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Foreword

It is 43 years since we (E 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 Pefia 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
Universitét zu Koln, 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-



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 Pefia 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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Preface

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 Pefia, Cincinnati, USA, who de-
scribed the sacral approach as the method of choice
for almost all types of imperforate anus. Pefia 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 Pefia
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 Pefia 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 Pefia’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-



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
Schréder 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 E
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 Pefia, who contributed tre-
mendously to this book with many chapters written
together with his associate Dr. Marc Levitt. Profes-
sor Pena’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
Pefia. 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 Pefia 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 Forderer des Kinderkranken-
hauses Amsterdamer Strasse, Koln and the WestLB
Akademie Schloss Krickenbeck, and Mrs. Svitlana
Gorden, Diisseldorf/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, Koln
John M. Hutson, Parkville
April 2006



Fig.1 Group photograph of the participants at the Interna-
tional Conference for the Development of Standards for the
Classification and Treatment of Anorectal Malformations,
Krickenbeck, Germany, 17-20 May 2005. Upper row (left to
right): Naomi Iwai, Kyoto, Japan; Guiseppe Martuciello, Pavia,
Italy; Dieter Kluth, Hamburg, Germany; Thomas Boemers,
Cologne, Germany; Keith Georgeson, Birmingham, Alabama;
Alberto Pefia, Cincinnati, USA; Alexander Holschneider, Co-
logne Germany; Devendra Gupta, New Delhi, India. Middle
row(left to right): Sudipta Sen, Vellore, India; Middle row right:
V.Sripathi, Chennai, India; Sabine Grasshoff, Germany; Feilim
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Krickenbeck Consensus for the Classification, Grouping
of Surgical Techniques and Scoring for Follow Up
of Anorectal Malformations

Standards for diagnostic procedures: International Classi- International grouping (Krickenbeck) of surgical proce-
fication (Krickenbeck) dures for follow up
Major clinical groups Perineal (cutaneous) fistula Operative procedures Perineal operation
Rectourethral fistula Anterior sagittal approach
Bulbar Sacroperinal procedure
Prostatic PSARP
Rectovesical fistula Abdominosacroperi-
Vestibular fistula neal pull-through
Cloaca Abdominoperineal pull-through
No fistula Laparoscopic-assisted pull-through

Anal stenosis Associated conditions Sacral anomalies

Rare/regional variants Pouch Colon Tethered cord
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.
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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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Fig. 1.1 Illustration of the inguinal colostomy (procedure of
Littre) popularized in the eighteenth century in France

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

!

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

which the blind rectal atretic end was not found be-
low [107]. By 1882, Amussats 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].
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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 Il 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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Fig.1.3 A Douglas E Stephens performed the sacroperineal anoplasty. B E. Durham Smith - working with Dr. Stephens edited the

first major modern textbook on ARM

an abdominosacroperineal procedure [79]. He used
the abdominal approach to isolate the rectourethral
fistula 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 identified 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 first
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]. They 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. This completely ignored the external sphincter
muscle that Swenson (like Stephens) did not think
was important in controlling continence [163]. That
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 classification was brought into effect.
The 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
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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’ and early 1980’ 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 Pefia 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 Pefia 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
Pena’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, Pefia (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]. Penia 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, Pefia 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
Pefia emphasized the value of a pressure-augmented
distal colostogram to define the presence and location
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Fig.4 Alberto Pena — advocated the posterior sagittal anorec-
toplasty (PSARP) procedure for ARM

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

Fig.5 W. Hardy Hendren - was a leader in the management of
cloacal anomalies

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

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

Reports

Manny et al. (1973) [68]
Schwoebel et al. (1984) [106]
Boocock and Donnai (1987) [12]
Weinstein (1965) [124]

Father-son

Affected members

Mother, son and daughter
Three father-son pairs

Three families with affected

Suggested inheritance
Autosomal-dominant
Autosomal-dominant
Autosomal-dominant

Autosomal- or X-linked recessive

sons and healthy parents

Winkler and Weinstein (1970) [126]
Landau et al. (1997) [60]

Robb and Teebi (1998) [100] Father-son

ARM Associated with Other
Systemic Malformations

2.3

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

Two daughters, healthy parents

Four members in three generations

Autosomal-recessive
Autosomal-dominant

Autosomal-dominant

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
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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].

24 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

25-55%
20-47%

Urologic

Vesicoureteric reflux

Genital 3-18% (boys)
26-39% (girls)

Vertebral 25-38%

Other skeletal 13-16%

Spinal-cord-related 8-67%

Cardiac 10-17%

Gastrointestinal 7-10%

Tracheoesophageal 6-8%

Others 4-5%

US, IVU Hoekstra, Ratan, Mittal
US, MCU Hassink, Narasimharao,
Rickwood, Ratan
Hoekstra, Metts, Cortes
X-ray, MRI Hassink, Carson, Mittal, Ratan
X-ray Hassink, Ratan, Mittal
X-ray, MRI Rivosecchi, Walton,

Ratan, Mittal
ECG, echocardiography Mittal, Greenwood, Ratan
X-ray, biopsy Ratan, Mittal, Hassink
Hassink, Ratan

Ratan
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Chromosomal Anomalies Associated
with ARM

2.4.1

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).

24.2 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.

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

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

243 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].

