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Fecal incontinence is still today an important and underestimated disability that 
affects a portion of the general population and is caused by many different condi-
tions, including also iatrogenic conditions. The topic is of major interest for sur-
geons and many different medical specialists because this disease requires a 
multidisciplinary approach and an integration of competences.

This volume examines in depth all the pathophysiological aspects of fecal incon-
tinence and the role of surgeons in preventing and treating this complex disease. The 
authors are very accurate in clarifying to the reader some nebulous aspects of fecal 
incontinence, leaving open, at the same time, some still important questions. All the 
recent advancements in the diagnostic flowchart, fine differential etiopathogenetic 
diagnosis, and tailored choice of therapeutic strategies are, in the present book, well 
presented with remarkable illustrations.

All aspects such as treatments, rehabilitation, dietary regimen, social costs, and 
even DRG-related issues are very clearly and cleverly addressed, giving this book 
the value of an exhaustive guide and very up-to-date reference. For all the above-
mentioned reasons, I’d like to express my gratitude to Professors Ludovico Docimo 
and Luigi Brusciano and to all the authors involved in this work for having success-
fully completed such a marvelous scientific endeavor, upholding, once again, the 
great tradition of Italian Society of Surgery.

Catania, Italy Francesco Basile
September 2022

Foreword

Italian Society of Surgery
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Although benign, anal incontinence is a highly invalidating condition causing an 
important impairment to the patients’ quality of life. Its related social stigma con-
curs in the underestimation of its prevalence. Nowadays, a high number of patients 
still tend to avoid seeking medical care or even talking about the condition, which is 
why it is reasonably thought to be more common than known.

Stool consistency, the efficiency of the rectum as a reservoir, the sphincter struc-
tures, and the innervation of the anatomic area of the perineum are all involved in 
the continence process. This book describes the multiple aspects of continence 
ranging from anatomical details to recent pathophysiological findings and nutri-
tional profiles. A spotlight has been turned on the innovative and technologic diag-
nostic tools such as the 3D reconstruction of the whole sphincteric complex using 
endoanal ultrasound or the detailed evaluation of sphincter tone utilizing high-reso-
lution manometry. Also addressed are the surgical procedures, from the most com-
mon ones performed in every operating room to the more complex approaches 
reserved for highly specialized centers and not neglecting the latest surgical options, 
such as sphincteroplasty by crossing puborectalis flaps.

The several nutritional and rehabilitation profiles are also discussed in detail. The 
complex interplay of the perineum itself with the diaphragm, the vertebral column, 
and the abdominal wall leads to a delicate equilibrium of what has been configured 
as the “imaginary cuboid”, whose functional integrity is of utmost importance in the 
continence process. This partially explains why assessment of the integrity of the 
sphincter structures is not in itself enough to guarantee an appropriate diagnostic 
approach to anal incontinence.

A number of physicians with different expertise and specialties have given their 
contribution to the topic, providing a comprehensive expert discussion of anal 
incontinence that spans from its pathophysiology to the most innovative views on 
the diagnostic approach, including the need to analyze physiatric parameters as an 
estimate of the wellness of the “imaginary cuboid”. The older and more traditional 
treatments are here tightly interwoven with the most recent therapeutic approaches, 

Preface
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with attention also being paid to the functional treatment of pelvic floor rehabilita-
tion. Objective data supporting the outcomes are also presented so the reader is 
provided with a clear and concise review of the literature on the subject.

Naples, Italy Ludovico Docimo
Naples, Italy Luigi Brusciano
September 2022

Preface
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1History of Anal Incontinence 
and its Treatments

Corrado Rispoli and Gennaro Rispoli

1.1  History of Anal Incontinence

All animals with a digestive system and an anus are generally provided with a 
sphincter system (a circular muscular structure) that creates rhythmicity in the 
expulsion of feces. Both humans and higher animals regulate defecation with a 
continence mechanism. The peristalsis that moves the feces down to the rectum is 
not controlled by will but by the vegetative nervous system, and therefore the only 
way in which animals regulate the elimination of feces is by retaining them with the 
mechanism of continence. In animals, continence is relevant for social interactions: 
with the deposition of excrement in specific places, some animals mark their terri-
tory or demonstrate their fertility. For that purpose many animals use their legs and 
tails to scatter droppings at a distance and thus cover wider areas.

In humans, continence is naturally acquired after some time (usually 3–4 years) 
but becomes important with the beginning of social life; it is necessary to separate 
this act from other people, not out of modesty (which will appear only centuries 
later), but for the management of excrement.

As evidenced by many archaeological findings, the Romans had collective 
latrines where they used to have discussions while defecating (Fig. 1.1).

Whereas the first description of urine incontinence dates back to 1500 B.C. (Ebers 
Papyrus), no data are available regarding the first description of fecal incontinence 
in ancient times [1]. Its first description was as a symptom of rectal prolapse.

Andreas Vesalius performed dissections on cadavers and described the colon, 
rectum and anus in meticulous detail, as illustrated in his De Humani Corporis 

C. Rispoli (*) 
General Surgery Unit, Monaldi Hospital, Naples, Italy
e-mail: dott.rispoli@gmail.com 

G. Rispoli 
Museo delle Arti Sanitarie, Naples, Italy
e-mail: info@ilfarodippocrate.it

© The Author(s) 2023
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Fig. 1.1 The communal Roman latrine at Ostia, Italy (Photo by Carole Raddato, reproduced 
under CC-BY-SA license from https://www.flickr.com/photos/carolemage/6681231029/in/
photostream/)

Fig. 1.2 Leonardo da 
Vinci’s representation of 
the anal sphincter in 
relaxed (left) and 
contracted (right) position 
(details redrawn from 
Leonardo’s original 
drawing, by courtesy of 
Roberto Toderico)

Fabrica, published in 1543. The anal sphincters as well as the levator ani muscle 
were clearly described by the author. However, the first illustration of the anal 
sphincter can be found in Leonardo da Vinci’s anatomical drawing of the rectum 
from the fifteenth century. This drawing depicts the anal sphincter as a flower with 
five different petal-shaped muscular structures and is accompanied by a theory on 
its functioning (Fig. 1.2). The five-petal structure may derive from the hemorrhoids: 
three major and two minor.

C. Rispoli and G. Rispoli

https://www.flickr.com/photos/carolemage/6681231029/in/photostream/
https://www.flickr.com/photos/carolemage/6681231029/in/photostream/
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No detailed information on physiology was known at that time. Nevertheless, the 
risks and consequences of vaginal delivery on fecal incontinence were already 
known in Rome in the second century A.D. but repair of the injured anal canal was 
not described by the Romans [2].

Until the eighteenth century, the theory that explained continence was entirely 
based on the muscular layer of the rectum which pushed the feces outside the anus 
(Jean Astruc).

In 1835, Daniel Oliver wrote his First Lines of Physiology in which he stated that 
“the concurrence of the voluntary muscles with the action of the intestine itself, is 
indispensable to overcome the contraction of the sphincter of the rectum”, design-
ing the first scientific theory [3]. The theory of a rectal “reservoir” and a muscular 
sphincter complex was then refined and improved in the twentieth century by two 
great scientists of the colon and rectum: Alan Park and Ahmed Shafik [4, 5]. Their 
vision of the anatomy and physiology of the rectum and anus are still a key element 
of today’s theories.

1.2  History of Treatments for Anal Incontinence

1.2.1  Colonic Irrigation and Colostomy

Colonic irrigation was the first treatment described for anal incontinence although 
this was not its proper and exclusive indication; already in the fifth century B.C. the 
Egyptians “cleansed” themselves on three consecutive days every month, by using 
enemas to purify their body, as reported by Herodotus. This technique was also 
recorded in the Babylonian and Assyrian tables and in Hindu medicine. Though 
widely used through the centuries, no data were reported on the outcomes of colonic 
irrigation until the modern era.

The first surgical treatment for anal incontinence was stoma creation (first per-
formed in 1776 by Pillore [6]); as in the case of colonic irrigation, this technique 
was mainly adopted for conditions other than incontinence.

1.2.2  Anal Sphincter Repair

The first description of a successful sphincter repair dates back to 1882; Warren 
performed a vaginal mucosal flap to protect the repair of the lacerated rectum and 
anus [7]. This technique was also reported by other authors in case series showing 
good results in the short-term follow-up [8].

Many techniques for the correction of incontinence caused by sphincter damage 
were subsequently developed by different surgical teams [9], but all of them were based 
mainly on end-to-end sphincter repair, which often had high failure rates [10, 11]. The 
first modern technique, overlapping sphincteroplasty, was developed in 1973 as an 
improvement of end-to-end repair. This technique is still performed with excellent 
results [12] and is also reported in the guidelines as a standard surgical treatment [13].

1 History of Anal Incontinence and its Treatments
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As regards “idiopathic” incontinence, however, it was not until 1975 that the first 
surgical technique was reported. That year, Sir Alan Parks described the so-called 
“postanal repair”, a technique aiming to increase the length of the anal canal, restore 
the anorectal angle, and create a flap valve mechanism. The promising short-term 
results of this technique were less favorable in the long-term follow-up, mainly 
because of misdetection of subclinical anterior sphincter defect after delivery [14].

In 1991, the introduction of endoanal ultrasound led to a dramatic change of 
view regarding the etiology of anal incontinence [15], and many cases of idiopathic 
incontinence could now be labelled as delivery sphincter damage and properly 
repaired with overlapping sphincteroplasty [16]. Postanal repair is now confined to 
a small minority of patients with anal incontinence and most of the international 
guidelines do not recommend it.

1.2.3  Muscle Transposition and Artificial Sphincter

Muscle transposition techniques mainly derived from the first experience with mus-
cle fiber transposition for ocular palsy (1908, Hummelsheim) [17]. In the first half 
of the twentieth century, the idea of transposing muscle fibers or fascia to reinforce 
a weakened or damaged sphincter was developed. The first techniques based on anal 
encirclement by fascia date back to Harvey Stone in 1932 [18, 19] and were later 
modified in 1941 [20]; the results were promising, with a reported success rate of 
70%. Other authors chose to suture together muscle fibers from both gluteal mus-
cles anterior to the rectum, thus suspending it in a kind of muscular “hammock” [21, 
22]. Merging these approaches, in 1952 Pickrell codified his “gracilis muscle trans-
plant” that was later to take his name [23]. This technique is now performed with an 
implantable electrical pulse generator (stimulated muscle transposition) and will be 
discussed later in this book.

The first artificial sphincter for human use was developed for the treatment of 
urinary incontinence in 1973 by American Medical Systems (AMS, Minnetonka, 
MN, USA) and was later applied to anal incontinence by Christiansen and Lorentzen 
in 1987 [24]. New specific devices have been developed since then but, considering 
their recent introduction, they will be thoroughly discussed in another chapter of 
this book.

1.2.4  Bulking Agents

Like all innovators, Ahmed Shafik not only developed a theory of the mechanism of 
anal continence but also proposed a new kind of treatment option: the use of bulking 
agents. In 1993 he published a case series on polytetrafluoroethylene injection for 
the treatment of partial fecal incontinence [25], with no complications reported and 
with promising results (improvement or cure in all cases). This technique was then 
reproduced with the aid of endoanal ultrasound to improve proper positioning of the 
agent, and now all bulking agents require ultrasound-guided positioning.

C. Rispoli and G. Rispoli
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New technologies and new materials developed during the last twenty years have 
expanded this field of incontinence treatment with continuous news from scientific 
research. On the other hand, this fragmentation of materials and techniques has 
made it difficult to compare the results achieved with bulking agents and therefore 
the evidence to support their use has remained scarce.

1.2.5  Other Treatments and Techniques

Many other invasive and noninvasive treatments are now available for anal inconti-
nence (sacral nerve stimulation, biofeedback, etc.) but, because their development 
is recent, they will be discussed in a separate chapter.

References

1. Ebbell B. The Papyrus Ebers: the greatest Egyptian medical document. Copenhagen: Ejnar 
Munksgaard; 1937.

2. Briel JW. Treatment of fecal incontinence. Ridderkerk: Ridderprint BV; 2000. p. 11.
3. Oliver D. First lines of physiology. Boston: Marsh. James Munroe: Capen & Lyon; 1835.
4. Parks AG, Rob C, Smith R, Morgan CN. Clinical Surgery: Abdomen and rectum and anus. 

London: Butterworths; 1966.
5. Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology of 

defecation. The external anal sphincter: a triple-loop system. Investig Urol. 1975;12(5):412–9.
6. Hardy KJ. Surgical history. Evolution of the stoma. Aust N Z J Surg. 1989;59(1):71–7.
7. Warren JC. A new method of operation for the relief of rupture of the perineum through the 

sphincter and rectum. Trans Am Gynecol Soc. 1882;7:322–30.
8. Block IR, Rodriguez S, Olivares AL. The Warren operation for anal incontinence caused by 

disruption of the anterior segment of the anal sphincter, perineal body, and rectovaginal sep-
tum: report of five cases. Dis Colon Rectum. 1975;18(1):28–34.

9. Sistrunk WE. Contribution to plastic surgery: an open operation for extensive laceration of the 
anal sphincter. Ann Surg. 1927;85(2):185–93.

10. Lockhart-Mummery JP. Diseases of the rectum & colon and their surgical treatment. Toronto: 
Macmillan; 1923.

11. Blaisdell PC. Repair of the incontinent sphincter ani. Am J Surg. 1957;94(4):573–6.
12. Goetz LH, Lowry AC. Overlapping sphincteroplasty: is it the standard of care? Clin Colon 

Rectal Surg. 2005;18(1):22–31.
13. Paquette IM, Varma MG, Kaiser AM, et  al. The American Society of Colon and Rectal 

Surgeons’ clinical practice guideline for the treatment of fecal incontinence. Dis Colon 
Rectum. 2015;58:623–36.

14. Surgical management of faecal incontinence in: Madoff RD, Pemberton JH, Mimura T, 
Laurberg S, editors. Faecal incontinence: the management of faecal incontinence in adults 
(NICE Clinical Guidelines, No 49). London: National Collaborating Centre for Acute Care; 
2007. https://www.nice.org.uk/guidance/cg49. Accessed 28 Nov 2021.

15. Burnett SJD, Speakman CTM, Kamm MA, Bartram CI.  Confirmation of endosonographic 
detection of external anal sphincter defects by simultaneous electromyographic mapping. Br 
J Surg. 1991;78(4):448–50.

16. Abrams P, Andersson KE, Birder L, et al. Fourth International Consultation on Incontinence 
Recommendations of the International Scientific Committee: Evaluation and treatment 

1 History of Anal Incontinence and its Treatments

https://www.nice.org.uk/guidance/cg49


8

of urinary incontinence, pelvic organ prolapse, and fecal incontinence. Neurourol Urodyn. 
2010;29(1):213–40.

17. Baker DC, Conley J. Regional muscle transposition for rehabilitation of the paralyzed face. 
Clin Plast Surg. 1979;6(3):317–31.

18. Stone HB. Plastic operation for anal incontinence. Tr South Surg Assoc. 1926;41:235–40.
19. Stone HB. Plastic operation for anal incontinence. Further report. Arch Surg. 1932;24:120–5.
20. Stone HB, McLanahan S. Results with the fascia plastic operation for anal incontinence. Ann 

Surg. 1941;114(1):73–7.
21. Chittenden AS. Reconstruction of anal sphincter by muscle slips from the glutei. Ann Surg. 

1930;92(1):152–4.
22. Biström O. Plastischer Ersatz des M. Sphincter ani. Acta Chir Scand. 1944;90:431–48.
23. Pickrell KL, Broadbent TR, Masters FW, Metzger JT. Construction of a rectal sphincter and 

restoration of anal continence by transplanting the gracilis muscle; a report of four cases in 
children. An Surg. 1952;135(6):853–62.

24. Christiansen J, Lorentzen M. Implantation of artificial sphincter for anal incontinence. Lancet. 
1987;330(8553):244–5.

25. Shafik A. Polytetrafluoroethylene injection for the treatment of partial fecal incontinence. Int 
Surg. 1993;78(2):159–61.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution- 
NonCommercial- NoDerivatives 4.0 International License (http://creativecommons.org/licenses/
by- nc- nd/4.0/), which permits any noncommercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license and indicate if you modified the licensed 
material. You do not have permission under this license to share adapted material derived from this 
chapter or parts of it.

The images or other third party material in this chapter are included in the chapter's Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter's Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

C. Rispoli and G. Rispoli

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


9

Epidemiology, Anorectal Anatomy, 
Physiology and Pathophysiology 
of Continence

Gaetano Gallo, Alberto Realis Luc, and Mario Trompetto

2.1  Introduction and Epidemiology

Continence can be defined as the ability to retain flatus, liquid, or solid stools during 
normal daily life, including while physically exercising, coughing, sneezing, and 
changing position [1].

The anal canal is normally closed at rest and during sleep due to the steady activ-
ity of the internal anal sphincter (IAS) supported by the tonic activity of the external 
anal sphincter (EAS) and puborectalis.

The integrity of the continence and defecation mechanism is a multifactorial 
process that involves somatic and visceral functions and allows postponing defeca-
tion when necessary and avoiding the uncontrolled passage of feces or gas, causing 
patients to feel embarrassed with a negative impact on lifestyle, work, and interper-
sonal relationships [2].

Considering the heterogeneity of the problem, the incidence and prevalence of 
fecal incontinence (FI) are difficult to establish because they depend on the type and 
frequency of incontinence, age, and gender (Table 2.1) [3]. In fact, if the leading 
cause in women is post-obstetric injury, in men and the elderly, other factors such as 
anorectal surgery and diabetes mellitus must be considered [4, 5]. Moreover, the use 
of many terms to define FI has generated confusion and favored this trend.

Several authors have tried to quantify this phenomenon without achieving a 
definitive percentage [6–8]. According to Sharma et  al. [6], the prevalence of FI 
ranges between 1.4% and 19.5%, whereas in the systematic review by Ng et al. [7] 
it has a median prevalence of 7.7%, without any difference between genders, but 
with a greater percentage in people older than 90 (15.9% vs. 5.7%) compared with 
people 15–34 years old.
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Table 2.1 Pathophysiological mechanisms leading to fecal incontinence

Structure

Anal sphincter 
muscle

Obstetric injury
Hemorrhoidectomy, anal dilatation, 
secondary to neuropathy

Sphincter weakness
Loss of sampling reflex

Rectum Inflammation, IBD, radiation, prolapse, 
aging, IBS

Sphincter weakness
Loss of sampling reflex

Puborectalis 
muscle

Excessive perineal descent, aging, 
trauma

Obtuse anorectal angle
Sphincter weakness

Pudendal nerve Obstetrical/surgical injury
Excessive straining/perineal descent

Sphincter weakness
Sensory loss, impaired reflexes

CNS, spinal cord, 
ANS

Spinal cord injury, head injury, back 
surgery, multiple sclerosis, diabetes, 
stroke, avulsion injury

Loss of sensation, impaired 
reflexes, secondary myopathy, 
loss of accommodation

Function
Anorectal 
sensation

Obstetrical, CNS, ANS injury Loss of stool awareness
Rectoanal agnosia

Fecal impaction Dyssynergic defecation Loss of stool awareness
Rectoanal agnosia

Stool characteristics
Volume and 
consistency

Infection, IBD, IBS, drugs, metabolic Diarrhea and urgency
Rapid stool transport
Impaired accommodation

Irritants Bile salt malabsorption, laxatives Diarrhea
Hard stools/
retention

Dyssynergia/drugs Fecal retention with overflow

Miscellaneous
Physical mobility/
cognitive function

Aging, dementia, disability Multifactorial changes

Psychosis Willful soiling Multifactorial changes
Drugs Anticholinergics

Laxatives
Antidepressants
Caffeine/muscle relaxants

Constipation
Diarrhea
Alter sensation/constipation
Relaxes sphincter tone

Food intolerance Lactose/fructose/sorbitol Diarrhea/flatus
Malabsorption

IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; CNS, central nervous system; 
ANS, autonomic nervous system
Reproduced from [3] with permission from Elsevier

The higher prevalence among the elderly may be due to the physiological effects 
of aging on continence, such as impaired rectal sensation or dysfunction of both the 
IAS and EAS, which become thicker [9], as well as polypharmacy. In fact, the abuse 
of laxatives taken to avoid fecal impaction or constipation can exacerbate the condi-
tion. In this context, the highest prevalence currently recorded is among nursing 
home residents, where involvement reaches up to 50% [10].

The difficulty in establishing the extent of FI could be due to embarrassment in 
reporting the symptoms, as occurs with other proctological diseases [11]. Brown 
et al. [12], in an internet-based questionnaire study of 5817 women, showed that 
one-fifth of women over 45 in the USA suffer from at least one episode of FI per 
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year. A lack of knowledge and awareness of the problem as well as economic status 
represent further important barriers to patients’ interaction with the health-
care system.

2.2  Anatomy and Physiology of Continence

The continence process can be defined as a somatovisceral reflex and involves com-
plex coordinated activity between several muscle groups – including the sphincter 
complex (Fig. 2.1) [3], ligaments and fascia of the pelvic floor—and rectal compli-
ance, stool consistency and volume, and cognitive function. Thus, an abnormality in 
any of these factors may result in FI. In fact, up to 80% of patients with anal incon-
tinence have more than one pathological abnormality in anorectal physiology.

The IAS (Fig. 2.2) [13] represents the continuation of the inner circular muscle 
layer of the rectum [14]. This smooth muscle under the control of the involuntary 
nervous system (sympathetic and parasympathetic) contributes to 80% of the rest-
ing anal pressure—normally 50–70 mmHg—and is the main barrier to the involun-
tary passage of gas and feces. The remaining 15–20% of resting anal pressure is 
regulated by the EAS, puborectalis, and hemorrhoids. All three contribute to the 
high-pressure zone, which is appreciated along the entire length of the anal canal 
and has 30% higher than found in the rectum. Interestingly, according to Penninckx 
et al. [15], the resting anal pressure is generated by the myogenic tone of the IAS 
(10%), by nerve-induced activity (45%), by the EAS (35%), and by the hemor-
rhoids (15%).

Puborectalis
Shelf

Posterior

Coccyx

Anterior

Levator Ani
Muscle

Pubis

Internal
Sphincter
Muscle

External
Sphincter
Muscle

Anorectal
Angle

Fig. 2.1 Structure of the anorectum. The internal anal sphincter muscle provides between 70% 
and 85% of resting sphincter pressure. The anorectal angle, approximately 90 degrees at rest, 
becomes more obtuse during defecation. (Reproduced from [3] with permission from Elsevier)
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Fig. 2.2 (a) Endoanal scan demonstrating the U-shaped puborectalis muscle, which attaches to 
the pubic rami anteriorly. (b) Endoanal scan demonstrating the internal anal sphincter (white 
arrow) and the external anal sphincter (black arrow). (c) Three-dimensional endoanal ultrasound 
demonstrating the circumference/width as well as length of the anal sphincter defect. (Reproduced 
from [13] with permission from British Institute of Radiology)

The length of the IAS differs between genders and is smaller in women 
(2.0–3.0 cm vs. 2.5–3.5 cm), while its thickness varies between 2 and 4 mm. The 
IAS has a resting tone with cyclic variations, or rather short and ultrashort waves 
(1.5–3  cycles per minute). These waves are extremely important for reflex sam-
pling. In fact, an intermittent relaxation of the IAS, lasting about 10–20 s, occurs 
approximately seven times per hour [16, 17] and allows rectal contents to come into 
contact with the sensitive mucosa of the anal canal.

The EAS (Fig. 2.2) [13] is a striated muscle that receives innervation from the 
pudendal nerve (S2, S3, S4), and its inhibition allows defecation [18]. It has a thick-
ness of 4 mm and length of about 2.7 cm, although it is shorter anteriorly in women 
(1.5 cm), and it has three components: the subcutaneous, superficial, and deep ano-
rectal elements. The EAS is responsible for the guarding reflex, a low spinal reflex, 
which contracts for 20–30 s after fecal contents arrive in the rectal ampulla.

The levator ani (Fig. 2.2) [13] has a pelvic floor support function and consists of 
three bundles: the pubococcygeus anteriorly, the iliococcygeus posteriorly, and the 
puborectalis inferiorly. The most important component for continence is the 
puborectalis muscle (PRM), which is a U-shaped loop muscle that forms a sling 
around the rectum, with an anorectal angle of approximately 90° that is at the basis 
of the flap-valve theory proposed by Parks [19], to which the three portions of the 
EAS also contribute. During normal defecation, relaxation of the PRM causes the 
anorectal angle to become more obtuse and widen (>130°), facilitating the passage 
of the rectal content.

Recently, Broens et al. [20] introduced the concept of the “puborectalis conti-
nence reflex”, demonstrating that the PRM has also an involuntary contraction that 
is significantly stronger than the voluntary one with an equally increased pressure 
zone. This could confirm the role of the PRM in supporting dysfunctions of the 
other sphincter muscles in patients with impaired continence but who have not 
developed FI.

The conjoined longitudinal muscle, interposed between the IAS and EAS, con-
sists of smooth muscle together with striated fibers from the levator ani, and its role 
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is controversial. It has a thickness of about 2.5 mm and seems involved in the short-
ening and widening of the anal canal. Shafik originally defined it as an “evertor ani 
muscle” [21] for its apparent action of eversion of the anal orifice. In addition, some 
studies have recently suggested its role in supporting continence after lateral inter-
nal sphincterotomy [22].

In addition to the muscular component, several other factors contribute to anal 
continence. The recto-anal inhibitory reflex (RAIR), also known as relaxation of the 
IAS, is certainly one of the best-established mechanisms linked to defecation and 
among the first to be activated.

It is regulated by the enteric nervous system, which is why it is absent in 
Hirschsprung’s disease, but it is still present after rectum or anus denervation or 
recovers with time [23].

The distension of the rectal wall caused by the arrival of the intestinal contents, 
made possible by the action of another important functional apparatus—the “recto-
sigmoid sphincter” [24, 25]—thanks to colonic high-amplitude-propagated contrac-
tions, stimulates the multiple pressure receptors, allowing contact with the sensitive 
area of the anal canal. In this area, the stool contents are in contact with specialized 
sensory organs such as the Krause end-bulbs, Golgi-Mazzoni’s bodies and genital 
corpuscles, the sparse Meissner’s corpuscles, and Pacinian corpuscles [26, 27].

At this point, continence is maintained by the EAS (rectoanal excitatory reflex 
[RAER]) that may avoid anal leakage, and, to occur, intra-abdominal pressure 
should increase, with consequent relaxation of the PRM, widening of the anorectal 
angle, and rectification of the rectum. The reflex contraction of the EAS with the 
concomitant contraction of the PRM to restore the anorectal angle ends the process. 
If defecation is deemed inappropriate, it can be deferred by the voluntary contrac-
tion of both EAS and PRM [28]. In particular, the PRM induces closure of the pel-
vic diaphragm by generating horizontal forces with a consequent decrease of the 
anorectal angle. Both RAIR and RAER make up the sampling reflex, which has the 
fundamental function of advancing a part of the rectal content in the upper anal 
canal without causing an episode of incontinence.

Under physiological conditions, the rectum can passively undergo dilation with-
out pressure changes. At a volume of approximately 200 mL, a sensation of urgency 
is perceived, with a maximum tolerated volume ranging from 300 to 500 mL.

