a continent vesicostomy. In this pro-
cedure, a catheter is advanced through a conduit to 
empty the urinary reservoir in a clean and intermit-
tent fashion.

34.3.1	 Technical	Details

In the majority of cases a Mitrofanoff  channel is con-
structed through a midline infraumbilical incision. 
If the patient will only have a continent vesicostomy 
constructed, the right laterovesical space is deeply 
freed before opening the peritoneum. Th e cecum 
and appendix are explored and the pedicle vessels 
of the appendix are carefully mobilized. Th e appen-
dix is excised from the cecum with a cecal wall cuff . 
Th e aim in leaving the cecal cuff  on the appendix is 
to enable a wide anastomosis on the abdominal wall. 
Once the cecal defect is closed, the tip of the appen-
dix is opened obliquely, the lumen is irrigated with 

Fig.	34.1 (A–D) Submucous tunnel technique into the U-fl ap of thick-walled bladder for creating a Mitrofanoff  channel
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an antiseptic solution, and the patency of the lumen 
is checked with a catheter. If the bladder has a small 
capacity and thick wall (as it has most of the time), 
a U-shaped fl ap should be raised cranially for en-
trance. With the help of this fl ap, the appendix can 
be anastomosed to the bladder through a long tun-
nel (Fig. 34.1). Th e tunnel should at least be 2.5–3 cm 
long. Once the conduit–bladder anastomosis is com-
pleted, if no further procedures such as bladder aug-
mentation, bladder-neck reconstruction, or ureteric 
reimplantation are necessary, the bladder is closed 
and the conduit is anastomosed either to the right 
lower quadrant or to the umbilicus. In the literature, 
two cases have been reported to have their appendix 
located into the left  lower quadrant due to previous 
stomas created in the right lower quadrant. In these 
cases the cecum and the ascending colon were widely 
mobilized, the appendiceal vessels were dissected up 
to their origin from the superior mesenteric artery, 
and the conduit was moved to the left  through a de-
fect created in the bowel mesentery and anastomosed 
to the left  abdominal wall [44].

In the majority of patients, augmentation cysto-
plasty is a part of this surgery. Augmentation pro-
vides a low-pressure reservoir, while the Mitrofanoff  
channel aids in emptying the reservoir regularly. Th e 
bladder neck should be constructed or closed so that 
it does not leak. It has been shown in many cases that 
even though vesicoureteric refl ux may exist in the 
system, the creation of a low-pressure reservoir and 
guaranteeing regular emptying of the system will lead 
to disappearance of the refl ux. Th us, in many patients 
with small bladders and limited space for a ureteric 
reimplantation, the reimplantation should not be car-
ried out and morbidity is avoided [45].

In patients with urethral injuries as a result of 
ARM repair, if a long and complicated management 
is necessary, or if autoaugmentation is indicated for 
a diff erent underlying pathology, it is appropriate to 
construct an appendicovesicostomy without opening 
the bladder. In the extravesical Mitrofanoff  technique 
that we use in our patients, the abdomen is entered 
through a lower-abdominal midline incision, the 
right laterovesical space is opened, and a Lich-Gre-

Fig.	34.2 (A–D) Extravesical Mitrofanoff  technique
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goire-like extramucosal tunnel is created in the right 
posterolateral wall of the bladder. The mucosa is en-
tered close to the bladder neck and an appendicovesi-
costomy performed. The seromuscular layer is closed 
with sutures, the tunnel is completed, and the appen-
dix is anastomosed to the skin (Fig. 34.2). In cases 
where the appendix is not available or has been used 
for the MACE procedure, the Mitrofanoff channel is 
most commonly created using the Monti technique 
[46]. Although this technique was described by Monti 
in 1997 [47], it was also described by Yang in 1993 
[48]. When Yang reported this technique, however, he 
focused on the use of a needle as an aid for reimplants 
into the small bowel submucosa. In the Monti tech-
nique a 2.5-cm segment of the small bowel is detubu-
larized longitudinally and retubularized transversally. 
A 2.5-cm segment of bowel provides a tube size of 
about 18–20 Fr. The length of the Monti tube is de-
termined by the diameter of the bowel segment. The 
length will be at least 8 cm when the ileum is used 
and 10–12 cm when the colon is used. The transverse 
tubularization should be carried out first with muco-
sal apposition and then with a second row of serosal 
sutures [48]. Problems such as kinking, diverticula 
formation, and catheterization problems observed 
after longitudinal tubularization of ileal segments 
are rarely reported in Monti tubes [49]. Stomach and 
colonic tubes can be used for the same purpose [50]. 
The common pedicled bowel segment can be used in 
patients in whom bladder augmentation needs to be 
combined with an ileal Monti.

Two Monti tubes can be anastomosed to each other 
or elongated in a spiral fashion, similar to the con-
struction of longer channels, creating a double Monti 
[51]. In addition, in both the Mitrofanoff and MACE 
procedures, longer tubes may be created using combi-
nations of the appendix and Monti tube or appendix 
and cecal tube [52,53]. Rink created a continent cath-
eterizable vesicostomy by modifying Casale’s vesicos-
tomy with an antireflux technique. Stomal continence 
was achieved in all patients with this technique, but 
45% have required revision due to stomal steno-
sis. Thus, the use of the technique has been limited 
to large bladders requiring continent vesicostomies 
[54]. In a patient with microcolon-intestinal hypo-
peristalsis syndrome, a bladder tube created from the 
posterior wall of a huge, adynamic bladder has been 
used with success and no morbidity [55]. A salvage 
continent vesicostomy has been created in five chil-
dren with enterocystoplasties and no appendix, using 
a bladder tube created completely extraperitoneally, 
and plicated with the bladder at its base in a Nissen-
like fashion to add an antireflux property [56].

Minimally invasive techniques, although not 
widely popularized, have been used in the construc-
tion of continent urinary channel surgery. The first 
laparoscopic appendiceal–vesical anastomosis with a 
flap-valve mechanism has been reported by Hsu and 
Shortliffe [57]. There is also a case report on laparo-
scopic removal of a nonfuctioning kidney and anas-
tomosis of the distal ureter to the skin as a continent 
channel in a patient who had previously undergone 
a ureteric reimplantation due to vesicoureteric reflux 
[58].

34.4	 The	MACE	Procedure

Bowel management is necessary in the majority of 
ARM in the postoperative period. Fecal incontinence 
in some patients and intractable constipation in 
others are the main problems. Initially, conservative 
measures including aggressive potty training, dietary 
management, different medications, daily retrograde 
enemas, and biofeedback therapy in suitable patients 
are used to overcome these complications. Peña has 
reported a detailed bowel management program for 
ARM patients [59]. Reoperations for some patients 
can involve reconstructive surgical procedures such 
as gracilisplasty or, rarely, permanent stoma. Con-
servative measures should be initially undertaken in 
all patients. Patients that have success with daily ret-
rograde enemas are good candidates for the MACE 
procedure. The most common cause of failure in 
the long term in patients who have success with 
daily enemas is the dislike they develop for enemas 
administered through the anus as they grow older. 
Many patients, especially teenagers, find this method 
tedious and bothersome. In this group of patients 
the antegrade colonic enema technique described by 
Malone in 1990 should be considered. The advantages 
are easy access to the colon compared to retrograde 
irrigations, on-way effective irrigation, smaller vol-
umes for irrigation, psychological comfort, and 
combined management of urinary incontinence. Suit-
able anatomy, which means sufficient length of colon 
and absence of distal stenosis, motivation of patients 
and caregivers, trial of all conservative measures 
beforehand, technical success with rectal irrigations, 
and location by hand of the stoma site by patients, 
manipulation are factors influencing the success with 
the MACE procedure. Rigorous teaching and moti-
vation before the procedure is mandatory [60–63]. 
Antegrade enema through a continent cecostomy is 
not a cure for intestinal problems with ARM, rather 
it is a more pleasant way for children to engage in a 
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bowel management protocol without the need for 
rectal enemas [8].

34.4.1	 Technical	Details

In the classical MACE technique, following eff ective 
bowel preparation and under the protection of broad-
spectrum antibiotics, the appendix pedicle is mobi-
lized, the blind tip is opened, the appendix is detached 
from the cecum, inverted, and is anastomosed to the 
cecal mucosa aft er being passed through a submuco-
sal tunnel formed on the taenia. Th e seromuscular 
layer is closed on top to form an antirefl ux mecha-
nism. Th e procedure is completed following cutane-
ous anastomosis. It is essential to suture the cecum 
or colon to the back of the anterior abdominal wall 
and not to leave a free intraperitoneal part of the con-
duit [4]. Multiple modifi cations of this original tech-
nique have been reported many times (Table 34.2). If 

the appendix is not available or has been previously 
used as a Mitrofanoff  channel, ileal, colonic, or gastric 
Monti channels can be used to create an ACE. Th e ce-
cum, transverse colon, left  colon, and stomach tubes 
have been used in ACE construction. Th e left  colon 
antegrade continence enema (LACE) procedure has 
been reported to have advantages by providing grav-
ity-assisted evacuation, avoidance of the right and 
transverse colon, which has a large-volume capacity, a 
convenient stoma location in the left  upper quadrant, 
shortening of the enema duration, a smaller fl uid vol-
ume, and no ACE related abdominal pain. In the left  
colon, laterally or medially based tubes are used with 
either in situ fl ap-valve mechanisms or placement of 
a Monti tube in a submucosal tunnel along the colon 
taenia to form an antirefl ux mechanism [64–69]. Th e 
indications to perform a right or left  colonic Monti-
MACE procedure are: previous appendectomy, pre-
vious appendicovesicostomy, inadequate mesentery 
associated with the appendix, previous ileocecal aug-
mentation, and obliterated appendicocecostomy [70]. 
Other modifi cations are based on similar indications.

In the MACE procedure, diff erent antirefl ux tech-
niques are used. In cecal imbrication (cecal wrap tech-
nique) the appendix is not detached from its base. An 
antirefl ux mechanism is developed in a similar fash-
ion to Nissen’s fundoplication around the in situ ap-
pendix (Fig. 34.3) [71]. In cases in which the ileocecal 
pouch reservoir has been created as a continent uri-
nary diversion, a technique involving the reinforce-
ment of the imbrication of the in situ appendix with 
a mesh has been reported [72]. In the extramucosal 
seromuscular taenial tunnel technique, analogous to 
the Lich-Gregoire technique, the seromuscular layer 
of the taenia is incised without opening the mu-
cosa. On the distal part of the incision, the mucosa 

Table	34.2 Continent cecostomy techniques. MACE Malone’s 
antegrade colonic enema, LACE Left  colonic antegrade colonic 
enema

Disconnection and reimplantation of the appendix

Orthotopic appendicostomy (+/- divided appendix)

Tubularized cecal/colonic fl ap

Transverse tubularized ileal tube (Monti)

Laparoscopic MACE (Appendicostomy only)

Cecostomy button

Percutaneous cecostomy catheter

LACE

Fig.	34.3 A, B Cecal imbrication around the in situ appendix
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is opened and the conduit is anastomosed to the ce-
cum. Th e antirefl ux mechanism is created by covering 
the conduit with the seromuscular layer (Fig. 34.4). 
Th e application of the Monti channel to the ileocecal 
pouch involves similar technical aspects [73].

Th e intraluminal reimplantation technique in-
volves the creation of a submucosal tunnel, similar 
to Cohen’s reimplantation technique, and placement 
of the conduit into this tunnel. Th is technique is pre-
ferred in cases where bladder substitutes are con-
structed and the conduit needs to be anastomosed 
to the bowel (Fig. 34.5). Th e construction of a direct 
appendicostomy without supportive antirefl ux tech-
niques have been reported mostly by authors using 
laparoscopic techniques, who state that it reduces 
the risk of conduit incontinence. On the contrary, 
Malone has reported stomal incontinence for gas 
and feces in all six cases in whom he performed a di-
rect appendicostomy [62]. Lynch et al. report a 6.7% 
leakage rate in 28 patients with laparoscopically per-
formed continent cecostomy and state that this is not 
a higher rate compared to those who have an addi-
tional antirefl ux procedure [74]. Similarly, van Savage 

et al. have reported no stomal leakage in 16 laparo-
scopically performed procedures. Th eir statement is 
that the continence mechanism is simply a function 
of the length of the appendix and the mucosal coapta-
tion of the appendiceal lumen [75]. In the majority of 
cases that develop leakage, a surgical revision is nec-
essary. In our series, a mild leakage was managed by 
submucosal injection, and in Mitrofanoff ’s series an 
artifi cial urinary sphincter application was benefi cial 
in one case [76].