244 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,
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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
varijability 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 SALLI. 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. SALLI 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 SALLI would result in different pheno-
types. Mutation analysis of SALLI has confirmed that
penetrance is complete in TBS [56]. Prenatal diagno-
sis can be performed by searching for mutations of
the SALLI gene in amniotic fluid and chorionic villus
samples. In the case of absence of known mutations
of SALLI 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 FGSyndrome

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 HLXBS. 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 HLXBY in this syndrome (Fig. 2.2)
[4, 36, 101]. To the best of our knowledge, the known
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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

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 CGCl1, 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/CGCY 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,
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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 Locus or gene
inheritance if known
Opitz G Hypertelorism, hypospadias, swallowing difficulties. XR, MID 1 gene
Opitz Frias The same features of Opitz AD 22ql1.2
Fraser cryptophthalmos with other malformations, AR FRAS1
cryptophthalmos-syndactyly syndrome.
Johanson-Blizzard Hypoplastic alae nasi, deafness, pancreatic AR -
insufficiency, hypothyroidism.
CHARGE Coloboma, heart anomaly, choanal atresia, Sporadic or AD CHD7
retardation, genital and ear anomalies
EEC Ectrodactyly, ectodermal dysplasia, and cleft lip/palate AD P63
Goldenhaar Hemifacial microsomia, cardiac, vertebral, Sporadic or AD
and central nervous system defects
Velocardiofacial Cardiac, thymic, hypocalcaemia, vertebral, others Sporadic or AD Chromosome 22
microdeletion
McKusick-Kaufman  Hydrometrocolpus, Hirschsprung, hydronephrosis AR MKKS

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 Hixb9 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
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Table 2.5 Human and mouse genotypic/phenotypic correlations. GCPS Greig cephalopolysyndactyly syndrome, PHS Pallister-
Hall syndrome

Gene mutation Effects in man Effects in animal model
HLXB9 Currarino syndrome Hixb9: Heterozygous mice (normal skeleton except
(Heterozygous mutation) for curled body and small size)

Homozygous mutation (incompatible with life, defects in motor neurons).

SALLI Townes-Brocks syndrome Salll: Heterozygous mice (no detectable phenotype)
(heterozygous mutation) Homozygous mutation (all died in neonatal period, only renal anomalies)
GLI3 PHS and GCPS (het- Gli3 mutant mice shows similar phenotype to PHS and GCPS
erozygous mutation)
SHH Holoproscencephaly Shh and/or its transcription factor mutations: different malformations
(heterozygous mutations) including gastrointestinal tract malformations (ARM)
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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 6-7% 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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Table 3.1 Incidence of anorectal malformations (ARM)

Author Year Country

Keith 1908 London

Ladd 1934 USA-Boston
Malpas 1937 UK - Liverpool
Crowell and Dulin 1940 USA - Iowa

Moore et al. 1952 USA - Indianapolis
Kiesewetter 1956 USA - Pittsburgh
Ivy et al. 1957 USA - Pennsylvania
Bradham 1958 Michigan

Louw 1965 South Africa
Nixon 1972 London

Thomas 1977 Australia-Adelaide
Tong 1981 Singapore

Spouge and Baird 1986 Canada - Vancouver
Boocock 1987 UK - Manchester
Smith 1988 Australia
Christensen 1990 Denmark

Schuler 1994 Brazil

Stoll 1997 France

Naser 2000 Chile

Niedzielski 2000 Poland-Lodz

Cho 2001 USA Kansas
Cuschieri 2001 Europe

Sipek et al. 2004 Czech Republic

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 10° 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 10°.

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

Incidence No of Population
patients

1:5,000
1:7,500
1:3,575
1:5,300 28 150,354
1:4,500 120
1:1,000
1:9,630
1:5,000 130
1:1,800 200
1:3,000
1:3,160 35
1:11,500
1:2,524 273 689,118
1:5,080 169
1:5,000 5,454
1: 3,333 29 96,073
1:8,264 121 1,000,000 Approx
1:2,090 108 225,752
1:1,298 54 70,242
1:2,295 30
1:2,500
1:2,469 1,846 4,618,840
1:3,341 279 932,1253

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 Variations

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
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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.

3.24 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.

3.25 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 Versus 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
turther 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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Table 3.2 Anomalies associated with ARM

Author Year Country

Ladd and Gross 1934 USA

Lee 1944 USA - Madison
Bacon and Hering 1948 USA

Norris et al. 1949 USA Los Angeles
Mayo and Rice 1950 USA- Rochester
Moore and Lawrence 1952 USA - Indianapolis
Louw 1965 South Africa
Taneja 1970 India - New Delhi
Hasse 1976 Germany - Berlin
Tong 1981 Singapore

Shija 1986 Zimbabwe
Boocock and Donnai 1987 UK - Manchester
Endo 1999 Japan

Chen 1999 Taiwan

Naser 2000 Chile

Cho 2001 USA - Kansas
Cuschieri 2002 Europe

Mittal 2004 India

Chalapathi 2004 India - Chandigarh
Ratan 2004 India - Haryana/Delhi

Total

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

ARM (n) No associated  Incidence Notes
abnormality (%)

214 60 28

16 29 69

98 16 30

52 24 46

165 63 44

120 86 97 Postmortem

200 105 52

74 38 49

1,420 592 42

49 20 31

46 12 26

169 84 53

1,992 896 45

108 63 58

54 31 59

103 73 71

1,846 1,181 64

140 83 59

125 35 28

416 241 58

6,876 3,430 Mean 50.45%

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
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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 Pefa,
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 VACTERL 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.

Vertebral 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.

Associations with an Increased
Genetic Risk

3.4

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, x* 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].

3.54 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.

Environmental Versus Genetic
Factors - Increased Susceptibility
to Environmental Factors

3.5.5

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-

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 (“Hemmungsmifibildung”)
[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
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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-

3.8mm human

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

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
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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.

<+— MSND

MTN

I
0.1 mm
Reconstruction of 3.8mm Human Embryo

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

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).
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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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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 x100).
GT Genital tubercle, T tail; A Sagittal rectum; B transverse rec-
tum

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
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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

D12

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 13%. NT Neural tube,
U umbilicus, DC dorsal cloaca
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Fig.4.6 A Diagrams redrawn from van der Putte [39]. show-

)
h7et,

ing the changes seen in the cloacal plate in the pig embryo dur-

N1

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. ¢ Hindgut, d rem-
nant of cloacal cavity just prior to rupture of the cloacal mem-
brane, m cloacal membrane
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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].

434 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

A

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-

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

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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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

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.

SEM Studies in the Normal
Embryonic Rat

4.4

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 Wolfhian ducts, DC dorsal (anorectal) part of the cloaca
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place, and (2) migration of the anal opening cannot
be observed.

441 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 (Wolflian 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.

442 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

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

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).

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

443

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).

44.4 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
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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 (“Hemmungsmifibil-
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

A B cm

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)

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
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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)
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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

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

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-

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-



4 The Embryology of Anorectal Malformations

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. Fgfl0 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. Inthose 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 Pefia 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.