Pathological alterations of the rectum, such as inflammatory bowel disease, in 
which rectal compliance decreases, or Hirschsprung’s disease, in which compliance 
is increased, favor altered continence.

Hemorrhoids are vascular cushions contributing to almost 15% of the anal rest-
ing pressure, and their importance has been seen in transient or permanent soiling 
episodes that can occur after excisional hemorrhoidectomy [29].

The volume and consistency of feces are essential, especially in elderly patients 
or patients with an already impaired continence, such as after low anterior resec-
tion [5].

Lastly, it is not only the peripheral nervous system with the sympathetic (L1–L3) 
and parasympathetic (S2–S4) components that is involved, but several studies have 
highlighted the role of the central nervous system. In fact, the sensation of rectal 
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filling or urgency has been shown to be associated with areas such as the insula, 
thalamus, secondary somatosensory cortex, or anterior cingulate gyrus [30], whereas 
Brodmann area 4, the primary motor cortex, seems involved in anal and rectal 
responses [31].

Onuf’s nucleus, positioned at the level of the ventral horn gray matter of S2–S4, 
is in communication with the upper motor neurons responsible for voluntary sphinc-
ter complex contraction, usually located in the parasagittal motor cortex [32].

2.3  Pathophysiology of Fecal Incontinence

Given the complexity of the continence mechanism, several target areas of injuries 
can lead to the development of FI.  Moreover, it appears that more than 80% of 
patients with FI have more than one alteration of the continence mechanism [33].

Depending on the type of muscle injury, FI can have different manifestations. 
Urge incontinence, or the loss of stools despite a voluntary attempt to avoid it, is 
caused by a lesion of the EAS. When the IAS is involved, it is referred to as passive 
incontinence, with involuntary loss of liquid or stool without awareness. Both con-
ditions are very common after obstetric trauma, which can also be caused by the 
EAS, IAS, and the pudendal nerve being stretched, compressed, or suffering an 
ischemic injury (Fig. 2.2) [13]. The pudendal nerve, certainly the most studied but 
not the only nerve involved in the continence mechanism, can be damaged during 
childbirth at the exit from Alcock’s canal, where its course is predominantly fixed 
on the pelvic sidewall [34].

Episiotomy appears to be related to damage to the sphincter complex, even if 
some studies show conflicting opinions [35, 36]. In particular, midline posterior 
episiotomy has been correlated with a higher incidence of sphincter trauma [37].

According to Dudding et  al. [38], episiotomy and instrumental delivery, fetal 
occipito-posterior presentation, a prolonged second stage of labor, and birth weight 
greater than 4 kg are risk factors for injury. Interestingly, most women develop FI 
after menopause, maybe due to the deterioration of anorectal function with aging or 
withdrawal of hormonal input. Consequently, sphincter damage represents the first 
step for developing FI with the overlap of other factors [39].

Urge incontinence can also be secondary to anorectal surgery (hemorrhoidec-
tomy, sphincterotomy, surgery for fistulas), albeit more frequently in men, with the 
contemporary loss of the sampling reflex.

Another component of the sphincter complex that can be damaged is the PRM, 
often following an accidental trauma, perineal descent, or aging, with loss of func-
tionality of the anorectal angle.

Often, FI and constipation may coexist, and in this case we define incontinence 
as fecal seepage or the involuntary post-defecation loss of stool [40]. Fecal seepage 
results from an impaired rectal sensation plus an inappropriate increase of anal 
sphincter pressure with the contraction of the EAS after excessive straining.

In men, the causes of FI are less defined. Radical prostatectomy with consequent 
radiotherapy can lead to sphincter fibrosis, myenteric plexus degeneration, and a 
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reduction of the functionality of the EAS, which becomes thicker with reduced 
rectal compliance, especially in the elderly. The same phenomenon occurs during 
radiotherapy for anal or rectal cancer.

When the reservoir function of the rectum is no longer optimal, increased intrar-
ectal pressure can cause FI. This scenario can occur in patients with inflammatory 
bowel disease, radiation proctitis, hysterectomy, rectal cancer, or spinal cord injury.

Among the functional mechanisms, the loss of anorectal sensation is certainly 
the most frequent.

In fact, an impaired anorectal sensation, which often occurs in children and the 
elderly, can lead to fecal impaction and a consequent fecal overflow. Some of the 
most common causes are represented by neuropathies such as multiple sclerosis, 
diabetes mellitus, and spinal cord injury or by inadvertent injury during colorectal 
surgery. Central nervous system diseases, such as Parkinson’s disease, can alter 
cognitive functions, leading to pathological toilet habits due to the inability to carry 
out daily activities.

Hellström et al. [41] highlighted the influence of dementia on anal continence in 
a random sample of 485 subjects selected from the 85-year-old inhabitants of 
Gothenburg, reporting its presence in 34.8% of demented subjects and 6.7% of non- 
demented subjects.

Furthermore, fecal impaction, common in patients with obstructed bowel syn-
drome or pelvic floor dyssynergy, can result in stool leaks that bypass the impaction 
owing to persistent relaxation of the IAS. Overflow incontinence can also be present 
in patients with congenital malformations [42].

Another very common condition is soiling, which often occurs after anorectal 
surgery or in patients with obstructed defecation. Up to 63% of patients with grade 
II–IV hemorrhoidal disease or rectal prolapse may have soiling [43].

Finally, the change in stool volume and consistency due to inflammatory bowel 
disease, drugs (such as laxatives in the elderly), food intolerance, or metabolic dis-
orders can cause diarrhea and urgency, fecal impaction, and malabsorption. In the 
case of diarrhea, increased activity of high-amplitude-propagated contractions can 
cause overwhelm of the reservoir capacity of the rectum [44, 45]. These motor com-
plexes, extremely represented at the level of the rectosigmoid, are significantly 
increased in patients with urge incontinence [46].
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3Clinical Evaluation, Etiology, 
and Classification of Anal Incontinence

Mario Pescatori

3.1  Clinical Evaluation of Anal Incontinence

Anal continence is based on different factors: the integrity of anal sphincters, the 
integrity of the rectum, which behaves as a reservoir and has the “adaptation reflex”, 
and the consistency of the stool. Other factors involved in anal continence are as 
follows: the pudendal nerves, which are both sensorial and motor; the rectal valves 
or folds, which behave as barriers to the progression of the stool from the upper part 
to the lower part of the rectal reservoir; the rectosigmoid junction, which has a 
thicker smooth muscular tissue able to slow the transit of the stool; the integrity of 
the complex and rich innervation of the anal canal, responsible for the sampling 
reflex; the length of the anal canal, which is longer in males and shorter in females. 
Anal incontinence (AI) has to be evaluated with different approaches. First, the 
patient is assessed in the office and asked about their symptoms (clinical history). 
AI means that the patient loses flatus and/or stool without control. Patients affected 
by AI are more likely to be females or older males. Females’ anal sphincters are in 
fact weaker than males’ anal sphincters, because of vaginal deliveries. Older males 
can be affected by AI because of a weakening of their sphincter apparatus that 
occurs with age [1]. The patient suffering from AI has a worsened quality of life.

3.1.1  How to Examine the Patient

A holistic approach towards patients with AI is needed: the doctor has to evaluate 
both the body and mind of these patients, in order to thoroughly investigate the 
causes of AI. For this purpose, the coloproctology unit should have a psychologist. 
As for the clinical examination, patients have to be asked about possible local 
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traumas or if they have frequent receptive anal intercourse, which are known to 
deteriorate the internal sphincter. When examining the patient, we might see a gap-
ing anus, either spontaneously or after traction. Also, we have to investigate previ-
ous anorectal surgery. AI may develop after an internal sphincterotomy or even after 
a hemorrhoidectomy, especially in multiparous females, as nearly half of them have 
subclinical continence defects [2]. Once a detailed clinical history has been obtained, 
we may start to examine the patient, who will be placed in a left lateral Sims’ 
position.

Firstly, we have to observe if the patient has a descended perineum, which refers 
to the perineum descending more than 2 cm on straining. We should also observe 
whether the anus is closed or gaping, and whether there is fecal material around it. 
The patient should then be asked to contract the anus, so we can see if there is a 
detectable contraction, and if it is strong or weak. The anal reflex is then assessed 
with pinprick stimulation of the anal region. If the patient does not even feel the 
light pinprick of the perianal skin, we should suspect a pudendal neuropathy, a fre-
quent cause of AI.

Having completed the first part of the examination, we may gently insert our 
second finger into the patient’s anus. The length of the anal canal can be measured 
as an important component of anal continence (4–5 cm). When our finger is inserted 
in the patient’s anus, we first try to evaluate the tone of the internal sphincter; this is 
more precisely evaluated with anorectal manometry, but evaluation by an expert 
proctologist also has its importance [3]. At this point the patient should be asked to 
squeeze, so as to allow assessment not only of the strength but also of the duration 
of the contraction (normal duration is 30 s or more). Ask the patient to cough and, 
again, evaluate the contraction of the sphincters, both the external sphincter and the 
puborectalis.

Rectal sensation can then be evaluated by using different inflatable balloons 
inserted in the rectum. Sensation is usually reduced in patients with AI due to 
pudendal neuropathy. Ask the patient to tell you when she/he feels that you are 
inflating something in the rectum. The normal value of onset of feeling should be 
20–30 mL of air, the normal value of call for stool is around 60 mL of air. Finally, 
keep inflating until the patient tells you that he/she feels the urge to rush to the toilet 
because of discomfort due to the balloon; this maximal urgency is normally around 
120 mL of air.

Endoscopy does not play an important role in the diagnosis of AI, except in those 
clinical syndromes related to a form of “occult” incontinence due to “physiologi-
cally” hypotonic internal sphincter, where dynamic proctoscopy may be preferable.

The following diagnostic tests are available to the clinician:

• Anorectal manometry This minimally invasive examination allows recording of 
the resting tone in the anal canal, which ranges between 50 and 70 mmHg in a 
normal subject and may be lower in a patient with AI; squeeze pressure can also 
be recorded, which, if normal, ranges between 60 and more than 150 mmHg and 
is likely to be lower than 60 in patients with AI. Manometry is useful to evaluate 
a patient with anal fissure and plan an internal sphincterotomy that can be 
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Fig. 3.1 Sagittal view of an obstetric trauma during delivery (left): S, sacrum; R, rectum; ST, 
sphincters’ trauma; IAS, internal anal sphincter; dotted orange, vagina. Transanal ultrasound 
(right), patient in Sims’ position: P, ultrasound probe; V, vagina; IAS: hypoechoic internal sphinc-
ter; EAS, superficial part of the external sphincter; yellow, muscles interrupted by the trauma. The 
patient with anal incontinence needs sphincter reconstruction

“tailored” to the degree of hypertone recorded at preoperative manometry, even 
if it is related to a number of recurrences compared to “standard” sphincterot-
omy. A parameter related to AI which may be evaluated by a manometry is the 
length of the anal canal.

• Transanal and transvaginal ultrasound (US) I personally carry out this examina-
tion in all patients suffering from AI (Fig. 3.1). 3D transanal US equipment may 
be better than a 2D device, mainly for the diagnosis of complex anal fistulae. The 
rotating probe has a reasonable diameter and does not hurt the patient, but inject-
ing EMLA cream locally prior to the examination may protect from the vagal 
reflex. In our unit, the patient lies in a left lateral Sims’ position, though many 
colleagues use the lithotomy position. The inventor, Dr. Bartram, suggests per-
forming transanal US in the prone position in females, because he believes the 
anatomical structures are better detectable [4]. Sphincter lesions may be per-
fectly located and measured. A sphincter reconstruction will then be indicated in 
the case of large lesions, and neuromodulation (costly, but with an 80% success 
rate) if the disruption is minor. The puborectalis muscle, which appears as a 
hyperechogenic sling or boomerang at endoanal US, plays an important role in 
continence. This examination is also useful for detecting iatrogenic lesions, e.g., 
an unplanned division of either the smooth or striated sphincter, usually occur-
ring during surgery for anal fistulae and abscesses, but sometimes even after an 
operation for anal fissure. Transanal and transvaginal US also allow detection of 
lesions of the sphincters and their position, or injury to the lower rectal muscle 
occurring after a procedure for prolapse and hemorrhoids (PPH); in this case, the 
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staples of a stapled transanal rectal resection (STARR) might even be seen 
attached to the puborectalis muscle [5].

• Transperineal ultrasound Based on a less expensive device, in expert hand this 
examination is also able to visualize both internal and external sphincter defects 
causing AI.

• Defecography This radiological test investigates anorectal morphology and func-
tion. It is carried out by introducing around 60 mL of barium into the rectum 
through the anus, with the patient sitting on a translucent chair. Several parame-
ters, both anatomical and functional, may be investigated, such as the presence 
of incontinence, the anorectal angle at rest, and change of the anorectal angle on 
contraction. Subsequently, the radiologist asks the patient first to strain and then 
to evacuate, in order to exclude or confirm anismus, or non relaxation of the 
puborectalis on straining, as the anorectal angle should increase or widen on 
straining. If it does not, the patient has obstructed defecation.

• Magnetic resonance imaging (MRI) Endoanal MRI [6] has shown clear accuracy 
in the delineation of external sphincter defects suitable for surgical treatment and 
in the definition of internal anal sphincter damage potentially suitable for bioim-
plant deployment. As stated elsewhere [7], other examinations appear more use-
ful than MRI for evaluating a patient with AI.

3.2  Etiology of Anal Incontinence

The potential causes of AI, as reported by the literature [7], are examined below.

3.2.1  Anal Incontinence after Operations for Anal Fissure

A correlation observed between internal sphincterotomy and AI [8] was the stimu-
lus for treatment with “chemical” sphincterotomy, i.e., nitrates, botulin toxin etc. 
Indeed, postsphincterotomy AI is likely to be temporary. However, AI is more fre-
quent when the surgeon carries out a posterior sphincterotomy, because of the weak 
(without muscles) area behind the divided internal sphincter. Therefore the correct 
procedure is a lateral internal sphincterotomy, where the surgical defect is “pro-
tected” by the adjacent external sphincter.

3.2.2  Anal Incontinence after Operations for Anal Fistula

When patients affected by anal fistula are afraid of being incontinent after the opera-
tion, ask them about bowel function and parity. In cases of diarrhea or vaginal mul-
tiparity, choose an operation which does not damage the sphincters, e.g., a 
fistulectomy and advanced rectal or cutaneous flap rather than fistulotomy; or alter-
natively, opt for an innovation, such as a fistula plug or Permacol, which leave the 
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sphincter intact (bearing in mind that the innovations like plugs or Permacol have a 
high rate of recurrence, up to 50%).

Reports show a low risk of AI in patients whose high fistulae were treated with a 
lay-open technique [9]. The simple lay-open procedure may have a success rate of 
95% [10], but it is a fact that, in my experience at least, patients seem more con-
cerned about losing their continence than having a fistula recurrence. That is why, 
in the past 20  years, the most frequently performed type of surgery for fistula 
changed from the lay-open to anal sphincter-preserving procedures.

3.2.3  Anal Incontinence after Operations for Hemorrhoids

AI may follow a hemorrhoidectomy performed in a patient who has already under-
gone a procedure for prolapse and hemorrhoids (PPH) [11].

3.2.4  Anal Incontinence after Operations for Anal Tumors

In local excision of an anal tumor, the surgeon has to excise tissues at a distance of 
2 cm from the lower edge of the neoplasm in order to either avoid or minimize the 
risk of recurrence. Therefore some fibers of both the internal and the low external 
sphincter have to be removed. In this case, the surgeon may perform a sphinctero-
plasty at the end of the operation.

3.2.5  Anal Incontinence after Operations for Rectal Cancer

The risk of the so-called anterior resection syndrome is high (up to 90% in some 
series) [12] especially if the neoplasm is in the lower rectum. Oncologic radicality 
may impact on the structures involved in anal continence. The first structure to be 
impacted is the rectal reservoir, which has to be either totally or partially excised 
with the tumor. This, especially in cases of very low anterior resection of the rectum 
and coloanal anastomosis (with the suture just above the anus) or in cases of low 
intersphincteric resection, with the excision comprising the whole internal sphinc-
ter. The anterior resection syndrome also consists in anal pain or discomfort, diar-
rhea, lack of the “adaptation reflex” which is active if the rectum is present. 
Therefore, urgency and frequency may occur. Moreover, radiotherapy may worsen 
AI because the muscular tissue will become rigid, sclerotic, less elastic and will not 
function properly. In these cases, a Miles procedure and creating a colostomy may 
appear desirable. A sigmoidostomy evacuates formed stools and may be irrigated 
every other day, so that the patient might even avoid wearing the bag (except when 
going out) and wear just a smooth and flat cap to cover the stoma.
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3.2.6  Anal Incontinence Following Operations 
for Slow-Transit Constipation

Colectomy and ileorectal anastomosis still have a place in the surgical management 
of slow transit constipation refractory to any conservative treatment (laxatives, ene-
mas, etc.). According to some authors [13], it often worsens patients’ quality of life. 
I have carried out around ten of these operations myself.

3.2.7  Anal Incontinence Following Operations 
for Anorectal Stricture

The most frequent cause of anorectal stricture is the Milligan-Morgan hemorrhoid-
ectomy, when the surgeon does not leave enough mucocutaneous bridges after 
removing the piles. Sometimes an anoplasty operation is needed, but good results 
may be achieved just by periodical irrigation through the anorectum [14].

3.2.8  Anal Incontinence Following Surgery for Inflammatory 
Bowel Diseases

Proctocolectomy and ileoanal anastomosis with an ileal reservoir has become the 
operation of choice, i.e. the “gold standard” in cases of total ulcerative colitis and 
familial adenomatous polyposis. When the diseased rectum has to be excised, a 
reservoir function for anal continence may still be maintained by constructing an 
ileal reservoir just above the ileoanal anastomosis. Nevertheless either minor soiling 
or AI may occur in around 20% of these patients, especially at night, when the func-
tion of the anal sphincters is reduced. Biofeedback is the therapy of choice in these 
cases, or surgically constructing a four-loop or “W” large-capacity reservoir above 
the anal canal. Performing the ileoanal anastomosis above the anorectal ring by 
stapling, and thus leaving intact the tissues responsible for discriminating low intes-
tine content, can be an option as well, but it may leave a site of disease persistence, 
become dysplasia or, worse, cancer.

3.3  Classification of Anal Incontinence

Detailed individual scoring systems have been proposed to classify the severity of 
AI, the most important of which are described below. The most commonly used are 
the Wexner or Cleveland Clinic score and the Vaizey or St. Mark’s score. The 
patient’s quality of life should also be evaluated. These AI scores do not generally 
incorporate psychometric evaluations and their interaction with other symptoms. 
More recently, attempts have been made to incorporate sexual dysfunction, urinary 
obstruction, fecal incontinence, obstructed defecation and urinary incontinence in a 
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dynamic map, where treatment affects map symmetry [15]. The Manchester Health 
Questionnaire consists of items a modified 5-point response scale including items in 
the eight domains of health-related quality of life (HRQoL), and incorporating a 
symptom severity scale [15]. The advantage of this classification is that it is simple 
and is the first that also takes into account quality of life. The St Mark’s score [16] 
is often used, but less than Wexner’s score.

The Pescatori scale, which was published before the abovementioned Wexner 
and Vaizey classifications, recalls the Dukes classification for colorectal cancer, as 
it uses A, B and C, plus 1, 2, 3. To obtain a final numerical score, as in the two pre-
ceding classifications, should you want to compare two or more groups of patients 
statistically, A counts as 1, B counts as 2 and C counts as 3. This classification, also 
defined PIS (Pescatori Incontinence Score) by Australian colorectal surgeons, was 
widely used before publication of the Cleveland Clinic score. The Rockwood Fecal 
Incontinence Quality of Life scale [17] is commonly used to estimate patients’ qual-
ity of life. It consists of different scales, i.e., coping/behavior, depression/self per-
ception, embarrassment, etc.
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4Neurofunctional Diagnosis 
and Anorectal Manometry

Filippo Pucciani

4.1  Introduction

Fecal incontinence (FI) is defined as the recurrent uncontrolled passage of fecal 
material for at least 3 months [1]. Anal incontinence is characterized by failure to 
control the elimination of stool and/or flatus [2]. The pathophysiology has a multi-
factorial etiology including anal sphincter lesions, rectal reservoir impairment, rec-
tal sensation damage, loss of pelvic floor integrity, damage to the pelvic floor nerve 
supply, cortical awareness weakening, and stool volume and consistency. All these 
alterations combine variously with each other and provide different pathogenetic 
profiles of patients. The diagnostic work-up of FI is applied in any individual with 
a developmental age of at least 4 years [1] and it is based on imaging techniques, to 
study the morphological structure of the anal sphincters and pelvic floor, and on 
functional instrumental studies, to evaluate neuromuscular anorectum function. 
Among the latter, neurofunctional tests and anorectal manometry are the principal 
techniques used.

4.2  Neurofunctional Diagnosis

The pelvic floor muscles and the external anal sphincter (EAS) are innervated 
mainly by the pudendal nerve (S2–S4) branches: right and left inferior rectal nerves 
[3, 4]. The neurofunctional diagnosis, in patients affected by anal incontinence, uses 
tests that study these anatomic structures and may offer data that can be useful in 
identifying the pathophysiological profile of incontinence. A systematic literature 
review was recently published to provide clinicians with evidence-based recom-
mendations on the use of neurophysiological tests in clinical practice [5]. It 
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concluded that the actual clinical usefulness of these tests has not yet been com-
pletely clarified and recommends pelvic floor neurophysiology studies when anal 
incontinence is present in patients affected by cauda equina and/or conus medullaris 
lesions, pudendal neuropathy, muscular diseases, spinal cord lesions and parkinson-
isms [5].

Therefore, the neurophysiological evaluation of the pelvic floor should be 
reserved only for patients with a negative instrumental workup for anal incontinence 
and in whom there is a suspected neurological pathogenesis. The individual tests are 
described below.

4.2.1  Anal Electromyography

Electromyography (EMG) of the external anal sphincter and puborectalis muscle 
measures amplitude as well as duration of muscular action potentials during rest, 
voluntary anal contraction and attempted defecation [6]. EMG can be performed via 
three methods: using a needle electrode, a surface electrode on the perianal skin, or 
a cone-shaped plug in the anal canal. The needle electrode usually analyzes the anal 
area, which is subdivided into four quadrants, and may reveal, in incontinent 
patients, areas of sphincter damage that will display prolonged or absent action 
potentials. This method can also be helpful in mapping sphincter defects when there 
is dense scarring that can cause artefacts on endoanal ultrasound. Polyphasic poten-
tials are an expression of reinnervation [7]. Needle electrode EMG use is limited by 
the anal pain induced during examination. The surface electrode and cone-shaped 
plug techniques can provide a global anal assessment rather than assessment of each 
EAS quadrant, but they are painless and more comfortable. They can be used for 
EMG biofeedback sessions.

4.2.2  Sacral Reflexes

Electrophysiological sacral reflexes are responses of the pelvic floor striated mus-
cles to electric stimulation of the perineal skin, mucosa, or pelvic nerves [8]. These 
involve a spinal reflex arc. Sacral evoked potentials are responses recorded after 
pudendal nerve stimulation or stimulation of the urethral or anal skin. Stimulation 
of the dorsal nerves of the glans penis and clitoris, the mucosa of the rectum, blad-
der, and urethra, and the skin of the distal parts of the legs may give rise to an EAS 
response, and to a reflex response of the bulbocavernosus muscle. The first is named 
“pudendoanal reflex” with anal recording of the reflex, the second is the “bulbocav-
ernosus reflex” recorded either with a concentric needle electrode or by placing two 
surface electrodes over the muscle site just below the scrotum. Both reflexes have an 
afferent limb and efferent fibers, with the sacral cord as reflection center. For this 
reason, the pudendal nerve terminal motor latency (PNTML)—induced by a finger-
tip electrode and with responses captured by another electrode at the base of the 
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finger—is considered only to be valid for the analysis of efferent pathways of the 
pudendal nerve and not for the evaluation of the entire spinal reflex arc. An abnor-
mal prolonged PNTML can suggest a pudendal nerve lesion. This test is, however, 
considered to be operator-dependent because proper placement of the fingertip elec-
trode over the pudendal nerve is critical.

In patients affected by anal incontinence, the latency of the pudendoanal reflex 
can be increased due to pudendal nerve damage causing slowed conduction; this 
reflex response is absent in conus medullaris and cauda equina lesions, but normal 
in spinal cord or brain injury [5].

4.2.3  Evoked Potentials

Evaluation of somatosensory evoked potentials (SSEP) provides information about 
the integrity of the somatosensory afferent pathways from the pudendal nerve to the 
parietal cortex. This test may provide a concrete demonstration of altered transmis-
sion of stool and gas perception to the cerebral cortex. Motor evoked potentials 
(MEP) are recorded after transcranial magnetic stimulation, and they may demon-
strate the defective transmission of cortical signals to the pelvic floor muscles. SSEP 
and MEP can be useful in patients with spinal cord or cauda equina lesions and 
pelvic symptoms, but they are not routinely performed in anal incontinence.

4.3  Anorectal Manometry

Anorectal manometry (ARM) analyses fecal continence mechanisms and, when 
applied in anal incontinence patients, identifies anal sphincter weakness, anorectal 
reflex abnormalities, rectal sensation impairment, and poor rectal compliance.

Several systems and probes exist for performing ARM. The perfusion system, 
originally developed by Arndorfer et al. [9], employs catheters perfused with dis-
tilled water infused by a pneumohydraulic pump, to obtain a steady perfusion rate 
of 0.2–0.4 mL/min. Occlusion of the catheter channels increases intraluminal pres-
sure and produces resistance to the flow of water. This resistance is measured by 
transducers, interpreted as compliance of the tissue and converted into pressure val-
ues shown on a trace. High sensitivity (92.2%) and good specificity (86.6%) are 
reached when ARM is applied in FI patients [10]. In 2007, high-resolution ARM 
(HRAM) was introduced into clinical practice [11], and a few years later high- 
definition 3D solid-state ARM (HDAM) was developed [12]. Currently, both these 
techniques employ multi-use solid-state catheters, and pressure values are expressed 
according to a color scale in ascending order from green, the lowest values, to pur-
ple, the maximum values. HADM, through dedicated software, displays 3D cylin-
drical topographical models of the anal canal which can be rotated and viewed from 
all sides; in this way focal sphincteric defects may be detected in anal inconti-
nence [13].
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Regardless of the manometric system adopted, the recording steps are identical.
Anal resting pressure (ARP) detects the basal tone of the anal canal: one study 

assigned approximately 55% of ARP to the internal anal sphincter (IAS), 15% to the 
vascular anal cushions and the remaining 30% to the EAS [14].

Maximal voluntary contraction (MVC) is the squeeze pressure obtained by ask-
ing the patient to contract the anus with maximal strength: it reflects the activity of 
the EAS and puborectalis muscle. ARP and MVC tend to be higher and the normal 
range of anal pressure is relatively wide when measured with HRAM.

