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   Foreword I   

 Many resource materials exist for the physician or surgeon evaluating and man-
aging the patient with fecal incontinence. Much of the available information is 
embedded in the context of an overall textbook or compendium of colorectal 
surgery. There are a relatively limited amount of focused data for the practitio-
ner who wishes to become familiar or updated with the latest relevant diagnos-
tic and therapeutic information. Professor Mongardini is to be commended for 
having assembled in a cogent, succinct, and imminently readable textbook all 
of the abovementioned required details. He has selected 14 chapters each of 
which was authored by between one and fi ve experts. This book commences 
with a very surgeon-specifi c view of pelvic fl oor anatomy which I found read-
ily comprehensible and clinically relevant. The second chapter which I also 
very much enjoyed reading is a description of physiology and physiopathology 
again written from the perspective of the practicing surgeon. Studying this 
chapter is an excellent prerequisite to digesting the subsequent four chapters 
each of which delves into a different but important facet of evaluation. 
Specifi cally, the chapters on endoanal ultrasound, magnetic resonance, anorec-
tal manometry, and electromyography are all very up to date, highly descrip-
tive, and again immediately useful in daily patient management. Reading these 
four chapters allows one a comprehensive overview of the optimal available 
current diagnostic tools. The remaining eight chapters describe virtually every 
currently available therapeutic modality by which the practitioner can try to 
assist the patient with fecal incontinence. The chapters include the gamut from 
pelvic fl oor rehabilitation and radiofrequency tissue remodeling to stomas and 
stem cells. In between these extremes are reviews of injectable and implantable 
agents, sacral neuromodulation, the artifi cial bowel sphincter and the more 
“standard” surgical therapies of sphincter repair, post anal repair, and muscle 
transposition. The easy readability of the material in the textbook is further 
complimented by the high-quality illustrations and photographs. It is clear that 
each of the authors commands expertise in his or her respective chapter. It is 
also quite apparent that Professor Mongardini edited the material to allow for 
an easy narrative fl ow between chapters with minimal subject overlap but 
excellent subject juxtaposition and interplay. I am very grateful to Professor 
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Mongardini for having invited me to author this Foreword. I highly commend 
this textbook to all physicians and surgeons who evaluate and/or manage 
patients with fecal incontinence. This book shall certainly occupy a prominent 
place in my personal library and will be enjoyed by all of my residents and 
fellows. 

 Steven D. Wexner, MD, PhD (Hon), FACS, FRCS, FRCS (Ed) 
 Chairman, Department of Colorectal Disease 

Director, Digestive Disease Center
Cleveland Clinic 

Florida, USA  

Foreword I



vii

   Foreword II   

    The Management of Fecal Incontinence 

 Traditional anatomy and most importantly, an anatomy which is advanced 
and modern, both functional and pathological, of the pelvis and the perineum, 
has forever incited my non-ephemeral attention and even provoked me, at 
times, with interpretive diffi culties of the mnemonical or terminological 
nature: much of this due to its intertwined classifi cation and challenging 
pathophysiological attributes. The awareness of the anthropological and ethi-
cal impact, far from pedestrian, and of the consequences deriving from 
regional pathologies permeates one’s understanding and demands the utmost 
attention. Thus the most dire of fecal incontinence’s problematics, often 
severely debilitating for the patient, have been ever-present throughout my 
areas of interest in colorectal pathology and surgery, and have led me to seek 
out and to obtain an understanding of the evolution of knowledge in this fi eld. 

 Within this area of interest, the need to be kept abreast of the latest research 
and studies as well learn from the experience of the fi eld’s “best” and most 
“dedicated” experts is paramount; this must be achieved through the objec-
tive awareness of personal practice, phenomena causality, and through meth-
odological improvements and opportunities provided by technological 
achievements. Hence, I have challenged myself with curiosity and commit-
ment, with all there is to acquire within this specifi c area. Thereby I was able 
to observe, during my long career as a surgeon, and during not so recent 
times, how fecal incontinence’s identity and frequency were not yet fully 
explored and valued, further still, they were neglected and resulted in poor 
and inappropriate therapeutic consequences. Yet a regulated “curative con-
sciousness” has taken form as of late, resulting either from the pressure of 
social and environmental obligations or due to those of the recognition of 
patient’s rights. We owe surgical research groups, who are taking direct action 
on this matter, the understanding of contemporary doctrinal and clinical- 
therapeutic issues. 

 This monographic work, represented by “schools” and “groups” which are 
motivated by a strong sense of operational collaboration and remarkable clin-
ical and surgical experience, coupled with a cautious judgment for possible 
outcomes, undertakes the fundamental duty of describing and assimilating 
the present state of these discoveries while taking into consideration the ele-
ments of its authentic history and enabling future fi ndings. 
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 Fecal incontinence is more common than what is generally believed and is 
prevalent among females. It mortifi es and humiliates its sufferers, most often 
too embarrassed to communicate their often severely debilitating condition, 
lest they damage their social individuality. 

 In the past, many surgical repair techniques have failed, proved inade-
quate, or have been modifi ed and enhanced in order to achieve success; yet as 
a whole, only modest progress has been recorded. Today we may rely upon a 
more precise and critical qualitative assessment of results. Therapeutic 
options are numerous and address many aspects of the condition: in relation 
to various causal conditions, clinical presentations, and through the respect-
ing of important and global statistic results. 

 Naturally, there is no single treatment for fecal incontinence which may be 
applied unbiasedly to a large series of clinical cases with different pathogen-
esis, conditions, or severity, as is possible with other more homogeneous dis-
eases. Traditional techniques have been modifi ed and fi ne-tuned, thus 
determining through time, a curative value. 

 For less severe pathological conditions, “conservative” techniques, which 
may be coupled with a more invasive approach, have been implemented. The 
evolution of biotechnology has led to the creation of new generations of arti-
fi cial sphincters. New methods such as sacral neuromodulation have been 
introduced and have been legitimized due to their “fl attering” results. Progress 
has been made in the research and development of new biocompatible materi-
als which produce different types of “bulking agents,” and stem cells have 
been studied as of late for reconstructive purposes. Now more than ever, a 
scrupulous diagnostic conduct is required in order to allow for the planning 
of adequate “individual” therapy. 

 The aforementioned information is presented and compiled in an orderly, 
systematic, and illustrative manner in this text, and may be used both as a 
guide and a handbook. I wish to see this book browsed, annotated, read, and 
reread, its passages and concepts refl ected upon and brought to everyday 
practice in the hands of the young and affi rmed surgeon, the “generalist” and 
“specialist” surgeon, scholars, researchers, clinicians, physiopathologists, 
radiologists, psychologists, and non-medical specialized hospital personnel. 
This volume greatly deserves to be dealt with thusly, thanks to its accultura-
tion characteristics and its practical guidance: I profoundly hope and strongly 
believe that this will transpire. 

 Giorgio Di Matteo 
 Professor Emeritus of Surgery 
Sapienza - University of Rome 

 President Emeritus and Honorary 
Member of the Italian Society of Surgery 

 Rome, Italy   

Foreword II
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   Forewo rd III    

    Fecal Incontinence Management 

 Fecal incontinence, though it be an unfamiliar area of expertise to most phy-
sicians, is of paramount importance physically, socially, and psychologically 
to those who suffer from it. 

 The following is a book which reads like a treatise, while retaining the 
nimble nature of a reference manual. The editor wished that its chapters be 
entrusted to individual experts or teams of devoted specialists who represent 
the best that the fi eld has to offer today. Upon fi rst glance, the text is not fall-
ing in value of a monograph written by a single scholar, due to the homoge-
neous manner in which the work develops, and due to its broad range of 
clinical and therapeutic concepts shared by specialists in the fi eld. This work 
presents strategies currently in use as well as future goals, offering those who 
wish to devote themselves to this discipline a scientifi c approach which is the 
fruit of debates and experience spanning several decades. These concepts are 
presented in an area of research that, despite having originated in the nine-
teenth century, has just recently emerged from its experimental phase. The 
future goal, unattainable without the participation of some of the most promi-
nent institutions, is to implement ratiocinative protocols within the fi eld, as 
well as in the area of anatomical and functional surgery of the anus and the 
rectum, which have until very recently raised substantial doctrinal confl icts in 
congresses. 

 As this book is hereby presented by two of the utmost experts of surgery, 
I leave to them the task of delving into the most meaningful aspects of diag-
nosis and therapy. It is my good pleasure, however, to recall our long experi-
ence in treating these pathologies: having been quite fortunate at the time to 
have had the editor himself by my side in his young years. At that time, the 
initial obstacle to overcome before delving into a case was the diffi culty in 
understanding the subtleties of anatomy, above all of the pelvic fl oor: a query 
which was subsequently clarifi ed and defi ned by several colleagues. The 
pathophysiological and diagnostic defi nition of the determining causes of 
fecal incontinence was in and of itself quite controversial and arduous, as it 
encompasses numerous pathological conditions. Thus, it was diffi cult to 
carry out diagnostic procedures which would have consistently adhered to the 
rigorous methodology set forth. I think back to the discussions we had long 
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ago, and how the need to clearly identify effective diagnostic protocols was 
often at the heart of our debates. 

 Therefore, it is opportune that this book opens with the topic of anatomy, 
which in this case is not a mere “rappel” but a crucial part of the technical 
mastery of the surgeon. 

 The improvement of diagnostics is inherently related to the detailed study 
of complex pathophysiology, and to the collaboration and joint effort of vari-
ous specialists in their struggle to avoid superfi cial and inaccurate diagnosis 
which in turn leads to inadequate therapeutic plans. 

 This text concludes with surgery. Therapeutic options have remarkably 
increased in recent years. This demonstrates that the various available 
approaches are not univocal. Time, experimentation, and the exchange of 
ideas will lead us to establish guidelines and techniques, while consistently 
referring back to our shared experiences. 

 I remind the reader that this text reviews the most common medical and 
surgically conservative techniques, which have produced favorable results in 
well-selected cases. 

 We await further technological developments, above all a possible use of 
stem cells. 

 I wish the authors that proctologists may study from this book and as a result 
bring about a further evolution of this highly practiced surgical discipline.   

     Filippo     Custureri    
Full Professor of Surgery

Sapienza - University of Rome
Rome, Italy  

Foreword III 



xi

  Pref ace   

 Fecal incontinence is an extremely common condition, whose true prevalence 
is diffi cult to assess. Until a few years ago in non-specialized centers, care 
was confi ned on the use of restraint principals such as absorbent pads. 

 The loss of the ability to hold gas and feces is an outcome of a dysfunc-
tional sphincter whose orderly ability to voluntary release stool and evacuat-
ing bowel contents in socially appropriate moments is damaged. This ability 
is related to the normal functioning of the involved structures (rectum, pelvic 
fl oor, and anal sphincters) and is associated with the integrity of their neuro-
sensory components. Incontinence is the result of irregularity of any of these 
systems together with other systemic diseases, which may have altered intes-
tinal motility and stool consistency as well as diseases that affect superior 
cerebral capability. 

 Incontinence can have features of enhanced disability that reduces signifi -
cantly the patient’s quality of life and, in severe cases, leads patients to 
renounce all forms of social life. 

 The prevalence increases signifi cantly with age coupled with the ordinary 
aging process of the connective tissue, of the smooth and the striated muscle 
component and of the pelvic district fascia, which anatomically and physio-
logically guarantee its functionality. Therefore, the elderly are affected the 
most by this pathology, that even if found to be benign it still becomes debili-
tating, not only for the patient but for his caregiver as well, with a consider-
able social and health impact. 

 In most cases, the diagnosis of the disease is made belatedly, not only due 
to its increased prevalence in elderly subjects, but also due to the habitual 
patient’s reticence in dealing with the problem since it troubles one’s most 
intimate and personal sphere. 

 The psycho-emotional effects, namely, stress, anguish, tears, anxiety, 
fatigue, fear of public humiliation and the sensation of been unclean, are 
 devastating. Limited sexual activity is inevitable as also fear of the antici-
pated incontinence (which itself often increases the probability of an epi-
sode), anger, humiliation, depression, isolation, secrecy, frustration, and 
embarrassment. In addition, physical activity is severely undermined; for 
many patients, simply walking can become a trigger for incontinence to the 
extent that part of people avoid any movement and as a result have inevitable 
diffi culties in carrying out basic daily and working activities. 
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 Fecal incontinence is not a diagnosis, but a symptom. Its causes are 
 numerous and often multifactorial. Consequently, therapeutic strategies are 
manifold. 

 Respecting the above considerations, we intend to clarify at what point 
this pathology is fund today by analyzing, with the help of leading experts in 
the fi eld, all its pathological details and implications. The aim of this volume 
is to evaluate every aspect of this disease in detail: the anatomical description 
of the pelvic fl oor, the pathophysiology of different noxae, and the structured 
diagnostic iter of the possible conservative and surgical therapeutic strategies. 
We wish to propose eventually the one method that represents the therapeutic 
approach, currently as well as in the near future, by exploiting all the new 
curative measures and biotechnological innovations. 

 In conclusion, we would like to express our gratitude to all those who, 
with their invaluable contribution, made the accomplishment of this work 
possible. 

 Rome, Italy      Massimo     Mongardini   
    Manuel     Giofrè     

Preface
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      Pelvic Floor Anatomy                     

     Menelaos     Karpathiotakis    

1.1           Introduction 

 The pelvis is a complex structure made up of 
bones, muscles, ligaments, and fascia and con-
tains organs such as the bladder, urethra, uterus, 
prostate, and rectum. The pelvic fl oor is separated 
into three compartments (anterior, middle, and 
posterior) and consists of muscles and connective 
tissue that work as a coordinated system to sup-
port the organs and to prevent dysfunctions [ 1 ,  2 ]. 

 This chapter attempts to provide an essential 
description of those structures and organs of pel-
vic fl oor that contribute to the complex mecha-
nism of anal continence. The pelvic cavity, the 
anterior and middle compartment of the pelvic 
fl oor, and the ischioanal fossae are anatomic 
structures beyond the scope of this section. 

 Fecal incontinence is described mostly as a 
disorder of the posterior compartment of pelvic 
fl oor [ 2 ], managed traditionally by colorectal sur-
geons. Therefore, in order to make easier to 
understand the physiology of continence mecha-
nism, we concentrated our attention to the ana-
tomical aspects regarding the muscles of pelvic 
fl oor and the structure of the anorectum.  

1.2     Pelvic Floor Muscles: 
Overview 

 Pelvic fl oor is a funnel made up of a striated mus-
cular sheet (pelvic diaphragm) that delimits infe-
riorly the abdominopelvic cavity providing 
enclosure and support at the pelvic organs 
throughout its midline hiatuses [ 1 ,  3 ,  4 ]. The pel-
vic diaphragm extends from pubic symphysis 
anteriorly to coccyx posteriorly and between the 
two ischiatic spines laterally [ 1 ,  5 ]. 

 The pelvic fl oor muscles (Figs.  1.1  and  1.5 ) may 
be organized in superfi cial and deep muscles [ 6 – 8 ]. 
The superfi cial muscles include the anal sphincter 
complex, perineal body, and transverse perinei 
muscles, whereas the deep pelvic fl oor muscles 
include the levator ani muscle, the ischiococcygeus 
(coccygeus), and the obturator internus muscle. 
Between these two layers of muscles is described 
the conjoint longitudinal muscle of the anus [ 9 ].

1.3        The Anorectum 

1.3.1     Embryological Development 

 The origin of the rectum and the anal canal 
occurs through the division of the cloaca that 
represents the caudal end of the hindgut [ 10 , 
 11 ]. The cloaca is connected to the allantois 
ventrally. The mesoderm at the angle between 
the allantois and the hindgut proliferates and 
invaginates the endoderm of the cloaca forming 

        M.   Karpathiotakis       
  Department of Surgery R. Paolucci ,  Sapienza – 
University of Rome ,   Rome ,  Italy   
 e-mail: enimdisify@hotmail.it  

  1

 With the contribution of Giovanni Tortorelli. 

mailto:enimdisify@hotmail.it


2

a septum, called urorectal septum. The septum 
extends caudally composing, anteriorly, the 
primitive urogenital sinus and the anorectal 
canal, posteriorly [ 10 ,  12 ]. Further extension of 
the urorectal septum caudally divides the cloa-
cal membrane into two parts: anterior part called 
urogenital membrane and posterior part called 
anal membrane which are separated by the peri-
neal body (ectoderm). 

 At the 9th week of development, proliferation 
of the mesenchyme around the anal membrane 
creates an ectodermal depression around it, called 
proctodeum that forms the lower part of the anal 
canal [ 10 ,  12 ,  13 ]. The upper part of anal canal 
and the mucosa of rectum is formed from the 
anorectal canal (endodermal in origin). The proc-
todeum raises the anal membrane and fi nally it 
ruptures so that the two parts of anal canal 
become continuous. At the same time, mesen-
chyme surrounding the anorectal canal prolifer-
ates, forming the musculature of rectum and anal 
canal [ 11 ]. 

 At the 16th week of development, the levator 
ani muscle is completely formed and delimits the 
ischiorectal fossa and the pelvic fl oor [ 13 ].  

1.3.2     The Rectum 

 At the level of the 2nd–3rd sacral vertebra begins 
anatomically the rectum which is the last part of 
the large intestine and connects the sigmoid colon 
to the anal canal. The rectum is about 12–16 cm 
long, ends at the perineum, and may be subdi-
vided into two segments: pelvic segment and 
perineal segment [ 7 ,  8 ,  13 ]. 

 The pelvic segment of the rectum presents a 
much larger lumen than its intraperitoneal seg-
ment, and it is known as the rectal ampulla; it is 
quite stretchable and serves as a reservoir during 
defecation [ 14 ]. The perineal segment of the rec-
tum (lied under the pelvic diaphragm) is known 
as anal canal. The point of transition (anorectal 
junction) results from the encirclement of the 
rectum by the levator ani muscle (puborectalis 
muscle sling) (Fig.  1.2 ) [ 1 ,  2 ,  8 ].

   Below the rectosigmoid junction, the muscu-
lar tenias are replaced by the continuous longitu-
dinal muscle layer which is enveloped around the 
entire rectum. Caudal extension of the circular 
layer of smooth muscle of rectum into anal canal 
forms the internal anal sphincter, while the 
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  Fig. 1.1    Pelvic fl oor muscles (Inferior view, female)       
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extension of longitudinal layer of smooth muscle 
of rectum forms the external anal sphincter of the 
anal canal [ 5 ,  15 ].  

1.3.3     The Anal Canal (Fig.  1.2 ) 

 The anal canal, approximately 3–4 cm long, is 
the terminal part of the colon and is a close tube 

surrounded throughout its length by the sphincter 
muscles which contribute signifi cantly to the reg-
ulation of defecation and continence [ 3 ,  7 ,  14 ]. 

 Anatomically (Fig.  1.2 ), the anal canal extends 
for a distance of 1.5–2 cm from the pectinate line 
to the anal margin (anatomic anal canal). From a 
surgical point of view, the anal canal begins at the 
anorectal ring and ends at the anal margin (surgi-
cal anal canal) extending for 3–4 cm [ 7 ,  9 ,  15 ,  16 ]. 
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  Fig. 1.2    Coronal section of the anorectum       
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 The pectinate line (also known as the dentate 
or mucocutaneous line) lies at the inferior level 
of the anal columns and indicates the junction of 
the superior part of the anal canal (derived from 
the embryonic hindgut) and the inferior part 
(derived from the embryonic proctodeum) [ 7 , 
 15 ]. The mucosa of the upper anal canal is lined 
by columnar epithelium, whereas the mucosa 
distal to the dentate line is lined by squamous 
epithelium. However, a transitional zone lies 
immediately above the pectinate line and con-
sists of mucosa covered by cuboidal 
epithelium. 

 The anorectal ring which makes up the upper 
limit of the surgical canal is constituted by the 

puborectalis muscle which is the deepest fascicle 
of the levator ani muscle and forms a true sling 
surrounding the rectum posteriorly. The anterior 
pull of the puborectalis sling around the anorectal 
ring maintains the normal anorectal angle 
between 80° and 120° at rest (Fig.  1.3 ) [ 10 ,  13 , 
 17 ].

   The anal canal plays an important role in fecal 
continence and is normally kept closed by the 
tonic contraction of the anal sphincters. The anal 
canal can be conceptualized as three tubular 
structures overlying each other (Fig.  1.3 ). The 
inner component is mucosa surrounded by the 
other two outer components which form the 
sphincter complex [ 13 ,  15 ,  18 ].  

Hip bone

Pubic symphysis

Left pubic bone

Puborectalis
(forming puborectal sling)

Anorectal angle at
anorectal junction

Internal sphincter

Rectum

Sacrum

Coccyx

Deep
external sphincter

Superficial
external sphincter

Subcutaneous
external sphincter

  Fig. 1.3    Muscles of the anal canal. The normal anal 
canal is a closed tube surrounded throughout its length by 
the sphincter complex muscles. The fi bers of puborectalis 
muscle are in close relation with the deep portion of the 

EAS, which is partially overlapped. Puborectalis muscle 
surrounding the anorectal junction, maintain with its pull 
the anorectal angle between 80° and 120° at rest (mean 
90°)       
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1.3.4     Muscles of the Anal Canal 
(Fig.  1.3 ) 

 The sphincter muscle complex of the anal canal 
is composed from the inside toward the outside 
of the internal anal sphincter and the external 
anal sphincter related posteriorly to the puborec-
talis portion of the levator ani muscle. 
Immediately under the skin of the anal margin is 
found a thin layer of smooth involuntary muscle, 
the corrugator cutis ani, unimportant for the con-
tinence [ 5 ,  7 ,  8 ,  18 ,  19 ]. 

 The internal anal sphincter (IAS) is a circular 
layer of involuntary smooth muscle that sur-
rounds the mucosa layer of the anal canal. With a 
thickness of 2 mm and about 25–35 mm long, it 
ends approximately 1.5 cm below the pectinate 
line, delimiting a plane with the external sphinc-
ter easily perceptible in clinical practice, the 
intersphincteric groove [ 6 ,  9 ,  20 ]. 

 The internal anal sphincter is the continuation 
of the smooth circular muscle layer of the rectum 
and although is separate from the external sphinc-
ter, some elastic fi bers reinforced by connective 
tissue may intersect across the space between the 
two muscles [ 3 ,  7 ,  21 ]. 

 The external anal sphincter (EAS) is a volun-
tary striated muscle approximately 3–5 cm long 
that forms the outer circular component of the anal 
canal and may be divided in three portions com-
monly known as the subcutaneous, superfi cial, and 
deep part of the external sphincter, which can be 
regarded as one functional unit [ 5 ,  8 ,  16 ,  19 ,  20 ]. 

 The subcutaneous portion is defi ned by the 
lower fi bers of EAS and lies below the internal 
anal sphincter and the skin of the anal margin. 

 The superfi cial portion with its middle fi bers 
constitutes the main part of the muscle which 
encircle the lower part of the internal anal sphinc-
ter. This component of EAS joins posteriorly the 
anococcygeal raphe and the coccyx and anteri-
orly, through decussation of some of its fi bers, 
inserts to the perineal body, joining with the 
superfi cial transverse perinei, the levator ani mus-
cle and the bulbocavernosus muscle [ 4 ,  5 ,  17 ,  20 ]. 

 The deeper portion of the EAS with the upper 
fi bers intermingle anteriorly with the fi bers of the 
puborectalis fascicle of the levator ani muscle.  

1.3.5     The Levator Ani Muscle (LAM) 

 The levator ani muscle in association with its fas-
cial layer forms the main part of the pelvic dia-
phragm with a form of a funnel trough which 
passes the urethra, the vagina, and the rectum 
(levator hiatus). The levator ani is a paired thin 
muscle made up of the following three muscle 
components (Fig.  1.4 ) [ 22 – 24 ]:

•     The puborectalis muscle consists the deepest 
portion of the levator ani muscle. It originates 
lateral from both sides of the symphysis pubis 
and surrounds the posterolateral plane of the 
anal canal (anorectal junction) forming a sling 
behind the rectum. Some of its fi bers are partly 
intertwined with the deepest portion of the 
external anal sphincter.  

•   The pubococcygeus muscle arises in the pos-
terior portion of the pubis, lateral of the origin 
of puborectalis muscle, and runs horizontally 
backward to the tendinous center of the 
perineum to insert into the coccyx.  

•   The iliococcygeus muscle is a thin muscle that 
arises more laterally, from the ischial spine 
and from the posterior part of the tendineus 
arch of the obturator fascia, and it inserts to 
the coccyx and the anococcygeal raphe [ 6 ,  13 , 
 15 ,  16 ,  23 ,  24 ].    

 As a whole, the levator ani muscle forms a 
U-shaped structure, a muscular diaphragm, in 
which there is a triangular opening (hiatus) 
through which passes the anorectal junction 
(Fig.  1.5 ). The levator hiatus is bounded by the 
pubococcygeus and puborectalis muscle and is 
divided by connective tissue, fi bers, and liga-
ments into the urogenital hiatus (ventral) and 
anal hiatus (dorsal) which are the pathway for 
the urethra, the vagina (in women), and the rec-
tum, respectively. The mean diameter of the 
levator hiatus is approximately 4 cm at rest [ 4 ,  5 , 
 13 ,  25 ].

   The baseline tonic activity of the levator ani 
muscle keeps the levator hiatus closed by 
 compressing the urethra, vagina, and rectum 
against the pubis as they exit through this open-
ing [ 16 ,  20 ].  
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1.3.6     The Muscular Supports 
of the Anorectum (Figs.  1.1 ,  1.4 , 
and  1.5 ) 

 The anorectum is supported posteroinferiorly by 
the levator plate and anteriorly by connective tis-

sue attachments to the vagina (in women, recto-
vaginal fascia). The levator ani fi bers converge 
behind the rectum and insert directly into his pos-
terior wall to form the levator plate (LP) which 
contraction forms a horizontal shelf over which 
the pelvic organs rest [ 6 ,  8 ,  15 ,  25 ]. 

Urethra

Vagina

Central tendom of perineal
body

Obturator internus

Rectum

Piriformis

Sacrotuberous ligament

CoccyxPiriformis

Ischiococcygeous
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Levator ani muscle Pubococcygeous
IIiococcygeous

Puborectalis

  Fig. 1.4    Inferior view of female pelvis. The levator ani muscle       

Symphysis pubis

Levator ani
Puborectalis

IIiococcygeus

Obturator internus

Coccyx

Piriformis

Pubococcygeus Urogenital diaphragm

Urethra

Vagina

Rectum

Postanal plate

Levatori ani

Coccygeus
Pelvic
diaphragm
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pelvic organs       
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 The smooth longitudinal muscle of the rectum 
inserts into striated muscle arising from the leva-
tor plate, the lateral part of pubococcygeus muscle 
and puborectalis muscle to become the conjoint 
longitudinal muscle of the anus (LMA) [ 4 ,  9 ]. 

 The puborectalis muscle (PRM) anchors the 
posterior wall of the anorectum and with its con-
traction accentuates the anorectal angle [ 13 ]. 

 The perineal body is a central insertion point 
of the perineum for the external anal sphincter, 
the bulbospongiosus muscle, and the deep and 
superfi cial transverse perinei muscles. This 
important fi bromuscular node interposes between 
the anal canal and the urogenital diaphragm ante-
riorly. The external anal sphincter acts as a tensor 
of the perineal body [ 4 ,  25 ,  26 ]. 

 Between the external anal sphincter and the 
coccyx lies the postanal plate, a tendinous struc-
ture which also contains striated muscles insert-
ing into the external anal sphincter. Contraction 
of the anterior part of the pubococcygeus muscle, 
perineal body, external anal sphincter, and post-
anal plate anchors the anus distally [ 2 ,  26 ]. 

 Because the pelvic muscles (PCM, LP, LMA) 
insert into the pelvic ligaments (pubourethral, 
uterosacral, pubovesical ligaments), laxity in 
these ligaments may cause fecal incontinence 
and evacuation disorders [ 2 ,  17 ].  

1.3.7     Vascularization 

 The rectum and the anus are supplied by the 
superior rectal artery (branch of the inferior mes-
enteric artery) as well as the middle and inferior 
rectal arteries [ 8 ,  14 ,  27 ]. 

 The superior rectal artery supplies the portion 
of the anal canal that is superior to the pectinate 
line. 

 The middle rectal artery arises mostly from 
the internal iliac artery and reaches the rectum 
at the level of the levator ani muscles through 
the lateral rectal ligaments (the middle rectal 
artery anastomoses with the superior rectal 
artery). 

 The inferior rectal artery originates from the 
internal pudendal artery and supplies the most 
part of the anal canal below the pectinate line and 
the muscles of the anal sphincter complex. The 

three arteries anastomose with each other 
between rich arterial systems. 

 The veins of anorectum follow the same 
course as the arteries and form two plexus of 
veins. The internal hemorrhoidal plexus drains 
into the superior and middle rectal vein, empty-
ing into the inferior mesenteric vein and the inter-
nal iliac vein, respectively. The external 
hemorrhoidal plexus drains into the inferior rec-
tal vein and the internal pudendal vein.  

1.3.8     Innervation 

 The innervation of the anorectum is made up 
by the autonomous nervous system with its 
sympathetic and parasympathetic component. 
The nerves follow the course of the blood ves-
sels [ 8 ,  28 ]. 

 The fi bers of the sympathetic innervation 
come from neurons of the 1st, 2nd, and 3rd lum-
bar sympathetic ganglia and are distributed 
mainly via the hypogastric plexus. The parasym-
pathetic innervation arises from neurons of the 
2nd, 3rd, and 4th sacral nerves and is distributed 
through the nervi erigentes [ 8 ,  28 ]. 

 The levator ani muscle is supplied by fi bers of 
both the 4th sacral nerve and the perineal nerves 
(coccygeal plexus). The LAM receives branches 
of the levator ani nerve and of the inferior rectal 
nerve, both collaterals of the internal pudendal 
nerve (S3, S4) [ 8 ,  29 ]. 

 The external anal sphincter is a voluntary 
muscle and has a nerve supply from the inferior 
rectal nerve (subcutaneous portion), the 4th 
sacral nerve (superfi cial portion), and the 
branches of the pudendal nerve (deep portion). 
The pudendal nerves provide both the sensory 
afferents of the anal canal and the motor efferents 
(somatic innervation) to the voluntary muscles of 
the anal canal [ 8 ,  29 – 31 ]. 

 The internal anal sphincter is an involuntary 
muscle with the same autonomic innervation as 
the rectum. The parasympathetic nerve fi bers 
have inhibitory action causing relaxation 
whereas the sympathetic nerve fi bers from the 
superior rectal and hypogastric plexus, have 
stimulating action causing contraction [ 8 ,  28 , 
 29 ]. 
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 Above the pectinate line, the nerve supply is 
visceral, coming from the inferior hypogastric 
plexus, so this part of the anal canal is only sensi-
tive to stretch. Below the pectinate line, the nerve 
supply is somatic, receiving fi bers from the infe-
rior rectal nerves (branches of the pudendal 
nerve). As it is somatically innervated, it is sensi-
tive to pain, temperature and touch [ 13 ,  28 ,  29 ].   

    Conclusions 

 In conclusion, any kind of damage or struc-
tural modifi cation of the muscles, fascia, and 
ligaments that implicated in the mechanism of 
fecal continence are associated with anorectal 
dysfunction. Therefore, it is highly important 
for the surgeons to have a thorough knowl-
edge of the anatomy and physiology of the 
anorectum and the associated pelvic fl oor 
muscles, in order to obtain an appropriate 
management of fecal incontinence and defe-
catory disorders, resulting from the loss of 
anatomical integrity of these structures.     

   The images were   created by Ilaria Bondi.   
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2.1          The Physiology of Human 
Defecation 

 Defecation involves an integration of coordinated 
and complex sensory and motor functions, con-
trolled by the central, spinal, peripheral, and 
enteric neural system activity and acting on a 
morphologically intact gastrointestinal tract [ 1 ]. 

 The concepts of continence and defecation are 
inextricably linked, since their balance is based 
on common anatomical, physiological, and neu-
rological aspects [ 2 ]. 

 The motoric mechanism at the root of defeca-
tion uses voluntary and involuntary muscles. 
Therefore, a delicate collaboration between the 
sphincter complex, rectum, and pelvic fl oor is 
held. Pelvic nerves, which carry out both somatic 
and visceral functions, mediate the sensory com-
ponent. Moreover, muscles and nerves of the pel-
vis mediate the connection between sensory and 
motor functions [ 3 ]. 

 It is widely agreed that the normal defecation 
frequency in adults varies between maximum of 
three times a day and a minimum of three times a 
week. However, we can defi ne evacuating three 
times a week as a normal condition only if there 
is no discomfort for the patient [ 4 ,  5 ]. 

 It is acknowledged by now that a variety of 
psychological and behavioral factors can infl u-
ence gastrointestinal functions. The infl uence of 
the psychological sphere has been approved by 
studies revealing an increased incidence of con-
stipation in patients with psychological impair-
ments due to a trauma or sexual abuse as well as 
anxiety or stress [ 6 ,  7 ]. 

 Even posture plays an important role in the 
dynamics of defecation. Defecography has shown 
that the anorectal angle becomes more obtuse 
(open) due to an increased fl exion of the hips, 
thus facilitating evacuation. A study that exam-
ined how duration of evacuation and sense of sat-
isfaction is related to the position taken during 
defecation found that assuming a squatting pos-
ture makes evacuation faster and provides greater 
feeling of complete emptying in comparison with 
a sitting position (according to Western usage) 
[ 8 ,  9 ]. 

 Stool’s volume and consistency are other fac-
tors that affect intestinal transit duration and con-
sequently the defecation [ 9 ]. The transit time and 
the velocity with which the content reaches the 
rectum are depending on the coordinate motor 
activity of the colon. Similarly, the physical and 
chemical nature of the stool comes into consider-
ation [ 10 ,  11 ]. Indeed, the intestinal prolonged 
transit allows the colon to perform his functions: 
to absorb water, electrolytes, and nutritive ele-
ments as well as to store and control the evacua-
tion of feces. Intuitively, the reduced motor 
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activity of the colon and therefore a delayed tran-
sit allow for a greater absorption of water from 
the intraluminal content and reduce the volume 
of stool, making defecation more challenging 
[ 12 ,  13 ]. The motor activity of the colon has a 
circadian rhythm. It increases after awakening 
and is more active during daytime than at night. 
Ingestion of a meal is considered the most power-
ful physiological stimulus that can affect gastro-
intestinal transit and motor activity. In fact, 
during alimentation, an increased motor activity 
is observed in the transverse and descending 
colon [ 14 ,  15 ]. 

 The muscular apparatus of the colon and the 
rectum is formed of a smooth muscle tissue, and 
its contractile function is guaranteed due to inter-
stitial cells (cells of Cajal) with a pacemaker 
function. Four types of terminations ensure the 
innervation: the enteric nervous system, the sym-
pathetic nervous system, the parasympathetic 
nervous system, and the extrinsic sensory inner-
vation [ 2 ,  16 ]. 

 The motor activity of the colon is supported 
by phasic and tonic contractions [ 17 ]. Phasic 
contractions are divided further into propagating 
and non-propagating contractions, depending on 
the generated colonic transit. The non- 
propagating type is more frequent, since they 
contract with 2–4 cycles per minute, exert com-
pressed pressure between 5 and 50 mmHg, and 
can have either a short (15 s) or long (15–60 s) 
duration. It is believed that the function of these 
contractions is to facilitate the mixing of the 
intraluminal contents through the propulsion and 
retropulsion of the fecal bolus [ 18 ,  19 ]. 

 The peristaltic activity of the colon can propa-
gate the intestinal contents in a retrograde (oral 
propagation) or anterograde (aboral propagation) 
sense. The fi rst type is less common. It appears 
confi ned to the proximal colon, and its frequency 
may be higher in patients with constipation [ 19 ]. 

 Among the peristaltic waves which ensure the 
propagation of the colonic contents, there are pat-
terns of waves with high amplitude. These are 
better known as high-amplitude propagated 
sequences (HAPSs) or high-amplitude propa-
gated contractions (HAPCs) and exert a pressure 
of 100 mmHg. They commonly arise in the 

proximal colon then migrate distally for a vari-
able distance [ 20 ,  21 ]. 

 A recent study found that only a third of 
HAPSs reach the anus, while the rest ends at the 
rectosigmoid junction. The importance of this 
type of colic contractions lies in the fact that 
these are often temporally associated with defe-
cation or intestinal gas leakage. Generally, 
15–60 min before defecating, there is a distal 
progressive migration of the HAPSs that go from 
the transverse colon or splenic fl exure to the 
descending colon. The HAPSs guarantee the pro-
pulsion of fecal material and give rise to what 
radiologists defi ne as mass movements (that is to 
say a rapid displacement of a considerable vol-
ume of intraluminal contents) [ 22 – 24 ]. 

 Most of the colon activity is characterized by 
waves of low amplitude, the so-called low- 
amplitude propagated contractions (LAPCs). 
These typically exert a pressure of 50 mmHg, 
with a frequency of 40–120 cycles per 24 h and 
propagate for a distance of 22.5 cm [ 21 ,  25 ]. 

 When stool reaches the sigma, it is pushed 
into the rectum by contractions of 15–60 mmHg 
called motor complexes (MC) [ 26 ]. Among this, 
only 18 % propagate the stool in an aboral sense. 
When the sigma receives fecal material, its walls 
are stretched; this triggers a refl ex, which leads to 
contraction of the walls with concomitant relax-
ation of the rectosigmoid junction. This mecha-
nism probably facilitates the progression of stool 
into the rectum [ 27 ]. The existence of a sphincter 
between the sigmoid colon and the rectum (the 
sphincter of O’Beirne) has long been debated. 
This, in effect, does not result in an anatomical 
structure but in a high-pressure zone located dis-
tally to the sigma that maintains exclusive con-
tractile properties [ 28 ]. 

 Inside the rectum, the contractile activity is 
similar to that of the sigma; contrary to the nor-
mal direction of transit, the motor complexes 
(MCs) guarantee a retrograde propagation. These 
movements are probably acting to keep the rec-
tum empty, functioning as a braking mechanism, 
thus avoiding the premature fl ow of fecal mate-
rial coming from the colon [ 29 ]. 

 At rest, the levator ani, the puborectalis, and 
the external anal sphincter remain in continuous 
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contraction, guaranteeing the so-called postural 
refl ex that allows maintaining the weight of the 
hollow viscera. The puborectalis muscle is the 
most implicated in the control of defecation and 
receives innervation directly from the anterior 
roots of S3 and S4 [ 30 ,  31 ]. The traction that 
exerted during rest by the puborectalis maintains 
the anorectal angle (angle between the axis of the 
rectum and the longitudinal axis of the anal canal) 
at about 90° [ 13 ,  32 ]. 

 In order to preserve continence, the sphincter 
complex normally remains closed, thanks to the 
tonic contraction of the external and internal anal 
sphincter muscle, as well as to the hemorrhoidal 
cushions [ 33 ]. The internal anal sphincter (IAS) 
is a smooth muscle with high resistance; it is 
mainly responsible for continence at rest, and its 
contraction is maintained by slow waves at a fre-
quency of 20–40 cycles per minute. The IAS 
exerts a pressure ranging from 50 to 120 mmHg 
[ 13 ]. 

 The external anal sphincter (EAS) maintains a 
constant tonic activity as well; however, it affects 
only 30 % of the global anal tone at rest. The 
external anal sphincter is a voluntary muscle, 
which receives its innervation from the pudendal 
nerve. It can exert a pressure that ranges from 50 
to 200 mmHg [ 13 ]. The anal cushions, formed by 
the hemorrhoidal plexus, are too contributing 
15 % of anal tone at rest, providing the “hermetic 
seal” to the anal canal, which cannot be guaran-
teed solely by the sphincter muscle tone [ 3 ,  34 ]. 

 The activity of the anal canal is intermittent. It 
is characterized by a temporary relaxation of the 
internal anal sphincter muscle that allows the 
contents of the rectum to descent into the anal 
canal, thus enabling a conscious perception of 
their physical nature. This phenomenon is called 
sampling refl ex; it occurs about seven times an 
hour in healthy subjects and is less frequent in 
patients suffering from incontinence [ 35 ]. 

 Distention of the rectum causes a refl ex relax-
ation of the internal anal sphincter muscle and a 
concomitant contraction of the external anal 
sphincter muscle. This occurrence is called recto-
anal inhibitory refl ex (RAIR). Consequently, the 
pressure in the upper segment of the anal canal 
decreases so the rectal pressure becomes greater 

than or equal to the medium anal pressure. 
However, in order to preserve continence, the 
pressure of the lower portion of the anal canal 
remains virtually unchanged and thus greater 
than the intrarectal pressure [ 36 ,  37 ]. 

 The net effect of the change in pressure that 
occurs during the sampling refl ex briefl y exposes 
the sensory anal zone to rectal content in order to 
allow its recognition. The integrity of the epithe-
lium of the anal canal guarantees discrimination 
and is, in fact, covered with high-sensitivity 
receptors, including corpuscles of Krause, Golgi- 
Mazzoni bodies, genital corpuscles, Meissner 
and Pacinian corpuscles, and sensory, motor, and 
autonomous nerve endings, as well as the enteric 
nervous system. The refl ex is controlled by the 
enteric nervous system and affected by the spinal 
cord and is therefore absent in patients with 
Hirschsprung’s disease. Simply said, the RAIR 
allows discriminating the fecal content distin-
guishing the solid, liquid, and gaseous nature of 
fecal material [ 38 ]. 

 The need to defecate originates in the rectum. 
When HAPSs push fecal material in the sigmoid 
colon and subsequently to the rectum, its gradual 
distention produces a sensory response, which is 
translated into rectal fi lling sensation [ 39 ,  40 ]. 
Subsequent to the distension, a constant urge to 
defecate is felt. Delayed defecation causes a 
sense of discomfort and an intense need to evacu-
ate which related directly to the volume and the 
maximum tolerable pressure [ 41 ]. 

 A similar feeling to the desire to defecate may 
be evoked by manometry using a balloon at a dis-
tance of 15 cm from the anal margin. Stretching 
the rectum at a greater distance leads to a supra-
pubic pain. There are extra-rectal causes for the 
need to defecate. If in fact the nerve endings, the 
receptors of the pelvic muscles, and the adjacent 
structures of the rectum are stimulated, it can 
induce a sense of defecation urgency [ 42 ]. 

 It is now known that stool, transported into the 
rectum through the HAPSs, stretches and deforms 
the rectum and stimulating mechanoreceptors, 
which in turn induce refl ex rectal contraction 
[ 21 ]. 