References

1. HaeckelE, cited in Starck D: (1975) Embryologie (3*¢ edn).
Thieme, Stuttgart, Germany

2. Gilbert SF (2003) Developmental Biology (7t edn), Chap-
ter 23. Sinauer, Sunderland, MA

3. Schwalbe E (1906) Die Morphologie der Missbildungen
des Menschen und der Tiere. 1. Teil Allgemeine MiBbil-
dungslehre (Teratologie). Gustav Fischer, Jena, Germany,
pp 143-144

4. Tourneux F (1888) Sur les premiers développements du
cloaque du tubercule génital et de 'anus chez lembryon de
mouton. Anat Physiol 24:503-517

5.  Retterer E (1890) Sur lorigin et de levolution de la region
ano-gentiale des mammiferes. ] Anat Physiol 26:126-210

6. Stephens FD (1963) Congenital Malformations of the
Rectum, Anus, and Genitourinary Tract. Livingstone, Ed-
inburgh, UK

7.  Politzer G (1931) Uber die entwicklung des dames beim
menschen. Z Anat Entwicklungsgesch 95:734

8.  Politzer G (1932) Uber die entwicklung des dammes beim
menschen. Z Anat. Entwicklungsgesch 97:622

9. Wijnen HP (1964) Hypothesen over enkele congenitale vi-
tia van het caudale gedeelte van het menselijk lichaam aan
een morphologisch embryologisch onderzoek getoetst.
Doctoral Thesis, University of Amsterdam

10. Ludwig KS (1965) Ueber die beziehungen der kloak-
enmembran zum septum urorectale bei menschli-
chen embryonen von 9 bis 33 SSL. Z Anat Entw Gesch
124:401-403

11. Penington EC, Hutson JM (2003) The absence of lateral
fusion in cloacal partition. ] Pediatr Surg 38:1287-1295

12. Kluth D, Lambrecht W (1997) Current concepts in the
embryology of anorectal malformations. Semin Ped Surg
6:180-186

13. van der Putte SCJ (1986) Normal and abnormal develop-
ment of the anorectum. ] Pediatr Surg 21:434-440



4 The Embryology of Anorectal Malformations

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bill AH, Johnson R]J (1958) Failure of migration of the
rectal opening as the cause for most cases of imperforate
anus. Surg Gynecol Obstet 106:643-651

Gans SL, Friedman NB (1961) Some new concepts in
the embryology, anatomy, physiology and surgical cor-
rection of imperforate anus. West J Surg Obstet Gynecol
69:34-37

Kluth D, Hillen M, Lambrecht W (1995) The principles of
normal and abnormal hindgut development. J Ped Surg
30:1143-1147

Penington EC, Hutson JM (2002) The cloacal plate: the
missing link in anorectal and urogenital development.
BJU Int 89:726-732

van der Putte SC (2005) The development of the perineum
in the human. A comprehensive histological study with a
special reference to the role of the stromal components.
Adv Anat Embryol Cell Biol 177:1-131

Airhart MJ, Robbins CM, Knudsen TB, Church JK, Skalko
RG (1996) Developing allantois is a primary site of 2’-de-
oxycoformycin toxicity. Teratology 53:361-373

Smits-van Prooije AE, Vermeij-Keers C, Poelmann RE,
Mentink MMT, Dubbeldam JA (1988) The formation of
mesoderm and mesectoderm in 5- to 41-somite rat em-
bryos cultured in vitro, using WGA-Au as a marker. Anat
Embryol 177:245-256

Kluth D, Lambrecht W, Reich P (1988) Pathogenesis of
hypospadias - more questions than answers. ] Pediatr
Surg 23:1095-1101

van der Putte SCJ, Neeteson FA (1983) The normal devel-
opment of the anorectum in the pig. Acta Morphol Neerl
Scand 21:107-132

Paidas CN, Morreale RE, Holoski KM, et al (2000) Septa-
tion and differentiation of the embryonic human cloaca. |
Ped Surg 34:877-884

Forsberg JG (1961) On the development of the cloaca and
the perineum and the formation of the urethral plate in
female rat embryos. ] Anat 95:423-435

Padmanabhan R, Naruse I, Shiota K (1999) Caudal dys-
genesis in staged human embryos: Carnegie stages 16-23.
Am ] Med Genet 87:115-127

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hori T, Giufira E, Andersson L, Ohkawa H (2001) Map-
ping loci causing susceptibility to anal atresia in pigs, us-
ing a resource pedigree. ] Pediatr Surg 36:1370-1374
Kluth D, Lambrecht W, Reich P, et al (1991) Sd-mice - an
animal model for complex anorectal malformations. Eur J
Pediatr Surg 1:183-188

Dunn LC, Gluecksohn-Schoenheimer S, Bryson V (1940)
A new mutation in the mouse affecting spinal column and
urogenital system. ] Hered 31:343-348

Danforth CH (1930) Developmental anomalies in a spe-
cial strain of mice. Am ] Anat 45:275-287

Kluth D, Kaestner M, Tibboel D, et al (1995) Rotation of
the gut: fact or fantasy? J Pediatr Surg 30:448-453

Gray SW, Skandalakis JE: (1972) Embryology for Sur-
geons. Saunders, Philadelphia, PA, pp 87-216

Liu Y, Sugiyama E Yagami K, Ohkawa H (2003) Sharing
of the same embryogenic pathway in anorectal malforma-
tions and anterior sacral myelomeningocele formation.
Pediatr Surg Int 19:152-156

Sukegawa A, Narita T, Kameda T, Saitoh K, Nohno T,
Iba H, Yasugi S, Fukuda K (2000) The concentric struc-
ture of the developing gut is regulated by Sonic hedge-
hog derived from endodermal epithelium. Development
127:1971-1980

Kimmel SG, Mo R, Hui CC, Kim PC (2000) New mouse
models of congenital anorectal malformations. ] Pediatr
Surg 35:227-230