Rectoanal inhibitory reflex (RAIR) is the reflex inhibition of IAS tone and is 
considered part of the sampling reflex. Transient relaxation of the IAS allows rectal 
content, with small fecal volumes or gas, to come into contact with sensory recep-
tors placed in the upper anal mucosa. In this way, the rectal content may be corti-
cally typified and the subject is alerted to discharge flatus or to defecate [15]. 
Detection of rectal sensation is obtained by inflating, with air, a balloon at the tip of 
the catheter. Increasing volumes are used until values are reached to identify the 
conscious rectal sensitivity threshold (CRST: the lowest volume for the first sensa-
tion), the constant sensation (CS: the volume with call to stool) and the maximal 
tolerated volume (MTV: the threshold volume for urgency to defecate and for pain). 
Finally, the monitoring of rectal compliance reflects the tonic adaptation of the rec-
tal wall to increasing volumes, and is determined by the ratios ΔP/ΔV measured at 
different volumes of inflated air.

According to the clinical guideline of the American College of Gastroenterology 
(ACG), ARM is worth implementing in patients affected by anal incontinence [16]. 
Recently, the International Anorectal Physiology Working Group (IAPWG) pub-
lished standardized testing protocols for HRAM and the London Classification for 
disorders of anorectal function was developed [17]. In incontinent patients, HRAM 
provides data for identification/quantification of impaired anal sphincter function 
and abnormal rectal sensitivity (both hyper- and hyposensitivity types). ARM, as 
explained above, offers objective data on continence mechanisms and may suggest 
which mechanism may be malfunctioning in incontinent patients. However, the 
manometric findings must be complemented with data obtained using other diag-
nostic techniques assessing morphology (anoscopy, MRI, endoanal ultrasound) and 
function (anal neurophysiologic tests).

ARP may be lower in anal incontinence, and the related hypotonic anal canal is 
usually due to IAS impairment, especially if passive incontinence occurs [18]. 
Unfortunately, the discriminative power of ARP between continent and incontinent 
patients is low because of the wide range of normal pressures. HDAM could be use-
ful in detecting structural anorectal abnormalities such as sphincter defects, descend-
ing perineum and rectoanal intussusception. Objective criteria for sphincter defects, 
moreover, might be useful to better select patients for endoanal ultrasound [13].

MVC is frequently impaired in patients affected by anal incontinence: the ampli-
tude and duration of squeeze tone are lower than in healthy controls [19], or some-
times inappropriate relaxations may occur (Fig. 4.1). MVC impairment is related to 
EAS and puborectalis malfunctioning and is found in patients with urge inconti-
nence who lose stools because of the failed suppression of defecation [18]. HADM 
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Fig. 4.1 Maximal voluntary contraction. Spontaneous inappropriate relaxations occur (white 
arrows) during anal contraction

may detect EAS defects, for example after obstetric injury or anal surgery. The 
absence of EAS defects could suggest pudendal neuropathy and the pudendoanal 
reflex should be used for diagnosing pudendal nerve injury.

Detection of RAIR is an important tool for evaluation of rectoanal coordination. 
This reflex often cannot be elicited when ARP is extremely low (<10 mmHg) and, 
therefore, in this condition it is not possible to judge if the reflex is present or absent, 
normal or impaired. However, there are some reports of RAIR impairment. A longer 
RAIR duration has been detected in patients with fecal soiling and pruritus ani [20]. 
The duration of RAIR is also longer in patients affected by idiopathic FI than in 
controls [21]: the reflex exhibits a prolonged contraction time with a slow return to 
basal prestimulation values. This prolonged inhibition impairs the continence 
mechanisms. Small amounts of feces reach the inhibited proximal anal canal but 
there is poor distal EAS recruitment: therefore, in the presence of a sensitivity 
threshold higher than the RAIR threshold, fecal passive incontinence may occur. 
The absence of RAIR is a manometric sign that is often detected in ultralow rectal 
anterior resection [22]. It is the consequence of the total excision of the rectum such 
as in ultralow anterior resection with coloanal anastomosis: the descending recto-
anal pathway is easily interrupted. Thus, the RAIR may be abolished, and the coor-
dinated sensory-motor integration of the rectum is distorted with a possible negative 
influence on fecal continence.

The last but not the least step of ARM is the detection of rectal sensation and 
rectal compliance. Significant alteration of rectal sensation (hyposensitivity with 
high volumes or hypersensitivity with low volumes, according to the London clas-
sification) may be detected in patients with diabetes mellitus [23] or multiple scle-
rosis [24]. Impaired recognition of impending defecation can lead to 
FI.  Hyposensitivity means passive incontinence if the EAS reflex contraction is 
weakened in the presence of rectal content. Hypersensitivity is present in urge 
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incontinence when small volumes are involuntarily expelled because of impaired 
volumetric rectal capacity such as in patients with inflammatory disease (ulcerative 
colitis) or rectal fibrosis (actinic proctitis).

The compliance of the rectum expresses the elastic distensitivity of the rectal 
wall while the MTV measures the volumetric capacity of the rectum. Both values 
are an expression of rectal containment capacity, the first adapting the wall tension 
to the contents without increasing endorectal pressure, the latter as the expression of 
the maximum filling volume. Impaired compliance, often combined with low MTV, 
is present after sphincter-saving surgery [22] and explains urge incontinence that is 
the main symptom of anterior resection syndrome.

In addition to its diagnostic aspects, ARM may assist in the selection of therapy 
for patients with anal incontinence. The selection of incontinent patients for over-
lapping sphincteroplasty may be appropriate when low ARP (<10 mmHg) and low 
MVC (<40 mmHg) are detected [25]. The same cutoff values identify rectal pro-
lapse patients who are at high risk for FI after surgical repair and suggest adoption 
of sphincteric correction combined with the chosen surgical technique [26]. ARM 
can also play an important role in multimodal rehabilitation of FI patients [27]. The 
algorithm of this rehabilitation program is based on manometric data. Biofeedback 
and pelviperineal kinesitherapy are suggested by low ARP or weak MVC. Volumetric 
rehabilitation (sensory retraining) is indicated for impaired rectal sensation and/or 
damaged compliance. Electrostimulation is only a preliminary step when patients 
need to better feel the anoperineal plane and increase their awareness. The usual 
sequence of techniques is: (1) volumetric rehabilitation; (2) electrostimulation; (3) 
pelviperineal kinesitherapy; (4) biofeedback. The same protocol has been used in 
patients with FI after sphincter-saving surgery. Many patients showed improvement 
of the Wexner Incontinence Score (58%): impairment of both MTV and compliance 
was associated with bad postrehabilitation results [28].

In conclusion, ARM may be considered an important tool in the diagnostic work- up 
of anal incontinence. It also offers data for understanding the pathophysiology of incon-
tinence and can help physicians to modify the therapeutic strategy appropriately.
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5Role of Ultrasonography for Anal 
Incontinence

Giulio A. Santoro, Patrizia Pelizzo, Ugo Grossi, Rita Cian, 
Giacomo Zanus, and Luigi Brusciano

5.1  Introduction

Continence depends on several anatomic and physiologic entities: integrity of the 
anal sphincters, pelvic floor function, rectal distensibility, anorectal sensation, ano-
rectal reflexes, intact nervous system, mental functions, stool consistency and 
colonic transit. Deficiency of one or more of these factors can lead to anal inconti-
nence (AI) [1]. AI is more frequent in women (females:males = 3:1) and it is esti-
mated that about 40% of women over 70 years old are affected. Evaluation of the 
pelvic floor is generally clinical, but in the last two decades, the use of ultrasound 
has become a mainstream diagnostic tool in the investigation of female pelvic organ 
prolapse, urinary and fecal incontinence and other defecation disorders, providing 
an immediate objective confirmation of clinical examination findings [2]. Both AI 
and urinary incontinence are major health problems. They can be particularly 
embarrassing and affect 2–24% of community-dwelling adults, with 1–2% experi-
encing a significant impact on daily activities [3].

Tests to diagnose AI include anorectal manometry, electromyography, dynamic 
proctography, colon motility test, and endoanal ultrasonography (EAUS).
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Different kinds of AI are diagnosed through different basic anorectal function 
tests: they help to discriminate between the bowel dysfunction related to spinal cord 
injuries and sphincter lesions [4]. Preoperative EAUS is a useful tool for the assess-
ment of anal sphincter injury in patients with rectal prolapse [5]. Sphincter defects 
after delivery are classified according to the classification of obstetrical anal sphinc-
ter injuries (OASIS) [6], and EAUS was recommended by the sixth International 
Consultation on Incontinence (ICI, Tokyo 2017) [7] as the gold standard technique 
for assessment of anal sphincter integrity.

This chapter will focus on the ultrasound technique, normal ultrasound anatomy 
of the anal canal and the evaluation of anal sphincter injury.

5.2  Ultrasound Technique

Ultrasound is a useful and flexible modality in medical imaging, and often provides 
an additional or unique characterization of tissues, compared with other modalities 
such as conventional radiography or computed tomography. Ultrasound uses high- 
frequency sound waves. Sound is a mechanical form of energy generated by vibra-
tions. While audible waves lie between 20 and 20,000 Hz, ultrasound uses greater 
frequencies, between 1 and 30 MHz. Increasing the frequency improves image reso-
lution but decreases the penetration of waves through tissue. Sound waves do not 
exist in a vacuum, and their propagation in gases is poor because the molecules are 
widely separated [8]. The transducer creates the sound waves and receives those 
reflected by the tissues, which are displayed on an ultrasound screen as scale of grey 
values (B mode). Ultrasound is composed by five main components: the transducer 
crystal, the matching layers, damping material, the transducer case, and the electric 
cable. The images are displayed in a sector, vector, linear, or curved linear format.

EAUS is performed by a mechanical 360-degree rotating transducer with 
9–16 MHz frequencies and high resolution. New probes allow for 3D automatic 
acquisition of the images. A 3D cube is formed by 300 transaxial 2D images over a 
distance of 60 mm with a distance of 0.2–0.3 mm between two adjacent images. 
Using 3D, the images can be visualized in the axial, coronal and sagittal planes and 
any other reconstructed oblique plane.

The patient may be placed in a dorsal lithotomy, prone or, more commonly, left 
lateral position. The anterior wall of the anal canal is at 12 o’clock and the posterior 
aspect is inferior at 6 o’clock. Laxative enemas may be sufficient for anorectal ultra-
sound. Endorectal ultrasound (ERUS) is performed by filling a balloon at the tip of 
the rigid probe to create an acoustic interface in direct contact between the rectum 
and the transducer. The transducer is inserted through a rectoscope to assess the 
entire length of the rectum up to 20 cm.

On the ultrasound screen the image is oriented with the anterior side at 12 
o’clock, left lateral at 3 o’clock, posterior at 6 o’clock and right lateral at 9 o’clock 
position. The EAUS images are collected from the upper aspect of the puborectalis 
(PR) muscle to the anal margin. The probe is aligned with median raphe. EAUS may 
be also performed by linear electronic, high frequency transducer. This probe has 
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the advantage of allowing the assessment of vascularity by color doppler and elas-
ticity of the tissue by elastography.

Elastography is a newer technique that exploits the fact that a pathological pro-
cess alters the elastic properties of the involved tissue. Endoscopic ultrasound elas-
tography enables highly accurate discrimination of colorectal adenocarcinomas 
from adenomas, while inflammatory bowel disease phenotypes can be distinguished 
based on strain ratio calculation [9]. Its role in AI is still under investigation.

5.3  Normal Ultrasound Anatomy

The anal canal is 2–4 cm in length. The inner circular fibers of the muscularis pro-
pria of the rectal wall become the internal anal sphincter (IAS) muscle within the 
anal canal. This is a smooth muscle and is visualized as a dark, hypoechoic ring. 
More externally, there is a hyperechoic layer that represents the longitudinal muscle 
(LM), in continuity with the longitudinal fibers of the muscularis propria of the 
rectal wall. The LM extends through the anal canal into the intersphincteric space 
and implants into the external anal sphincter (EAS) muscle. Deeper to that layer, the 
EAS is visualized as a mixed echogenic ring, larger but less distinct than the 
IAS [10].

EAUS can identify at least six layers in the middle third of anal canal: the inner 
layer is the hyperechoic interface with the plastic cap; the second layer is the 
hypoechoic mucosa; the third layer is the hyperechoic subepithelial tissue; the 
fourth layer is the hypoechoic IAS; the fifth is the hyperechoic LM, and the outer 
layer has mixed echogenicity [11].

In the upper third of the anal canal, the PR muscle is visualized which appears as 
a U-shaped hyperechoic structure. This muscle is part of the levator ani muscle (LA) 
and it is contiguous to the EAS.

In the lower third of the anal canal, the IAS is no longer visualized and only the 
subcutaneous part of the EAS can be seen (Fig. 5.1).

In the axial plane, normal measurements of the IAS range from 1.5 to 4 mm in 
thickness and those of the EAS range from 7.7 to 8.6 mm. In the coronal plane the 
anterior length of the EAS is between 12 and 15 mm in women and between 2 and 
3 cm in men (Fig. 5.2).

5.4  Ultrasound in Anal Incontinence

In patients with AI, EAUS identifies if there is a combined lesion of the IAS and 
EAS, and of the PR, or if the lesion involves just one muscle. Number, circumferen-
tial (radial angle in degrees or in hours of the clock) and longitudinal (proximal, 
distal, or full length) extension of the defect, presence of scarring, differences in 
echogenicity and thickness of the sphincters, and other local alterations must be 
carefully assessed and always be described. However, finding a sphincter defect 
does not necessarily mean that it is the cause of AI.  EAUS is able to detect 
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Fig. 5.1 Normal ultrasonographic anatomy of the anal canal. EAS, external anal sphincter; IAS, 
internal anal sphincter; PR, puborectalis muscle

sphincteric occult tears, which are reported in up 33% of primiparous females after 
vaginal deliveries [12].

There are different scores to classify the extent of sphincter damage by 
EAUS. Stark’s score defines the severity of sphincter lesions with a range from 0 
(no defect) to 16 (defect ≥180° involving the whole length and depth of both sphinc-
ters) [13]. During the examination it is important to distinguish between natural 
gaps (hypoechoic areas with smooth, regular edges, occurring in the upper part of 
the anal canal) and sphincter ruptures (mixed echogenicity due to scarring, with 
irregular edges and loss of symmetry) occurring at the upper anterior part of the anal 
canal [14].

5.5  Internal Anal Sphincter Lesions

IAS injuries can be caused by obstetric and iatrogenic (hemorrhoidectomy, mucop-
rolapsectomy, sphincterotomy) traumas, persistent manual dilatation [15] or 
fistulectomy.

Injuries of the IAS are displayed as hyperechoic breaks in the normally 
hypoechoic ring. Incontinence related to a single IAS injury has a typical pattern of 
thickening of the remaining muscle due to retraction phenomenon (“halfmoon” 
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Fig. 5.2 Measurement of the external sphincter (EAS) by 3D endoanal ultrasound. This woman 
showed a normal thickness of 14 mm

Fig. 5.3 Lesion of the 
internal anal sphincter

sign) (Fig. 5.3). IAS lesions after hemorrhoidectomy appear as multiple defects in 
the positions of the hemorrhoidal plexus. AI related to OASIS is often associated 
with defects of both the EAS and IAS, rarely the IAS alone. Although IAS thickness 
increases with age, a thickness greater than 4  mm may be a sign of myopathy 
[16, 17].
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Fig. 5.4 Placement of a 
prosthesis in the 
intersphincteric space in 
severe anal incontinence

EAUS is also used intraoperatively for the correct positioning of injectable sub-
stances or prostheses for the treatment of AI and to evaluate, postoperatively, their 
dislocation in patients with recurrence (Fig. 5.4). EAUS is also helpful to quantify 
how much IAS can be divided during fistulotomy for intersphincteric fistulas [18].

5.6  External Anal Sphincter Lesions

OASIS are due to pelvic traumas during delivery, and they increase the risk of 
developing AI either immediately following childbirth or later in life. Their preva-
lence is underestimated. EAUS performed 60 days after delivery is considered the 
gold standard modality for the diagnosis of OASIS. It is able to detect between 4% 
and 8.5% of sphincter defects in multiparous women and 27–35% of injuries in 
primiparous women [19].

OASIS can be classified into four grades of severity, and they always involve the 
sphincters anterior to a horizontal line through the mid canal. In most cases, there is 
a single break of the anterior part of the EAS (<50% of EAS thickness = OASIS 3a; 
or >50%/full thickness = OASIS 3b). A combined defect of the EAS and IAS is 
defined as OASIS 3c. In grade 4 OASIS, the anal mucosa is also disrupted (Fig. 5.5). 
Ultrasonographically, a lesion of the transverse perineal muscles appears as an 
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Fig. 5.5 Different grades of obstetric anal sphincter injuries (OASIS) on endoanal ultrasonogra-
phy: (a) OASIS grade 3a; (b) OASIS grade 3b; (c) OASIS grade 3c; (d) OASIS grade 4

Fig. 5.6 Grade 4 obstetric anal sphincter injury: early lesion (a); scarring after 6 months (b)

asymmetrical area anterior to the EAS. A combined defect of the sphincter complex 
in the middle part of the anal canal is visualized as a disruption of regular continuity 
of both the EAS and IAS. Most injuries extend from 90° to 180°. Lesions of the IAS 
may show a “rubber band effect”, a classical sign of sphincter defect [20]. On ultra-
sound, EAS lesions appear as a low-intensity defect in the context of the brightest 
ring of the striated muscle. The poorly defined border of the EAS during tissue 
regeneration does not allow definition of the degree of atrophy of this muscle 
(Fig. 5.6). Fat replacement and loss of muscle fibers reduce the definition of the 
outer interface of the EAS [21]. However, by using volume render mode and 
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Fig. 5.7 Residual defect 
of the external anal 
sphincter and internal anal 
sphincter after repair of a 
grade 3c obstetric anal 
sphincter injury

3D-EAUS, it is possible to evaluate EAS atrophy by enhancing the intensity data of 
muscular fibers and fat tissue [22].

Many studies have reported good outcomes after immediate primary repair of 
OASIS, with improved quality of life in women and reduced AI symptoms [23]. 
Currently, there is no postpartum pathway to evaluate AI associated with obstetric 
sphincter injuries [24].

Sioutis et al. [24] reported that OASIS were clinically overestimated in 7% of 
women in whom 3D-EAUS did not demonstrate any damage. Late onset of AI in an 
elderly population can be related to undiagnosed previous anal sphincter defects 
after delivery [25].

3D-EAUS is useful to monitor the results after sphincteroplasty and to detect any 
residual injury, helping the management of subsequent pregnancies (Fig.  5.7). 
According to Fitzpatrick et al. [26], women experiencing AI after OASIS repair, 
must be referred for EAUS assessment.

Moreover, EAS thickness was found by Soerensen et al. [27] to be related to 
recurrence of incontinence symptoms after OASIS repair (Fig. 5.8).

5.7  Puborectalis Muscle Lesions

LA and PR muscles are best investigated by endovaginal ultrasound (EVUS) and 
transperineal ultrasound (TPUS), because these modalities visualize the attachment 
of the muscles to the inferior pubic rami. EAUS, which remains the best technique 
for the assessment of the EAS and IAS, can only show the posterolateral aspect 
of the PR.

A stretch trauma of the LA is initially associated with hematoma and edema 
formation; later, the muscle fibers are replaced by scar tissue or fibrosis. By using 
TPUS, Van de Waarsenburg et al. demonstrated that hematoma appears as a hypo/
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Fig. 5.8 Reduced 
thickness (4 mm) of the 
anterior external anal 
sphincter in a woman with 
recurring symptoms of 
anal incontinence after 
obstetric anal sphincter 
injury repair

anechoic area in the context of the LA, while scar tissue is visualized as an area of 
mixed/hyperechogenicity [28].

Lesions of the PR may be visualized by 3D-EAUS as reduced thickness or com-
plete loss of one or both branches of the muscle.

In conclusion, 3D EAUS is the gold standard investigation to evaluate sphincter 
injuries related to AI [29]. However, it does not provide optimal information regard-
ing EAS atrophy, which is best assessed by endoanal magnetic resonance imaging 
[30]. EVUS and TPUS provide additional information on pelvic floor muscle and 
levator hiatus damage [31].
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6Cross-Sectional Imaging in Fecal 
Incontinence
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6.1  Introduction

A combination of several factors produces fecal continence. These factors include 
fecal composition, functional aspects, such as intestinal motility and filling aware-
ness, and morphological aspects related to the anatomy of the rectum, anal canal, 
and sphincter apparatus [1]. Many causes can interfere with the balance between 
two or more of these factors, resulting in fecal incontinence. Therefore, each of 
these elements must be thoroughly evaluated to understand the genesis of fecal 
incontinence and choose the most appropriate treatment, whether medical, surgical, 
or a combination of these [2]. The most common causes include traumatic (obstet-
ric, surgical) defects of the sphincter complex, pudendal nerve dysfunction, and 
rectal prolapse. In women, fecal incontinence is most frequently caused by child-
birth, where the muscular sphincter fibers are commonly damaged [3]. Digital rectal 
examination is the first step in the clinical evaluation of patients with fecal inconti-
nence, giving an initial qualitative assessment of the external sphincter tone at rest 
and during contraction. Functional competence of the sphincter apparatus can sub-
sequently be tested by anorectal manometry, electromyography, and pudendal nerve 
terminal motor latency test [4]. Finally, diagnostic imaging is crucial for the mor-
phological evaluation of the anatomical structures involved in fecal continence and 
for the assessment of functional abnormalities of the defecatory act. The role of 
endoanal ultrasound (EAUS) is consolidated in clinical practice as the surgeon usu-
ally performs it during the physical examination [5]. In addition, X-ray and 
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magnetic resonance defecography combine high spatial resolution, which allows 
detailed assessment of all structures involved in the genesis of incontinence, with 
functional assessment, to identify the most appropriate therapeutic approach [6].

6.2  Imaging Techniques

6.2.1  X-Ray Defecography

X-ray defecography is a cost-effective imaging technique for the evaluation of the 
defecatory act in the physiological sitting position [7].

6.2.1.1  Execution Protocol
The rectal ampulla is filled with a high-density barium sulfate paste, usually 
150–200 mL.  In some cases, this is followed by distension of the vaginal canal, 
using 45 mL of the same paste, and the bladder, through the injection of 400 cm3 of 
iodinated contrast medium. The intestinal loops can be identified by administering 
200 mL of 60% barium sulphate orally, 1 h before the examination.

The examination is conducted with the patient sitting on an appropriate radiolu-
cent support to evaluate the defecatory act in the physiological sitting position. 
First, anteroposterior and laterolateral scans are taken at rest, followed by the 
dynamic phases of the study, in particular contraction, straining, and evacuation, 
which are acquired in the laterolateral projection. Eventually, a final acquisition is 
made after evacuation.

6.2.1.2  Image Analysis
The analysis is focused on assessing the position of three specific landmarks (the 
anorectal junction, the posterior vaginal fornix, and the bladder base) from the refer-
ence line drawn between the two ischial tuberosities.

6.2.1.3  Imaging Findings
Due to poor spatial resolution, X-ray defecography fails to identify slight abnor-
malities of the anal canal and sphincter apparatus; thus, it may only show indirect 
signs of fecal incontinence. The most important findings are listed below [8]:

 1. Barium leakage, due to the patient’s inability to retain the contrast medium.
 2. Distension of the anal canal by the barium paste: during the resting phase, the 

walls of the anal canal are not juxtaposed and have an average transverse diam-
eter ≥10 mm.

 3. Rectal hyperdistention, with a maximum transverse diameter >7.5 cm.
 4. Ineffective squeezing due to an impaired anal sphincter contraction.
 5. Anorectal angle >116° under resting conditions, implying puborectalis sling 

hypotonia.
 6. Rectal prolapse, fall of the anorectal junction >4 cm below the bisischiatic line.
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Fig. 6.1 X-ray defecography in the evacuation (a) and post-evacuation phase (b). Images show 
the presence of an anterior rectocele with incomplete expulsion of contrast medium

 7. Rectoanal intussusception, manifesting as an annular filling defect extending 
into the anal canal.

 8. Anterior rectocele, protrusion of the anterior wall of the rectum >3 cm beyond a 
reference line drawn upwards from the anterior margin of the anal canal 
(Fig. 6.1).

6.2.2  Magnetic Resonance Defecography

Due to its spatial resolution, magnetic resonance (MR) imaging provides a detailed 
anatomical representation of the anal canal, sphincter apparatus, and all muscles 
and ligaments involved in fecal continence, as well as a broad overview of the pelvic 
organs [8–10]. This imaging technique is also able to give crucial functional infor-
mation through dynamic evaluation of the defecatory act [11, 12]. Using rapid 
sequences, MR defecography can assess the defecatory phases of rest, squeezing, 
straining and evacuation in a more accurate way than X-ray, to identify both ana-
tomical and functional causes of fecal incontinence [13]. In addition to increased 
accuracy and reproducibility of measurements, MR defecography is also superior to 
the X-ray technique as it does not use ionizing radiation. Performance of the exami-
nation in the supine position is one disadvantage of this technique because the def-
ecatory act is less physiological [14].

6.2.2.1  Acquisition Protocol
Patient compliance is crucial for a successful examination. The rectal ampulla 
should be distended with 150  mL of ultrasound gel administered via a syringe 
through the anus. An additional 30–50 mL of ultrasound gel should also be admin-
istered through the vaginal canal to properly visualize the posterior vaginal fornix, 
an essential landmark in the diagnosis of rectal prolapse [15].
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The MR imaging protocol starts with a T1-weighted (T1W) localizer sequence 
with a wide field of view to identify the sagittal midline section, including the pubic 
symphysis, bladder neck, vagina, rectum, and coccyx. Subsequently, T2-weighted 
(T2W) turbo spin-echo sequences are acquired in the sagittal and axial planes.

By accurately depicting muscular structures and supporting ligaments, the T2W 
static sequences show muscular and fascial asymmetries, defects, pathological 
thickening or thinning, and irregularity of the contours, as well as the physiological 
thickness and integrity of the sphincter apparatus and the puborectalis sling [16].

The T2W static sequences are followed by T2W dynamic acquisitions (TRUE 
FISP, FIESTA, balanced FFE) in the midsagittal plane during rest, squeezing, strain-
ing and evacuation to define the position of the pelvic organs and detect perineal 
descent and pelvic prolapse.

6.2.3  Magnetic Resonance Anatomy of the Anal Canal

The anal canal is the terminal part of the large intestine located between the anal 
verge below and the rectum above. Its upper limit is the anorectal junction (ARJ), 
where the puborectalis muscle forms a U-shaped sling posteriorly [17]. On MR 
imaging, the mean length of the anal canal from the ARJ to the caudal tip of the 
subcutaneous external anal sphincter (EAS) is approximately 4.4 cm. The dentate 
(pectinate) line marks the transition between columnar epithelium (intestinal 
mucosa) and squamous epithelium, but it is not distinguishable at MR [16].

The anal canal shows a cylindrical morphology, with a three-layered wall of 
mucosa, submucosa, and muscle. The muscular layer is composed of an inner layer, 
the internal anal sphincter (IAS), and an outer layer, the external anal sphincter 
(EAS) [18]. On T2W images, the IAS appears as a moderately hyperintense circular 
smooth layer in the axial plane and as a longitudinal band in the coronal plane, with 
a mean thickness of 3.5 mm. Similarly, the EAS complex appears as a hypointense 
circular skeletal layer, with a mean thickness of 4 mm (Fig. 6.2) [18, 19].