34.5	 The	Stoma	Technique	
and	Associated	Problems

Th e most common complication in CCC construction 
is the stomal orifi ce at the anterior abdominal wall. 
Th e location of the stoma is related to the surgeon’s 
choice as well as the type of conduit used. In our se-
ries, the fallopian tube and bladder stump were used 
as channels in two cases and were located as perineal 
stomas; this has provided technical applicability [77]. 
Duckett has also reported the use of perineal stomas 

Fig.	34.4 (A–D) Malone’s antegrade colonic enema (MACE) – extramucosal seromuscular taenial tunnel technique
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Fig.	34.5 (A–H) Reimplantation of Monti-MACE to the large bowel
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in three cases that had ureter and ileal conduit con-
struction [78].

Another group reports no difference in compli-
cations between umbilical and right lower quadrant 
abdominal stomas and prefers umbilical stomas due 
to better cosmesis, limiting lower quadrant stomas to 
ureteric conduits [79]. The right and left lower quad-
rants and umbilicus are preferred stomal sites. There 
is no significant difference in complications between 
umbilical and extraumbilical sites. On the other hand 
the umbilical stomas have superior cosmetic results 
[80–82].

Skin anastomosis techniques can vary. Multiple 
flap techniques aiming to avoid stenosis are fre-
quently used. Mitrofanoff suggests maintaining an 
exteriorized small cuff of cecal mucosa to overcome 
the stomal stenosis complication reported as the most 
common problem (5–45%) [76]. V and Y type skin 
plasties [83,84], VQ, WQQ, and VQZ techniques and 
similar modifications all aim to create a more cos-
metic and functional stoma [85].

Among the two most common CCC, the Yang-
Monti channels and appendiceal channels are most 
frequently compared. Narayanaswamy has reported 
60% catheterization difficulty and 28% pouch-like 
dilatation in Monti tubes in his series [86]. Studies 
involving similar comparisons among two conduits 
report no difference in the results. Obesity increases 
complication rates, as in any surgical procedure 
[87–90]. Bladder tube complication rates are around 
30–40% and are higher in comparison to appendiceal 
and Monti channels [63,91].

Laterally based colonic conduits appear to have a 
higher rate of stomal stenosis compared to medially 
based colonic tubes (40% versus 12%), which may be 
attributed to the local blood supply properties of the 
colon [92].

MACE channels are more prone to stenosis com-
pared to Mitrofanoff channels. The most possible 
cause may be less frequent catheterization. To over-
come this problem, simultaneous catheterization of 
the Mitrofanoff and continent cecostomy channel is 
recommended [77]. Prevention of stomal stenosis can 
be overcome by skin plasties as well as prevention of 
catheter trauma. Snodgrass suggests parastomal Tri-
amcinolone injection to prevent stenosis in Mitro-
fanoff stomas [93].

Appendicitis can lead to channel obliteration and 
loss of appendiceal channels [94,95]. Perforations 
have been reported in gastric and bladder tubes 
[96,97]. Mucosal prolapse and granulation of the tis-
sue around the skin opening leading to a continuous 
bloody discharge and staining of underwear are not 

rare in our experience. In most cases, granulations 
can be managed with silver nitrate and prolapse with 
surgical revision.

Cecostomy tubes may be placed by either a percu-
taneous or an open approach, providing a comparable 
outcome to that of the original Malone procedure. 
This technique may be preferred not only in cases 
with a missing appendix, but also in those for whom 
the appendix needs to be reserved for urinary recon-
struction, or to avoid a laparotomy in cases who do 
not require simultaneous reconstruction.

The disadvantage is the presence of a permanent 
catheter or button on the anterior abdominal wall. 
Shandling published his initial percutaneous cecos-
tomy tube experience [98], only to notice later the 
difficulty of carrying a tube attached to the body 
and balloon tube complications. Thus, he suggested 
the insertion of a plastic trapdoor cecostomy tube 
6–8 weeks after the procedure, which was better tol-
erated by patients. He reported no complications 
in his first eight-case series using plastic trapdoor 
cecostomy tubes [99]. Chait et al., in a series of 163 
percutaneous cecostomy tubes, reported minor com-
plications in 60% of cases and mentioned that they 
were easily managed with conservative measures. The 
failure rate was 10%, and 90% of patients reported an 
improved quality of life [100].

A different technique involving colonoscopy assis-
tance for the insertion of a percutaneous cecostomy 
tube using the principles of percutaneous endoscopic 
gastrostomy (PEG) has been reported [101]. In the 
five-case cecostomy button series of Duel and Gon-
zales, three cases had localized infection and one pa-
tient required intravenous antibiotic administration 
due to cellulitis [102].

34.6	 Postoperative	Management

Catheters are left in situ for 2–3 weeks in the post-
operative period of urinary and intestinal continent 
channels. Catheterization is initiated after this period. 
If the patient has a simultaneous augmentation cys-
toplasty, the reservoirs are continuously drained at 
nighttime for 2–3 months. Twenty-four-hour urinary 
output, and day and night urine volumes help to iden-
tify the frequency of catheterization.

Colonic enemas can start at between 1 and 30 days 
postoperatively. Colonic enemas may involve tap wa-
ter, isotonic saline, salty water, phosphate, polyethyl-
ene glycol electrolyte, glycerine, mannitol, lactulose, 
or mineral oil, either alone or in combination. The 
volume of enemas will depend on the composition 
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of the material used and other personal factors, and 
will vary between 30 and 1000 ml. The evacuation 
period may last between 10 and 120 min. Enema 
frequency may also vary from once a day to once a 
week. Dietary management, including medications 
that slow intestinal motility, is necessary as adjuvant 
therapy in almost all patients. If fecal incontinence 
continues despite conservative measures, the volume 
of enema should be increased, and the frequency 
decreased. Anal stenosis should be considered in 
cases with frequent but small-volume incontinence. 
Colicky abdominal pain is initially noted in 50% of 
cases, but this resolves spontaneously within a couple 
of months. Antispasmodic drugs have been found to 
be effective in these cases [103]. Some patients have 
reported spontaneous initiation of colonic motility 
simply with catheter insertion and no washouts [84]. 
Concentrated enemas leading to colonic evacuation 
through bowel irritation may lead to hyperphospha-
temia, while high-volume nonirritable tap water and 
salt water enemas may cause fatal metabolic and elec-
trolyte imbalances [62,104,105].

34.7	 Results

There are two important scoring systems for MACE 
procedures. The first belongs to the Southampton 
group and the criteria are as follows: (1) complete 
success, where the patient is clean or has minor leak-
age with only irrigations, and no further measures are 
required; (2) partial success, where there is occasional 
leakage from the stoma or anus, and further measures 
are needed, but both child and family are satisfied; 
(3) unsuccessful, where there is continuous serious 
leakage. According to these criteria, a success rate of 
62–98% is reported in the literature. A success rate of 
89% in ARM drops to a level of 62% in intractable 
constipation. A second group of unsuccessful results 
have been reported in children younger than 5 years 
of age. These facts stress the importance of patient 
education and motivation [103].

Another scoring system has been suggested by the 
Melbourne group in patients with slow-transit con-
stipation, wherein the scoring criteria are: the soiling 
score, pain frequency, pain severity, appetite score, 
and mood score prior to and after the MACE pro-
cedure. Evaluation also involves diagnostic tests and 
clinical findings [106].

In a study evaluating their 20-year, long-term ex-
perience, Mitrofanoff ’s team does seem to have found 
an answer for many important questions. They have 
established that all continent cystostomies remain 

functional after 20 years and have stated that the tech-
nique has long-lasting efficiency. They have found 
no catheterization problems during pregnancy and 
have reported successful delivery by cesarean sec-
tion 16 years after the Mitrofanoff procedure. Patients 
requiring transplantation have not encountered any 
catheterization or reservoir problems during or af-
ter surgery. Late stomal stenosis has been attributed 
to the cessation of urine output in patients with renal 
insufficiency [76]. The first normal, complication-
free vaginal delivery following MACE procedure was 
reported by Wren et al. [107]. An 8- to 10-year fol-
low-up study of nine cases has reported intact chan-
nels in all and has estimated approximately 20,000 
catheterizations without any problems. All patients 
except one (who was experiencing adolescent prob-
lems) reported that they were happy with their qual-
ity of life [108]. In another study reporting a 15-year 
experience of 50 patients, 96% continue catheteriza-
tion, 10% have developed stomal stenosis, and 16% 
have required surgical revision due to stomal leakage; 
continence was achieved in 98% [109]. Simultaneous 
combined Mitrofanoff and ACE procedures are re-
ported to provide 80% dual continence [110,111].

The main role of these long-term patent chan-
nels is to improve the quality of life for patients. Al-
though some patients find CCC difficult, they report 
an increase in self-esteem, happiness, and social ac-
ceptance. Great support should be given to increase 
patient motivation, and patient groups should be or-
ganized to meet together at least once a year to pre-
vent those patients who find the procedure lengthy 
and painful from abandoning their channels, despite 
the advantages [77,112–114].
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35.1	 Introduction

Most anomalies of the female genitalia are congeni-
tal and present at birth. These include vaginal atre-
sia, vaginal obstruction due to imperforate hymen or 
a high vaginal septum, and anomalies of the internal 
and external genitalia in patients with intersex ab-
normalities. A smaller number of patients present at 
the time of puberty because of primary amenorrhea; 
this includes patients with the Mayer-Rokitansky syn-
drome and testicular feminization syndrome (TFS). 
The incidence of these anomalies varies between 
1:4,000 live births and 1:10,000 live births. This wide 
range relates to differences in the definition and se-
verity of these anomalies. The pediatric surgeon must 
have knowledge of a wide variety of presentations and 
the treatment for each entity. Surgical correction is 
predicated on the anatomy. Table 35.1 lists the com-
mon vaginal abnormalities and the surgical correc-
tion of each.

Table	35.1 Surgical correction of vaginal abnormalities

Vaginal abnormality Surgical correction

1. Ambiguous genitalia

 a) Low insertion of vagina Perineal flap vaginoplasty

 b)  High insertion of 
vagina (rare)

Passerini genito-
vaginoplasty

2. Persistent urogenital Sinus

 a) Low insertion of vagina Cutback vaginoplasty

 b) Medium insertion of vagina Urogenital mobilization

 c) High insertion of vagina Passerini genito-
vaginoplasty

3.  Absent vagina – with 
or without a uterus

 a)  Mayer-Rokitansky 
syndrome

Colovaginoplasty

 b)  Testicular feminiza-
tion syndrome

Colovaginoplasty

4. Cloacal anomaly

 a) Low common channel Perineal vaginoplasty

 b) Medium common channel Urogenital mobilization

 c) Long common channel Intestinal vaginoplasty

5. Acquired abnormalities

 a)  Resection for rhab-
domyosarcoma

Colovaginoplasty

35.2	 Anomalies	of	the	Vagina

35.2.1	 Embryology

Normal female genitalia result from the pairing, fu-
sion, and recanalization of the Mullerian ducts; this 
process continues in a cephalad and caudal direction. 
The more cephalad portions form the fallopian tubes, 
and the fused portion, or uterovaginal primordium, 
forms the uterus and cervix. The vagina develops 
from paired solid outgrowths of the urogenital sinus 
called the sinovaginal bulbs. The fibromuscular por-
tion of the vagina is formed from these bulbs as they 
grow caudally toward the end of the uterovaginal 
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primordium. The precise boundary between the por-
tion of the vagina contributed to by the uterovaginal 
primordium and the urogenital sinus is not defined. 
Defects can occur in development, fusion, and ca-
nalization. Failure of development leads to agenesis 
and failure of fusion leads to a variety of anomalies 
including duplication. Failure of canalization can lead 
to the formation of vaginal septa. The genital tubercle 
forms the clitoris and the genital swellings form the 
labia majora [15].

35.3	 Ambiguous	Genitalia

In order to evaluate patients who are born with abnor-
mal external genitalia, a surgeon requires a systematic 
approach to diagnosis. A comprehensive evaluation 
includes a chromosomal analysis, family history, and 
laboratory studies, including urine testing for steroid 
levels and serum testing for electrolyte abnormalities. 
Physical examination should focus on establishing the 
presence or absence of gonadal symmetry. Ultrasound 
of the abdomen and contrast genitography complete 
the evaluation and can help accurately diagnose the 
various disorders and help guide their treatment.