Mo R, Kim JH, Zhang ], Chiang C, Hui CC, Kim PC
(2001) Anorectal malformations caused by defects in
sonic hedgehog signalling. Am ] Pathol 159:765-774
Sasaki Y, Iwai N, Tsuda T, Kimura O (2004) Sonic hedge-
hog and bone morphogenetic protein 4 expression in the
hindgut region of murine embryos with anorectal malfor-
mations. ] Pediatr Surg 39:170-173

Dravis C, Yokoyama N, Chumley MJ, et al (2004) Bidirec-
tional signalling mediated by ephrin-B2 and EphB2 con-
trols urorectal development. Devel Biol 271:272-290

Pefia A (1995) Atlas of Surgical Management of Anorectal
Malformations. Springer-Verlag, New York

van der Putte SCJ, Neeteson FA (1984) The pathogenesis
of hereditary congenital malformations of the anorectum
in the pig. Acta Morphol Neerl Scand 22:17-40



5 Recent Advances Concerning the Normal

Michael R.Q. Davies and Heinz Rode

Contents
5.1 Introduction ... 66
5.2 The Pelvic Floor ... 66
5.2.1 Levator Ani ... 66
5.2.2 The Nerve Supply ... 66
5.3 The Anal Canal ... 67
5.3.1 The Anal Canal in ARM ... 67
5.3.1.1  Agenesis of the Anal Canal ... 67
5.3.1.2  Dysgenesis of the Anal Canal ... 68
5.4 The Anal Canal - Relevant Anatomy ... 68
5.4.1 Potential Sphincteric Structures ... 68
54.1.1 Endoanal Anatomy ... 69
54.1.2 Mucosal Nerve Supply ... 69
5.5 The Internal Anal Sphincter ... 69
5.5.1 Internal anal sphincter thickness ... 69
5.5.2 Nerve Supply ... 70
5.5.3 The Internal Anal Sphincter in ARM ... 70
5.6 The Longitudinal Muscle
of the Anal Canal ... 71
5.6.1 Dimensions of the Longitudinal Muscle ... 71
5.7 External Anal Sphincter ... 71
5.7.1 Localization and Nature ... 71
5.8 The Perineum and Perineal Body ... 72
5.8.1 Gender Differences — External
Anal Sphincter ... 72
5.8.1.1 The Female Sphincter ... 72
5.8.2 Nerve Supply of the External
Anal Sphincter ... 72
5.8.2.1  Overlapping Innervation (Monkey) ... 73
5.82.2 Resting Tone ... 73
5.8.3 Spinal Control of the Pelvic
Floor Muscles ... 73
5.8.4 The Voluntary Anorectal
Inhibition Reflex ... 73
5.8.5 Neurophysiological Dysfunction ... 73
5.8.6 Endosonography of the Anal Sphincters ... 73
5.8.7 Individual Versus Common Sphincter Control
of Pelvic Organ Continence ... 74
5.9 The Pelvic Floor and External Anal

Sphincter in ARM ... 74

59.1
59.2
593
59.4
5.9.5

59.5.1

59.5.2
5.10
5.10.1
5.10.1.1
5.10.1.2
5.11
5.12
5.12.1

5.12.2
5.12.3

5.12.4
5.12.5
5.12.6
5.12.7

5.12.8
5.12.9
5.13

5.13.1
5.13.2
5.13.3
5.13.4
5.14

5.15

5.15.1

5.15.1.1
5.15.1.2
5.15.1.3

and Abnormal Anatomy of the Anus and Rectum

Position of the Anus ... 74

The Anal (Canal Opening) Target Site ... 74
The Perineum ... 75

The Common Wall Phenomenon ... 75
Striated Muscle Tissue, “Potential”
Sphincteric Fibers in ARM ... 75

The Levator Component

- The Pubovisceralis ... 75

The Striated Muscle Complex (Pefia) ... 75
The Rectum ... 76

Rectal Ectasia ... 76

Pouch Anatomy ... 76

Ectasia ... 76
Fetal Defecation ... 76
The Pelvic Connective Tissue ... 77

The Outer Stratum, the Parietal

Layer (Leaf) ... 77

The Intermediate Stratum ... 77

The Inner Stratum: The Visceral

Layer (Leaf) ... 77

The Aventitia Surrounding the Rectum ... 78
The Pelvic Plexus ... 78

The Neurovascular Bundle of Walsh ... 78
The Rectogenital Septum

(Denonvilliers’ Fascia) ... 78

The Rectovaginal Fascia ... 78

The Perianal Connective Tissue ... 78
Intestinal Neuronal Dysplasia ... 79
General ... 79

Specific ... 79

Normal Anatomy ... 79

Abnormal Anatomy ... 79

Caudal Regression ... 79

Spinal Dysraphism ... 80

Defects in the Development of the Axial
Vertebral Structures ... 80

The Sacrum ... 80

The Vertebral Canal ... 80

The Spinal Cord, Cauda Equina and their
Coverings and Attachments ... 81
References ... 81




Michael R.Q. Davies and Heinz Rode

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.

The Anal Canal -
Relevant Anatomy

5.4

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]

At rest 209 +3.1 17-28

At squeeze 224+44 17-31

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

Females

« Lateral wall 27.1+5.4
« Anterior wall 14.0 + 3.0
Males

« Lateral wall 28.6+4.3
« Anterior wall 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 Internal anal
technique sphincter thickness

Thickness Range
(mm) (mm)

Neonates ITU 1.3+£0.3 0.8-1.9

Children Endosono- 2.5+ 0.66 2-4

(average age graphy

12 years)
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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].

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

Females 38+1.2

Males 34+14

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).
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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].

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

Endoanal ultrasound 2.9+ 1.0 23+1.0
Endoanal MR 0.8+0.2 0.8+0.2
Phased-array MR 1.0+0.2 0.9+0.2

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.
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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.

The Perineum and Perineal
Body

5.8

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 oclock positions
[111]. The puborectalis has a separate nerve supply
on its superior surface (53 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]

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 Voluntary 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
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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 Versus 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].