The EAS complex is made up of three components (Fig. 6.3):

• a deep part surrounding the upper portion of the anal canal and merging with the 
puborectalis sling

• a superficial part surrounding the whole anal canal and continuing posteriorly 
with the anococcygeal ligament

• a subcutaneous portion, the outermost layer, surrounding the lower side of the 
IAS just beneath the perianal skin.

A T2W hyperintense intermsphincteric space lies between the IAS and EAS. The 
best anatomical assessment of these counterparts is made on images taken in the 
midsection of the anal canal, where the two halves of the external sphincter join.

The midsagittal plane helps depict the supporting structures, particularly the 
anococcygeal ligament, posteriorly connecting the external sphincter to the coccy-
geal bone, and the puborectalis and bulbocavernosus muscles, both anterior, which 
support the EAS complex [20].
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Fig. 6.2 Normal anatomy of the anal canal in the coronal (a) and sagittal (b) plane. The external 
layer corresponds to the external anal sphincter (arrowhead), the inner one corresponds to the 
internal anal sphincter (asterisk). The intersphincteric space is shown as a thin hyperintense line in 
the middle

ca b

Fig. 6.3 Anal canal anatomy along its long axis, deep (a), superficial (b), and subcutaneous 
plane (c)

6.2.4  Morphologic Diagnostic Criteria

In MR imaging, the morphological findings of fecal incontinence concern primarily 
the sphincter complex, particularly the presence of defects or atrophy within the 
sphincteric ring, both internal and external.

A sphincteric defect is defined as a minimum of 30° discontinuity of the muscle 
ring (isolated or combined IAS and EAS; anatomical defect) (Fig.  6.4). At MR 
imaging, it appears as a low signal deformation of the muscle ring due to the replace-
ment of muscular fibers by fibrous tissue [21] (Fig. 6.5).

Fecal incontinence may be caused by sphincter disruptions sustained during 
childbirth [22]. There is a correlation between anal sphincter atrophy, which might 
cause late-onset incontinence without evidence of any disorders within the 
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Fig. 6.4 Axial T2w fat 
saturation sequence shows 
a posterior lesion of the 
external anal sphincter 
(asterisk)

Fig. 6.5 Axial T2w 
sequence: a hypointense 
area, relatable to fibrous 
scar tissue, may be 
appreciated in the context 
of the inner anal sphincter 
at 11 o’clock (asterisk)

sphincteric complex, and pudendal neuropathy, a condition favored by stretching 
during vaginal delivery [23] (Fig. 6.6). In particular, the pudendal nerve is the main 
nerve of the anorectal region, supplying both sensory and motor innervation [24].

Vaginal delivery, neurologic disorders, and diabetes may induce degeneration of 
the external anal sphincter with loss of muscle fibers and fatty infiltration and/or 
loss of anal sensation leading to fecal incontinence [25].

Anal sphincter atrophy is a condition sustained by a severe thinning of the 
sphincteric ring, responsible for passive fecal incontinence. When concerning the 
IAS, atrophy implies muscle degeneration characterized by a thickness <2  mm. 
EAS atrophy might indicate severe sphincter thinning or a regular consistency, with 
fatty replacement of skeletal muscle fibers.
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Fig. 6.6 Signal hyperintensity and increased thickness of the left pudendal nerve (a, asterisk), 
causing asymmetry of the puborectalis sling (b and c, arrows)

EAS atrophy can be stratified using a grading system proposed by Terra et al. 
[25]. This score considers the percentage of fat content of the EAS and measure-
ments of the area of the remaining EAS:

• no atrophy: no thinning or replacement of the sphincter muscle by fat
• mild atrophy: <50% thinning or replacement of sphincter muscle by fat
• severe atrophy: ≥50% thinning or replacement of sphincter muscle by fat

The clinical relevance of correctly diagnosing anal sphincter atrophy in the set-
ting of fecal incontinence is high, as atrophy is a negative predictive factor for the 
outcome of secondary sphincter repair.
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6.2.5  Functional Diagnostic Criteria

On dynamic MR acquisitions, the pelvic floor shows a physiological craniocaudal 
excursion of 2 cm. When assessing pelvic floor function on MR imaging, the most 
relevant anatomical landmark is the pubococcygeal line (PCL), drawn between the 
inferior margin of the pubic symphysis and the upper limit of the coccyx.

In patients without pelvic prolapse, during the straining and evacuation phases, 
the bladder base, the upper third of the vagina (posterior vaginal fornix), and the 
ARJ are located above the PCL [14].

During contraction, the pelvic organs show an upward displacement of 1–2 cm 
from the PCL.  During straining and evacuation, they are displaced downwards 
within a range of 2–3 cm from the PCL, compared to the resting position [15].

The most frequent functional MR findings in fecal incontinence are described in 
the following sections.

6.2.5.1  Rectal Prolapse
According to the distance between the PCL and the lowest point of the prolapsed 
organ during evacuation, rectal prolapse is graded as:

• mild, if the distance is less than 3 cm (Baden-Walker grade 1–2),
• moderate, if the distance is between 3 and 6 cm (Baden-Walker grade 3)
• severe, if the distance is more than 6 cm (Baden-Walker grade 3–4).

6.2.5.2  Rectocele
Rectocele is an anatomical defect of the anorectal region manifesting as bulging of 
the anterior rectal wall within the posterior vaginal wall.

There are three different degrees of rectocele:

• grade 1: point of maximum convexity up to 2 cm from to the axis of the ARJ 
(non-pathological)

• grade 2: point of maximum convexity between 2 and 4  cm from to the axis 
of the ARJ

• grade 3: point of maximum convexity >4 cm from the axis of the ARJ.

6.2.5.3  Rectoanal Intussusception
Rectal intussusception is defined as the invagination of the rectal wall into the rectal 
lumen; at first, it may be only located on one side and is referred to as rectal wall 
inversion [26]. Rectoanal intussusception is classified as:

• intra-rectal when the invagination is confined to the rectum.
• intra-anal or procidentia if it extends into the anal canal.
• extra-anal when it extends beyond the anal sphincter.
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6.3  Conclusions

MR defecography and 3D endoanal ultrasound (EAUS) are useful techniques for 
portraying morphologic changes in the anal sphincters that may result in fecal 
incontinence.

EAUS is usually the first imaging study to be performed, as it provides informa-
tion about the morphology of a potentially damaged sphincter [27].

In selecting patients for sphincteroplasty, MR imaging is subsequently per-
formed to detect areas of atrophy and fatty replacement of the anal sphincter com-
plex that EAUS fails to identify [28]. MR defecography can also provide additional 
functional information and depict abnormalities associated with fecal incontinence, 
such as pelvic organ prolapse, rectoanal intussusception, rectocele, pelvic floor 
weakness, and pudendal nerve neuropathy [29]. Preoperative measurement of 
sphincteric thickness during both EAUS and MR imaging may represent a potential 
predictor of surgical outcome. EAUS can also depict any residual sphincter defect 
when performed in the postsurgical setting. In short, MR imaging qualifies as the 
recommended imaging technique in the preoperative evaluation, while EAUS is the 
preferred study in post-surgical evaluation.

Finally, although the role of X-ray defecography is limited nowadays, mostly 
because of radiation protection issues, the technique is still useful in selected cases, 
to depict fecal overflow incontinence and/or overactive, noncompliant rectal 
ampulla.
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7Medical Management and Supportive/
Hygienic Measures

Roberto Dino Villani and Daniela Di Nicola

7.1  Introduction

The causes of fecal incontinence are several and often due to a combination of dif-
ferent factors. This implies diversified therapeutic approaches, which depend on the 
causes. Medical treatment and especially hygienic support should be the first steps 
and should support the different surgical and rehabilitation treatments that will be 
applied later on.

Since fecal incontinence in adults can create a situation of discomfort that nega-
tively affects quality of life and leads to embarrassment and social isolation, conser-
vative treatment should be instituted as soon as the patient seeks medical attention.

Treatment should begin immediately by modifying the patient’s lifestyle, reduc-
ing foods that trigger/aggravate the symptoms and using antidiarrheal/thickening 
agents. Treatment should also be tailored to the patient, considering the possibility 
to choose one or more strategies, according to the causes of incontinence, the 
patient’s age and general health condition, and the impact of incontinence on quality 
of life. Unfortunately, the symptoms of anal incontinence are seldom reported spon-
taneously and/or openly by the patients, who often turn to us long after the onset of 
the problem or because of worsening of the condition.

Therefore, where possible, it is fundamental to identify the root cause as soon as 
possible and plan treatment accordingly.

A key determinant is the patient’s recent and past medical history, such as previ-
ous surgery, ongoing drug therapies, possible intolerances, allergies, and comor-
bidities. Several medical history questionnaires may be found in the medical 
literature that can help classify the degree of incontinence and its impact on the 
patient’s life [1].
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Once a diagnosis has been formulated, then a therapeutic approach may start. 
This must include proper hygiene and dietary education, if necessary combined 
with drug therapy. Dietary recommendations are discussed in another chapter of this 
book, whereas the suggested drug therapy will be discussed below.

Pelvic floor rehabilitation techniques, patient education about the use of devices 
and the management of transanal irrigation will be considered at a later stage of the 
treatment, depending on the patient’s response to this first approach. These methods 
may also be suggested in a nonsequential order, in relation to the current situation.

At the beginning, in order to put the person at ease and establish the patient care 
agreement, taking charge of the patient’s care should include [1]:

 – reception of the patient
 – empathy
 – relation with the patient.

7.2  Nursing Assessment

The initial nursing intervention should consist of an assessment of the patient’s situ-
ation through a complete collection of all the patient data needed to devise the most 
appropriate treatment plan in collaboration with the multidisciplinary team.

Therefore, nurses should:

 – collect a detailed patient history;
 – collect the patient’s defecation diary and educate the patient about the impor-

tance of establishing a routine to gradually achieve regular bowel movements;
 – administer a test to evaluate the impact of incontinence on the patient’s quality 

of life;
 – evaluate the patient’s ability to evacuate independently;
 – assess fluid and fiber intake and inform both the patient and caregiver about the 

importance of regular hydration and diet for maintaining soft and bulky stool;
 – evaluate the use of devices such as incontinence pads, sanitary napkins, inconti-

nence briefs, stool collection systems;
 – educate the patient about the use of containment devices, if necessary;
 – verify perineal skin integrity and educate the patient about correct intimate 

hygiene and the use of zinc oxide and dimethicone moisture barriers, to prevent 
perianal and perineal complications;

 – perform a manual check to evaluate possible fecal impaction;
 – provide assistance to prepare the patient for the various tests.

At this stage, the nurse’s role is to explain, educate, actively involve and interact 
with the person affected by fecal incontinence. This should result in the patient tak-
ing charge of his/her care and consequently an improvement in quality of life. It is 
also crucial that both the patient and health care provider use the same evaluation 
sheets in order to avoid ambiguous interpretations (e.g., Bristol Stool Chart) [1].
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7.3  Hygiene and Dietary Guidelines

Already at the patient’s first visit, the nurse can do the following to help alleviate the 
patient’s complaint [1]:

 – suggest stimulating daily bowel elimination after breakfast, possibly at the same 
time every day, as the gastrocolic reflex is triggered by food and drink intake;

 – suggest insoluble fiber intake to obtain soft and bulky feces, especially in patients 
who have fragmented stool;

 – promote the intake of natural stool-bulking agents such as rice, yogurt, and 
bananas, because of their absorption power;

 – if possible, ensure a fluid intake of up to 3000 mL/day, or start fluid replacement 
therapy to compensate volume loss in the case of diarrhea;

 – encourage the patient to do regular physical activity, when possible, in order to 
stimulate peristalsis;

 – if necessary, suggest the use of a suppository, digital stimulation every 10–15 min, 
or direct stimulation of the rectal sphincter and lower colon to start peristalsis;

 – suggest keeping assistive devices at hand to ensure immediate access to toileting 
facilities and avoid unpleasant “accidents”;

 – promote a comfortable position for defecation (squatting position) as this will 
allow a more effective bowel evacuation.

7.4  Medical Treatment

The goals of medical therapy are to treat any disorders which may cause diarrhea or 
constipation and to:

 – relieve annoying and embarrassing symptoms;
 – restore bowel control;
 – improve quality of life.

When the cause of defecation disorders is not easily identifiable or modifiable, 
medicines can only manage the symptoms. Pharmacological therapy is often com-
bined with other therapeutic options and it is closely dependent on the root cause of 
incontinence symptoms [2].

The use of antidiarrheal drugs, such as loperamide or codeine phosphate in 
patients who tend to present liquid stool is extensively described. Loperamide pres-
ents minor systemic effects and is therefore generally prescribed at low dosages (2 
to 4 mg/day); administration of loperamide should be optimized according to the 
clinical picture. Dosages may be increased in specific clinical settings, such as 
patients with ileoanal pouch. There does not seem to be any evidence regarding the 
use of such drugs in incontinent patients who have normal stool.

In the case of watery stool, thickening agents may be used in combination with 
loperamide. When incontinence is caused by fecal impaction, the use of laxatives in 
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combination with manual bowel disimpaction and/or evacuating enemas may help 
improve continence. Furthermore, some topical agents such as zinc-aluminum oint-
ment, phenylephrine gel or sodium valproate may increase sphincter muscle tone. 
These products are not always readily available for this purpose and there is little 
evidence of their efficacy, although their use has been reported in the literature.

Transanal irrigation (TAI) is a good alternative or supplement to medical treat-
ment and kits are commerically available (e.g., Peristeen). If well tolerated, the 
system offers unique advantages: it is simple to perform, reversible and minimally 
invasive and it may also be used with young children. It aims to clear the left colon 
and rectum, thanks to the introduction of a certain amount of water through a closed 
circuit by using an anal catheter equipped with a small retention balloon and con-
nected to a water bag.

When performed regularly, TAI prevents stool leakage in between washouts. 
Therefore, it suggests a state of pseudo-continence and restores control over the 
time and place of evacuation. It is safe and effective, positively influencing the 
patient’s quality of life, dignity, and independence [3]. It is suitable for patients with 
neurogenic bowel, multiple sclerosis and spinal cord injury, for patients with ante-
rior rectal resection syndrome, and other forms of incontinence. The patient may 
perform the irrigation at home, if necessary with the help of a caregiver, after at least 
two treatments carried out under the supervision of a specialist [4].

A bedridden patient with fecal incontinence may develop other complications in 
addition to the sense of discomfort and hygienic problems related to incontinence. 
These patients may therefore benefit from a fecal diversion and collection system 
(e.g., Flexi-Seal FMS), which has the additional advantage of possibly reducing the 
nurses’ workload as well as the duration of hospitalization and hospital costs [5].

7.5  Mechanical Treatments and Containment Devices

Available devices for the management of even the very first symptoms of fecal 
incontinence are external absorbent health aids, such as panty liners, absorbent 
stripes, absorbent briefs or panties and diapers up to more sophisticated items such 
as insert devices. The former cannot control incontinence or prevent odor problems 
or possible skin problems. The latter may be distinguished into anal and vaginal 
plugs, which are very simple devices designed to keep the anal canal closed while 
inserted. However, conformity and long-term benefits still need to be proven, given 
their side effects such as discomfort, displacement, and non-tolerability [6].

These devices apparently improve symptoms in over 70% of patients, but their 
efficacy has not been widely studied yet. Anal plugs may reduce incontinence epi-
sodes but are not well tolerated and this limits their use. A more recent device, the 
Renew anal insert, is a disposable, soft and flexible silicone anal insert. In an obser-
vational study on 91 patients who used the device for 1–12 weeks, over 75% showed 
at least 50% reduction in the frequency of fecal incontinence episodes [6].

An endovaginal device for fecal incontinence treatment is also available. Called 
the Eclipse system, it needs to be inserted by a qualified physician and it requires 
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continuous self-care to be used properly. The device is inserted into the vagina and 
is equipped with a small balloon that, once inflated, seals the anal canal. An obser-
vational study on 73 women who used the device for 12 months showed a high 
satisfaction rate: 79.6% of patients reported a significant improvement [7].

7.6  Mind and Incontinence

Psychological factors can originate from or cause incontinence and should be con-
sidered as part of the general management plan. Coexisting mental health condi-
tions may influence successful treatment outcome and there is still very little 
evidence to support any treatment for over 3–6 months [8].

A person with pelvic floor and incontinence symptoms, who is well motivated 
and has good cognitive abilities and a non-seriously impaired psychological status, 
has a better chance of responding positively to the proposed therapies, especially if 
a good relationship has been established between the patient and his/her health care 
provider [9].

7.7  Conclusions

Hygiene and health measures, devices, bowel lavage and possible drug treatment 
should be considered the first-line treatment of fecal incontinence patients. 
Psychological support and a fruitful relationship between the physician, rehabilita-
tion nurse, and patient may facilitate the pathway to rehabilitation or surgery, which 
may eventually become necessary.

The results that may be obtained—some of them decisive, others often only 
improving the patient’s situation—require perseverance and regular follow-up, both 
of which are highly recommended.
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8Diet in Fecal Incontinence

Marcellino Monda

8.1  General Principles of Diet

A diet is correct and balanced when, on a daily basis, a series of suggestions and 
rules relating to the quantity, quality, and variety of foods eaten are followed [1]. 
The daily energy intake must be adequate for calorie consumption, and all the nutri-
ents that allow you to derive health benefits must be present in a diet. There is no 
food that can be said to be truly complete (if we exclude breast milk for babies up 
to 8–12 months). The simplest and safest way to be able to assimilate, in the right 
quantities, all the nutrients necessary for the proper functioning of our body is to 
vary the foods eaten and combine them in the most appropriate way. The body con-
tains almost all the nutritional elements that we find in food, the nutrients, that are 
divided into macronutrients (carbohydrates, lipids, and proteins) and micronutrients 
(vitamins and minerals). Macronutrients give energy, while micronutrients do not 
give energy, but they are necessary for biological functions [2, 3]. Alcohol is a par-
ticular macronutrient that gives energy, but it is not necessary for a healthy diet.

Water, despite being an indispensable element for many functions (and the com-
position itself!) of the human body, is not considered a nutrient.

To follow a balanced diet, it is advisable to take the correct quantities of macro- 
and micronutrients and that the daily calorie intake is divided into specific propor-
tions. This means that 15% of the daily calories should come from protein, 25–30% 
from lipids, and 55–60% from carbohydrates.
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Table 8.1 Foods that should be avoided in fecal incontinence

Foods with excess fructose
  peaches, persimmons, watermelon, pears, apricots, apples, mango, coconut, figs, 

blackberries, honey, corn syrup, glucose syrup, fruit concentrates, dried fruit
Foods with lactose
  cow milk, sheep milk, goat milk, soft and fresh cheeses, ice cream, yogurt
Foods with fructans and/or galactans
  asparagus, broccoli, artichoke, brussels sprout, cabbage, garlic, fennel, okra, leek, onion, 

shallot, chickpeas, beans, lentils, soy, peas
Foods with polyols
  apples, apricots, avocado, cherries, longans, lychees, nashi pears, nectarines, peaches, pears, 

plum, prune, watermelon, cauliflower, mushroom, snow pea; sweeteners (isomalt, maltitol, 
mannitol, sorbitol, xylitol)

8.2  Dietary Therapeutic Strategies

The general principles of dietary strategies for the treatment of fecal incontinence 
[4] are the same as those for people without fecal incontinence. Some foods must be 
excluded from the diet of patients suffering from fecal incontinence (Table 8.1), but 
the proportion of macronutrients remains unchanged. A drastic reduction of many 
simple carbohydrates is an important strategy in dietary schemes to improve the 
symptoms of patients with fecal incontinence [5, 6].

8.2.1  Low FODMAP Diet

The carbohydrates that need to be drastically reduced are those known as FODMAPs, 
i.e., “fermentable oligosaccharides, disaccharides, monosaccharides, and polyols”. 
These are short-chain carbohydrates that are poorly absorbed by the small intestine 
and induce excessive fluid and gas accumulation, resulting in bloating, abdominal 
distention, and pain. FODMAPs are found in many foods, including those contain-
ing fructose, lactose, galacto-oligosaccharides, fructans, and polyols (such as man-
nitol, sorbitol, maltitol, and xylitol). The rapid fermentation of these carbohydrates 
causes important osmotic effects. FODMAPs are poorly absorbed for several rea-
sons: (1) the absence of luminal enzymes capable of hydrolyzing the glycosidic 
bonds contained in carbohydrates, (2) low activity of brush border enzymes (e.g., 
lactase), or (3) the presence of low-capacity epithelial transporters, such as glucose 
transporter 5 and fructose (GLUT-5) and glucose transporter 2 (GLUT-2).

Fructose, which is an important FODMAP, is absorbed across villous epithelium 
through low-capacity, carrier-mediated diffusion involving GLUT-5. The absorp-
tion of free fructose is increased in the presence of glucose via GLUT-2. When 
fructose is present in excess of glucose, the fructose malabsorption is enhanced. 
Furthermore, several substances, such as polyols, are too large for simple diffusion. 
On the other hand, oligosaccharides are rapidly fermented, compared to polysac-
charides. Fermentation produces hydrogen, carbon dioxide, and methane. Finally, 
osmotically active small molecules draw more water into the small intestine.
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Thus, a diet low in FODMAPs is an important tool in the therapeutic strategy for 
fecal incontinence.

8.2.2  Percentage of Macronutrients

Meal composition influences the gastrocolic reflex. This is a physiological reflex 
that controls the motility of the lower gastrointestinal tract following a meal. The 
gastrocolic reflex is induced by the gastric stretch due to food ingestion and its acti-
vation results in the urge to defecate. Foods that stimulate this reflex too much 
should be drastically reduced in the diet of patients with fecal incontinence [7].

Carbohydrate meals induce a colonic motor response, but the effects are short 
lived when compared with fat meals. The prolonged, segmental, and retrograde pha-
sic activity induced by a fat meal may delay colon transit. Thus, meal composition 
influences colonic motor response [8, 9].

It has been shown that meals containing fat delay gastric and small bowel transit. 
Experimental evidence showed that the infusion of fat into the duodenum induces a 
duodenal brake. These events are probably due to the stimulation of specialized 
mucosal cells (such as I cells of the duodenojejunum that secrete cholecystokinin) 
or due to the release of peptide YY, both of which can delay gastric emptying. In 
contrast, the shorter duration and more rapid onset of the colonic motor response 
after a carbohydrate meal may be due to the faster transit of this meal through the 
stomach and small bowel.

Considering that the recommended percentage of calories from carbohydrates 
ranges from 55% to 60%, the advisable percentage of energy from carbohydrates in 
patients with fecal incontinence should be closer to 55% than 60%; similarly, since 
the recommended percentage of calories from lipids ranges from 25% to 30%, the 
advisable percentage of energy from lipids should be closer to 30% than 25%.

8.2.3  Coffee

Although there is some experimental evidence showing that coffee stimulates the 
contraction of the gallbladder and the motor response of the colon, it is not conclu-
sively proven that coffee induces a major increase in colonic motor activity [10]. 
Therefore, moderate coffee consumption should be allowed in patients with fecal 
incontinence, although the response should be monitored in a personalized manner.

8.2.4  Spices, Spicy and Smoked Foods

Spices, as well as spicy and smoked foods, should also be avoided or at least limited 
for their irritating action on the mucous membranes of the digestive system, as well 
as for their stimulating effect on secretions and motility.
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8.2.5  Supplementation with Vitamins and Minerals

Micronutrient supplements should always be considered for patients with fecal 
incontinence. Vitamins and/or mineral salts should be used to supplement any defi-
ciencies caused by dietary restrictions regarding the quality and quantity of food.

8.3  Importance of Healthy Foods

The importance of the preferential use of healthy foods should not be overlooked. 
In particular, the following foods should always be present: fruit and vegetables 
(obviously only those allowed in fecal incontinence), fish, and extra virgin olive oil 
(Table 8.2).

8.3.1  Fruit and Vegetables

Fruit and vegetables can be divided into five colors (the so-called colors of 
well-being):

 (a) Blue/Purple (e.g.: berries, eggplant, grape)
Important substances: anthocyanin, carotenoids, vitamin C, potassium, and 
magnesium.

Table 8.2 Suggested diet tips for the patient with fecal incontinencea

Breakfast
  Aged cheese 60 g + Rice crackers 40 g
10 a.m.
  Fruit 100 g
Lunch
  (1) Cooked or raw vegetables (also pureed) 100 g
  (2) Rice 110 g or potatoes 220 g
  (3) Fish 200 g or meat 150 g
  (4) Fruit 100 g
5 p.m.
  Fruit 100 g
Dinner
  (1) Cooked or raw vegetables (also pureed) 100 g
  (2) Rice crackers 100 g
  (3) Fat-free raw or fat-free cooked ham or bresaola 80 g or meat 150 g or fish 200 g
  (4) Fruit 100 g
Foods
  Fish: bluefish, cod, plaice, red snapper, sea bass, sea bream, sole, stockfish, swordfish, tuna
  Meat: chicken (breast), lean beef, lean pork, rabbit, turkey (breast), tinned meat
  Fruit: banana, berries, grapes, kiwi, mandarin, orange, pineapple, strawberries
  Vegetables: cucumber, carrot, celery, clementine, eggplant, lettuce, peppers, pumpkin, 

tomatoes, zucchini
  Dressing: extra virgin olive oil 40 g/day

a The diet must always be tailored to the patient’s needs
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 (b) Green (e.g.: kiwi, lettuce, peppers, zucchini)
Important substances: chlorophyll, carotenoids, magnesium, vitamin C, folic 
acid and lutein

 (c) Red (e.g.: peppers, tomatoes, strawberries)
Important substances: lycopene, anthocyanins.

 (d) White (e.g.: celery, grape)
Important substances: polyphenols, flavonoids, potassium, vitamin C.

 (e) Yellow-Orange (e.g.: carrots, clementines, mandarins, oranges, peppers)
Important substances: flavonoids, carotenoids, vitamin C.

The phytochemicals contained in these foods have remarkable antitumoral and anti-
aging effects.

8.3.2  Fish

Fish is a food with excellent nutritional properties and numerous beneficial effects 
for human health [11]. It contains a good amount of proteins, about 15–20% by 
weight, which are proteins with a high biological value and easily digestible (espe-
cially compared to meat proteins). Fish also contains omega-3 polyunsaturated fatty 
acids (PUFA), vitamins (especially vitamins D, B, and A), and mineral salts such as 
potassium, phosphorus, iodine, calcium, and iron [12].

Omega 3 PUFA contain two or more double bonds and are derived from the 
essential fatty acid alpha-linoleic acid. They are found in fish and fish oils and their 
health benefits are numerous as they serve various functions in our body. They are 
components of phospholipids in cell membranes, are involved in the metabolism of 
cholesterol, and are precursors of biologically active compounds such as prosta-
glandins, interleukins, and thromboxanes. All these functions indicate that they 
have pivotal roles in the immune response, blood clotting, and inflammation.

Thanks to these characteristics, fish is considered a “friend of health”. In particu-
lar, oily fish and fish with a high content of omega 3 PUFA, such as anchovies, 
sardines, mackerel, tuna, salmon, and cod, should be consumed more frequently. 
The consumption of fish is associated with numerous benefits that affect many 
aspects of health.