35.3.1	 Congenital	Adrenal	Hyperplasia	
(Female	Pseudohermaphroditism)

Congenital adrenal hyperplasia is the most common 
diagnosis associated with ambiguous genitalia and 
has an incidence of 1:16,000 live births [16]. This 

disorder is characterized by a normal 46,XX karyo-
type. The phenotypic appearance of the patient is due 
to exposure to excessive endogenous androgens in 
utero. The amount of virilization can vary from mild 
clitoral hypertrophy to severe forms where the clitoris 
resembles a penis. The spectrum of phenotypes is il-
lustrated in Fig. 35.1. This is due to deficiency of one 
of three enzymes: 21-hydroxylase, 11-hydroxylase, or 
3-beta hydroxysteroid dehydrogenase. 21-Hydroxy-
lase deficiency is seen in 75–91% of patients. The first 
goal of treatment is to address the steroid deficiencies. 
Glucocorticoid replacement is given if necessary and 
patients with the salt-wasting form of the syndrome 
are given fluorocortisone. Surgery is then advised de-
pending on the amount of virilization present in the 
external genitalia.

35.3.1.1	 Low	Insertion	of	the	Vagina

For most patients with the common form of this syn-
drome, low insertion of the vagina is present and sur-
gical correction involves perineal vaginoplasty and/or 
clitoral recession. Every effort is made to preserve the 
neurovascular bundle in order to preserve vascular-
ity and sensation. The procedure involves degloving 
of the enlarged clitoris and dissecting the erectile tis-
sue to the bifurcation. Plication sutures are placed lat-
erally and the tissue is folded under the pubis while 
the sutures are tied. In cases where the phallus is so 
large that reduction clitoroplasty is not possible (a 
rare event), the corporal bodies can be resected with 
preservation of the glans and neurovascular bundle. 

Fig.	35.1 Spectrum of phenotypes in patients with congenital adrenal hyperplasia
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A large glans can be reduced by resecting a wedge 
of the ventral tissue and closing the skin edges. The 
vaginoplasty for low urogenital sinus abnormalities 
is illustrated in Fig. 35.2 and is performed by using a 
U- or Y-shaped incision posterior to the opening. The 
vagina is mobilized if necessary with traction sutures 
and the posterior anastomosis is performed with in-
terrupted absorbable sutures.

35.3.1.2	 High	Insertion	of	the	Vagina

Patients who are severely masculinized with a high in-
sertion of the vagina, which is very rare, may require 
a complex clitorovaginoplasty. Historically, Hendren 
described a perineal pull-through vaginoplasty, as 
shown in Fig. 35.3 [6–8]. This involves separation of 
the vagina from the urogenital sinus and creation of 
two U-shaped flaps on the perineum above and below 
the area of the intended vaginal opening. The perineal 
flaps are required due to the inadequate length of the 
vagina, which enters the urogenital sinus high, close to 
the external sphincter of the urethra. In addition, the 
vagina itself is often diminutive. The final closure is an 
H-shaped configuration. Drawbacks to this procedure 
include an abnormal appearance to the perineum. We 
prefer the Passerini technique for this form of the ad-
renogenital syndrome because it results in a normal-
appearing introitus [13]. Figure 35.4 illustrates the 
preoperative and postoperative appearance. Cystos-
copy is performed and a Fogarty balloon catheter is 
placed in the vagina. An inverted Y incision is made 
starting at the base of the phallus, which is completely 

Fig.	35.3 Hendren flap vaginoplasty. cath. Catheter

Fig.	35.2 Vaginoplasty for low urogenital sinus abnormalities
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degloved in the plane between Buck’s fascia and the 
Dartos layer, mobilizing the urogenital sinus down to 
where the urethral meatus is to be located. This leaves 
flaps, which will be used to construct the distal vagina. 
The midline attachments of the perineal and pelvic 
floor musculature are divided posteriorly between the 
urogenital sinus and the rectum until the balloon is 
reached and the vagina exposed. The vagina is sepa-
rated from the urethra and the opening is closed with 
interrupted absorbable sutures. Traction sutures are 
placed in the vagina. A reduction clitoroplasty is per-
formed as described above except in cases where the 
phallus is too large, and then a resection of the corpo-
ral bodies and clitoral reduction is performed, taking 
care to preserve the dorsal neurovascular bundle. The 
urogenital sinus is split dorsally up to the point where 
it approaches the recessed clitoris, where a Y-flap is 
left and tacked down to form the urethral opening. 
The flaps that were created from the degloving are su-
tured to the open urogenital sinus and this is tabular-
ized and anastomosed to the exposed vaginal open-

ing. The skin edges are then closed and the vaginal 
opening is probed with a dilator.

35.3.2	 Mixed	Gonadal	Dysgenesis

Patients with this disorder have dysgenetic gonads 
and retained Mullerian structures, usually a streak go-
nad on one side and a dysplastic testis on the opposite 
side. Karyotypic analysis can reveal 46,XY or 45,XO/
XY. Removal of the rudimentary gonads is necessary 
due to a risk of degeneration and malignancy. Most of 
these patients are raised as girls and surgical therapy 
includes bilateral gonadectomy, clitoral recession, and 
vaginoplasty, usually a simple perineal flap vagino-
plasty.

35.3.3	 True	Hermaphroditism

Patients with true hermaphroditism are rare and have 
normal male and female gonadal tissue. Eighty per-
cent have a karyotypic makeup consisting of 46,XX, 
but the chromosomal composition can be 46,XY or 
46,XX/XY mosaic. The majority are raised as females 
and vaginal reconstruction follows the same guide-
lines as used for other forms of intersexuality.

35.4	 Persistent	Urogenital	Sinus

Simple persistence of a urogenital sinus is defined as a 
common channel for the vagina and urethra, not as-
sociated with anorectal abnormalities or ambiguous 
genitalia. A genitogram should be performed to de-
fine the level of insertion of the vagina into the com-
mon channel. Low insertion may be treated with a 
cutback vaginoplasty. A medium level of insertion of 
the vagina may require total urogenital mobilization. 
A very high insertion is best treated with the Passerini 
technique.

35.5	 Vaginal	Atresia

Failure of the Mullerian ducts to reach the urogenital 
sinus contributes to congenital vaginal atresia. This 
can present as complete atresia, proximal atresia, or 
distal atresia, and each form has a different clinical 
picture. Complete atresia results in normal fallopian 
tubes and usually a rudimentary or bicornuate uterus. 
The vaginal plate is in the form of a fibrous band. In 
proximal atresia, the fallopian tubes as well as the cer-

Fig.	35.4 Passerini genitovaginoplasty. A Preoperative anat-
omy. B Immediate postoperative result. C One month postop-
erative result
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vix and uterus are hypoplastic or absent. Distal atre-
sia results when there is a failure of the sinovaginal 
bulbs, arising from the urogenital sinus, to proliferate. 
In this presentation, the fallopian tubes, uterus, and 
cervix are normal.

35.5.1	 Mayer-Rokitansky	Syndrome

Classic total agenesis of the vagina has been described 
as Mayer-Rokitansky syndrome or Rokitansky-Küster-
Hauser syndrome. These patients are characterized by 
a 46,XX karyotype and they account for 15% of fe-
males who present with primary amenorrhea. Com-
plete absence of a vagina is present in 75% of patients, 
while 25% will have a short vaginal pouch. The pres-
ence of a uterus is variable, but usually a rudimen-
tary bicornuate uterus is seen, which rarely produces 
menstrual blood, but may cause monthly cramping. 
Normal ovaries and fallopian tubes are present. One-
third of these patients have urinary tract anomalies 
and about 12% have skeletal anomalies.

35.5.2	 Testicular	Feminization	Syndrome

This entity is one form of androgen insensitivity syn-
drome, including defects in testosterone synthesis, 
androgen resistance syndromes, and 5-alpha reduc-
tase deficits. TFS is due to insensitivity of the andro-
gen receptors in the external genitalia. The karyotype 
in these patients is 46,XY. Diagnosis is frequently 
made during routine inguinal herniorrhaphy in a girl 
when a gonad is found in the inguinal canal. Patients 
can also present with primary amenorrhea at puberty. 
Typically, examination reveals a very short vaginal 
vault. Treatment consists of bilateral gonadectomy 
to prevent masculinization at puberty and the rare 
case of malignancy. Reconstruction with an intestinal 
segment is performed at puberty. Some cases can be 
treated with progressive vaginal dilatation if there is a 
reasonable vaginal pouch.

35.5.3	 Acquired	Abnormalities

Rhabdomyosarcoma of the vagina or sarcoma bot-
ryoides has the typical presentation of a lobulated, 
grapelike mass protruding from the introitus, and oc-
curs only rarely in girls over the age of 8 years [10]. 
The mass is irritating and there is a bloody discharge 
present. The tumor begins in the subepithelial layer 
and can expand rapidly and be multicentric. In the 
past, these tumors have been treated with radical pel-
vic exenteration. A less mutilating approach involving 
chemotherapy and local resection is now used. In rare 
cases, patients may not respond completely to chemo-
therapy and may require complete vaginal resection 
and hysterectomy. In one report of 17 females, surgi-
cal cure was achieved in 15 with subsequent success-
ful menses and conception in a few [11]. When resec-
tion results in a cure, the vagina can be reconstructed 
at or after puberty with a colovaginoplasty.

35.6	 Colovaginoplasty

Reconstruction of the vagina for congenital or ac-
quired absence can be accomplished by several differ-
ent procedures, which are summarized in Table 35.2. 
The goals of therapy should include fertility, if at all 
possible, adequate sexual function without the need 
for continual dilatations or lubrication, and elimina-
tion of the risk of malignant change in the intraab-
dominal gonads. Historically, the Frank procedure, 
the McIndoe procedure, and the laparoscopic trac-
tion approach described by Vecchietti have been 
used. The Frank procedure involves progressive non-
surgical dilatation with graduated dilators used for 
20 min per day [4]. A 43% success rate was reported 
and failures were attributed to a lack of compliance. 
McIndoe described dissection of the space between 
the rectum and bladder with placement of a mold 
covered with a split-thickness skin graft [12]. Dilators 
are then used during epithelialization of the neova-
gina. Complications rates are small (10%) and include 

Table	35.2 Techniques of vaginal reconstruction for congenital and acquired absence [5]. STSG split-thickness skin graft

Procedure Technique Advantages Disadvantages

Frank Graduated dilators Noninvasive Noncompliance

McIndoe STSG-covered stent No intraabdominal surgery Requires dilators, lubricants

Vecchietti Intraabdominal traction Can be done laparoscopically Requires dilators, lubricants

Intestinal vaginoplasty Bowel as neovagina No lubricants required Major operation
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failure of the graft to take, hematoma formation, and 
fistula occurrence. A drawback to this method is the 
requirement for lubricants. The Vecchietti procedure 
involves intraabdominal traction applied to the peri-
neal membrane causing invagination over the course 
of 1 week [2]. This technique still requires the use of 
dilators. All of these techniques rarely produce a deep 
vaginal cavity. Because of this, we prefer intestinal 
vaginoplasty for reconstruction and have obtained 
very satisfactory results using a segment of colon as 
an interposition graft [17].

The technique of colovaginoplasty involves explo-
ration of the abdomen and pelvis through a Pfannen-
stiel incision or by laparoscopy (Fig. 35.5). In cases of 
Mayer-Rokitansky syndrome, the uterine horns are 
excised and the ovaries are left in place so that the 
patient does not require exogenous hormone replace-
ment. The patient can also harvest ova for in vitro 
fertilization using a surrogate mother if she desires. 
A 10- to 15-cm segment of sigmoid colon is then iso-
lated, preserving the blood supply. One end is closed 
in two layers to form the vertex of the neovagina, and 
the other end is left open to act as the neovaginal ori-
fice. The continuity of the colon is reestablished. The 

hymenal region of the vulva is incised and the vagi-
nal tract is bluntly dissected between the bladder and 
rectum to the level of the peritoneal reflection. The 
open sigmoid loop is pulled down into position. A 
single-layer anastomosis is performed in the hymenal 
region.

Our series includes 36 patients who underwent 
intestinal vaginoplasty for a variety of anomalies and 
is depicted in Fig. 35.6. Fourteen patients had Mayer-
Rokitansky syndrome, 10 had TFS, 8 had cloacal 
anomalies, 3 had vaginal rhabdomyosarcoma, and 1 
patient had mixed gonadal dysgenesis. Some groups 
have described a small incidence of diversion colitis 
with this procedure, but we have not seen this [1,9,14]. 
All patients report adequate patency for intercourse 
and no need for lubrication. None of our patients 
have experienced excessive mucus production.