 The rectum has an important compliance that 
allows tolerating increases in volume with little 
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change in pressure. This function triggers an 
adaptive relaxation of the rectum, which gives it 
reservoir characteristics. This ability is guaran-
teed by its rich in collagen elastic walls and the 
relaxation of its smooth musculature [ 13 ]. 

 The extent of the rectal walls’ contraction 
increases with augmentation of fecal volume. 
Studies report that the sensation of defecation 
cannot be verifi ed without the musculature con-
traction and that the duration of the rectal con-
traction appears to be directly correlated with the 
duration of the perception [ 41 ]. 

 Several studies have led to the conclusion that 
the rectal sensation does not depend on the 
weight or the volume of the contents, while it is 
strictly related to the change in pressure that is 
exerted on the stretch receptors. On the other 
hand, latest studies found that the defecation 
stimulus depends on the circumferential wall 
deformation arising from the increase in pressure 
[ 43 – 45 ]. 

 Our knowledge of defecation’s neurophysiol-
ogy is based on studies conducted on animals. 
Along the myenteric plexus, the nerve endings 
have a lamellar aspect with branching ends 
named rectal intraganglionic laminar endings 
(rIGLEs) that have been identifi ed as low- 
threshold sensitive-to-traction mechanoreceptors 
[ 46 ,  47 ]. There are also other mechanoreceptors, 
which are sensitive to medium-/high-intensity 
compression, located at the vicinity of the intra- 
and extramural vessels along most of the viscera 
including the colon [ 48 ]. 

 The sacral plexus plays a key role in the sen-
sory perception of the rectum, while the thoraco-
lumbar is secondary. The rectal sensory perception 
is in fact preserved after bilateral pudendal nerve 
block. However, low spinal anesthesia (L5–S1) 
abolishes rectal sensation, so that the rectal disten-
sion results only in a vague abdominal discomfort. 
High spinal anesthesia (T6–T12) is able to abolish 
not only rectal perception but also that of the abdo-
men [ 49 ]. It was also demonstrated that the feeling 
of rectal distension is impaired in patients with 
bilateral lesions of the sacral nerve roots (preserv-
ing bilaterally S1–S2) [ 50 ]. However, some of the 
rectal sensory perception information follows the 
lumbar afferents from the inferior mesenteric gan-

glion and continue to the hypogastric nerve 
through the pelvic ganglia and reaching the rectum 
through the rectal nerves. This innervation is prob-
ably responsible for the abdominal discomfort that 
is associated with the distension of the rectum 
[ 49 ]. 

 Currently, neurophysiologists’ common belief 
is that the nerve pathways related to the rectum is 
working in parallel to the sacral sympathetic and 
parasympathetic system, following neural struc-
tures in the lateral ligaments, through the pelvic 
plexus and pelvic splanchnic nerves (nervi eri-
gentes), and then reaching the sacral segments of 
the spinal cord through nerve roots S3 and S4 
[ 50 ,  51 ]. 

 Recent studies on the central nervous system 
showed that the spinal afferents from the abdomi-
nal viscera follows a spinal-thalamic-cortical 
tract [ 52 ]. On the insular cortex, in fact, sensitive 
pathways that encode painful stimuli seem to 
end, while on the cingulate cortex the autonomic, 
emotional, and motivational responses to the vis-
ceral stimulus are elaborated [ 53 ]. Therefore, 
when the sensation of rectal fi lling becomes con-
scious and the act of defecation is socially appro-
priate, evacuation begins. 

 The intrarectal pressure must exceed that of 
the anal canal and is sustained by colorectal con-
traction and pelvic relaxation. 

 During rest, the pelvic fl oor remains in a con-
tinuous contraction, thus preserving continence. 
The increase in the abdominal pressure, per-
ceived by the pelvic fl oor due to neuromuscular 
spindles, induces an initial contraction of the 
muscles. In case this pressure exceeds a certain 
critical value, an inhibitory refl ex enables relax-
ation of the pelvic musculature [ 54 ]. 

 At the same time, the puborectalis muscle 
branches relax and open a 90° angle between the 
rectum and the anal canal. In addition, the pubo-
coccygeus muscles “squeeze” the perineum, thus 
recalling tension on the anterior wall of the anal 
canal and moving backward the posterior wall. 
An adequate relaxation of the pelvic fl oor is 
essential for effective evacuation; otherwise, dys-
synergic defecation occurs [ 55 ]. 

 The involuntary relaxation of the internal anal 
sphincter muscle follows the distension of the 
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rectum so that it is directly proportional to the 
intrarectal pressure. 

 After assuming an optimal position, the defe-
catory “push,” which is associated with synergis-
tic contraction of the abdominal muscles, 
diaphragm, and a closed glottis (Valsalva maneu-
ver), allows, by voluntarily relaxing the anal 
sphincter muscle, to produce a posteriorly and 
inferiorly directed vector [ 55 ]. 

 The hemorrhoid cushions are fl attened by the 
contraction of the sphincter muscles and the pas-
sage of stool. All of this induces changes in pres-
sure that defi ne a gradient between the rectum 
and the outside that allows the expulsion of feces. 
It has been suggested that once defecation started, 
the input generated in the anal canal continues 
until the rectum is completely empty [ 56 ]. 

 In case defecation is postponed, the external 
anal sphincter is contracted while resisting the 
increased pressure of the rectum for a suffi cient 
period that allows the adaptation of the rectum 
to the new volume. There is a further contrac-
tion of the pelvic fl oor, including the puborecta-
lis muscle. During this phase, the anorectal 
angle acuity is increased, the pelvic fl oor is ele-
vated, and the high-pressure area of the anal 
canal extends [ 3 ]. 

 The end of defecation is a semi-voluntary 
phenomenon mediated by the involuntary con-
traction of the external anal sphincter and the 
pelvic fl oor that closes the anal canal and 
reverses the pressure gradient. In fact, when we 
apply a traction to the anus which we then sub-
sequently release (similar to passage of stool), a 
momentary increase of activity in the external 
sphincter muscle occurs, leading to a closure of 
the anal canal. This occurrence, called the clos-
ing refl ex, allows the internal anal sphincter 
muscle to restore its basic tone. This refl ex is 
mediated by cerebral cortex; therefore, it results 
in compromised patients with spinal injuries 
[ 13 ,  30 ,  57 ]. 

 When defecation ends, the puborectalis mus-
cle regains its tone increasing the traction on the 
anorectal junction and the anorectal angle. 
Simultaneously, the longitudinal muscles of the 
anal canal relax and thus lengthen, allowing the 
distention of the hemorrhoid cushions [ 57 ].  

2.2     The Physiopathology 
of Fecal Incontinence 

 The principal factors for fecal continence 
depend on the enteric content, which is essen-
tially stable and voluminous, and on the pres-
ence of a passively stretchable, capacious, and 
evacuable “Rectal Reservoir” and an effective 
anti-refl ux pelvic barrier. Therefore, variations 
in the quantity and quality of stools reaching 
the sphincter, the inability of the rectum to 
receive and retain fecal material, and the 
mechanical and/or sensory damages of the 
internal and external anal sphincter can cause 
fecal incontinence [ 58 ]. Most common causes 
include diarrhea, fecaloma with “overfl ow” 
mechanism, defective rectal stool storage, rec-
tal distension sensitivity loss, isolated or com-
bined sphincter, and puborectalis muscle 
weakness or impairment [ 58 ]. The suggested 
classifi cation is based on a study of fecal incon-
tinence performed by the “Guideline 
Development Group” (GDG), a multidisci-
plinary group at the “The Royal College of 
Surgeons of England,” which was published by 
the “National Institute for Health and Clinical 
Excellence” in 2007 [ 59 ]. 

 The study was based on information obtained 
regarding fecal incontinence (defi ned as the 
“involuntary loss of liquid or solid feces”) in 
patients over 18 years of age. According to the 
GDG, the majority of patients with fecal inconti-
nence can be classifi ed into one or more of the 
following groups:

•    Patients with abnormal anorectal complex 
(sphincter trauma, sphincter degeneration, 
rectal prolapse, perianal fi stula)  

•   Patients with neurological disorders (e.g., 
multiple sclerosis, spinal cord injury, spina 
bifi da, stroke, etc.)  

•   Patients with constipation or fecal overload 
(e.g., diet, drugs, megarectum)  

•   Patients affected by cognitive and/or behav-
ioral issues (such as dementia, learning 
disabilities)  

•   Patients with loose stools or diarrhea from any 
cause (e.g., gastrointestinal problems such as 
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infl ammatory bowel disease (IBD) or irritable 
bowel syndrome (IBS))  

•   Patients with disabilities (frail patients with 
acute illness or chronic/acute disabilities)  

•   Idiopathic conditions (e.g., adult patients with 
fecal incontinence with none of the previous 
cases)    

 According to the study performed by GDG, 
we can assign each case to a group by dividing 
patients into classes in order to ease the study and 
the subsequent therapeutic evaluation of the 
pathology. 

2.2.1     Local Primary Lesions 

 This group includes the most frequent causes of 
fecal incontinence. First subdivision distinguishes 
structural anorectal alterations from diseases that 
lead to fecal incontinence (such as IBDs, intestinal 
infections, and other diseases that can cause diar-
rhea like colitis and proctitis) [ 60 ]. 

 Among the structural anorectal lesions, trau-
matic lesions of the anal sphincter are most sig-
nifi cant and most frequently observed. This 
group includes obstetric lesions, postoperative 
iatrogenic lesions, and accidental traumatic 
lesions. Obstetric trauma has the highest inci-
dence, both following a surgical procedure (epi-
siotomy) and a sequel of traumatic delivery 
(prolonged labor, a disproportion between the 
size of the baby and the pelvis, breech delivery, 
forceps use). 

 The correlation between obstetric lesions and 
incontinence is now well documented in global 
literature. Incontinence is a complication that can 
occur either immediately after birth and resolve 
within a few months representing a temporary 
consequence of vaginal traumatic childbirth or 
may be the sequel of a major pelvic fl oor lacera-
tion resulting in a long-term condition. The latter 
may also predispose to the onset of conditions 
such as rectal prolapse [ 61 ]. 

 The following classifi cation described by 
Sultan [ 83 ] has been adopted by the International 
Consultation on Incontinence [ 84 ] and the 
RCOG:

•    First-degree tear: Injury to perineal skin and/
or vaginal mucosa  

•   Second-degree tear: Injury to perineum 
involving perineal muscles but not involving 
the anal sphincter  

•   Third-degree tear: Injury to the perineum 
involving the anal sphincter complex:
 –    Grade 3a tear: Less than 50 % of external 

anal sphincter (EAS) thickness torn  
 –   Grade 3b tear: More than 50 % of EAS 

thickness torn  
 –   Grade 3c tear: Both EAS and internal anal 

sphincter (IAS) torn     
•   Fourth-degree tear: Injury to perineum involv-

ing the anal sphincter complex (EAS and IAS) 
and anorectal mucosa    

 Clinical incidence of third- and fourth-degree 
lacerations varies greatly. The prevalence is of 
0.5–3 % in Europe and 6–9 % in the USA [ 61 ]. 
Large prospective studies have clearly shown 
that about 25 % of primiparous women undergo 
changes in fecal continence in the postpartum 
period. Approximately a third of these women 
have evidence of traumatic lesions of the anal 
sphincter after their fi rst vaginal delivery. In 
most cases, these symptoms and lesions are rela-
tively moderate and transient; however, persis-
tent gas incontinence and defecation urgency is 
an emotionally and socially debilitating factor 
[ 61 ,  62 ]. 

 Most frequent and signifi cant predisposing 
factors for third- or fourth-degree perianal lesions 
are premature birth, Asian ethnicity, increased 
duration of labor, abstention of vacuum during 
delivery, and increased weight of the newborn 
[ 63 ]. A large newborn head circumference is 
another important risk factor for lesions of the 
levator ani [ 64 ]. 

 Eder et al. (2012) in a large female population- 
based study compared symptoms and their 
impact on the quality of life. Women with anal 
sphincter lacerations due to childbirth, women 
who had a vaginal birth without sphincter lacera-
tions, and women who have undergone a caesar-
ean were included in this study. Women suffering 
from anal sphincter laceration reported anal 
incontinence, and their test results showed a 
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higher negative impact on their quality of life 
[ 65 ]. 

 Anal incontinence and quality of life among 
the two latest categories of women were reported 
similar. In conclusion, the laceration of the anal 
sphincter is associated with anal incontinence 
within 5–10 years after delivery. Women who 
had lesions of the levator ani muscle will be sub-
ject to pelvic organ prolapse (POP 35.3 % vs 
15.5 %) [ 63 ]. 

 When it comes to episiotomy, the arguments 
are contradicting. Several studies support the 
theory stating that episiotomy reduces the risk of 
pelvic fl oor dysfunction compared to vaginal 
birth that is frequently complicated by signifi cant 
lacerations [ 66 ]. Most gynecologists support this 
theory and therefore recommend it in predefi ned 
cases or even as a routine procedure. 

 Recent studies have established an effective 
combination between the geometric properties of 
episiotomy and obstetric anal sphincter lesions. 
Incision made starting from the posterior margin 
of the vulvar commissure, tilting it by 40–60°, 
decreases sphincter’s obstetric lesions in com-
parison to episiotomy with acute angles [ 67 ]. 

 On the other hand, the world literature sup-
ports a diametrically opposite position; through 
proctologists and surgeon’s experience, it is wit-
nessed that the relationship between fecal incon-
tinence and an episiotomy is more than frequent 
[ 68 ]. Women with lesions in the internal anal 
sphincter or in the rectal mucosa due to episiot-
omy are more predisposed to future continence 
problems [ 60 ]. In fact, episiotomy, which in the 
past was frequently used not only in cases of 
complicated labor but as a routine technique, had 
a higher risk of anal incontinence, almost twice 
then a more restrictive episiotomy policy [ 69 ]. 

 Farther, hysterectomies performed especially 
in cases of uterine cancer increase the risk of 
fecal incontinence since the anatomical relation-
ship with the rectum is altered by the surgical 
resection [ 70 ]. 

 Abandoning the obstetric argument, it is 
important to analyze another important patho-
logical fi eld of incontinence: a signifi cant risk 
factor represented by anorectal diseases. Among 
the related diseases are hemorrhoids, anal fi stula, 

and rectal prolapse in which the exuberant 
mucosa at fi rst occlude the anal canal, then dilate 
it, and subsequently stretch the sphincters, lead-
ing to their dysfunction [ 71 ]. 

 Chronic infl ammatory bowel disease, anorec-
tal cancers, infectious diseases, proctitis, and 
colitis can represent other colorectal conditions. 
Moreover, surgical procedures for these patholo-
gies represent a common risk factor for fecal 
incontinence. A high incidence of soiling follow-
ing an internal sphincterotomy and fi stulotomy 
(35–45 %), in which the muscle continuity is 
interrupted, has been historically noticed [ 72 ]. 

 The incidence of this surgery’s side effect 
depends on many factors, although a correct pro-
cedure performed on a suitably selected patient 
may lead to better results and reduce 
consequences. 

 Incontinence can also result from incorrect 
surgical procedure during hemorrhoidectomies. 
Other procedures that place patients at high risk 
of fecal incontinence include low anterior 
resection of the rectum (LAR) often performed 
following rectal cancer diagnosis. Incontinence 
after LAR results from the post-resection loss 
of rectal physiological reservoir, an anatomical 
ampoule adapted to receive feces. This proce-
dure results in the inability of the neorectum to 
contain feces, thus causing a “passive” loss. 
The deviation of fecal transit isolating the lower 
intestinal tract by having a temporary cutane-
ous stoma led to better functional outcomes 
[ 72 ]. 

 To conclude, it is important to note the exis-
tence of anorectal structural alterations due to 
congenital anomalies such as the imperforate 
anus and Hirschsprung’s disease, which become 
symptomatic in childhood [ 71 ].  

2.2.2     Neurological Causes 

 Neurological causes may be related to central or 
peripheral nervous system. Among the causes 
related to the CNS, the vascular pathology, con-
sistent of stroke, is worth mentioning as a cause 
leading to fecal incontinence even during reha-
bilitation [ 73 ]. 
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 It is important as well to mention brain tumors, 
dementia, and Alzheimer’s and Parkinson’s dis-
ease, which all alter normal neural transmission 
coming from the proximal motor neuron [ 74 ,  75 ]. 
Spina bifi da has an incidence of 1:1000. It can 
cause fecal incontinence with a prevalence of 
34.1 % and may appear isolated or associated 
with urinary incontinence present in 26.3 % of 
cases [ 76 ]. 

 The most frequent causes remain those affect-
ing the distal motor neurons originating from the 
sacral segments of the spinal cord, as in meningo-
cele, the surgical treatment of teratoma and chor-
doma, compression of the cauda equina, 
arachnoiditis, and tumors of the sacrum and 
sacral roots. Anorectal sensitivity and voluntary 
control of the external anal sphincter are reduced 
or completely lost in cases of both traumatic and 
nontraumatic spinal cord lesions, especially 
when affecting the sacral segments of the spinal 
cord and cauda equine [ 77 ]. The severity of the 
colon-rectal dysfunction and sphincter control 
depends on the extent and the severity of the 
lesions. In these cases, there is a loss of anal tone 
due to paralysis of the internal and external anal 
sphincters and lack of fecal loss perception, 
determined by the lack of sensitivity of the entire 
perineum. 

 Peripheral neuropathies are numerous and 
correspond to primary pathologies (such as 
pudendal nerve neuropathy) or secondary. 

 Above all, there is diabetic neuropathy. The 
elevation of the sensory threshold of the anal 
canal is an early anomaly in development of 
fecal incontinence in patients with diabetes 
[ 78 ]. It was found in these patients, by using 
electrostimulators, that the autonomic neuropa-
thy causes a signifi cant increase in the sensory 
threshold in the upper and medium part of the 
anal canal, compared with nondiabetic patients. 
Fecal incontinence as a result of multiple scle-
rosis is also worth mentioning. In these young 
patients, the manometric study shows a decrease 
of the “squeeze maximal sphincter pressures,” 
decrease of the anal inhibitory refl ex, and the 
presence of paradox contractions of the 
puborectalis muscle and inferior anal sphincter 
[ 79 ].  

2.2.3     Secondary Pathologies 

 This group includes several morbid conditions 
that can cause incontinence. Constipation and 
fecal overload due to megacolon are relatively 
frequent causes. Fecaloma is one of the consti-
pating pathologies that after a primary obstruc-
tive syndrome can cause incontinence due to an 
“overfl ow” mechanism [ 58 ]. 

 The elderly, without adequate care or suffer-
ing from debilitating diseases, can manifest their 
“fragility” through fecal incontinence, which is 
senescence dependent or due to a specifi c 
disease. 

 Any form of disability that limits the auton-
omy of the patient can cause incontinence 
because of the diffi culty in reaching the toilet 
[ 80 ]. This symptom is also common in cognitive/
behavioral disorders. 

 Patients treated with pelvic radiotherapy 
reported events of fecal incontinence as a real 
side effect of the treatment. The same can be said 
about changed consistency of the stool due to 
laxative drug abuse [ 71 ].  

2.2.4     Idiopathic Causes 

 All patients with documented fecal incontinence 
and without any attributable cause are included in 
this group. Within these patients, a recent imag-
ing study showed increased volume of the ano-
rectal tract due to a three-directional vector acting 
on the walls of the rectum, doubling its diameter 
during defecation [ 81 ]. 

 The anterior rectal wall is subject to an anterior 
traction, while the posterior wall is subject to a pos-
teroinferior traction that increases the anorectal 
angle. These fi ndings are consistent with relaxation 
of some of the pelvic fl oor muscles during defeca-
tion and the contraction of others. In fact, the relax-
ation of the puborectalis muscle defi nes the 
so-called syndrome of descending perineum. The 
relaxation of the puborectalis muscle releases the 
posterior wall of the rectum so that it can be out-
stretched and dilated by the contraction of the ante-
rior extremity of the levator ani muscles, aligning 
longitudinally the rectal channel with the anus. 
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Subsequently, the contraction of the pubococ-
cygeus muscle draws forward the anterior wall of 
the rectum, increasing further its diameter [ 81 ]. 
When fecal material enters the rectum, the external 
anal sphincter relaxes, and a rectal contraction 
expels the stool. These results are coherent with the 
assumption that in patients with idiopathic fecal 
incontinence, the pelvic muscles, by actively trac-
tioning the rectal lumen, dilate it and thus reduce 
the anorectal resistance to the expulsion of stool. 

 Idiopathic fecal incontinence can be also associ-
ated with the anatomical features of the anal canal 
[ 81 ]. Thekkinkattil et al. (2009) compared, studied, 
and correlated the diameter of the anal canal and the 
thickness of the mucosal cushions in women with 
idiopathic fecal incontinence and in an asymptom-
atic control group [ 82 ]. The rectal mucous cushion 
volume and the anal canal diameter (C/C) ratio 
resulted lower in women with idiopathic fecal 
incontinence compared to the control group. 
However, according to other studies, a greater 
latency is observed in both pudendal nerves in 
women with idiopathic fecal incontinence, support-
ing the hypothesis claiming that a pudendal nerve 
neuropathy is at the basis of the pathology [ 80 ].      
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      Since its introduction in 1989 [ 1 ], endoanal ultra-
sonography (EAUS) has been widely accepted as 
a popular technique for evaluating the anal 
sphincters and pelvic fl oor in patients with ano-
rectal diseases. Exact knowledge of the normal 
ultrasonographic anatomy of the anal canal pro-
vides an important foundation for identifying 
abnormalities. 

 In particular, EAUS is currently the gold stan-
dard technique for internal and external anal 
sphincter evaluation in fecal incontinence (FI). 
Most studies revealed 80–100 % sensitivity in 
identifying sphincter’s defects. 

 Endosonographic scanning (2D) is performed 
with a 7 or 10 MHz rotating endoprobe, provid-
ing a 360° axial view of the anal canal. The rotat-
ing transducers provide images only in the axial 
direction. Three-dimensional (3D) endosonogra-
phy allows multiplanar imaging of the anal 
sphincters, thus enabling more reliable anal 
sphincter measurements and volumetric descrip-
tion of anal and perianal US morphological alter-
ations. Color or power Doppler imaging 

technology can also be used with endosonogra-
phy [ 2 ]. 

 For an accurate exam, the rectum should be 
cleansed thoroughly to avoid artifacts: patients 
are given a simple cleansing enema, 2 h before 
the examination. 

 The examination is usually performed with 
the patient placed in the left lateral decubitus 
position, in the knee-chest position (Sims’ posi-
tion). A digital anorectal examination should be 
performed in advance, trying to identify the 
lesion’s size and location and the clinical status 
of the internal anal sphincter (IAS) and external 
anal sphincter (EAS) before the insertion of the 
probe realized by the operator [ 3 ,  4 ]. 

 To perform endoanal sonography, a hard, 
sonolucent plastic cone (diameter of 17 mm) cov-
ering the transducer is used. Before imaging, the 
plastic cone is fi xed to the tip of the transducer 
and fi lled with degassed water for acoustic cou-
pling. Ultrasound (US) gel is applied to the trans-
ducer before and after placement of the condom, 
to allow a better US contact. 

 When the probe is placed into the anal canal, 
it is commonly aligned in standard orientation, in 
which the anterior anatomical structures are at 
the uppermost or 12 o’clock side of the image, 
the patient’s left side is at 3 o’clock, the patient’s 
posterior side is at 6 o’clock, and the patient’s 
right side is at 9 o’clock. 

 As the transducer rotates, the probe is care-
fully introduced. To cover the entire length of 

        D.   Mascagni      (*) •    G.   Grimaldi    
  Department of Surgical Sciences ,  Sapienza 
University of Rome ,   Rome ,  Italy   
 e-mail: dmascagni@tiscali.it   

    G.   Naldini    
  Proctological and Perineal Surgery ,  University 
Hospital of Pisa ,   Pisa ,  Italy    

  3

mailto:dmascagni@tiscali.it


24

the anorectal canal, the probe should be intro-
duced up to 8–9 cm, approximately at the level 
of peritoneal refl ection. Then, the probe is 
slowly retracted, and images are obtained at 
different levels through the anal canal [ 5 ] 
(Fig.  3.1 ).

   The anatomy of the anal sphincter complex is 
based on four layers (Figs.  3.2 ,  3.3 , and  3.4 ):

       1.    Subepithelial tissues (moderate refl ectivity)   
   2.    The internal anal sphincter – IAS – hypoechoic 

(low refl ectivity)   
   3.    The longitudinal muscle layer (variable 

refl ectivity)   
   4.    External anal sphincter – EAS – hyperechoic 

(variable refl ectivity)    

  The anal canal is usually divided into three 
different levels during examination:

•    The  upper anal canal  which is a hyperechoic 
horseshoe sling of the puborectalis muscle 
posteriorly and loss of the EAS in the midline 
anteriorly (Fig.  3.2 ).  

•   The  middle anal canal  level which is the com-
pletion of the EAS ring anteriorly in combina-
tion with the maximum IAS thickness. The 
IAS is seen as a hypoechoic ringlike structure. 
The EAS is echogenic, less well defi ned, and 
broader than the IAS (Fig.  3.3 ).  

•   The  lower anal canal  level is defi ned as that 
immediately caudal to the termination of the 
IAS and comprises the subcutaneous EAS 
(Fig.  3.4 ).    

 The means of EAS thickness are different 
between endoanal sonography and MRI; there is 
a greater variability and a thicker EAS with endo-
anal sonography and a light spread of measure-
ment between women and men [ 6 ] (Table  3.1 ).

   Moreover, the IAS gets slightly thicker, and 
the EAS gets thinner with increasing age. 

 It is important to mention a few pitfalls in the 
interpretation of endoanal sonographic images. 
The female anatomic characteristics of the ante-
rior EAS below the level of the puborectalis sling 
may be misinterpreted as an anterior EAS defect. 
Moreover, posteriorly, the EAS and puborectalis 
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  Fig. 3.1    Transanal probe       

 

D. Mascagni et al.



25

muscle are attached to the coccyx by means of 
the anococcygeal ligament. The anococcygeal 
ligament, which appears as a triangular 
hypoechoic structure on the axial images posteri-
orly, should not be confused with a sphincter 
defect (Fig.  3.5 ).

   Fecal incontinence is due to local, anatomical, 
or systemic disorders and nontraumatic or trau-
matic lesions. Not every patient with sphincter 
injury develops incontinence, and, in addition, 
patients can have incontinence without sphincter 
injury. 

  Sphincter atrophy  may occur without sphinc-
ter trauma, and although the cause of this remains 
uncertain, there may be a relationship to neuro-
logic degeneration from denervation and aging 
[ 7 ]. 

 On endoanal sonography, atrophic or degen-
erative sphincters are seen as thin and poorly 
defi ned and often with heterogeneous increased 
echogenicity. Increased echogenicity on endo-
anal sonography has been shown histologically to 
be correlated with replacement of smooth muscle 
by fi brous tissue (Fig.  3.6 ). It will be important to 
distinguish abnormal thinning from physiologic 
age-related EAS differences. This should be a 
problem in the EAS; because the EAS muscle is 
also thinner at older ages, it may be diffi cult to 
distinguish suffi ciently between atrophy and age- 
related changes [ 8 ].

   IAS thickness measurement is indicative of 
degeneration if less than 2 mm, and generalized 
EAS atrophy is diffi cult to evaluate in 
EAUS. Perineal body measurement improves 
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  Fig. 3.2    The upper anal canal       
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  Fig. 3.3    The middle anal canal       

 

 

3 Endoanal Ultrasound



26

External SphincterPROBE

  Fig. 3.4    The lower anal canal       

   Table 3.1    Sphincter muscle thickness measured at endo-
anal sonography [ 6 ]   

 Endoanal sonography 

 Measurement  Women  Men 

 Internal sphincter (IAS), mm  3.8 ± 1.2  3.4 ± 1.4 

 Longitudinal muscle, mm  2.9 ± 1.0  2.3 ± 1.0 

 External sphincter (EAS), mm  7.2 ± 2.3  6.1 ± 1.7 

 Total sphincter thickness, mm  18.7 ± 4.1  18.7 ± 5.2 

  Fig. 3.5    EAUS demonstrating the “U-shape” of the 
puborectalis muscle       

  Fig. 3.6    IAS has an increased echogenicity ( Black arrow )       

 

 

 

D. Mascagni et al.



27

visualization of anterior sphincter lesions in 
females. A perineal body thickness of 10 mm or 
less is considered abnormal, whereas 10 to 
12 mm is associated with sphincter defect in one- 
third of patients and those with 12 mm or more 
are unlikely to harbor a defect unless they previ-
ously have undergone reconstructive perineal 
surgery [ 9 ]. 

 The IAS is very clearly seen on endoanal 
sonography, and it is easier to appreciate atrophy 
and small tears of this sphincter. Moreover, 3D 
endoanal sonography facilitates sagittal and cor-
onal reconstruction of the anal canal, resulting in 
better delineation of the normal anatomy and 
defects of the anal sphincter (Fig.  3.7 ).

   EAUS is the gold standard for diagnosing anal 
sphincters tear and IAS degeneration. 

 If EAS atrophy is suspected, endoanal MRI 
should be performed. Needle electromyography 
of the anal sphincter should be considered in 

patients with clinically suspected neurogenic 
sphincter weakness, particularly if there are fea-
tures suggestive of proximal (i.e., sacral root) 
involvement [ 10 ]. 

  Sphincter injury  is the most common cause of 
fecal incontinence and frequently occurs as the 
consequence of vaginal delivery, perineal lacera-
tion, episiotomy, anorectal surgery, or other acci-
dental injuries [ 11 – 13 ]. 

 Anal sphincter damage can be subdivided 
into  localized scarring ,  generalized scarring , 
 localized defects ,  fragmentation ,  and atrophy. 
Localized or generalized scarring  is often due 
to the replacement of normal muscle fi bers by 
scar tissue. On endoanal sonography, scar tis-
sue is seen indirectly as an area of mixed echo-
genicity. A  localized defect  is visible as a 
discontinuity of the anal sphincters. On endo-
anal sonography, the localized defect of the 
IAS appears, usually as hyperechoic break, and 

  Fig. 3.7    Endoanal US 3D with multiplanar imaging of the anal sphincters: double sphincter defects of the EAS       
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EAS tears appear as relatively hypoechoic 
areas.  Fragmentation  of the anal sphincter is 
defi ned as two or more fragments in the axial 
plane. 

 An EAS injury due to vaginal delivery is typi-
cally located anteriorly, mostly, in the right 
anterolateral side. In contrast, an isolated IAS 
injury almost never follows childbirth and indi-
cates a primary traumatic cause from within the 
anal canal, most commonly surgery [ 13 ]. 

 During the exam, the number, the circumfer-
ential extent (radial angle in degrees or in hours 
of the clock), and the longitudinal extent (proxi-
mal, distal, or full length) of the defect should be 
carefully reported. 

 The most common cause of fecal incontinence 
is anal sphincter injury related to vaginal delivery 
in female, due to direct anal sphincter laceration 
or indirect damage to sphincter innervation. 

 The classifi cation of the obstetric tears described 
by Sultan 1999 [ 11 ,  14 ] has been adopted by the 
International Consultation on Incontinence and the 
Royal College of Obstetricians and Gynaecologists 
(RCOG) 2007 [ 15 ]:

    Grade 1 , injury to the perineal skin  
   Grade 2 , injury to the perineum involving the 

perineal muscles  
   Grade 3 , injury to perineum involving the anal 

sphincter complex
    Grade 3a , involving the anal sphincter < 50 % 

EAS  
   Grade 3b , > 50 % EAS  
   Grade 3c , involvement of the IAS     

   Grade 4 , involvement of the anal sphincter as 
well as the anorectal epithelium    

 Obstetric anal sphincter injuries ( OASIS)  
encompass both third- and fourth-degree perineal 
tears. They are identifi ed in 0.6–9.0 % of vaginal 
deliveries where mediolateral episiotomy is per-
formed, but the detection in EAUS is much 
higher. 

 In 2003, Oberwalder et al. published a meta- 
analysis of 717 vaginal deliveries and found an 

incidence of occult anal sphincter injury of 
26.9 % in primiparous women and 8.5 % of new 
defects in multiparous women. In one-third of 
these women, postpartum sphincter damage was 
symptomatic [ 16 ]. 

 Usually, anal sphincter defects after vaginal 
delivery are ultrasonically observed as an inter-
ruption of the normal U-shaped, upper – or 
round – middle, and low aspect of the EAS char-
acterized by a “loss” of the right anterolateral 
arm of the EAS (from 9 o’clock to 11 o’clock), 
because the episiotomy is usually realized, by a 
right-hander gynecologist, in this anterolateral 
area (Fig.  3.8 ) [ 17 ].

   In 30 % of these cases, also an IAS defect, in 
the same area (from 9 o’clock to 12 o’clock), can 
be associated and US detected (Fig.  3.9 ).

   Usually, only patients with clinical FI were 
included for endoanal US study. 

 The current guidelines of the RCOG from 
2007 [ 15 ], in fact, state that there is no recom-
mendation about screening women after vagi-
nal delivery for occult sphincter defects. 
However, we think that not only old patients 
and those at high risk (multiparous) but even 
young women should be well informed on the 
risk of the potential, post vaginal delivery, 
sphincter lesions and submitted to a postpartum 
survey to identify those patients with a light, 
not referred, symptomatology that could be 
submitted to a simple endoanal US to demon-
strate the eventual presence of sphincter lesions 
well balanced at the moment. These women, 
with subclinical sphincters defect, without an 
evident FI, can have, in fact, suffi cient residual 
sphincter function or, since several mechanisms 
contribute to continence, they may compensate 
for this injury. The peak of incidence of FI in 
these patients will be evident in the fi fth and 
sixth decades of life, when the cumulative 
effect of deliveries, aging, menopause, and pro-
gression of neuropathy may contribute for 
sphincter weakness in the long term and FI 
developing even several years (20 or 30 
decades) after delivery. We should consider 
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that, in these patients, any future, even innocent 
trauma, in particular any anorectal surgery, 
could make manifest a previous, misknown 
sphincter lesion, due to post vaginal delivery: is 
evident the correlation of this relief with any 
subsequent legal event. 

 If the EAUS after vaginal delivery will detect 
an important anal sphincter defect – even little 
symptomatic – it should be immediately repaired 
to decrease the risk of severe FI [ 15 ]. 

 The RCOG recommends that for repair of the 
external anal sphincter, either an overlapping 
technique or end-to-end technique can be used 
with equivalent outcomes; if the IAS is identifi ed, 
it is advisable to repair separately using end-to- 
end technique: a separate repair of the IAS 
improves the likelihood of subsequent anal conti-
nence [ 15 ,  18 ,  19 ]. 

a b

  Fig. 3.8    Endoanal US after vaginal delivery: ( a ) “loss” of the right anterolateral side (h 9–11) of the EAS ( b ) with a 
decreased thickness of the EAS       

  Fig. 3.9    Endoanal US after vaginal delivery: defect (h 
9–12) of the IAS         Fig. 3.10    Endoanal US after surgery repair of the EAS: 

overlapping technique       
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 Having a persistent sonographic defect after 
primary repair of OASIS has been shown to be 
associated with ongoing incontinence symptoms 
(Fig.  3.10 ).

   Studies show a high frequency of endosono-
graphic sphincter defects after primary repairs, 
between 54 and 93 % of women, and the extent of 
the endosonographic defects depend on the surgi-
cal experience of the doctor performing the repair 
and not by the clinical degree of the tear [ 20 ]. 

 EAUS can also be important to aid decision 
for future delivery. According to the RCOG 
guidelines, “all women who have sustained an 
OASIS in a previous pregnancy and who are 
symptomatic or have abnormal EAUS and/or 
manometry should have the option of elective 
caesarean birth. Between 17 % and 24 % of these 
women with previous third degree tear developed 
worsening fecal symptoms after a second vaginal 
delivery” [ 15 ] .  

 The second most frequent cause of sphincter 
lesion, after vaginal delivery, is represented by 
anorectal surgery. 

 In any case of anorectal surgery, as in the case 
of a procedure with potential postsurgical sphinc-
ter lesion – complex fi stula in ano – and even for 
simple anorectal surgery, as in the case of a 
patient who is multiparous or with previous peri-
anal surgery or trauma, EAUS should be 
employed to demonstrate the real status of the 
sphincters to avoid a simple or complex anorectal 

procedure that could make manifest a sphincter 
incontinence in the postoperative period. 

 When a hemorrhoidectomy or a prolapsec-
tomy is performed, respectively, the removal of 
hemorrhoidal cushions or the postoperative fecal 
urgency that can occur after prolapsectomy can 
improve a light or subclinical fecal incontinence 
[ 21 ] (Fig.  3.11 ).

   Moreover, a simple internal anal sphincterot-
omy realized for a fi ssure in ano could became 
the fi nal act responsible for moving a previous 
asymptomatic sphincter lesion in a clinical fecal 
incontinence. 

 In particular, EAUS in patients surgically 
treated for a fi ssure in ano might demonstrate 
insuffi cient sphincterotomy and sphincterial 
thickening because of the persistence of fi ssure 
and anal pain or, on the contrary, demonstrate an 
excessive sphincterotomy with temporary or per-
manent incontinence (Figs.  3.12  and  3.13 ).

    In case of a surgery for fi stula in ano, an endo-
anal US should be performed in the preoperative 
diagnostic study not only for mapping the abscess 
and to identify the fi stula, with the internal ori-
fi ce, but either to exclude the eventual presence 
of a previous internal, external, or both sphincter 
lesions. This relief could change the quality of 
surgery (sphincter sparing should be preferred to 
a cut surgery) and should be included in the 
informed consent and well explained to the 
patient before surgery [ 22 ]. 

 The majority of patient candidates for surgery 
have simple fi stulas that can be easily treated suc-
cessfully. The preoperative EAUS is, however, rec-
ommended for every fi stula, not only for simple 
fi stulas, because the fi stula that was preoperatively 
judged easy might demonstrate as complex at sur-
gery or at the postoperative follow-up with potential 
even dramatic sphincter consequences (Fig.  3.14 ).

   On the contrary, an EAUS overstaging can move 
a fi stula from a simple to a complex one, disorien-
tating the patient and obliging to an unmotivated 
and frustrating surgical exploration, sometimes 
dangerous for the sphincters’ integrity [ 23 ,  24 ]. 

 In recurrent or complex fi stula in ano, 3D 
EAUS (sometimes with hydrogen peroxide) 
proved to be more accurate than 2D for detecting 
diffi cult (hidden) primary or secondary tracks 
and internal openings [ 24 ,  25 ]. 

  Fig. 3.11    Endoanal US after hemorrhoidectomy: IAS is 
thinner in the right posterolateral side (h 5–8) with a 
“compensatory” thickening of the rest of the IAS       
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 It should be underlined, however, that an 
endoanal US realized in an operated patient could 
offer important diffi culties of interpretation of 
the US images for the presence of fi brosclerotic 
tissue and/or artifacts.    
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      Diagnosis and Imaging: MR                     

     Gianfranco     Gualdi      and     Maria     Chiara     Colaiacomo   

4.1          Introduction 

 Magnetic resonance imaging (MRI) has assumed 
an important role in the evaluation of patients with 
fecal incontinence [ 1 ,  2 ]. MRI is a safe technique 
which provides a detailed multiplanar imaging, 
producing high-contrast and spatial- resolution 
images of the sphincter complex and the pelvic 
fl oor and accurate dynamic imaging of defecation, 
without radiation exposure [ 1 – 15 ]. The major 
advantage of MRI is the ability to detect sphincter 
integrity, a matter not always exhaustively cleared 
by physical examination and useful in selecting 
patient candidates for surgical or conservative 
treatment [ 1 ,  3 ]. Different MR techniques are 
available: endoanal MR, with high spatial and con-
trast resolution on the sphincter complex but lim-
ited fi eld of view; external phased-array MR, an 
alternative to endocoil imaging with more pan-
oramicity; and dynamic imaging, which provides 
dynamic view of evacuation and dynamic pelvic 
fl oor assessment during voiding [ 1 – 15 ].  

4.2     Technique 

 Conventional closed MR units are suitable for the 
anorectal imaging, with a magnet fi eld strength 
up to 3 T; commonly a 1.5 T magnet is used. Any 
protocol does not require endovenous adminis-
tration of gadolinium unless infl ammatory or 
neoplastic pathology is suspected [ 1 – 15 ]. 

4.2.1     Endoanal Imaging 

 Endoanal imaging is an endoluminal technique 
which exploits the signal obtained from a dedi-
cated endoanal coil. Due to the small fi eld of 
view and the strict vicinity to the sphincter 
complex, this technique provides an optimal 
visualization of the anatomic structures of the 
anorectum, but it is limited to the evaluation of 
such structures only (Figs.  4.1  and  4.2 ).

    Endoanal coil is cylindrical in shape, with 
a diameter of 15–20 mm and a length of about 
10 cm. The coil is covered with a condom and 
a small amount of lubricant and introduced 
when the patient lays in lateral position; then 
the patient turns supine and examination starts. 
It is important to previously administer intra-
muscular or endovenous bowel relaxant such 
as  butylscopolamine bromide or glucagon, to 
reduce patient pain from pelvic fl oor muscle con-
traction and artifacts from bowel peristalsis that 
can affect image quality [ 1 – 3 ]. 
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 Sequence protocol for endoanal imag-
ing includes high-resolution T2-weighted 
sequences performed in axial sagittal and 
coronal planes, oriented along the axis of the 
anal canal. Sequence parameters are TR/TE, 
3240/103, FOV 18 × 18 cm, thickness 2 mm, 
matrix 256 × 224, and gap 0, 1. Time examina-
tion is completed in 15 min.  

4.2.2     External Pashed-Array Coil 
Imaging 

 External phased-array imaging consists in an 
extensive MR evaluation of the pelvis and the pel-
vic fl oor in particular. It is an alternative to endocoil 
imaging if the introduction of the coil causes too 
much discomfort to the patient and it is more 

a b

  Fig. 4.1    ( a ) Axial T2-weighted image with endoanal coil 
shows intact external ( black arrows ) and internal ( white 
arrows ) anal sphincters, and the intersphincteric space (*) 
( b ) coronal T2-weighted image with endoanal coil shows 

intact external ( black arrow ) and internal ( white arrow ) 
anal sphincters, puborectalis muscle ( white arrowhead ), 
and levator ani muscle ( black arrowhead )       

a b

  Fig. 4.2    ( a ) Axial T2-weighted image with endoanal coil 
at an upper level with respect to Fig.  4.1a  shows puborec-
talis muscle ( arrowheads ). ( b ) Corresponding image with 

phased-array coil shows the puborectalis muscle ( arrow-
head ) and external ( dashed white arrow ) and internal 
sphincters ( white arrow )       
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widely available [ 1 ,  2 ]. The use of high matrix 
sequences provides a detailed imaging of the pel-
vic fl oor, comparable to that of endocoil imaging 
[ 16 ,  17 ], with the advantage of a panoramic view 
of the entire pelvis (Figs.  4.2  and  4.3 ).