Specifically, evidence suggests that fish consumption is associated with a lower 
risk of cardiovascular disease, depression, and mortality. Furthermore, an inverse 
association exists between fish intake and risk of metabolic syndrome. Fish con-
sumption is also associated with antiaging effects, cell protection, and improvement 
of cell functions and cognitive functions. Additionally, the anti-inflammatory prop-
erties of omega-3 PUFA may also have a beneficial effect on remission of aforemen-
tioned pathologies. Therefore, fish can be considered a healthy animal-based dietary 
source of protein.
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8.3.3  Extra Virgin Olive Oil

Extra virgin olive oil (EVOO) is the product of the mechanical extraction process of 
olives deriving from Olea europaea L., commonly known as the olive tree. EVOO 
is a fundamental ingredient of the Mediterranean diet and is responsible for a great 
many health benefits associated with this diet [13]. The features of this food, which 
is also called “the golden food”, are in part due to the production process since it is 
obtained using exclusively mechanical procedures, and it has a free acidity that can-
not be greater than 0.8%. Furthermore, to be defined as EVOO, it must not show 
sensory defects and it must have a fruity taste.

EVOO is characterized by a high concentration of bioactive components, such as 
phenolic compounds, but also vitamins A, D, and E, as well as β-carotene, and it 
exerts countless health benefits, mainly due to its antioxidant activity. It is also rich 
in oleic acid which possesses beneficial health effects [14]. Its antioxidant activity 
is linked to its ability to protect DNA, proteins, and lipids from damage caused by 
exposure to reactive oxygen species (ROS), which in turn are increased in patients 
with inflammation. Studies show a significant improvement in protein carbonyl-
ation, lipid peroxidation, and mental health status, and beneficial effects on several 
cardiovascular risk markers after a dietary intervention with EVOO. The biological 
activities related to the beneficial effects of consuming EVOO have been mainly 
attributed to the unsaturated fatty acid (UFA) composition and phytochemical com-
pounds in these foods (polyphenols). Both UFA and polyphenols exert anti-inflam-
matory and antioxidant effects [15].

Furthermore, EVOO could improve health through positive effects on gut 
microbiota.

Therefore, evidence suggests that EVOO is a natural antioxidant that can be used 
in primary prevention and is recommended in preference to the use of antioxidant 
supplements.
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9Role of Pelvic Floor Rehabilitation: 
Patient Selection and Treatment

Ludovico Docimo, Giorgia Gualtieri, Claudio Gambardella, 
and Luigi Brusciano

9.1  Introduction

Anal incontinence (AI) is the occurrence of an involuntary loss of gas or feces that 
strongly impairs patients’ quality of life. It affects individuals of all ages, races and 
gender; its overall prevalence in adults ranges from 11% to 15% and increases with 
age [1]. However, its real prevalence is probably underestimated as patients tend to 
avoid seeking medical care due to considerable embarrassment and stigma [2]. The 
manifestations of AI differ according to the severity of the condition, leading to a 
variety of heterogeneous clinical presentations, from the unintentional elimination 
of flatus or slight soilage, to the complete and unnoticed loss of feces. The mecha-
nisms responsible for physiologic continence involve a complex interplay between 
stool consistency, compliance of the rectal reservoir, pelvic floor muscle groups, 
and proper functioning of the anal sphincter complex. Alterations in any of these 
elements—from stool consistency to muscular proficiency—may impact continence 
to flatus, liquid and solid stool and give rise to symptoms related to AI. It is known 
that the ideal stool consistency ranges between type 3 and 4 of the Bristol Stool 
Scale [3]. A change in stool consistency to the liquid pattern may impair continence 
even in the absence of sphincter lesions. Conversely, the presence of sphincter 
lesions or pelvic floor motility disorders may imply AI symptoms regardless of 
stool consistency. Alterations of the nervous system directly impairing the sampling 
reflex may also contribute to the occurrence of AI [4, 5]. AI may be also caused by 
the often-neglected functional alterations correlated to a thoraco-abdomino-perineal 
dyssynergia. The physiologic defecatory act in fact not only involves synchronism 
between the rectum and anus, but also requires correct thoraco-abdomino-perineal 
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dynamics and vertebral position. Indeed, chest, abdomen, vertebral column and 
perineum are to be considered different parts of the same complex, all actively play-
ing their role in patients with defecation disorders. Pelvic floor contraction and 
relaxation for physiologic defecation and urination depends on the harmonic inte-
gration of what can be schematized as the four sides of an “imaginary cuboid”: the 
diaphragm, the abdominal wall, the spine and the pelvic floor itself (Figs. 9.1 and 
9.2) [6, 7]. For example, the correct movement of the diaphragm has a decisive role 
in increasing intra-abdominal pressure, a well-known and studied pattern of physi-
ologic defecation [8]. AI severity depends on the type and frequency of episodes 
and, of course, on the extent to which the episodes affect the patients’ quality of life.

9.2  Clinical Physiatric Evaluation

Routinely, the diagnostic algorithm for defecation disorders, such as AI, includes 
clinical tests (e.g., the Cleveland Clinic Incontinence Score), proctologic examina-
tion, radiologic imaging, instrumental tests (3D endorectal ultrasonography and 
high-resolution anorectal manometry), performed to assign patients an incontinence 
level [9–11]. Medical history should include previous anal surgery, hysterectomy, or 
previous vaginal deliveries; however, although these represent predictive factors of 
AI, they do not help to select patients amenable to pelvic floor rehabilitation nor do 
they provide any information predicting the effectiveness of the rehabilitative treat-
ment. In this setting, it is important to extend the assessment of the proctological 
patient to include a clinical-physiatric evaluation [12] to be carried out alongside the 
clinical examinations and instrumental tests, consisting of:

 – Puborectalis contraction This parameter is useful to detect a paradoxical muscle 
contraction and an absent or incomplete relaxation.

 – Pubococcygeal test Phasic and tonic contraction can be evaluated by hooking a 
finger in the anal canal and asking the patient to contract the anus for the longest 
possible period of time [13, 14]. Incontinent patients show significantly worse 
pubococcygeal test than healthy controls.

 – Perineal defense reflex This evaluates the pelvic floor and abdominal muscle 
action following an increase in intra-abdominal pressure. The patient is asked to 
cough, so that the physician can observe and rate perineal muscle contraction as 
either a physiologic rising or a pathologic descending which, if marked, might be 
associated with emission of urine and flatulence [15–17]. The perineal defense 
reflex is evaluated as an expression of a correct thoraco-abdomino-perineal 
dynamics [16–18].

 – Muscular synergy The activity of both agonist (glutei and abductors) and antago-
nist (abdominals, diaphragm) muscles has to be evaluated with the patient in 
Sims’ position. The physician places a hand over the abdominal wall and observes 
the gluteal and abductor contraction as the patient is asked to contract the anus 
[15, 16]. In the case of a request for anal sphincter contraction, in fact, the recruit-
ment of agonist muscles, such as the gluteus and abductor groups, can be caused 
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Fig. 9.1 Pelvic floor dyssynergies, defecatory posture, postural disorders, alimentary behavior, 
pudendal neuropathy, and the correct interaction and equilibrium among all the structures belong-
ing to the “imaginary cuboid” are all parameters to be evaluated to indicate pelvic floor rehabilita-
tion, which aims at the functional correction of any altered physiatric parameters. (Reproduced 
from [6] with permission from Springer)
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Fig. 9.2 A brief representation of the interaction of the different structures forming the “imagi-
nary cuboid”, whose correct functional interplay is the goal of pelvic floor rehabilitation and the 
necessary basis for treating pelvic floor disorders. (Reproduced from [7] with permission from 
Springer)

by the patient’s incapacity to selectively recruit the correct muscles to comply 
with the request. Vice versa, the identification of antagonist muscles (abdominal 
muscles) during anal sphincter contraction also represents a conflict between the 
abdominal and perineal muscles [19]. A higher rate of agonist and antagonist 
muscle synergies has been noticed in incontinent patients.

 – Postural evaluation of lumbar lordosis The distance between the plumb line and 
the spinous process of L3 is measured, considering a range between 25 and 
40 mm as normal [20]. In patients with severe lumbar hyperlordosis, the sacrum 
is positioned almost horizontally while the pelvic promontory is displaced dor-
sally and the coccyx ventrally [21]. According to its severity, lumbar lordosis 
may alter the orientation of the sacral promontory, the anorectal angle, and the 
puborectalis tone and consequently affect defecation.

 – Breathing dynamics During the first clinical examination it should be assessed 
whether or not the patient knows how to recruit the diaphragm and execute a cor-
rect breathing technique. In physiologic breathing, lowering of the diaphragm 
causes an increase in abdominal pressure, which is useful for the act of defeca-
tion. Regardless of the patient’s clinical presentation, the failure to recruit the 
diaphragm should be corrected through rehabilitation [22].
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It is clear that a patient who might benefit from rehabilitation cannot be only clini-
cally and instrumentally assessed: a physiatric assessment appears necessary, to enable 
the identification and correction of the altered parameters that modify the harmony of 
the “imaginary cuboid”. A proper and complete evaluation of physiatric parameters 
should therefore be included in every diagnostic protocol for incontinent patients [6, 7]. 
Only the finding of one or more altered physiatric parameters can justify the indication 
for pelvic floor rehabilitation, which is otherwise inappropriately prescribed. Correction 
of the altered parameters aims at reconstructing the physiologic harmony of the pelvic 
floor and the other structures forming the “imaginary cuboid”; this harmony is a neces-
sary, though not always sufficient, condition for achieving clinical resolution of the 
symptoms. Only after improvement of function can we assess whether there is also 
clinical benefit. An inappropriate indication to rehabilitation not only leads to unneces-
sary treatment, but also fails to benefit the patient, and is responsible for incorrectly 
associating pelviperineal rehabilitation to a poor outcome.

9.3  Pelvic Floor Rehabilitation Treatment

9.3.1  The Re-Education Phase

A conservative therapeutic approach such as pelviperineal rehabilitation could be 
the first-line option when incontinence is associated with proven functional 
alterations.

What constitutes an ideal and complete pelvic floor rehabilitation treatment is a 
holistic management of the patient affected by AI, starting with a phase of re- 
education. The re-education.

program should be based on four mandatory points [7]:

 1. Knowledge of anatomic-physiologic notions of the pelvic floor and defecation.
 2. Awareness of the role of correct breathing and defecatory posture.
 3. The importance of perception of the gastrocolic and gastroileal reflexes after an 

abundant meal without procrastinating the defecatory stimulus.
 4. The great importance of consuming, in the right quantity and quality, the con-

stituent elements of the feces (water, fiber, lactic acid bacteria).

More precisely, the re-education phase starts with providing the patient with cor-
rect information about ideal stool consistency and the diet to be followed to achieve 
it, as well as teaching the patient about the pelvic floor as an anatomic entity and its 
physiologic function. The pelvic floor is pierced by organs belonging to the sexual, 
urinary and defecatory systems, and it is useful, as well as desirable, for patients to 
have knowledge of its functioning [7]. Patients’ awareness of the anatomy and phys-
iology of the district actively helps them to be part of the rehabilitation treatment. 
The clinical-physiatric approach and the re-educational phase aim to improve an 
altered bodily function; they are not merely cognitive steps, but they prepare the 
patient toward an active, rather than passive, role with deep participation during the 
healing process.
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9.3.2  Pelvic Floor Rehabilitation “Tools”

Different pelvic floor rehabilitation techniques are used by the physician as different 
“tools”, depending on which physiatric parameter is found altered. Electric stimula-
tion, for example, is a useful rehabilitation treatment for inducing consciousness of 
the anal area, a feature that may be as useful as the stimulation itself [23, 24].

A rehabilitation treatment should be based on different techniques specifically 
tailored to correct each functional alteration, and not applied as a standard undis-
criminating recipe. Pelvic floor rehabilitation should in fact not only be identified 
with biofeedback alone, but should employ all of the different rehabilitation 
techniques:

 – External electrical stimulation helps patients to become aware of the perineal 
district [25] and to improve their muscular performance. An anal probe with a 
pulse generator is used to achieve adequate electrical stimulation, which has to 
be performed in cycles.

 – Biofeedback [26, 27] is performed using an electromyographic biofeedback sys-
tem. Visual feedback is provided by observing changes in pressure activity on a 
monitor. Patients are taught to mainly practice contraction and relaxation of the 
anal canal, while evaluating the activity of the abdominal or gluteal/abductor 
muscles by using surface electromyography.

 – The principles of volumetric rehabilitation are based on the mechanical disten-
sion of the rectum [26, 27]. The aim of this technique is to restore impaired rectal 
sensation. The technique involves the twice daily administration of a tepid water 
enema. The goal of this rehabilitation technique is to help patients understand the 
three basic phases of the defecatory act (perception, retaining, passing), in order 
to become aware of the pelviperineal muscular activity.

 – Augmented self-perception and muscle reinforcement can be achieved by extra-
corporeal magnetic stimulation as well as electrostimulation, but magnetic stim-
ulation is noninvasive and not embarrassing as patients do not have to be 
undressed while undergoing rehabilitation and do not need insertion of an anal 
plug (as in electric stimulation). The stimulation is provided by an electromag-
netic generator in the seat of a chair where patients sit during the whole treatment 
session. Different studies had already assessed the effectiveness of extracorpo-
real magnetic stimulation in urinary incontinence [28], and in our experience it 
proved to be an effective treatment for idiopathic fecal incontinence [29].

 – Pelvic floor physical therapy, also referred to as pelvic floor muscle training, is a 
general term for the instruction of pelvic muscle strengthening, relaxation, and 
coordination exercises by a trained physical therapist [30] and comprises manip-
ulations that have proven to be effective in reducing incontinence episodes, espe-
cially when associated with biofeedback [31].
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9.3.3  Post-Rehabilitation Assessment

After the rehabilitation treatment, a follow-up clinical-physiatric evaluation should 
be carried out. The parameters found altered at the initial assessment and that sup-
ported the indication for pelvic floor rehabilitation should have been corrected by 
the treatment. This does not imply the clinical resolution of the symptoms but it 
represents the basis of a successful therapy, which will benefit from re-established 
harmony of the pelvic floor with the different sides of the “cuboid”.
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10Sacral and Percutaneous Tibial Nerve 
Stimulation, Stem Cell Therapy, 
and Transanal Irrigation Device

Gabriele Naldini, Alessandro Sturiale, Claudia Menconi, 
Bernardina Fabiani, Rebecca Aglietti, Lisa Fralleone, 
Alfredo Annicchiarico, and Jacopo Martellucci

10.1  Sacral Nerve Stimulation

The early experiences with sacral nerve stimulation for refractory overactive blad-
der (OAB) [1] by urologists stimulated colorectal surgeons to use this procedure 
also for bowel dysfunctions, such as fecal incontinence (FI) [2] and chronic consti-
pation (CC) [3, 4]. The first experience for FI was described by Matzel [2], and then 
the International Consultation on Incontinence in 2013 introduced sacral nerve 
stimulation (SNS) as a first-line treatment for FI in patients without or with minimal 
sphincter defect and as a second choice in those with moderate or large defects [5].

10.1.1  How It Works

The sacral nerves S2–S4 modulate pelvic sensitivity and the motility of the urologic 
and gastrointestinal functions of the pelvic floor. Electrical stimulation of the sacral 
roots creates a modulation of motor, sensory and autonomous nerve pathways in 
both the peripheral and central system, accounting for good outcomes in such dif-
ferent conditions as FI, CC, OAB, urinary incontinence, and low anterior resection 
syndrome (LARS) [6].
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10.1.2  Patient Selection

Patients with prevalent active fecal incontinence are the best candidates, even if they 
have a damaged sphincter [7]. A large group of patients may have associated symp-
toms such as urinary incontinence, chronic pelvic pain or CC, which may also 
improve with SNS. Patients are instructed to keep a bowel diary before and during 
the trial stimulation, which can last for 4–8 weeks. A ≥ 50% improvement follow-
ing the trial period is considered good, leading to the definitive implant. The contra-
indications for SNS are the need for magnetic resonance (MR) or therapeutic 
ultrasound, sacral skin sepsis, pregnancy or uncompliant patients. In 2020 
MR-compatible devices, also with a rechargeable stimulator, were made available, 
which has extended the surgical indications.

10.1.3  Surgical Procedure

The procedure requires fluoroscopy. The patient lies in a prone position with the 
legs lower than the pelvis and a pillow under the lower abdomen to straighten the 
sacral curvature. The SNS trial may be performed using a temporary or a permanent 
electrode. In the first case, the temporary electrode remains connected to a stimula-
tor for 14 days and is then removed; in the case of a permanent tined lead electrode, 
the definitive stimulator may be implanted 4–6 weeks after the trial stimulation. The 
procedure is generally performed under local anesthesia so as to allow testing of the 
sensory perception of flutter/vibration in the anovaginal/scrotal region or motor 
response.

The first step involves placing the needle in both S3 foramina, testing the response 
and choosing the better side. Then, the electrode is positioned with three poles 
placed further inside the medial sacral surface and connected through a subcutane-
ous tunnel with an external stimulator. In the case of failure, both the external stimu-
lator and the electrode are removed, taking care to do this slowly and checking that 
that the electrode is intact. In the case of a good response, instead, only the external 
connection is removed and the implantable stimulator is placed in the subcutaneous 
tissue, generally on the contralateral side to the electrode.

10.1.4  Complications

The most frequent complications are pain at the site of the implant, infection, and 
loss of efficacy occurring early (within 1 year) or after 2 years or more requiring 
surgical revision in 33% [8]. The pain at the site of the implant is managed by 
changing the site or the depth of stimulator placement. Local infection requires 
removal of all devices and planning a second implant after wound healing (at least 
6 months). Sometimes the tined lead records high impedance during the follow-up 
and may be a cause of failure. In this case, simultaneous explantation and reposi-
tioning of a new electrode may solve the problem.
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10.2  Percutaneous Tibial Nerve Stimulation

The first uses of tibial nerve stimulation (TNS) methods were reported in 1983 [9] 
through adhesive electrodes and then in 1999 [10] through needle electrodes in 
posterior tibial nerve stimulation (PTNS) to treat urinary dysfunctions such as lower 
urinary tract symptoms or OAB.

10.2.1  Procedure

The original technique consists of placing a 34-gauge needle in the lower leg, 
3–4 cm above the medial malleolus and a grounding pad on the ipsilateral calca-
neus. The patient lies supine with the knees adducted and flexed (frog position). 
Generally, the current levels have a range of 0.5–0.9 mA at 10–20 Hz and a pulse 
width of 200 μs and the intensity of the current is adjusted to the patient’s motor 
response often visible from the flexion of the big toe or extension of the entire foot 
or on the sensory response in the ankle area or on the sole of the foot.

Although some studies have shown the efficacy of TNS for both urinary and 
bowel dysfunctions, PTNS has been hypothesized to be more effective as the prox-
imity of the needle to the tibial nerve attenuates the effect of skin impedance, and 
lower current intensities are sufficient to have a sensory and motor stimulation [11]. 
The duration of the treatment is about 20–30 min while the frequency of the treat-
ments can be variable [12]. Some authors have already hypothesized that longer or 
more frequent treatments yield faster results [13].

10.2.2  Literature Results

Thomas et al. randomized 30 patients with fecal incontinence to receive treatment 
once a day or twice a week and demonstrated that patients in the daily group expe-
rienced a significant improvement in lifestyle and embarrassment on the Rockwood 
FI quality of life (QoL) assessment [14]. The actual benefits of PTNS on FI treat-
ment are not yet reliably established. In 2015, Knowles et  al. randomized 227 
patients to receive PTNS or sham stimulation failing to demonstrate any effective 
benefit of PTNS to treat FI in adults [15]. The most recent results on PTNS use are 
more encouraging, as in most studies the manometric results intended as resting 
pressure and squeeze pressure and the Wexner score after treatment were improved 
[16, 17]. In a trial by Solon et al., 81 patients with FI performed PTNS with an 80% 
success rate. In these patients the rates of FI and defecatory urgency were signifi-
cantly reduced in the first year and remained so until the end of the 2-year follow-
 up, also leading to an improvement in QoL [18].
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10.3  Stem Cell Therapy

The current application of mesenchymal stem cells (MSCs) has its origin in the 
experiments of Caplan in 1991, who demonstrated that bone marrow (BM) trans-
plantation into different sites induces a de novo ectopic bone and marrow [19].

BM, as well as adipose tissue (AT), dental pulp, and umbilical cord, is a source 
of MSCs/progenitor cells, but AT represents the ideal source due to the high concen-
tration of regenerative cells, easy access and low risk associated with autologous 
therapies. Owing to these characteristics, new processing devices have now been 
developed and made available on the market to obtain ready-to-use, minimally 
manipulated autologous MSCs, such as Lipogems (Lipogems International S.p.A., 
Milan, Italy) [20].

In recent decades the use of human MSCs derived from AT has spread in differ-
ent surgical fields [21], with a recent application to treat AI [22]. The whole surgical 
procedure including pre- and post-treatment 3D 360° transanal ultrasound has 
already been described [23].

However, autologous AT currently represents least common source of MSCs for 
AI treatment. In fact, in a recent review the most frequent sites were skeletal muscle 
and BM. In 44 studies, MSCs originated from muscle in 28 studies (17 skeletal and 
11 smooth), from BM in 10, and from AT in 6. Eight studies used neural cells for 
bioengineered constructs and one publication used umbilical cord [24].

Hence, the overall preclinical and clinical results have demonstrated the safety of 
MSCs to treat AI. Although the preliminary results were highly promising, only 
three studies were controlled with placebo injection. Further studies are therefore 
needed to identify the source of MSCs guaranteeing the best outcome, considering 
the costs and the patient’s involvement.

10.4  Transanal Irrigation

Transanal irrigation (TAI), also known as retrograde irrigation (RI), represents an 
alternative approach to the management of FI after the failure of conservative ther-
apy or as additional treatment after surgical treatment. The use of this method goes 
back in time, and the control of continence with irrigation or enema was the first 
treatment described in history. In recent times, TAI was first used in 1987 in chil-
dren with spina bifida suffering from FI. Subsequently, its use also spread for other 
disorders and in 1989 Iwama et  al. used a conventional colostomy irrigation set 
through the anus in order to clean the last part of the colon in patients with defeca-
tory urgency and impaired bowel control after low anterior resection [25]. The main 
goal of TAI is to restore a regular bowel routine and, for this reason, its field of 
application has expanded, with TAI being used for a series of intestinal dysfunctions 
ranging from incontinence, constipation, neurogenic diseases, up to LARS [26].
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10.4.1  Procedure

The patient, sitting on the toilet, can autonomously introduce a short probe into the 
rectum through the anus. The probe is connected to a plastic bag that can be filled 
with lukewarm tap water. With a balloon catheter delivery system, once the catheter 
is inserted, the balloon is inflated inside the rectum, which allows continence to be 
maintained during administration of the enema. With a cone delivery system, the 
cone has to be held in place during instillation of the irrigation fluid and the patient 
needs a degree of flexibility. The water is instilled either by gravity or by means of 
a pump that the patient can activate or deactivate differently depending on the 
model. It is common to consider 400–500 cm3 of warm water to be an appropriate 
starting volume for irrigation in adults [27] but there is little evidence in the litera-
ture about optimal irrigation volumes. A randomized trial compared high- and low- 
volume irrigations in adult patients with CC [28] but the volume of water and the 
frequency of administrations can vary depending on the patient’s requirements and 
bowel disorder.

10.4.2  How It Works

TAI does not appear to alter the function of the anorectal sphincter but rather it 
increases rectal tolerability and its distension. One study found that, in patients with 
FI treated with TAI, the resting and squeeze pressures were relatively lower in the 
follow-up. This finding, however, is to be attributed to the course of the disease 
rather than to TAI as the patients with CC treated with TAI did not show any altera-
tion of sphincter function [29]. TAI is a type of treatment that requires the patients’ 
commitment but has relatively rare side effects and can be stopped or resumed at 
any time. It is also relatively cheap and the training can be delivered entirely by the 
nursing staff without the aid of a doctor [30].

10.4.3  Literature Results

Most published studies analyze the efficacy of TAI simultaneously on FI and CC 
[31]. Alterations in lifestyle, coping, depression, social isolation and embarrassment 
are the fundamental elements lowering the QoL of patients suffering from FI [32]. 
Although most of the studies do not use validated questionnaires, the results tend to 
suggest an increase in the QoL of patients who perform TAI [30, 33]. In 2006, 
Christensen et al. found that TAI improved symptoms related to QoL in spinal cord–
injured patients [34]; more recently, other studies have confirmed the marked 
improvement in QoL also in other categories of defecatory disorders [35, 36] and in 
patients with LARS [37]. Although it has generally been shown that TAI increases 
the QoL of patients with defecatory dysfunction, the drop-out rate with this therapy 
is still very high and, in some series, less than 50% of patients continued TAI [38]. 
The main reasons are dislike of the treatment, resolution of the symptoms, time 
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consumption, side effects, and practical problems such as fluid leakage or catheter 
expulsion [33, 39]. Recently, a retrospective series of 108 patients analyzed the 
predictors of compliance in the treatment of fecal disorders. In this study, patients 
with FI gave the best results and 54.5% remained compliant with TAI. In the analy-
sis of predictive factors, training sessions were found to be the only factor that pre-
dicts patient compliance with TAI [38]. Patient education in TAI remains a key step 
in this treatment. Although the procedure is in most cases well tolerated and easy to 
perform, some cases of rectal and enterovaginal perforations have been described 
[36, 40]. A recent global audit that collected data from 2005 to 2013 has estimated 
a risk of perforation of less than 2 per million procedures [41]. Professional nurses 
experienced in the field of TAI have the task of carefully selecting motivated patients 
and instructing them by explaining the procedure and any relative and absolute 
contraindications.
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11Sphincter Reconstruction: Dynamic 
Myoplasty, Artificial Bowel Sphincter, 
Antegrade Colonic Enemas 
and Colostomy

Francesco Selvaggi, Giacomo Fuschillo, Lucio Selvaggi, 
Vinicio Mosca, and Guido Sciaudone

11.1  Introduction

Fecal incontinence (FI) is a debilitating condition that affects up to 18% of the gen-
eral population and up to 55% of the elderly [1], and causes frequent hospitalization 
in nursing homes, worsening the quality of life (QoL) of those affected. Although 
treatment is difficult and the success rate is often not high, simply attempting to cor-
rect it can significantly improve the patients’ QoL [2, 3]. The actual effectiveness of 
the surgical treatment of FI remains difficult to assess: most studies are retrospec-
tive and include only a limited number of patients, the data collection methods are 
not standardized, and no FI severity score has been universally accepted [4]. Several 
treatment options have been proposed over the last twenty years, but none of them 
can be considered the gold standard. The first step in a patient with FI is to rule out 
organic pathology (e.g., neoplasm); treatment involves the use of medications that 
reduce bowel motility, correction of the diet, and pelvic floor re-education. These 
three elements provide a solid basis for the initial treatment of FI, achieving some 
improvement in symptoms in almost half of the cases, without the need for further 
investigations or invasive procedures [5]. If medical nutritional therapy is insuffi-
cient to ensure improvement in the patient’s QoL, surgical therapy must be consid-
ered. The patient being considered for surgical intervention must first be adequately 
examined by performing clinical-instrumental tests such as anorectal manometry, 
endoanal and pelviperineal ultrasound, dynamic defecography (or MRI defecogra-
phy), and electrophysiological tests such as electromyography and pudendal nerve 
terminal motor latency [6].
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This chapter presents the main surgical options that can be used in patients 
with FI.