35.7	 Cloacal	Anomalies

If a persistent urogenital sinus is associated with an 
anorectal malformation the patient has a cloacal 
anomaly. This involves all three systems joining in 

Fig.	35.5 Technique of colovagi-
noplasty. A Isolation of 10–15 cm 
of sigmoid colon. B The segment 
is positioned to anastomose to the 
hymenal ring. C The colocolostomy 
is completed. D The completed 
vaginoplasty is loosely packed with 
Vaseline gauze
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a common channel. The appearance externally is a 
closed perineum with a single opening. A low com-
mon channel is not usually associated with urinary 
obstruction, and a perineal vaginoplasty and pull-
through anoplasty are adequate. A medium or long 
common channel is usually associated with urinary 
obstruction, and surgical correction is more complex. 
In the medium-length channel (2–4 cm), urogenital 
mobilization is adequate for vaginal reconstruction. 
In the long-channel variety (> 4 cm), an intestinal 
vaginoplasty is needed.

35.8	 Congenital	Vaginal	Obstruction

Other forms of vaginal obstruction include imperfo-
rate hymen, labial fusion, and high transverse vaginal 
septum. Presentation can be similar for all forms of 
obstruction and patients often have a lower abdomi-
nal mass on examination. They can also present with 
urinary tract obstruction. With an imperforate hy-
men, the patient can present with hydrocolpos at birth 
or early infancy, or hydrometrocolpos at puberty. A 
bulging mass is seen on the perineum in the newborn 
and this can often be opened using a hemostat.

Labial fusion can present in one of two ways:
1.  A primary skin bridge may be present and these 

patients can present with urinary tract infections; 
division may require anesthesia

2.  Synechiae may be seen in girls typically between 
1–5 years of age. This may due to chronic irrita-
tion or relative lack of estrogen stimulation. The 
membrane can be divided in an outpatient setting 
but may recur. It is useful to apply cream daily to 
the area post correction.

A high transverse vaginal septum is a rarer form of 
vaginal obstruction and can be associated with par-
tial anterior vaginal agenesis or persistence of a com-
mon urogenital sinus [3]. Treatment is drainage in the 

acute setting followed by resection of the septum and 
perineal vaginal pull-through.

35.9	 Summary

A large spectrum of anatomical vaginal abnormali-
ties has been presented and an equally large spectrum 
of surgical procedures has been reviewed. Thorough 
evaluation of the anatomy of a newborn with ambigu-
ous genitalia, persistent urogenital sinus, vaginal atre-
sia, or cloaca is required before deciding which type 
of surgical correction is necessary. Indications for to-
tal replacement with a colovaginoplasty include total 
vaginal agenesis, as in the case of Mayer-Rokitansky 
syndrome, and absence of a uterus and proximal va-
gina, as in the case of TFS. A cloacal anomaly may 
require total replacement in the form of an intestinal 
vaginoplasty, usually utilizing a portion of the small 
bowel. Complex reconstructions like a Passerini cli-
torovaginoplasty are indicated for the highly virilized 
adrenogenital syndrome patient or a patient with a 
persistent urogenital sinus with a very high insertion 
of the vagina.
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36.1	 Introduction

Anorectal malformations (ARM) and cloacal anoma-
lies are rare and complex malformations of the lower 
gastrointestinal and genitourinary tract. They affect 
approximately 1:3,500–1:5,000 live births [1]. They 
may occur in isolation or in association with abnor-
malities of the urogenital, cardiovascular and skeletal 
systems as well as with the vertebral, anal, cardiac, 
tracheoesophageal, renal and limb abnormalities 
(VACTERL) association. Treatment has traditionally 
focussed on achieving urinary and faecal continence 
with preservation of renal function. Diversion of the 
bowel may be required. It will often be possible to cre-
ate a continent bladder, though emptying may require 
intermittent catheterisation. A continent rectum is 
more difficult and many children remain clean only 
by a process of “controlled constipation” or continue 
with a colostomy [2]. Faecal continence remains a 
challenge and is achieved in about 60% of patients.

The most severe form of cloaca is rare. It is often 
associated with other major congenital anomalies. 
The cloaca is a common channel comprising the 
urethra, vagina and rectum; there is almost never an 
anal sphincter and seldom a urethral one (Fig. 36.1). 
In intermediate forms the urethral sphincter may be 
normal. The urinary anomalies are potentially lethal 
and reconstructive surgery in childhood is technically 
very difficult. There is, therefore, little information 

on long-term outcomes. This condition must be dis-
tinguished from cloacal exstrophy, which is a severe 
variant of ectopia vesicae.

With improved surgical techniques and paediatric 
intensive care facilities, many patients with ARM now 
live relatively normal lives, with a near-normal life ex-
pectancy. Therefore, sexual function and fertility are 
of increasing importance. Sexual function may be im-
paired for several reasons:
1.  Associated malformations of the genital system
2.  Iatrogenic injury at the time of surgical repair ei-

ther to genital/reproductive structures, or to their 
nerve supply structures

3.  Psychological problems as a consequence of ARM 
may impair relationships

4.  Social isolation, which may be associated with 
urinary or faecal incontinence

Patients who have normal sexual function may 
also experience difficulties with fertility. In male pa-
tients these two aspects may be inextricably linked, as 
men with erectile difficulties also may fail to ejaculate 
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Fig.	36.1 Adult patient with an uncorrected cloaca
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and will require sperm extraction techniques. The ex-
tent of these problems in the adult ARM population 
is difficult to assess as many of the long-term outcome 
studies are carried out to include a paediatric popula-
tion, where questioning about sexual activity and fer-
tility would be inappropriate. Therefore, cohorts for 
late follow up have to be recruited from a variety of 
sources, including patient support groups, which may 
give an overestimate of late problems. Furthermore, 
research tends to concentrate on outcomes for faecal 
continence. Even when sexual function is considered, 
it seems to be little more than a footnote, sometimes 
without distinguishing between genders.

In spite of improved surgical techniques, there is 
still an appreciable amount of morbidity associated 
with ARM. The consequences of a serious medical 
condition combined with protracted and repeated 
hospital admissions will undoubtedly have an effect 
on both the patients and their families. Patients with 
ARM have been shown to have increased rates of sig-
nificant emotional problems. In two recent series the 
rates of psychiatric diagnoses were 58% and 35%, re-
spectively [3,4]. The higher rate may have been due 
to the twice-daily anal dilatations that the patients 
underwent as children. The intrusiveness of such a 
procedure may have had long-term consequences for 
self-esteem and body image, both of which are im-
portant in the context of sexual confidence. It may be 
prudent to consider this when defining bowel man-
agement regimes for young patients with ARM, where 
regular rectal enema or washout administration may 
be required to achieve faecal continence.

Bai et al. [5] have also postulated that the effects 
of faecal incontinence would have a knock-on effect 
in adult life, impacting on, for example, future oc-
cupation and relationships. It would seem likely that 
young adults who are faecally incontinent will have 
issues with close relationships and self-esteem. Fur-
thermore, the stigma of incontinence may exacerbate 
any problems the patients may have, as society views 
people who are incontinent in a negative way, further 
limiting the role these patients feel able to play in so-
ciety [6].

36.1.1	 Female	Genital	Anomalies

The original descriptions of ARM noted the presence 
of a faecal fistula that was usually said to open into 
the vagina. It would seem that true rectovaginal fis-
tula is, in fact, rare. Most of the fistulae actually open 
into the vestibule or represent a missed diagnosis of 
cloaca [7].

Aside from the fistula, the associated female geni-
tal anomalies have been poorly documented but are 
known to be common. Authors writing on surgical re-
construction in childhood may not be too concerned 
with the genitalia and surgeons may simply fail to re-
cord anomalies that are not directly relevant to their 
management [8]. Hall et al., in trying to quantify the 
incidence of genital anomalies from a retrospective 
chart review, found that the vagina had been assessed 
in only 72 out of 162 girls and the internal genitalia 
in only 51. They found that 22 (out of 72; 32%) had a 
vaginal anomaly and 18 (out of 51; 35%) had a uter-
ine anomaly. All of the uterine anomalies were seri-
ous (Table 36.1 and Fig. 36.2) [9]. Subsequent studies 
have found the rate of female genital anomalies to be 
lower [10]; this may be in part explained by the de-
layed diagnosis of female genital anomalies, as many 
of these do not present until puberty.

In females with cloaca who survive into adult life, 
the pattern of genital anomalies is similar. Menstrual 
function is present in 68%, but of these, more than 
half had an obstructed outflow at a variety of levels. 
In 10 out of 41 girls, a diagnosis of absent or vestigial 
uterus was made on laparotomy in infancy, but 6 of 
them developed normal menstrual function at pu-
berty, an observation that should make the paediatric 
surgeon very reticent in commenting on the internal 
genitalia [11]. The authors of this study further rec-
ommend that all females with cloaca undergo further 
gynaecological assessment early in puberty.

Table	36.1 Genital anomalies in female children born with 
anorectal malformations (ARM). Data from Hall et al. [9]

Lower genital tract anomalies (n = 72) Number

Vaginal septum 13

Vaginal agenesis 5

Distal stenosis 1

Lower-third agenesis 1

Hymenal band 1

Total 21 (29,1%)

Upper genital tract anomalies (n = 51)

Bicornuate uterus 8

Uterus didelphys 8

Hypoplastic uterus 2

Total 18 (35%)
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36.1.2	 Female	Sexual	Function

If the vagina is present, intercourse is possible unless 
there is a psychological problem, usually related to the 
fear of faecal incontinence. Unfortunately, the qual-
ity-of-life studies do not distinguish between men 
and women in giving these data. Sexual difficulties, 
particularly related to anal dysfunction, were found 
in 13% of those born with a low anomaly and 30% of 
those with a high or intermediate anomaly. The gen-
der of the patients was not specified [12,13].

In those who have undergone vaginal surgery as 
part of their reconstruction, scarring is a common 
problem and can lead to stenosis and dyspareunia. 
The increasing recognition of the efficacy of vaginal 
dilatation alone has made this the initial treatment 
of choice [14], as failure will not have a detrimental 
effect on vaginal/perineal tissue. Nevertheless, there 
are cases where it is almost impossible to provide an 
adequate vagina without transferring healthy tissue 
such as bowel or skin.

Hall et al. report that 8 out of 17 patients for whom 
enough information was available had vaginal scar-
ring and impaired vaginal function. It was not known 
what effect this had on intercourse. It was felt that 
much of the problem lay in the unoestrogenised tis-
sue that was operated upon in infancy. They recom-
mended the deferment of vaginoplasty to the post-
pubertal period if possible [9]. In those patients who 
have undergone repeated vaginal operations, the 
failure rate of subsequent operations is unfortunately 
high. In a recent series, stenosis occurred in 40% of 
patients who had undergone more than one vaginal 
reconstruction [15]. If the vagina is too small, pen-

etrative intercourse is impossible, but some patients 
prefer to use non-penetrative techniques rather than 
risk worsening their already tenuous anal control.

36.2	 Pregnancy

Where intercourse is possible and the Mullerian struc-
tures normal, pregnancy is possible. Many of those 
looking after ARM patients are concerned about the 
potential damage that could occur during the course 
of pregnancy and childbirth. These include:
1.  Possible deterioration in renal function – particu-

larly if a degree of renal failure already exists.
2.  Worsening urinary incontinence, or damage to 

urinary diversions during delivery.
3.  Decreased faecal control as a result of pelvic floor 

injury.

In a series of 29 pregnancies in 20 women who had 
undergone lower urinary tract reconstructions for a 
variety of underlying conditions [16], it was reported 
that there was no significant deterioration in the renal 
function. Two-thirds of the patients underwent Cae-
sarean section; the reasons postulated for this were 
reluctance to risk possible damage to the repair and 
the patient’s continence mechanism, spinal anomalies 
that precluded spinal analgesia and the benefits of a 
planned procedure to ensure the availability of suit-
able staff.

Uterine anomalies, such as the didelphys, bicornu-
ate or septate, may be symptomless and not present 
until the patient suffers recurrent miscarriage. These 
patients will require specialist gynaecological inter-
vention. There has been some recent success in em-
bryo implantation; overall, half of the women achieved 
a successful delivery. However, the pregnancy rate 
per embryo transfer is low: 19% for unicornuate and 
septate uteri and 11% for didelphys [17]. If the uterus 
fails to develop or is absent, there is nothing that can 
be done to enlarge it.