   It uses a multicoil array, either pelvic or torso, 
wrapped around the inferior portion of the pelvis, 
and the patient is placed in supine position. 

 Scout images are obtained to identify a mid-
line sagittal section with a rapid T1-weighted 
large fi eld of view localizer sequence; this image 
should encompass the symphysis, bladder neck, 
vagina, rectum, and coccyx. 

 Examination proceeds acquiring sequences to 
image pelvic anatomy and any muscle defect, 
such as thinning and tears. For this aim, 
T2-weighted high-resolution sequences are 
acquired (TR 3700; TE 102; FOV 23 × 23 cm; 
matrix, 384 × 224; 5 mm thickness × 25 slice; 
3–4 min) in axial, sagittal, and coronal planes. 
The examination is completed in about 15 min.  

4.2.3     Dynamic Imaging 

 Dynamic imaging consists in an evacuation study 
[ 4 ,  18 ]. It is a helpful study to demonstrate 

 functional laxity of the pelvic fl oor, to assess if 
bladder or uterine descent are associated to anal 
sphincter defect, thus providing useful information 
if a surgical treatment is planned [ 10 ]. A fi lling 
media (usually sonographic gel or mashed pota-
toes) are introduced in the rectum by a short fl exi-
ble tube with the patient lying lateral decubitus on 
the scanner table before entering the gantry. 
Because of the high intrinsic soft tissue contrast of 
MRI, it is not necessary to opacify bowel loops, the 
bladder, and the vagina. Covering the gantry with a 
plastic towel helps to overcome patients’ embar-
rassment, and it helps cleaning after examination. 

 Dynamic imaging is obtained by using a 
steady-state sequence (FIESTA, TRUE-FISP, or 
balanced FFE) (TR 4.8, TE 2.4, FOV 40 × 40 cm, 
matrix 224 × 288, slice thickness 8 mm), acquir-
ing 1 slice every 1 s on the midsagittal plane at 
rest, at maximal sphincter contraction, at strain-
ing, and at defecation. This kind of sequence has 
the advantage to combine high intrinsic signal 
and temporal resolution. High-performance mag-
nets and gradients provide an image update every 
1 s; 40–50 repetitions are usually enough to cover 
the time of examination. Images are then ana-
lyzed also in the cine loop mode. The dynamic 
examination is completed in 1–3 min.   

a b

  Fig. 4.3    ( a ,  b ) Coronal T2-weighed images nicely show levator ani muscle ( white arrowhead ) and its lateral attach-
ment to the pelvic sidewalls ( black arrowhead )       
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4.3     Normal Anatomy 

 Examinations of MR images start with the evalu-
ation of normal anatomy (Figs.  4.1 ,  4.2 , and  4.3 ). 
Muscular structures of the pelvic fl oor such as the 
sphincter complex, levator ani, and puborectalis 
muscle are easily recognized at MRI [ 19 ]. 

 In healthy subjects the average internal anal 
sphincter (IAS) width is approximately 2.8 mm and 
external anal sphincter (EAS) width is 4 mm with-
out differences from males and females [ 20 ]. 
Intersphincteric space is the space between the 
internal and external sphincters, and it contains fat 
and the longitudinal muscle. In the axial plane, both 
internal and external sphincters show an intact ring 
shape. Internal and external sphincter can be distin-
guished by their relative different signal intensity. 
Striate muscles show lower signal intensity on T2 
respect to smooth muscle so external sphincter has 
a lower intensity compared to the internal one [ 1 ]. 

 The levator ani muscle consists of three differ-
ent muscle groups: the iliococcygeus, the pubo-
coccygeus, and the pubovisceral muscle; the 
latter is made of the puborectalis and puboanal 
muscle [ 1 ,  19 ]. The iliococcygeus and the pubo-
coccygeus muscles are horizontal, sheet-like 
structures, which arise, respectively, from the 
junction of the arcus tendineus fascia pelvis and 
the fascia of the internal obturator muscle and 
from the pubic bone and then fan out to insert at 
the pelvic sidewall at the tendinous arch [ 4 ,  19 ]. 
This confi guration is nicely assessed on the coro-
nal plane (Fig.  4.3 ), useful to demonstrate normal 
thickness and symmetry of the fi bers. Posteriorly 
the fi bers fuse anterior to the coccyx to form a 
midline raphe, the levator plate [ 14 ]. The 
puborectalis muscle arises from the body of the 
pubic bone and forms a sling around the rectum, 
aligning to the external anal sphincter [ 14 ]. This 
sling shape is easily imaged on axial plane.  

4.4     Findings in Fecal 
Incontinence and Role of MRI 

 An imaging assessment is mandatory in evaluat-
ing anal incontinence as sphincter tears are over-
looked at clinical examination [ 3 ]. Loss of ring 

contiguity and loss of homogeneous signal inten-
sity of the sphincters are pathologic fi ndings due 
to lesion of muscle fi bers [ 21 ]. Disruption of the 
normal shape with hypointense deformation of 
the muscle fi bers is indicative of the presence of 
scar tissue. Scar tissue is visible as a very hypoin-
tense tissue, because of its content in fi brous tis-
sue, more hypointense than the normal external 
sphincter, distorting the normal multilayered 
architecture of the sphincter muscle [ 2 ]. Endoanal 
MRI is a valuable tool to identify this fi nding 
[ 22 – 25 ]. Atrophy (Fig.  4.4 ) of the sphincters is 
shown at MRI as abnormally thinned IAS and/or 
EAS, with a thickness lower than 2 mm [ 2 ]. Fat 
replacement is also a fi nding consistent with atro-
phy even if the sphincter thickness is preserved 
[ 2 ]. Despite in clinical practice no defi nite crite-
ria are used for the visual diagnosis, EAS atrophy 
at imaging could be assessed following a useful 
classifi cation proposed by Terra [ 1 ] which con-
siders no atrophy (no thinning and no replace-
ment of sphincter muscle by fat), mild atrophy 
(<50 % thinning or replacement of muscle by 
fat), and severe atrophy (>50 % thinning or 

  Fig. 4.4    Axial T2-weighted image with endoanal coil 
shows marked atrophy ( white arrows ) of the posterior 
internal anal sphincter which is thinned compared to the 
anterior part ( black arrow )       
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replacement of muscle by fat). An evaluation of 
the relationship between EAS atrophy at endo-
anal MRI and clinical, functional and anatomical 
features in patients with fecal incontinence 
revealed that patients with EAS atrophy were 
mainly female, older, with lower maximal 
squeeze pressure and squeeze increment com-
pared with patients without atrophy [ 26 ]. Many 
studies have demonstrated that despite its lower 
local spatial resolution, external phase-array MR 
imaging is comparable to endoanal MRI for the 
depiction of anal sphincter defects and EAS atro-
phy [ 16 ,  17 ]. Limits of endoanal imaging are dis-
comfort in the introduction of the coil, reduced 
image quality due to artifacts from motion and 
interface between the probe surface and the rec-
tum, and possible stretching of the sphincter 
muscles due to the presence of the probe itself 
with consequent underestimation of their thick-
ness [ 16 ,  17 ].

   External phased-array MRI imaging has dem-
onstrated atrophy of EAS in a large group of 
women complaining fecal incontinence and an 
IAS defect in women with previous obstetric 
trauma [ 27 ]. 

 Besides anal sphincter defects, external 
phased-array MRI can identify defects of other 

pelvic fl oor muscles (Figs.  4.5  and  4.6 ). 
Puborectalis muscle atrophy, view as an abnor-
mal thinning, has also been found in a consider-
able number of fecal incontinent patients [ 28 ]. 
Puborectalis and levator ani muscle defects are 
relatively common in women with severe fecal 
incontinence, however usually associated to 
sphincter injury than solitary defects [ 29 ]. MRI 
has demonstrated that levator ani muscle injury is 
present in a considerable number of women with 
EAS injuries who delivered vaginally, and those 
women patients were frequently suffering from 
fecal incontinence [ 30 ]. Hence, an extended eval-
uation of the entire pelvic fl oor, in particular in 
women with obstetric trauma, including puborec-
talis and levator ani muscle, is important, as it is 
the evaluation of defecation; this assessment can 
be achieved by external phased-array MRI and 
MRI defecography. Anorectal angle (ARA) is 
defi ned as the angle between the posterior border 
of the distal part of the rectum and the central 
axis of the anal canal [ 9 ]. ARA normally mea-
sures at rest between 108° and 127° [ 12 ,  31 ] and 
changes as the puborectalis muscle contracts or 
relaxes. Normally ARA closes between rest and 
squeezing and opens between rest and defecation 
of about 15–20° [ 6 ,  31 ]. ARA change during 

a b

  Fig. 4.5    ( a ) Axial T2-weighted image obtained with 
external phased-array coil shows left lateral detachment 
of puborectalis muscle from symphyseal insertion ( black 

arrow ). ( b ) Dynamic MR image obtained during defeca-
tion shows an anterior rectocele (*), intrarectal invagina-
tion ( white arrows ), and uterine prolapse ( arrowhead )       
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squeeze was lower in subjects with fecal inconti-
nence who had a history of a third- or fourth- 
degree perineal tear, indicating a lower function 
of the puborectalis muscle [ 32 ].

    Assessment of sphincter integrity with MR is 
important because patients with a focal defect 
may benefi t from surgical repair [ 33 ], or in the 
case of incontinence and rectal prolapse, patients 
may achieve restoration of continence after recto-
pexy [ 34 ]. Conversely EAS atrophy is associated 
to poor outcome of an anterior anal sphincter 
repair [ 35 ]. In the selection of patients for anal 
sphincter repair, both endoanal MR and endoanal 
sonography are sensitive tools for preoperatory 

assessment, but endoanal MRI is capable of 
depicting EAS atrophy, with a sensitivity of 81 % 
and a positive predictive value of 89 % compared 
to surgical fi ndings, which is associated with a 
poor outcome of anterior anal sphincter repair 
[ 36 ,  37 ]. Patients with external sphincter atrophy 
at a preoperatory assessment have worse out-
come after repair [ 35 ], while those with normal 
external thickness show a better postsurgical out-
come [ 38 ]. 

 MR defecography (dynamic imaging of the 
pelvic fl oor) has also been evaluated in selecting 
surgical options in anal incontinence (Figs.  4.5  
and  4.6 ). MR defecography reveals various pel-

a

c

b

  Fig. 4.6    ( a ) Axial T2-weighted image obtained with 
external phased-array coil shows diffused atrophy of the 
puborectalis muscle ( black arrows ). ( b ) Coronal 
T2-weighted image shows thinning ( black arrows ) of 

levator ani muscles and left lateral detachment ( arrow-
head ). ( c ) Dynamic MR image obtained during defecation 
shows a large anterior rectocele (*) and enterocele ( white 
arrow )       
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vic fl oor abnormalities including rectal descent, 
cystocele, enterocele, rectocele, and rectal invag-
ination [ 4 – 15 ]. These conditions are hardly 
assessed at clinical evaluation alone [ 3 ]. 
Cystocele, vaginal vault or cervix descent, 
enterocele, and rectal prolapse are detected as the 
vertical lowering of, respectively, the bladder 
base, the vaginal vault or the cervix, the  peritoneal 
cul-de-sac, and the anorectal junction from the 
pubococcygeal line, which is a line drawn from 
the lower border of the pubic symphysis to the 
last coccygeal joint [ 4 – 15 ]. Rectocele is an 
abnormal bulging of the rectal wall, usually 
located at the anterior wall, and it is a cause of 
incomplete defecation, because of retention of 
feces into its lumen during evacuation [ 4 – 15 ]. 
Rectal invagination, or intussusception, is defi ned 
as a full-thickness rectal wall prolapse, involving 
both mucosa and muscular layer; this condition 
can cause a mechanical obstruction to the pas-
sage of stool [ 4 – 15 ]. However, rectocele and 
internal prolapse are also a cause of fecal inconti-
nence [ 10 ]. Evaluation of these fi ndings in a pre-
operatory assessment has proven to have changed 
the intended surgical treatment in 68 % [ 10 ]. In 
that series, 36 % was unable to hold the enema 
and 94 % showed rectal descent, 40 % bladder 
descent, and 43 % vaginal vault descent, while 
34 % showed the presence of anterior rectocele, 
32 % the presence of enterocele, and 20 % the 
presence of rectal invagination. Moreover, 50 % 
of patients showed ARA changes <10 % between 
rest and squeezing and rest and defecation, indi-
cating a dysfunction of puborectalis sling 
mechanism. 

 Thus, MR imaging in a preoperatory assess-
ment may result in a more accurate selection of 
patient candidates to surgical treatment. Endoanal 
MR has showed better evaluation of external 
sphincter lesions versus sonography compared to 
surgical results [ 22 ]; however, endosonography 
has reported better results in detecting internal 
sphincter defect [ 25 ]. MR defecography is used 
to detect previously unknown fi ndings in the pel-
vic fl oor, which lead to changes to surgical 
treatment. 

 Experience of radiologist is important in eval-
uating the sphincter complex, being the interob-

server agreement stronger if both internal and 
external sphincters are intact or disrupted [ 39 ]. 
Interobserver agreement for assessing sphincter 
integrity is moderate for endoanal MRI and poor 
to fair for external phased-array MRI [ 17 ,  39 ], 
while the interobserver agreement is fair to very 
good for both techniques. In assessing EAS atro-
phy, interobserver agreement has been reported 
to be moderate for endoanal MRI and moderate 
to good for external phased-array MRI [ 26 ], 
while intraobserver agreement was moderate to 
very good for endoanal MRI and fair to very 
good for external phased-array MRI [ 26 ]. 
Interobserver agreement for MR defecography 
has been reported to be good to excellent [ 10 ].  

    Conclusions 

 MRI provides an accurate depiction of anal 
sphincter complex and pelvic fl oor anatomy 
with evaluation of muscle integrity and being 
a valuable tool to assess functional abnormali-
ties of the pelvic fl oor as well. Either endoanal 
or external MRI can be used to evaluate mus-
cle integrity with comparable results. External 
phased-array MRI provides information on 
pelvic fl oor muscle, while dynamic imaging is 
an additional tool to assess if pelvic fl oor pro-
lapse (bladder, uterine, or rectal) is associated. 
These information are of main diagnostic 
importance in evaluating fecal incontinence 
and aid treatment decision-making.     
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      Anorectal Manometry                     

     Danilo     Badiali     

      Several tests are available to evaluate anorectal 
function as well as gather information about the 
pathophysiology of disorders that affect conti-
nence. Often they complement one another. 
Anorectal manometry (ARM) is a useful test to 
categorize anal and/or rectal dysfunction in addi-
tion to provide physiological assessment of both 
anal sphincters and rectum [ 1 – 5 ]. 

5.1     Procedure 

5.1.1     Method 

 Data concerning ARM in the management of FI 
are obtained using different methods: conven-
tional water perfusion manometry, solid-state 
manometry [ 6 ], and high-resolution manometry 
[ 5 ,  7 ]. 

 Solid-state probe with strain gauge transduc-
ers or water-perfused probes is currently in use. 
Solid-state microtransducers are reliable, but too 
expensive for clinical use. The outer diameter of 
the probes is between 4 and 6 mm, with at least 
four recording points (solid-state sensors or per-
fused side holes) arranged radially and spaced 

0.5–1 cm apart longitudinally (Fig.  5.1 ). A cen-
tral lumen ends in a 4-cm long, compliant bal-
loon attached to the tip of the catheter, at 4 cm 
from the distal recording point [ 6 ,  8 ,  9 ]. The 
water-perfused manometry systems use pneumo- 
hydraulic pumps ensuring a rate of 0.2–0.4 mL/
min with a pressure head of 10 psi.

   The probe is inserted placing multiple pres-
sure sensors and balloon in the rectum, and a rest 
period of ~5 min is necessary to allow the anal 
tone to return to its basal level.  

5.1.2     Anal Pressure 

 The resting anal pressure may be measured with 
a station pull-through technique withdrawing the 
probe step-by-step 0.5 cm at the time to record 
the pressure profi le of the anal canal (Fig.  5.2 ). 
Anal resting pressure is expressed as the average 
of the highest recorded values obtained from 
each transducer [ 10 ].

   If the patient is not completely relaxed, there 
is a greater contribution of the striated muscle 
and higher pressures will be recorded. For this 
reason, in order to obtain stable values, it would 
be preferable to place the sensors inside the anal 
canal and record the pressure at rest for an 
extended period (5–15 min). The maximal anal 
pressure is the value obtained during the last 
period (1–5 min, respectively) in basal condition 
[ 6 ,  9 ]. 
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 In some cases it is possible to observe phasic 
pressure activities at 1–1.5 cycles per min and 
with amplitude ±40 mmHg that are named ultra-
slow waves. Their pathophysiological and clini-
cal signifi cance is unknown, but they are 
frequently detected, in subjects affected with a 
variety of anorectal disorders such as hemor-
rhoids and dischetia, which can be related to con-
stipation [ 11 ,  12 ]. The detection of ultra slow 
waves can hinder the measurement of the resting 
pressure and the interpretation of the tracing [ 13 ]. 

 The resting tone is due to the tonic activities of 
the internal anal sphincter (IAS) and of the exter-
nal anal sphincter (EAS). Human studies about 
the effect of the IAS myotomy [ 14 ], of the gen-
eral anesthesia [ 15 ], and of the pudendal nerve 
block [ 16 ] on the anal pressures suggest that 
approximately 75–85 % of the basal pressure 
derives from the IAS and the remaining part from 
the EAS. 

 To evaluate the strength and duration of the 
voluntary contraction, the manometric probe is 
positioned in the anal canal with the recording 
holes in the high-pressure zone and the patient is 
asked to squeeze (≥2 attempts). The mean of the 
highest pressures recorded at any site in the anal 
canal is used to calculate the maximum squeeze 
pressure [ 6 ,  9 ]. 

 Squeeze duration can be expressed as the 
period in which squeeze pressure is maintained 
above the 50 % of the maximal value [ 6 ] or as the 
interval between the onset of pressure increases 
in the anal canal and the pressure curve returns to 
baseline values. Some software calculate the area 
under the squeeze pressure curve [ 9 ] providing a 
reliable assessment of the effi ciency of voluntary 
contraction by combining strength and durability. 
The squeeze maneuver assesses the function and 
the voluntary control of the EAS [ 17 ]. 

 Pressure asymmetry is present between the 
proximal and distal segments of the anal canal: 
proximal pressures of the anterior quadrant are 
signifi cantly reduced at rest and during maxi-
mum voluntary effort [ 18 ,  19 ]. The circumferen-
tial asymmetry of this area is due to the “U” 
shape of the puborectalis muscle, that is, circular 
in the posterior direction. Recent studies, using 
manometry and 3D ultrasound of the anal canal 
[ 20 ], reported the association between increased 
pressure along the entire anal canal and the con-
traction of both EAS and puborectalis muscle. 
These data suggest that the puborectalis muscle 
contributes to the squeezing in the proximal part 
of the anal canal, while the EAS in the distal part 
and the maximal values are detected where the 
puborectalis overlaps EAS. 

 Involuntary contraction of the EAS occurs dur-
ing abrupt change in intra-abdominal pressure: 
this is a multisynaptic sacral refl ex that prevents 
anal incontinence in such conditions and that is 
voluntarily inhibited during defecation. To test 
this refl ex increase in anal sphincter pressure, the 
patient is asked to cough: this refl ex response 
causes the anal sphincter pressure to rise above 
that of the rectum. The cough refl ex is rated as the 
highest positive difference between the increases 
of the anal pressure in comparison with the 
increase of the rectal pressure, in two attempts [ 6 ]. 

  Fig. 5.1    Water-perfused probe with outer diameter of 
4 mm and eight side holes ( red points ) radially spaced. 
Four of them are arranged at the same level, 90° between 
one another, while the other four are arranged 5 mm apart 
longitudinally       

Pull-through

Rectum50

100
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  Fig. 5.2    Resting anal pressure assessed by the pull- 
through technique: the probe is pulled through the anal 
canal, from the rectum to outward (only one sensor trac-
ing is reported)       
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 Scratching the perianal skin is possible to 
record a contraction of EAS: this is the anocuta-
neous refl ex. It may have potential in the evalua-
tion of the extrinsic innervations of the anus, but 
there are no data to support its clinical use. 

 Anal pressures vary by age and sex: they 
appear higher in men and younger, even though 
there exists a considerable overlap in values [ 8 ,  9 , 
 21 ,  22 ]. Measured pressures tend to be higher 
when you run a quick pull-through [ 10 ]. 

 J. Rogers and coworkers [ 23 ] reported the 
reproducibility of the measurement of anal pres-
sures in a small group of patients evaluated 
blindly by two different investigators in an inter-
val of about 20 days. Recently, the high repro-
ducibility was confi rmed measuring the resting 
and squeeze anal pressures ( r  ≥ 7) in the same 
subject in separate days [ 24 ], but both studies 
evaluated a limited group of healthy subjects.  

5.1.3     High-Resolution Manometry 

 The high-resolution manometry (HRM) uses a 
probe with 12–36 circumferential sensors. Each 
sensor is able to detect pressure in each of the 
radially dispersed sectors and from a 2.5 mm dis-
tance. The different values of pressure are identi-
fi ed with different colors, and the space–time 
pressure data are displayed as isobaric contour 
plots in topographic form. The technique simul-
taneously records pressure in the rectum and 
through the anal canal increasing the accuracy of 
the interpretation of the fi ndings [ 5 ,  7 ]. The ano-
rectal HRM highly correlates water-perfused 
manometry [ 5 ], and to date there is no evidence 
that it has clinical, diagnostic, or interventional 
advantage over conventional manometry [ 25 ].  

5.1.4     Rectal Properties 

 The optimal method for assessing the sensorial 
and viscoelastic characteristics of the rectum is 
the barostat test, even though it is scarcely use in 
clinical evaluation because of its cost. 

 During ARM a balloon is usually infl ated in 
the rectum with increasing volumes of air to get 

some information over the viscoelastic properties 
and sensory function. This procedure is certainly 
less accurate than the detailed barostat test, but it 
is considered suffi cient to get information about 
clinical rectal properties. 

 The rectal balloon is intermittently air infl ated. 
Each infl ation is realized every 30–60 s and 
involves a 10 mL volume increase up to 200 mL 
of air or the onset of pain/discomfort. The rectal 
balloon is completely air defl ated after each step 
[ 6 ,  9 ]. 

 Rectum responds to fi lling with visceral relax-
ation for comfortably storing feces until the vol-
untary defecation: this adaptability is described 
by the rectal compliance, which is a volume/pres-
sure curve (δ V /δ P  ml/mmHg). 

 The pressure in the balloon during the disten-
sion can be considered related to the intrarectal 
pressure, and its measurement is used to assess 
the rectal compliance. The balloon infl ation 
causes a rapid increase of the intra balloon pres-
sure, followed by a decline to a steady-state value 
as the rectum accommodates to the increased vol-
ume. The rectal steady state is calculated as the 
difference between the recorded pressure and the 
pressure obtained during the infl ation of the bal-
loon in ambient with the same volume of disten-
sion. The rectal compliance is calculated by 
plotting the ratio between volume increases and 
the variations of the stationary state pressures. 

 High compliance values indicate that the rec-
tum excessively relaxes resulting in poorin-
creased pressure in its lumen, conversely low 
compliance values describe a poor adaptation of 
the rectum to volume increases resulting in high 
intra-rectal pressures. 

 The distension of the rectum by increasing 
volumes is aimed also to evaluate rectal sensibil-
ity. The patient is asked to refer the sensations in 
the rectum. Usually three steps of sensation are 
identifi ed: (I) sensation of fullness or  distention, 
(II) persistent call to evacuate, and (III) maxi-
mum tolerable volume that can be associated 
with pain [ 6 ,  9 ]. 

 Evaluating the rectal sensibility, it must be 
appreciated that the rectal size and compliance 
may affect the threshold and type of perception. 
Large size and/or high compliant rectum requires 
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large volume to evoke the call to evacuate; in 
non-compliant rectum, small volume can induce 
urgency [ 26 ]. 

 However, balloon infl ections used to assess 
the rectal compliance and sensibility show some 
limits: in addition to the fact the rectum is an 
open-ended cavity, it is also both technique and 
operator dependent. Recorded data may vary 
according to the size and the nature of the balloon 
and the ramp method of infl ation and its speed 
[ 27 ,  28 ]. It is advisable to use a large-volume bag 
and rectal distension at fi xed volumes. The rectal 
sensibility can also be altered by the discomfort 
caused by the maneuver and/or by the use of 
cleansing enema before the test.  

5.1.5     Rectoanal Inhibitory Refl ex 

 Distention of the rectum elicits a transient 
decrease of the resting anal pressure due to the 
relaxation of the IAS: this characteristic is 
known as the rectoanal inhibitory refl ex. It is an 
intrinsic refl ex that is mediated via the myenteric 
plexus. It can also last after a pudendal block 
[ 29 – 31 ], and it is identifi ed as a “sampling 
mechanism” to discriminate the rectal content: 
fl atus and consistence of feces [ 32 ]. Some 
reports [ 33 ,  34 ] have evaluated the variables of 
the RAIR (latency, percentage of relaxation, 
duration, residual pressure) in an attempt to 
identify discriminating aspects. Even though 
some differences have been observed between 
groups of patients affected with incontinence or 
constipation, those groups overlapped largely 
showing little clinical signifi cance. The charac-
teristics of the RAIR depend on some technical 
aspects: the rectum should be free of feces, 
megarectum needs large volume to reach the 
proper distension in order to evocate the refl ex, 
the pressure drop can be obscured by the EAS 
contraction, or it cannot be evident at all when 
the resting pressure is very low. 

 The RAIR can be absent after low anterior 
resection and ileoanal pouch procedures, 
although there is a tendency for late recovery 
[ 35 – 39 ]. The absence of RAIR is considered 
diagnostic for Hirschsprung’s disease having 

sensitivity of 91 % and specifi city of 94 % [ 29 , 
 30 ,  40 ].  

5.1.6     Defecatory Maneuver 

 In constipated patients, it is useful to evaluate the 
defecatory maneuver [ 1 ,  3 ,  5 ]. The patient is 
asked to attempt defecation to evaluate sphincter 
responses during the maneuver, while the rectal 
balloon can be infl ated with air or water. Normal 
pattern shows increase of the intrarectal pressure, 
which is synergic with the decrease in the intra- 
anal pressure. Some constipated patients may 
exhibit anal pressure increment during straining 
[ 41 – 45 ] for the paradoxical contraction of the 
EAS or lack of anal relaxation: in both cases, 
there is an obstacle to evacuate [ 6 ]. In a third pat-
tern of dyssynergic defecation, the intrarectal 
pressure is lower than anal pressure [ 6 ]. The 
maneuver can be affected by laboratory condition 
(position of the patient, lack of privacy); actually 
it is poorly reproducible and altered patterns are 
recorded also in asymptomatic subjects. The 
diagnosis of dyssynergic defection should be 
confi rmed with other test (balloon expulsion test, 
defecography, EMG).   

5.2     Clinical Use in Fecal 
Incontinence 

5.2.1     Pressure Alteration 

 Anorectal manometry is suggested in the work-
 up for fecal incontinence [ 1 ,  3 ,  46 ] because it pro-
vides objective assessment of the anal sphincter 
function. The manometric parameters usually 
considered are resting pressure, squeeze pres-
sure, rectal compliance, and rectal sensibility [ 6 ]. 
The length of the anal canal may seem 
 theoretically important, but there seems to be lit-
tle evidence to support it. Also the anal vettogra-
phy is of no apparent benefi t for sphincter 
evaluation because of the scarce correlation with 
anal ultrasonography [ 47 ]. 

 Anal pressures are pathophysiologically 
important in patients with FI; their assessment 
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can be obtained by digital examination [ 48 –
 50 ], but ARM is more accurate than digital 
examination, especially for minor abnormali-
ties. Several authors [ 17 ,  51 – 53 ] reported that 
incontinent patients exhibit lower resting and 
squeeze pressures than continent patients, 
regardless of age and gender [ 51 ]. Low resting 
pressure and impairment of voluntary contrac-
tion refl ect functional defi cit of the IAS and 
EAS, respectively. Impairment in both pres-
sure has been associated with passive inconti-
nence frequency, but not with urge incontinence 
[ 17 ,  54 ]. Even though there is a large overlap-
ping between incontinent patients and control 
subjects, the maximum squeeze pressure has 
been suggested as the best distinctive for FI 
[ 52 ]. This aspect has been confi rmed by Raza 
and Bielefeldt: in order to identify discriminat-
ing patterns, they reviewed retrospectively the 
manometric tracings obtained in incontinent 
and constipated patients [ 22 ]. They reported 
that a resting pressure of less than 40 mmHg 
had a good specifi city (>90 %), but the sensi-
tivity was low (50 %); reduced squeeze pres-
sures were more often in incontinence, with a 
sensitivity of 59 % but with a specifi city of 
only 69 %. The low specifi city and sensibility 
can be due to the possible alteration of both 
sphincters. A recent report [ 22 ] performed a 
retrospective review of anorectal manometry 
for FI. In 73 % of patients, at least one sphinc-
ter dysfunction was recorded and 33 % of trac-
ings showed both IAS and EAS dysfunctions; 
isolated alteration of IAS or EAS was recorded 
in 30 % and 11 % of patients, respectively. 
Note that 26 % of patients did not show any 
sphincter impairment. 

 The authors propose classifi cation of FI 
according to the manometric alteration:

    1.    IAS dysfunction   
   2.    Isolated EAS dysfunction   
   3.    Combined sphincter dysfunction   
   4.    Normal sphincter function     

 Some incontinent patients exhibit spontane-
ous transient anal relaxations, and it is possible 
that leakage occurs as the anal pressure fell below 

the rectal pressure [ 55 ,  56 ]; this pattern has been 
observed in diabetic patients [ 57 ].  

5.2.2     Alteration of Rectal Properties 

 It is reported that about 25–40 % of patients 
affected with FI show a reduced rectal compli-
ance that is often associated with rectal hypersen-
sibility [ 17 ,  52 ,  53 ]. Even in the absence of 
sphincter dysfunction, these patterns are associ-
ated with symptoms of urgency defecation or 
passive incontinence [ 17 ]. The reduced rectal 
compliance and urgency can be the result of an 
enhanced motor response of the rectum to disten-
sion (irritable rectum), sometimes associated 
with a prolonged anal relaxation [ 55 ]. R. J. Felt- 
Bersam and coworkers performed the saline- 
infusion test in 350 incontinent patients and 
observed that patients with lower resting and 
squeeze sphincter pressures and a smaller rectal 
capacity leaked earlier following saline infusion 
in the rectum [ 52 ]. 

 In one study [ 53 ], patients with urgency def-
ecation have been classifi ed according to the 
presence or absence of hypersensitivity, and all 
them underwent ARM and prolonged rectosig-
moid manometry. The authors reported similar 
values of the anal pressures in the two groups, 
but the patients with hypersensitivity demon-
strated increased symptoms, enhanced percep-
tion, reduced compliance, and exaggerated 
rectosigmoid motor activity. These data sug-
gest that in the management of urgency defeca-
tion, may be useful consider, besides ARC 
fi ndings, also motor activity of the 
rectosigmoid. 

 Reduced rectal compliance is suggested to 
be useful in discriminating patients with FI 
[ 17 ]; rectal hypersensitivity worsens stool fre-
quency, urgency, and lifestyle in patients with 
urge fecal incontinence [ 58 ]. 

 Rectal compliance is affected by the size and 
by the tonic contraction of the rectum: patients 
with megarectum have high values of compli-
ance; conversely patients with rectal fi brosis 
(Fig.  5.3 ), such as infl ammatory bowel diseases 
[ 59 ] or hypertonic muscle contraction, show a 
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reduced compliance, due to the rigidity of the 
rectal wall. Even fi brosis due to other pelvic 
organs may hinder the expansion of the rectal 
wall and consequently affect its compliance.

   Preserved rectal sensation is necessary for the 
treatment by biofeedback, and improved sensa-
tion after biofeedback therapy predicts improve-
ment of FI [ 60 ,  61 ].   

    Conclusions 

 Data of literature do not support the role of 
discriminating test for ARM in the diagnosis 
of FI; nevertheless, it is useful to understand 
the pathophysiology of the symptoms. No pre-
diction can be made about the continence with 
any single anorectal fi nding, but the detection 
of sphincter and/or rectal alteration can facili-
tate the management of the FI. The accurate 
assessment of the pathophysiology inducing 
FI can provide information on the use of new 
treatments [ 4 ,  62 ], such as α1-adrenoceptor 
agonists [ 63 ] and sacral nerve stimulation 

[ 64 ]; the description of altered EAS effi cacy 
and/or reduce rectal compliance and/or rectal 
hypersensitivity can guide the rehabilitative 
protocol with biofeedback [ 61 ]. 

 However, FI is a multifactorial disorder result-
ing from several mechanisms, and the ARM has 
to be considered complementary to other anorec-
tal tests before formulating a diagnosis. 

 The procedure must be conducted with 
appropriate techniques, and the results must 
be interpreted with caution, in the clinical 
context of the patient, in relationship with 
symptoms, clinical features, and other tests. 

 Since ARM is performed with different 
equipment and techniques, it is not possible to 
standardize the procedure, and as a result, dif-
ferent laboratory outcomes cannot be compared. 
For this reason it is necessary for each labora-
tory to collect ARM data from its own control 
group in order to obtain normal values of anal 
pressures, rectal compliance, and sensitivity.     
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After  Fig. 5.3    Different rectal 
adaptability of the rectum 
before and after radiotherapy: 
the infl ation of the rectal 
balloon with 100 ml-air elicits 
the normal rectoanal 
inhibitory refl ex ( a ), but the 
steady-state pressure ( b ) after 
radiotherapy is higher than 
the steady-state pressure 
before treatment, suggesting a 
reduce rectal compliance       
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6.1          Introduction 

 Pelvic fl oor muscles involved in anorectal func-
tion, such as in lower urinary tract and sexual 
functions, share physiological properties with 
other muscular districts, although with some 
peculiarities. Neural control of these muscles is 
complex, working through the pudendal nerve 
and its terminal branches, the sacral spinal cen-
ters, the motor and sensory tracts, and the central 
brain control centers. The functional integrity of 
this system can be studied with several electrodi-
agnostic techniques characterized by partial inva-
siveness and reliability of results, becoming 
needful for a correct diagnosis [ 14 ,  24 ]. Moreover, 
the standard neurophysiological equipment used 
to test the limbs and trunk might not be appropri-
ate for urogenital-anal studies requiring specifi c 
basic knowledge and skills by neurologist. In 
patients with suspected neurogenic etiology dis-
eases, pelvic fl oor neurophysiology provides 
information about the pathogenesis of the disor-
der (axonal or demyelinating), the anatomical 
level of lesion, and the extension and kind (acute, 
chronic) of the lesion. 

 Evidence-based recommendations for the use 
of diagnostic tests in clinical practice are needed. 

To date, several literature reviews on pelvic fl oor 
neurophysiology have been published [ 6 ,  19 ,  26 ]. 
The most widely accepted diagnostic protocol 
includes the following tests:

    (i)    The concentric needle electromyography 
(CNEMG) of the perineal muscles   

   (ii)    The sacral refl exes: bulbocavernosus refl ex 
(BCR) and pudendal-anal refl ex (PAR)   

   (iii)    The pudendal nerve terminal motor latency 
(PNTML)   

   (iv)    The pudendal somatosensory evoked poten-
tials (SSEP)   

   (v)    The motor evoked potentials (MEPs) of the 
perineal muscles    

6.2       Concentric Needle 
Electromyography (CNEMG) 
of the Perineal Muscles 

 CNEMG is a crucial technique to evaluate the 
presence of denervation activity (fi brillations, 
positive slow waves) and to study the characteris-
tics (amplitude, duration, morphology) of the 
motor unit potentials (PUMs). Previous studies 
have yet shown that sphincter EMG is useful in 
the recognition of abnormalities in neurological 
diseases such as Parkinson’s disease and multiple 
system atrophy and in constipation due to various 
neurologic anorectal dysfunctions [ 3 ,  4 ,  11 ,  31 ]. 
The usefulness of EMG analysis in patients with 
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idiopathic fecal incontinence (IFI) has been also 
showed [ 10 ,  12 ]. The analysis of the electrical 
potentials generated by the depolarization of 
muscle fi ber membranes can be carried out using 
mono- or bipolar needle electrodes, allowing an 
accurate qualitative analysis of myoelectric sig-
nals. Surface electrodes record the signal less 
precisely, even if they offer the advantage of non-
invasivity [ 6 ]. 

 All the muscles of the pelvic fl oor can be 
investigated, although the muscles most investi-
gated in clinical routine are represented by the 
external anal sphincter (EAS) muscle and the 
bulbocavernosus (BC) muscle (Fig.  6.1 ).

   While the BC muscle has a similar behavior 
to that of all other skeletal muscles, the EAS 

presents some peculiarities. Sphincters show 
continue electrical activity also when they are at 
rest at low fi ring rate that disappears only during 
defecation and urination, consisting of MUP of 
150–300 μv at low frequency (4–8 cycles/s) [ 8 , 
 9 ,  30 ]. This activity is essential for the proper 
function of containment of sphincters, and it is 
determined by the activation of red muscle fi bers 
(for slow contractions), and by the recruitment 
of white muscle fi bers for the voluntary or refl ex 
rapid activations. When the coaxial needle elec-
trode is inserted, the evaluation of the activity at 
rest is possible (Fig.  6.2 ). This muscular activity 
is enriched during the phase of contraction with 
the recruitment of MUs. The presence in this 
phase of denervation is signaled by fi brillation 
activities or positive slow waves when it is acute, 
whereas in chronic processes, the presence of 
potential polyphasic of long duration is detect-
able. During a voluntary contraction, the defi ni-
tion of morphological characteristics such as 
width, length, shape, and the fi ring rate is man-
datory (Fig.  6.2 ). The CNEMG examination 
ends with the assessment of the recruitment of 
MUs during a maximum voluntary effort (inter-
ferential pattern) or after a refl ex contraction 
(coughing, straining).

   Physiological features of MUs are amplifi ed 
by an array of amplifi ers, converted in digital 
form and displayed on a screen computer. The 
contribution of each MUP appears as a sequence 
of waves on subsequent channels. These waves 
are progressively time shifted as the source trav-
els underneath the electrode array and generate a 
typical spatiotemporal pattern [ 20 ,  21 ]. EMG can 
be performed using a needle electrode or surface 
electrode [ 22 ,  23 ]. In routine diagnostics, needle 
electrodes are more commonly used because of 
its high precision. 

 According to the placement of needle for the 
study of the EAS and the BC muscles, the patient 
lies in the lateral decubitus position; the needle is 
driven approximately 1 cm lateral to the anal ori-
fi ce in the case of the EAS and between the anus 
and the base of the scrotum (or the vaginal ori-
fi ce) in the case of the BC muscle. Specifi cally 
for the EAS study, the concentric needle is usu-
ally introduced in different quadrants. In the rear 

Bulbocavernosus

Clitoris

Urethra
Vagina

External anal sphincter

Bulbocavernosus

External anal sphincter

  Fig. 6.1    Anatomical representation of the external anal 
sphincter (EAS) muscle and the bulbocavernosus (BC) 
muscle       
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quadrant, the needle is inserted at a greater depth 
in order to study also the activity of the 
 puborectalis muscle. The activity of PUM, both 
at rest and during voluntary activity, is measured, 
thus allowing a qualitative and quantitative 
assessment of innervation of muscle fi bers to 
highlight acute or chronic denervation or total or 
partial reinnervation. To obtain a maximal volun-
tary contraction, the examiner asks the patient to 
imagine holding the urine or feces in the act of 
urination or defecation. In the normal subject 
during straining, an interferential pattern with 
increased number of PUM with the amplitude of 
500 μv is detectable until individual potentials 
are not more evident [ 15 ]. Although the ampli-
tude of potential is unquestionably useful into the 
identifi cation of enlarged MUs, typical of chronic 
reinnervation processes, the duration is generally 
more reliable depending much less from the elec-
trode placement. Abnormal EMG activity, such 
as fi brillation potentials and high-frequency 
spontaneous discharges, provides evidence of 
denervation occurring in patients with fecal 
incontinence, for example, after a pudendal nerve 
injury or cauda equine syndrome [ 27 ]. In patients 
with anal incontinence, typical frameworks of 
denervation are characterized by a reduced 
enrichment of the track base and isolated poten-
tials of denervation (Fig.  6.3 ).

   The single-fi ber EMG is a completion of the 
previous survey, consisting in recording the 
action potential of a single fi ber using a special 
electrode with a thin diameter (approximately 

250 μm). Repeated measurements in the same 
muscle allow to record the density of the muscle 
fi bers innervated by a single axon; an increased 
density is indicative of reinnervation, common in 
the anal incontinence. 

 Therefore, the EMG provides important 
information regarding the pathogenesis (periph-
eral, central, or mixed damage) in the case of 
fecal incontinence [ 11 ,  12 ]. The typical fi ndings 
in suffering peripheral nervous system are dener-
vation activity (fi brillations, positive slow 
waves), increase in amplitude and/or duration of 
PUM, reduction of interferential activity, and 
enhancement of the percentage of polyphasic 
potentials in relation to collateral reinnervation 
phenomena.  

Synergic contraction

Dyssinergic contraction

Rest

AEO

EAS

AEO

EAS

Squeeze Push

500 µv

5 s

500 µv

5 s

Rest Squeeze Push

  Fig. 6.2    Typical EMG activity 
at rest and during the phases of 
voluntary contraction of 
abdominal external oblique 
muscle (AEO) and external 
anal sphincter muscle       

  Fig. 6.3    Example of CNEMG in patient with fecal 
incontinence due to muscle denervation       
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6.3     Sacral Refl exes 
(Bulbocavernosus Refl ex, 
Pudendal-Anal Refl ex) 

 The sacral refl ex (SR) is refl ex contractions of the 
striated pelvic fl oor muscles in response to stimu-
lations of the perineum or the genital region. 
They provide topographic and pathological infor-
mation on the sacral somatic pathway controlled 
by corticospinal system. The recording of 
stimulus- related responses allows a quantitative 
analysis of parameters as latency and amplitude. 