11.2  Dynamic Myoplasty

Pickrell et al. [7] first described the use of transposition of the gracilis as a neosphinc-
ter in 1952. The first electrically stimulated graciloplasty was reported in 1968 [8], 
but the concept of converting fast fibers to slow fibers using an electrical stimulator 
was not proposed until 1991 by Baeten et al. [9] and Williams et al. [10]. Electrically 
stimulated graciloplasty (dynamic graciloplasty) was developed in an effort to 
improve the functional results of simple transposition of the gracilis. The major 
limitations of unstimulated graciloplasty included the inability of patients to con-
tract the transposed muscle voluntarily and the physiological inability of the muscle 
to sustain a tonic contraction over a prolonged period of time.

11.2.1  Technique

The patient is positioned in the lithotomy position with the thighs flexed, to expose 
the perineal region; intraoperative curarization is not required. Surgery begins with 
incision and mobilization of the gracilis muscle. The surgeon makes an incision on 
the medial inner aspect of the thigh, a few centimeters below the origin of the thigh, 
up to 10 cm before the knee. Mobilization of the gracilis muscle must start from its 
central part to preserve the main neurovascular pedicle. The left index finger placed 
under the gracilis pulls the muscle out, allowing dissection of the nearby connective 
tissue and coagulation of additional secondary vascular pedicles. The middle finger 
of the surgeon’s left hand penetrates the distal tendon to the pes anserinus (at the 
level of the internal tibial tuberosity), where a small incision is made. The distal 
gracilis tendon must be interrupted at this level. The muscle is then tipped over on 
the perineum, and it is important to avoid twisting or compressing its neurovascular 
pedicle. At this point, the perineorectal area must be prepared by making two lateral 
incisions of 4–5 cm each between the anal verge and ischium. To delineate the peri-
neorectal area, a tunnel must be create between the origin of the thigh and the ipsi-
lateral perineal incision. This tunnel must be large enough to allow the muscle to be 
laid without tension or obstruction, and special care must be taken to not twist the 
muscle. The gracilis muscle is rotated and passed through the perineorectal area to 
completely encircle the anal canal. It is important to avoid any contact between the 
muscle and the anal canal (because of the risk of ulceration) or excessive muscle 
tension (it must be possible to pass two fingers between the anal canal and the 
muscle). After checking for correct muscle tension, the distal tendon is fixed to the 
contralateral (gamma-shaped loop) or ipsilateral (alpha-shaped loop) ischium with 
an orthopedic tendon clamp. During fixation, the thigh must be positioned in full 
adduction to achieve adequate tightening and avoid secondary loosening. After 
hemostasis, the perineal incisions are closed without placing a drain. At this point, 
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two neurostimulation electrodes are positioned and inserted into the muscle, with 
the anode placed in the distal portion and the cathode in the proximal one. The elec-
trodes are fixed with nonabsorbable 4/0 Prolene sutures. Positioning of the elec-
trodes connected to the external stimulator allows determination of the stimulation 
threshold and the maximum stimulation value. Placement of the neuromuscular 
pacemaker requires an incision in the ipsilateral iliac fossa of the harvested muscle 
to provide subcutaneous access from the origin of the thigh to the anterior abdomi-
nal wall. Sheathed electrodes are then passed through this subcutaneous pathway to 
the rectus sheath and connected to the neuromuscular pacemaker. The pacemaker is 
placed in the subcutaneous space and secured to the fascia with a nonabsorbable 
suture. The procedure ends with closure of the thigh and cessation of electrical 
stimulation. A Redon suction drain is inserted into the thigh and drained through the 
tibial incision. After hemostasis, the subcutaneous tissue and muscular perimysium 
are approximated by a continuous suture layer of slowly absorbable material. The 
cutaneous plane is closed with a continuous non- absorbable suture. The stimulator 
is synchronized by telemetry with the stimulation parameters determined during 
electrode placement [11].

11.2.2  Results

Wexner et al. [12] reported the results of a multicenter study of 115 patients who 
underwent stimulated graciloplasty between 1993 and 1999. Overall success, 
defined as a 50% reduction in the frequency of incontinence episodes, was achieved 
at 1 year in 62% of patients, none of whom had a stoma at the time of graciloplasty. 
These results were confirmed at 18 and 24 months in 55% and 56% of patients, 
respectively; 15% of patients in this group reported complete continence; 42% had 
continence levels of 50% to 99%. The success rate for patients who had a stoma at 
the time of graciloplasty was 37.5% at 1 year. This result improved significantly to 
62% at 18-month follow-up. Significant improvements were also noted in QoL. A 
systematic review of the literature on dynamic graciloplasty [13] showed that the 
procedure is associated with a non-negligible morbidity, on average 1.12 events per 
patient (range, 0.14 to 2.08). These data suggest that either all patients had at least 
one complication or that some patients experienced multiple complications such as 
infection (28% of the cases), stimulator or electrode malfunction (15%), and leg 
pain (13%). Other complications, with a frequency greater than 5%, were constipa-
tion or obstructed defecation, anal pain, rectal or gracilis injury, and pacemaker 
battery depletion. The efficacy of the procedure, as measured by the satisfaction rate 
with continence, ranged from 42% to 85%. Reasons for stimulator explantation, 
ranging from 0.14 to 1.07 per patient, included erosion of the anal canal by the 
gracilis muscle, rectal perforation from use of enemas, rejection of the electrodes or 
stimulator, constipation, migration of the electrodes, detachment of the gracilis ten-
don from the ischium, battery malfunction, perianal abscess, pain, fistula, or peri-
neal hernia. Dynamic graciloplasty continues to be performed in Europe and 
Canada, but the hardware for the procedure is not yet approved in the United States. 
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Currently, its use is largely limited to a small number of centers where sufficient 
patient volume and surgical experience ensure low morbidity and satisfactory func-
tional outcomes.

11.3  Artificial Bowel Sphincter

The first implantation of an artificial bowel sphincter (ABS) for FI was reported in 
1987 [14]. Currently, there are two types of ABS: the one originally developed to 
replace the urinary sphincter but then used in patients with anal incontinence 
(Acticon neosphincter, American Medical Systems, Mn, USA) [15] and the newer 
magnetic anal sphincter (Fenix, Medical Thorax, Mn, USA) [16].

11.3.1  Acticon Neosphincter

The Acticon ABS is a fully implantable prosthesis made of a silicone elastomer. It 
consists of a perianal sphincter ring (cuff), a regulatory reservoir (balloon), and a 
control pump.

The ring is implanted in the upper anal canal. The three elements are connected 
by a kink-resistant tube. The pressure-regulating reservoir, which controls the pres-
sure exerted on the anal canal by the closure ring, is implanted in the subperitoneal 
space of Retzius, lateral to the bladder. The control pump is implanted in the scro-
tum in males and in the labia majora in females and contains a resistor and a deac-
tivation button in its upper part. The lower part of the pump consists of a piston that 
the patient squeezes to deliver the fluid inside the implant [15, 17]. The ABS works 
semiautomatically [15]. The sphincter muscle automatically provides constant anal 
closure at low pressure approaching physiological levels; the pressure is transmitted 
to the closure cuff by the pressure-regulating pump. Emptying is actively controlled 
by the patient: the anus is opened by transferring the fluid from the cuff to the 
pressure-regulating reservoir. Transfer is achieved by pressing the piston of the reg-
ulating pump five to ten times. Reclosure of the anus occurs automatically within 
minutes by gradually restoring the baseline pressure in the cuff.

11.3.1.1  Technique
The incision may be made perianally or laterally [17, 18], then a tunnel is created 
around the upper anal canal, about 5 cm deep, and dissected with the fingers. A 
long-curved forceps is then inserted along the dissection path around the anal canal 
to guide a tape (sizer) needed to determine the length of the occlusive cuff to be 
implanted.

The cuff is closed around the anal canal by passing the tubing through a slit at its 
end. Once the sphincter cuff is closed, a digital rectal examination can confirm the 
occlusive effect of the device.

A small suprapubic horizontal abdominal incision is made to create a space lat-
eral to the bladder in the subperitoneal space of Retzius to accommodate the 
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pressure- regulating balloon. The sphincter cuff tube is passed subcutaneously from 
the perineal incision to the abdominal incision.

The sphincter cuff is then inflated, the empty pressure-regulating balloon is 
implanted at its subperitoneal site and pressurized with 40 mL of radiopaque iso-
tonic fluid. A Hegar dilator is then used to create a subcutaneous tunnel from the 
abdominal incision to the scrotum or labia, into which the control pump is inserted.

11.3.1.2  Results
ABS has shown significant and consistent improvement in the continence of 
patients. However, in two recent prospective studies [19, 20] surgical revision was 
required in approximately 50% of patients and explantation of the device was 
required in 25–35%, but 85% of patients who had a properly functioning ABS were 
satisfied with the device and its operation [19]. Wong et al. [20] reported a six-year 
success rate of 67% with satisfactory functional outcomes and QoL. The experience 
of Darnis et al. [21] was instead less positive: at least one complication occurred in 
all included patients. Skin infection or ulceration was reported in 76% of patients, 
perineal pain in 29%, rectal voiding dysfunction in 38% and ABS explantation in 
81%. Compared to sacral neurostimulation, Acticon ABS appears to offer better 
continence outcomes [22]. However, due to a higher incidence of terminal constipa-
tion after implantation and the greater invasiveness of the technique, it is suggested 
as a second-line procedure. It should be noted that the use of this device has recently 
been limited by the failure of health authorities to extend reimbursement for this 
device. Currently, the decision to implant an ABS requires prior case-by-case 
approval by health authorities, limiting the use of Acticon to a few specialized cen-
ters [6].

11.3.2  Fenix Neosphincter

The Fenix magnetic ABS is inspired by the Lynx anti-reflux device recently devel-
oped to treat gastroesophageal reflux. The device consists of a series of titanium 
beads with hermetically sealed neodymium-iron-boron (NdFeB) magnetic cores. 
The beads are connected by independent titanium threads to form a flexible ring that 
wraps around the external anal sphincter. The device is manufactured in different 
lengths depending on the number of beads (14 to 20) needed to accommodate varia-
tions in the circumference of the anal canal. A sizing device, very similar to the final 
device, is used to determine the appropriate configuration. The separation force 
required to open the adjacent beads is approximately equivalent to 100 g and was 
chosen based on animal studies and literature data on voiding forces in healthy indi-
viduals and individuals with defecation disorders [16, 23]. During defecation, the 
patient simply strains as in normal defecation. The force generated by the straining 
determines the number of beads required to facilitate the passage of stool through 
the device. The device was designed with an excessive diametric capacity and there-
fore does not restrict defecation or cause excessive strain [16].
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11.3.2.1  Technique
The device is usually implanted under general anesthesia. A single incision is made 
at the perineal body, carefully cutting the anterior anorectal vaginal septum to a 
depth of approximately 3–5 cm proximal to the anal verge. A measuring instrument 
is then inserted to accurately measure the circumference of the anorectal junction. 
After correct sizing under fluoroscopic control, the measuring tool is removed and 
the device is selected and implanted according to the number of beads required to 
encircle the anal canal [16].

11.3.2.2  Results
The Fenix magnetic ABS shows promising early results. The passive reinforcement 
of the anal canal by the magnetic “cuff” accounts for the originality and simplicity 
of this technique. The patient does not have to do anything, other than reproduce the 
effort of straining to empty the rectum [23]. Lehur et al. [16] reported surgical site 
infections in 21.4% of cases, requiring device removal in 14.3%. After a median 
follow-up of six months, 21.4% of patients no longer had the magnetic sphincter in 
place. Compared with conventional ABS, the duration of surgery and hospital stay 
were significantly shorter with the magnetic ABS [24]. Short-term functional out-
comes were similar for both sphincters in terms of revision and withdrawal rates. 
Although these results are encouraging, the use of the magnetic sphincter is cur-
rently limited to a few centers, where its efficacy is still under investigation [23].

11.4  Antegrade Colonic Enemas

The antegrade colonic enema (ACE) was first described by Malone et al. [25] in 
1990 for the treatment of FI in children. It involves the creation of a continent stoma 
according to the Mitrofanoff principle [26]. The original procedure involved resec-
tion of the appendix and its cuff, while preserving the appendicular artery. A submu-
cosal tunnel was then created, to which the distal end of the appendix was sutured. 
The appendix was then passed out of the right side of the lower abdominal wall as a 
stoma. Later, several modifications of this technique were described that used the 
terminal ileum [27], the cecum, the left colon, or the stomach [28]. In each case, a 
Foley catheter is placed in the stoma and left in place for 15 days until the antegrade 
enemas begin. This involves introducing water and/or enema solution antegrade 
into the colon and emptying the colon of stool, to relieve both constipation and 
incontinence [29].

11.4.1  Results

Very few studies have described the results. Chéreau et al. [29] analyzed 75 patients 
who underwent ACE and observed early complications in 5.3% and late complica-
tions (after 3 months) in 16% of patients. The early complications were iatrogenic 
perforation of the small bowel, ileus, and postoperative pelvic abscess. The main 

F. Selvaggi et al.



99

late complication was stoma stenosis, with an incidence that varied from 8% to 50% 
[29, 30].

At a median follow-up of 48 months, treatment was considered successful in 
86% of patients. Both the Wexner score for FI and the QoL score improved in all 
patients.

11.5  Colostomy

Colostomy may sometimes be considered as a first-line measure in FI, but tradition-
ally it has been considered as a last therapeutic resort in patients in whom other 
treatments have failed [31]. Despite its curative potential, colostomy impacts on 
QoL, particularly because of altered body image and constant feeling of being sick 
[32]. However, in one study conducted on patients who underwent colostomy, 
acceptable social function was reported to be associated with higher QoL scores 
than patients with FI [33]. Norton et al. [34] reported that 84% of patients with a 
colostomy for FI would choose to have it again. The mortality rate after colostomy 
is approximately 2% [13], and complications mainly include bleeding and parasto-
mal hernia [35]. Long- term complications include skin rashes, leaks, and edema, 
but these are mainly due to inadequate management of the ostomy pouching system 
[36]. In most cases, a sigmoid colostomy is performed, which has the advantage of 
being easy to perform. The stoma created with the sigmoid colon is indeed easier to 
manage with stoma devices due to the presence of formed stool. Nowadays, the 
recent improvements in stoma devices guarantee a better QoL and allow almost 
normal physical, social and sports activities [6]. As for the correct management of 
the rectosigmoid segment downstream from the stoma, this is still debated in the 
literature, with no clear opinions [31].
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12Surgical Reconstruction of Traumatic 
Perineal and Sphincter Muscle Defects

Bruno Roche and Frédéric Ris

12.1  Introduction

Anal sphincter incontinence (ASI) results from a functional impairment of one or 
more of the anatomic components that allow normal continence: the internal anal 
sphincter (IAS), the external anal sphincter (EAS), the pelvic floor muscles, the anal 
cushions that ensure adequate rectal compliance, and the sensory-motor apparatus 
[1]. ASI is primarily managed conservatively but sphincter repair surgery is pro-
posed for large defects of either the EAS, IAS, or both after conservative treatment 
failure [2, 3]. An underdiagnosed feature is levator ani (LA) avulsion, for which we 
recently proposed a surgical repair technique allowing restoration of LA and 
puborectalis anatomy [4].

12.2  Pathophysiology of Anal Sphincter Injuries

12.2.1  Mechanisms of Sphincter Injuries

In patients with ASI, there are at least two mechanisms leading to a modification in 
pelvic floor structure or function. First, the sphincters can be injured by perineal 
tearing, stretching and/or ischemia, most typically following an obstetrical trauma 
[5]. The episiotomy procedure is also often associated with anal incontinence [6]. 
The second mechanism involves the degeneration of the pelvic floor muscles, which 
appears with aging and particularly after the menopause as the pelvic floor struc-
tures are hormone-sensitive [5].
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12.2.2  Acute Anal Sphincter Injury and Healing

The classical clinical situation of acute anal sphincter and perineal injury is due to 
childbirth trauma, which still occurs in 10–35% of all vaginal deliveries and can 
extend to the IAS and sometimes even to the rectum [7].

Direct reconstruction of the muscle injury is the procedure of choice for trau-
matic tears and obstetrical laceration, as well as for iatrogenic sphincter section. We 
repair fresh lesions by end-to-end sphincter suture. For older defects, a secondary 
sphincter repair also gives good results as long as the LA muscle has a good func-
tion [8].

Assessment of perineal damage is clinical, and a reduction in anovulvar distance 
indicates anal sphincter damage. To be able to precisely describe the damage, define 
the sphincter involved (IAS, EAS, or both), and accurately evaluate the extent of the 
damage, we routinely use endoanal ultrasound. The most frequent symptom after 
sphincter injury is a degree of anal incontinence.

In the case of perineal asymmetry with anal deviation, LA avulsion has to be 
suspected. Ultrasound and magnetic resonance imaging are able to provide a precise 
assessment of the damage (Fig. 12.1). These lesions occur most of the time after 

c

a b

Fig. 12.1 Clinical examination and ultrasonographic assessment of a ruptured puborectalis mus-
cle. (a) Absence of midline symmetry. In this patient, the anus is retracted and shifted to the left 
side, whereas the puborectalis muscle rupture is located on the right side. (b) 3D endoanal ultra-
sound image, with coronal antero-posterior (A-P) view of the same patient, demonstrating puborec-
talis muscle defect (thin white arrow) on the right and a normal puborectalis muscle on the left 
(bold white arrow). (c) MRI image of right levator ani and puborectalis disruption
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Table 12.1 Reported symptoms after levator ani avulsion

Reported symptoms
Anal incontinence
– gas
– liquid stool
– hard stool
Urinary incontinence
Dyschezia
Digital maneuver
Vaginal gas (colpophony)
Dyspareunia
Loss of sensation during intercourse
Pain at the site of the levator ani tear

instrumental deliveries. The symptoms caused by these injuries are listed in 
Table 12.1 [4].

12.3  Anal Sphincter and Levator Ani Repair

12.3.1  General Considerations for Surgery

We position the patient in a lithotomy position. The patient receives a single shot of 
cephalosporin and metronidazole antibiotic prophylaxis. No bowel preparation is 
necessary, and no stoma is performed. To prevent postoperative pain, we routinely 
use a perineal bloc with a long-lasting anesthetic agent: typically, 20 mL of chiro-
caine 0.5% (AbbVie Inc., Lake Bluff, IL, USA) [9]. A Lone Star retractor 
(CooperSurgical Inc., Trumbull, CT, USA) is used. Infiltration of the surgical site is 
performed using lidocaine 1% solution with adrenalin (Sintetica SA Pharmaceuticals, 
Couvet, Switzerland).

In acute traumatic cases, when sphincter tears are associated with fracture of the 
pelvis and/or with laceration or perforation of the rectum, a protective colostomy is 
performed [10]. This is never the case for obstetrical damage.

12.3.2  Surgical Technique for Sphincter Repair

This procedure (Fig. 12.2) begins with a curvilinear incision parallel to the external 
sphincter in the anovulvar region, extending at least 180–200°. The sphincters are 
dissected with a wide margin. We do not separate the internal from the external 
sphincter. An accurate dissection of the muscle is done protecting innervation and 
vascularization at 3 and 9 o’clock. We tend not to use electrocoagulation; thanks to 
the ischemic surgical field, it is easy to differentiate the muscle from the different 
anatomical structures and not to create a false plane. We carry on with the dissection 
for the full length of the external sphincter up to the LA muscle. An overlapping 

12 Surgical Reconstruction of Traumatic Perineal and Sphincter Muscle Defects



106

Fig. 12.2 Surgical technique for sphincter repair. (a) Curvilinear incision parallel to the external 
sphincter. (b) Dissection of the sphincters “en bloc” protecting innervation and vascularization at 
3 and 9 o’clock. (c) Overlapping suture of the muscle with a 2/0 long-lasting resorbable suture. (d) 
Vertical closure of the perineal skin

suture of the muscle with a 2/0 long-lasting resorbable suture is then performed. The 
length of the anal canal is restored and the perineal skin can be closed vertically [11].

12.3.3  Surgical Technique for Levator Ani Repair

The procedure (Fig. 12.3) starts with a semi-circumferential incision on the poste-
rior vaginal wall. We place the retractor and dissect the rectovaginal septum up to 
the top of the vaginal vault.
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Fig. 12.3 Surgical technique for levator ani repair. (a) Semi-circumferential incision on the pos-
terior vaginal wall. (b) Dissection of the rectovaginal septum up to the top of the vaginal vault. (c) 
Identification of the damaged levator ani on the right side. (d) Fixation of the muscle by U 2/0 
monofilament resorbable sutures on the inferior part of the pubic bone

The damaged LA is identified by the presence of fat from the ischiorectal fossa 
replacing the muscle. The muscle can be partially or totally detached. When totally 
torn, the muscle is retracted under the rectum. A gentle liberation of the lateral part 
of the rectum is started from the ischiatic spine laterally to the upper part of the anal 
sphincter allowing visualization and freeing of the puborectal muscle. The muscle 
is then reinserted with two to five 2-0 Maxon GU46 U-sutures (Covidien, Dublin, 
Ireland). We fix the muscle on the inferior part of the pubic bone by palpation of the 
bone itself. Once the hemostasis is completed, we close the vaginal mucosa with a 
resorbable monofilament running suture. Finally, we insert a bladder catheter and a 
swab with estrogenic cream into the vagina for 24 h [12].
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12.3.4  Postoperative Management

Patients receive a 125 mL enema on postoperative day 2. We add a myorelaxant 
(tizanidine 4 mg per day) for postoperative pain management and a nonsteroidal 
anti-inflammatory drug. Stool regulation is often prescribed after surgery. The 
patients clean the wound four to six times per day with only water (shower) [12].

12.3.5  Postoperative Complications

We use the Clavien-Dindo classification to define postoperative complications [13]. 
The postoperative complications are usually minor. In sphincter repair, the main 
complication is skin dehiscence, which occurs in 28.6% of the patients and requires 
close follow-up to prevent infection, but usually closes secondarily later on.

In LA repair, we found a 13.5% rate of complications:

 – postoperative pain after 48 h (5.8%)
 – hematoma with surgical drainage (1.9%)
 – urinary retention (3.9%)
 – perineal abscess (1.9%).

12.4  Functional Results of Sphincter and Levator Ani Repair

12.4.1  Early Postoperative Results of Sphincteroplasty

In most series, short-term outcomes with anterior sphincteroplasty of the EAS are 
excellent or good in terms of continence, with a 71% to 86% improvement [14–18]. 
The results after obstetrical injuries seem to be better than after traumatic (non- 
obstetrical injuries) or postsurgical lesions [10, 19]. This is probably due to the fact 
that the mechanism of the trauma leads to an interruption of the normal connections 
between the IAS and EAS, destroys part of the musculature, and induces 
nerve damage.

12.4.2  Prognostic Factors in Sphincter Repair Success

The predictors of the outcomes following anal sphincteroplasty are not well docu-
mented. Some studies have reported that age and innervation could have a negative 
impact on sphincter repair results.

12.4.2.1  Age
In contrast to some published studies, we did not observe any difference in the post-
operative results between young and older patients (<62 and >62  years). Both 
groups showed the same improvement in their postoperative scores. The Cleveland 
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clinic group reported similar results when comparing patients under and over 
60 years old in terms of:

 – Fecal Incontinence Quality of Life Scale
 – Fecal Incontinence Severity Index Score
 – Cleveland Global Quality of Life Scale
 – Patient satisfaction questionnaire.

They found comparable long-term Fecal Incontinence Severity Index Score and 
Fecal Incontinence Quality of Life Scale scores following overlapping sphincter 
repair. This suggests that age is not a predictor of outcome for overlapping sphincter 
repair, and that this procedure is feasible in young and older patients [20–22].

12.4.2.2  Pudendal Nerve Integrity
In a review study of 100 sphincteroplasties, Gilliland et al. [23] demonstrate that 
bilateral normal pudendal nerve terminal motor latencies are the only predictive 
factor of long-term success after overlapping sphincteroplasty.

The pudendal motor latency test has been abandoned. In a recent study, we were 
able to show that contraction of the puborectal sling measured preoperatively by 
ultrasound is a predictor of successful anal continence after sphincter repair [8].

This easy and noninvasive examination is a reliable preoperative prognostic test 
of the results of sphincter repair. Moreover, this ultrasonographic evaluation is accu-
rate and reproducible [24].

12.4.3  Late Results of Sphincter Repair

Several authors have noticed a deterioration of the results with time. Data from St. 
Mark’s hospital demonstrate that at 5 years only about 50% of the patients report 
sustained improvement [25].

Degradation of the results is due to the scar, to rupture of the reconstruction in 
some cases, to the denervation and devascularization linked to surgery, or to aging. 
Interestingly, it has been observed that the deterioration of functional clinical results 
over time does not impact on the patients’ quality of life [26, 27].

12.4.4  What Is the Best Option for Failed Sphincter Repair?

In 2014, Hong et al. analyzed the best option to treat patients with a failed sphinc-
teroplasty. They compared repeat sphincteroplasty (RS) with artificial bowel sphinc-
ter (ABS) and sacral nerve stimulation (SNS). They found that RS, ABS and SNS 
are associated with similar improvements in continence after failed sphinctero-
plasty. They concluded that due to increased complication and reoperation rates 
with ABS and SNS, RS may be the first step in managing these patients [28].
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Table 12.2 Results of puborectalis repairs

Symptoms Preoperative
Postoperative
Complete resolution Partial improvement No improvement

Dyschezia 53.9% 64.3% 35.7% 0
Colpophony 32.7% 47.1% 41.2% 11.7%
Dyspareunia 38.5% 45.0% 55.0% 0
Pain at tear site 46.2% 0 50.0% 50.0%

12.4.5  Results of Levator Ani Repair

In our study, we assessed bowel function preoperatively and at 6 months after sur-
gery using the Wexner score. In terms of incontinence, the Wexner score decreased 
from 4.5 ± 6.78 before surgery to 0 ± 3.30 (p < 0.0001) after surgery.

At 6 months, we assessed the results on a visual analog scale. The results were 
classified into three categories: resolved, improved by 50%, unchanged. The results 
are reported in Table 12.2.

The majority of patients complaining of dyschezia, colpophony, or dyspareunia 
resolved or improved their symptoms after surgery. All patients with digital evacu-
ation resolved this problem. Unfortunately, pain improved in only half of the 
patients. Interestingly, patients with urinary incontinence improved their condition 
after LA repair in 76% of cases. The remaining patients (24%) underwent surgical 
intervention (transobturator tape or tension-free vaginal tape) to restore their condi-
tion. Finally, only one patient reported persistence of urinary incontinence. We 
observed postoperative improvement of perineal symmetry in squeezing and resting 
positions in all cases. Finally, preoperatively, 65.4% of the patients reported com-
plete absence of sexual activity due to embarrassment associated with the symptoms 
and, postoperatively, 91.18% reported resuming sexual intercourse after LA muscle 
repair [4].

12.5  Future in Sphincter and Perineum Repair

We have demonstrated that sphincter repair gives good results in the short term. 
Although we do not have data on LA repair, we expect the results to be similar.