The issue of the potential for affected offspring 
may be a concern to females with an ARM. However, 
familial ARM is rare and at present no single gene has 
been implicated. There are numerous reports of cases 
with varying patterns of inheritance See Chaps. 2 and 
3 [18–20]. Nevertheless, potential parents will often 
ask if screening is possible. At present it seems that the 
pick-up rate for all of the gastrointestinal atresias is 
low. When found, they are usually identified through 
the associated anomalies. In a large series from France 
of 118,265 foetal ultrasound scans, the sensitivity for 
ARM was 8.2%, and none of the 27 isolated cases was 

Fig.	36.2 Operative photograph of a uterus didelphys. There 
is a clamp on the right half and the left tube. The left half is 
rotated with the Fallopian tube and broad ligament lying pos-
teromedially
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identified. The mean stage of pregnancy at which 
ARM was identified, was 27.5 weeks [21].

36.3	 Vaginal	Reconstruction

The problem of the woman with an absent or inad-
equate vagina is unresolved. Much of the reported 
work has been on patients with intersex conditions, 
but the same principles apply to the vaginal anoma-
lies associated with ARM. A variety of techniques for 
reconstruction are available. None has been shown 
to produce an ideal substitute for the natural organ 
and it seems unlikely that any would have the same 
sexual sensation as the natural vagina. In an extensive 
review of the literature, it was found that follow-up 
assessment was usually confined to the observation 
that penetrative intercourse was possible, with no 
attempt to measure its quality [22]. There was little 
critical evaluation of female sexuality. In Peña’s series 
there were 22 females over the age of 14 years. Only 
seven were considered to be gynaecologically nor-
mal. Six had a small or absent uterus and nine had an 
obstructed uterus at a variety of levels [7]. It is these 
patients who present a major surgical challenge. Al-
though it is correct to evaluate as well as possible the 
quality of intercourse to decide which technique is the 
best, it must be remembered that surgery only enables 
penetrative intercourse to take place; it might be said 
that poor intercourse may be better than none at all.

If the vagina is normal and unscarred but narrow, 
every effort should be made to enlarge it by progres-
sive self-dilatation. In motivated adults, it is possible 
over several months to lengthen a vagina from 5 mm 
to 10 cm with sufficient diameter for intercourse, with 
graded acrylic moulds (Fig. 36.3). The advantage of 
this technique is that the vagina maintains normal 
physiological function, including lubrication [23].

There is some conflict about the wisdom of rou-
tine dilatation of the vagina after genitoplasty in in-
fancy. Krege et al. suggest that it should not be routine 
if only because of the psychological problems that 
it may cause (though they offer no evidence for this 
fear) [24]. Gearhart and, even more strongly, Hen-
dren recommend dilatation to prevent postopera-
tive stenosis [25]. In spite of this, all of the patients 
required further, albeit minor, surgery at puberty to 
allow intercourse.

In cases where the perineal tissues are scarred, dil-
atation therapy may not be an option. Occasionally, it 
may be possible to dilate the vagina under anaesthetic 
sufficiently that the woman can maintain its calibre 

with regular dilatation or intercourse. When dilata-
tion is possible, the outcome for sexual intercourse 
appears satisfactory in the small number of cases that 
have been reported: in one series all of three women 
with congenital adrenal hyperplasia (CAH) were able 
to have satisfactory intercourse and two became preg-
nant. In contrast, 50% of patients (none of whom had 
CAH) who had various forms of reconstruction com-
plained of bleeding with intercourse [23].

If reconstructive surgery is required, careful defi-
nition of the extent of the problem is required. The 
patients should be adequately assessed and long-term 
follow-up is essential (Table 36.2). The external geni-
talia and vagina are best defined by examination under 
anaesthetic by all of the surgeons likely to be involved 
in the reconstruction – gynaecologist, plastic surgeon 
and urologist. The cystoscope can be used to inspect 
the vagina above a narrow introitus, often finding that 
the upper part of the vagina is normal. The internal 
genitalia are best defined by magnetic resonance im-
aging. The results are much better if there is a natural 
introitus, with clitoris and labia.

A narrow vagina may be augmented with bowel or 
skin. Bowel augmentation may be achieved with any 
suitable part of the large or small intestine. A piece 
of ileum equal in length to the existing vagina and 
with a long enough pedicle to reach the introitus is se-
lected. It is opened on its antimesenteric border. The 
vagina is opened longitudinally either anteriorly or 
posteriorly and sutured “face to face” with the ileum. 
Follow up has been confined to establishing that in-
tercourse takes place without undue difficulty. Up to 
70% of women who had an intestinal vagina formed 
in infancy report the ability to have intercourse, with 
a 10% incidence of dyspareunia [26].

Fig.	36.3 Amielle dilators
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Skin augmentation is usually performed by using 
skin from the medial aspect of the thigh. The tech-
nique was originally described by Sir Archibald Mc-
Indoe in 1938. There have been several modifications, 
but the principle remains the same: a cavity is created 
in the position of the vagina and lined with meshed 
split skin on a mould. The initial complication rate is 
high as the skin fails to take in about 65% of patients. 
Most will require at least one revision procedure and 
final surgery is best left until after puberty. About 75% 
of patients are able to have intercourse (and some of 
the remainder may be unwilling rather than unable). 
Self-dilatation with a mould is usually needed in peri-
ods of sexual inactivity [27]. A variety of other tissues 
have been used as free grafts to line a vagina that has 
been split open longitudinally. Many of the series are 
small and the results unpredictable [28].

In the small number of girls with normal inter-
nal genitalia and no vagina (Fig. 36.4), the timing 
of surgery is critical; however, menstruation can be 
suppressed temporarily with luteinising hormone re-
leasing hormone agonists. Bowel, skin, amnion and 

other materials have been used to make replacement 
vaginas in these situations, but again, none is satis-
factory. Skin on a pedicled flap is rather bulky and 
split skin has a poor take. The vagina is dry and the 
squamous lining desquamates, producing a foul dis-
charge. Amnion has shown quite promising results, 
but availability is limited, especially in the era of HIV 
infection. Ileum may be too narrow, colon too large 
and both may produce copious smelly mucus, thus 
condemning the girl to a lifetime of wearing sanitary 
protection, which is far from ideal. There is a general 
tendency to make intestinal vaginas too long, which 
compounds the problem (Fig. 36.5).

The timing of reconstruction is very important. If 
surgery is carried out in young girls, dilatation may be 
required throughout childhood for an organ that, it 
may be hoped, will not be used for 14 years or more. 
Perhaps the most compelling argument against sur-
gery in infancy is the risk of neoplasia. In a review, 
Schober identified five cases of squamous cell carci-
noma of skin vaginas and four cases of adenocarci-
noma of intestinal vaginas between 1927 and 1994. 

Table	36.2 Vaginoplasty assessment considerations; adapted from Davies et al. [15]. MRI Magnetic resonance imaging, EUA ex-
amination under anaesthesia

Assessment Recommendations

Imaging All patients should have pelvic MRI to assess:
• Cervix – presence and patency
• Distance between proximal and distal vagina
• Presence of uterus +/- haematometra
• Bony pelvis

Chromosome studies Normally performed in neonates, but diagnosis should be confirmed

Psychology Required pre- and post-operatively to:
• Agree timing of surgery
• Ensure expectations of surgery are realistic
• Improve compliance with post-operative dilator therapy 
• Help deal with post-operative complications

EUA Essential to assess:
• Vagina
• Urethra, bladder and rectum
• Pliability of tissues
• Presence and extent of scarring

Post-operative assessment Should be ongoing and long-term and include:
• Cosmesis
• Menstruation
• Sexual intercourse

Long-term follow-up Possible long-term malignancy risk:
• Annual vaginal examination
• Early reporting of bleeding or discharge
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The cases occurred in women between 25 and 30 years 
old and between 8 and 25 years after reconstruction 
[22]. The average time from surgery to diagnosis is es-
timated to be 17 years [29]. They are admittedly very 
rare cancers and none of the relatively large series of 
vaginal reconstruction report any cases. Nonetheless, 
the risk remains and a good case can be made for de-

ferring elective surgery until a woman needs a vagina 
and can give her own consent.

36.4	 Male	Genital	Anomalies

The incidence of male genital anomalies is lower than 
for female genital anomalies. However, an exact level 
is difficult to define because of limited and contra-
dictory literature. Hoekstra et al. recorded all of the 
genitourinary anomalies associated with ARM in 150 
children [30]. The genital anomalies in boys were 
relatively uncommon and mainly of little significance, 
especially when considering sexual function in later 
life (Table 36.3).

In a later series, the incidence of genital anoma-
lies was identical, but the pattern was very different. 
The commonest was ambiguous genitalia and the 
gender of rearing may not have corresponded to the 
genotype. Cho et al. recorded 16 anomalies in 69 boys 
(23%), assuming all of those with ambiguous genitalia 
were male (Table 36.4) [31]. It would seem, therefore, 
that there is a wide range of possible genital anoma-
lies in boys, many of which would have little impact 
on future sexuality or fertility.

Although spinal cord anomalies have a major im-
pact on sexual function in both genders, it tends to be 
more severe in males, at least in those born with my-
elodysplasia. There is a high incidence of neurovesical 
dysfunction in children with ARM. The main cause is 

Fig.	36.4 Clinical photograph of an adult female born with 
anorectal and vaginal agenesis

Fig.	36.5 Clinical photograph of a vagina constructed from 
the ileum in a woman born with anorectal agenesis. The ap-
pearance is good, but persistent coital haemorrhage has been a 
severe impediment to regular intercourse

Table	36.3 Genital anomalies in 80 boys born with ARM [30]

Genital anomalies (n = 80) Number

Hypospadias 10

Scrotal deformity 3

Penile duplication 2

Cryptorchidism 2

Micropenis 1

Total 18 (23%)

Table	36.4 Genital anomalies in male children born with 
ARM. Data from Cho et al. [31]

Genital anomaly (n = 69) Number

Ambiguous genitalia 7

Cryptorchidism 5

Bifid scrotum 4

Total 16 (23%)
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the associated spinal abnormalities, especially hemi-
vertebrae. The reconstructive surgery probably has 
little additional effect. The bladder problem is usually 
an upper motor neurone hyperreflexia due to lumbo-
sacral anomalies. In a review of the literature, 29% of 
those with a high ARM and 6% with a low anomaly 
had urinary incontinence [32]. If an analogy can be 
drawn with the general myelodysplasia population, 
the impact on potency may not be great, especially if 
the neurological lesion is incomplete. All males with 
myelodysplasia with intact sacral reflexes and urinary 
continence are potent. With absent sacral reflexes, 
64% with levels below D10 and 14% with levels above 
D10 are potent [33]. As most of those with ARM and 
neuropathy have a level well below D10, few should 
be impotent.

36.4.1	 Male	Sexual	Function

There are few data on male sexual function. It would 
seem that no unit has been able to follow up its own 
patients into mature adult life. It is recorded that no 
adult patients have normal faecal continence, which 
is certainly a bad start for any individual wishing to 
share his life and bed with another [34]. Nonetheless, 
in this study there was no difference in arrangements 
for family life between patients and the normal popu-
lation in The Netherlands, and the same proportions 
were cohabiting. There was no specific reference to 
sexual function, but it was striking that 24% of pa-
tients never had a lasting relationship [34].

Peña specifically records the sexual function of his 
older patients. All of 20 claimed to be potent, 14 en-
joyed masturbation, 6 had had intercourse and one 
was married and has a child [7]. Iwai et al. give similar 
figures for all of their five male patients [35]. Rintala 
et al. have compared their own patients with low and 
high anomalies separately and compared them to 
healthy controls. In those with a low anomaly, 11 out 
of 83 patients (13%) had difficulties with intercourse 
but always related to concerns about anal function. 
No mention was made of any patient being physi-
cally unable to have intercourse [12]. In patients with 
an intermediate or high anomaly, 10 out of 33 (30%) 
had sexual dysfunction. Although it is not stated how 
many of these were male, three had erectile dysfunc-
tion and two had retrograde ejaculation. Six of the ten 
cited fear of anal incontinence as a significant limita-
tion on their sexual activity [13].