The Pelvic Floor and External
Anal Sphincter in ARM

5.9

The work of Pefia 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 Pefia [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 x 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. APubovaginalis 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 (Pena)

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. Pefia 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 Visceral 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
oclock positions. On reaching the membranous ure-
thra, its superficial branches travel on the surface of
the striated urethral sphincter at 3-9 oclock positions.
At the base of the penis, they join to form 1-3 discrete
bundles related to the urethra at 1-11 oclock 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 Vertebral 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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and the Sphincter Muscles

E Douglas Stephens

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-

Table 6.1 Index of anomalies

Index of Anomalies

Anomaly: female

« Normal female 1E 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

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- 6.13-6.15
nel (atrophic vagina)

Anorectal atresia 6.16-6.18
Anovestibular fistula 6.19-6.20
Anterior Anus (slightly oblique 6.21-6.22
transverse section)

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
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Fig. 6.12 Cloacal anomaly (absent vagina, same as Fig. 6.11) (4E4)
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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]). I 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). I 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 $4 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-

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])

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
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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

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].

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

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
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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).

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)

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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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. I 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 $4 to cranial aspect of levator ani, ¢ 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

Nerves to the Levator Ani Muscles
and the External Sphincter

7.53

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-§4 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].
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Rectal and Anal Sensation
and Control

7.6

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 Kkitten 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], Bortoft [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).

Puborectalis Muscle:
Reflex Contractions

7.7.3

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
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Fig.7.7 A Basal electrical rhythm (BER): anorectal fluctuation
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Different pathologic patterns of anorectal fluctuations. The dif-
ferent morphology corresponds with different degrees of fecal
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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.

2,5 mm/sec

Lee s lanaal 1 1 1
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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

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-
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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
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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

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
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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-
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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

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

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

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-



8 Incidence and Frequency of Different Types, and Classification of Anorectal Malformations

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

Male 57% 57%
Female 43% 43%
Total No. of patients 3,645 1,992
Table 8.3 Frequency of types of ARM
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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Table 8.4 Incidence of subtypes (Stephens and Smith [44])

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

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.

Pefa 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
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were described as high and below as low. The PC line Table 8.5 Ladd and Gross classification 1934 [64]

is drawn on a lateral pelvic radiograph “invertogram”  E3s Anomaly

between the midpoint of the pubis and the inferior

aspect of the sacrum [65]. It represents the level of the ! Anal and anorectal stenosis
levator ani attachment to the pelvic wall. L Imperforate anus

The Melbourne classification allowed Stephens 11 Imperforate anus with blind
to pioneer the sacrococcygeal approach in order to ending pouch with fistula
preserve the puborectalis. Although this classifica- v Rectal Atresia

tion was deficient in clinical information and overly

Male Female Table 8.6 Stephens and Smith

Anorectal deformities 1963 classification based on em-
A: Defect of the partition of the internal cloaca bryological concepts
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 3. Anal stenosis
(i) Covered anal stenosis (i) Covered anal stenosis
(ii) Anal membrane stenosis (ii) Anal membrane stenosis
(iii) Anorectal stenosis (iii) Anorectal stenosis
Unclassified

1. Vesicointestinal fissure
2. Duplication of the rectum and anus

3. Combination of usual deformities
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Type of anomaly Female

Low, infralevator 1. Anal stenosis
II. Anal membrane
III. Anal agenesis
A. Without fistula
B. With fistula
High, supralevator 1. Rectal agenesis
A. Without fistula
B. With fistula

II. Rectal atresia

Type of anomaly Female

High 1. Anorectal agenesis
A: Rectal atresia

B: With fistula
Rectocloacal fistula
Rectovaginal/high

2. Rectal atresia

—_

Intermediate . Anal agenesis
A. Without fistula
B. With fistula
Rectovaginal fistula low

Rectovestibular fistula

2. Anorectal stenosis

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

2. At perineal site
Anocutaneous fistula
Anterior perineal anus

3. At vulvar site
Vulvar anus
Anovulvar fistula
Anovestibular fistula

Miscellaneous Anal membrane stenosis
Imperforated anal membrane
Perineal groove

Perineal canal

Male Table 8.7 Anorectal anom-

I. Anal stenosis alies based on a simplified

ML Al mngrlmne Santulli classification [66]
III. Anal agenesis

A. Without fistula

B. With fistula
I. Rectal agenesis

A. Without fistula

B. With fistula

IL. Rectal atresia

Male Table 8.8 A simplified ver-

1. Anorectal agenesis sion of the ‘International’

A: Rectal atresia classification

Rectovesical fistula
Rectourethral fistula

2. Rectal atresia

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

2. Anorectal stenosis

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

2. At perineal site
Anocutaneous fistula
Anterior perineal anus

Anal membrane stenosis
Imperforated anal membrane
Perineal groove

Perineal canal
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HIGH DEFORMITIES (SUPRALEVATOR)

1. Anorectal Agenesis—Male

(a) Without Fistula
i i The rectum ends blindly at any level in
1. ANORECTAL AGENESIS (Without Fistula) the pelvis above the levator with or without a
fibrous cord to urethra. No internal sphincter;

® rudimentary external sphincter.

L Diagnosis:

ZIN (i) No anus or distinguishing diagnostic sign.

i / (i)) No gas or meconium in urine. (iii) Gas at
or above P/C line on invertography. (iv)
Urethrogram shows no fistula, nor any an-
gulation to shape of urethra. (v) No fistula

, = seen on colonogram later.

(b) With Fistula
(1
The rectum enters the bladder, usually to-
2. RECTOVESICAL FISTULA wards the base. Usually associated with other
serious anomalies, and all sphincters may be

very rudimentary.
Diagnosis:
Z (i) No anus or distinguishing diagnostic sign.
Zz (ii) Gas or meconium in urine. (iii) Gas above
P/C line on invertography. (iv) Gas in bladder.
(v) Cystogram may show fistula.
o~ ~——

(ii) The most common high anomaly in males.
Fistula is fine, and most commonly enters
3. RECTOURETHRAL FISTULA posterior urethra adjacent to the ejaculatory

duct, but may be slightly higher or lower.
Puborectalis foreshortened; intimately around
urethra and below or at the fistula. Absent
internal sphincter; variable external sphincter.

(i) No anus or distinguishing diagnostic sign.
(i) Gas or meconium in urine. (iii} Gas at
P/C line, or just below, on invertography.
(iv) May have gas in bladder. (v) Urethrogram
may show fistula or characteristic angulation
of urethra. (vi) Colonogram may show fistula
later.