 Clinically, the bulbocavernosus refl ex (BCR) is 
elicited by squeezing the glans or clitoris quickly 
with fi ngers, producing a visible and palpable 
refl ex contraction of BC muscle. The presence of 
this refl ex allows to differentiate lesions located 
above S2–S4 levels, those that interrupt the refl ex 
arc in afferent or efferent (pudendal nerve) branch 
or in the effector (muscle BC). The neurophysiol-
ogy allows to obtain a correlated electrophysiologi-
cal refl ex permitting to assess the entire sacral 
refl ex arc, included spinal center located in the 
Onuf’s nucleus (S2–S4) and corticospinal via [ 7 , 
 28 ] (Fig.  6.4 ). This refl ex is elicited by electrical 

stimulation of the clitoris or penis dorsal branches 
(terminal branches of the sensitive pudendal nerve), 
and it is recorded using needle electrode in BC 
muscle. The pudendal- anal refl ex (PRA) is elicited 
with the same technique recording with a needle 
electrode in EAS muscle [ 7 ,  28 ]. The electrical 
stimulus consists of a long duration electric square 
pulse, with an intensity equal to three times the sen-
sory threshold; the electric impulse is given through 
ring electrodes located at the basis of the penis or 
clitoris or using an electrical stimulator with elec-
trodes mounted on a plastic assembly positioned on 
the glans or on the clitoris. The response is recorded 
with surface electrodes placed on the skin overly-
ing the BC or EAS muscle or with a needle inserted 
into the same muscle bellies.

   The responses to the stimulation of the pudendal 
nerve are bilateral, and they consist of potentials 
splitted into two components: an early component 
with latency between 30 and 40 ms and a delayed 
response, with variable latency values [ 18 ,  28 ,  33 ]. 
The presence of an early and a late component justi-
fi es the existence of oligo- polysynaptic circuits [ 13 , 
 18 ]. A dysfunction of the pudendal-sacral refl ex arc 
is evident with increased latencies or, in more severe 

  Fig. 6.4    Bulbocavernosus refl ex (BCR)       
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cases, with the complete absence of response. Any 
deterioration in the latency does not explain clearly 
the site of the damage that is understandable only 
with the completion of the entire battery of tests.  

6.4     Pudendal Nerve Terminal 
Motor Latency (PNTML) 

 The PNTML measures the neuromuscular integ-
rity between the terminal portion of the pudendal 
nerve and the anal sphincter. 

 Intrarectal or intravaginal stimulation of the 
motor branch of pudendal nerve is possible at the 
ischial spine through the use of the electrode of 
St. Mark’s Hospital, a disposable adhesive plate 
electrode mounted on the index fi nger of the 
glove examiner, recording the needle response by 
SAE (Fig.  6.5 ). The normal duration of stimula-
tion is 0.1–0.2 ms, and the maximum amplitude 
is approximately 15 mv. The latency time is cal-
culated from the stimulus and the onset of con-
traction, and it is normally about 2 ms.

   A lengthening of the PNTML is an expression 
of suffering of the pudendal nerve on its way. The 
measurement is to be repeated several times bilat-
erally to derive the more correct mean value. In 
some patients with anal incontinence, very long 
latency is usually detected, while in patients with 
surgical sequelae or with complete rectal prolapse, 
a signifi cant difference between the right and the 
left PNTML can be sometimes evidenced; in other 
cases any contraction in response to stimuli cannot 
be detected also after maximal stimuli. The study 
of PNTML could be signifi cant in the evaluation of 

anorectal incontinence and chronic pain pelvic syn-
dromes. A literature analysis was conducted to 
verify the accuracy of PNTML performed accord-
ing to the St. Mark’s technique [ 16 ]. Thomas et al. 
assessed the respective values of PNTML and anal 
EMG in the diagnosis of fecal incontinence, fi nd-
ing that PNTML has poorer sensitivity and a lack 
of correlation with manometric parameters com-
pared to EMG examination; authors concluded that 
PNTML is insuffi cient alone in the evaluation of 
patients with suspected neurogenic fecal inconti-
nence and that anal EMG should be performed sys-
tematically in all patients [ 32 ]. However, its role in 
constipated patients remains unclear [ 1 ,  2 ,  5 ,  34 ].  

6.5     Pudendal Somatosensory 
Evoked Potentials ( SSEP ) 

 The SSEP allows to explore the somatosensory 
system through the study of the peripheral conduc-
tion time from the sensory branch of genital 
regions. The examination is performed by applying 
electrical stimuli of low intensity (below the pain 
threshold) along the branches of the pudendal 
nerve; the registrant electrode is located on D10–
D12 dorsal spinous processes to the sacral cord 
(N1 latency 17–20 ms) and the referring electrode 
on the superior anterior iliac spine (or 3–4 cm ros-
trally) for the spinal potential. Therefore, electrodes 
are placed on the scalp (Cz), according to the inter-
national 10–20 system and the referring electrode 
in the front median area (Fpz) for the central con-
duction time (P40 latency 35–40 ms, N50 latency 
45–50 ms) [ 29 ] (Fig.  6.6 ). The main component of 
the cortex response is the P40, considered the 
expression of the onset of the signal in the parietal 
cortex. The difference in ms between the spinal and 
cortical responses constitutes the central conduc-
tion time (TCC), an expression of the integrity of 
the central somatosensory system.

   The electrical stimulation of the dorsal clitoral 
or dorsal penile nerves is made through a low 
stimulus with an intensity of 2.5 higher than the 
subjective threshold, a frequency of 3 Hz and a 
duration of 0.1 ms. 

 A peripheral or central nervous injury modi-
fi es the spinal and/or cortical response leading to 

  Fig. 6.5    Electrode of the St. Mark’s Hospital for the 
study of the pudendal nerve terminal motor latency 
(PNTML)       
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a lengthening of conduction time and to a disor-
ganization or abolition of the potential of action.  

6.6     Motor Evoked Potentials 
(MEPs) of the Perineal 
Muscles 

 The integrity of the spinal anorectal pathway can 
be assessed through the study of MEPs [ 17 ,  25 ]. 
The motor cortical representation of urogenital 
system and pelvic fl oor corresponds to the pri-
mary motor along the mesial surface of the cere-
bral hemispheres; the corticospinal tract 
originating from this area runs through the spinal 
cord and reaches Onuf’s nucleus and the motor 
neurons of pudendal nerve. The MEPs are 
obtained with transcranial magnetic stimulation 
(TMS) of motor cortical areas of the pelvic fl oor. 
The deeper location along the interhemispheric 
area of the motor cortex for the target muscles 
(BC, pelvic fl oor sphincters) means that the 
intensity of transcranial stimulation needed 
results to be higher than the limb muscles. The 
MEPs are measured centrally by a circular coil 
placed in Cz and peripherally at the emergence of 
the sacral roots (Fig.  6.7 ). When a current is rap-
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  Fig. 6.6    The Pudendal Somatosensory Evoked Potentials 
(SSEP)       

a

b

  Fig. 6.7    Study of motor evoked potentials (MEPs) of the perineal muscles. ( a ) Transcranial magnetic stimulation; ( b ) 
root stimulation       
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idly discharged through a conducting coil, a mag-
netic fl ux is produced around the coil, causing 
stimulation of neural tissue. It can be derived 
with needle electrodes of the musculature of the 
pelvic fl oor permitting the evaluation of the total 
motor conduction time (TMCT), usually of 
30 ms. The considered parameters are usually the 
latency and the amplitude of motor response. 
When the stimulation is applied at lumbosacral 
level, the peripheral motor conduction time 
(PMCT) can be determined. Therefore, the sub-
traction of PMCT to TMCT permits to know the 
central motor conduction time (CMCT). The 
electrical response is derived by needle electrode 
from EAS according to the international 10–20 
system. The lengthening of latency and ampli-
tude of motor cortical response indicate the site 
of the damage. Electrical or magnetic stimulation 
of the lumbosacral nerve roots facilitates diagno-
sis of sacral motor radiculopathy as a possible 
cause of fecal incontinence [ 17 ]. Normative data 
are available [ 25 ].

       Conclusions 

 In conclusion, the usefulness of pelvic fl oor 
neurophysiological tests is widely recognized 
and supported by evidence. Lower intestinal 
symptoms such as constipation and fecal 
incontinence are not uncommon in patients 
with neurological diseases and they can have a 
intensely negative impact on quality of life. 
Understanding their causes can help the plan-
ning of effective management strategies. 
Specifi cally, the EMG study of the pelvic 
muscles in combination with measurement of 
sacral refl ex, allows to test the somatic motor 
innervation in the sacral spinal cord and 
peripheral components; the pudendal SEP 
documents the integrity of the afferent path-
ways from the genital areas to the somatosen-
sory cortex; the application of MEP allows to 
extend the neurophysiological investigation 
also to the central motor pathways. Other tests 
that are not currently supported by high-level 
evidence could be used in further research set-
tings to corroborate their diagnostic value. 

 The electrophysiological techniques are 
becoming essential for a correct diagnosis in the 

study of fecal incontinence and should come 
within the store of knowledge not only of spe-
cialists in neurology and neurophysiopathology.     
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      Pelvic Floor Rehabilitation                     

     Lucia     d’Alba       and     Margherita     Rivera     

7.1          Introduction 

 In the 1950s, the observations of the American 
surgeon Arnold Kegel led to the recognition of 
the concept of pelvic fl oor rehabilitation and to 
the subsequent use of the muscular portion of the 
pelvic fl oor in the treatment of urinary inconti-
nence and genital prolapse. In fact these specifi c 
muscular exercises became known as  Kegel exer-
cises . In the 1970s, this concept of a therapeutic 
approach to treat the dysfunctions of the pelvic 
fl oor was revived and proposed in Europe, above 
all by French professionals. Today the most dis-
tinguished medical organizations recognize the 
validity of pelvic fl oor rehabilitation and consider 
it a fi rst-line therapeutic approach for the treat-
ment of certain pathological conditions: fecal and 
urinary incontinence, pelvic organ prolapse, syn-
drome of chronic pelvic pain, sexual dysfunc-
tions, alterations in the sensory control, and 
evacuation process of defecation. 

 The primary goal of all forms of pelvic fl oor 
rehabilitation (RT) is to improve pelvic fl oor 
and anal sphincter muscle strength, tone, endur-
ance, and coordination to effect a positive 
change in function with a decrease in symp-
toms. Additional goals include increasing the 
patient’s awareness of their own muscles, 
improving rectal sensitivity, and reducing scar 
burden to allow for improved muscle function. 
Pelvic fl oor rehabilitation is performed under 
the guidance of a pelvic fl oor physical therapist, 
although nurses, physicians, and other staff can 
receive training to perform many of these 
interventions. 

 Pelvic fl oor rehabilitation has been used suc-
cessfully in the treatment of fecal incontinence 
(FI) and can produce signifi cant functional and 
quality of life benefi ts for patients. Most of the 
reported literature in this area has been in the 
form of case reports and nonrandomized pro-
spective trials. In fact, more than 70 such uncon-
trolled studies have been published with a great 
range of treatment protocols. Almost all these 
studies show a signifi cant benefi t when using a 
rehabilitative approach, with the majority report-
ing a positive response range of 50–80 %. There 
has only been one published nonrandomized 
study which reported no benefi t to treatment. The 
patients in that study uniformly had FI due to a 
neurogenic etiology, which might contribute to 
the lack of demonstrated benefi t from pelvic 
rehabilitation [ 1 ].  
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7.2     Conservative Approaches 

 Conservative approaches are usually fi rst-
line therapy, particularly in patients with mild 
symptoms, and include dietary modifi cations, 
 medication, muscle-strengthening exercises 
( Kegel exercises ), biofeedback, and nonsurgical 
electrical nerve stimulation. Dietary modifi ca-
tion, such as avoiding caffeine, citrus fruits, spicy 
foods, alcohol, and dairy products (in patients 
with lactose intolerance) may help, but defi ni-
tive evidence for these restrictions is lacking. 
Smoking and sedentary lifestyle are associated 
with FI [ 2 ]. 

 Behavior modifi cation can also be explored 
with patients, including training on the establish-
ment of a predictable pattern of bowel evacua-
tion, timing of defecation relative to activities to 
limit incontinent episodes, techniques to reduce 
straining, proper defecation posture when sitting 
on the toilet, and fecal urge suppression tech-
niques. Weight reduction is typically encouraged, 
as obesity is a well-documented risk factor for 
the development of FI [ 1 ]. 

 Opinions differ as to whether the addition of 
dietary fi ber is benefi cial or detrimental in the 
treatment of FI; however, methylcellulose is 
resistant to fermentation by colonic microfl ora 
and may be less likely than some other forms of 
fi ber to exacerbate diarrhea. Several medications 
are also available to treat FI. Antidiarrheal or 
antimotility agents, including loperamide or 
diphenoxylate, may be benefi cial in patients with 
loose stools and urgency. Limited evidence sug-
gests that drugs administered to enhance sphinc-
ter tone, such as phenylepinephrine and sodium 
valproate, may be helpful in patients with passive 
FI and normal anal sphincter function. In a clini-
cal trial, the tricyclic antidepressant amitriptyline 
improved FI scores (scale, 1–18) from a median 
of 16 at baseline to 3 ( P  < 0.001) after 4 weeks of 
treatment. In an open-label uncontrolled study, 
clonidine, an alpha 2 adrenergic agonist, 
improved FI after 4 weeks of therapy; however, a 
randomized, placebo-controlled study showed 
that clonidine did not signifi cantly improve the 
number of episodes of FI or quality of life [ 3 ]. 

 Pelvic fl oor rehabilitation is a term which 
comprises many different therapeutic approaches, 
including, but not limited to, pelvic fl oor muscle 

training (PFMT) and biofeedback-guided elec-
tromyography (EMG), which is currently the 
most widely used rehabilitative treatment modal-
ity. The different rehabilitative techniques can be 
used independently but more frequently are used 
in conjunction with one another in a multimodal 
approach to produce the maximum benefi t for the 
patient. Pelvic fl oor rehabilitation techniques 
include pelvic fl oor muscle training PFMT, bio-
feedback therapy, and the use of electrical stimu-
lation [ 1 ]. 

7.2.1     Pelvic Floor Muscle Training 
(PFMT) 

 Kinesitherapy is a rehabilitative method that alle-
viates symptoms and obtains the greatest possi-
ble recovery of lost or altered function, by 
utilizing therapeutic exercise and movement of 
the body or part of it to treat disease [ 4 ]. 
Pelviperineal kinesitherapy or PFMT occupies a 
very important position in rehabilitation in the 
fi elds of urogynecology and proctology. 

 PFMT describes any number of different 
approaches for increasing strength, endurance, 
and coordination of the pelvic fl oor and anal 
sphincters. Thoracoabdominal pelvic muscle 
training has also been advocated, as it has been 
theorized that training all core muscles to work in 
tandem would be more effective than a narrow 
focus on the pelvic fl oor muscles alone. Particular 
attention is often paid to the transversus abdomi-
nis in such expanded approaches. PFMT typi-
cally consists of verbally guided instruction in 
pelvic fl oor and sphincter contractions ( Kegel 
contractions ). 

 Anal sphincter exercises are performed to 
strengthen the puborectalis muscle, which is con-
tinuous with the external anal sphincter (EAS) 
[ 3 ]. Patients can be taught to contract in a variety 
of ways. Some examples include maximal volun-
tary sustained sphincter contractions, submaxi-
mal sustained contractions, and fast-twitch or 
“quick-fl ick” contractions. A commonly reported 
PFMT technique is to compare the pelvic fl oor to 
an elevator, able to stop at different fl oors as it 
ascends and descends. Other reported methods 
include working on coordination of anal sphinc-
ter activity and working to isolate a contraction 
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of the anal sphincter. Some practitioners use their 
hand placed externally, or a digit placed vaginally 
or rectally to help instruct the patient in the cor-
rect exercise techniques, but most would argue 
that this constitutes a form of low-tech biofeed-
back training. 

 The techniques are intended to achieve an 
improvement of the use of the levator ani mus-
cle that carries out a double function: one as a 
sphincter and the other as an elevator. The aim 
of the rehabilitator is to facilitate the educa-
tion, or the reeducation, of the automatisms of 
the perineal sphincter, according to the princi-
ples of motor development, with which we 
mean the “system by which humans acquire, 
modify and conserve movement patterns in 
their memory, so that they may utilize them 
whenever they desire to, or whenever it is nec-
essary to do so” [ 5 ]. 

 Fundamental to this is the use of feedback: 
function prevalently correlated to the control of 
posture and movement; regulated in particular by 
the cerebellum, the basal nuclei, and the frontal 
lobe; and fi nalized to refi ne specifi c motor pro-
grams [ 4 ]. The role of central nervous system 
(CNS) feedback is to detect errors; this enables 
consequent modifi cation or interruption of altered 
motor parameters or patterns. This autocorrec-
tion initially leads the patient to achieve a refi ne-
ment of motor skills and, later, after an adequate 
training period, to adapt to the new environmen-
tal body conditions and acquire the automatiza-
tion of a new motor skill. 

 With reference to the general principals of 
rehabilitation, we consider two types of 
feedback:

•    An intrinsic one that represents all the infor-
mation that comes from a single patient  

•   An extrinsic one that registers stimuli and 
solicitations supplied by an external agent, the 
rehabilitator    

 Therefore, the feedback allows the automati-
zation of the motor skills and functions; the reha-
bilitator specifi cally guides the patient during the 
therapy to experience error, thus making him 
capable of recognizing and then correcting it and 
in this way determining an actual effective train-
ing process. 

 The reacquisition phases, known as motor 
training of the competence of the pelvic fl oor after 
pelvic dysfunction or disease, are the following:

    1.     Acquisition . This is the phase in which the 
individual begins to acquire or reacquire a 
particular movement, through a process of 
awareness of the different motor skills of the 
pelvic fl oor (contraction, relaxation, resting 
state, action of force of gravity).   

   2.     Improvement. Improvement  of a given perfor-
mance and therefore of the altered muscular 
parameters of the pelvic fl oor includes hypo-
activity, hyperactivity, and impaired coordina-
tion of functional activities. The aim here is to 
improve the quality and effi ciency of the per-
formance, reduce the frequency and degree of 
errors, and increase the safety of the move-
ment. It is necessary for the patient to receive 
much feedback training, enabling him to ade-
quately elaborate that which he has learned.   

   3.     Automatization . The patient transfers what he 
has learned during the therapy sessions to the 
actual symptom when it presents itself during 
various daily life situations.     

 From this we deduce that it would be simplis-
tic to think that pelviperineal kinesitherapy spe-
cifi cally only serves to reinforce muscle strength. 
The concept of strength is not solely dependent 
on the muscular component but is actually the 
result of three coordinated factors: mechanical, 
muscular, and neural. The proposed exercises in 
rehabilitative treatment should take into account 
types of posture and the use of functional ges-
tures employed in daily life activities. 

 The electrical activity at the perineal level is 
infl uenced by induction, through recall against 
resistance of various muscle groups, with indi-
vidual variability. In particular, these groups are 
comprised of adductors and pelvic trochanter 
muscles, including both their abductor and exter-
nal rotator components. Taking these fundamen-
tals into account, it appears correct in the fi nal 
phases of the therapeutic procedure to introduce 
combination exercises for the perineal fl oor and 
the agonist muscles, with the aim of  strengthening 
a type of synergy that in the early phases is how-
ever inhibited in order to encourage an adequate 
awakening of the sensations of the perineal fl oor. 
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 The general principles of muscular exercises 
take into account the following:

    1.     Strength : maximum voluntary contraction 
defi ned as the recruitment of the greatest pos-
sible number of muscle fi bers.   

   2.     Power : relationship between maximum 
strength and the time necessary to obtain it.   

   3.     Endurance : the period of time that the con-
traction is maintained or repeated.   

   4.     Repetition : the number of times a contraction 
is repeated with equal strength.   

   5.     Fatigue : exhaustion of the sustainment of the 
strength required or expected. This is a neces-
sary component for an increase in endurance 
of muscular exercise [ 6 ].     

 When the muscular defi cit is hypoactive, it is 
then necessary to:

    (a)    Increase the strength with the use of the max-
imum voluntary action repeated a few times 
with the addition of resistance [ 7 ]   

   (b)    Increase the endurance and obtain a submax-
imal contraction [ 8 ]   

   (c)    Improve the strength and endurance, with the 
pause time between contractions lasting dou-
ble the actual contraction time [ 9 ]   

   (d)    Use a maximum voluntary contraction, 
maintained for a period of 3–10 s, with 8–12 
repetitions, performed three times a day; 
these repetitions are advised to be performed 
for 5 months. With the aim of obtaining a 
result [ 10 ], it is advised to employ a maxi-
mum voluntary contraction for a period of 
3–10 s, repeated as many times possible with 
a rest period of approximately 4 s; this rest 
period can be reduced when the patient is 
able to maintain a contraction for 10 s.     

 Perineal kinesitherapy is organized into pro-
gressive sequential phases: a preliminary phase 
and four specifi c treatments.

    1.     Preliminary phase . It is indispensible that the 
patient and rehabilitator establish a trusting 
collaborative rapport and that the objectives 
and steps of the treatment are clearly outlined. 
The issue of discomfort must be considered 

and discussed with the patient to help in set-
ting up reasonable goals. The rehabilitator 
needs to attentively and thoroughly illustrate 
the ano-pelvic anatomy and physiology, with 
the aid of anatomic models and mirrors, and 
provide explanations and examples of the cor-
rect anal response. The muscular exercises 
should be explained and verifi ed with positive 
verbal reinforcement; the rehabilitative treat-
ment plan must be set up and carefully 
followed. 

 The patient must be well informed regard-
ing the preferred strategies chosen to aid in 
acquiring a satisfactory autonomy while 
explaining the importance of bowel training 
and the sharpening of the sensitivity of the 
evacuation stimulus and the coordination of the 
action of the muscles of the pelvic fl oor and 
abdomen, even during sporadic conditions like 
the emission of a cough. It is also necessary to 
evaluate the patient in static equilibrium to cor-
rect any eventual postural alterations of the ver-
tebral column and pelvis; these, in fact, 
constitute an important risk factor to the degree 
of continence, as relating to the altered distribu-
tion of intra-abdominal strength and the 
involvement of the perineal musculature.   

   2.     Specifi c treatment .
    Gaining awareness of the perineal region , 

The perineal area has a scant primary 
motor and sensory representation in the 
brain cortex, with a consequential reduc-
tion in the fl ow of information between the 
CNS and the peripheral organs. This results 
in diffi culty in learning automatisms that 
even more frequently, with the aging pro-
cess, are lost altogether. The fi rst approach, 
therefore, is proprioceptive, and all the 
neuromotor reeducation techniques are 
applied in order to activate the CNS and to 
provoke, through refl ex, an adequate vol-
untary muscle activity. The techniques 
used are the placing under tension of the 
levator ani muscle and the stretch refl ex.  

   Elimination of agonist and antagonist syner-
gies . Breathing must be deep and regular. 
The synergic musculature must not be con-
tracted: the abdominal and pelvic muscles 
are antagonists.  
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   Training of the levator ani muscle . Isotonic 
and isometric training exercises. The iso-
metric exercises are used to improve the 
quality of endurance of the levator ani and/
or of the external anal sphincter, while the 
isotonic exercises increase their strength.  

   Automatization of the activity of the perineal 
musculature  in conjunction with daily 
stress. The exercises in this phase require 
the proper degree of cortical integration to 
permit rapid association-dissociation activ-
ity of different muscle groups. The patient 
must acquire at least a correct automatism 
of the perineal contraction in orthostatism 
and the regaining and reinforcing of the 
anal closing refl ex under pressure.        

 Kinesitherapy also provides exercises that are 
to be performed by the patient at home. These 
exercises are an integral part of the pelvic reha-
bilitation program and their aim can be outlined 
in two points:

    1.    Improvement of the work done with the 
rehabilitator   

   2.    Maintenance of the acquired results after the 
termination of the treatment sessions     

 Only one clinical trial, by Norton et al. in 2003, 
compared pelvic rehabilitation to a bowel educa-
tion and retraining program. This study demon-
strated comparable benefi t in all treatment groups, 
and the authors concluded that no added benefi t 
was seen with pelvic rehabilitation compared with 
education alone. However, the education treatment 
group received instruction in a “bowel urge resis-
tance program” which included training to hold 
stool in the rectal vault while sitting on the toilet 
for increasing amounts of time. It is not clear 
whether such urge suppression techniques are sub-
stantially different from pelvic fl oor muscle 
strength training with sustained submaximal con-
tractions, and therefore this study’s reported con-
clusions that there is no benefi t from PFMT, apart 
from educational instruction, may not be valid. 
PFMT without the concurrent use of biofeedback 
has been well established for use in patients with 
urinary incontinence. However, there have not 

been many trials that have looked at PFMT apart 
from biofeedback training in the treatment of 
FI. Three studies have shown digitally taught 
PFMT to be equivalent to PMFT combined with 
biofeedback. Only one RCT has been done to eval-
uate the difference between varied types of pelvic 
fl oor exercises. Bartlett et al. in 2011 found no dif-
ference in outcomes between two separate PFMT 
techniques, both trained with biofeedback guid-
ance (sustained submaximal anal and pelvic fl oor 
exercises versus rapid squeeze plus sustained sub-
maximal exercises). Both groups had signifi cant 
improvement in FI [ 1 ].  

7.2.2     Biofeedback Therapy 

 Biofeedback therapy (BFB) is a term that can be 
used to describe many different types of training 
regimens for the pelvic fl oor. Biofeedback is 
defi ned as the process of gaining greater aware-
ness of many physiological functions, primarily 
using instruments that provide information on the 
activity of those same systems, with a goal of 
being able to manipulate them at will. BFB has 
been used in medicine for more than 30 years and 
has been used for the treatment of FI since as 
early as 1974. For pelvic fl oor rehabilitation pur-
poses, the most common type of biofeedback is 
EMG biofeedback therapy, which was fi rst intro-
duced in 1979 [ 1 ]. 

 Biofeedback is performed using visual, audi-
tory, or verbal feedback techniques with an ano-
rectal manometry or EMG probe inserted into the 
anorectum to display pressure changes [ 11 ]. 

 Data are recorded either through surface elec-
trodes or via the use of intravaginal or intrarectal 
sensors. Other forms of pelvic fl oor biofeedback 
therapy include the use of ultrasound (either 
intrarectal, intravaginal, or perineal), rectal 
 balloons, digital guidance (the use of an intrarec-
tal/intravaginal fi nger or hand placed on the 
perineum), and anorectal manometry [ 1 ] 
(Fig.   7.1  ). More recent studies have found a dif-
ference between pelvic muscle exercises alone 
and exercises with biofeedback (the addition of a 
rectal balloon, electrical stimulation, or EMG), in 
favor of adding BFB [ 11 ].

7 Pelvic Floor Rehabilitation



64

   There are three main methods for the effective 
use of biofeedback as part of pelvic fl oor rehabili-
tation for FI. The most common type is for 
strength and endurance training for the pelvic 
fl oor and/or anal sphincter. The biofeedback 
apparatus gives information about how strong the 
muscles are being contracted, and the patient can 
use that information to learn how to do the pelvic 
fl oor exercises more effectively. It is also thought 
that biofeedback motivates the patient to improve 
by giving information on performance and prog-
ress. The theory behind strength and endurance 
training is that if the sphincter muscles are stron-
ger, the patient will be able to hold in the stool for 
a longer period of time and enable them to make 
it to the restroom with fewer accidents. The sec-
ond treatment modality is to use biofeedback 
therapy to improve rectal sensitivity or compli-
ance. This type of treatment has also been termed 
volumetric rehabilitation or discrimination train-
ing and is typically done with rectal balloons. The 
balloon is infl ated with air or water to determine 
the fi rst sensation of rectal fi lling. It is then gradu-
ally infl ated with decreasing amounts of air or 
water to teach the patient to appreciate stool in the 
rectal vault at progressively lower volumes. The 
rationale behind sensory retraining is to allow the 
patient to detect smaller volumes of stool at an 
earlier moment, again making it possible for them 

to reach the restroom before an accident occurs. It 
also allows for the patient to have more time to 
perform a voluntary anal sphincter contraction 
before the volume of stool in the rectal vault over-
whelms the patient’s ability to hold it. 

 Rectal balloons can also be used on patients 
with fecal urgency and rectal hypersensitivity. 
The balloons are in these cases simply infl ated to 
progressively larger volumes, which the patient is 
then coached on how to tolerate without feeling 
the need to expel the rectal contents. 

 The third biofeedback therapy approach deals 
with coordination training for the anal sphincter. 
Multiple balloons are again inserted, a large one 
in the rectum itself and one or two smaller ones in 
the anal canal. These are typically connected to a 
manometric pressure-recording device. When the 
larger balloon is infl ated, the rectal–anal 
 inhibitory refl ex is triggered, and the patient is 
taught to appreciate the momentary internal anal 
sphincter relaxation that results. The patient can 
then be taught to do a voluntary external sphinc-
ter contraction to counteract the involuntary 
relaxation of the internal sphincter. 

 This type of coordination training is not as com-
monly studied today as it was in the past. More 
recent studies have referred to “coordination train-
ing” instead as a combination between motor skills 
training and sensory discrimination training [ 1 ].  

a

b

  Fig. 7.1    ( a ) Vaginal and anorectal probes. ( b ) Pelvy Tutor System for biofeedback therapy       
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7.2.3     Electrical Stimulation 

 Electrical stimulation is another modality that 
has been proposed for the rehabilitative treatment 
of FI. The goal of electrical stimulation is to 
enhance the strength and/or endurance of striated 
muscle contraction with the target being typically 
the external anal sphincter in the case of patients 
with FI. Another goal can be to allow patients 
with decreased kinesthetic awareness to become 
more cognizant of where their pelvic fl oor mus-
cles are in space and what it feels like when the 
muscles and sphincter are contracting. Electrical 
stimulation has been shown to transform fast- 
twitch muscle fi bers to slow-twitch muscle fi bers, 
which is thought to help with improving endur-
ance. It also increases capillary density, allowing 
more blood fl ow to the oxidative slow-twitch 
fi bers. Electrical stimulation can be delivered to 
the pelvic fl oor and anal sphincter in many differ-
ent forms, including via surface electrodes or 
intrarectal probes and with many different stimu-
lation parameters and treatment protocols. Low- 
frequency stimulation (LFS) has typically been 
the norm, although a new form of amplitude- 
modulated medium-frequency (AM-MF) stimu-
lation has recently been proposed. All forms of 
electrical stimulation are often used in conjunc-
tion with PFMT or biofeedback training, although 
stimulation can be used without any other con-
current rehabilitative treatment. Electrical stimu-
lation can also be used to augment a volitional 
contraction once the contraction threshold 
reaches a predefi ned level, and such a strategy 
has also been employed in trials [ 1 ].  

7.2.4     Comparison 
Among Rehabilitative 
Procedures 

 There is no universally accepted therapeutic 
algorithm and no specifi c criteria for evaluating 
the effi cacy of RT. The techniques used, such as 
biofeedback therapy, kinesitherapy, anal- 
electrostimulation, and volumetric rehabilitation, 
can vary greatly in rehabilitation programs 
among centers. For this reason, the results of 
studies are not comparable. 

 Eighteen randomized trials sustain the use of 
biofeedback therapy in FI. Biofeedback therapy is 
aimed at improving voluntary EAS contraction. 
Another effect is training of synchrony for anal 
sphincter responses during rectal distention. 
Finally, biofeedback therapy may be used to 
improve rectal sensation and sphincter responsive-
ness to balloon distention with the use of instru-
ments that simultaneously monitor sphincter 
contractions. Some authors have combined bio-
feedback therapy with kinesitherapy for the pelvic 
and perineal muscles as supported by two random-
ized controlled trials. Nevertheless, when used 
alone, one randomized controlled trial shows that 
biofeedback therapy is superior to pelvic fl oor 
exercises. RT could improve rectal sensations. 
Such RT may be performed through biofeedback 
therapy (“sensory retraining”) or volumetric reha-
bilitation, using an infl ated balloon, or water ene-
mas of decreasing volume. Neither biofeedback 
therapy nor volumetric rehabilitation is supported 
by randomized controlled trials. 

 Anal-electrostimulation can be used to treat 
FI. The assumption is that anal- electrostimulation 
can induce muscle contraction by direct stimula-
tion or indirectly via peripheral nerve stimula-
tion. A Cochrane Library review on four 
randomized trials raised concerns on the utility of 
anal-electrostimulation in FI because:

    (a)    In clinical practice anal-electrostimulation 
would seldom be given in isolation without 
exercises and other advice   

   (b)    There is no suffi cient evidence for assessing 
the effectiveness of anal-electrostimulation   

   (c)    There is not enough evidence on how to 
select patients suitable for anal- 
electrostimulation nor on which modality of 
electrical stimulation is optimal     

 Anal sphincter exercises (pelvic fl oor muscle 
training) and biofeedback therapy have been used 
alone and in combination for the treatment of FI. 

 A single-center randomized controlled study 
indicated that a regimen of pelvic fl oor exercises 
with biofeedback was nearly twice as effective as 
pelvic fl oor exercises alone, with 44 % versus 21 % 
of patients achieving complete continence at 3 
months, respectively ( P  = 0.008). In addition, 
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symptom relief was reported for 76 % of patients 
using biofeedback and pelvic fl oor exercises com-
pared with 41 % of patients performing pelvic fl oor 
exercises alone ( P  < 0.01), and patients adjunctively 
using biofeedback had greater reductions in Fecal 
Incontinence Severity Index (FISI) scores. 

 In a more recent randomized study comparing 
2 different pelvic fl oor exercise regimens, both 
with biofeedback, 59 of the 69 patients (86 %) 
had improved continence with 20 % fully conti-
nent, with no statistically signifi cant differences 
between exercise regimens. 

 A 2012 systematic review of randomized or 
quasi randomized controlled trials of patients 
performing anal sphincter exercises and/or 
receiving biofeedback and/or surface electrical 
stimulation of the anal sphincter concluded that 
the addition of biofeedback or electrical stimula-
tion was superior to exercise alone in patients 
who had previously failed to respond to other 
conservative treatments. As indicated above, 
nonsurgical (surface) electrical stimulation, 
alone or in combination with biofeedback, has 
also proven useful. One study found the combi-
nation of electrical stimulation 20 min twice 
daily, and biofeedback was superior to electrical 
stimulation alone: 53.8 % of 39 patients receiv-
ing the combination were continent at the end of 
treatment versus none of 41 patients in the elec-
trical stimulation-alone group [ 3 ] (Table  7.1 ).

7.3         Transcutaneous 
and Percutaneous Posterior 
Tibial Nerve Stimulation 

 Transcutaneous and percutaneous posterior tibial 
nerve stimulations have been tried in patients with 
FI. In a randomized, double-blind, sham- controlled 

trial, 144 patients were randomly assigned to 
receive either active or sham stimulations for 3 
months. No statistically signifi cant difference was 
seen between active and sham transcutaneous elec-
trical nerve stimulation (TENS) in terms of an 
improvement in the median number of FI/urgency 
episodes per week. Thirty-four patients (47 %) who 
received the active TENS treatment exhibited a 
>30 % decrease in the FI severity score compared 
with 19 patients (27 %) who received the sham 
treatment. No differences in delay to postpone def-
ecation, patient self-assessment of treatment effi -
cacy, or anorectal manometry were seen between 
the two groups [ 12 ]. A recent double- blind, ran-
domized controlled trial compared the short-term 
effi cacy of percutaneous tibial nerve stimulation 
(PTNS) against sham electrical stimulation in 
adults with fecal incontinence in 227 patients. In 
this study PTNS given for 12 weeks did not confer 
signifi cant clinical benefi t over sham electrical 
stimulation in the treatment of adults with fecal 
incontinence. Further studies are warranted to 
determine its effi cacy in the long term and in patient 
subgroups (i.e., those with urgency) [ 13 ].  

7.4     Rehabilitation Versus Other 
Therapeutic Techniques 

 There are no suitable trials testing drug treatment 
versus another conservative treatment including 
RT. There are no studies on the usefulness of RT 
before surgery. Only one randomized trial has 
studied adjuvant biofeedback therapy following 
sphincter repair: there was no difference between 
the groups as regards continence scores, but adju-
vant biofeedback therapy improved the patient’s 
QoL. This report confi rmed data from previous 
studies showing partial improvement with bio-

   Table 7.1    Controlled Trials on comparison among rehabilitative procedures   

 KT + BFB  ES + BFB  KT  ES  ES + KT 

 Norton C, Cody JD.  Cochrane Database Syst 
Rev . 2012;7. 

 +  /  –  /  / 

 +  /  –  /  + 

 Bartlett L et al.  Dis Colon Rectum . 
2011;54:846–56. 

 No differences  /  No differences  /  / 

 Schwandner T et al.  Dis Colon Rectum . 
2010;53:1007–16. 

 /  +  /  –  / 

   KT  Kinesitherapy,  BFB  biofeedback,  ES  electrical stimulation  
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feedback therapy used after sphincteroplasty. A 
review on functional disorders after rectal cancer 
resection examined the effects of rehabilitative 
treatment on FI taken from 15 papers, including 
11 nonrandomized prospective studies. The 
methodological quality of the studies was evalu-
ated according to the methodological index for 
nonrandomized studies (MINORS) scale. The 
review concluded that RT improves postsurgical 
anorectal function. 

  Management of Patients Who Do Not Respond 
to RT     It is not clear how nonresponsive patients 
should be managed. In one study reported, a 
mini-irrigation system was used in 50 patients 
with passive FI and/or evacuation diffi culty who 
had not responded to biofeedback therapy. Two- 
thirds of the patients believed their symptoms 
were improved and wanted to continue using the 
system. Rehabilitation can identify those “nonre-
sponders” who should be next in line for more 
invasive therapeutic procedures [ 14 ].  

  Medium- and Long-Term Effects of 
RT     Lasting improvement has been observed in 
patients with FI up to 1 year after rehabilitative 
treatment. In a randomized study comparing bio-
feedback therapy versus kinesitherapy, 53 % of 
biofeedback therapy patients reported adequate 
relief at a 12-month follow-up compared with 
35 % of patients in the kinesitherapy group. 
Improvement in fecal urgency and subjective rat-
ing of bowel control was also maintained at 2 
years of follow-up in incontinent patients who 
had undergone biofeedback therapy with differ-
ent exercise regimens [ 14 ] (Table  7.2 ).
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      Radiofrequency 
(SECCA® Procedure)                     

     Marco     Frascio      and     Francesca     Mandolfi no    

8.1           Background 

 The SECCA® procedure, which involves the admin-
istration of temperature-controlled radiofrequency 
energy to the anal canal, was fi rst used for the treat-
ment of fecal incontinence in Mexico in 1999 [ 1 ]. 

 This procedure evidenced a therapeutic effect 
in the treatment of gastroesophageal refl ux [ 2 ]. In 
2002, the Food and Drug Administration of the 
United States approved the SECCA® system for 
use specifi cally in the treatment of fecal inconti-
nence in those patients with solid or liquid incon-
tinence occurring at least once per week and who 
already had unsuccessfully tried more conserva-
tive therapies [ 3 ]. 

 After this initial report, a few studies assessed 
the results of the SECCA® procedure as a treat-
ment for fecal incontinence, and the results of 
these studies suggested its safety and effi cacy.  

8.2     Procedure 

 The SECCA® procedure is performed delivering 
temperature-controlled RF to the anorectal junc-
tion to treat fecal incontinence. 

 The radiofrequency generator uses heat gener-
ated by a high-frequency alternating current that 
fl ows from four electrodes causing frictional 
movements of ions and tissue heating (Fig.  8.1 ).

   The patient is placed in the lithotomic position. 
 After induction of general anesthesia, the 

SECCA® device is inserted into the anal canal, 
and submucosal RF energy is circumferentially 
delivered to the anorectal junction. 

 Four temperature-controlled needle electrodes 
are deployed after the device is correctly posi-
tioned in the anal canal. Each needle is monitored 
by the generator, which measures tissue resis-
tance, surface mucosal temperature, and deep 
submucosal temperature. Tissue impedance 
should be kept below 250 ohms. The goal with 
delivery of the RF energy is to generate a submu-
cosal temperature of 85 °C while maintaining 
mucosal temperature below 42 °C. 

 To maintain a surface temperature of less than 
42 °C, the needles and mucosa are irrigated with 
cold sterile water at a rate of 42 mL/min. The 
device has a separate suction port, which allows 
removal of the irrigant and liquid stool. The energy 
is delivered for a total of 1 min at each level. 

 The anus is divided into four quadrants, and 
the RF energy is delivered at fi ve different levels 
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in each quadrant. After initial RF delivery 5 mm 
below the dentate line, the device is advanced 
proximally into the anus and lower rectum deploy-
ing the needles electrodes and delivering energy 
at 5 mm increments until a total of 5 level of 
energy have been delivered. The device is rotated 
90°, and the next anal quadrant is treated. Extreme 
care is taken in the anterior quadrant of the anus to 
prevent penetration of the needles through the rec-
tovaginal septum or perineal body to prevent the 
possible formation of a rectovaginal fi stula. 
Delivery of the energy to the four quadrant of the 
anus takes between 25 and 35 min. 

 Anoscopy was routinely performed upon 
completion of the procedure to verify hemostasis 
and absence of thermal injury. 

 The therapeutic effects of the procedure have 
been related to the improvement of sphincter 
function and restored anorectal sensitivity and 
rectoanal coordination, but the real mechanism of 
action has only been hypothesized. In particular 
four actions have been imagined: an improvement 
in anorectal sensation and coordination through C 

and A delta afferent fi ber neuromodulation, a col-
lagen and a smooth muscle remodeling, and then 
a modulation of interstitial Cajal cell function. 

 It had been also been hypothesized that radio-
frequency could alter the muscular and connec-
tive tissues inducing a fi brosis so determining an 
improvement in clinical manifestation of inconti-
nence. A double-blind randomized crossover 
study about radiofrequency utilization at the gas-
troesophageal junction (GEJ) seemed to exclude 
fi brosis as the primary mechanism. The study was 
conducted in a tertiary care center. Patients under-
went two upper gastrointestinal endoscopies 3 
months apart, during which active or sham Stretta 
treatment was performed in a randomized double-
blind manner. Symptom assessment, endoscopy, 
manometry, 24-h esophageal pH monitoring, and 
a distensibility test of the GEJ were done before 
the start of the study and after 3 months. 