Whilst sexual function may be easily assessed by 
questioning the patient, fertility requires closer inves-
tigation of the patient with sperm samples and imag-

ing of the vas deferens. Therefore, in much of the pub-
lished literature we see paternity being used as a means 
of assessing fertility. Impaired sexual function is seen 
in adult male patients who have undergone surgical 
procedures on the prostate and rectum, but appears 
to be a rare consequence of the surgery entailed in re-
pairing ARM [36]. Pryor and Hendry report five pa-
tients with ARM who were infertile due to obstructed 
ejaculatory ducts. In some (they were part of a larger 
group) it was possible to produce a pregnancy either 
by surgery or by harvesting of sperm [37]. Recent ad-
vances in reproductive technology have increased the 
chances of those previously considered to be infertile 
and may be of particular importance in ARM pa-
tients. Intracytoplasmic sperm injection allows sperm 
to be extracted from the ejaculate, epididymis or tes-
tis. A single sperm can then be injected into an ovum 
and allow patients with very low sperm counts and 
those who are not able to ejaculate the possibility of 
fatherhood. Reasons for this group to be infertile or 
subfertile include:
1.  Associated genital anomalies such as maldescent 

of the testes.
2.  Associated sacral anomalies.
3.  Iatrogenic injury to nerves or genital structures 

during surgical repair.

Testicular maldescent is reported to be present in 
3–19% [38,39]; furthermore, the higher the level of 
ARM the higher the rate of cryptorchidism. Cortes 
et al. found that rates of cryptorchidism approached 
50% in boys with associated renal or ureteric anoma-
lies [40]. The rate of infertility attributable to unde-
scended testes cannot be accurately determined and 
paternity rates reported in the literature for unde-
scended testes range greatly [41].

In a study of 20 ARM patients investigated for in-
fertility following an anorectal pull-through proce-
dure it was found that iatrogenic injury accounted for 
at least half of the cases [36]. Other reported causes 
included recurrent epididymo-orchiditis [42] as a 
consequence of urine refluxing into the vas deferens 
[43]. Such urinary reflux may be idiopathic or a con-
sequence of an associated vasal anomaly, such as vasal 
ectopia to the bladder, large prostatic utricle or poste-
rior urethral valves [44]. Iatrogenic injury may also be 
implicated in urinary reflux.

36.5	 Conclusions

ARM have adverse implications for fertility and sex-
ual function for a variety of reasons. Full informa-
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tion about the diagnosis and its implications must be 
made available to the family and should be explained 
clearly so that the patients, if old enough, and their 
parents can fully appreciate the extent of the future 
problem. When dealing with adolescents and young 
adults with ARM it is important that issues regarding 
sexual function and fulfilment are addressed openly 
and without embarrassment. Many of these patients 
will have become used to visiting their paediatric sur-
geon or urologist where these adult problems are not 
fully addressed. It is important that they feel able to 
request help with issues of a more personal nature.

Another helpful resource that may be of particu-
lar help is the patient support group. These groups 
can provide useful additional information, often of 
a more practical nature; details of such organisations 
should be available in the clinics where these patients 
are seen. Another useful tool in aiding a patient’s un-
derstanding of what are often quite difficult concepts 
is written literature, which should be up-to-date and 
written in clear easy-to-understand terms.
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37.1	 Introduction

The birth of a child with an imperforate anus is not 
only a surgical challenge, but also a shocking event 
for a partnership and the whole family. Neither par-
ents nor physicians, who have no regular contact with 
such cases, can imagine how this event (and the ef-
forts for a definitive solution by pull-through surgery) 
will influence the social system around this handi-
capped individual. A diagnosis of anorectal anomaly 
(anorectal malformation, ARM) no longer means 
a death sentence, and over the last 6 decades, surgi-
cal treatment has became more and more successful, 
especially after the introduction of the current gold 
standard of posterior sagittal anorectoplasty (PSARP) 
[6]. For this reason, secondary issues have become 
more and more relevant. There are methods of im-
proved follow-up [18,31] and coping with this special 
situation by both patients and families.

The view of a surgeon, of course, differs from that 
of a family. Unlike the surgeon, the families struggle 
with the daily care of the child after the pull-through 
surgery and live with the long-term consequences. 

Some surgeons even think that there are no further 
problems at all, if there are no surgical problems or 
complaints. An evaluation of the surgical results with 
the outcome of continence is usually performed only 
in their own hospital. Furthermore, the continence 
scores and their interpretation are quite divergent be-
tween different centres. Hopefully, the Krickenbeck 
standards [13] will help to rectify the current situa-
tion (Tables 37.1–37.3). On the other hand, unfortu-
nately a lot of patients and parents tolerate major and 
minor disabilities or suppress the problems.

Table	37.1 Standards for diagnosis: International classification 
(Krickenbeck)

Major clinical groups Rare/regional variants

Perineal (cutaneous) fistula
Rectourethral fistula
 • prostatic
 • bulbar
Rectovesical fistula
Vestibular fistula
Cloaca
No fistula
Anal stenosis

Pouch colon
Rectal atresia/stenosis
Rectovaginal fistula
H-fistula
Others

Table	37.2 International grouping (Krickenbeck) of surgical 
procedures for follow-up

Operative procedures Perineal operation
Anterior sagittal approach
Sacroperineal procedure
Posterior sagittal ano-
rectoplasty (PSARP)
Abdominosacroperineal 
pull-through
Abdominoperineal 
pull-through
Laparoscopically 
assisted pull-through

Associated conditions Sacral anomalies
Tethered cord
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Table	37.3 International classification (Krickenbeck) for post-
operative results

1. Voluntary bowel movements Yes/no

  Feeling of urge, capacity to verbalise, 
hold the bowel movement

2. Soiling Yes/no

  Grade 1: Occasionally (once or twice per week)
  Grade 2: Every day, no social problem
  Grade 3: Constant, social problem

3. Constipation Yes/no

 Grade 1: Manageable by changes in diet
 Grade 2: Requires laxatives
 Grade 3: Resistant to laxatives and diet

In the last 2 decades, however, in several coun-
tries organisations of concerned people have been 
established (Table 37.4). For such rare conditions like 
ARM they have become an indispensable support and 
information network for the secondary issues that ac-
company this congenital and, in spite of successful 
surgery, chronic condition. Collaboration between 
parents and patients on one side and physicians on 
the other is a promising development that has made 
this article possible. This is the first time that a con-
tribution from a self-help organisation has appeared 
in a standard textbook on anorectal malformations 
(ARM).

The German branch (Selbsthilfeorganisation für 
Menschen mit Anorektalfehlbildungen eV, SoMA 
eV) of support groups for people with ARM recently 

Table	37.4 Eleven currently known support groups for anorectal malformations (in 2005)

Country Name Established Members Contact

Norway NFA: Norsk Forening 
for Analatresi

1981 300 http://www.analatresi.no
e-mail: have a look on website

Chile Asociacion Nacional de 
ninos con malformacio-
nes anorectales de Chile

1986 450 no website available
e-mail: marioantoniovarela@vtr.net

USA PTN: Pull-thru Network 1988 700 http://www.pullthrough.org
e-mail: info@pullthrough.org

Germany SoMA: Self-help-or-
ganisation for people with 
anorectal malformations

1989 500 http://www.soma-ev.de
e-mail: info@soma-ev.de

Finland AH-POTILAAT-RY: 
Finnish association for 
Anus atresia and Hirschs-
brung disease patients

1991 100 http://www.ah-potilaat.org
e-mail: info@ah-potilaat.org 

The Netherlands Dutch Association 
“Vereniging Anusatresie”

1993 350 http://www.anusatresie.nl
e-mail: info@anusatresie.nl

Italy AIMAR: Associazione 
Italiana per le Mal-
formazioni AnoRettali

1994 500 http://www.romacivica.net/aimar/
e-mail: dalia.aminoff@agcm.it

Taiwan Imperforate Anus 
Family Association

1994 200 http://www2.mmh.org.tw
e-mail: mmhss@ms2.mmh.org.tw

Israel Israelian Parents Organisation 1996 50 http://www.itmut.info
e-mail: phili@itmut.info

Portugal APMAR: Associacao 
Portuguesa de Malfor-
macoes Anorectais e 
Patologias Associadas

2003 ? http://www.apamar.org
e-mail: info@apamar.org

Australia PCAA:
Paediatric Continence 
Association of Australia

2004 200 http://www.pcaa.org.au
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performed an exhaustive survey of member families. 
Some of the results of this ground-breaking research 
will be presented in this article. The focus of this con-
tribution is on the application of non-surgical meth-
ods, contentment and continence function according 
to the Krickenbeck criteria and the impact on families 
as seen by parents.

Collaborative international studies will become 
possible when cooperation between professionals and 
support groups is improved further. A visionary goal 
is a standardised follow-up chart and regular registra-
tion of each individual in their country-specific net-
work (Table 37.4).

37.2	 Materials	and	Methods

This investigation was approved by an independent 
ethics committee at the Charité – University Medi-
cine in Berlin. The study was conducted between the 
autumn of 2004 and spring 2005. It was a postal sur-
vey addressed to member parents involving a stan-
dardised questionnaire (total 23 pages). Parents were 
included if their children were between 3 and 17 years 
of age. The intention was to collect epidemiological 
data regarding type of ARM, type of post-surgical 
therapy, degree of contentment, persisting needs, psy-
chiatric screening, quality of life (QOL), faecal conti-
nence and family impact, using descriptive statistics.

The final sample consisted of 104 (28%) polled 
families who are members of the parent network from 
all over Germany. Of course this is a selected sample 
of very committed parents, with one in three partici-
pating couples having an academic degree.

Evaluation of classification, aftercare methods and 
degree of contentment was carried out in collabora-
tion with the Italian association for ARM (Associazi-
one Italiana per le Malformazioni AnoRettali). The 
results of the Italian questionnaire were based on a 
sample size of 209 (with no age limits), which is about 
double our sample [1].

QOL and continence were measured using a paedi-
atric disease-specific instrument, the Hirschsprung’s 
disease/ARM quality-of-life instrument (HAQL) de-
veloped by Hanneman et al. [8]. We translated the 
HAQL into German according to the guidelines. The 
HAQL and a five-item index described by Ditesheim 
and Templeton [5] are the only QOL scores assessing 
faecal incontinence in children [29]. The strong rela-
tionship between incontinence and QOL was demon-
strated by Rothbarth et al. [24] on two other scales in 
32 adult patients. Hanneman et al. [8] evaluated the 
HAQL on 534 patients aged 6–17 years. Whereas we 

only used the parent version of the HAQL (initially 
only for families with 6- to 11-year-olds) consisting 
of 46 items with 12 additional items for children with 
stomas, this questionnaire covered the following do-
mains: laxative and constipating diet (each two items), 
diarrhoea (two items), constipation (one item), faecal 
continence (eight items), urinary continence (four 
items), social functioning (three items), emotional 
functioning (six items), body image (two items) and 
physical symptoms (nine items). We transformed the 
answers into two of three qualitative outcome do-
mains according to the Krickenbeck agreement: soil-
ing and constipation (see Table 37.3).

To evaluate the impact on the family with a chroni-
cally ill child, the Anglo-American impact-on-fam-
ily scale (IFS) [27] was originally developed with 33 
items ordered in 4 levels. In 2001, Ravens-Sieberer 
et al. [22] validated a German version of this self-re-
port scale on 273 families with a child affected by dif-
ferent chronic conditions, such as epilepsy, diabetes 
and neurological disabilities from mild psychomotor 
problems to severe mental retardation. We used this 
so-called FaBel (Familien-Belastung-Fragebogen) to 
estimate the impact of the specific disease (ARM) on 
the family in several areas. We stratified the score for 
each scale into four categories: “better” if the result 
was less then one standard deviation (SD) below the 
mean of the reference population (< mean – 1×SD) 
and “worse” or “much worse”  if the score was raised 
more than one or two (“much worse”) standard de-
viations (> mean + 1×SD or > mean + 2×SD, respec-
tively), respectively, above the reference population of 
chronic disabled children. The results of our family 
study can thus be compared with a reference popula-
tion (i.e. families with different chronic conditions). 
Five scales could be separated: financial burden and 
job problems (4 items), daily social impact, partner-
ship, leisure time (15 items), personal strain, worries 
regarding the future (5 items), coping problems of the 
parents (3 items) and concerns regarding siblings (6 
items). The first four scales built up the total impact 
score (27 items). This questionnaire is available in four 
languages, English, German, Spanish and Italian.

37.3	 Results

37.3.1	 Demographics	and	Classification

The sample consisted of 104 responses from parents 
of the German self-help organisation SoMA eV. In 
78% of cases the mother completed the questionnaire, 
in 7% the father and in 15% both parents. In 19% of 
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cases only one parent was living together with the 
child. About 30% of the families had no other chil-
dren, while 42% have one further child. One-third of 
the parents have a tertiary academic degree.

The age range of the affected child was 3–17 years, 
with a median of 7 years (mean: 8 years). Most cases 
were aged between 5 (25th percentile) and 11 years 
old (75th percentile) and 60% were male.