2. Rectal Atresia—Male

4. RECTAL ATRESIA
Rectum terminates at any level; thence a

short or long fibrous cord to the sacrum or to
the distal bowel. The anus and anal canal are
normal. All sphincters present, and in normal
\ relationship to anal canal. The lesion is
probably an acquired vascular defect.
Diagnosis:
(i) Normal anus present. (ii) Obstruction on
7 digital examination. (iii) Gas at or above P/C
—_— line on invertography. (iv) Distal canal shown

by dye, and length of atresia shown by col-
onogram later.

Fig. 8.1 Pictorial account of the ‘International’ classification
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HIGH DEFORMITIES (SUPRALEVATOR)

1. Anorectal Agenesis—Female

(a) Without Fistula
14. ANORECTAL AGENESIS (Without Fistula)

As in the male.

The blind strand, if present, connects with
vagina or perineum.
Diagnosis:

(i) Two perineal orifices (urethra and vagina)
and no anus. (i) No gas or meconium in
urine. (iii) Gas at or above P C line on
invertography. (iv) No fistula seen on colono-
gram later.

(b) With Fistula
(i)
15. RECTOVESICAL FISTULA

(ii)
16. RECTOCLOACAL FISTULA

iy ®

(iii)
17. RECTOVAGINAL FISTULA High

Rectum enters bladder between two separate
vaginae which form a common cloaca at the
b'adder outlet. Other serious anomalies.
Diagnosis:

(i) A single cloacal orifice. (i), (iii), (iv),
(v) as in male.

Rectum, vagina and urethra enter a common
cloaca. Vagina may be short, single, or
septate.

Sphincters as in male, with the puborec-
talis intimately surrounding the cloacal canal
below the fistula.

Diagnosis:

(i) A single cloacal orifice in vestibule. (ii)
Gas or meconium in urine. (iii) Invertography
unreliable re gas levels. (iv) Vaginoscopy and
vaginogram may show fistula. (v) Colonogram
may show fistula.

Vagina usually normal, rectal fistula opens
in midline posteriorly, orifice largish.

Sphincters as in rectocloacal fistula.
Diagnosis:

(i) Normal two orifices in vestibule. (i)
Meconium from vagina. (iii), (iv), (v) As in
rectocloacal fistula.

2. Rectal Atresia—Female

18. RECTAL ATRESIA

iy

Fig. 8.1 (continued)

As in male, very rare.
Diagnosis:
As in male.
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INTERMEDIATE DEFORMITIES

1. Anal Agenesis—Male

(a) Without Fistula
5. ANAL AGENESIS (Without Fistula)

DAL

The rectum terminates blindly at the upper
border of the bulbocavernosus muscle close to
the urethra. The puborectalis muscle is fore-
shortened around the caudal end of the gut;
internal sphincter absent, and external sphinc-
ter rudimentary.

Diagnosis:

(i) No distinctive perineal apperance. (ii)
No gas or meconium in urine. (iii) Gas near |
point,* i.e. below P/C line, on invertography,
with or without an anterior ‘beak.” (iv)
Normal urethrogram, without fistula. (v) Colon-
ogram to confirm later.

*| point = tip of comma-shaped ossific centre
of ischial bone.

(b) With Fistula
6. RECTOBULBAR FISTULA

The rectum terminates above the bulbo-
cavernosus muscle by a wide fistula into the
bulb (rectobulbar), or enters the urethra more
distally as a fine fistula. The rectum and
fistula lie in a hammock of puborectalis, and
the most caudal part of the fistula penetrates
the sling; internal sphincter absent; external
sphincter variable.

Diagnosis:

(i) Often no distinguishing perineal sign, but
there may be a thin perineum, hypospadias,
or cleft scrotum. (ii) Gas and meconium in
urine. (iii) Probe passes along urethra into
rectum. (iv) Gas may be seen near | point,
below P/C line on invertography. (v) Urethro-
gram may show fistula. (vi) Colonogram to
confirm later.

2. Anorectal Stenosis—Male

7. ANORECTAL STENOSIS

Wt

Fig. 8.1 (continued)

Anus present and anal canal may or may
not be involved in the stenosis. Stenosis
extends into lower rectum. Normal sphincters.

Diagnosis:

(i) Normal anus. (ii) Obstruction on digital
examination, but not to probe. (iii) Fistulo-
gram to show length.
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INTERMEDIATE DEFORMITIES

1. Anal Agenesis—Female

(a) Without Fistula
19. ANAL AGENESIS (Without Fistula)

As in male, with caudal end of blind gut
near lower end of vagina.

/ \ Diagnosis:

o (i) Normal vestibule, with urethral and
vaginal orifices; no distinguishing mark at the
anal site. (i), (iti) as in male, gas at or

. below | point.

d »/

(b) With Fistula

(1
20. RECTOVAGINAL FISTULA (Low)

Fistula usually just above hymen. The
puborectalis muscle surrounds the caudal
bowel, although the fistula may penetrate the
sling anteriorly.

.
A Diagnesis:
) e As in high rectovaginal fistula.
(

(i) The rectum terminates at or just below

P C line, with an anterior fine fistula 1-2 cms.

21. RECTOVESTIBULAR FISTULA long to the vestibule, coursing immediately

adjacent to the posterior wall of the vagina.

The terminal gut is supralevator, the fistula
translevator. Vagina often double.

Diagnosis:

(i) Three orifices in vestibule, urethra, vagina,
and a fine rectal fistula in fossa navicularis.
Orifice totally surrounded by red vestibular
mucosa. (ii) Probe into fistula passes cranially
only. (iii) Measure length of fistula by marked
Foley catheter. (iv) Fistulogram may define
length,

2. Anorectal Stenosis—Female

22. ANORECTAL STENOSIS

Description and Diagnosis as in male.