 A barostat distensibility test of the GEJ before 
and after administration of sildenafi l, a smooth 
muscle relaxant, was the main outcome measure. 
Three months after the initial Stretta procedure, 
no changes were observed in esophageal acid 
exposure and lower esophageal sphincter (LES) 
pressure. In contrast, the symptom score was sig-
nifi cantly improved, and GEJ compliance was 
signifi cantly decreased. Administration of silde-
nafi l normalized GEJ compliance again to pre- 
Stretta level, arguing against GEJ fi brosis as the 
underlying mechanism. Similar studies regarding 
Stretta are currently underway [ 2 ].  

8.3     Costs and Diffusion 
of SECCA® 

 Every SECCA® procedure needs a disposable 
manipulo using device and the RF generator to be 
performed. 

 In Italy every SECCA® procedure costs about 
2500 euros, but it can depend on the chance to keep 
the RF generator or to book it for every patient so 
the cot can vary from 1500 to 3000 euros each. 

 The technique is diffused especially in the 
United States, in Europe, and also in the Emirates. 

 The centers that perform SECCA® routinely 
are Cleveland Clinic Weston, FL, USA; Previty 
Clinic for Surgical Care Beaumont, TX, USA; 

  Fig. 8.1    SECCA®®® manipulo and RF generator       
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East Texas Medical Center Jacksonville, TX, 
USA; Towson, MD, USA, Jagiellonian University 
School of Medicine Krakow, Poland; and 
Cleveland Clinic Abu Dhabi, UAE.  

8.4     Our Experience 

 After Institutional Review Board (IRB) approval, 
19 patients with FI were recruited into this pro-
spective, single center, observational study. 

 Patients were eligible for this study if they had 
experienced fecal incontinence for at least six 
months and had attempted, but not effectively, 
one or more of the more common conservative 
treatments (lifestyle and diet modifi cation, phar-
macological therapy, or electrostimulation). 

 Exclusion criteria were constipation or chronic 
diarrhea, infl ammatory bowel diseases, preg-
nancy, psychiatric disorder, anal abscess or fi s-
tula, prior pelvic irradiation, or prior sphincter 
repair or artifi cial bowel sphincter implantation. 

 Actually 11 patients completed the one-year 
follow-up. 

 All patients were female, with an average age of 
68 (range 59–77) years and a mean duration of FI of 
21.5 (range 12–31) months. Six patients (67 %) had 
prior vaginal delivery, fi ve of which included an epi-
siotomy. After informed consent, the RF procedure 
was performed delivering temperature- controlled 
RF to the anorectal junction. 

 The mean operative time was 45 (range, 
37–53) min. 

 All patients completed the CCF-FI score and 
Fecal Incontinence Quality of life (FIQoL) scales 
at 1, 3, 6, and 12 months after the procedure; 
similarly all patients underwent anorectal 
manometry and endoanal ultrasound. 

8.4.1     CCF-FI Score Evaluation 

 The mean CCF-FI score signifi cantly improved 
at 3 months follow-up from 14 (+3.8) to 12.8 
(+3.7). Improvement was maintained at 6 
months follow-up ( p  < 0.05), although a slight 
decrease was observed at 12 months to 13 (+3.1) 
(Fig.  8.2 ).

8.4.2        Fecal Incontinence Quality 
of Life Score 

 The mean FIQoL score was signifi cantly 
improved in only the embarrassment category 
(one of four categories) ( p  < 0.05) (Table  8.1 ). 
A positive trend was noted for the other domains.

8.4.3        Anorectal Manometry 

 Anorectal manometry showed signifi cant 
improvement in basal anal pressure (BAP) and in 
rectal compliance (RC), although not in squeeze 
anal pressure (SAP) at 6 months follow-up 
( p  < 0.05). These changes were transient since 
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  Fig. 8.2    CCF-FI score 
evaluation       
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they were not sustained at 12 months follow-up 
(Table  8.2 ).

8.4.4        Endoanal Ultrasound 

 Preoperative ultrasound did not reveal any 
sphincter defect prior to the procedure and any 
signifi cative modifi cation at the 6- and 12-month 
follow up.  

8.4.5     Morbidity 

 No intraoperative complications were noted; 
however, at 1 month after surgery one intra-anal 
submucosal abscess was successfully treated by 
surgical drainage and intravenous antibiotics 
with complete resolution.   

8.5     Discussion and Conclusion 

 Fecal incontinence is not a life-threatening dis-
ease; however, it can seriously affect quality of 
life and cause signifi cant disability. 

 A variety of treatment modalities for FI cur-
rently exist, including medical and  pharmacologic 
treatments, biofeedback, and surgical approaches 
[ 4 – 8 ]. 

 Patients with FI are generally initially man-
aged with noninvasive low-risk treatments, 

including diet modifi cation, antimotility agents, 
Kegel exercises, biofeedback, and/or controlled 
evacuation. However, data obtained in random-
ized controlled trials are limited [ 9 ,  10 ]. 

 Since the RF procedure was introduced into 
clinical practice in 2000, several studies have 
endeavored to determine its effi cacy. The authors 
have recently published a complete review of RF 
including results in 220 patients from 11 studies 
[ 11 ]. In several clinical studies, RF was clearly 
shown to effectively treat mild-to- moderate 
FI. When patient selection is appropriate, this 
treatment has demonstrated clinically signifi cant 
improvements in symptoms, as demonstrated by 
statistically signifi cant reductions in the CCF-FI 
scores as well as signifi cant improvements in 
quality of life scores [ 9 ,  10 ,  12 – 16 ]. 

 The mechanism of action of non-ablative 
radiofrequency application to the internal anal 
sphincter has recently been clarifi ed. Specifi cally, 
a pathologist blinded porcine model study has 
shown that RF induces the structural rearrange-
ment of internal anal sphincter smooth muscle 
and interstitial cell of Cajal distribution with an 
increase in internal anal sphincter smooth muscle 
actin and reactive myofi broblast contents [ 17 ]. 

 Our experience, not yet published, seems to 
confi rm good results of improvements in FI at 6 
months sustained at 12 months follow-up with a 
morbidity of only 5 % (1 case). 

 RFE for fecal incontinence seems to be 
encouraging. 

 Ideally, a prospective randomized trial with a 
larger number of patients would be necessary to 
explore what improvement does mean and how 
RFE does relate to quality of life. 

 Finally, another crucial concept to stress is 
that radiofrequency option does not preclude fur-
ther surgery so it can be considered as a bridge to 
a more invasine surgery in selected and non 
responsice patients.     
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      Sacral nerve stimulation (SNS) has been used to 
treat urinary dysfunction by Tanagho EA and 
Schmidt RA since 1988. In 1995, Matzel et al. 
treated patients with functional bowel disorders 
with SNS, and this therapy was later proved to be 
also effective for fecal incontinence (FI) second-
ary to various functional or morphological 
causes, including large sphincter lesions (up to 
180°). SNS delivers mild, non-painful, electrical 
pulses to the sacral nerves, ultimately improving 
or restoring function. Validated questionnaires 
should be administered to FI patients proposed 
for SNS, in order to assess the severity of FI and 
its impact on quality of life (QoL). Moreover, 
anorectal manometry, endoanal ultrasound, pel-
vic fl oor electromyography, pudendal nerve 
assessment, and also MRI should be performed, 
because every exam analyzes a specifi c aspect 
related to FI. Limited information is available to 
explain the mechanism of action of SNS, and the 
neurologic mechanism behind this procedure is 
still unclear. However, SNS is an easy surgical 
technique that can be performed under local 
anesthesia and totally reversible. InterStim® 
Therapy (Medtronic) is the only implantable sys-
tem currently approved for SNS. As recom-

mended by most of the authors, the optimal 
implantation site for the electrode is the third 
sacral foramen. SNS is usually performed with a 
two-stage procedure, where the fi rst phase con-
sists in a test stimulation period allowing the 
patient to evaluate the effectiveness of therapy, 
while at the second stage, the implantable pulse 
generator (IPG) is connected to the previously 
placed quadripolar wire. Device can be pro-
grammed in monopolar or bipolar confi guration, 
with variable amplitude, frequency, and pulse 
width. The complications are sporadic and 
mainly consisting in sepsis and wire displace-
ment. Patients are followed up regularly, 1 month, 
6 months after the implant, and yearly thereafter. 
Long-term results are positive and prove SNS as 
signifi cantly more effective than medical treat-
ment on clinical outcomes and QoL. The cost of 
SNS, including diagnostic studies, implant, med-
ication, and outpatient visits, amounts approxi-
mately to €14.973 per patient; however, the 
therapy is demonstrated to signifi cantly reduce 
direct and indirect costs associated with FI, with 
respect to standard medical treatment. 

9.1     Introduction 

 Fecal incontinence (FI), defi ned as the com-
plaint of involuntary loss of liquid/solid stool, 
is a physically and psychosocially debilitating 
condition which negatively impacts quality of 
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life (QOL). Anal incontinence (AI) and FI are 
often used interchangeably; however, the terms 
are not synonymous. According to the termi-
nology by the International Urogynecology 
Association (IUGA) and the International 
Continence Society (ICS), AI is the involuntary 
loss of feces and/or fl atus, whereas FI pertains 
to involuntary loss of feces [ 1 ]. Both condi-
tions cause social or hygienic problems. FI can 
lead to social isolation, embarrassment, loss of 
employment, as well as self- esteem. In addi-
tion, the impact of FI is infl uenced not only by 
severity, but by multiple other individual fac-
tors, such as age, lifestyle, occupation, cultural 
issues, and personal values. Fecal incontinence 
affects up to 15 % of the adult population. Its 
prevalence is probably underestimated due to 
reluctance of most people to discuss the prob-
lem. Brown HW and Manchio JV reported that 
women discussed their FI symptoms with a fam-
ily physician (56 %), an internist (19 %), and a 
gastroenterologist (27 %) and were less likely to 
talk to surgical specialists, such as a colorectal 
surgeon (7 %) or gynecologist/urogynecologist 
(7 %) [ 2 ,  3 ]. Many clinical studies have shown 
a higher prevalence of FI in women (28.4 %). 
However, recent epidemiologic studies tend 
to show an equal gender distribution [ 4 ,  5 ]. FI 
depends on impairment of some mechanisms 
such as anal sphincter morphology and function, 
rectal sensation, rectoanal refl ex, rectal compli-
ance, stool consistency, colonic transit time, and 
cognitive and neurologic factors. Incontinence 
occurs when any one or more of these factors are 
impaired. A correct treatment requires a careful 
understanding of the complex pelvic fl oor mus-
culature and innervation, as well as compensa-
tory mechanisms. The etiology of incontinence 
is multifactorial and may depend on anal causes 
(injury, surgery for fi stula, hemorrhoids, car-
cinoma, infection, congenital malformations), 
rectal causes (proctitis, previous surgery, radio-
therapy), central and peripheral neurological 
causes (stroke, dementia, spinal cord injury, 
tumor, multiple sclerosis, cauda equina, puden-
dal neuropathy, diabetes mellitus), and func-
tional causes (fecal impaction, chronic diarrhea, 
irritable bowel syndrome).  

9.2     History of Sacral Nerve 
Stimulation 

 Electrical stimulation was fi rst used to treat uri-
nary dysfunctions. The fi rst report was published 
in 1878 by Saxtorph who described direct vesical 
stimulation in urinary retention patients [ 6 ]. The 
technique has been developed, and the fi rst 
implantations were performed by Tanagho and 
Schmidt in 1988 [ 7 ]. SNS has been used for over 
20 years to successfully treat patients with uri-
nary urge incontinence, urgency-frequency, and 
urinary retention. In 1995 Matzel employed SNS 
in patients with functional bowel disorders [ 8 ], 
and later, SNS proved to be an effective and safe 
treatment for fecal incontinence in the short and 
long terms [ 9 – 14 ]. It delivers mild, non-painful 
electrical pulses to the sacral nerves, to improve 
or restore function. Initially it was confi ned to 
patients with a functionally defi cient but morpho-
logically intact anal sphincter complex. 
Subsequently, the indications for SNS have 
extended to patients with various functional and 
morphological causes of fecal incontinence, 
including large sphincter lesions (180°). SNS has 
therefore been employed in FI due to obstetric 
trauma, anorectal surgery, and postradiation ther-
apy to treat anorectal or prostatic cancer and in 
patients affected by neurological disorders sec-
ondary to trauma, infections, long-standing dia-
betes, or degenerative neurological disease. The 
concept was to enhance residual function of the 
anal sphincter and pelvic fl oor muscles by elec-
trical stimulation of the peripheral nerve supply. 
Many authors have demonstrated the benefi cial 
effect of SNS in other diseases such as severe 
constipation, obstructive defecation syndrome, 
irritable bowel syndrome, urinary and bladder 
dysfunction, and chronic pelvic pain, sometimes 
in association with FI [ 15 – 17 ].  

9.3     Clinical Assessment 
of Patients with FI 

 The assessment of the severity of FI is important 
in order to choose a treatment modality as well as 
to evaluate the treatment outcomes. The patients 
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with FI who can benefi t from SNS should be 
selected by a careful history and by validated 
questionnaires to assess the severity of the FI and 
its effect on QOL. Continence diaries to docu-
ment bowel habits and episodes of incontinence 
are a very useful tool in measuring the severity of 
symptoms. It is interesting to note that total FI 
severity scores based on recall (from patient his-
tory) compared to daily report (from bowel diary) 
are signifi cantly lower [ 18 ,  19 ]. 

 The Fecal Incontinence Severity Index (FISI) 
for assessment of severity was developed by sur-
geons with patient input [ 19 ]. The importance of 
qualitative research on the impact of FI on QOL 
gained support in the 1990s. Current data indi-
cate that disease-specifi c health-related QOL 
(HRQOL) questionnaires, instead of general 
questionnaires, have been shown to best quantify 
the impact of FI [ 20 ,  21 ]. 

 The Fecal Incontinence Quality of Life index 
(FIQOL) is a validated quality outcome measure 
consisting of 29 questions divided into 4 individ-
ual scales of lifestyle, coping/behavior, depres-
sion/self-perception, and embarrassment [ 22 ]. 

 The Manchester Health Questionnaire (MHQ) 
comprises 31 items with subscales of role limita-
tions, physical/social limitations, personal rela-
tionships, emotions, and sleep/energy to measure 
HRQOL in women with AI [ 23 ]. 

 The International Consultation on Incontinence 
Questionnaire – Bowel Symptoms (ICIQ-B) was 
most recently developed to evaluate symptoms of 
AI and impact on HRQOL in a single scale for a 
general adult population [ 24 ]. This tool has been 
shown to have all three factors (validity, reliabil-
ity, and responsiveness), making it one of the 
most valid tools for assessing the impact of FI 
[ 25 ]. It was traditionally believed that the more 
severe the condition, the higher the impact of the 
condition on a patient’s QOL; thus, the two mea-
sures (severity and QOL) should correlate. 
However, more recent data demonstrate a weak 
correlation between severity and some QOL mea-
sures [ 26 – 31 ]. We believe that, even for the choice 
of treatment, it is vital to take into account not 
only the severity of incontinence but above all the 
impact of this on social and emotional aspects of 
life and in the relational sphere. One must also 

consider that fi lling out the QOL questionnaires 
may not always prove easy for all patients. In this 
regard, a tool that can quantify the perception of 
the severity of incontinence by the patients and 
the impact of the disease on their quality of life is 
represented by a simple analog scale graded 0–10. 
The use of this simple measuring system has 
proved effective both for the selection of patients 
to be treated with SNS and for the evaluation of 
the results.  

9.4     Diagnostics 

 Although multiple diagnostic tests are available 
to assess FI, few guidelines exist to delineate 
when specifi c testing should be performed [ 32 ]. 
We consider it essential to always perform ano-
rectal manometry, endoanal ultrasound (EAU), 
pelvic fl oor electromyography (EMG), pudendal 
nerve assessment, and sometimes magnetic reso-
nance imaging (MRI). Only from an analysis of 
these tests can a correct indication for SNS be 
achieved, because each of them analyzes a spe-
cifi c component responsible for FI. Digital exam-
ination provides a preliminary assessment of the 
anal resting tone and squeeze pressure, anal 
sphincter defects, the anorectal angle, pelvic 
fl oor descent, rectal masses, and other pathologic 
conditions. The accuracy of digital examination 
is operator dependent. Any correlation between 
physical examination and manometric measures 
has been controversial [ 33 – 37 ]. Even if the posi-
tive predictive value of digital examinations in 
identifying resting and squeeze pressure was 
reported to be 67 % by Hill [ 38 ] and 81 % by Rao 
[ 39 ], we believe that it is always necessary to per-
form anorectal manometry with rectal sensory 
testing, for defi ning the functional weakness of 
the anal sphincters and detecting abnormal rectal 
sensation [ 40 ,  41 ]. 

 EAU provides an accurate assessment of the 
morphology of the anal sphincters, and it is useful 
in ruling out other anorectal and pelvic fl oor dis-
orders. A traditional probe has a 7 mHz rotating 
transducer with a focal length of 1–4 cm. Higher-
frequency transducers (10–15 mHz) can provide 
better delineation of the sphincter  complex [ 33 , 
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 42 ,  43 ]. Both 2D and 3D ultrasound approaches 
are currently available. For accurate diagnosis, 
a sphincter defect must be viewed in the upper, 
middle, and distal anal canal. EAU also permits 
accurate assessment of the thickness of the anal 
sphincters and the size of the defect. Muscular 
thinning is indicative of altered nervous sup-
port, and it may represent an indication for SNS, 
while a sphincter defect higher than 180° repre-
sents a contraindication. With improvements in 
sonographic technology, there is no signifi cant 
difference between endoanal MRI and ultra-
sound in detecting external anal sphincter (EAS) 
defects in patients with FI [ 44 ]. The sensitivity 
for detecting EAS defects by MRI and ultrasound 
was 81 and 90 %, respectively, and the positive 
predictive value (PPV) was 89 % for MRI and 
85 % for EAU [ 45 ]. The cost and availability are 
often contraindications to the use of MRI. 

 EMG assesses anal sphincter activity using a 
surface electrode or a concentric needle and can 
be helpful in distinguishing neurogenic from 
myogenic damage. Studies comparing EMG with 
EAU showed a high concordance rate for identi-
fying sphincter defects [ 33 ]. Patients who show 
signs of complete denervation cannot be treated 
with SNS. Pudendal nerve terminal motor latency 
(PNTML) measures the time required after stim-
ulating the pudendal nerve with an electrode 
to induce an EAS contraction. Prolongation of 
PNTML suggests pudendal neuropathy. However, 
one may have normal fast-twitch muscle function 
demonstrated but abnormal slow-twitch which 
would not be measured by PNTML. Bilateral, not 
unilateral, neuropathy has been associated with 
diminished sphincter function and higher incon-
tinence scores [ 46 ]. Some studies have reported 
that PNTML is useful in predicting the outcome 
of sphincteroplasty in conjunction with other 
modalities [ 40 ]. However, PNTML is operator 
dependent and has a poor correlation with clinical 
symptoms and histologic fi ndings. The American 
Gastroenterological Association (AGA) does not 
recommend PNTML for routine evaluation [ 40 , 
 47 ,  48 ]. Emerging neurophysiological tests have 
been recently introduced. The neural circuitry of 
afferent and efferent pathways can be evaluated 
using cortical evoked potentials (CEP) and motor 

evoked potentials (MEP) of the rectum and anal 
sphincter response to magnetic stimulation of the 
motor cortex (transcranial magnetic stimulation 
[TMS]). CEP, MEP, and TMS are largely used 
in research and clinical trials, currently not avail-
able for clinical use [ 49 – 53 ].  

9.5     Mechanism of Action 

 Anorectal and pelvic fl oor innervation is derived 
from both the autonomic and the somatic nervous 
systems. Motor innervation of the levator ani 
muscle and puborectalis sling originates in the 
sacral nerve roots (S2-S5) [ 54 – 56 ]. The external 
anal sphincter muscle is mainly innervated by a 
branch of the pudendal nerve, the inferior rectal 
nerve [ 54 ]. Autonomic innervation is both sym-
pathetic and parasympathetic. Parasympathetic 
innervation is through the pelvic plexus, derived 
from the sacral nerves (S2-S4) [ 54 ]. Anal and dis-
tal rectal sensory innervation is mainly through 
the pudendal nerve [ 57 ]. Electrical stimulation 
of this dual innervation seems to excite both sys-
tems and cause both direct and refl ex-mediated 
responses in the fecal continence mechanism 
[ 58 ,  59 ]. The exact mechanism of action of SNS 
in the treatment of bowel and urinary dysfunc-
tions is not completely understood. Most of the 
studies were conducted in patients affected by 
urinary dysfunctions. For infants, who have not 
yet achieved voluntary control, a critical level 
of bladder distention is required to stimulate the 
voiding refl ex. This sensory input, on reaching the 
pontine micturition center, simultaneously allows 
for a coordinated detrusor contraction and con-
comitant urethral relaxation. Gaining voluntary 
control, the voiding refl ex becomes a complex 
process mediated at a higher level in the cerebral 
cortex. Voluntary voiding is a result of inhibition 
of the sympathetic system and activation of the 
sacral parasympathetic system [ 60 ]. For patients 
with urinary retention, SNS is believed to activate 
the pudendal nerve afferents originating from the 
pelvic organs into the spinal cord. At the level 
of the spinal cord, pudendal afferents may turn 
on voiding refl exes by suppressing exaggerated 
guarding refl exes, thus relieving the symptoms 
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of patients with urinary retention. Research with 
positron emission tomography (PET) scans in 
urge-incontinent individuals suggests that SNS 
infl uences brain areas involved in bladder alert-
ness and awareness [ 61 ]. In patients with fecal 
incontinence, limited information is available to 
explain the mechanism of action. A small study 
demonstrated that SNS was associated with 
higher tolerance of rectal distention, but the neu-
rologic mechanism behind this is unclear [ 62 ]. 
Probably, the pudendal afferent somatic fi bers 
work by inhibiting colonic propulsive activity 
and activating the internal anal sphincter [ 63 ]. 
The action on colonic motility may explain why 
patients with signifi cant anal sphincter defects 
may benefi t from SNS. Nevertheless, chronic 
constipation is also an approved indication for 
SNS in Europe. Dinning et al. have demonstrated 
increased colonic peristalsis and frequency of 
bowel movements in slow-transit constipation 
patients with SNS stimulation [ 64 ,  65 ]. As with 
the bladder, it is diffi cult to understand how SNS 
may be effective in both bowel storage and emp-
tying disorders.  

9.6     Procedure 

 SNS involves the insertion of an electrode into a 
sacral foramen for the stimulation of the sacral 
nerve roots. The ideal implantation site of the 
electrode was considered to be the third sacral 
foramen as recommended in the literature [ 66 ] 
and by all participants in the consensus statement 
from the Italian Group [ 67 ]. Benson [ 68 ] demon-
strated that the third sacral nerve root provides 
the majority of innervation to the pelvic organs. 
However, the sacral anatomy is extremely vari-
able, and thus, occasionally the S4 or S2 nerve 
roots are stimulated. 

 It is a simple surgical technique that can be 
performed under local anesthesia, completely 
reversible. Preoperative antibiotic prophylaxis 
was recommended by all the experts; although 
bacteria have been found in about 50 % of 
explanted electrodes, modest levels of clinical 
infections have been recorded. By contrast, local 
antibiotic therapy was not considered useful. 

SNS is performed in two stages using insertion 
kits, electrodes, and pacemakers manufactured 
by Medtronic (InterStim System Medtronic Inc 
Minneapolis, MN). The fi rst phase is the test 
stimulation period where the patient can evaluate 
the effectiveness of therapy. A positive test phase 
was shown to be highly predictive of a good out-
come with implantation. The patient is positioned 
prone on the operating table, with a cushion 
under the abdomen, taking care to expose the 
anal region, the sacral region, and feet. The iden-
tifi cation of the sacral foramina is done with 
some landmarks, namely, the posterior-superior 
iliac spine, the sciatic notch, and the spinous pro-
cesses of the sacral vertebrae. The second sacral 
foramen is identifi ed approximately at the level 
of the posterior-superior iliac spine, 1.5 cm from 
the midline, the third sacral foramen approxi-
mately 1 cm below S2, and the fourth at the upper 
edge of the sciatic notch, about 1.5 cm under the 
third foramen (Fig.  9.1 ).

   There are two techniques to perform test stim-
ulation. The fi rst is termed percutaneous nerve 
evaluation (PNE) and consists of placing a tem-
porary monopolar wire through the sacral fora-
men under local anesthesia. The wire is connected 
to an external generator for a short period of 3–7 
days. The disadvantages of this method lie in the 
impossibility of varying the programming, given 
that the electrode is monopolar, by the shortness 
of the test period which cannot allow correct 
evaluation of the stimulation and by  displacement 

  Fig. 9.1    Reference points for the identifi cation of the 
sacral foramen       
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of the wire, not securely anchored in place. The 
second option is the staged implant introduced by 
Spinelli in 2003 [ 69 ,  70 ] that is typically per-
formed as an outpatient procedure using local 
anesthesia. This procedure involves placement of 
a quadripolar lead wire adjacent to a sacral nerve 
root (typically S3) (Fig.  9.2 ). In order to evaluate 
correct positioning in the sacral foramen and 
depth of the wire, intraoperative fl uoroscopy is 
considered necessary by most authors, during the 
implantation phase [ 66 ,  71 ] (Fig.  9.3 ). The lead is 
self-anchoring and therefore reduces the risk of 
migration. The  quadripolar wire is transferred 
subcutaneously on the opposite side and con-
nected to an external electrostimulator by means 
of a connecting cable. The connection is placed 
in a subcutaneous pouch in the supragluteal 
region (Fig.  9.4 ). Using this electrode, the test 
phase can continue for 60 days, reducing the per-
centage of false-positive results due to a transient 
effi cacy of the treatment, avoiding an unneces-
sary pacemaker implantation. It also reduces the 
rate of false-negative results due to a shorter stim-
ulation period. The quadripolar wire is provided 
with 4 electrodes, offering a wide range of pro-
gramming in the test phase. During the trial test, 
the electrical pulse parameters can be varied, i.e., 
the polarity, the amplitude, the frequency, and the 
duration up to a threshold value that does not 
cause discomfort to the patient. During the sec-
ond stage, the previously placed quadripolar wire 
remains in place; under local anesthesia, a new 
incision is made at the site of the previous scar, in 

the supragluteal region, in correspondence with 
the subcutaneous pouch, which is expanded in 
order to position the implantable pulse generator 
(IPG). The connection cable between electrode 
and external electrical stimulator is removed, and 
the electrode is connected to the IPG (Figs.  9.5 , 
 9.6 ,  9.7 , and  9.8 ). In 2006, the second-generation 

  Fig. 9.2    Introduction of the quadripolar electrode with 
self-anchoring tines in the third sacral foramen       

  Fig. 9.3    Radiological monitoring of the correct position-
ing of the quadripolar electrode       

  Fig. 9.4    Electrode in the third sacral foramen; connec-
tion capsule in the subcutaneous pouch, output cable; 
external electrostimulator       
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IPG was introduced, which is one-third the vol-
ume of the original. In a prospective study com-
paring the PNE with the staged implant, there 

was a signifi cantly higher rate of conversion to 
defi nitive implant with the stage procedure vs. the 
PNE (88 % vs. 46 %) [ 72 ]. To determine optimal 
lead placement, both motor and sensory responses 
are desirable. The sensory responses are formica-
tion, vibration, paresthesia, or even pain at the 
level of the vagina, rectum, and/or perineum. 
Motor responses vary according to the foramen 
stimulated. S2 stimulation causes contraction of 
the external anal sphincter and the levator com-
plex. There is associated external rotation of the 
leg and foot fl exion. S3 stimulation causes bel-
lows contraction of the anus and hallux fl exion. 
S4 stimulation, fi nally, leads to clamp contraction 
of the anus without lower limb response (Fig.  9.9 ). 
There has been no defi nitive study to determine 
which factor is more predictive of success. One 
small, prospective study, in a urological setting, 
did report that a positive motor response was 
more predictive than a sensory response in 
achieving a successful trial stimulation [ 73 ]. A 
larger retrospective analysis reported both to be 
highly predictive [ 74 ]. Although these fi ndings 
may suggest that motor response alone may be 
adequate, the best predictor of a successful 
response is still not known, and many surgeons 
prefer to have both motor and sensory responses 

  Fig. 9.5    Packaging of the subcutaneous pouch       

  Fig. 9.6    Connection between defi nitive quadripolar elec-
trode and sacral pacemaker       

  Fig. 9.7    The pacemaker is positioned in the subcutane-
ous pouch       

  Fig. 9.8    Defi nitive implantation with IPG in the subcuta-
neous pouch in the supragluteal region and electrode posi-
tioned in the third sacral foramen       
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and therefore advise the routine use of local anes-
thesia. A greater probability of success has been 
demonstrated in patients who require lower 
induction values of the motor responses [ 75 ]. 
Since its introduction, SNS has undergone sig-
nifi cant improvements in design and application. 
The initial implantation technique required gen-
eral anesthesia and a 5–7 cm incision over the 
sacrum that was taken down to the periosteum, 
where the electrode was fi xed (Fig.  9.10 ). 
Subsequently, a less extensive incision was made, 
and the fi xing was performed at the fascia 
(Fig.  9.11 ). The current technique involves the 
percutaneous insertion, on an  introducer guide, in 

accordance with the Seldinger technique, of a 
quadripolar electrode, fi tted with self-anchoring 
tines. This procedure has allowed the skin inci-
sion to be reduced up to a few millimeters, 
decreasing the intervention time and the need for 
general anesthesia (Figs.  9.12 ,  9.13 , and  9.14 ). 
More recently, a curved stylet was added to the 
tined lead kit. The curved stylet has been postu-
lated to facilitate an advantageous placement of 
the lead proximal to the nerve root. A recent ran-
domized crossover trial demonstrated the superi-
ority of the curved over straight stylet in achieving 
motor response at lower amplitudes, thus increas-
ing programming options and potentially extend-
ing battery life [ 76 ].

  Fig. 9.9    Motor responses during the trial test.  S2  stimula-
tion, contraction of the anal sphincter and external rota-
tion of the leg and/or foot fl exion;  S3  stimulation, bellows 
contraction of the anus and hallux fl exion; and  S4  stimula-
tion, clamp contraction of the anus       

  Fig. 9.10    Wide incision at the sacral foramen and fi xing 
of the electrode to the periosteum       

  Fig. 9.11    Skin and fascial incision: electrode fi xed to the 
fascia       

  Fig. 9.12    Introduction of the self-anchoring electrode 
percutaneously       
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9.7                    Stage I Effi cacy Assessment 

 The evaluation of the results during the trial 
period does not consider instrumental tests, 
because, often, they are not changed. The most 
reliable parameters are patient satisfaction, 
improved defecation diary, improved Wexner 
score, and improved QOL. In the past an improve-
ment of more than 50 % of clinical parameters 
was necessary to proceed to defi nitive implant 
[ 66 ]. Currently, based on the experience of the 
Italian authors, an improvement of at least 70 % 
in clinical parameters alone or a 50 % improve-
ment in clinical parameters together with a sig-
nifi cant improvement in QOL should be 
considered satisfactory [ 67 ]. According to our 
experience, patients are defi nitive implant candi-
dates when they have an improvement higher 
than 70 % in Wexner score and improvement 

higher than 50 % in incontinence and quality of 
life on the basis of the analogical scales. In the 
event of an unsatisfactory result, the Italian 
experts suggest changing the stimulation param-
eters at least once after 15 days and trying differ-
ent program settings on the basis of polarity, 
frequency (Hz), amplitude (V), and duration (μs). 
In the event of suboptimal result with unilateral 
SNS, it has been described in urology that bilat-
eral stimulation was superior to unilateral stimu-
lation [ 77 ,  78 ]. Leroi reported that contralateral 
testing has been deemed unhelpful in fecal incon-
tinence [ 66 ]. After the defi nitive implant, the 
same programming that provided the best results 
during testing is mostly maintained. Programming 
aims to ensure optimal relief of symptoms, mini-
mize patient discomfort, and preserve the battery 
life of the neurostimulator. A stimulation pro-
gram consists of programming electrical param-
eters, active electrode settings, and modality of 
stimulation. The electrical pulse output from the 
neurostimulator may vary based on three differ-
ent parameters: amplitude, frequency, and dura-
tion of the stimulus. The amplitude or intensity of 
the stimulus is measured in volts, and the opti-
mum setting is based on the patient's comfort. 
The second parameter is the pulse rate and is 
measured in pulses per second (pps) or in Hertz 
(Hz). At high frequencies, the patient perceives a 
vibration sensation and at low frequencies a pul-
sation. Optimal values range between 10 and 
30 Hz. The third parameter is pulse duration or 
width which is measured in microseconds and 
oscillates between 180 and 240 μs. The smaller 
the pulse width, the more targeted the stimula-
tion. The larger the pulse width, the wider the 
spread of stimulation. By increasing amplitude or 
pulse duration, therefore, the patient perceives a 
sensation of pulsation or vibration that involves a 
wider and wider area. As these parameters are 
increased, INS battery longevity decreases. It is 
possible to select a unipolar or bipolar mode of 
stimulation. In the unipolar confi guration, the 
IPG is positive, and one of the four electrode con-
tacts is negative. In the bipolar confi guration the 
IPG is in the off position, and two of the four 
electrodes have opposite polarities (Fig.  9.15 ). 
The unipolar confi guration determines a very 

  Fig. 9.13    Introducer placed percutaneously and defi ni-
tive quadripolar electrode       

  Fig. 9.14    Positioning of the electrode onto the introducer 
guide       
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large electrical stimulation fi eld, while in the 
bipolar confi guration the electrical fi eld is more 
restricted (Figs.  9.16  and  9.17 ). However, more 
than two active electrodes can be selected. The 
more active electrodes that are selected, the faster 

the INS battery is depleted. The stimulation mode 
may be continuous or cyclic. The cyclic mode 
consists of periods of stimulation alternating with 
periods of pulse interruption. The start/stop soft 
cyclic variant is characterized by a progressive 
increase and decrease of amplitude during the on 
phase. The Medtronic InterStim System is gener-
ally programmed within 1 week after operation. 
Programming is done by the doctor with an 
N’Vision programmer, which communicates 
externally telemetrically with the IPG. The 
patient is also given a programmer “InterStim 
iCon Patient Programmer,” of the size of a mobile 
phone, provided with an interactive display. Its 
function can be limited to basic operations (on, 
off, amplitude increase and decrease) but can 
offer up to four clinician-set therapy programs, if 
programmed on and downloaded from the 
N’Vision® Clinician programmer.

9.8          Follow-Up and Evaluation 
of Results 

 According to most authors, the fi rst follow-up 
examination should be carried out 1 month after 
defi nitive implantation and subsequently at 6 
months and 1 year. Subsequent controls are sched-
uled once a year or, where necessary, at the patient’s 
request. Each control evaluates the stimulation 
parameters and the remaining life of the IPG bat-
tery, and the clinical outcome is noted on the basis 
of the Wexner score and QoL. A decrease in effec-
tiveness of the stimulation may be due to a low bat-

1 2

Lead Electrodes

Unipolar Bipolar

Off(+) positive

30

3

2

1

0

3

2

1

0

off

off

(-)

(+)

off
off

off

(-)

  Fig. 9.15    Unipolar or bipolar 
confi guration. The action 
potential is generated near the 
cathode       

S3

  Fig. 9.16    Unipolar confi guration: The negative pole is at 
the level of the electrode, and the positive pole is at the 
level of the case       

S3

  Fig. 9.17    Bipolar confi guration: both poles are posi-
tioned on the electrode       
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tery; the dislocation of the electrode, detectable 
with an X-ray of the sacral region; a rupture of a 
system component, detectable with the N’Vision 
programmer; or, lastly, a fi brotic reaction around 
the electrodes. In such cases it is recommended to 
proceed with a change in the programming param-
eters and only later with the implantation of a new 
wire in a contralateral position. The most frequent 
complications after SNS include lead displace-
ment, pain at the surgical site, and paresthesias. 
Infection of the permanent device on surgical site 
occurs in 10 % of patients requiring surgical man-
agement in 5 % [ 79 ,  80 ]. Hull et al. reported that 
about one-third of patients required surgical revi-
sion of the site of the device in long-term follow-up 
[ 14 ]. Duelund- Jacobsen et al. [ 81 ], in a case study 
of 164 patients with fecal incontinence, reported a 
percentage of infections in the surgical site of 3 % 
that led to the explantation of the pacemaker. Pain 
or  dislocation was present in 12.1 % with the need 
for repositioning of the pacemaker. During follow-
up, it was necessary to undertake a surgical revision 
in 19.5 % of cases. The SNS results at a distance 
also use the evaluation of patient satisfaction, the 
defecation diary, the Wexner score, and QOL. Long-
term results are available. 

 In fecal incontinence sacral nerve stimulation is 
signifi cantly more effective than medical treatment 
[ 82 ]. A recent report showed that after 5 years after 
SNS, 89 % of patients have signifi cant reduction in 
fecal incontinence, and 36 % have a complete 
response [ 14 ]. Numerous other studies have dem-

onstrated signifi cant long-term reduction in fecal 
incontinence scores [ 14 ,  83 – 86 ] and improvement 
in QoL scores [ 79 ,  86 – 89 ]. Furthermore, women 
treated with sacral nerve stimulation for fecal 
incontinence showed improvement in sexual and 
urinary symptoms, demonstrating also a benefi cial 
effect of SNS on the pelvic fl oor [ 90 ]. Long-term 
results are reported in Table  9.1  in a review of the 
literature after sacral nerve stimulation [ 94 ].

9.9        Personal Experience 

 Our experience is based on the observation of 97 
patients with medium-to-severe fecal inconti-
nence undergoing trial tests between 2004 and 
2014. Patient selection was made through the 
clinical diary, the Wexner score, diagnostic tests 
(manometry, EAU, and EMG of the pelvic fl oor), 
and the analogical scales to assess subjective per-
ception of disease severity and QoL. The trial test 
was performed with the quadripolar electrode 
system, positioned in the operating room, under 
local anesthesia, after antibiotic prophylaxis and 
using intraoperative fl uoroscopy. The test lasted 
on average 42 days (min 27–max 50). Completely 
unsatisfactory results were observed in patients 
with resection of the rectum with coloanal anas-
tomosis, often associated with stenosis and fi bro-
sis secondary to the surgery and to radiation 
therapy, such as to constitute, in our opinion, an 
absolute contraindication to SNS. Eighty patients 

   Table 9.1    Studies of outcomes of sacral nerve stimulation   

 Ref.  Year  Patients ( n ) 

 Signifi cant reduction in 
incontinence scores and 
incontinent episodes 

 Signifi cant increase in 
quality of life 

 Leroi et al. [ 91 ]  2005  27  Y  Y 

 Boyle et al. [ 92 ]  2009  15  Y  NR 

 Brouwer et al. [ 93 ]  2010  55  Y  Y 

 Wexner et al. [ 86 ]  2010  120  Y  Y 

 Hollingshead et al. [ 83 ]  2011  18  Y  NR 

 Lim et al. [ 85 ]  2011  41  Y  Y 

 Mellgren et al. [ 79 ]  2011  83  Y  Y 

 George et al. [ 84 ]  2012  23  Y  Y 

 Devroede et al. [ 88 ]  2012  78  Y  Y 

 Hull et al. [ 14 ]  2013  76  Y  Y 

 Damon et al. [ 87 ]  2013  92  Y  Y 

   Y  yes,  NR  not reported  
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were deemed suitable for permanent  implantation, 
due to having presented an improvement higher 
than 70 % in Wexner score and improvement 
higher than 50 % in incontinence and quality of 
life on the basis of the analogical scales. 
Particularly with the analogical scales, patients 
had a signifi cantly reduced perception of the seri-
ousness of the disease (from an average of 8.7 to 
2.8) and a much improved quality of life (from 
1.5 to 8). Of the patients subjected to IPG implan-
tation, 23 were males and 57 females with a mean 
age of 59 years (range 30–77); 56.3 % were suf-
fering from urge fecal incontinence, 6.3 % from 
passive fecal incontinence, and 37.4 % from 
mixed (urge + passive) incontinence. In 31.6 % of 
cases, patients had previously been submitted to 
anterior resection of the rectum with colorectal 
anastomosis also associated with radiochemo-
therapy, and in 26.3 % of cases, other proctologi-
cal interventions were performed. In 42.1 % there 
was degenerative, postinfectious, post-traumatic, 
and diabetic-based neurological disorder present. 
The mean follow-up was 4 years. Eighty-fi ve per-
cent of all implanted patients showed a stable and 
signifi cant improvement for the Wexner score ( p  
value <0.001) and for QoL, especially for the role 
limitations due to physical health and emotional 
state. The benefi ts obtained regarding the percep-
tion of the general state of health conditioned by 
the presence of the pacemaker, perceived as a for-
eign body, were more limited. Only 5 % of 
implanted patients had complications that 
required surgical revision; in 2 cases the pace-
maker was explanted due to a reaction to the 
implanted material after 60 days, and in further 2 
cases, it was necessary to reposition the 
pacemaker.  