The future lies probably in the use of cell therapy for anal sphincter repair. 
Preclinical and clinical studies have demonstrated the safety of multipotent cell use 
for ASI. Published controlled clinical studies with placebo injection have shown 
promising results [29–31]. These controlled studies had relatively short follow-up 
periods considering that ASI is a condition that evolves over a long time.

The ideal therapy for ASI should be cost-effective with a long-lasting effect. The 
routine use of cell therapy appears to be highly costly [32]. Trébol et al. estimated 
the maximal production costs in Spain to be 7400 USD for 40 million autologous 
fat-derived cells or 8500 € for 100 million allogeneic fat-derived cells [33]. In our 
hospital, the cost for a sphincteroplasty, with a typical length of stay of two days, is 
5000 USD.
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Recently, Gräs et al. proposed a cost-effective alternative to cell transplantation 
for anal sphincter regeneration. The authors discussed the possibility to inject frag-
mented muscle fibers, instead of expanded cells, into injured anal sphincters [34]. 
The exact underlying mechanism remains poorly understood, and research is still 
required to understand which factors and conditions lead to cell engraftment, dif-
ferentiation and eventually tissue regeneration [35, 36]. A better understanding of 
the natural history of sphincter lesion/repair and sphincter healing is needed in order 
to select appropriate cell preparations and techniques.

Some groups reported a different approach, considering the use of cell therapy as 
an add-on to sphincter repair, either directly after injury to simulate a primary repair 
of an acute obstetrical tear or at a distance [37–44]. In the near future, we will have 
to determine the best use of stem cells and progenitor cells for ASI: as a substitute 
for surgery or as an adjunct to surgery.

12.6  Conclusions

Sphincteroplasty and LA repair are safe procedures to repair sphincter and perineal 
tears resulting from trauma, surgery or obstetrical damage. Success depends on pre-
cise preoperative evaluation and meticulous surgery.

Sphincteroplasty gives good results in continence for stool maintained for at 
least 3 years. There is no age limit for sphincter or perineal repair. The best prognos-
tic factor for successful repair is a preserved puborectalis muscle contraction with 
an adequate translation. If we observe a clinical deterioration in anal continence in 
the long term, quality of life is not affected. Symptoms are corrected by surgery in 
two-thirds of patients with LA defects. Both procedures are well tolerated. As we do 
not use foreign material (synthetic meshes, for example), we minimize the risk of 
infection, erosion or other complications, and this reduces the overall cost of the 
surgery.

Stems cells and progenitor cells appear as a promising therapy in muscle defects. 
In the near future, we will have to determine the best use of stem cells and progeni-
tor cells for ASI: as a substitute for surgery or as an adjunct to surgery.

In memory of our master and mentor Professor Marc Claude Marti 1941–2001.
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13Injectable Bulking Agents and SECCA 
Radiofrequency Treatment

Carlo Ratto

13.1  Injectable Bulking Agents

13.1.1  Background

Injectable bulking agents, already used with variable success rates for urinary 
incontinence (UI) in an outpatient setting without anesthesia and with minimal mor-
bidity [1], have been adopted in the treatment of fecal incontinence (FI). Ideally, the 
injectable bulking agent should be biocompatible, non-allergenic, non- immunogenic, 
non-carcinogenic, easy to inject, and should not migrate within the tissues. 
Technically, the agents are diluted in a carrier: the particles of this solution should 
have a diameter of no more than 80 μm to avoid a difficult injection. However, 
agents with an excessively small dimension are at a higher risk for migration from 
the injection site. This less invasive approach seemed quite attractive, and a variety 
of agents have been proposed: however, the use of injectables has progressively 
reduced in popularity, mostly due to inconsistent results and loss of efficacy in the 
medium-long term.

13.1.2  Early Applications

The first use of injectable bulking agents was due to Shafik [2] who treated, in 1993, 
11 patients with injections of polytetrafluoroethylene paste into the anal submucosa. 
He reported a complete cure in 64% and partial improvement in 36% of them at 
18–24 months of follow-up. Thereafter, he injected autologous fat in 14 patients 
obtaining a 100% success rate at 2–3 months [3]. No complications were observed 
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using either agent. However, an analogous approach attempted to treat UI resulted 
in death from pulmonary fat embolism [4], and autologous fat is currently not 
used for FI.

Although used in the past, other injectables—including bovine dermal collagen, 
microballoons, and polyacrylamide hydrogel (Bulkamid)—have not achieved wide-
spread use. Glutaraldehyde cross-linked synthetic bovine dermal collagen 
(Contigen) was first attempted in 17 patients with FI [5]; in 65% of them a signifi-
cant improvement of FI was reported at 8-month follow-up. Later, in a larger series 
of 73 patients [6] receiving three collagen injections just proximally to the anal 
canal, an improvement was reported in 63% of cases and, in particular, in 49 patients 
with idiopathic incontinence. However, the allergenic potential and the risk of deg-
radation over time were the major disadvantages of synthetic collagen. Cross-linked 
silicone microballoons were injected in six patients, obtaining a reduction of FI 
severity scores [7]. However, this material presented safety problems (sterilization) 
and was discontinued. A hydrogel of polyvinylpyrrolidone (Bioplastique) was used 
in pilot studies [8] on ten patients with passive FI: only two patients maintained the 
improvement at 6  months and, moreover, also anal pain and ulceration were 
recorded. Despite that, this product was renamed PTQ implant and used in Europe. 
In a large series of 82 patients with severe FI [9], patients were randomized to 
receive PTQ implants either with or without endoanal ultrasound (EAUS) guidance 
for injection. In general, the treatment produced a significant improvement in the 
patients’ FI severity score and quality of life (QoL), significantly better when EAUS 
was used. Further series using PTQ [10–14] reported significant reduction of the FI 
severity scores.

The only report of long-term (5-year) results for injectable agents concerned the 
use of Bioplastique [15] but in only six patients: the median St. Mark’s incontinence 
score remained unchanged. One patient had undergone a colostomy, four of the five 
remaining patients had subjective improvement of FI and better QoL scores.

Two bulking agents—cross-linked porcine dermal collagen (Permacol) and 
polyacrylamide hydrogel (Bulkamid)—were studied in a pilot study [16] including 
only ten patients with passive FI to liquid or solid stool, who were prospectively 
randomized to receive either of the two injectables. The St. Mark’s severity score 
decreased at 6 months only in the Bulkamid group.

Internal anal sphincter injection of Permacol was used in a nonrandomized retro-
spective study including 110 patients, 100 of whom followed up for a minimum of 
36 months [17]. The Wexner score improved from a median of 14 (range 5–14) to a 
median of 8 (range 5–14); however, this difference was not statistically significant. 
A subjective improvement was reported by 68% of patients at 3 years but with fur-
ther deterioration with time; then, 38% of patients had a second injection and 15% 
a third one.

Variable results were observed after injection of several other agents. In a ran-
domized controlled trial, 44 patients were treated with injections of polydimethylsi-
loxane elastomer silicone or saline into the intersphincteric space [18]. There was 
no difference in success rates, but more discomfort and more frequent adverse 
effects in the silicone injection group, which was then not recommended.
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In one study, calcium hydroxylapatite ceramic microspheres (Coaptite) was 
injected in ten patients: the mean Fecal Incontinence Scoring System (FISS) score 
decreased from 85.6 to 28 at 12 months (p = 0.008) and three subscales of the Fecal 
Incontinence Quality of Life (FIQL) scale improved (p < 0.05); at anorectal manom-
etry, a better resting pressure (40–47 mmHg, p = 0.018) was recorded. Although no 
complications were observed, a leakage of product from the injection site was 
reported, requiring another injection [19].

Ethylene vinyl alcohol was injected in 21 patients: at 12-month follow-up, the 
mean Fecal Incontinence Severity Index score decreased from 32.8 to 22 and the 
Wexner score from 11 to 6.9, and two subscales of the FIQL scale improved signifi-
cantly. Some increase in anal canal length and resting pressures was recorded at 
anorectal manometry [20].

Pyrolytic carbon-coated zirconium oxide beads (Durasphere), a non-reactive and 
non-biodegradable bulking agent, have been injected in FI patients. Unfortunately, 
these beads need a large bore needle for injection and can migrate within the tissues. 
They were first used in 18 patients with an internal anal sphincter defect and injected 
in the submucosal plane at the site of the sphincter defect in one to four sites [21]. 
After 12 months, the Wexner score and patients’ satisfaction score were both sig-
nificantly improved; in 15 patients there was also an improvement in their inconti-
nence episodes.

In a larger study [22], Durasphere injections were given to 33 patients with minor 
or intermediate severity FI, who were followed up for a mean period of 21 months. 
Both the Wexner and American Medical System scores significantly decreased but 
without relevant changes in the patients’ QoL. An improvement of the Wexner score 
and coping and embarrassment subscales of the FIQL was observed in 11 patients 
at 6-month follow-up [23]. More recently, Durasphere was used in 23 FI patients, 
producing a decrease in the Wexner score and an increase in FIQL score, 12 months 
after injection [24].

Comparison in terms of safety and efficacy between PTQ and Durasphere was 
attempted in two trials [25, 26]. In the first study [25], 40 patients with FI were 
randomized: PTQ produced a greater reduction in the Wexner score up to 12 months, 
no complications, and significant improvements in FIQL and SF-12 scores. The 
second trial [26] was conducted in Australia in a total of 35 patients who were ran-
domized; however, the trial was closed early due to the removal of PTQ from the 
Australian Pharmaceutical Benefits scheme. Both Wexner and SF-36 scores did not 
improve significantly at 12 months.

13.1.3  Recent Applications

More recently, the non-animal stabilized hyaluronic acid/dextranomer (NASHA/
Dx) copolymers (Zuidex, Solesta) have been proposed. They consist of dextrano-
mer microspheres suspended in non-animal stabilized hyaluronic acid. In a 2:1 ran-
domized double-blind sham-controlled study including 206 patients, either NASHA 
Dx or placebo injection was used [27]. In the NASHA Dx group, a 50% or greater 
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reduction of FI episodes was observed in 52% of patients versus 31% of those ran-
domized to the sham treatment (p = 0.009). However, the change in Wexner score 
due to the two treatments did not differ. Only the coping and behavior subscales of 
the FIQL were significantly improved in the NASHA Dx group compared to pla-
cebo. In both groups, the retreatment rate was high (82% vs. 87%, respectively, in 
the NASHA Dx patients and controls). Moreover, more adverse events were 
recorded in the NASHA Dx group.

In another study on 21 patients [28], NASHA Dx injections allowed a significant 
decrease in incontinence episodes in 56% and 61% of patients at 3 and 22 months 
of follow-up, respectively. Also the Wexner score decreased and the FIQL score 
improved but not significantly. In a study on 115 patients subjected to four NASHA 
Dx injections [29], 83 were followed up for 24 months: 62.7% of them had a signifi-
cant reduction of FI episodes, a significant increase in the number of incontinence- 
free days, and a significant reduction in the Wexner and FIQL scores. In another 
trial [30], 34 patients had NASHA Dx injections; at 24-month follow-up, 26 patients 
reported a sustained improvement of FI, based on a reduction of the median number 
of incontinence episodes and Miller score. A significant improvement in QoL at 
24 months was demonstrated only in patients with more than a 75% improvement 
in the number of incontinence episodes. In 2014 the NASHA Dx Study Group 
reported data from 136 patients at 3-year follow-up [31]. At least a 50% reduction 
in number of FI episodes was reported by 52% of patients at 6 months, 57% at 
12 months, and 52% at 36 months. Also, significant decreases in the mean Wexner 
score and FIQL scores were recorded at 36-month follow-up.

Finally, the recent use of polyacrylate-polyalcohol [32] would need further con-
firmation: although injected in a non-consecutive series of 58 patients, only 34 and 
22 patients were available at 6- and 36-month follow-up, respectively, and an 
improvement of at least 50% on the Wexner score was achieved in 60.4% of them.

13.1.4  Conclusions

Studies on injectable bulking agents seem unable to address minimal criteria of suf-
ficient clinical efficacy. Moreover, most frequently they have been planned and car-
ried out on very small patient series followed up for a short time; only very few 
randomized studies are available. Two systematic reviews [33, 34] and a Cochrane 
review [35] could not establish evidence to support the efficacy of any of these bulk-
ing agents.

Consequently, although the injection of bulking agents would appear very attrac-
tive for its methodological simplicity, different technical solutions are desirable in 
order to maintain a stable position of the agents at the injection site. This is espe-
cially important considering that the only mechanism of action (i.e., the bulking 
effect inside the anal canal) is dependent on the maintenance of the agents in place. 
It is also fundamental that no degradation should occur and that neither side effects 
nor severe complications should affect the patients.
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13.2  SECCA Procedure

A temperature-controlled radiofrequency procedure (commercially known as 
SECCA) was first used to treat gastroesophageal reflux disease. Takahashi et  al. 
[36] first used this approach in ten female FI patients observing a significant decrease 
in the Wexner score at 12-month follow-up. Later, this benefit was confirmed at 
2-year follow-up [37], and then at 5-year follow-up in a larger group of 19 patients 
[38]. A larger multicenter study including 50 patients documented a less significant 
improvement on the Wexner score [39]. Quite controversial results have been 
reported in a few other studies with a very limited number of enrolled patients 
[40–42].

Much less promising were the results of Lam et al.’s study on 31 patients which 
showed only 6% of them maintaining a 50% reduction in Vaizey score at 3-year 
follow-up [43]. A very low long-term success rate (22%) of SECCA therapy was 
also observed by Abbas et al.; at 40-month follow-up, 52% of patients needed addi-
tional treatment of FI [44]. Finally, a review of all published studies included 220 
patients [45]: the authors concluded that SECCA therapy is associated with moder-
ate clinical benefit. The mechanism of action is thought to be related to scarring or 
fibrosis of the anal canal which progressively declines over time [46].
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14Implantation of Self-Expandable Solid 
Prostheses for Anal Incontinence

Ludovico Docimo, Giorgia Gualtieri, Claudio Gambardella, 
and Luigi Brusciano

14.1  Introduction

The physiological mechanisms behind normal anorectal function result from a per-
fect interaction among the anal sphincter complex, the rectal reservoir, and fecal 
consistency. Anal incontinence (AI) is defined as the involuntary passage of rectal 
contents (feces and/or gas) through the anal canal and the inability to defer evacua-
tion to socially convenient times [1]. The main cause of AI is considered to be 
sphincter lesions, but frequently the dysfunction occurs also in subjects with intact 
sphincters. In some of those cases, neuropathy plays the major role by causing 
sensory- motor alterations [2, 3]. Symptom severity encompasses a wide clinical 
spectrum, from mild to severe, and can be specifically graded by several clinical 
scores commonly used to study patients [4, 5]. Soiling, seepage and incontinence to 
gas are commonly defined as “minor incontinence” whereas incontinence to liquid 
and solid stools is defined as “major incontinence”. Different classifications of AI 
divide its clinical presentation into two entities based on whether the patient is able 
to feel the defecation stimulus but is unable to hold it (urge incontinence) or not 
(passive incontinence). Although not as a rule, passive AI commonly results from 
internal anal sphincter (IAS) lesions [6], whereas a structurally compromised exter-
nal anal sphincter (EAS) is typically associated with urge AI.

Pelvic floor rehabilitation is commonly advocated as the first-line therapy when 
the global clinical-physiatric evaluation of the patient indicates it [7]; if the clinical 
outcomes are not satisfactory, the use of intersphincteric injectable bulking agents 
has been suggested about two decades ago as a possible treatment option [8] provid-
ing a feasible and minimally invasive technique hopefully granting a higher clinical 
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response than other more “aggressive” procedures. Among the different bulking 
agents, Gatekeeper (GK) self-expandable solid prostheses have shown promising 
short- and middle-term results [9, 10]. Previously, different types of bulking agent 
had been used [11–14], but only a short-term benefit from the injections was 
reported, regardless of the material used. The major problem with the previously 
used anal bulking agents was their reduced efficacy with time, probably due to a 
variable combination of degradation and/or diffusion through the tissue adjacent to 
the injection site or, sometimes, far from that site. The data presented by Ratto et al. 
in 2011 [8] suggested that the implantation of the GK device was able to overcome 
all of these potential problems.

14.2  Indications and Contraindications

The GK device currently used consists of a delivery instrument and solid prostheses 
(n = 4 in the first description, subsequently n = 6) made of inert hyexpan (polyacry-
lonitrile) that, once implanted, characteristically expands up to 700% of its former 
volume by slow water absorption within 48 h from implantation. The prostheses are 
compliant to external pressures without losing their original shape. For these rea-
sons the implants are usually placed in the intersphincteric space, in the belief that 
this will achieve a more effective distribution of the bulking effect and minimize the 
potential risk of erosion, ulceration, fistulation of the anal canal and possible pros-
thesis displacement [8]. However, implantation methods, as well the volume and 
number of prostheses vary between studies [15]. Launched as the evolution of GK, 
Sphinkeeper (SK) features more and longer hyexpan prostheses [8, 9]. These are 
long enough (23 mm in final length) to reconstitute the normal anal canal length and 
wide enough (7 mm in final diameter) to ensure a significant filling ability, so SK 
allows treatment of more sizeable defects in the IAS or EAS.

Implantation of these devices is indicated in patients whose onset of AI is 
≥6 months before the first visit and symptoms are refractory to all standard conser-
vative measures (pharmacologic, behavioral, and pelvic floor rehabilitation). Before 
implantation, at baseline, patients are evaluated on the basis of a detailed medical 
history and physical examination; when indicated, a colonoscopy can be performed. 
Particular attention has to be paid to investigate previous surgery, trauma and/or 
local radiotherapy, congenital anorectal malformations, comorbidity, AI symptoms, 
characteristics and diary, ability to defer defecation, and need to wear pads and/or 
take constipating drugs. Health status and quality of life (QoL) are evaluated at 
baseline and then after implantation [16, 17]. Anorectal manometry and endoanal 
ultrasound (EAUS) should be performed to assess anorectal function and morphol-
ogy and to identify and quantify any lesion of the anal sphincter complex, determine 
anal canal length and muscle tension as well as resting tone.

GK/SK are not indicated in the presence of: IAS lesion >60° and/or EAS lesion 
>90° identified on ultrasound; active perianal sepsis; severe anal scarring; bowel 
disease with anorectal involvement; active treatments for anal or rectal cancer. The 
presence of diabetes mellitus, pudendal neuropathy, and previous implantation of 
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sacral nerve stimulator do not represent contraindications for the GK procedure, 
although accurate preoperative evaluation of coexisting clinical conditions that may 
negatively impact outcomes is encouraged.

14.3  Surgical Technique

After spinal/local anesthesia [18], with the patient in the lithotomy position, small 
(2 mm) skin incisions are performed at 12, 3, 6, and 9 o’clock or at 1, 3, 5, 7, 9, and 
11 o’clock in the intersphincteric groove to allow implantation of four or six pros-
theses by using a specifically designed delivery system, which is functionally simi-
lar whether GK or SK prostheses are being implanted; in the latter case, up to ten 
small skin incisions can be used. Under digital guidance, the introducer is inserted 
into the intersphincteric space through a short subcutaneous tunnel and pushed up 
to reach the upper part of the anal canal. The introducer is placed in the upper third 
of the anal canal, at the level of the puborectalis muscle. Once in place, the gun is 
fired resulting in retraction of the cannula and deployment of the prosthesis. When 
the proximal part of the prosthesis reaches the tip of the cannula, the whole cannula 
retracts completely inside the delivery system and the prosthesis is released in place 
in the desired position within the intersphincteric space. The delivery device is then 
withdrawn. The implants are distributed equally around the anal canal, as it is 
believed that the actual position does not influence the outcome, even in the pres-
ence of EAS or IAS tears. The prostheses are placed in the same position in all 
patients, irrespective of the location of possible EAS/IAS lesions. Beginning from 
the very first reports of GK implantation, the prostheses were placed at 3, 6, 9 and 
12 o’clock positions for convenience but it is likely that, provided the implants are 
inserted correctly and distributed equally around the anal canal, the actual position 
does not influence the outcome. As for the number of prostheses implanted, it has 
been recently demonstrated that the greater the number of the prostheses, the better 
the clinical outcome [19]. Some authors [8] perform skin incisions about 2 cm away 
from the anal verge to minimize the risk of wound contamination during bowel 
movements. Nonlinear tunneling through the soft subcutaneous tissues to reach the 
intersphincteric plane from the skin incision is thought to avoid possible prosthesis 
extrusion along the track. In our procedure [18], all of the steps are verified by pal-
pation and direct vision using the Eisenhammer anal speculum. However, prosthesis 
placement can also be performed under EAUS guidance to monitor the procedure 
step by step and ensure correct positioning of the prostheses, but this is not manda-
tory and simple digital palpations by an expert physician can be enough to guaran-
tee proper positioning of the prostheses. When performed, EAUS is used to confirm 
the position of the prosthesis, which appears as a hyperechoic dot with a hypoechoic 
shadow behind it. Three-dimensional EAUS (3D-EAUS) was used by some groups 
and showed a continuous hyperechoic line after implantation [9]. Finally, the skin 
wounds are sutured with resorbable material. Patients are usually discharged on the 
same day and instructed to avoid any trauma or sexual practice during the first 48 h 
after implantation. Bed rest is usually recommended and aims at decreasing the risk 
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of early prosthesis dislocation. A 5-day course of antibiotics is also prescribed. 
Patients are assessed at follow-up and 3D-EAUS is performed to check the location 
of the prostheses.

14.4  Implantation Results

Implantation of GK/SK results in a significant improvement in episodes of major AI 
and on all the scores used to stratify AI severity preoperatively (Cleveland Clinic 
Fecal Incontinence Score [CCFIS], Vaizey score). The ability to postpone defeca-
tion for longer and postevacuation soiling are both significantly improved in the 
majority of patients undergoing GK/SK implantation. Of note is the improvement 
of QoL scores (FIQL, SF-36), suggesting regained health and comfort in patients 
treated with GK. The postimplantation anatomical changes in the sphincter com-
plex—confirmed by ultrasound (Fig. 14.1)—are thought to play a major role in the 
functional improvements. Indeed, it has been fully demonstrated that increasing the 
in vivo length of the EAS complex increases its contraction [20, 21]; an overall 
increase in muscle tension of the anal sphincter complex has been observed and 
recently demonstrated after GK implantation. Such a positive change may be cru-
cial in altering the pathophysiological mechanisms which are believed to be associ-
ated with the development of AI symptoms. Our results [18] show good initial 
improvements in CCFIS that were sustained up to 36 months after implantation. We 
also provided data regarding sphincter morphology and function by 3D-EAUS and 
high-resolution anal manometry (HRAM). Our rate of prosthesis displacement was 
lower (20%) and fully asymptomatic compared with another study (52%) [22]. 
Furthermore, in our experience, the GK procedure was not intraoperatively assisted 
by EAUS, confirming that prosthetic delivery into the intersphincteric space can be 
adequately accomplished after a short learning curve (minimum of five proctored 
cases). HRAM showed an overall increase in functional anal canal length, anal rest-
ing pressure, and maximum squeeze. Improvements in QoL following GK implan-
tation have also been described elsewhere [10, 19].

Fig. 14.1 Gatekeeper implantation in patients with anal incontinence: ultrasonographic evidence 
of prostheses located in the intersphincteric space, surrounding the anal canal

L. Docimo et al.



127

Few studies have compared GK and SK implantation results, and even fewer 
studies have investigated SK results beyond 1 year. Indeed, clinical improvements 
are observed at 1 year after implantation, regardless of the bulking agent system 
used. Apparently [19], SK confers the same benefits as GK in terms of morphofunc-
tional remodeling of the sphincter complex and the increase in muscle tension is 
higher after implantation of a greater number of prostheses. The postimplantation 
increase in muscle tone (after controlling for baseline values) is significantly higher 
in patients undergoing SK than GK implantation, resulting in a better improvement 
in CCFIS at 12 months. In patients with loose, patulous, funnel-like or keyhole- 
shaped anal canal, SK could offer the opportunity to reconstitute the cylindrical 
shape of the anal canal, while in patients with sphincteric lesions it could reinforce 
the area of scarring and improve the contribution to continence of the remaining 
intact sphincters. Finally, SK could have a non-negligible role as adjunctive therapy 
in patients with incomplete resolution of symptoms after other procedures for AI. In 
conclusion, implantation of SK is as feasible as that of GK in patients with different 
types of AI, it does not give rise to major complications or dislodgement, and it 
enhances effectiveness due to the greater number and dimensions of the prostheses.

14.5  Adverse Effects: Displacement

Studies have been conducted searching for intra- and postoperative complications, 
in particular looking at clinical and/or EAUS evidence of bleeding at/from the sites 
of implantation, anorectal sepsis (anorectal abscess and/or fistula), signs of local 
and systemic inflammation, pain, duration of analgesic therapy and urinary reten-
tion [9]. Implantation is not followed by septic or adverse reactions, does not result 
in short-term dislodgement and is well tolerated. No acute sepsis at the site of 
implantation and around the prostheses was documented within a 90-day period. No 
long-lasting symptoms (including anorectal pain and discomfort) directly or indi-
rectly related to the implanted prostheses have been recorded. This was confirmed 
in a large population that underwent GK implantation [9, 10] or in patients treated 
with SK implantation. Compared to other treatment options for fecal incontinence, 
in fact, these procedures boast a number of potential advantages including the mini-
mally invasive approach (that may mitigate risk in frail patients) and repeatability 
(i.e., replacement after removal of protruding prosthesis).

GK/SK implantation is very safe. Acute sepsis at the site of implantation and 
around the prostheses is rarely recorded. The only adverse event of concern reported 
to date is prosthetic displacement. This was first described in a case report in 2014, 
in which EAUS demonstrated the migration of GK implants in a patient reporting 
no improvement in AI symptoms, as well as perianal pain and swelling [23]. This 
complication was then studied further and is now assessed with rates ranging 
between 6% and 49% [22].
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15When Everything Fails: Prevention 
and Therapy of Treatment Failures

Donato F. Altomare, Arcangelo Picciariello, 
Michele De Fazio, and Marcella Rinaldi

15.1  Introduction

Surgery for fecal incontinence (FI) is very challenging and associated a high failure 
rate, particularly as far as the long-term success rate is concerned.

Traditionally, all the treatments proposed over the last 50 years, from the anal 
wire according to Thiersch to artificial anal sphincters, were aimed at repairing, 
reinforcing or replacing a damaged, functionally insufficient or even absent anal 
sphincter. However, in the last 25 years, the extension on the indication of sacral 
nerve modulation to FI, proposed by Klaus E. Matzel, has revolutionized the treat-
ment algorithm for this common functional disturbance, making some of the tradi-
tional treatments obsolete [1].

The prevention and treatment of failures of the most frequent surgical approaches 
to FI are discussed in this chapter.

15.2  Sphincteroplasty with or Without Postanal Repair

Overlapping anal sphincteroplasty remains one of the milestones in the treatment of 
FI even if its indication is limited to cases with an overt lesion of the external anal 
sphincter, which represents a minority of the causes of FI in Italy. The success rate 
of this operation is reported to be around 50% in the long term [2], and several prog-
nostic factors have been considered to prevent treatment failure, including the pres-
ence of pudendal neuropathy [3].
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Nevertheless, the success rate of the operation cannot be easily predicted. An 
excessively large sphincter defect (>90°) and the occurrence of postoperative wound 
infection can strongly influence the outcomes. The utility of a protective colostomy 
to prevent wound contamination has been investigated by several authors, but no 
consent has been reached [4]. On the other hand, morbidities related to stoma for-
mation and closure discourage its use in routine clinical practice.