Fig. 8.1 (continued)
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LOW DEFORMITIES (TRANSLEVATOR)

1. At Normal Anal Site—Male

It was agreed that an occluded anus at the
normal site may be due to either hypertrophy

s _ o of genital folds or to imperforation of the
" ‘(,:OVERED ANUS—COMPLETE anal membrane. The latter is so rare that
includes No. 12 it is placed in the “miscellaneous™ group:

8. COVERED ANUS—COMPLETE most occlusions are of the former type.

The anus is ‘‘covered’ at the normal site by

A excessive posterior development of the genital
- folds, shown as a thick raphe over the site,
(. by anterior or posterior folds, or by a fused

X central band {‘‘congenital median band'’).
\ B / Puborectalis  surrounds normal anorectal

( . canal, external sphincter variable.
Diagnosis:

- (i) Perineal appearance of hypertrophied
folds. (ii) Gas below | point on invertography.

Wy
m

(iii) Percutaneous needling and X-ray dye study

shows level.
(i) “"ANAL STENOSIS" A stenotic anus at the normal site may be
**includes No. 13 due to partial coverirflg tl])y genital folds, or to
partial perforation of the anal membrane. A
9. COVERED ANAL STENOSIS common term “anal stenosis” was chosen to

include both types, although most will be
covered deformities. The membrane deformity
is classified in the ‘‘miscellaneous’ group.

Identical to ‘‘covered anus—complete,”
except that the covering is incomplete result-
ing in a stenotic canal, or a fistula either side
of a median band.

(i) Perineal appearance of hypertrophied folds.
(ii) Fistulogram may show length.

2. At Perineal Site—Male

(i
10. ANTERIOR PERINEAL ANUS

A normal anus situated further forward in
the perineum. All sphincter components are
normal.

l Diagnosis:
( X / (i) Normal anus, but anteriorly placed. (ii)
No genital fold defects.
—_—A

The most common male deformity. Excessive
posterior fusion of genital fold covers the
anus and projects the orifice anteriorly as a
fistula. The fistulous orifice may open any-

(i) where from the normal anal site to the tip
11. ANOCUTANEOUS FISTULA of the penis, but is usually just behind the
' scrotum. The anal canal is complete to the
(Covered Anus—Incomplete) ;lhalves; hthe fistula is covered by thin skin of

e raphe.

Puborectalis is normal, but internal sphinc-
ter absent, and external sphincter variable.
Diagnosis:

(i) Distinctive appearance of perineum—
fistula orifice visible, or obscured by speck of
meconium; fistulous track filled with meconium
or by white epithelial pearls: the anal site a
dimple, raphe or hypertrophied fold. (ii) Probe
passes directly back along fistula into anal
canal. (iii) Invertogram unnecessary. but gas
below | point, provided levator not contracted.

Fig. 8.1 (continued)
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LOW DEFORMITIES (TRANSLEVATOR)

1. At Normal Anal Site—Female

(i) "COVERED ANUS COMPLETE"
*includes No. 30

23. COVERED ANUS—COMPLETE

/ \ As in male.
® A \) Very rare in female.
@) \&
t P e/
\ & ) 2 A

(ii) ""ANAL STENOSIS"
**includes No. 31

24. COVERED ANAL STENOSIS
Description of Anus: as in male.

Diagnosis
Three orifices in perineum, i.e. urethra,
\\ﬁn, vagina and stenotic anus.

2. At Perineal Site—Female

(i)
25. ANTERIOR PERINEAL ANUS

A normal anus situated between the normal
site and the fourchette. The common site is in

/ the dry skin contiguous with the posterior
limit of the vulva.
All sphincter components probably present.
Diagnosis:
\J As in male.

(i)

26. ANOCUTANEOUS FISTULA
(Covered Anus—Incomplete)

As in male. The fistulous orifice is stenotic,
bevelled anteriorly, and lies between anal site

- and the dry skin posterior to the vulva.
) In\ Diagnosis:
| f ; (i) Three orifices in perineum, i.e. urethra,
oy vagina, and fistulous orifice in the dry skin
Q of the perineum. (ii), (iii) & (iv) as for male.
/ $ ~
-_ L}

Fig. 8.1 (continued)
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LOW DEFORMITIES (TRANSLEVATOR) Contd.

3. At Vulvar Site—Female

U A variety of anterior anus, but with so little
27. VULVAR ANUS development of the perineum that the anus lies
in the vestibule. Anal orifice is normal, not
stenotic, usually surrounded by wet vestibular
epithelium; or it may be on the rim of the
fourchette, wet in front, dry skin behind. The
minoral tails pass in front and behind the anus.

o
‘% % (i) Three orifices in the vestibular area—
|

Sphincters are all represented.
Diagnosis:
urethra, vagina, and normal anus.

Another variety of covered anus (see ano-

(ii) cutaneous fistula above) with the fistula
28. ANOVULVAR FISTULA projected into the posterior vulva.
) Diagnosis:

passes preferentially backwards close to skin,
but also cranially. (v) Fistulogram may con-
firm.

(i) Three orifices in vulva—urethra, vagina,
and fistula. (i) Fistula orifice on rim of
vestibule, with wet epithelium in front and

@) dry skin behind. (iii) Minoral tails may project
_ . posteriorly as a raphe. (iv) Probe into fistula

A lesion probably embryologically identical
with rectovestibular fistula but antomically

(iii) dissimilar in that the fistula is very short.
Rectum lies adjacent to the vagina and extends
29. ANOVESTIBULAR FISTULA to the vestibule as a normal lumen except

for a very short terminal fistula. Puborectalis
normal, rudimentary internal sphincter, and
variable external sphincter.

Diagnosis:

(i) Three orifices in vestibule—urethra, vagina
and fistula. (ii) Fistula is tucked up in the
fossa navicularis, completely within the vesti-
bule, and totally surrounded by wet vestibular
mucosa. No minoral tails.

(iii) Probe into fistula passes preferentially

cranially, but also posteriorly. (iv) Fistulogram
may confirm.

Fig. 8.1 (continued)
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MISCELLANEOUS DEFORMITIES
FEMALE

(1)
30. IMPERFORATE ANAL MEMBRANE*

/

)

m

As in male.

*See 23.

(i)
31. ANAL MEMBRANE STENOSIS**

o /

As in male.