9.10     Costs 

 The costs of SNS cannot be separated from the 
evaluation of the direct costs of fecal inconti-
nence represented by the costs of clinical visits, 
hospitalization, drugs, and consumables (absor-
bent diapers, ointments, sanitizing products). 
There are also considerable indirect costs due to 
absence from work, reduced work effi ciency, 

the need to change the type of work, avoiding 
jobs requiring contact with the public, and those 
that take place in locations devoid of toilets. An 
American study calculated that patients with 
major incontinence (leakage of over 400 g of 
feces per day) are absent from work for about 50 
days a year versus 5 days in the general popula-
tion [ 95 ]. Among the indirect costs, we must 
also consider working days lost or even loss by 
relatives who have to assist patients with fecal 
incontinence. A signifi cant social cost is also 
the payment of disability benefi ts. The average 
annual cost per person in American people, 
including direct medical and nonmedical costs, 
as well as lost productivity, was 4,110.00 US 
dollars. Of these costs, direct medical and non-
medical costs averaged 2,353 and 209 USD, 
respectively, whereas the indirect costs associ-
ated with productivity loss averaged 1,549 USD 
per patient annually [ 96 ]. FI severity was sig-
nifi cantly associated with higher annual direct 
costs. A Dutch study estimated an annual total 
cost of € 2.169 for FI patients, of which € 714 
was for direct medical costs, € 337 for direct 
nonmedical costs, and € 1.118 for indirect costs 
[ 97 ]. Regarding costs related to treatment with 
SNS, in addition to implantation, even outpa-
tient visits, diagnostic procedures, and medica-
tions need to be considered. Spending per 
patient in the fi rst 2 years after implantation was 
calculated by Leroi to be € 14.973 [ 98 ]; similar 
costs were found by Hetzer et al. [ 99 ] who 
reported a cost of € 15.345 per patient for the 
fi rst year and € 997 for each subsequent year, 
including surgical treatment failures, complica-
tions, and follow-up. Since SNS is also indi-
cated in the treatment of urinary incontinence, it 
is likely that the cost-benefi t ratio is even more 
favorable in patients with mixed incontinence.     
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      Injectable and Implantable 
Agents: Current Evidence 
and Perspective                     

     Carlo     Ratto     ,     Angelo     Parello    ,     Lorenza     Donisi    , 
and     Francesco     Litta   

10.1          Introduction 

 Multifactorial etiology of fecal incontinence (FI) 
has a signifi cant impact on the choice of manage-
ment [ 1 – 3 ]. Sphincter lesions are considered the 
main cause of FI, particularly in female patients, 
but frequently the dysfunction occurs also in sub-
jects with intact sphincters. In other cases, neu-
ropathy (either peripheral or central) plays the 
pivotal role, causing sensory-motor alterations 
[ 2 – 7 ]. Also the severity of FI can be variable, rang-
ing from soiling, seepage, and incontinence to gas 
(commonly defi ned as “minor incontinence”) to 
incontinence to liquid and solid stools (defi ned as 
“major incontinence”). Despite the numerous 
modalities of treatment available, the therapeutic 
effi cacy is still suboptimal for all of them. In fact, 
“conservative” therapies such as biofeedback have 
high failure rates, while the success of “minimally 
invasive” procedures such as bulking agents, 
radiofrequency, and tibial and sacral nerve stimu-
lation or “aggressive” procedures such as anal 
sphincteroplasty, graciloplasty, artifi cial bowel 
sphincter, and magnetic sphincter ranges from par-
tial success to complete failure [ 8 ]. 

 Specifi cally, injection of bulk-enhancing 
agents into the anal canal to treat FI has contin-
ued to gain popularity. Ideally, any bulking agent 
for injection should be biocompatible, nonaller-
genic, non-immunogenic, and easy to inject and 
should not migrate within the tissues. 
Traditionally, the bulking agents have been 
“injected.” However, more recently different 
materials have been introduced in clinical prac-
tice and delivered by “implantation.”  

10.2     Injectable Bulking Agents 

 Injectable agents have been fi rstly used for uri-
nary incontinence (UI), with the benefi t of an 
outpatient procedure and low morbidity rate but 
with variable success. Thereafter, different inject-
able agents have been attempted for FI. 

 The use of bulking agents in patients with FI 
is still controversial, mostly because of con-
fl icting results and lack of agreement regarding 
adequate indications. Several agents have been 
used in patients with a wide variety of clinical 
conditions (weak non-lesioned anal sphincters, 
limited/extended sphincter lesions). Moreover, 
different techniques of injection have been per-
formed. It is also debatable whether digitally 
guided injection is suffi ciently accurate or 
whether endoanal ultrasound (EAUS)-guided 
injection should be used to signifi cantly 
improve the procedure. 
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10.2.1     Techniques of Injection 

 Several agents have been used via injection: Fat, 
PTQ ® , Durasphere ® , Coaptite ® , NASHA TM -Dx, 
Permacol ® , and Bulkamid TM . Different tech-
niques of delivery have been described, provid-
ing an injection into the anal canal submucosa, 
intersphincteric or within the sphincter defect 
scar tissue; the route of injection was transanal/
transmucosal, transsphincteric or intersphinc-
teric, at different levels of the anal canal, in two, 
three, four, or more locations. Pre-postoperative 
antibiotics, as well as preoperative enemas and 
postoperative laxatives, have been not routinely 
used. EAUS seemed able to increase the reli-
ability of the injection of bulking agents [ 9 ]. 
Anesthesia was variably used: no any anesthetic 
was administered in some studies, while local 
anesthesia (with or without sedation) in others; 
general anesthesia was used in the oldest experi-
ences. Patient’s position was either the prone, left 
lateral, or lithotomy.  

10.2.2     Safety of Treatment 

 A number of adverse events have been docu-
mented following the bulking agents injection, 
including infection or abscess formation, ulcer-
ation of the anal mucosa, hemorrhagic events, 
hypersensitivity, pain, and persistent pruritus ani. 
Although pain is not an unusual event following 
surgery, it may refl ect an underlying problem 
such as mucosal ulceration, infection, or hema-
toma formation at the site of injection. Some 
bulking agents caused granuloma (Polytef ® , 
PTQ TM ) or potential carcinogenesis (Polytef ® ). In 
a recent review on 37 published papers reporting 
the safety data including 1001 treated patients, 
Hussain et al. [ 10 ] found that adverse events 
occurred in 139 patients (13.5 %). The most fre-
quent complication was pain (6.5 %) and leakage 
of injected material (5.6 %).  

10.2.3     Clinical Results 

 Injectable agents for FI were first used in 
1993: Shafik [ 11 ] injected polytetrafluoroeth-

ylene into the anal submucosa in 11 patients 
and then followed up for 18–24 months. 
Complete continence was obtained in 64 % 
and partial improvement in 36 % of them. 
Subsequently, Shafik [ 12 ] used injection of 
autologous fat in 14 patients and reported 
100 % success rate at 2–3 months; in particu-
lar, repeat injections allowed continence in 
those patients presenting incontinence to gas 
or stool. In this study, no complications were 
documented; however, other reports of autol-
ogous fat use have resulted in death from pul-
monary fat embolism, and a randomized 
clinical trial using fat for UI demonstrated no 
efficacy over placebo; thus, it is currently not 
used for FI [ 13 ]. In the last 20 years, a number 
of papers have reported data concerning the 
clinical effects of numerous injectable agents. 
Although the results are greatly variable, a 
few considerations can be done due to those 
different experiences. Dilution or suspension 
of bulking agents makes the placement possi-
ble by injection (not always easy) and under 
local anesthesia. However, the major problem 
presented by the injectable bulking agents is 
the reduced efficacy due to a variable combi-
nation of degradation and/or diffusion through 
the tissue adjacent to the injection site or, 
sometimes, far or very far from that site, due 
to micronized dimension [ 10 ,  14 ,  15 ]. In 
terms of durability of results, majority of the 
previously used bulking agents has not docu-
mented a persistence of efficacy in the long 
term (more than 2 years), and, for most of 
them, long-term results have never been pub-
lished. Agents with a diameter of 80 μm or 
higher should be at lower risk for migration 
from the injection site, but, on the other hand, 
agents with a larger particle size require a 
larger bore needle to inject and, then, at a 
higher risk for leakage. In a recent study 
Guerra and colleagues [ 15 ] evaluated 19 
patients variously “injected” for idiopathic 
FI. These authors found that, on average, only 
14 % of the originally injected  volume was 
still detectable at EAUS performed at a 
median follow-up of 7 years, and the clinical 
improvements achieved in the short term had 
declined significantly. 
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 Table  10.1  reports the summarized results of 
the published data.

   In 2010, a systematic review [ 43 ] of the effi -
cacy and safety of injectables for passive FI 
included 14 heterogeneous series (420 patients); 
the conclusions drawn were not defi nitive, 
although the procedure appeared safe and the 
improvements signifi cant. A further systematic 
review [ 10 ] analyzed 31 published studies and 
eight meeting abstracts (1070 patients in total). 
Pooled analysis showed improved continence in 
69.7 % of patients in the postoperative period but 
in only 45.2 % at the 12-month follow-up. 
Moreover, in a 2013 Cochrane review, Maeda 
et al. [ 14 ] found only four eligible randomized tri-
als [ 9 ,  29 ,  30 ,  42 ], including a total of 176 patients 
treated with injectable bulking agents (hydrogel 
cross-linked with polyacrylamide, Bulkamid TM  
[ 42 ]; porcine dermal collagen, Permacol TM  [ 42 ]; 
polydimethylsiloxane elastomer implants [ 29 ]; 
silicone biomaterial, PTQ TM  [ 30 ]; and carbon-
coated beads, Durasphere ®  [ 30 ]). Unfortunately, 
the authors found signifi cant concerns of bias in 
all trials but one. They were unable to demon-
strate a signifi cant effectiveness of perianal injec-
tion of bulking agents due to the limited number 
of identifi ed trials together with methodological 
weaknesses. Moreover, in a limited follow-up 
(maximum up to 12 months), only a short-term 
benefi t from injections was reported, regardless of 
the material used as outcome measures improved 
over time. A silicone biomaterial (PTQ™) pro-
vided some advantages and was safer in treating 
FI when compared with carbon- coated beads 
(Durasphere ® ) in the short term. However, PTQ™ 
did not show obvious clinical benefi t if compared 
to normal saline injection. Injections made under 
ultrasound guidance, compared with digital guid-
ance, were clinically more effective. The authors’ 
conclusions were as follows: “No long-term evi-
dence on outcomes was available and further con-
clusions were not warranted from the available 
data. None of the studies reported patient evalua-
tion of outcomes and thus it is diffi cult to gauge 
whether the improvement in incontinence scores 
matched practical symptom improvements that 
mattered to the patients.” Reviewing the literature, 
Hussein et al. [ 10 ] did fi nd that in a multivariate 
analysis, the use of the intersphincteric, instead of 

transanal or transsphincteric routes of injection, 
was associated with a higher complication rate. 
Furthermore, PTQ and Coaptite were signifi cant 
predictors of short-term outcome, and the use of 
local anesthesia was associated with a lower like-
lihood of success. 

 More recently, another injectable material, the 
dextranomer in stabilized hyaluronic acid gel, has 
gained interest. In a multicentre trial [ 39 ], 206 
patients were randomized in a 2:1 ratio between 
submucosal injection of dextranomer in stabilized 
hyaluronic acid gel or sham injection. In the treat-
ment arm, 82.5 % of patients required a double 
injection to stabilize the results. Adverse events 
were more frequent in the treatment group. At 6 
months, 52 % of patients obtained at least a 50 % 
reduction in FI episodes; however, surprisingly, 
the sham injection group showed a 31 % success 
rate ( p  = 0.009). Results from 112 of 132 patients 
in the treatment arm were updated in 2014; the 
same success rate (52 %) was observed at the 
36-month follow-up, with signifi cant improve-
ment of both FI severity and QoL scores [ 40 ]. La 
Torre and de la Portilla [ 41 ] used the same mate-
rial in 115 patients with FI and an intact EAS. At 
24 months, 32 patients were withdrawn from the 
study, mostly owing to withdrawal of consent (17 
patients), reducing the number of those with 
24-month follow-up to 83. Of these, 63 % were 
considered responders because they experienced 
at least a 50 % reduction in FI episodes; signifi -
cant improvement was documented for both the 
FI severity score and QoL. Although the long-
term results from these two series, following the 
injection of dextranomer in stabilized hyaluronic 
acid gel, seem interesting, the injectable is com-
prised of diluted microparticles, and thus the sta-
bility of the material at the site of injection needs 
to be confi rmed. Moreover, in these studies, the 
success rate was also calculated using the crite-
rion “at least 50 % reduction in FI episodes,” 
which is of debatable value.   

10.3     Implantable Agents 

 Recently, a novel approach has been introduced 
to treat patients with FI, by the placement of 
implantable agents, in the form of thin cylinders, 
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  Fig. 10.1    Device for THD Gatekeeper™ implantation, 
including both the delivery system and dispensers in 
which a single prosthesis is placed       

within the sphincteric complex. The THD 
Gatekeeper TM  was the fi rst device used, but very 
recently the THD SphinKeeper TM  has been avail-
able for implantation. 

10.3.1     Gatekeeper 

 Gatekeeper TM  implants are made of a unique 
material (HYEXPAN TM ) that is solid at the time 
of delivery but slowly absorbs water and expands 
once implanted. Within 48 h, the prosthesis has 
reached its fi nal size and shape. At this stage the 
consistency of the material has changed from 
hard to soft with shape memory, giving the 
implant a pliable texture that makes it compliant 
to external pressures without losing its original 
shape. For these reasons, it was decided to place 
the implants in the intersphincteric space, in the 
belief that this would achieve a more effective 
distribution of a presumed “bulking effect” than 
would be achieved with submucosal positioning, 
thus exploiting the physical characteristic of the 
implant most effectively. However, the “bulking 
effect” should be not the only and/or main effect 
contributing to the therapeutic effi cacy. The 
intersphincteric location should also minimize 
the potential risk of erosion, ulceration, fi stula-
tion of the anal canal, and possible displacement 
of the prosthesis. This is particularly important in 
view of the solid state of the prostheses at the 
time of implantation. 

10.3.1.1     Techniques of Implant 
 Preferably, the procedure should be performed 
under local anesthesia using a posterior perineal 
block with the patient placed in the lithotomy 
position. In the fi rst preliminary experience [ 44 ], 
four 2-mm skin incisions were made at 3, 6, 9, 
and 12 o’clock positions in the perianal area 2 cm 
from the anal verge. With an Eisenhammer 
retractor inserted in the anal canal, a dedicated 
introducer formed by an introducer guide and an 
external sheath were tunneled from the skin inci-
sion to the intersphincteric margin and advanced 
into the intersphincteric space until the tip of the 
introducer reached the level of the puborectalis 
muscle. The introducer guide was removed, leav-

ing the sheath in the intersphincteric space. The 
prosthesis was inserted into the lumen of the 
introducer sheath and advanced. When the pros-
thesis reached the middle-upper anal canal, the 
introducer sheath was removed, leaving the pros-
thesis in place. The same procedure was repeated 
for all four positions. All prosthesis placement 
steps were carried out under direct vision and 
under EAUS guidance. At the end of procedure, 
the correct positioning of the prostheses was con-
fi rmed by EAUS. All patients received oral anti-
biotic prophylaxis for 3 days. Following this pilot 
study [ 44 ], the delivery system of Gatekeeper TM  
implant was signifi cantly improved (Fig.  10.1 ) 
and the implant confi guration changed [ 45 ]. Six 
minimal perianal skin incisions were made at 1, 
3, 5, 7, 9, and 11 o’clock for the implantation of 
6 Gatekeeper TM  prostheses. A specially designed 
delivery system (THD Gatekeeper TM  Delivery 
System; THD SpA) (Fig.  10.1 ) was used provid-
ing the automatized implantation procedure, 
under visual, digital, and ultrasonographic 
control.

10.3.1.2        Feasibility and Safety 
of Implant 

 Some cautions were adopted (and still suggested) 
for an optimal implant of Gatekeeper TM  prostheses, 
valid also for the following SphinKeeper TM  proce-
dure. Skin incisions were made about 2 cm away 
from the anal verge to minimize the risk of wound 
contamination during bowel movements. The non-
linear tunneling through the soft subcutaneous tis-
sues to reach the intersphincteric plane from the 
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skin incision should also avoid possible prosthesis 
extrusion along the track. Prosthesis placement 
was performed under EAUS guidance, to control 
the procedure step by step and ensure correct posi-
tioning of the prostheses. The operator could easily 
reach the intersphincteric space and decide on the 
exact position for each implant. Moreover, the 
introducer could be followed by direct vision and 
digital palpation and visualized by 
EAUS. Therefore, lesions in the rectoanal mucosal/
submucosal layer could be avoided. The contribu-
tion of EAUS during Gatekeeper TM  placement was 
fundamental in guiding the prosthesis placement. 

 In the fi rst report [ 44 ], the mean duration of 
operation to implant 4 prostheses in 14 pts was 
35 ± 7 min; the procedure was easy and safe, and 
no intraoperative complications were observed. 
Moreover, neither postoperative morbidity nor 
prostheses dislodgement was noted. Patients expe-
rienced no anal discomfort either at rest or during 
defecation. The application of Gatekeeper in larger 
population (54 pts) in a multicentre study [ 45 ] 
demonstrated similar positive intra- and postoper-
ative results. The mean duration of operation was 
31.0 ± 13.4 min. In three patients (6 %), a single 
prosthesis was extruded spontaneously immedi-
ately after placement and was replaced. There 
were no postoperative complications or long-term 
sequelae. Throughout the entire follow-up, dis-
lodgement of a single prosthesis was documented 
in three patients (6 %), but replacement was not 
required. At the 1- and 3-month and 1-year follow-
up, EAUS confi rmed that neither acute nor chronic 
peri-prosthesis infl ammation was present.  

10.3.1.3     Clinical Results 
 In the preliminary report [ 44 ], 14 patients (6 men, 8 
women) were submitted to implant of 4 prostheses. 
Overall median follow-up was 33.5 ± 12.4 (range 
5–48) months. All but one patient reported a sig-
nifi cant improvement and regarded the treatment as 
successful. The mean total number of episodes of 
major FI (incontinence to liquids or solids) 
decreased signifi cantly immediately after surgery, 
and the improvement was maintained over time, 
with a change from 7.1 per week before operation 
to 1.4, 1.0, and 0.4 per week at 1-month, 3-month, 
and last follow-up, respectively ( p  = 0.002). Post-
evacuation soiling and ability to postpone defeca-

tion also improved signifi cantly. Mean Cleveland 
Clinic FI score (CCFIS) and Vaizey score were sig-
nifi cantly reduced at the 1- and 3-month and last 
follow-up ( p  < 0.001 and  p  = 0.010, respectively); 
only 2 of 13 patients had a CCFIS higher than 7 at 
the fi nal evaluation. After implantation of 
Gatekeeper TM , there was a signifi cant increase in 
mean scores of the physical function, role-physical, 
general health, social function, role-emotional, and 
mental health domains of the SF-36. All FIQL 
questionnaire items showed a signifi cant improve-
ment in values at fi nal follow-up compared with 
baseline. Mean anal manometric values did not 
change compared with baseline during follow- up. 
A slight increase was noted in mean functional anal 
canal length and rectal sensation, but there were no 
statistically signifi cant changes. In this series the 
ultrasonographic surveillance for a mean of almost 
3 years confi rmed that none of the implants had 
become displaced. The ultrasound results also 
showed that the size of all prostheses remained vir-
tually unchanged over time, thus confi rming the 
durability of the Gatekeeper TM . This cohort 
included not only patients with an intact IAS but 
also those with an IAS tear or both IAS and EAS 
defects; patients with isolated EAS defects, how-
ever, were excluded. The prostheses were placed in 
the same position in all patients, irrespective of the 
location of the sphincter lesion. 

 Fifty-four patients (17 men and 37 women) 
were enrolled in the following multicenter study 
[ 45 ], between June 2011 and November 2013. 
Preoperative EAUS demonstrated no sphincter 
injury in 48 patients (89 %) and an isolated IAS 
defect (range 30–60°) in 6 (11 %). All patients 
were evaluated at 1, 3, and 12 months after implan-
tation. A statistically signifi cant decrease of the 
number of FI episodes (gas, liquid and solid stools, 
and soiling) was observed at different follow-up 
stages compared with preimplantation features 
(Fig.  10.2 ). At baseline, 31 patients (57 %) could 
defer defecation for less than 5 min, whereas 1 
year after Gatekeeper™ implantation 43 patients 
(80 %) had the ability to defer defecation for at 
least 5 min. At the fi nal 1-year follow- up, 30 
patients (56 %) had improvement of at least 75 % 
in all FI parameters; among them, seven patients 
(13 %) obtained full anal continence; using “at 
least 50 % improvement” criterion as the cut-off 
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for success, 38 (70 %) of the 54 patients would 
have been classifi ed as responders. All of the 
scores measuring FI severity were reduced signifi -
cantly throughout follow-up compared with base-
line values (Fig.  10.3 ). Patients’ QoL, as assessed 
throughout each follow-up stage, was signifi cantly 
improved for all FIQL questionnaire items (life-
style, coping and behavior, depression and self-
perception, and embarrassment). Evaluation of the 
patients’ generic health status (by SF-36® ques-
tionnaire) did not show any signifi cant differences 
at follow-up compared with baseline.

10.3.2          SphinKeeper 

 SphinKeeper TM  is the result of multiple innova-
tions in the treatment of FI, concerning both the 
device and the implantation procedure, providing 

the implantation of 8–12 prostheses all around 
the entire circumference of the anal canal. 
Therefore, the title defi nition of “new artifi cial 
anal sphincter” was deserved. Ratto et al. have 
recently reported preliminary results (concerning 
only feasibility and safety of the implant proce-
dure) of using the new device (always providing 
10 implants) in 10 FI patients [ 46 ]. In terms of 
biomechanics, SphinKeeper TM  prostheses have 
been made of the same material of Gatekeeper TM . 
Also the site of placement (in the intersphincteric 
space at the upper-middle thirds of the anal canal) 
has been replicated, where, physiologically, the 
rectoanal inhibitory refl ex is elicited, starting the 
cascade of defecation events. Again the place-
ment has been performed under the guidance of 
EAUS using similar technology of delivery than 
Gatekeeper TM  implant (Figs.  10.4  and  10.5 ). The 
ultimate model of prostheses have been long 
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  Fig. 10.2    Episodes of soiling and incontinence to gas, 
liquid stools, and solid stools at baseline and during fol-
low- up after Gatekeeper™ implantation. Median values, 
interquartile ranges and ranges are denoted by  horizontal 

bars ,  boxes , and  error bars , respectively. An outlier (49 
episodes/week at baseline) has been omitted from “solids” 
diagram. “Soiling,” “gas,” and “liquids”:  p  < 0.001; “sol-
ids”:  p  = 0.010 [ 45 ]       
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enough (23 mm in the fi nal length) to reconstitute 
the normal anal canal length and wide enough 
(7 mm in the fi nal diameter) to ensure a signifi -
cant fi lling ability. Compared to Gatekeeper TM , in 
SphinKeeper TM  the higher number of prostheses 
implanted reached a very high fi nal volume of 
implanted material (8650 mm 3 , approximately 
480 % increase in size of the native sphincter), 
surrounding the anal canal and playing the role of 
an “additional” sphincter. Moreover, it was docu-
mented the expansion of SphinKeeper TM  prosthe-
ses also within the scar tissue, giving the 
opportunity to treat also patients with sphincter 
defects. These aspects should be further investi-
gated in large number of patients.

    As regards postoperative complications, 
SphinKeeper TM  implant was very safe in this 
study; in fact, no acute sepsis at the site of implan-
tation and around the prostheses was documented 
within 90-day period. No patient had long-lasting 
symptoms (including anorectal pain and discom-

fort) directly or indirectly related to the implanted 
prostheses. On the other hand, no obstruction 
developed during the stool passage.  

10.3.3     Mechanisms of Action 
of Implantable Agents 

 The changes in the sphincter anatomy due to the 
Gatekeeper TM  and SphinKeeper TM  implantation 
(as confi rmed by endosonographic imaging) are 
expected to play a physiologic role. The hypothet-
ical positive interaction between the prostheses 
and the adjacent IAS and EAS is interesting. 
Under physiological conditions, central input 
(neural drive to the muscle) and muscle length 
(microscopically, sarcomere length) are the key 
determinants of tension and force generated by 
the skeletal muscles [ 46 ]. It has been well demon-
strated that EAS muscle operates at a short sarco-
mere length in both rabbits and humans; in other 
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words, increasing its in vivo length increases its 
contraction [ 47 – 51 ]. Hypothetically, the large 
volume of Gatekeeper TM  and, much more, 
SphinKeeper TM  implants, placed between EAS 

and IAS (pushing the EAS outward and the IAS 
inward), may increase the muscle fi ber length and 
therefore increase their contractility. Further stud-
ies will defi nitely elucidate this mechanism of 

a b

c d

  Fig. 10.5    3D-endoanal ultrasound showing the implanted SphinKeeper TM  prostheses as imaged at the end of operation 
( a ,  b ) and 1 week after ( c ,  d )       

  Fig. 10.4    SphinKeeper TM  
delivery system, showing, in 
detail, the dispenser 
containing the prosthesis       
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action. These properties make of Gatekeeper TM  
and, much more, SphinKeeper TM  an attractive 
alternative to the “external” artifi cial anal sphinc-
ters (ABS, i.e., artifi cial bowel sphincter, dynamic 
graciloplasty, slings, magnetic anal sphincter). In 
fact, in the case of ABS and dynamic gracilo-
plasty, only the release of the closure system, 
operated by the patient, can permit the defecation, 
while, in the case of anal slings and magnetic anal 
sphincter, the pressure of the rectal content allows 
the anal canal opening. The implantable agents, as 
embedded into the anal canal, may improve 
sphincter contractility by increasing sarcomere 
length as well as increase the length of the anal 
canal and provide a powerful “bulking effect.” 

 Following this hypothesis, in patients with 
loose, patulous, funnel-like, or keyhole-shaped 
anal canal, SphinKeeper TM  could offer the oppor-
tunity to reconstitute the cylindrical shape of the 
anal canal, while in patients with sphincteric 
lesions, it could reinforce the area of scarring 
improving the contribution to the continence by 
the remaining intact sphincters. Finally, not insig-
nifi cant could be the role played by Gatekeeper TM  
or, much better, by SphinKeeper TM  as adjunctive 
therapy in patients with incomplete resolution of 
symptoms after other procedures for FI.      
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      Abbreviations 

   ABS    Artifi cial bowel sphincter   
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11.1         Introduction 

 Given the complexity and the multiplicity of fac-
tors involved on fecal incontinence etiology, in 
the last 20 years, several procedures, less or more 
invasive, have been developed to improve the 
strategy of FI treatment. 

 Although the treatment of medically refractory 
severe FI remains challenging, to date, FI surgery 
is still young, associated with elevated morbidity 
and with variable long-term outcomes [ 1 ]. Among 
the different surgical approaches, the artifi cial 
bowel sphincter (ABS) is still considered an 
optional treatment together with dynamic gracilo-
plasty and sacral nerve stimulation (SNS) for 
refractory conservative treatment and severe FI. 

 Christiansen and Lorentzen, for the fi rst time, 
reported in 1987 a perianal implantation of an 

artifi cial urinary sphincter (AMS 800, America 
Medical System) for a patient with fecal inconti-
nence [ 2 ]. 

 In 1996 a paper of Lehur and colleagues 
described the results obtained with an artifi cial 
bowel sphincter designed specifi cally for FI 
(Acticon Neosphincter – American Medical 
System) [ 3 ]. 

 To date, despite the good results reported in 
literature, in terms of improved continence and 
quality of life, the rate of surgical explantation 
and procedures for infections of ABS still remains 
high [ 4 ]. These were the reasons that reduced a 
wide acceptance of ABS in coloproctology 
practice. 

 In accordance with Wexner et al., the cumula-
tive risk of device explant increases with time but 
less dramatically in the longer follow-up [ 5 ]. 
Moreover, Wong et al. have shown, in long-term 
follow-up, as after explantation for infection the 
reimplantation can be performed without diffi -
culty [ 6 ]. 

 The aim of this chapter is to describe the indica-
tions, the technical approach for implantation, and 
fi nally the results reported by the literature on ABS.  

11.2     Indications and Technique 

 ABS implantation represents the last resort after 
failure of conservative and less-invasive surgi-
cal procedures in fecal incontinence [ 7 ]. 
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Colostomy can be considered the real fi nal 
option if also the ABS fails. It is best indicated 
for patients with substantial sphincter injury or 
with sphincter surgically excised for patients 
with congenital malformation or with signifi -
cant neurological dysfunction [ 8 ]. In order to 
achieve long-term satisfying results and to use 
the device completely and competently, poten-
tial candidates must not have recent or active 
perineal infection and should not have manual 
limitations [ 9 ,  10 ]. 

 Artifi cial sphincter was used before for 
treating urinary incontinence and later modi-
fi ed for fecal incontinence. The ABS, Acticon 
Neosphincter (American Medical Systems, 
Minnetonka, MN, USA), aims to control incon-
tinence by mimicking the natural action of the 
sphincter muscle. The device composed of 
three components: an infl atable cuff that serves 
as the new sphincter and occludes the anal 
canal, a control pump, and a pressure-regulat-
ing balloon that also functions as a fl uid reser-
voir connected by two special tubes system 
[ 11 ]. The patient is placed in the lithotomy 
position under general anesthesia. The cuff is 
positioned creating a tunnel around the rectum; 
the balloon is implanted anterior to the bladder 
in the space of Retzius and the pump is inserted 
into the major labia in women or inside the 
scrotum in men [ 3 ,  10 ,  12 ,  13 ]. The purpose of 
the device is to take over from the muscle to 
control the opening and closing of the anus. 
When a patient wishes to defecate, the bulb on 
the control pump is manually squeezed and 
released several times. This transfers the fl uid 
from the cuff to the balloon through the tube, 
thereby defl ating the cuff and allowing the 
stool to pass. Pressure from the balloon slowly 
forces the fl uid back into the cuff over several 
minutes and consequently closes the anus 
regaining continence [ 14 ]. Antibiotic prophy-
laxis is recommended also after surgery for a 
few days. It is advised to activate the implanted 
device at least 2 months after the operation to 
ensure complete wound healing and consoli-
date the prevesical space made to house the 
pressure balloon [ 12 ,  15 ,  16 ].  

11.3     Results 

 The safety and effi cacy of ABS have been evalu-
ated in terms of effectiveness for the treatment of 
fecal incontinence and in terms of outcomes 
related to the implantation of the device. The 
effectiveness in treating fecal incontinence has 
been evaluated studying the effi cacy in control-
ling the fecal incontinence episodes, the quality 
of life (QOL), the anal pressure data (anal 
manometry), and the percentage of functioning 
device at the end of follow-up. The outcomes 
related to the implantation of the device are stud-
ied as surgical revision and explant of the device, 
infection, erosion or local ulceration, and evacua-
tory diffi culty [ 4 ,  15 ]. 

11.3.1     Device-Related Outcomes 

 There were no mortality cases related to the ABS 
implantation [ 4 ]. 

 Complications were treated with observation 
excluding only one major complication of a total 
colectomy due to pseudomembranous colitis 
after implantation [ 17 ]. Most other complications 
were treated with antibiotics, device revision, 
replacement, or explantation. 

 Surgical revision was defi ned as the total num-
ber of device revisions, including explantation 
and reimplantation. The most common reason for 
surgical revision was device malfunction, such as 
cuff rupture, balloon and pump leak, or cuff 
unbuttoning [ 17 ]. The surgical revision rate was 
69 % when a maximum follow-up of 5 years was 
considered; however, when the follow-up is 
increased up to 5 years, the revision rate increased 
to 94 % of cases (range 74–99 %) [ 15 ,  18 ]. 

 A defi nite explant was registered in 39 % of 
cases (range 29–49 %) with a follow-up mini-
mum of 5 years defi ned as the number of patients 
who had undergone permanent removal of the 
device [ 4 ]. The most common reason of device 
explant was device infection and erosion [ 3 ,  5 ,  6 , 
 13 ,  15 – 29 ]. 

 Evacuatory diffi culty at last follow-up among 
patients with an implanted device is a common 
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device complication encountered by several 
authors and usually related to a short cuff, 
device malfunction, or short opening time of the 
sphincter. Most evacuatory diffi culty was 
relieved by laxatives, enemas, or treatment 
deactivation and in a small series of cases by 
anesthesia, surgical revision, or admission for 
fecal disimpaction. The evacuatory diffi culty 
rate was 34 % (27–42 %) and the rate of surgical 
revision for evacuatory diffi culty was as low as 
8 % [ 4 ,  15 ].  

11.3.2     Functional Outcomes 

 Fecal incontinence was studied pre- and postop-
eratively by using different validated FI scoring 
methods. When Williams score was used, a sub-
stantial (>50 %) improvement in FI rate was reg-
istered; when the American Medical Systems 
score was adopted, the improvement rate after 
implantation was 63 % (45–77 %); and fi nally 
when Cleveland Clinic Fecal Incontinence (CC-FI) 
score was used, the improvement rate after implan-
tation was 65 % (56–73 %). Even those patients 
who had a functional device at last follow-up 
experienced decreased continence that deterio-
rated with increasing time [ 4 ]. 

 All study populations revealed signifi cant 
improvements in QOL after implantation and 
specifi cally at long-term follow-up, two studies 
revealed considerable improvement of QOL after 
implantation [ 15 ,  29 ]. 

 Functional outcomes intended as anal manom-
etry data comparing resting anal pressure before 
and after implantation were evaluated by the 
majority of the published studies. 

 A substantial increase in resting anal pressure 
occurred after implantation. Five study popula-
tions compared anal squeeze pressure before and 
after implantation with the ABS cuff closed [ 23 , 
 26 ,  28 ,  30 ,  31 ]. In three study populations [ 23 , 
 28 ,  30 ], there was a considerable increase in anal 
squeeze pressure after implantation; otherwise, 
in two study populations [ 26 ,  31 ], there was no 
difference in anal squeeze pressure between pre-
operative and postoperative values.   

11.4     Discussion 

 The management of severe FI that is refractory 
to behavioral and medical treatment remains a 
clinical challenge [ 4 ,  10 ,  32 ]. However, the last 
decade has seen dramatic advances in the fi eld of 
minimally invasive procedures for FI [ 7 ,  10 ]. 
The injection of perianal bulking agents (BA) 
together with sacral nerve stimulation (SNS) is 
the most striking example of such progress. As a 
result, possible indications for more invasive 
procedures such as graciloplasty and ABS 
implantation are currently strictly limited to 
large sphincter disruptions or congenital defects 
in those few patients with no other viable alter-
natives [ 4 ,  10 ,  15 ]. 

 Since its fi rst implantation for the treatment of 
FI in 1987 [ 2 ], the use of ABSs has been reported 
by several groups [ 2 ,  6 ,  17 ,  19 ,  21 – 26 ], yielding 
encouraging results. Although the methods 
employed to assess functional outcomes have 
been mostly not univocal, a number of reports 
showed notable results in terms of continence 
function and quality of life. As far as continence 
is concerned, both manometric data and clinical 
scores showed to be signifi cantly improved and 
well preserved over time on the short term in 
most cases of well-tolerated ABSs. 

 However, despite the initial enthusiasm, long- 
term outcomes are now generally considered dis-
appointing [ 4 ,  5 ,  7 ,  27 ]. 

 The fi rst concern regarding the implantation 
of ABSs was noted to be the signifi cant rate of 
device-related complications, mostly due to a 
combination of infection or erosion of the device 
[ 4 ,  5 ]. Indeed, in a recent systematic review 
including more than 500 patients [ 4 ], Hong and 
coworkers found that 5 years after the original 
implantation, surgical revision was required in 
nearly all patients and, globally, about 40 % of 
patients had their ABS defi nitively explanted. In 
addition, even in those patients with a function-
ing device, continence function seems to decrease 
over time [ 4 ,  5 ]. 

 Finally, it is to be considered that a signifi cant 
percentage of patients who receive ABS implan-
tation may experience other adverse events such 
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as evacuatory diffi culties and chronic pain possi-
bly requiring prolonged medications [ 4 – 6 ,  27 ]. 

 To date, the available inherent literature fails to 
provide strong evidence, mostly due to the lack of 
well-conducted, controlled studies [ 4 – 6 ]. Of note, 
there is no analysis comparing the employ of the 
ABS with the dynamic graciloplasty, which 
should be considered the  conventional  surgical 
alternative [ 4 ]. Moreover, no evidence is currently 
available on the clinical outcomes of patients who 
had their device explanted so that the real effec-
tiveness on an intention-to-treat basis cannot be 
assessed [ 5 ,  6 ]. As a consequence, it has precluded 
the possibility to draw defi nitive conclusions on 
the safety and effectiveness of ABS for FI and 
thus on its role in clinical practice. Nonetheless, 
taken together, all data from the inherent literature 
seem to suggest that ABS implantation is bur-
dened by high late morbidity rates and signifi cant 
progressive decline in therapeutic effect. 

 Currently, the use of the ABS to treat FI is still 
to be considered controversial. Its application is 
burdened by several safety issues and by the fact 
that clinical results seem to decline with time and 
long-term outcomes are essentially unknown.     
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12.1            Introduction 

 In the treatment of fecal incontinence, surgical 
invasive procedures are ordinarily reserved for 
patients with whom conservative or minimally 
invasive treatments were unsuccessful [ 1 ]. A 
careful selection of patients and an accurate and 
consistent identifi cation of disorders, which lie at 
the root of the condition, are essential to the treat-
ment’s success. In cases of fecal incontinence 
which are associated with or caused by disease 
which alter the anatomy and sphincter system 
function, such as hemorrhoids or rectal prolapse, 
perianal fi stula, rectovaginal fi stula, and cloacal 
lesions, these diseases must be treated fi rst, as 
their resolution often leads to an improvement in 
or the resolution of incontinence. 

 Reconstructive surgery is indicated more spe-
cifi cally in cases of fecal incontinence incurred 
by anal sphincter lesions, abnormalities, or defor-
mities, as well as sphincter defi ciency with no 
evident lesions and abnormalities of the pelvic 
fl oor. 

 The following are several reconstructive 
techniques:

 –    Sphincteroplasty  
 –   Suture of the levator ani  
 –   Reconstruction of the sphincter complex using 

muscle repair     

12.2     Sphincteroplasty 

 Sphincter suture repair techniques which result in 
a direct repair are only indicated when lesions are 
located in the external anal sphincter. 

 The leading cause of sphincter lesions is 
obstetric trauma. Despite the lack of any particu-
lar continence consequences caused by parturi-
tion, 1–4 % of deliveries result in lesions of the 
sphincter complex or of the pelvic fl oor (lesions 
of the third and fourth degrees – see, Cap.   2    ) 
[ 2 – 5 ]. The main risk factors include fetus weight, 
surgical median incision of the perineum per-
formed in order to ease childbirth (episiotomy), 
the use of forceps, and breech presentation [ 6 – 8 ]. 
Obstetric sphincter lesions can be detected imme-
diately postpartum and are caused by third- 
degree laceration. In approximately 40 % of cases 
[ 9 ], continence disorders are detected as early as 
6 months postdelivery [ 6 ]. The compensation of 
the pelvic muscles frequently disguises sphincter 
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function defi cit; however, with time, abnormali-
ties deviously evolve along with muscle weaken-
ing, most frequently during menopause, and are 
discovered years later [ 10 ,  11 ]. Other causes for 
sphincter damage are consequences related to 
proctological surgery and accidental trauma 
(road accidents, impalements, sexual abuse). 

 The most frequently performed surgical proce-
dure for the treatment of obstetric lesions is direct 
anterior sphincter suture repair [ 1 ,  12 ]. Optimal 
timing for the repair is within 3–4 months follow-
ing the trauma [ 2 ]. However, the surgical proce-
dure is often performed years later (even if the 
results are less effective) when the clinical evi-
dence of incontinence symptoms leads to ultra-
sound diagnosis of a previously hidden lesion. 

 Anal sphincter repair can be performed using 
the “end-to-end” technique, thereby facing the 
two laps after resecting scar tissue, as well as 
through the “overlapping” technique, which is 
performed by overlaying the residual functional 
extremities. The fi rst technique is generally used 
to repair recent lesions in which a scar that has 
outdistanced the extremities of the muscles is not 
yet formed, thus allowing for the facing of the 
extremities without excessive tension. In long- 
standing lesions, the sphincter defect is often 
substantial, and a direct approximation of the 
extremities is to be avoided at all cost, as it would 
be invariably destined to failure. 

 The overlapping technique is generally quite 
safe for sphincter suture repair; this technique 
consists of the mobilization of the two muscular 
extremities which are subsequently overlapped. 
Similarly, it is appropriate to associate preanal 
sutures of the levator ani, used most often in the 
delayed repair of extended defects, as it allows 
for the reduction of tension on the sutures dis-
persing it on a greater length. 

 The patient is placed in a lithotomy position. 
The incision is made at the inferior margin level 
of the vagina, horizontally, in the ischium direc-
tion or circumferentially on the perianal skin 
along the anal anterior side (Fig.  12.1 ). In cases of 
preanal sutures of the levator ani, the rectovaginal 
cleavage that leads to the peritoneal fl oor leaves 
the external anal sphincter of the anus posteriorly 
and the vaginal fl ap anteriorly. The levator ani 

muscles are now visible laterally. Therefore, pre-
anal sutures of the levator ani are obtained with 
two–three polypropylene sutures 2/0 located far 
behind on the muscles so as to avoid tightening 
the vagina and potential dyspareunia.

   The anterior quadrant of the anal external 
sphincter, often sclerotic and with poor tropism, is 
then dissected (Fig.  12.2 ), detached from the 
internal sphincter, and placed on a ribbon 
(Fig.  12.3 ). The scar is followed laterally until the 
identifi cation of the residual muscles/extremities 
is performed, on which two traction sutures can 
be made. When using the “end-to-end” technique, 
in order to restore the anatomical continuity and 
functional external anal sphincter as well as to 
restore its tension, a few approximation- 
interrupted sutures are needed (two or three poly-
propylene sutures 2/0 or 0/0, depending on the 

  Fig. 12.1    Anterior perineal incision       

  Fig. 12.2    External anal sphincter dissection       
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muscle fi ber volume which needs to be attached) 
(Fig.  12.4 ).

     When using the “overlapping” technique, the 
sphincter extremities are dissected by approxi-
mately 3 cm, while carefully maintaining the vas-
cular nerves. At this point, it is possible to remove 
the sclerotic scar tissue, which still maintains the 
muscles/extremities aligned or, as is often pre-
ferred, to fold the scar in order to prevent an 
interfering tissue regeneration caused by the inci-
sion. By crossing the two traction sutures, the 
sphincter extremities are exposed as to ensure 
that they are suffi ciently mobilized and to obtain 
an overlapping of at least 2 cm without tension. 

At this point, an overlapping structure is achieved, 
as is expected when using this technique 
(Fig.  12.5 ).

   Before defi nitive closure, it is appropriate to 
calibrate the anal circumference by inserting the 
pinky fi nger and/or by using a 15 mm dilator. The 
surgical procedure is completed with subcutane-
ous and skin sutures. Based on the complexity of 
the procedure, positioning a drain can be useful. 
The drain will be removed within 24–48 h. 

 The consequences of iatrogenic or accidental 
trauma can affect any quadrant of anal circumfer-
ence. The lesions may be identifi ed clinically, 
upon observing the anal margin, scar, or the 
absence of radiated folds, as well as through the 
use of ultrasound. In such cases, the reconstruc-
tive surgical technique is identical to that of an 
anterior repair; however, the local conditions 
may vary; sclerosis is often more severe than in 
cases of obstetric lesions and makes identifying 
the muscle margins more challenging. 