For classification regarding the ARM we used the 
descriptive Wingspread classification [28] as well as 
the fistula classification [17]. The type of fistula was 
not known by the parent in 18% of cases. About 19% 
had a rectobulbar fistula and 20% a rectovesical or a 
bladder-neck fistula. A perineal fistula was reported 
in 13%. There was no fistula in 8%. In 7 out of 12 girls 
with a vaginal fistula there was no recognised cloacal 
malformation, although it was likely to be an unrec-
ognised vestibular fistula (4 cases) or cloacal malfor-
mation (3 cases). Therefore, depending on the correct 
diagnosis, 8–12% of participants had a vestibular fis-
tula and 16–19% had a cloacal anomaly.

About 5% had a different diagnosis from ARM, 
such as Hirschsprung’s disease, or the diagnosis was 
unknown, and 5% could not define the level of the 
ARM according to Wingspread. According to the 
Wingspread classification, 17% had low ARM, 11% 
had an intermediate ARM and 46% a high ARM 
[28].

The data from Italy were quite similar, but only 8% 
had a rectovesical fistula, whereas in 18% no fistula 
was diagnosed. We also assessed in detail the associ-
ated malformations and, for example, VATER (Verte-
bral, Anal, Tracheo-Esophageal, Renal anomalies) or 
VACTERL (Vertebral, Anal, Cardiac, Tracheo-Esoph-
ageal, Renal and Limb anomalies) malformations 
were present in 24%.

37.3.2	 Methods	of	Aftercare

The possible methods of aftercare available are given 
in Table 37.5. Only 25% of the families received regu-
lar follow-up, with 15% believing no aftercare was re-
quired; 60% did not receive any aftercare! The result 
of the received aftercare was judged to be good in 70% 
of cases, moderate in most other cases (27%). Two-
thirds of the families perceived a great need for more 
follow-up treatment. Diapers and enemas are the 
most frequently applied methods (51%), and enema 
management has increased considerably in recent 
years. The 51% usage of diapers shows that treatment 
aiming for so-called social continence was inadequate 
and may need to be improved. The rates were lower 
only in patients with low ARM (28%) or perineal fis-
tula (17%). In cases of vesical and bladder-neck fistula 
(62%) and vaginal fistula (83%) the diaper and enema 
rate was higher.

37.3.3	 Degree	of	Contentment

The degree of contentment of the parents (Table 37.6) 
depended on one hand on the final outcome, but also 
on the way the surgeon dealt with and informed the 
parents and patients. Some parents reported that the 
surgeon was ignorant regarding basic maternal in-
stincts like breast feeding, which was especially im-
portant to these families. In 66% the parents received 
no advice from nutritional specialists, although it is 
well known how important this issue is, especially in 
colonic diseases.

Another important issue was the communication 
of prognosis and diagnosis, which predetermined the 
expectations in the first place and therefore the later 

Table	37.5 Methods of aftercare. Please note that this table does not include surgical follow-up and other professional issues (see 
Table 37.6)

Diapers 51% Anal tampons 6%

En
em

as

Enemas (rectal) 51%

A
lte

rn
at

iv
e

Homeopathy 22%

Microenemas (klysma) 18% Osteopathy 9%

Enemas (Malone) 3% Acupuncture 1%

M
ed

ic
at

io
n

Suppository 17% Reflex zone therapy 6%

Laxative medication 19% Something different 23%

Constipating medication 11% Physiotherapy 21%

Bladder medication 18% Diet 16%

Other medication 7% Nothing 7%

Bladder catheter 18% Biofeedback 6%
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degree of contentment. That is why we asked the par-
ents if and how they were informed about the mal-
formation and its consequences. Almost half of the 
parents received no information (4%) or insufficient 
information (42%) about the malformation prior to 
surgery. Regarding the information about functional 
prognosis, 63% of the respondents answered this 
question by saying that they felt that they were either 
not informed (27%) or insufficiently informed (39%).

It was also necessary to consider the psychological 
strain on the parents in the hospital. It is worse when 
the surgeon could not imagine what huge psychologi-
cal strain the initial weeks in hospital imposed upon 
the parents. In the long term only very few families 
(17%) were offered psychological support.

In more than 40% of the cases follow-up was either 
not offered by the attending surgeon or the follow-up 
supplied was not satisfactory. That level is too high 
and can be improved upon. Given that the surgery 
could also be a financial burden, the rate of referral to 
a social worker was too low. The initial attending sur-
geon should have in mind all the ancilliary services 
(see Table 37.6) and at least have proposed their use, 
as the information of further supporting facilities im-
proved the degree of contentment of the families.

Concerning how valuable the support given by 
other parents is, it is surprising that 21% of the par-
ents were not offered any support by other families. 
For example, the parents were not informed about 
self-help groups. Our members confirmed that even 

when they asked, they did not receive any informa-
tion about how to contact us or other parents groups 
despite the high level of contentment demonstrating 
the importance of this kind of support.

37.3.4	 Continence	Function	(HAQL)

In the outcome classification of Krickenbeck, three 
domains are separately evaluated: voluntary bowel 
movement, soiling and constipation. With the data of 
our survey we obtain from the simplified definition of 
“voluntary bowel movement” according krickenbeck-
agreement (Table 37.3), because we see inconsistency 
in this item. But ist was possible to operationalise the 
soiling domain with data from the HAQL. The con-
stipation domain of the new Krickenbeck classifica-
tion works with several assumptions. For instance, 
that the constipation is treated and that the order of 
treatment is observed (diet→medication→irrigation). 
However, some parents perform colonic irrigation as 
preventive therapy as well as to manage soiling. This 
has to be considered, if judgements with this assess-
ment method are made.

37.3.4.1	 Soiling

Twenty-two percent of parents reported no soiling, 
but 48% (grade 1) experienced occasional soiling. 
Of the 30% of parents whose children had daily soil-
ing, 9% reported social problems (grade 3) and 21% 
(grade 2) did not have major social problems.

Considering the degree of satisfaction with the 
treatment by the primary surgeon, we examined 
whether there was any relationship between conti-
nence results and parental satisfaction. Regarding 
constipation, the majority (80%) were satisfied in cases 
of no constipation or grade 1. However, in grades 2 
and 3 the satisfaction with the first-line surgeon fell to 
60%. High contentment was present when there was 
no soiling (80%), but the soiling grade  (grade 1 and 3) 
were equally distributed (50%) between satisfied and 
unsatisfied parents. Even the parents in grade  2 with 
soiling every day but without social problems showed 
a high rate of contentment (83%). In conclusion, con-
tentment with the primary surgeon depended only in 
part on the continence outcome.

These continence results have to be put in the 
context of the type of malformation, as even 80% of 
perineal fistula children had constipation. The major-
ity of these were treated by dietary changes or laxa-
tives. In children with perineal fistula the outcome for 

Table	37.6 Degree of satisfaction with aftercare by different 
specialists

Follow-up by specialist Not 
offered

Not 
satisfied

Satisfied

Surgeon/clinic perform-
ing pull-through

10% 32% 58%

Other surgeon 24% 17% 59%

Urologist 46% 15% 39%

Paediatrician 10% 25% 65%

Nursing staff 39% 12% 49%

Physiotherapist 44% 6% 50%

Ergotherapist 69% 3% 28%

Psychological support 83% 7% 10%

Dietician 67% 12% 21%

Stoma therapist 50% 6% 44%

Social worker 92% 4% 4%

Alternative medicine 55% 7% 38%

Other parents 21% 4% 75%



Ekkehart W.D. Jenetzky and Nicole Schwarzer464

soiling was divided equally between none, occasional 
or daily soiling. With rectobulbar fistula, most cases 
needed enemas (grade 3) or at least laxatives (grade 
2) because of constipation. Occasional or daily soiling 
was equally named without major social impact. The 
cases of so-called vaginal fistula, as well as vestibular 
fistula and rectovesical fistula usually needed enemas 
for constipation, and occasional soiling occurred.

In 43% of children with high ARM, bowel action 
frequency was more than four times a day on two 
or more days each week. This feature should not be 
classified as “diarrhoea” (39% of high ARM with thin 
stool at least occasionally). The risk for pseudo-incon-
tinence has to be considered, especially in this specific 
type of malformation.

37.3.4.2	 Constipation

Twenty-four percent of parents thought that there 
was no constipation, but 8% (or one-third) of them 
still perform enemas; 6% managed the constipation 
with diet (grade 1) and 19% with laxative medica-
tion (grade 2). The vast majority (41%) used different 
kinds of enemas (grade 3) to deal with the constipa-
tion. In 10% the constipation was not treated in any 
way.

37.3.5	 Impact	on	the	Family

In general, the total impact on the family was similar 
to that for other chronic conditions (Table 37.7). Only 
7% had a significantly better and 14% a significantly 
worse total score (> mean + 1×SD). The financial im-
pact was diverse. Half of the families perceived less 
financial burden than families of children with other 
chronic conditions, although there was a significantly 
worse subgroup (> mean + 2×SD) of 6%.

Looking at single items of the impact-on-family 
scale, some results were of specific interest: For in-
stance, 66% had serious concerns regarding the fu-
ture of the child (item number 26; 33% even strongly 
agreed). More than the half of the parents reported 
that travelling to hospitals strained them (item num-
ber 24) or that they felt like they were living on a roller 
coaster (item number 27). About 50% did not want 
further children because of the ill child (item num-
ber 15). Thirty percent of families had to give things 
up because of the child’s illness (item number 20), but 
the vast majority (95%) still tried to treat the affected 
child as normal (item number 17). In complex cases 
in particular there needed to be support for coping 

with the situation, as 66% of parents of cloacal cases 
were worried about the future of their child.

37.4	 Discussion

Failure of the initial pull-through surgery for ARM 
due to preventable reasons is now unacceptable. For 
instance, Peña et al. [19] and Moss [16] report cases 
where the neoanus was outside of the muscle com-
plex, or where more complex situations (cloaca) were 
not recognised during the initial treatment. During 
the primary treatment, even the correct location of 
the stoma has to be considered. Therefore it is ap-
propriate that parents have to be well informed and 
ask questions about receiving adequate surgery by 
an experienced surgeon. New or old surgical strate-
gies with major modifications compared to the gold 
standard should only be evaluated under scientific 
circumstances (i.e. controlled and registered trials).

According to the EUROCAT group [4], the inci-
dence of ARM in Germany ranges between 0.02% 
(Saxony-Anhalt) and 0.05% (Mainz). Only 30% of the 
ARM are isolated and not associated with other mal-
formations. For instance, the prevalence of VATER 
and VACTERL of 24% in our group is similar to the 
15% overall rate of VACTERL reported in the EU-
ROCAT study, although they reported only 5% with 
cloacas, which is in contrast to our group (15%). We 
know of several cases were the diagnosis of cloaca 
was not made by the first-line surgeon, with serious 
results for the care of the child. Particularly complex 
cases like cloaca, which can sometimes be detected in 
prenatal ultrasound screening, should only be han-
dled in specialised and experienced centres and not 
by every surgeon. In these cases social workers should 

Table	37.7 Social, financial and psychological impact on the 
family

Impact-on-family 
scale (items)

Better Similar* Worse

Financial burden (4) 46% 33% 21%

Daily social impact (15) 15% 72% 13%

Personal strain (5) 5% 79% 16%

Parental coping 
problems (3)

12% 71% 17%

Concerns regard-
ing siblings (6)

31% 52% 17%

Total impact score (27) 7% 79% 14%

*Mean reference population ± one SD
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be involved regularly because at least 60–70% of these 
cases later receive disability status. In this context we 
refer to our special subgroup analysis of 28 cloacal 
cases, which was presented at the 43rd Meeting of the 
German Society for Pediatric Surgery in Bremen this 
year [25].

One issue that the recent Krickenbeck conference 
tried to tackle is the lack of commonly accepted stan-
dards for classification [21] procedures and evalua-
tion of outcome. Outcome results in particular, such 
as continence scores and QOL instruments, differ and 
are used divergingly [12]. Not only are the samples bi-
ased because of incomplete cases or results from only 
one centre, but also the judgement of “good” or “fair” 
results differs greatly and is often only evaluated by 
the physician but not by the patient or legal guardian, 
which would be more appropriate. The conclusions 
are therefore of limited value.