**See 24.

/
@

32. PERINEAL GROOVE

%

A normal vestibule anteriorly but a wet
groove extends posteriorly to the anus, bor-
dered laterally by hypertrophied minoral tails
and labia majora. Anus is of normal calibre
but with anterior ectropion into the groove.
The groove later epithelialises into normal
skin.

(iv)
33. PERINEAL CANAL

A

A normal anus and vestibule, but there is
a fistula from the anal canal (near the valves)
to the fossa navicularis. Sometimes the anal
canal is anteriorly placed and stenotic.

)
VESICOINTESTINAL FISSURE
As in male.
(vi)
DUPLICATIONS OF ANUS, RECTUM & GENITO-
URINARY TRACTS
As in male.
(vii)
COMBINATIONS AND VARIANTS OF THE USUAL
DEFORMITIES
e.g. — complicated varieties of rectocloacal
fistulae.
— rectovesical plus rectocloacal fistulae.
— rectovaginal fistula plus normal anus.
— rectovaginal fistula plus anal sten-
osis.
— anovulvar or rectovaginal fistula plus
exstrophy of bladder.
— etc.

Fig. 8.1 (continued)
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MISCELLANEOUS DEFORMITIES

MALE

0]
12. IMPERFORATE ANAL MEMBRANE*

Anus at normal site, but proctodeal mem-
brane intact. Puborectalis normal; no internal
sphincter below the anal valves; deep external
sphincter intact, but rudimentary superficial
sphincter.

Diagnosis:

(i) Superficially normal anus, but membrane
may bulge with meconium, or be found on
digital examination. (ii) No genital fold defects.
(iii) Gas well below | point on invertography.

*See 8.

(i)
13. ANAL MEMBRANE STENOSIS**

As in imperforate anal membrane, but mem-
brane partially perforate.

**See 9.

(iii)
VESICOINTESTINAL FISSURE
A complicated anomaly of exstrophy of
the ileo-caecal region, short terminal blind
bowel, exstrophy of paired bladders, and other
associated anomalies.

(iv)
DUPLICATIONS OF ANUS, RECTUM & GENITO-
URINARY TRACTS

About 40 recorded cases in various com-
binations of blind and fistulous openings.

0
COMBINATIONS AND VARIANTS OF THE USUAL
DEFORMITIES
e.g.—r]ectovesical plus rectourethral fistu-
— lae.
— rectourethral  fistula plus normal
— anus.
— colourethral  plus  coloneurenteric
canal fistulae.
— rectobulbar fistula plus normal anus.

— covered anus with track deep to
scrotum,

—etc.

Fig. 8.1 (continued)
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Table 8.9 Wingspread Conference classification

High 1. Anorectal agenesis 1. Anorectal agenesis
A. Rectovesical fistula A. Rectovaginal fistula
B. Without fistula B. Without fistula
2. Rectal Atresia 2. Rectal Atresia
Intermediate 1. Rectourethral fistula 1. Rectovestibular Fistula,
2. Anal agenesis without fistula 2. Rectovaginal fistula
3. Anal agenesis without fistula
Low 1. Anocutaneous (perineal) fistula 1. Anovestibular (perineal) fistula,
2. Anal stenosis 2. Anocutaneous (perineal) fistula
3. Anal stenosis
Miscellaneous Rare malformations Persistent cloacal anomaly

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

>

Rare malformations

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. Pefia
argues strongly from his experience of 1,460 patients
that a normal anus surrounded by a normal voluntary
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Fig. 8.2 Perineal fistula or an anterior “ectopic” anus

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.

Pefia argues that the terms “low”, “intermediate”

and “high” are arbitrary and not based on outcome,

Fig. 8.3 Anterior “ectopic” anus or perineal fistula

therapeutic management and prognosis. He further
argues that other classification systems overcompli-
cate the issue leading to misdiagnosis and unneces-
sary surgery. Pefias 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 Pefias 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

Table 8.10 Pena’s classification

Males Females

Perineal (cutaneous) fistula ~ Perineal (Cutaneous) fistula

Rectourethral fistula Vestibular fistula
Bulbar

Prostatic
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.

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

Fig. 8.8 Vestibular fistula

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

In reality, whether one adheres strictly to the
Wingspread or Pefias classification was a matter of
personal choice. From a practical point of view, Pe-
fa’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]

Perineal (cutaneous) fistula
Rectourethral fistula
Bulbar

Prostatic

Major clinical groups

Rectovesical fistula
Vestibular fistula
Cloaca

No fistula

Anal stenosis

Pouch Colon
Rectal atresia/stenosis

Rare/regional variants

Rectovaginal fistula
H type fistula
Others
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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.

Table 8.12 International grouping (Krickenbeck) of surgical
procedures for follow up [75]

Operative procedures

« Perineal operation

« Anterior sagittal approach

« Sacroperineal procedure

« PSARP

» Abdominosacroperineal pull-through
« Abdominoperineal pull-through

« Laparoscopic-assisted pull-through

Associated conditions

« Sacral anomalies
« Tetherd cord
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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

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 x 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.

Assessment of the Level
of Anomaly and Presence
of a Fistula

9.3

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.

Male Prediction
from Clinical Appearance

9.4

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 PCline
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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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

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-
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0”8

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

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

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

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
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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

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

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

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
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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

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

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].

Female Prediction from Clinical
Appearance

9‘5

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-
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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)

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.
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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.

Barjum 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 Pefia

[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.

Assessment for Associated
Malformations

9.7

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

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

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
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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

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 MRIL

Fig.9.15 Coronal ultrasonogram of a kidney, demonstrating

dilatation of the pelvicaliceal system

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
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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.

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 HLXBY, 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 Pefia 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).

Classification
of Persistent Cloacas

10.3

A detailed description of the varying anatomy of cloa-
cal malformations has been published by Hendren [1,
17-22] and Pefia [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 I: Forme fruste  Anteposition of anus with ultra short

UGS and normal female genitalia
Short UGS < 3 cm (confluence
below PC line)

Type II: Low cloacal
malformation

Type III: High cloacal long UGS > 3 cm (confluence

malformation at or above PC line)
Type IV: Vagina and/or rectum
into bladder cavity
Rare cloacal Posterior cloaca in boys
malformations 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. Pefia’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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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).

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