 The short-term results of this technique have 
been quite favorable, with good to excellent func-
tional results in 80 % of the cases [ 12 ,  13 ]. In lit-
erature, the outcomes of treated cases are 
controversial and differ within a range of 30–85 % 
[ 12 ,  14 ,  15 ]. The results are accompanied by an 
improvement of the manometry of the sphincter 
conditions [ 16 ]. In addition, postsurgical ultra-
sound images are compatible with the results 
obtained; in the event of failure, the persistence 
of the defect is a sign of an incomplete or an 

  Fig. 12.3    The external sphincter is preparing and placing 
on two ribbons       

  Fig. 12.4    The external anal sphincter is repaired affi xing 
some sutures in the end-to-end technique       

  Fig. 12.5    Overlapping of 2 cm of the external anal 
sphincter extremities       
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insuffi cient repair [ 2 ,  17 ]. In cases of sphincter 
repair carried out at an early stage of postobstet-
ric incontinence, the results are generally better 
and long lasting. Within a 5–10 year range in 
patients who were treated only with sphinctero-
plasty decades after a trauma, a gradual decline 
of defecatory function may be reported, with 
incomplete gas and solid stool incontinence. 
However, the level of patient satisfaction reported 
is 40–85 % [ 13 ,  18 – 22 ]. 

 Lamblin (2014) reports a study of 23 female 
patients (at an average age of 52 at the time of 
treatment) who underwent a sphincteroplasty 
using the “overlapping” technique [ 12 ]. Six years 
following the repair, only 48 % of cases reported 
a preserved complete continence, yet 85 % of the 
patients consider themselves satisfi ed with the 
procedure. 

 Several factors can predict postoperative 
results. Anatomically, the localized and isolated 
nature of the lesions which are clinically diag-
nosed must be confi rmed by ultrasound. 
According to our experience, the interrupted area 
should not be greater than 90–120° of the anal 
circumference in order to allow for an effi cient 
repair. A suffi cient and functional remaining 
muscle mass must be present. Furthermore, the 
conventionally pejorative signifi cance attributed 
to aging, former duration of incontinence, and 
previous sphincter repair was not confi rmed by 
recent studies [ 23 ]. 

 In a Cochrane review from 2013, Fernando 
compares the “end-to-end” technique with that of 
the “overlapping” technique in the treatment of 
sphincter obstetric lesions [ 2 ]. In spite of the 
inhomogeneity of the data and patient recruit-
ment from various studies, a major improvement 
is noted regarding fecal urgency in 6–12 months, 
in patients that had an overlap repair. A corre-
sponding improvement in gas incontinence in 
both groups was seen (although a better result 
was reported at 6 months using the “end-to-end” 
technique). An equal Wexner incontinence score 
after 6 months was signifi cantly lower after 12 
months in patients who had undergone an over-
lapping repair, thereby suggesting a greater sta-
bility of the functional effects achieved with this 
technique, which seems to be less affected by 

deterioration. Based on the invalidating data, the 
authors conclude that both techniques may be 
used at the surgeon’s discretion. 

 The most suitable time to perform a sphincter 
repair is still under debate. There are no studies 
which compare an immediate post-trauma repair 
with one carried out days or months later. 

 When treating lesions of a third and fourth 
degrees, repair is usually performed immediately 
postpartum. However, the data which analyze this 
choice does not seem to support it. Nielsen [ 24 ] 
reports that within 12 months after an immediate 
reconstruction, there is 58 % persistence of the 
defect evidenced on ultrasound, with 30 % of 
patients reporting incontinence symptoms. Walsh 
[ 25 ] reports 37 % of lesion persistence seen on 
ultrasound after 3 months and 13.5 % of inconti-
nence. Sultan [ 26 ] fi nds that between 42 and 651 
days after reconstruction, 85 % of cases have 
defects seen on ultrasound, 41 % of patients with 
incontinence symptoms, and 26 % experience 
urgency. Such data seems to imply that the pri-
mary repair tends to deteriorate within a short time 
and to suffer a high percentage of lesion  persistence 
and incontinence symptoms. The edematous and 
traumatized tissue in immediate postpartum is 
most likely not suitable for a prompt reconstruc-
tion. It is preferred to allow for a complete healing 
of the wound, with a resolution of a potential bac-
terial superimposed infection that might lead to the 
formation of an abscesses and dehiscence. 
Reconstruction may be performed using an over-
lap repair within a few weeks and may have a 
greater possibility of success.  

12.3     Suture of the Levator Ani 

 Suture repairs of the pelvic muscles, performed 
alone or with a sphincteroplasty, are carried out 
in order to treat muscle defi cit or defects. The 
objective of this type of repair is the restoration 
of tension to the functionally defi cient sphincter 
muscles through the use of plication (reefi ng 
technique). The goal is to achieve a better effi -
ciency of continence mechanisms, thanks to ana-
tomical modifi cations preformed during the 
procedure. 
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 In the history of surgery, the fi rst recommended 
and validated procedure was the postanal repair, 
presented by Parks in 1971 and subsequently 
modifi ed [ 20 ]. This procedure was at fi rst sug-
gested to patients with neurogenic or idiopathic 
fecal incontinence, with no sphincter defects. Its 
purpose was the lengthening of the anal canal and 
the repair of the anorectal angle. The rationale 
behind this technique was that the obtuse anorec-
tal angle should cause these types of incontinence; 
however, there was no proven correlation with the 
modifi cation of the anorectal angle. Nevertheless, 
several authors have reported favorable outcomes 
of incontinence, however very inhomogeneous, 
showing success of 27–87 % [ 27 – 29 ]. According 
to Bartolo, the effect on continence is determined 
by levator fi brosis caused by the procedure itself 
and which increases resistance during the passage 
of stool [ 30 ,  31 ]. 

 The patient is placed in a gynecological posi-
tion, with the lower limbs spread wide and rest-
ing on thigh holders. After a horizontal or a “V” 
incision is made in the postanal area (Fig.  12.6 ), 
halfway between the anus and the coccyx and 
halfway between the ischial tuberosities, we 
proceed with the dissection of the lower edges of 
the internal and the external anal sphincters 
(Fig.  12.7 ). Often, these limits are not easily 
identifi ed. However, the surgeon’s experience 
and the accurate preparations of the anatomical 
structures rapidly lead to the identifi cation of the 
various muscle components. After the incision, 
an intersphincteric cleavage is made in the 

 existent embryological avascular plane between 
the internal muscles (originally endodermic) and 
the externals (originally ectodermal). This access 
allows lesions to be avoided in the neurovascular 
branches leading to the sphincters.

    The midplane is prepared simply, and subse-
quent release is then easily executed by 180°, 
sectioning the rectum’s longitudinal muscle 
fi bers. Subsequently, a retractor is used in order 
to move the rectum anteriorly until reaching the 
pelvic aponeurosis of Waldeyer (Fig.  12.8 ). The 
latter is an appendix of the parietal pelvic fascia 
that covers and inserts on the raphe or the 

  Fig. 12.6    Postanal incision       

  Fig. 12.7    Dissection of the lower edges of the internal 
and the external anal sphincter       

  Fig. 12.8    A retractor moves the rectum anteriorly       
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 anococcygeal ligament that runs from the distal 
extremity of the coccyx to the anal canal. This 
aponeurosis will be sectioned providing an access 
to the retrorectal space (Fig.  12.9 ).

    With the fi nger or forceps-holding gauze, we 
are able to release the internal margins and the 
upper fascia of the levator hiatus (Fig.  12.8 ). We 
proceed to the retroanal suture performing a plica-
tion of the pelvic fl oor muscles in three  successive 
planes using polypropylene 0/0. The inner plane 
formed by the iliococcygeal and the pubococcy-
geal bundles is sutured from front to back, typi-
cally using interrupted sutures (Fig.  12.10 ). The 
puborectal intermediate plane is similarly tight-
ened and plicated with interrupted sutures 
(Fig.  12.11 ). The superfi cial plane of the external 
sphincter is plicated in the same manner 
(Fig.  12.12 ). In the past, the internal anal sphincter 
muscles were also anteriorly plicated. However, 
several studies have shown that such a procedure is 
worthless. At the end of the procedure, the cutane-
ous incision is closed, and a drain is positioned.

     The anterior levatorplasty procedure is often per-
formed to treat pelvic trauma frequently resulting 
from obstetric injury. We proceed by performing a 
curvilinear incision in correspondence with the 
perineum, anteriorly to the anal orifi ce (Fig.  12.1 ). 

  Fig. 12.9    Waldeyer’s aponeurosis is sectioned providing 
an access to the retrorectal space       

  Fig. 12.10    Retroanal suture performing a plication of 
the pelvic fl oor muscles       

  Fig. 12.11    Puborectal muscle plication       

  Fig. 12.12    Postanal repair       
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This site corresponds to the inferior margin of the 
vagina. Subsequently, we continue incising hori-
zontally toward the ischium, then follow the recto-
vaginal cleavage until the peritoneum is reached, 
leaving behind the external anal sphincter. 

 The intervention is preceded by a plication of 
the external sphincter (Fig.  12.13  – Fig.  12.14 ). 

Proceeding thusly, we identify the levator mus-
cles located on both sides of the rectum, upon 
which a series of interrupted sutures will be 
affi xed and later placed in traction (Fig.  12.15 ).

     The aforementioned sutures are needed to approx-
imate and medialize the puborectalis muscles as well 
as to increase pressure applied on the anal canal 
(Fig.  12.16 ). Thus, we are able to restore tension to 
the pelvic muscles and reestablish fecal continence 
while at the same time lengthen the anal canal.

   An alternate solution is the total pelvic fl oor 
repair which is performed through the merging of 
the two previous techniques. Typically, an ante-
rior incision is made beginning on the inferior 
margin of the vagina, and subsequently the poste-
rior stage is performed. 

a b

  Fig. 12.15    Anterior levatorplasty with intact perineum anatomy and in cloacal lesion       

  Fig. 12.13    Anterior plication of external anal sphincter       
  Fig. 12.14    Plication of external anal sphincter in cloacal 
lesion       
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 At the end of the procedure, it is useful to place 
anteriorly and posteriorly a drainage (Fig.  12.17 ).

   The muscle suture repair was invented initially 
to treat patients suffering from incontinence with 
an intact but nonfunctioning anal sphincter. The 
cause of this incontinence was initially unknown 
(idiopathic incontinence) and in the 1980s was 
attributed to the progressive denervation of the 
pelvic fl oor and the sphincter apparatus  (neurogenic 

incontinence). The improvement of anal conti-
nence was dependent upon in varying degrees, and 
according to various authors, the lengthening of the 
high-pressure area, the anorectal angle accentua-
tion, the improvement of the sphincter pressure 
during rest and/or voluntary contractions, and the 
improvement of the anal canal and the distal rec-
tum sensibilities would allow for a better percep-
tion of the need to defecate.  

12.4     Complex Sphincter 
Reconstruction with Muscle 
Repair 

 These types of surgical procedures are performed 
when an attempt to reconstruct the sphincter 
using the aforementioned technique has not led 
to any effective results. The logic behind this 
strategy is to recreate the anal sphincter by replac-
ing degenerative tissue with ectopic muscle 
located at the perineal level or by using a pros-
thetic device [ 15 ]. 

 Muscle transposition and prosthetic replace-
ment are two different techniques, yet both utilize 
the same functionality: to create an area with 
high pressure around the terminal part of the gas-
trointestinal tract by tightening around the distal 
rectum. Muscle transposition corresponds to 
perianal autologous repair, which can be per-
formed using one or both of the gracilis muscles. 
Another option is the muscle of the lower limb, 
which extends from the ischium to the knee joint, 
also called “rectus femoris muscle” alternatively; 
the gluteus maximus muscle may be used. In the 
past, also the palmaris longus muscle and the 
fl exor carpi radialis muscle were used. These 
techniques have since been abandoned. Today, 
electrical stimulation is used to complete trans-
position [ 32 – 34 ]. 

 Dynamic graciloplasty is often indicated as 
the type of procedure with the most favorable 
outcomes, above all thanks to its anatomical 
characteristics that predispose its transposition 
[ 34 ]. This surgical procedure is performed in two 
stages. “Graciloplasty” represents the fi rst stage, 
and it begins with muscle mobilization after the 

  Fig. 12.16    Puborectal muscle medialization after exter-
nal anal sphincter plication       

  Fig. 12.17    Placement of drainages at the end of the 
procedure       
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patient has been placed in a gynecological posi-
tion with the lower limbs properly divaricated 
and resting in thigh holders. The “donor” lower 
limb is included in the operative fi eld. The mus-
cle is identifi ed through an incision made at the 
anatomical reference points that corresponds to 
the insertion of the gracilis muscle on the “goose-
foot” at the level of the medial side of the anterior 
tibial tuberosity (Fig.  12.18 ).

    Two to four incisions on the internal side level 
of the thigh allow for the mobilization of the 
muscle, while being careful to not damage the 
upper vascular pedicle, which is fundamental to 
the muscle’s blood supply and to the positive out-
comes of the procedure. A lower incision at the 
tibial level allows for the interruption of the distal 
tendon in the vicinity of its insertion on the tibial 
tuberosity [ 15 ]. During the dissection, it is impor-
tant to mind the neural and vascular networks of 
the thigh. Upon concluding mobilization, the 
gracilis muscle will be dissected along almost the 
entire muscle extension and remain attached only 
at the proximal pedicle in correspondence with 
the ischial side (Figs.  12.19 ,  12.20 ,  12.21 , and 
 12.22 ). Subsequently, a perianal access will be 
created, starting from the two lateral incisions or 
from the anterior and posterior incisions made at 
about 3 cm from the anal margin (Fig.  12.23 ). 
The tunnel must be large enough in order to allow 
the gracilis muscle to pass through it without 
being compressed (Fig.  12.24 ). The transposition 
of the muscle is performed by holding the distal 

  Fig. 12.18    Right Gracilis muscle identifi cation       

  Fig. 12.19    Interruption of the Gracilis muscle tendon       

  Fig. 12.20    Evaluation of the functional integrity of the 
muscle (middle part)       

  Fig. 12.21    Evaluation of the functional integrity of the 
muscle (ischial side)       
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extremity of the tendon and passing it through the 
previously created tunnel toward the anus 
(Figs.  12.25 ,  12.26 ,  12.27 , and  12.28 ). The mus-
cle will now be wrapped around the anal canal in 
a 360° counterclockwise manner if the right grac-
ilis is used or clockwise if the left  gracilis is used 
(Fig.  12.29 ). An anal cerclage is made and must 
be wrapped around the entire anal circumference, 
while trying carefully not to englobe the tendon; 
should this not occur, a high- tension area ulcerat-
ing the mucosa may be inadvertently created. 
The gracilis muscle will now be fi xed on the con-
tralateral ischial tuberosity. The muscle must be 
put in tension in such a way as it tightens the 

  Fig. 12.23    Perianal incisions to allow the transposition 
of the muscle       

  Fig. 12.24    Creation of tunneling       

  Fig. 12.25    Transposition of the muscle performed by 
holding the distal extremity       

  Fig. 12.26    Muscle transposed       

  Fig. 12.22    Stimulation test of the muscle       
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canal. In order to allow this to happen, the 
“donor” thigh will be put into maximum adduc-
tion in favor of maintaining this indispensable 
condition. The incisions will then be sutured.

             The second surgical stage involves the implan-
tation of a stimulator (Fig.  12.30 ) and allows for 
the beginning of the graciloplasty’s dynamic 
function. This second stage is an innovation of 
the classical graciloplasty procedure, which used 
to consist of only one stage. Continued electric 
stimulation radically modifi es transposition 
results. It is accomplished, thanks to an implanted 
and programmed neurostimulator. Due to the 
continued stimulation of the striated muscle 
fi bers, which are subject to fatigue and are able to 
contract rapidly but briefl y, these fi bers are trans-
formed into a muscle with permanent contrac-
tion, resistant to fatigue and fi t to maintain an 
extended and toned contraction. The muscle will 
therefore replace the insuffi cient anatomical 
sphincter in every aspect. Defecation will occur 
by inhibiting the sub-tetanus contraction of the 
muscle and blocking the input sent to the 
neosphincter by the neurostimulator. Typically, 
implantation of the neurostimulator is performed 
at the same time as the graciloplasty. In some 
cases, it is implanted at a subsequent date, 
approximately 2 or 3 months later.

  A study conducted by Ronger compares the 
outcomes of dynamic graciloplasty performed in 

  Fig. 12.27    The muscle is wrapped around the anal canal       

  Fig. 12.28    The right Gracilis muscle is wrapped in a 
counterclockwise manner around the entire anal 
circumference       

  Fig. 12.29    The Gracilis muscle is fi xed         Fig. 12.30    Implantation of the stimulator       
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a single-stage procedure with its two-stage coun-
terpart. In the study, the neurostimulator implan-
tation was performed approximately 6 weeks 
following the transposition. Differences were 
detected regarding the morbidity, quality of life, 
and fecal incontinence; however, these values 
were not relevant or signifi cant; from a symptom-
atic point of view, the two methods almost over-
lap. However, the preferred choice should still be 
the single-stage method in order to avoid the con-
sequences of a second surgical procedure. It is 
important to perform a protective colostomy at 
the time of the graciloplasty, which can be 
removed only after the neurostimulator has 
improved the neosphincter. 

 The neurostimulator consists of monopolar 
electrode terminations implanted directly on the 
gracilis nerve or on the neuromuscular junction. 
Typically, the latter technique is preferred as 
implanting the electric stimulator along the graci-
lis nerve can damage the vascular pedicle, caus-
ing ischemia and denervation of the muscle. 

 During the procedure, tests are carried out in 
order to initially control the vitality of the pre-
pared muscle structure (Images  12.16 ,  12.17 , and 
 12.18 ) and, secondly, the correct positioning of 
the electrodes and the stimulus threshold, which 
must be reached in order to contract the muscle. 
These electrodes are then connected to the neuro-
stimulator which, in turn, will be placed in a sub-
cutaneous or subaponeurotic pocket on the 
abdomen (Fig.  12.26 ), usually in the right iliac 
fossa. After its positioning, “muscle condition-
ing” is carried out for 6 weeks using electric 
stimulation at a low frequency (15–25 Hz). The 
duration of the stimulation is gradually increased 
until a continuous stimulation is reached at a fre-
quency of 15 Hz following 8 weeks of condition-
ing. After such training, the muscle will be able 
to maintain a painless and ongoing sub-tetanus 
contraction, which keeps the anus closed. 

 We would like to emphasize that a gracilo-
plasty without neurostimulation has less positive 
outcomes, especially for frequent muscle hypoto-
nicity/atrophy and the failure of the muscle struc-
ture to adapt to a persistent closure effort. Thus 
currently, this variant is more frequently preferred 
in comparison to its older counterpart. In cases in 

which we choose not to use neurostimulation, the 
procedure may be performed by strengthening the 
repair using a bilateral transposition. We must 
however emphasize that dynamic graciloplasty is 
suitable only for particular cases and carried out 
by few surgical teams only, consisting of highly 
expert groups. Dynamic graciloplasty is often 
used after all other techniques prove unsuccessful 
or as a result of trauma sequels.  

12.5     Magnetic Anal Sphincter 

 The magnetic anal sphincter (MAS; Fenix™ 
Torax Medical, Inc., MN, USA) is a recent device 
proposed for the management of severe fecal 
incontinence (FI). The rational operation of the 
MAS has caused from a similar device used in 
the treatment of gastroesophageal refl ux disease, 
the LINX™ Refl ux Management System. The 
MAS consists of string of titanium beads with 
magnetic cores linked together with a titanium 
wire to form an annular structure [ 35 ]. 

 The MAS is placed around the external anal 
sphincter in a circular fashion. At rest, the magnets 
pull together, which serves to occlude the anal ori-
fi ce, and the force during Valsalva provides an 
adequate aperture for defecation. Therefore, the 
MAS is not a replacement but an enhancement 
technique of the natural sphincter pressure. 

 The device is manufactured in different 
lengths based on the number of beads to accom-
modate the variation in anal canal circumferences 
in different individuals. 

 Lehur in 2010 reported an initial study on 14 
females implanted with the magnetic anal sphinc-
ter. Adverse events were reported in 50 %. At 
6-month follow-up, fi ve patients had a greater 
than 90 % reduction in the number of FI episodes 
and signifi cant improvement in Cleveland Clinic 
Incontinence Score (CCFIS) [ 36 ]. 

 Barussaud et al. reported on a study of 23 
patients with a median follow-up of 17.6 months. 
The device was explanted in two patients due to 
complications. Median preoperative CCFIS 
decreased from 15.2 to 6.9 at 6 months; about 
70 % of the patients were satisfi ed with this 
 therapy [ 37 ]. 
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 The long-term effi cacy of MAS implantation 
is still unknown. The procedure appears techni-
cally simple, especially if compared with the 
replacement of the anal sphincter techniques. It 
will be necessary to evaluate the incidence of 
adverse events in the future. The few studies 
available suggest good effi cacy of the technique 
as signifi cant improvement of the patients’ QoL.     

  Note: The fi gures  12.7 ,  12.9 ,  12.12 ,  12.13 , and 
 12.16  have been realized by Ilaria Bondi.  
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13.1          Fecal Diversion 

 Although fecal diversion may be considered a 
failure of fecal incontinence (FI) treatment, it is 
an effective, safe, and appropriate operation for 
certain patients with severe incontinence, 
although aesthetically less preferable [ 1 ]. 

 Indications of colostomy or ileostomy include 
spinal cord injury, complete pelvic fl oor denerva-
tion, severe perianal trauma, and radiation- 
induced FI that can lead to severe neurogenic 
incontinence. It is also performed on patients 
immobilized with skin problems or other compli-
cations [ 1 ,  2 ] or on those who are physically or 
mentally incapable without any bowel control 
resulting in a poor quality of life [ 3 ]. The creation 
of a colostomy or ileostomy provides defi nitive 
control of fecal incontinence. 

 An ileostomy may be considered in patients 
with colonic transit abnormalities, but colostomy is 
the standard ostomy utilized in the treatment of FI. 

 In many patients ostomy can be created using 
a laparoscopic approach to improve recovery 
time. Even though an ostomy is not without 
short- and long-term risks, such as bleeding, 

anesthesia-related cardiac or respiratory morbidi-
ties, and parastomal hernia, it is a safe and effec-
tive treatment of severe FI. 

 It is generally performed only if other treat-
ment modalities have failed. Patients are usually 
understandably very reluctant to the idea of a per-
manent ostomy, fearing it will be diffi cult to 
manage, due to the great impact on self-image 
and social interactions. When patients who had 
undergone ostomy creation were surveyed, gen-
eral quality of life was actually higher in the 
ostomy group than in other patients [ 4 ]. 

 Patients generally reported high satisfaction 
with their stomas, with over 80 % stating that 
they would likely or defi nitely choose to undergo 
the procedure again [ 5 ]. 

 Compared to other surgical treatments of severe 
incontinence (dynamic graciloplasty and artifi cial 
bowel sphincters), a British study found ostomy to 
be the most effective in terms of quality- adjusted 
life years [ 6 ]. While fecal diversion is not com-
monly performed in the majority of patients, it is a 
viable, defi nitive, and well- tolerated treatment 
which offers good quality of life. Knowledge of 
these currently used treatments is essential to hon-
est and thorough counseling of the patient with FI 
to improve treatment success. Together with the 
patient, the surgeon can select the best treatment 
from the fi ve available categories of repair, replace-
ment, augmentation, stimulation, and diversion.  
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13.2     Preoperative Design 

 When the operation is planned in advance, a spe-
cialist stoma nurse should be fi rstly consulted, in 
order to defi ne suitable locations for the stoma. 

 The practice of performing a preoperative 
design is still a key element in the prevention of 
complications due to wrong positioning. 

 Having a stoma poorly positioned can nega-
tively affect the quality of life of the patient: it 
can often cause anxiety and it can arouse fear of 
leaving the house and/or of eating. Not to men-
tion the diffi cult management of the stoma with 
the possible occurrence of premature detachment 
of the garrison, with leaking enteric material and 
subsequent psychological trauma of the patient. 

 The preoperative design is the key to improve 
the quality of life in the postoperative phase, pro-
moting their independence and reducing the rate 
of postoperative complications. 

 The correct position will have to be far away 
from the costal margin, umbilicus, previous scars, 
fat folds, waistline, main surgical incisions, iliac 
crest, and skin changes (skin diseases, naevi, other). 

 By applying an adhesive label (you can also use 
a “sticker” instead of a normal plate of ostomy) 
representing the ostomy, you will have to verify the 
exact positioning in three different basic postures: 
supine, sitting, and standing. It can also be useful to 
try the squatting position and overlapping the leg. 
Clothing, religion, and way of life will also be kept 
on account, though they cannot be binding. 

 Patients who have undergone the procedure of 
the preoperative drawing of the stomal site have 
signifi cantly suffered fewer postoperative com-
plications, and these results are independent from 
the type of stoma (permanent or temporary).  

13.3     Ileostomy 

 Ileostomy may be terminal or derivative. 
 The technique of wrapping ileostomy is much 

faster because it is suffi cient to drill a small circular 
skin access (or racket) to pull out the last ileal loop. 

 In case of a loop ileostomy, the stoma has two 
openings: the former is connected to the func-
tioning part of the bowel and the latter to the 
“inactive” part, leading to the rectum which pro-
duces only small amounts of mucus. 

 The stoma will appear large at fi rst, as the 
effects of surgery cause swelling. It usually 
shrinks during the fi rst weeks after surgery, 
reaching its fi nal size after about 8 weeks. The 
stoma will be red and moist. It has no nerve end-
ings, therefore touching is painless. It may bleed 
when touched but this is entirely normal and it is 
not a reason for concerning. 

 In some cases, a support device (called a rod 
or bridge) may be used to hold the loop in 
place while it heals. The supporting rod is 
removed approximately 7–10 days after sur-
gery, when healing has occurred. It will pre-
vent the loop of bowel from retracting into the 
abdomen. 

13.3.1     Disadvantages 

 The acidity and the fl uid consistency of the feces 
that can easily get under the plate facilitate the 
onset of dermatitis around the stoma, and there is 
no type of control on the emission of the enteric 
fl uid. 

 Lacking the resorption of fl uids and salts from 
part of the colon, the most evident consequence is 
dehydration and loss of electrolytes.  

13.3.2     Technique 

 The skin hole must be necessarily circular, about 
the size of 2.5–3 cm diameter.

  The loop must be fi xed to the peritoneum and 
to the muscular fascia with absorbable suture 
wire to prevent herniation. 

 The stoma must be open directly to the operat-
ing table, so as to allow a correct packaging. 

 The end of the bowel wall is sutured to the 
skin by means of a 3/0 absorbable suture which 
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fi rst passes through the skin, followed by a 
seromuscular bite, taken 1.5 cm proximal to 
the end of the bowel. The suture is then passed 
through the full thickness of the end of the 
bowel wall, according to Brooke technique. 
Four of these sutures are placed at quarterly 
intervals and then secured. Additional sutures 
are placed as required, passing solely between 
the skin and the end of the bowel.

  In case of loop ileostomy, the supporting rod 
is removed approximately 7–10 days after sur-
gery. When healing has occurred, it will prevent 
the loop of bowel from retracting into the 
abdomen.   

13.4     Colostomy 

 The terminal colostomy is the best choice among 
the various types of ostomy in the treatment of 
fecal incontinence. 

13.4.1     Technique 

 The ideal seat from the functional point of 
view is that paramedian, at the level of the 
external margin of the rectus abdominis mus-
cle, with the loop that passes through the fi bers 
of the latter, with perfectly perpendicular 
course. The loop should always be carefully 
attached to the peritoneum, fascia, and skin to 
prevent prolapse or retraction. 

 The thickness of the subcutaneous layer 
should be taken into consideration especially in 
the case of obese patients. 

 Ideal colostomy is fl at. It is important to per-
form a suffi cient mobilization of the loop exter-
nalized, so as to prevent its retraction.  

13.4.2     Advantages 

 It is possible to control the release of stool 
through diet and irrigation; the feces are not 

“aggressive” for the surrounding skin, and there-
fore complications are fewer.   

13.5     Laparoscopic Colostomy 

 The patient is placed in the supine position and in 
the Trendelenburg position with the operating bed 
rotated slightly to the right. This requires three tro-
cars of the following size: 10, 10–12, and 5 mm. 
The technique indeed provides for the use of the 
trocar 10 mm for the camera, in umbilical level, a 
second 5 mm trocar between the appendix xiphoid 
and the umbilicus and the use of a grasping for-
ceps. Finally, a third trocar from 10 to 12 mm in 
suprapubic for the use of bipolar and the introduc-
tion of the Endo GIA. After adequate exploration 
of the abdominal cavity, the intervention starts 
with the partial opening of the left paracolic gutter, 
so as to obtain an adequate mobilization of the 
descending colon and sigmoid. 

 When a terminal colostomy is performed, the 
meso and the tract of the intestine chosen are sec-
tioned with Endo GIA. The proximal stump is 
externalized and the distal one is left in the pelvis. 

 When it is decided for a colostomy “on gun 
barrels,” a small fenestration is carried out, with 
the bipolar forceps on the mesocolon, in corre-
spondence of which the bowel will be led out, 
without interrupting the colic continuity. 

 One proceeds then to the sectioning of the 
parietal peritoneum in the proximity of the site 
chosen for the colostomy. The stump of the colon 
is maintained with grasping forceps. Then the 
skin and fascia are opened with the help of trans-
illumination. The stoma is then packaged as a 
rule.  

13.6     Morbidity and Mortality 
Rates 

 Complications after ostomy surgery can occur. 
The doctor should be made aware of any of the 
following problems after surgery:
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•    Increased pain, swelling, redness, drainage, or 
bleeding in the surgical area  

•   Headache, muscle aches, dizziness, or fever  
•   Increased abdominal pain or swelling, constipa-

tion, nausea or vomiting, or black, tarry stools    

 Stomal complications can also occur. They 
include:

   Death (necrosis) of stomal tissue. Caused by 
inadequate blood supply, this complication is 
usually visible 12–24 h after the operation and 
may require additional surgery.  

  Retraction (stoma is fl ushed with the abdomen 
surface or has moved below it). Caused by 
insuffi cient stomal length, this complication 
may be managed by the use of special pouch-
ing supplies. Elective revision of the stoma is 
also an option.  

  Prolapse (stoma increases length above the sur-
face of the abdomen). Most often, this results 
from an overly large opening in the abdominal 
wall or inadequate fi xation of the bowel to the 
abdominal wall. Surgical correction is required 
when blood supply is compromised.  

  Stenosis (narrowing at the opening of the stoma). 
This is often associated with infection around 
the stoma or scarring. Mild stenosis can be 
removed under local anesthesia; severe stenosis 
may require surgery for reshaping the stoma.  

  Parastomal hernia (bowel causing bulge in the 
abdominal wall next to the stoma). This occurs 
due to placement of the stoma where the abdom-
inal wall is weak or an overly large opening in 
the abdominal wall was made. The use of an 
ostomy support belt and special pouching sup-
plies may be adequate. If severe, the defect in 
the abdominal wall should be repaired and the 
stoma moved to another location.    

 Mortality rates for colostomy patients vary 
according to the patient’s general health upon 
admittance to the hospital. Even among higher- 
risk patients, mortality is about 16 %. This rate is 
greatly reduced (between 0.8 and 3.8 %) when 
the colostomy is performed by a board-certifi ed 
colon and rectal surgeon.  

13.7     Colostomy and Irrigation 

 People with colostomies who have ostomies of 
the sigmoid colon or descending colon may have 
the option of irrigation, an enema of the colon in 
order to promote mechanical continence, or a 
free interval from the issue of feces of 36–48 h, 
which allows for the person not to wear a pouch 
but rather just a gauze cap over the stoma. 

 Getting this condition will improve the com-
fort and well-being of the person with an ostomy 
and it will drastically reduce the risk of skin 
complications. 

 Peristomal contact with feces reduces health 
care costs for the management of the stoma. 

13.7.1     Technique of Irrigation 

 A catheter is placed inside the stoma, fl ushed 
with 1.5–2 l of warm water, to allow the feces to 
come out of the body into an irrigation sleeve. 

 Most patients irrigate once a day or every 
other day, though this depends on their per-
sonal choice, on their food intake, and on their 
health. 

 The practice of irrigation has to be repeated at 
regular intervals, usually on alternate days, in 
order to be effective. 

 Following this kind of rehabilitation, the 
patient can use only a little cap (Fig.  13.1 ).

  Fig. 13.1    Post-irrigation mini cap       
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13.8         The Malone Procedure 

 The antegrade continence enema procedure [ 7 ] is 
used to control fecal soiling in both adults and chil-
dren, but it is most commonly used and reported in 
the pediatric population. Firstly described by 
Malone et al. in 1990 [ 8 ], it consists of fashioning a 
cecostomy button or appedicostomy, which allows 
antegrade washing out of the colon.

  It may be suitable for children and patients 
with neurological conditions, such as spina 
bifi da, resulting in neurogenic bowel and urinary 
symptoms [ 9 ]. 

 While the antegrade continence enema may be 
helpful in pure fecal incontinence, most often 
patients who undergo this procedure have the 
combination of constipation or colonic dysmotil-
ity with associated overfl ow FI. 

 Patients also undergo urological procedures to 
control neurogenic bladder symptoms, with good 
results for these combined indications [ 10 ]. In 
adults, good functional outcomes are better in 
this setting, when compared to those patients 
who undergo the procedure for constipation 
alone [ 11 ]. An antegrade continence enema does 
not alter anorectal physiology or anatomy, and 
moreover, it provides a mechanism to empty the 
colon in a controlled way, allowing patients to 
perform their daily activities with little worry 
about fecal soiling or incontinence episodes. 

 Since Malone’s original description, various 
techniques have been described for the creation 
of an antegrade continence enema. The appen-
dix, ileum, cecum, and left colon may success-
fully be used as the access point for irrigation 
[ 12 ,  13 ]. The appendix is most commonly used, 
where it is inverted and fi xed to the skin at the 
umbilicus or at the right lower quadrant. This 
can be opened or laparoscopically performed 
with good results [ 14 ]. The access point is left 
intubated with a catheter for about 3 weeks after 
the operation, before beginning intermittent 
intubations. Then, patients or their caregivers 
intubate the bowel daily or every few days and 
perform colonic irrigation with tap water or an 
electrolyte solution. The volume of irrigation is 
gradually increased and the timing and fre-

quency of irrigation may be easily performed by 
patients themselves. 

 In the pediatric patients, the operation is per-
formed around the age of 10 years. Persistent 
leakage, stoma stenosis, and surgical site infec-
tions are common complications, which require a 
13 % of stoma revision [ 15 – 16 ]. 

 Since the antegrade continence enema is not 
often performed in adults, these patients require 
long-term follow-up and attention to possible 
complications. Fibrosis of the stoma site may 
lead to a loss of response, even though overall 
success rate of 61 % has been reported at an aver-
age follow-up of 3.5 years [ 17 ].     
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      Stem Cells                     

     Mario     Ledda    ,     Antonella     Lisi     , and     Alberto     Giori   

14.1          Stem Cell Biology 

14.1.1      Stem Cell Classifi cation 

 The German biologist Ernst Haeckel fi rst intro-
duced the term “stem cell” in the scientifi c litera-
ture in 1868 with the term “Stammzelle” (stem 
cell) to describe the unicellular ancestor progeni-
tor of all organisms. In the nineteenth century, 
Theodor Boveri and Valentin Häcker instead 
used the same term to describe “cells committed 
to give rise to the germline” [ 1 ],and 4 years later, 
Edmund B. Wilson made the term “stem cell” 
universal by reviewing Hacker’s and Boveri’s 
work in his book entitled  The Cell in Development 
and Inheritance  [ 2 ]. 

 Around 100 years later, Gail Martins of the 
University of California, Martin Evans and 
Matthew Kaufman of the University of 
Cambridge, independently isolated stem cells 

from mouse embryos and coined the term 
“embryonic stem cells” (ESCs). In 2007, Mario 
Capecchi, Martin Evans, and Oliver Smithies 
shared the Nobel Prize in Physiology and 
Medicine for the great achievement in the fi eld 
of ESCs obtained in the mid-1980s. In 1995, 
Jamie Thompson of the University of 
Wisconsin cultured monkey ESCs for the fi rst 
time and later, in 1999, human embryonic stem 
cells. 

 All tissues are composed by highly special-
ized cells derived from an initial pool of stem 
cells generated during early embryonic develop-
ment, which provides a reserve for injured tissue 
repair and replaces the cells lost daily in the lifes-
pan. Stem cells are unspecialized cells that have 
two key properties that distinguish them from 
other types of cells; they have the capacity of 
self-renewal and the ability of generating differ-
entiated cells [ 3 ,  4 ]. These cells are capable of 
generating daughter cells for long periods identi-
cal to their mother cells (self-renewal). They are 
also able of differentiating, under specifi c physi-
ological conditions, into many types of mature 
cell, which make up totally all our organs and 
tissues. 

 This area of interest includes different types 
of stem cells, which can be isolated during dif-
ferent phases of the development of an organ-
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ism. In the initial stage of the embryo 
development, stem cells (ESCs) can be found 
in the blastocyst (50–100 cells), whereas in the 
adult stage, tissue stem cells can be found 
almost in all body tissue. These adult stem 
cells (ASCs) can also be found in the fetus and 
in babies. Finally, induced pluripotent stem 
cells (iPS cells) derived from specialized cells 
(e.g., skin cells) can be “in vitro” engineered, 
or “reprogrammed,” to become pluripotent 
cells like embryonic stem cells (Fig.  14.1 ).

   Specifi cally, embryonic stem cells are 
derived from preimplanted embryos after the 
formation of the blastocyst [ 5 ]; this is made up 
of an outer layer of cells, an internal fl uid-fi lled 
space, and an inner cell mass where the ESCs 
reside. They are defi ned “pluripotent” because 
of their ability to differentiate toward all the dif-
ferent types of body cells and tissues, except for 
extraembryonic organs such as the placenta, 
yolk sac, and umbilical cord. On the contrary, 
embryonic stem cells that immediately arise in 
the fi rst few divisions of the fertilized egg, and 
defi ned “totipotent,” are able to totally generate 
a viable embryo including extraembryonic 
organs. 

 Instead, adult stem cells are committed cells 
able of differentiating into all mature cell lin-
eages typical of the tissues or organs in which 
they reside and for this reason described as “mul-
tipotent.” For example, stem cells within the adult 
brain are able to differentiate in neurons and into 
other two types of cells, astrocytes and oligoden-
drocytes. Adult stem cells have been found in 
several organs, mostly those that continuously 
replenish themselves, such as the blood, skin, 
muscle, and liver, in large quantity but also in 
other, less regenerative organs such as the heart 
and brain. 

 Finally, induced pluripotent stem cells were 
“in vitro” produced in 2006 [ 6 ] by using viruses 
for the insertion inside somatic cells of four 
genes (Oct4, Sox2, c-myc, and Klf4) known to 
be important for the embryonic stem cell devel-
opment. These pluripotent stem cells share 
many characteristics of embryonic stem cells, 
including the ability to differentiate toward all 
the cell types in the body. How these four 
“reprogramming” genes are able to induce plu-
ripotency is not yet well known, and this ques-
tion is the object of current studies [ 7 ]. In 
addition, recent research is concentrated on 
fi nding an alternative way to reprogram somatic 

  Fig. 14.1    Classifi cation of stem cell sources and defi nition of differentiation potential capability       
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cells using safer approaches in clinical sceneries 
[ 8 ,  9 ].  

14.1.2     Stem Cells’ Potential Use: 
Advantages 
and Disadvantages 

 Several challenges must be addressed before 
stem cells can be used in regenerative medicine 
applications. The fi rst important issue to be 
addressed is the identifi cation, isolation, and 
growth of stem cells which are not easy proce-
dures in the case of rare adult stem cells. The fol-
lowing reports and discusses the positive and 
negative aspects of the three main promising 
stem cells types, currently the object of world-
wide research and investment. 

 Pluripotent embryonic stem cells that are eas-
ily isolated and have the advantage of an unlim-
ited in vitro growth also have the capability of a 
great differentiating potential through strictly 
controlled processes. On the contrary, their clini-
cal use has important limitations, due to their 
genetic instability, potential tumorigenic risk, 
and ethical considerations related to their origin 
[ 10 ]. For this last reason, in Europe there are rig-
orous laws that forbid destructive embryo 
research, while federal laws in the USA instead 
allow embryo use only in the case of it being dis-
carded after in vitro fertilization [ 11 ]. 

 Induced pluripotent stem cells, deriving from 
reprogrammed somatic cells with standard proto-
cols, are able to differentiate into the three germ 
layer cell types [ 12 ], but still have a very low 
reprogramming effi ciency. These cells could be a 
good option in autologous transplant applica-
tions, overcoming the tissue rejection; however, 
like the ES cells, they have an important genetic 
instability and a high tumorigenic [ 13 ] risk. 
Therefore, the standard and safe use in cell thera-
pies of both stem cell types is still a target to 
reach which needs extensive research and effort. 

 Finally, multipotent adult stem cells can be 
used in autologous transplantation in which the 
patient’s own cells are expanded and differenti-
ated in vitro. They are then implanted in the same 
person, avoiding the host’s immune rejection and 

protecting the patients from viral, bacterial, or 
other types of donor’s contamination. The disad-
vantage of ASCs is a very short life in culturing 
and expansion and a weaker differentiating 
potential in comparison with embryonic stem 
cells. 

 Although signifi cant progress has been made 
in the stem cell research fi eld and many preclini-
cal studies have highlighted the great therapeutic 
potential of these cells, among the stem cells 
types, only the adult stem cells are currently used 
in some clinical applications. In particular, the 
bone marrow stem cells have been employed for 
more than 50 years, giving excellent results espe-
cially in the hematopoietic and immune system 
pathologies, which are addressed in the next 
section.  

14.1.3     Current Clinical Applications 
Using Multipotent Adult Stem 
Cells 

 Presently, in some cases, this clinical protocol is 
replaced by autologous transplantation of stem 
cells; as a matter of fact, in the area of therapeutic 
implantation, it is very important to have a strong 
compatibility between the donor and the host tis-
sue, in order to minimize the risk of rejection and 
at the same time deliver and engraft the stem cells 
to the target damaged tissue to improve the stem 
cell integration. 

 In successful clinical applications, the stem 
cells used were the blood (hematopoietic) stem 
cells from the bone marrow for the treatment of 
leukemia, lymphoma, and several inherited blood 
disorders. Umbilical cord blood, like bone mar-
row, is also collected as a source of blood stem 
cells and then used as an alternative to bone mar-
row transplantation, especially for the treatment 
of diseases in children. Other stem cell treatments 
which proved safe and effective involved bone, 
skin, and corneal diseases or injuries. 