Regarding our results, further questions could 
be addressed. The HAQL as a disease-specific ques-
tionnaire reports many more details than are used in 
pragmatic, new standards for continence evaluation 
[13]. Of course faecal continence is a pivotal point for 
QOL. Therefore the patients need to be treated care-
fully, including life-long follow-up. There are other 
issues, however, that can be optimised. Interestingly, 
two publications using scales that were applied in our 
study (FaBel: [9]) raise the question: “Does healthcare 
meet the needs?” Satisfying needs for access to medi-
cal healthcare services and adequate surgery could be 
achieved; however, more psychosocial and paramedi-
cal care should be offered according to Hartman and 
colleagues [9]. Thyen et al. suggested that the fam-
ily burden is a direct measure for unmet healthcare 
needs [30].

According to Trajanovska and Catto-Smith [29] 
there are only two QOL indices that also assess faecal 
incontinence. They missed in their review the QOL 
scale of Bai et al. [2], where the authors concluded 
that “somatic and psychological care and long-term 
follow-up are necessary to improve the quality of life”. 
The strong relationship between QOL and continence 
function is already conditioned through the construc-
tion of the QOL scales, where continence function 
is a major domain in the instrument. Therefore the 
other domains (social acceptance or psychological 
problems) should be viewed as separate.

Just recently Funakosi et al. [7] pointed out, that 
half (6 out of 11) of the children with ARM in the 
12- to 16-year age group suffered from significant de-
pression. The 7- to 12-year age group with ARM were 
not so badly affected. Similarly, Pfeiffer et al. [20] 
explored by self-report 30 children with ARM (aged 

10–16 years) and reported that recurrent, long hos-
pitalisations alter personality development towards 
internalising disorders and low self-esteem. These 
self-reported results differ in some way from parental 
views analysed by Ludman and Spitz [14]. They anal-
ysed specific coping strategies and reasoned that with 
adolescents, covert denial or eventual acceptance of 
the disability continues, but in general the children 
are able to adapt themselves to society.

It is encouraging that already in 1983, Martinius 
[15] had considered the prevention of psychological 
disturbances in children with ARM. He stated that in 
4- to 5-year-olds with anal atresia there were symp-
toms related to detachment anxiety, bonding, appetite 
and continence. Nowadays we should revise his con-
clusion that psychologically caused incontinence (en-
copresis) should be considered in cases where sphinc-
ter functioning can be proven. Today it is known that 
the physiological function of continence and rectal 
reservoir is a complex interaction that is not only de-
fined by external sphincter function, but also by other 
muscles (levator), receptor density and innervation. 
At that time patients were treated by methods other 
than PSARP, for instance the Rehbein procedure, 
which itself caused a high level of incontinence. Fur-
thermore, the concept of pseudo-incontinence should 
be considered in such cases.

It should be realised that dirty underwear is not 
only a warning sign, but also a burden. Occasional 
soiling may be a satisfying outcome for a malforma-
tion with a poor prognosis; nevertheless, it can be still 
a stressful experience for the affected person.

The expected benefit of biofeedback on children 
with defecation disorders is not scientifically founded, 
according to the Cochrane review by Brazelli and 
Griffith [3]. In accordance with these results, parents 
only rarely use this method, although it is recom-
mended by some specialists. By contrast, according to 
the Cochrane review of 16 randomised trials with a 
total of 843 children, the benefit achieved by the com-
bination of laxatives and behavioural interventions 
(e.g. toilet training) was scientifically proven. Stan-
dardised care after surgery with primarily non-inva-
sive methods could be better established in the view 
of parents.

The tendency of some surgical experts to aim for 
continence through “experimental” surgery is not 
appreciated by most parents, because of repeated 
experiences with adverse outcomes. Re-do surgery 
for patients with injuries caused by accidents should 
be separate from the necessities of our patients with 
ARM because basic anatomy and requirements are 
not comparable. In addition, bowel control is not 
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only a physical issue but also a question of strategy 
and psychology. This area of expertise differs from the 
surgical approach.

Owing to a lack of professional support and no 
standard guidelines, adults with persisting inconti-
nence have to sort out through self study ways to deal 
with the continence problems. We support Hassink 
et al. [10] in calling for a stepwise protocol of pro-
cedures for earlier and more efficient ways of bowel 
control. Of course referral to self-help groups for 
adults should be a standard opportunity for everyone 
interested. There are some other further problems, 
like sexuality, which were not examined in our study 
but are still important. The care for adolescents and 
adults is more self-determined, and long term follow-
up could be improved through routine cooperation 
between professionals and associations of affected 
people.

Hassink et al. [11] has already stated that “parents 
play a crucial role in the life of a child suffering from 
an anorectal malformation (ARM), since their guid-
ance contributes to the degree to which the child 
learns to cope with his or her disability.” The question 
can also be raised: Who guides the parents? In order 
to remove this deficiency, parents are considering the 
welfare of their children in parental networks.

37.4.1	 A	Call	for	Further	Collaboration

Regrettably at the moment, it is quite exceptional if a 
paediatric surgeon informs the family of an affected 
child about the existence of self-help groups (see Ta-
ble 37.4). But in our view it is a sign of a confident, 
competent and supportive surgeon, if he/she does 
so. This advisory information should just become a 
standard, with information on social concerns, pos-
sible psychological support or the exact description 
of the situation (exact classification of the deformity, 
treatment and continence function) given in the phy-
sician’s letter. In ARM this self-evident information 
should be communicated regularly. Whether the fam-
ily then becomes a member of a self-help group is an 
independent decision that every family has to make 
on its own. Such a communication could obviate an 
arduous and long search by many families for fellow 
sufferers. We have learned that even professionals in 
ARM surgery denied the existence of such initiatives 
against better knowledge. Why does this anxiety and 
prejudice exist? Substantial thought patterns are:
1.  “My patients do not need aftercare.” Unfortunately, 

this conceit prevails very often, that the surgeon’s 
own patients require no self-help group, because 

they are already surgically optimally supported. 
At the same time it is common to forget that the 
surgical solution is a central, but not the sole fac-
tor in the treatment of congenital deformities.

2.  “What can self-help groups do?” In many cases 
the surgeon has no idea about the sequelae of the 
malformation or the work of self-help groups and 
is afraid of the unknown. Both are simply a sign of 
ignorance.

3.  “Only problematic cases are in self-help groups.” 
Sometimes the surgeon fears that parents are neg-
atively influenced by individual hard cases in self-
help groups. Even if this were true, it would be 
especially desirable to increase the number of suc-
cessful and satisfied patients in self-help groups. 
After all, a physician should not underestimate 
the capacity of the majority of his families.

4.  “Self-help groups send my patients to another doc-
tor.” This statement assumes that self-help groups 
would direct patient currents. It is possible that 
this may occur through negative experience in in-
dividual cases, if certain discontented parents ask 
around for advice by other parents. However, this 
is always a subjective experience and never the of-
ficial view of a self-help group. A self-help group 
or its members would never recommend a single 
physician, because this is too great a responsibil-
ity. The surgeon may think that parents have to 
take the decision by themselves as it is the life of 
their children. This impression emerges when the 
surgeon does not perceive the sorrow of the fam-
ily and therefore the appropriate supportive work 
of self-help groups. The power of self-help groups 
is overestimated; only the quality of the treatment 
is decisive.

Wrong personal estimation and lack of knowledge 
about self-help groups by the surgeon directly af-
fect the welfare of patients. Out of this consideration 
about supposed prejudices, the lack of information 
and cooperation with concerned families can itself 
be appraised as a massive quality deficit. Our central 
wish as a self-help organisation is not competition, 
but synergy for the welfare of the affected children.

37.4.1.1	 Benefit	for	the	Surgeon

Self-help groups are not only advantageous for the 
patient and their families, but also for the surgeon. It 
is really disappointing for a family when they finally 
discover after years of loneliness and troubles that 
there are others with similar problems. Then the par-
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ents question themselves: Didn’t my surgeon know 
about the existence of these groups, which means that 
he was not at the state of the art? Or what was the 
reason? If surgeons are open to further support possi-
bilities, they show that they are not narrow minded. A 
multidisciplinary approach proves that there is noth-
ing to be hidden.

We have found that even between surgeons work-
ing in different places there may exist some hostility, 
which is not good for patients. Some knowledge is 
not shared. For instance, although we know the conti-
nence results for individual centres, every time it has 
been evaluated slightly differently. A scientific com-
parison to determine the best treatment is impossible 
without a common basis for discussion. A parent or-
ganisation may provide a natural exchange forum.

The number of treated patients is not generally a 
sign of the quality of a surgeon. Sadly, some families 
must suffer very experimental surgery with disas-
trous results. Even the best surgery with insufficient 
follow-up, could lead to catastrophic outcomes, with 
pseudo-incontinence [18,23]. Feedback from other 
cases through the parent organisations could improve 
the desire for a thorough follow-up, which would in-
crease the patient compliance and overall experience 
of the physician.

Another advantage for the surgeon is to learn 
specific solutions for a rare disease. For instance, 
new treatment forms have been introduced by par-
ent organisations. The enhanced bowel management 
programme, including not only medication but also 
methods like systematic colonic flushing, were first 
introduced into Germany by parents! We could not 
find any physician who would introduce it to us, so it 
was necessary to invite experts from other countries. 
Happily, nowadays a few centres already offer this 
more holistic follow-up.

We are grateful to surgeons if they give patient-fo-
cussed advice at our congresses or in our newsletters. 
Of course this can work in some way as advertise-
ment, but we prefer local experts. By contrast, it is 
a major misbelief of some cooperative physicians to 
assume that a self-help group will and can control pa-
tients and will support only one doctor. Contentment, 
quality and exhaustive information are the main fac-
tors that influence patients.

Just recently, during the XIIth Colorectal Club 
meeting in Dublin [26], specialised paediatric sur-
geons emphasised that the benefit for both parties 
can be improved through intensified communication 
between patients and physicians in these self-help or-
ganisations. In this context it should not be forgotten 
that some of the self-help organisations were estab-

lished by committed surgeons. Perhaps similar people 
can be identified for those countries without support 
groups?

37.4.1.2	 Benefit	for	the	Patient

It is reassuring when patients and parents come into 
contact with other families and no longer feel alone 
in the world with their problem. Children and adults 
with the same handicap can share intimate concerns, 
which could never be shared with uninvolved people 
in the same way. Since ARM is a rare condition, in-
dividual solutions are often necessary and only in 
such groups do concerned parents or patients meet so 
many different individuals!

The accumulation of different experiences brings 
a family’s subjective one-sidedness into a more global 
perspective. To share often very simple tips and quirks 
with associates cannot be overestimated. It can be 
facilitating little things like dragging the catheter or 
modifying the daily routine. In the hurry of a hospital 
these things cannot be clarified. This information and 
education results in better aftercare for faecal conti-
nence and QOL, with finally a better outcome and 
greater degree of contentment.

A parent and patient organisation is a reservoir of 
lively information regarding all issues that could oc-
cur in the life of a child who is born with an imper-
forate anus.

37.5	 Conclusion

Living with an ARM means for patients and their 
families not only bearing the hardships of one to 
three operations, but also the situation of patients 
with ARM is not satisfying concerning the diagno-
sis, the treatment and the aftercare. Based on the re-
sults of our surveys, study of the literature and our 
experience gathered from many consulting sessions, 
we conclude that the care of ARM should be in the 
hands of experienced specialists. Today there is a lack 
of information regarding the diagnosis and prognosis 
for patients. A wrong diagnosis can result in incorrect 
surgery. Therefore patients should have the possibility 
of a second opinion and the possibility to share expe-
riences. Furthermore, a wrong prognosis can awaken 
false hope and this could result in bad, inappropriate 
or no aftercare and, at worst, in unnecessary opera-
tions.

There is a need for standard guidelines and their 
monitoring, which is also required for aftercare. The 
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situation of faecal continence after ARM has to be 
considered in a very dedicated way. Patients with 
ARM and their families need support! They need 
qualified help to be continent or to reach social con-
tinence. Surgery has to look at the long-term conse-
quences, if it is to be successful. Collaboration of all 
concerned disciplines is mandatory.

The impact of ARM on affected families is compa-
rable to that of other chronic conditions. The entire 
family needs support to cope with the situation with 
the help of social workers, psychologists and similar 
specialists. Surgeons should supply the basic informa-
tion about the physical problems. ARM require cau-
tious handling, since they concern several highly inti-
mate areas. This creates trust and prevents additional 
psychological stress on the patient.

We believe that surgeons should work together with 
self-help organisations and they should give patients 
and parents the opportunity to contact other fellow 
sufferers so that they do not feel alone with their dis-
ability. The authority and power of the treating phy-
sician has to be applied in a responsible way for the 
sake of our children, as it decides the child’s and the 
family’s quality of life – today and in the future.
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