14.1.3.1     Bone Marrow Stem Cells 
in Transplants 

 Bone marrow stem cell therapy has been in 
routine use since the 1970s [ 14 ] and is able to 
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treat a patient’s diseased blood. Although it 
presents a direct complication, due to the 
donor’s immune cells that sometimes can react 
to the patient’s tissues (graft-versus-host dis-
ease or GVHD) [ 15 ,  16 ], and an indirect com-
plication, due to a risk of infection in 
chemotherapy pretreated patients [ 17 ], many 
thousands of people benefi t from this kind of 
treatment every year.  

14.1.3.2     Umbilical Cord Blood Stem 
Cells in Transplants 

 The umbilical cord blood stem cells (UCSCs) 
have the advantage of being less rejected by the 
immune system, compared to conventional bone 
marrow transplants. UCSCs, adequately cryopre-
served in cell banks, are presently used for treat-
ing cancer blood disorders in children, such as 
leukemia, and genetic blood diseases like Fanconi 
anemia [ 18 ,  19 ].  

14.1.3.3     Skin Stem Cells 
in Transplants 

 Skin stem cells have been used since the 1980s 
for the in vitro growth of new skin sheets for 
treating patients with severe burns [ 20 ]. However, 
the new skin has no hair follicles, sweat glands, 
or sebaceous (oil) glands, so this approach is 
used only for saving the lives of patients with 
third-degree burn over very large areas of their 
bodies [ 20 ].  

14.1.3.4     Eye Stem Cells in Transplants 
 Clinical studies have shown that adult stem cells 
isolated from the limbus area of the eye can be 
used to repair damaged cornea. As matter of fact, 
the limbal stem cells can be taken from the 
patients, in vitro cultured and transferred back to 
their injured eye [ 20 ]. The treatment, safe and 
effective in early stage trials [ 20 ], is limited if 
both eyes have been seriously damaged for the 
impossibility to obtain the patients’ limbal stem 
cells. The safe and routine use of adult stem cells 
in clinical therapies needs a considerable research 
work and for this scope the public funds are 
required.   

14.1.4     Multipotent Mesenchymal 
Stem Cells 

 Among the adult stem cells, multipotent mesen-
chymal stem cells (MSCs) are a promising cell 
source for tissue engineering and cell-based thera-
pies due to their ability of self-renewal and of dif-
ferentiating into specifi c cell lineages. Human 
Mesenchymal Stem Cells (hMSCs) have aroused 
great interest in the scientifi c community since 
their use in clinical applications does not imply 
neither ethical problems nor teratoma- risk forma-
tion. The number of clinical trials in which 
hMSCs have been tested has been increasing 
since 2004 [ 21 ], opening up their potential 
employment in the future treatment of numerous 
diseases, mainly tissue injuries and immune dis-
orders. These non-hematopoietic adult stem cells, 
fi rst isolated and studied by Friedenstein in 1971 
[ 22 ], are able to differentiate into various meso-
derm lineages, such as osteocytes, chondrocytes, 
and adipocytes, as well as ectodermic and endo-
dermic cell lineages [ 23 – 27 ]. MSCs originate 
from the mesoderm but have a wide distribution 
in organs and can be isolated from many tissues 
such as the bone marrow, adipose tissue, muscle, 
liver, lung, and extraembryonic tissues [ 28 – 32 ]. 

 These stem cells, involved in normal human 
tissue renewal, wound healing, and in physiologi-
cal responses to injuries [ 33 ], have shown repair-
ing effects for the treatment of damaged tissues 
and degenerative diseases [ 34 – 39 ]. In patients 
with cirrhosis disease due to hepatitis B, the 
autologous transplant of mesenchymal stem cells 
from the bone marrow (BM-MSCs) has showed 
encouraging results being able to improve the 
liver function [ 40 ,  41 ]. BM-MSCs have also pro-
vided positive responses in the treatment of 
muscular- skeletal diseases, periodontal tissue 
defects, diabetic critical limb ischemia, and burnt 
skin repair [ 42 – 44 ]. In addition, some preclinical 
studies have reported tissue regeneration through 
an anti-infl ammatory effect of BM-MSCs in 
myocardial infarction treatment [ 45 ], cornea 
damage, and other tissue injuries, such as the 
brain, spinal cord [ 46 ], and lung [ 47 – 49 ]. 

M. Ledda et al.



137

 For a long time, the main and traditional 
source of hMSCs for clinical application uses has 
been the bone marrow, but their employment is 
still limited not only because the procedures to 
isolate hMSCs are highly invasive and the cell 
quantity obtained is low but also because the pro-
liferating and differentiating potential decreases 
as the donor’s age increases [ 50 ]. For this reason, 
the identifi cation of an alternative source of 
hMSCs has been an important and necessary 
issue that still needs to be explored, and for this 
aim, a promising choice could be adipose tissue 
and neonatal tissues, including placenta.  

14.1.5     hMSCs from Neonatal Tissue 

 Placental tissue is involved in important func-
tions such as nutrition, respiration, and excretion 
and the maintenance of fetomaternal tolerance. It 
is made up of the chorionic plate, which is in 
close contact with the uterine decidua, and the 
fetal membranes (amnion and chorion), which 
spread from the borders of the chorionic plate 
and enclose the fetus in the amniotic cavity. The 
amniotic membrane (AM) encloses two types of 
stem cells, epithelial and mesenchymal, which 
have different embryological origins. The human 
amniotic epithelial cells (hAECs), derived from 
the embryonic ectoderm, form a continuous 
monolayer in contact with the amniotic fl uid. The 
human amniotic mesenchymal stromal cells 
(hAMSCs), deriving from the embryonic meso-
derm, are instead spread in the stromal layer 
underlying the amniotic epithelium. Stem cells 
deriving from AM have a great differentiating 
potential since these two layers originate at day 
8–9 after fertilization, in a very early stage of the 
embryonic development. This has been exten-
sively verifi ed by several studies that report the 
capability of hAECs and hAMSCs to differenti-
ate toward different cell lineages belonging to all 
three germ layers [ 51 ,  52 ]. The recovery of these 
stem cell types does not require any invasive pro-
cedures for the donor and does not rise any ethi-
cal issue; furthermore, the fact that the placenta is 

generally discarded after birth and is available in 
large supplies makes these stem cells an excellent 
candidate for their eventual use in cell therapy 
approaches [ 51 ]. The scientifi c interest for the 
use of these stem cells in regenerative medicine is 
also generated by their low immunogenicity 
characteristics; this is confi rmed by the clinical 
applications that use the AM as biologic ban-
dages in surgical procedures [ 53 ] for the treat-
ment of corneal or conjunctival destructive loss 
[ 54 ]. 

 The low immunogenic and the immunomodu-
latory properties of hAECs and hAMSCs can be 
explained by their low or limited levels of the 
HLA-ABC expression and the absence of the 
HLA-DR expression together with the co- 
stimulatory molecules [ 55 – 57 ]. All these immu-
nological characteristics make them particularly 
suitable for the use in allogenic transplantations 
for the recovery of the damaged tissue through 
anti-infl ammatory, anti-fi brotic, and pro- 
regenerative effects, minimizing the risk of rejec-
tion. This procedure is less invasive compared to 
autologous transplants and have all the advan-
tages of allogenic transplantations in which the 
stem cells can be previously isolated and cryo-
preserved, making them readily available for pos-
sible clinical uses. This fact shortens the time of 
transplantation, offering the advantage of inter-
vening timely on the damaged tissue before the 
fi brotic process irreversibly compromises the tis-
sue regeneration. 

14.1.5.1     Potential Use of hAMSC 
in Muscle Repair 

 The capability of muscle tissues to regenerate in 
response to injury stimuli represents an essential 
homeostatic process, in which the cell turnover 
plays an important role and in the case of small 
injuries due to contusions, the muscle is able to 
self-repair its damage through four correlated 
time-dependent phases: degeneration, infl amma-
tion, regeneration, and remodeling repair [ 58 ]. 
The injury of myofi bers results in the rapid necro-
sis in which the infl ux of extracellular calcium 
induces the proteolysis of the myofi bers [ 59 ]. The 
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necrotic fi bers activate an infl ammatory response 
characterized by the recall of specifi c cell popula-
tions into the muscle [ 60 ]. The infl ammatory 
response is then followed by a regenerative phase, 
characterized by satellite stem cell activation and 
by the presence of regenerating fi bers [ 61 ]. In the 
fi nal phase, the maturation of the regenerated 
myofi bers, and the contraction and reorganization 
of the scar tissue occur, recovering the functional 
performance of the injured muscle [ 62 ]. On the 
contrary, in the case of severe muscle injuries, the 
muscle function results permanently damaged for 
the formation of dense scar tissue (fi brosis) [ 63 , 
 64 ] that can diminish the ability of full recovery 
leading to muscle contracture and chronic pain 
[ 65 ]. Up to date, optimal treatment strategies for 
severe muscle injuries have not yet been identi-
fi ed, and for this scope, a new strategy needs to be 
developed. In this context, AM-derived mesen-
chymal stem cell could be a promising option for 
their anti- infl ammatory, anti-fi brotic, and pro-
regenerative intrinsic characteristics. 

 In our laboratory, the hAMSCs isolated from 
AM are being studied to investigate their possible 
use in severe muscle injury also with the goal of 
sphincter incontinence regeneration. These cells 
are isolated from the term amnion and dissected 
from the part connected to the umbilical cord to 
minimize the presence of maternal cells. 
Homogenous hAMSC populations are obtained 
by a two-step procedure: the amniotic membrane 
is treated with trypsin to remove hAECs and the 
remaining mesenchymal stem cells are then 
released by digestion with collagenase [ 66 ]. The 
quantity obtained from the term amnion is about 
one million hAMSCs [ 67 ], a great amount that is 
possible to cryopreserve. After isolation, the 
hAMSCs are characterized according to the min-
imal and univocal criteria indicated by the 
Mesenchymal and Tissue Stem Cell Committee 
of the International Society for Cellular Therapy 
[ 68 ]. The fi rst cell requirement needed is the 
plastic-adherent ability when maintained in stan-
dard culture conditions; they must also express 
 CD105 ,  CD73 ,  CD29 ,  and CD90  and lack the 
expression of  CD45  and  CD31  surface mole-
cules, and fi nally, they must show a differentiat-
ing potential toward osteoblast, adipocyte, and 

chondroblast lineages after specifi c in vitro 
chemical treatments. Based on this, we demon-
strated by phase-contrast analysis on isolated 
hAMSCs the ability to adhere to plastic Petri 
dishes (Fig.  14.2a ), and by trypan blue assay, 
they resulted able to exponentially grow from 
day 1 to day 4 (Fig.  14.2b ). Actin fl uorescence 
staining also revealed (Fig.  14.3 ) their typical 
fi broblast-like morphology (Fig.  14.3 ). The pres-
ence of MSC markers ( CD90 ,  CD44 ,  CD73 , 
 CD54 ,  CD105 , and  CD29 ) and a very low expres-
sion of hematopoietic markers such as  CD31 , 
 CD34 , and  CD45  were also highlighted 
by their immunophenotypical characterization 
(Table  14.1 ). Moreover, a widespread expression 
of the mesenchymal ubiquitous  Vimentin  marker 
was revealed, by fl uorescence microscopy analy-
sis (Fig.  14.4 ) together with the capability to 
achieve osteogenic, adipogenic, and chondro-
genic commitments when growing in appropriate 
and specifi c differentiating mediums as high-
lighted by specifi c assays (data not shown).

      The mRNAs’ expression of early and late 
muscle differentiation markers has been also 
investigated in hAMSCs after the treatment of 
chemical and physical differentiating stimuli. 
The ongoing results confi rmed their muscle com-
mitment, suggesting their potential use in cell 
therapy leading us to suppose that these cells’ 
engraftment could be enhanced compared to 
other uncommitted transplanted stem cells. This 
hypothesis is presently under investigation in 
various muscles injury animal models in order to 
understand the most effi cient differentiating level 
to be used to improve muscle repair.   

14.1.6     hMSCs from Adipose Tissue 

 The adipose tissue was for a long time consid-
ered only for its energy storage function [ 69 , 
 70 ], but in 1994 after the discovery of leptin, the 
fi rst adipokine, it became clear that this tissue is 
also an endocrine organ playing an important 
role for several infl ammatory diseases in phys-
iopathology [ 71 ]. Adipose tissue is widely dis-
tributed in the adult human body and is found in 
the bone marrow; intra-articular, subcutaneous, 
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and visceral depots; and ectopic sites such as 
intrahepatic and intramuscular tissues. The 
worldwide diffusion of obesity has contributed 
to increase the scientifi c interest toward this tis-
sue. Even though the mature adipocytes are 
their main component, it is also composed by 

other cell types that contribute to its cellular het-
erogeneity. These different cell components are 
usually isolated from surgical specimens or 
lipoaspirates by collagenase enzyme digestions 
[ 72 ,  73 ] followed by centrifugation to separate 
the fl oating mature adipocytes from the remain-
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  Fig. 14.2    ( a ) Plastic Petri dishes adherence ability of hAMSCs by phase-contrast microscope analysis (20× objective). 
( b ) hAMSCs exponential growth trend from day 1 to 4, by trypan blue cell assay       

a

c

b

  Fig. 14.3    hAMSCs typical fi broblast-like morphology by actin fl uorescence analysis ( a ) Hoechst nuclei staining, ( b ) 
phalloidin actin staining, and ( c ) merged image (20× objective)       
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ing cells, forming a stromal vascular fraction 
(SVF) pellet [ 73 ]. It contains endothelial cells, 
macrophages, fi broblasts, B- and T-lymphocytes, 
myeloid cells, pericytes, smooth muscle cells, 
pre-adipocytes, and adipose-derived stem cells 
(ADSCs). After about 1 week of expansion in 
specifi c medium, it is possible to obtain from 
one milliliter of human lipoaspirate between 0.2 
and 0.4 × 10 6  of ADSCs which are able to dif-
ferentiate toward the adipocyte, chondrocyte, 

and osteoblast lineages [ 74 ,  75 ]. Since many 
patients routinely undergo liposuction annually, 
it is easy to isolate hundreds of million ADSCs 
from a single donor, making them particularly 
interesting for regenerative medicine applica-
tions. Recently, the International Federation for 
Adipose Therapeutics and Science (IFATS) 
have provided minimal criteria for the charac-
terization of ASC based on functional and quan-
titative features [ 76 ], and many companies have 
developed closed system devices designed for 
ADSC isolation [ 77 ]. These automated devices 
have improved the methods to obtain reproduc-
ibility of results and their safety in clinical 
application uses. 

 The clinical translation of ADSCs still remains 
object of intensive research [ 78 ], but some very 
promising fi ndings have been already reported. 
Finnish and collaborators at the Universities of 
Helsinki and Tampere, for example, used autolo-
gous human ADSCs to repair hard palate defect 

   Table 14.1    hAMSC mesenchymal and hematopoietic 
markers immunophenotypical characterization by FACS 
Cytometer analysis   

 Mesenchymal markers  Hematopoietic markers 

 CD90  96 %  CD31  0 % 

 CD44  97 %  CD34  3 % 

 CD54  99 %  CD45  0 % 

 CD29  95 % 

 CD105  96 % 

 CD73  98 % 

a

c

b

  Fig. 14.4    hAMSCs mesenchymal Vimentin expression by fl uorescence microscopy analysis: ( a ) Hoechst nuclei stain-
ing, ( b ) Vimentin fl uorescence analysis, and ( c ) merged image (20× objective)       
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[ 79 ], reporting the encouraging results of a full 
recovery of the oral function and independent 
groups have shown similar results [ 80 ,  81 ].   

14.2     Clinical Applications 

14.2.1      Stem Cells and Sphincters 
Dysfunctions of the Pelvis 

 At present there are more than 350 clinical trials 
involving human MSCs for very different entities 
(  www.clinicaltrials.gov    ). Most of these studies 
involve the use of mesenchymal stem cells from 
the bone marrow and adipose tissue, and no sig-
nifi cant adverse effects were observed in all stud-
ies. Relatively few studies were performed to 
treat a degenerated sphincter muscle in humans 
with MSCs or MSC-like cells. 

 Based on the promising preclinical “in vitro” 
and “in vivo studies” [ 82 – 84 ], MSCs have been 
also investigated for their potential therapeutic 
applications in sphincter dysfunctions of the pel-
vic fl oor, both in the proctologic and in the uro-
gynecological fi eld [ 21 ,  85 – 88 ]. As a matter of 
fact, the use of MSCs for fecal and urinary incon-
tinence treatments may be a major step forward 
in clinical effi cacy with minimal risks, especially 
compared to surgical repair treatments [ 89 – 96 ]. 

 The incontinence, both fecal and urinary, may 
result from the loss of the sphincter function due to 
muscle damage and peripheral nerve lesions, with 
various combinations of both. The rebuilding of 
the muscle fi bers and nerve endings by a regenera-
tive therapy employing mesenchymal stem cells is 
then an ideal treatment concept, especially because 
clinical use of these stem cells appears free of ethi-
cal concerns and risk of tumor formations [ 97 ]. 

 Autologous and heterologous MSCs are used 
for “in vivo” studies on animals, while only 
autologous MSCs are employed in human trials. 
The most widely used technique for the produc-
tion of adequate amounts of MSCs provides for 
their harvesting from several adult tissues, such 
as the bone marrow, muscle, and adipose tissue. 
Subsequently, MSCs are “in vitro” expanded, 
until desired cell numbers are achieved ready to 
transplantation to regenerative therapy [ 98 ]. 

However, the use of MSCs in clinical practice is 
still not widespread, and the clinical application 
in patients remains an important goal. Certainly, 
this is not due to the low consideration of physi-
cians for this procedure but rather to the complex 
production method of expanding some types of 
stem cells and to their high costs [ 99 ]. 

 The gynecological fi eld of urinary inconti-
nence was the fi rst that received the attention of 
the scientifi c community, and only later research-
ers focused their interest on fecal incontinence. 
The fi rst MSCs application in a rat urinary incon-
tinence model was published in 2000 by 
Chancellor et al. [ 100 ], and only 8 years later 
Carr published the fi rst study on patients affected 
by stress urinary incontinence [ 101 ].  

14.2.2     Urinary Incontinence 

14.2.2.1     Animal Models 
 Different animal models have been used to mimic 
the injuries that can produce urinary inconti-
nence. The fi rst model, introduced by Lin in 1998 
[ 102 ], utilized vaginal distension in female rats to 
simulate the trauma of childbirth with damage to 
surrounding muscles and nerves. Subsequent 
other models have been developed to investigate 
the incontinence mechanism, including nerve 
injury (transection of pudendal or sciatic nerve), 
direct urethral injury (urethral transection or 
cryo-chemo injury), and pelvic ligament injury. 
However, female Sprague–Dawley rats are the 
most used in these experiments [ 103 – 105 ]. 

 In preclinical studies reported, two main 
approaches have been used for MSC transplants: 
the systemic administration by intravenous injec-
tion and local injections by direct puncture [ 21 , 
 106 – 108 ]. The advantage of the fi rst method is 
characterized by the simplicity of the technique 
and the ability of MSCs to migrate “in vivo” to 
specifi c infl ammatory tissue and concentrate at 
the site of the lesion, thanks to the capacity of 
MSCs to “homing” into the site of injury in sev-
eral disease models. Cruz et al. in 2012 [ 109 ], and 
Dissaranan et al. in 2014 [ 110 ], showed, by intra-
venous injection of MSCs in a rat model, the 
homing of these cells in the urethra and a 
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facilitated recovery of continence. However, addi-
tional studies have shown limits to this technique 
as reported by Rombouts and Ploemacher in 2003 
[ 111 ] due to the fact that the increasing age and 
passage number in stem cell culture reduce the 
homing effect and the effi ciency of MSCs engraft-
ment. Furthermore, Fischer et al. in 2009 [ 112 ] 
reported that systemically infused MSCs often 
suffer from a fi rst-pass effect where the larger 
cells become trapped in capillary beds of various 
tissues, decreasing their therapeutic bioavailabil-
ity and functionality. Therefore, for increasing the 
number of mesenchymal stem cells and the effi -
ciency of differentiation into the damaged sites, 
researchers have used local injections of MSCs, 
as reported by several pilot studies [ 43 ]. 

 Functional analysis and histological examina-
tions were performed to evaluate the therapy out-
come, before and after treatment. Measurements 
of leak point pressure and bladder capacity were 
monitored to detect changes in urinary inconti-
nence. To confi rm the survival and differentiation 
of transplanted cells, histological sections of ani-
mal urethra were studied by immunohistochem-
istry–immunofl uorescence analysis. 

 Although not all evaluation methods were uni-
form, in almost all studies performed on animal 
models of urinary incontinence, positive results 
are reported that showed both the improvement 
of the functional sphincter activity and the regen-
eration of new muscle and neuronal cells in the 
injured area. 

 Some of the most signifi cant studies on animal 
model of urinary incontinence are summarized in 
Table  14.2 .

14.2.2.2        Clinical Study 
 The clinical trial studies were performed using 
autologous muscle-derived mesenchymal stem 
cells (MDSCs) or adipose-derived mesenchy-
mal stem cells (ADSCs) which can be obtained 
in large quantities from patients with an easy 
and low-invasive biopsy under local anesthesia. 
In these trials, the direct injection of MSCs was 
the most widely used procedure, performed by a 
local intrasphincteric injection by transurethral 
or periurethral approach using cystoscopy or 
ultrasonography guidance, both in females and 

in males. Clinical outcome was commonly 
based on 3-day leakage diary, 24 h pad test, 
quality-of-life score, and urodynamic test by 
urethral pressure measurement at rest and in 
squeezing. 

 In 2008, Carr et al. from the University of 
Toronto [ 101 ] reported the fi rst clinical trial 
and published the results of 1-year follow-up 
on eight women in which urinary incontinence 
was treated with local injection of MDSCs. In 
this study, autologous muscle cells obtained 
from the thigh of patients, using a percutane-
ous needle technique, were expanded in culture 
and concentrated into a single-use dose con-
taining 18–22 × 10 6  cells for injection in 
patients. This pilot study reported an improve-
ment in urinary incontinence, especially 
between 3 and 8 months after the initial injec-
tion. Moreover, this study proved to be safe 
and with the absence of adverse events related 
to MDSCs transplant. 

 Later, Sebe et al. in 2011 [ 126 ], Gotoh et al. 
in 2013 [ 127 ], and other authors reported that 
MSCs are able to reduce urinary incontinence 
symptoms and improve quality of life of patients. 
Results of 11 clinical trials in a total of 456 
women and 241 men, published in peer-reviewed 
journals [ 128 ], showed that MDSCs are safe for 
the treatment of urinary incontinence, suggest-
ing their potential use in cell therapies. However, 
only a restricted number of studies have focused 
on the number of stem cells to be used, and in 
this context, a multicenter study of Carr, 
Chancellor, and colleagues, published from 2008 
to 2014 [ 88 ,  100 ,  101 ,  129 – 133 ], reported that 
treatment outcomes depend on the number of 
transplanted cells. These authors reported that in 
all groups, there was a statistically signifi cant 
reduction in stress leaks within 1–3 months of 
treatment that was maintained through the 
12-month follow-up, suggesting that the effi cacy 
of MSCs is related to cell dose. In particular 
patients who received higher doses (200 × 10 6  
cells) appeared to have better effi cacy outcomes 
than those who received lower doses (10 × 10 6 ) 
[ 133 ]. 

 The most signifi cant clinical studies on uri-
nary incontinence are reported in Table  14.3 .
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14.2.3         Fecal Incontinence 

14.2.3.1     Animal Models 
 Based on animal and clinical experiences of 
MSCs therapy for the treatment in urinary incon-
tinence, in 2008 Lorenzi et al. and Kang et al. 
published the results of the fi rst two in vivo stud-
ies with induced anal lesion. 

 In his study, Lorenzi treated an experimental 
rat model of anal sphincters injury followed by 
surgical repair with intrasphincteric injection of 
expanded rat bone marrow mesenchymal stem 
cells (BMSCs). The results indicate that, 30 days 
later, the injection of BMSCs led to an increase 
of muscle tissue in the injured area of the external 
and internal anal sphincter in which it is possible 
to observe abundant muscle cells of different 
sizes and irregularly disposed. Furthermore, 
functional studies highlighted an improved con-
tractility of muscle fi bers [ 135 ]. 

 Kang injected 3 × 10 6  MDSCs into the anal 
sphincter in rats with cryoinjured anal sphincters, 
as a fecal incontinence model. One week after 
treatment, the anal sphincter was trimmed and 
functional tests and microscopic examination 
were evaluated. In the MDSCs injection group, 
contraction amplitude was higher than in the con-
trol group but not signifi cantly. By immunohisto-
chemical staining, regenerating muscle fi bers 
were observed in variable orientation, both 
smooth and skeletal [ 136 ]. 

 Two years later, White et al. published their 
study on 120 rats to estimate the effect of myo-
genic stem cells on contractile function of the 
external anal sphincter after transection with or 
without surgical repair. He noted that, in the 
sphincter repair group, injection of myogenic 
stem cells induced the enhancement of the con-
tractile function [ 137 ]. Aghaee-Afshar et al. in 
2009 [ 138 ] and Kajbafzadeh et al. in 2010 [ 139 ] 
focused their study on the use of stem cell trans-
plantation in sphincter injury model without sub-
sequent surgical repair. A stem cell injection was 
performed respectively 2 and 3 weeks after 
injury, and results were obtained at different 
intervals from the treatments, showing signifi cant 
improvement in the electrical activity and in the 
mean resting pressure of the anal canal. 

Furthermore, histopathologic evaluation showed 
regenerated myotubes and a signifi cant decrease 
in interstitial fi brosis. 

 In 2012, Pathi et al. [ 140 ] published an inter-
esting randomized study on 204 female rats with 
external anal sphincter laceration and repair. 
Animals were treated with direct or intravenous 
injection of 4 × 10 6  heterologous BMSCs. The 
contractile function of sphincters and the param-
eters of wound healing were analyzed up to 21 
days after injury, showing that the direct injection 
of MSCs into the injured anal sphincter leads to 
full functional recovery, while the intravenous 
injection did not fully rescue the compromised 
sphincter. Direct injection of BMSCs also 
increased, in the injured area, the expression of 
the RNA level of lysyl oxidase and TFG-Beta1, 
two genes involved in collagen, elastin, and 
matrix synthesis. 

 Some other signifi cant studies were published 
in the last years. Salcedo and colleagues [ 141 , 
 142 ], in two consecutive articles in 2013 and 
2014 on animal model, with induced lesion of the 
anal sphincter, tested the effi cacy of BMSCs via 
intramuscular or intravenous injected. In both 
studies, he reported a signifi cant improvement in 
the anal pressure in BMSCs transplanted groups. 
However, in the fi rst study, in which BMSCs 
were also injected into a group of rats with nerve 
injuries by pudendal crush, he did not report any 
functional improvement. Nevertheless, he also 
describes a marked decrease in fi brosis and scar 
tissue as effects of MSC transplantation. 

 The articles published in 2015 by a study 
group of Texas University examine the rela-
tionship between the muscular disruption and 
contractile force of sphincters after transection 
and repair of external anal sphincter. In intra-
muscular injection of the myogenic stem 
group, there was a substantial improvement in 
the generation of the contractile force, but 
there was no difference in the anal sphincter 
volume compared to the control. He suggests 
that stem cells might improve the contractile 
function through other cellular processes 
[ 143 ]. Montoya paper [ 144 ] reported an origi-
nal study in which, after 2 weeks from a com-
plete sphincter transection, rats were injected 
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   Table 14.3    Summary of clinical trials of stem cells for urinary incontinence   

 Author  Stem cell type 
 Patients 
number 

 Injection/cell 
number  Outcome  Conclusion 

 1  Carr et al. [ 101 ] 
 (2008) 

 Autologous 
MDSCs 

 8 Women  Intrasphincteric 
(transurethral 
injection) 
(18–22 × 10 6  
cells) 

 Improvement in 
SUI at follow-up 
of 12 mounts 
(mean/median 
16.5/17) 
 No adverse 
events 

 Therapy is safe and 
clinically feasible 

 2  Sebe et al. [ 126 ] 
 (2011) 

 Autologous 
MDSCs 

 12 Women  Intrasphincteric 
(transurethral 
injection) 
(1–5 × 10 7  cells) 

 8 subjects 
improved 
symptoms of SUI 
at follow-up of 
12 mounts 
 No local 
complication 
were reported 

 Cell therapy seems 
clinically feasible 
and safe and shows 
promising results 

 3  Gotoh et al. 
[ 127 ] 
 (2013) 

 Autologous 
ADSCs not 
expanded 
(Celution 
system) 

 11 men  Intrasphincteric 
(transurethral 
injection) 
 7.5 × 10 6 –
3.3 × 10 7  cells 

 SUI improved 
progressively in 
eight patients 
during the 1-year 
follow-up 
 No signifi cant 
adverse events 
were observed 

 Cell therapy might 
represent a safe and 
feasible treatment 
modality for male 
stress urinary 
incontinence 

 4  Carr et al. [ 132 ] 
 (2013) 

 Autologous 
MDSCs 

 38 women  Intrasphincteric 
(transurethral 
injection) 
 Low doses 
1–16 × 10 6  
 High doses 
32–128 × 10 6  for 
one or two times 

 Improvement of 
SUI symptoms 
and quality of life 
during the 1-year 
follow-up 
 Improvement is 
related to cell 
dose for a greater 
percentage of 
patients in the 
high dose group. 
 No major adverse 
events were 
reported 

 Cell therapy reduces 
SUI severity and 
improves quality of 
life 
 A potential 
dose-dependent 
treatment effect was 
observed with a 
trend toward greater 
effi cacy in patients 
who received doses 
of 32 × 10 6  or greater 
per treatment 

(continued)
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with a hydrogel matrix scaffold  combined with 
myogenic stem cells. Neurophysiology tests 
and histologic examination, performed after 4 
and 12 weeks, highlighted how, compared to 
the control groups, the addition of a biogel 
scaffold to the myogenic stem cells increases 
the contractile force and the histological evi-
dence of sphincter restoration with steady 
improvement over time. 

 In Table  14.4  the studies on animal model of 
fecal incontinence reported in literature are 
summarized.

14.2.3.2        Clinical Study 
 Until today, only two pilot studies have been pro-
duced using MSCs to treat fecal incontinence in 
humans. 

 In 2013, Frudinger and colleagues published, 
for the fi rst time, a study on ten women with 
damaged anal sphincter by obstetric trauma 
which were followed up for 1 year after treatment 
[ 145 ]. All patients, with a preventive endosono-
graphic diagnosis of anterior defect of the exter-
nal anal sphincter, were treated with autologous 
myoblast cells harvested from a pectoral muscle 

Table 14.3 (continued)

 Author  Stem cell type 
 Patients 
number 

 Injection/cell 
number  Outcome  Conclusion 

 5  Gras et al. [ 128 ] 
 (2014) 

 Autologous 
minced 
skeletal 
 Muscle (not 
expanded) 

 35 women  Periurethral 
injection 

 Signifi cant 
decrease in the 
mean number of 
stress leaks and 
the impact of SUI 
symptoms during 
the 1-year 
follow-up 

 Treatment is simple 
and appears to be 
safe and moderately 
effective in women 
with uncomplicated 
SUI. The treatment 
compares well to a 
similar but more 
complicated 
regenerative therapy 
using in vitro 
expanded muscle-
derived cells 

 6  Stangel- 
Wojcikiewicz 
et al. [ 134 ] 
 (2014) 

 Autologous 
MDSCs 

 16 Women  Intrasphincteric 
(transurethral 
injection) 
 0.6–25 × 10 6  cells 

 Success rate 
75 %, with 50 % 
of patients cured 
and 25 % with 
improvement 
during the 2-year 
follow-up 
 No serious 
adverse side 
effects or 
complications 
were noted 

 Treatment is safe 
and effective. In 
contrast with other 
reports, a relatively 
small number of 
cells was needed for 
relieving SUI 
symptoms 

 7  Jankowski et al. 
[ 133 ] 
 (2014) 

 Autologous 
MDSCs 

 126 
Women* 
*(enrolled 
in 4 phase 
I/II clinical 
trials) 

 Intrasphincteric 
injection 
 1–200 × 10 6  cells 

 More patients are 
responsive to 
doses of 100 and 
200 million 
AMDC at 
12-month 
follow-up than to 
lower doses 
 No adverse 
events attributed 
to MDSCs 

 Treatment is safe. 
Effi cacy data 
suggest that more 
patients are 
responsive to doses 
of 100 and 200 
million cells than to 
lower doses 

   ADSCs  adipose-derived mesenchymal stem cells,  MDSCs  muscle-derived mesenchymal stem cells,  SUI  stress urinary 
incontinence  
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biopsy and cultured for 39 days. Muscle-derived 
stem cells were injected under ultrasonography 
guidance into external anal sphincter ends and 
also in the interposed scar tissue. Twelve to 14 
individual injections of 0.5 ml for a total of 
6–7 ml (the number of myoblasts is not specifi ed) 
were administered, making sure not to treat 
directly the internal anal sphincter. No adverse 
events were observed, and the procedure was 
well tolerated. At 12 months, all patients stated 
that their symptoms had improved and the 
Rockwood Fecal Incontinence Quality of Life 
Scale [ 146 ] resulted signifi cantly improved. The 
Wexner Incontinence Score [ 147 ] had a signifi -
cant decrease from a mean value of 15.3–1.6. 
However, the initial signifi cant increase in mean 
and maximal anal squeeze pressures seen at 1 and 
6 months was transient and not sustained at 12 
months. As matter of fact, between the 6 and 12 
months assessment, also a signifi cant decrease in 
mean and maximal anal resting pressure occurred. 
The author reported in an additional article pub-
lished in 2015 the updates of the 5-year follow-
 up for the ten patients reporting signifi cant 
improved symptoms of anal incontinence. 

 The second study on regenerative treatment in 
patients affected by fecal incontinence was pro-
duced by the group of Giori and coinvestigators. 
In this pilot study, performed according to the 
Declaration of Helsinki and approved by the eth-
ics committee, they treated 15 patients (14 
females and 1 male) with incontinence due to 
obstetric injury and anorectal-pelvic surgery. 
Preliminary results of this study were published 
in 2015 [ 148 ]. Actual experience of the authors in 
the use, for the fi rst time, of Lipogems® tech-
nique to treat patients with fecal incontinence is 
described below.   

14.2.4     Personal Experience 
with Technique Lipogems® 

 Lipogems® is a regenerative product by autolo-
gous lipoaspirated fat rich in mesenchymal stem 
cells, obtained in a completely closed system by 
a disposable device without using enzymes, addi-
tives, and other manipulations. Mild mechanical 

processes of microfracturing, washing, and fi ltra-
tion progressively reduce the size of the frag-
ments of adipose tissue and remove oily 
substances and blood residues [ 149 ] (Fig.  14.5 ). 
Differently, from the mesenchymal cells 
expanded in laboratory, Lipogems micro-tissue is 
not a “pool” of individual stem cells, but it is 
composed of small adipose spherical clusters 
(400/900 μm) with micro-fragments of intact 
connective structure maintained viable by a stro-
mal vascular fraction (SVF), particularly rich in 
pericytes and MSCs incorporated in their “natu-
ral niche tissue” [ 150 ,  151 ] and exposed on the 
surface of the vascular stroma. The micro- 
fragmented tissue enclosing stromal vascular 
fraction (SVF) can be ideally assimilated to a 
biologic matrix scaffold that facilitates the 
engraftment and the biological activity of MSCs, 
as evident in previous experience described by 
Montoya [ 144 ]. These properties contribute to 
make Lipogems® able to survive in a suffering 
tissue, facilitating the engraftment and the para-
crine activity of the embedded cells when autolo-
gously inoculated in target tissues [ 152 – 154 ].

   However, studies have shown that, when the 
Lipogems® product was cultured in vitro, it 
yielded a virtually pure population of hMSCs 
exhibiting the typical characteristics of surface 
markers isolated from other sources, including 
CD90, CD73, CD105, and CD44 [ 32 ,  155 ]. 

 In clinical practice, Lipogems procedure is 
conducted in a single surgical session that includes 
three different steps: (1) harvesting of subcutane-
ous adipose tissue from abdomen or thigh of the 
patient, (2) processing of adipose tissue with 
Lipogems® device, and (3) reinjecting the product 
in the same patient under ultrasound guidance. 

 Unlike to Frudinger, who had injected MSC 
only in the area of the sphincter lesion [ 145 ], in 
our study, we injected Lipogems not only in the 
area of muscle defects but also in the intersphinc-
teric space and around the external anal sphincter 
[ 148 ]. Moreover, because a lesion of the sphinc-
ter muscle that affects from outside, such as in 
childbirth, is always associated to a lesion of the 
peripheral nerve endings, we have found it useful 
to also stimulate a neural-regenerative effect 
injecting Lipogems® also along the course of 
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peripheral pudendal nerve. An average of 340 cc 
of lipoaspirate was collected from subcutaneous 
fat of each patient. As a result of processing with 
the technique Lipogems®, an average of 87 cc of 
product was obtained, ready for injection in 
every patient. After treatment, the 15 patients of 
this series were followed up for 2 years. Wex
ner Incontinence Score, Rockwood Fecal 
Incontinence Quality of Life Scale, digital explo-
ration, proctoscopy, endoanal ultrasound, and 
anorectal manometry were used before treatment 
and after 3, 6, 12, 18, and 24 months from the 
injection of ADSCs, to assess fecal incontinence. 
The procedure has proven to be safe and well tol-
erated. In all patients, there were no adverse 
events related to ADSCs injection. Only in one 
patient occurred a hematoma at the site of har-
vesting in the subcutaneous adipose tissue, which 
resolved spontaneously. Improvement both short 
and long term was observed in all patients. 

 Patients’ satisfaction for the treatment was 
very good, and the Fecal Incontinence Quality of 
Life Scale increased from a mean preoperative 
overall value of 53–102 after 3 months from 
treatment, essentially unchanged for the 2 years 
of follow up. 

 In the 15 patients, a signifi cant improvement in 
the average values of the overall Wexner 
Incontinence Score was observed which decreased 
by a mean preoperative of 14.1 units to 3.4 units at 
3 months and remained quite stable over the time of 
the study with a value of 4.1 at 24 months (Fig.  14.6 ). 
After treatment, the overall mean values of the anal 
pressure at rest and in squeeze improved in all the 
patients as reported in Fig.  14.7 . In the graph, a 
remarkable increasing of the anal squeeze pressure 
during the entire second year of follow-up is evi-
dent. Ultrasound examinations showed a progres-
sive reabsorption of the hyperechogenic Lipogems 
tissue from 3 to 12 months and increasing of muscle 

a

b

c

d d

f

e

  Fig. 14.5    Lipogems device is a disposable closed system 
fi lled with physiologic solution. It reduces the size of 
lipoaspirate clusters after washing of oil, blood, and cel-
lular debris. ( A ) sac with saline solution; ( B ) syringe with 
lipoaspirate; ( C ) washing chamber containing marbles for 

the emulsion of fl uid and elimination of oil and blood; ( D ) 
mechanical fi lters, ( E ) syringe with clusters of microfrac-
tured adipose tissue rich in MSCs; and ( F ) sac with waste 
oil and blood       

 

14 Stem Cells



154

fi bers with images of sphincter restoration at 12 and 
24 months in several patients (Fig.  14.8 ). After 
treatment, physical examination and proctoscopy 

did not show any new pathological fi ndings of the 
anorectal complex. At palpation the enhancement 
in the contractile activity of the anal sphincters and 
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a b

c d
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  Fig. 14.8    Endoanal ultrasonography images of a repre-
sentative patient at preoperative, intraoperative stage 
and at 3, 6, 12, 24 months after treatment. ( a ) 
Preoperative stage. Lesion of the external and internal 
anal sphincter localized in the anterior area, evidenced 
by arrows ( b ) Intraoperative stage. Diffuse hyperechoic 
spots at the sites of inoculation of Lipogems. ( c ) 3rd 
month. Partial resorption of hyperechoic spots of 

Lipogems. ( d ) 6th month. Aspect of the early develop-
ment of new muscle tissue at the site of the lesion. Are 
still evident few hyperechoic spots of Lipogems. ( e ,  f ) 
12th and 24th month respectively. The image shows 
muscle restoration in the area of previous lesion of the 
anal sphincters evidenced by arrows. No more evidence 
of hyperechoic depots of Lipogems       
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improvement of anocutaneous refl ex, where it was 
lacking before treatment, was clearly observable.

     From a detailed analysis of patients’ data, 
between the 3rd and the 12th month, we have 
observed a slight decline of the resting pressure 
associated with mild worsening of the Wexner 
index. This feature is, in our opinion, attributed to 
a temporary bulking effect of the “not stem cells” 
component of Lipogems, which is reabsorbed in 
a period between 3 and 12 months from treat-
ment, as it usually occurs with the traditional 
techniques of biological lipofi lling [ 156 ]. Thus, 
the clear increase in the contractile ability of the 
anal sphincter recorded by anorectal manometry 
after 12 months (Fig.  14.8e, f ), when deposits of 
material inoculated disappeared and ultrasound 
images showed muscle restoration, is attributable 
to the effect of mesenchymal cells. 

 This is also indirectly confi rmed by the results 
of Frudinger, who obtained a temporary increase in 
anal squeeze pressures not sustained at 12 months 
as reported in her fi rst article. However, the exten-
sion of the follow-up described in the second pub-
lication has proven a slow and gradual improvement 
of incontinence, which remained unchanged 
through all the 5 years of observation [ 145 ,  157 ].  

14.2.5     Final Considerations 

 On the basis of preclinical studies and clinical tri-
als conducted both in the fi eld of urinary inconti-
nence and fecal incontinence, the use of 
autologous MSCs revealed to be safe, minimally 
traumatic, well tolerated, and effective in improv-
ing the symptoms of incontinence. In particular, 
new techniques like Lipogems®, which uses 
autologous stem cells derived from adipose tissue 
easy to harvest and prepare the product using a 
device directly in the operating room in the course 
of a single surgical time, make the use of mesen-
chymal stem cells of simple execution and that are 
inexpensive and widely applicable in clinical 
practice. Further investigations are necessary to 
clarify the effi cacy and the biological mechanism 
of this very simple regenerative procedure, but a 
future association together with surgical repair of 
damaged anal sphincters is also possible.      
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