15.2.1  What to Do when Sphincteroplasty Fails?

One possible reason for unsuccessful sphincteroplasty may be an early or late dis-
ruption of the overlapping sutures on the muscle stumps. In these cases, a re-do 
sphincteroplasty has been demonstrated to be useful, with a success rate comparable 
with the first sphincteroplasty attempt [5].

Another possible option in the case of failure of the sphincteroplasty is to test 
sacral nerve stimulation (SNS), which has been shown to be successful even in 
selected cases of untreated sphincter lesions [6]. The unexpected result of SNS in 
these cases has been explained by considering the multiple and still unknown neu-
rological effects of SNS on the mechanisms involved in the physiological control of 
continence.

15.3  Injectable Anal Bulking Agents

The proposal to treat minor or passive FI by creating a passive obstacle to the pas-
sage of feces through the injection of bulking agents into the submucosa or deeper 
into the anal canal has been an attractive mini-invasive surgical option in recent 
decades, and several materials have been experimented, including autologous fat, 
silicone, collagen, carbon-coated microbeads, polyacrylamide gel, and NASHA/Dx 
(dextranomer in non-animal stabilized hyaluronic acid) gel [7–17].

While the experience of the proponents of these techniques was successful in 
most of the cases, colorectal surgeons have lost interest in the injection of anal bulk-
ing agents despite the advantages of its minimal invasiveness and easy procedure 
because none of these treatments have stood the test of time or the comparison with 
other treatments, mainly SNS. In fact, the few studies addressing the middle/long- 
term outcome of these procedures failed to confirm the utility of these materials [18] 
and those comparing anal bulking agents against SNS show a clear advantage of 
SNS [9].

On the other hand, the procedure was not free of possible complications includ-
ing anal abscesses or bleeding and, in rare cases, hemospermia (personal experi-
ence). Nowadays, injection of anal bulking agents is seldom performed in clinical 
practice.

Patients reporting unsatisfactory outcome are usually treated by biofeedback/
physiotherapy or, in the case of more severe FI, by SNS.
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15.4  Adynamic Anal Sphincter Reinforcement by 
Prosthetic Implants

Other surgical options to control the passive passage of feces involve the use of 
implantable adynamic prosthetic devices.

15.4.1  Gatekeeper and Sphinkeeper

The Gatekeeper and the newer Sphinkeeper involve the ultrasound-guided transanal 
implantation of 4–12 nonresorbable prostheses able to increase their volume by 
absorbing fluids from the interstitial spaces, thereby narrowing the anal canal and 
creating passive control to the loss of feces. This technique has been shown to be 
effective in about 50% of cases, even in the long-term follow-up [19–22].

Possible complications include anal abscess, migration of the prosthesis (possi-
ble in up to 50% of patients), mucosa ulceration and expulsion of the prosthesis. 
These complications could be prevented by careful monitoring of correct placement 
of the prostheses by transanal three-dimensional ultrasound guidance and wide 
spectrum antibiotic prophylaxis.

In cases of failure or distal migration, the procedure could be repeated if the 
distance between the prostheses allows for further transanal implants, or the patients 
could undergo SNS if the FI severity justifies that expensive procedure.

15.4.2  Fenix Device

Another surgical option involving adynamic prosthetic implants is the Fenix device. 
This magnetic sphincter augmentation (MSA) device consists of a flexible band of 
interlinked titanium beads with magnetic cores of variable length placed around the 
anal canal. The passive attraction of the magnetic beads keeps the anal canal narrow, 
but the voluntary passage of feces can open the anal canal allowing defecation [23].

Very few colorectal centers have experienced this device and therefore there is 
little information on its potential complications and true effectiveness. A random-
ized controlled trial versus SNS was stopped prematurely because of the very low 
success rate (about 10%) reported in both groups [24].

15.4.3  Silastic Band

The use of anal encirclement by a silastic band is actually an evolution of the 
Thiersch anal wire and was proposed by a German surgeon in 1991 [25] and recently 
reconsidered by Devesa et al. [26]. This simple, inexpensive surgical option could 
be considered in several patients after failure of more complex and expensive pro-
cedures including artificial bowel sphincter, SNS, sphincteroplasty and injectable 
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bulking agents. Careful preparation of the tunnel around the anal canal to host the 
elastic band is the only critical point of this operation because of the risk of rectal/
vaginal perforation.

15.5  SECCA Radiofrequency Treatment

The SECCA procedure was designed to create deep thermal necrosis of segments of 
the internal anal sphincter by using a modified anoscope equipped with special nee-
dles to deliver radiofrequency energy, in order to produce anal scars able to narrow 
the anal canal thus preventing episodes of FI [27]. Despite some positive reports 
[28], this procedure has been abandoned owing to the great perplexity of most 
colorectal surgeons to further damage a weak anal sphincter [29]. A SNS test could 
be considered for patients not responding to this technique.

15.6  Dynamic Anal Neosphincters

15.6.1  Dynamic Graciloplasty

This fascinating and skill-demanding operation has been reserved for many years 
for the worst cases of FI or patients with anal malformation or after a perineal colos-
tomy following a Miles operation for rectal cancer [30]. Nevertheless, the long-term 
success rate of this operation is unsatisfactory. One of the most recent reports on the 
long-term outcome of electro-stimulated graciloplasty concluded that “the individ-
ual patient can expect a 16% chance of normal fecal continence at 5 years with at 
least one surgical morbidity”, with 27% of them converted to an end colostomy 
[31]. As a consequence, this surgical option has been virtually abandoned, particu-
larly after the company Medtronic decided to stop the production of the needle 
electrodes used to electro-stimulate the gracilis muscle. In fact, despite some recent 
reports on the use of adynamic graciloplasty [32], the unstimulated muscle becomes 
atrophic without electrostimulation, losing the ability to contract and therefore mak-
ing the operation useless.

15.6.2  Artificial Bowel Sphincters

The great enthusiasm of about 20 years ago for the use of artificial sphincters, fol-
lowing the success of the urinary artificial sphincter, was replaced by a profound 
skepticism about its possible role in helping these patients when several papers 
addressing long-term effectiveness and outcomes became available in the literature 
[33, 34]. The excessive number of postoperative complications (mainly infections 
and skin/mucosal erosion), malfunction of the system components and the 
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long- term inefficacy of the device convinced the industry to stop its production 
worldwide, and all the other later attempts to produce artificial anal sphincters—
such as the soft anal band, the prosthetic anal sphincter (PAS) [35], the German anal 
sphincter system (GASS) [36], the artificial anal sphincter system (AASS) [37]—
remained in their early experimental phase.

Patients who have failed an operation with an artificial bowel sphincter or 
dynamic graciloplasty have very few chances to cure their incontinence. Nowadays, 
before considering an end colostomy or procedures for pseudocontinence, a last 
option could be a SNS test, although there is very little experience on this indication.

15.7  Sacral Nerve Stimulation

In the last 20 years, SNS has replaced most of the other surgical options to treat FI 
since the indication for this technique has greatly expanded, including incontinence 
due to sphincter lesions, incontinence after anterior resection of the rectum [38] and 
many other challenging conditions (but excluding patients with spinal lesions).

Few complications have been reported after SNS and most of them, like infection 
or malposition of the pacemaker, can be prevented by rigid observance of antisepsis 
and antibiotic prophylaxis and by correct positioning of the pulse generator in a 
subcutaneous pocket of the gluteal region. Correct positioning of the pacemaker is 
also necessary to prevent pain and skin erosion. Another rare but possible complica-
tion is liquor spillage during electrode positioning in patients with spina bifida (per-
sonal observation). In this case, prolonged compression and bed rest is sufficient to 
overcome the problem.

A major problem with SNS is the loss of efficacy in the long term. Several reports 
indicate that the long-term success rate is about 50% [39–41], making the manage-
ment of the remaining patients very difficult because of the shortage of other surgi-
cal options.

15.8  Last Options for Patients Unsuccessfully Treated 
for Fecal Incontinence

The severe distress of untreatable fecal incontinence still needs to be managed to 
improve the quality of life of these patients. Some procedures such as the Peristeen 
enema or the Malone antegrade enema can help by maintaining the rectum empty 
and giving a pseudocontinence which can help to prevent episodes of incontinence 
[42, 43]. Finally, after full discussion and information with the patients, an end 
colostomy, could be considered the last option in selected cases of FI, since its man-
agement is easier than uncontrolled bowel movements and quality of life may be 
improved.
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15.9  Conclusions

Critical revision of the outcomes of several surgical treatments have restricted our 
toolbox for treating patients with FI, relegating some of the traditional treatments to 
the annals of surgical history. Many surgical options such as artificial bowel sys-
tems, injectable bulking agents, the SECCA procedure, dynamic graciloplasty, ady-
namic artificial sphincters, initially presented with great enthusiasm and with very 
high success rates, did not stand the proof of time and repeatability of the initial 
experiences.
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16Cesarean Section Delivery to Prevent 
Anal Incontinence

Marco Torella, Marika Pennacchio, and Nicola Colacurci

16.1  Introduction

Spontaneous delivery is considered to be a risk factor for anorectal dysfunction, 
through pregnancy and injuries induced by labor and delivery to the pelvic floor 
muscles, the rectovaginal septum, the anal sphincter complex and the pudendal 
nerve. In the last few years, the demand for cesarean section has increased for sev-
eral reasons, including the conviction that it can prevent the development of prob-
lems of the maternal pelvic floor. In this chapter we will analyze the impact of the 
mode of delivery on the perineal plane.

The anorectal canal is surrounded by a complex bundle of muscle fibers that 
make up the external and internal sphincters. The striated muscles of the external 
sphincter are subject to voluntary control and are responsible for the tone that keeps 
the rectal canal narrow. The smooth muscles of the internal sphincter, on the other 
hand, keep the tone at rest and are responsible for moment-to-moment fecal conti-
nence. The two muscle groups overlap at a distance of 2 cm and extend upward in 
the canal for 4 cm. The outer sphincter is inserted on the central perineal tendon and 
is surrounded by the puborectalis muscle.

Although both sphincters are important for maintaining continence, it has been 
shown that laceration of the external sphincter has greater impact on the anal 
sphincter.

The classification of lacerations validated by the Royal College of Obstetricians 
and Gynaecologists (RCOG) considers four degrees (Fig. 16.1) [1]. Third-degree 
lacerations include partial or complete laceration, with or without laceration of the 
internal sphincter, while fourth-degree lacerations include complete laceration of 
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Fig. 16.1 Diagrammatic representation of the anal sphincters demonstrating the Sultan classifica-
tion of major degrees of perineal tears (3a, 3b, 3c, and 4). Reproduced from [1] with permission 
from Springer

both sphincters, with extension to the rectal mucosa. Anal continence does not 
entirely depend on sphincter integrity, as neuromuscular function, the puborectalis 
muscle and the pudendal nerve also play a role.

Lacerations of the anal sphincter are classified further into “clinically recogniz-
able” and “occult”. The former are identified and repaired at the time of delivery, 
while the latter, which are typically diagnosed by ultrasound, may occur below an 
intact perineum or in the presence of second- or first-degree lacerations [2].

16.2  Anal Incontinence and Mode of Delivery

Anal continence is a complex physiological mechanism that depends on factors 
such as intestinal disorders and habits, cortical awareness, integrity of the pelvic 
floor muscles and anal sphincter muscles in particular, as well as a number of psy-
chological factors.

Anal incontinence is associated with advanced age, obesity, pregnancy, operative 
delivery, and obstetric lacerations of the anal sphincter. In addition to anal inconti-
nence, laceration of the anal sphincter can also cause fecal urgency, perineal pain, 
and sexual dysfunction.
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Anal incontinence, defined as “the involuntary loss of air or liquid and solid 
stools that constitutes a social and hygienic problem”, occurs in 15–59% of women 
with anal sphincter lacerations repaired at the time of delivery. Fecal urgency afflicts 
another 6–28% of women. Fecal incontinence, the loss of liquid or formed feces, is 
less frequent, occurring in 2–23% of cases. These symptoms may appear as a result 
of clinically recognizable or occult laceration [3].

No association between anal incontinence and delivery mode was shown by 
comparing women who had undergone cesarean sections and those who had a vagi-
nal delivery [4]. However, when spontaneous childbirth is complicated by injuries 
to the anal sphincter, anal incontinence is tripled. In addition, both forceps and suc-
tion cups increase the risk of pelvic floor dysfunction. According to recent studies, 
women who had induction of labor with oxytocin, and in whom the neonatal head 
circumference is 34 cm or more, are significantly more at risk of developing anal 
incontinence and should be closely monitored after delivery.

Part of the complex physiological mechanism of continence may be compro-
mised by injury to the muscles of the anal sphincter, and if one or more risk factors 
are needed during labor, their combination can potentially have a synergistic impact 
on the development of anal incontinence after childbirth and in the long term [5]. In 
addition, spontaneous delivery has been associated with an increase in the number 
of injuries to the levator ani muscle, increased mobility of the bladder neck and an 
enlargement of the genital hiatus, laying the foundations for the development of 
urinary incontinence and prolapse [6]. Maternal expulsive efforts during delivery 
and the force uterine contractions exert on the fetal head can induce stretching and 
compression of the pelvic floor nerves, which may lead to ischemia, neurapraxia or 
compromised nerve function. It is believed that nerve injury during delivery can 
result in muscle atrophy, hence altering pelvic floor function and morphology. The 
degree of muscular distension may lead to either a lesion or avulsion, which is asso-
ciated with enlargement of the genital hiatus after delivery.

Factors not associated with delivery include advanced age, obesity, severity of 
disorders such as diarrhea and constipation, level of education and fecal urgency 
[7]. The effects of aging include reduced rectal compliance, reduced rectal sensitiv-
ity, perineal laxity, and delayed post-traumatic healing.

Among the factors associated with delivery, parity, operative delivery and mac-
rosomia (birth weight of 4000 g of the first child) significantly increase the risk of 
anal sphincter injury and are more related to the development of long-term anal 
incontinence [8].

In severe lacerations, the five most important factors are: median episiotomy; use 
of forceps or obstetric cup; Asian ancestry; high weight at birth; first delivery.

Compared with vaginal delivery, cesarean delivery is associated with higher 
maternal and infant mortality, higher levels of complications in subsequent preg-
nancies, increased perinatal mortality, placenta previa or ectopic pregnancy, as well 
as higher health costs; hence, its recommendation, on the basis of its potential pro-
tective effect on the pelvic floor, is controversial and continues to arouse scientific 
debate [9].
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There is conflicting evidence on the benefits of cesarean section in the prevention 
of postpartum anal incontinence [10]. Some studies suggest that the timing of a 
cesarean section, particularly when this is practiced in advanced labor, may have an 
impact on the mechanisms of continence.

Although cesarean section showed a protective effect on short-term anal inconti-
nence, 6 months after delivery there is no longer a significant association between 
the mode of delivery and the development of anal incontinence. Nonetheless, it is 
essential to identify pregnant women with a higher risk of early anal incontinence 
after labor. In fact, although most cases of anal incontinence resolve within 6 months 
of delivery, even a short symptomatic period can negatively affect the quality of life 
of a young mother [11].

In conclusion, cesarean section does not appear to have a protective effect against 
the development of anal incontinence, in either the short or long term [12]. However, 
when vaginal delivery is operative or complicated by anal sphincter injury, the risk 
is significantly increased [13]. When anal incontinence occurs in old age and in 
obese woman it is more associated with factors independent of the mode of delivery 
[14]. Given that anal incontinence is still poorly reported due to social reasons, it is 
important to identify its risk factors, as early rehabilitation performed immediately 
after childbirth has been shown to reduce, and possibly prevent, anal incontinence 
later in life.

16.3  Conclusions

In conclusion, despite evidence of an increased risk of developing incontinence and 
pelvic organ prolapse following vaginal delivery, the recommendation of an elective 
cesarean section with the sole purpose of preserving the maternal pelvic floor should 
be taken with caution, as there is no direct evidence about the protective effect of 
elective cesarean section [15].

Although women with sphincter lacerations report more incontinence than those 
without lacerations, the symptoms increase in both groups with subsequent vaginal 
deliveries. The risk of sphincter lacerations during a second delivery increases by 
two to five times in women who had previous lacerations, compared to those with 
no history of clinically recognizable laceration [16]. Recurrence is greatest when 
the second delivery is vaginal or when episiotomy (especially median) is performed. 
A subsequent vaginal delivery also affects the severity of incontinence symptoms. 
However, because not all studies support the conclusion that subsequent deliveries 
contribute to anal incontinence, it is reasonable to ask whether the increases in anal 
incontinence are due to the large number of vaginal deliveries or to other influences 
such as age.

As regards occult lacerations, there may be an indication to perform ultrasound 
for the diagnosis and to proceed to immediate repair. Therefore, it is important to 
document the appearance of symptoms of transient or permanent anal incontinence 
after delivery. Ultrasound evaluation of the anal sphincters together with manome-
try can be indicated in all incontinent women.

M. Torella et al.



145

During counseling, women should be informed of the increased risk of new lac-
erations in subsequent vaginal deliveries. Continent women are less likely to develop 
incontinence than those who previously had symptoms of transient or persistent 
anal incontinence. These outcomes are aggravated by episiotomy and operative 
delivery, which increase the risk of new lacerations and subsequent anal incontinence.

It is unclear whether the long-term symptoms after reiterated vaginal delivery in 
women with previous sphincter lacerations are different from those of women with 
no history of lacerations, and the issue should be investigated.

In summary, women with a history of anal sphincter lacerations during the first 
vaginal delivery are more likely to develop new lacerations and heightened inconti-
nence symptoms with a subsequent one. Operative delivery and episiotomy (espe-
cially median) should be avoided because they aggravate the risk of further damage 
in all these women.

After a detailed discussion about the risks and benefits of attempting a new vagi-
nal delivery, an election cesarean section may be considered in women with symp-
toms of anal incontinence [16].
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17Interrelatedness of Urological 
Conditions and Anal Incontinence

Ferdinando Fusco, Marco De Sio, Davide Arcaniolo, 
Celeste Manfredi, Luigi Napolitano, Simone Morra, 
and Massimiliano Creta

17.1  Introduction

Anal incontinence (AI) has been reported to occur in patients with concomitant 
urological disease, as a result of the condition itself or its treatment. Surgical opera-
tions for prostate cancer and bladder cancer, as well as radiotherapy, can lead to loss 
of anal function. Moreover, AI has been associated with lower urinary symptoms 
(including urgency, frequency, and incontinence) and it is considered a risk factor 
for urinary tract infections.

17.2  Urological Diseases Associated with Anal Incontinence

17.2.1  Prostate Cancer

17.2.1.1  Anal Incontinence After Radical Prostatectomy
Radical prostatectomy (RP) has been related to a high incidence of anorectal com-
plications [1, 2] including AI, and the incidence is significantly higher after radical 
perineal prostatectomy (RPP). Urologists first recognized alterations in anorectal 
functions after RP in 1998 through a study conducted by Bishoff et al. [2]. In their 
survey, the authors reported AI in 5% and 18% of patients undergoing radical 
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retropubic prostatectomy (RRP) and RPP, respectively. Similarly, the frequency of 
AI (daily, weekly, monthly or less than monthly occurrences) was significantly 
higher after RPP (3%, 9%, 3% and 16%) compared to RRP (2%, 5%, 3%, and 8%). 
RPP patients were more likely to wear a pad for stool leakage, experienced more 
accidents, had larger amounts of stool leakage and had less formed stools compared 
to RRP patients. Unfortunately, AI following RP is often underreported. Bishoff 
et  al. reported that less than 50% of patients with AI had told the physician. 
Moreover, only 14% of patients undergoing RPP and 7% of those undergoing RRP 
with AI had ever told a health care provider about it, even when the incontinence 
was severe [2].

Surgical injury to pelvic region muscles and the anal sphincter complex or poten-
tial neuropraxia of the related nerves during RP may result in loss of anal function. 
Aydemir et  al. performed a prospective manometric study to evaluate anorectal 
functions after RP. Their study demonstrated that external anal sphincteric pressure 
and internal anal sphincteric pressure significantly decreased after RPP. Although 
external anal sphincteric pressure and internal anal sphincteric pressure were also 
decreased in RRP, the difference was statistically insignificant [1].

The Expanded Prostate Cancer Index Composite (EPIC) is a comprehensive 
instrument designed to evaluate patient function and bother after prostate cancer 
treatment. It consists of four domains: urinary, bowel, sexual and hormone func-
tions [3]. In their study, Koike et al. recorded a significantly higher EPIC bowel 
function score at only the 3-month follow-up in patients who performed robot- 
assisted RP (RARP) vs. laparoscopic RP (LRP) (96.9 vs. 92.9, p < 0.01). The differ-
ence in bowel function disappeared at postoperative months 6 and 12 [4].

17.2.1.2  Anal Incontinence After Radiotherapy for Prostate Cancer
External beam radiotherapy is an established curative treatment for prostate cancer. 
It can be prescribed as curative therapy alone or in combination with radical prosta-
tectomy with curative, adjuvant or salvage intent.

AI is a known sequela of radiotherapy for prostate cancer, although it has received 
little attention in comparison with other toxicities and complications [5].

The potential mechanisms of AI related to radiotherapy include the detrimental 
effects of radiation exposure on the structure of the sphincter complex, either the 
muscle itself or the myenteric plexus that innervates the sphincters [5]. Only few 
published studies have addressed the anorectal function of patients before and after 
radiotherapy for prostate cancer. Yeoh et al. first investigated the change of anorectal 
function and showed a statistically significant difference in both the anal sphincter 
resting and squeeze pressures (resting pressure 54  mmHg before vs. 49  mmHg 
after; squeeze pressure 111 mmHg before vs. 102 mmHg after) at 4–6 weeks after 
radiotherapy [6]. Yeoh et al. also demonstrated a reduced rectal volume at threshold 
sensation (36 mL at baseline vs. 22 mL at 1 year) 1 year after radiotherapy [7]. The 
same authors demonstrated a reduction of both sphincter resting and squeeze pres-
sures and a decrease in rectal volume at threshold and urge sensation at 2 years after 
radiotherapy [8]. However, the precise mechanism is not known and the relationship 
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between dose-volume parameters and the severity of AI symptoms has not been 
fully established.

Overall, the incidence of soiling and AI after external beam radiotherapy has 
been reported to be 58% and 57% at 3 years, respectively, and 5% of patients have 
a moderate to severe complaint [5, 9].

Viani et al. reported that intensity-modulated radiotherapy (IMRT) reduced the 
delivery of significant radiation doses to the bladder and rectum using a similar 
target volume compared to three-dimensional conformal radiotherapy (3DCRT). 
This dosimetric advantage resulted in a lower rate of acute/late grade ≥ 2 gastroin-
testinal toxicity (such as AI) for IMRT compared with 3DCRT (7% vs. 24%, respec-
tively) [10].

Commonly, AI presents during or shortly after radiotherapy. However, it may be 
persistent as a late radiation-related event and often does not resolve spontaneously. 
It has been reported that development of bowel symptoms during the acute phase of 
radiotherapy (up to 120 days post-treatment) is a predictor of the same problems in 
the medium to long term [9].

Studies show that it may still persist at 15 years after external beam radiotherapy 
in 20% of patients [11]. Some studies reported the new onset of AI at 2 years after 
radiotherapy while others reported an incidence gradually increasing throughout the 
follow-up period [12, 13].

Studies comparing the outcome and complications of RP alone, radiotherapy 
alone, or RP combined with radiotherapy for locally advanced prostate cancer, 
reported that the likelihood of RP patients developing bowel urgency was lower 
than those who had received radiotherapy alone [5].

It has been hypothesized that the radiation dose influences rectal damage and the 
severity of rectal toxicity. However, available studies evaluating the relationship of 
radiation dose and occurrence of AI have given contradictory conclusions.

Syndikus et al. found that the impairment of the subjective perception of sphinc-
ter control was higher in the group treated with dose-escalated conformal radio-
therapy (74  Gy) compared to standard conformal radiotherapy (64  Gy), with a 
hazard ratio of 9.25 for incontinence [14].

In their large prospective study of conformal radiotherapy, Fellin et  al. found 
only correlation between late rectal bleeding and dose–volume histogram parame-
ters and failed to find a statistically significant relationship between the dose–vol-
ume histogram parameters and AI 3 years after the treatment [15].

The incidence of AI has been reported to be similar in patients treated with 
brachytherapy. A study on prostate cancer patients receiving high-dose brachyther-
apy showed 11–25% of patients reporting symptoms of AI that did not remit 
throughout the follow-up-period up to 88 months [16, 17].

Treatments for AI after radiotherapy include topical phenylephrine, an alpha1- 
adrenoceptor agonist that has been shown to increase internal anal sphincter pres-
sures. Use of the phenylephrine gel was reported to improve incontinence scores in 
a small retrospective case series in which half of the patients had been treated for 
prostate cancer. However, the clinical significance of its efficacy is debatable as only 
half of the patients in the study felt the gel was of use [18].
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17.2.2  Anal Incontinence Following Radical Cystectomy 
for Bladder Cancer

Radical cystectomy (RC) followed by a urinary diversion is the gold standard for 
localized muscle-invasive bladder cancer. During RC the entire bladder is removed, 
and it is recommended that this is combined with pelvic lymphadenectomy. Parts of 
the intestines may be used to create a urinary diversion.

Long-term bowel disorders after RC are an underestimated issue. Available data 
demonstrate that, overall, about 30% of the subjects undergoing RC report problems 
with the physiological emptying process of stool including bowel movement, aware-
ness of need for defecation, motoric rectal and anal function, sensory rectal func-
tion, and straining ability [19]. Patients undergoing RC also complain of problems 
with sensing and controlling the rectum leading to a sense of decreased stool evacu-
ation capacity, difficulties in the initiation of the emptying reflex and decreased 
straining capacity. Moreover, increased defecation frequency, urgency, leakage, 
soiling and flatulence also occur among these patients [19].

Nerve dysfunction due to direct surgical damage to nerves or altered metabolism 
(e.g., malabsorption of electrolytes and vitamins), as well as deficient physiological 
function of the pelvic floor muscles caused by direct injury to the muscles or nerves, 
may contribute to AI after RC [20].

Thulin et  al. evaluated long-term defecation disturbances in patients who had 
undergone RC for bladder cancer [19]. Of all 452 patients with urinary diversion, 35 
(8%) reported fecal leakage and 33 (7%) reported soiling at least every month. 
Moderate and much bother by the fecal leakage was reported by 31% (17 of 54) of 
those with noncontinent urostomy, 70% (19 of 27) of those with continent reservoir 
and 44% (25 of 57) of those with orthotopic neobladder. Bother due to soiling was 
correspondingly reported by 35% (16 of 46) of those with noncontinent urostomy, 
70% (14 of 20) of those with continent reservoir and 51% (25 of 49) of those with 
orthotopic neobladder [19].

Henningsohn et al. compared patients with continent cutaneous reservoirs and 
noncontinent urostomies (conduits) with baseline data from a matched control 
group [20]. The incidence of fecal leakage was statistically significantly increased 
after RC compared to the control population with relative risks of 6.2 (95% CI 
2.4–16.0) and 4.2 (95% CI 1.3–14.1) for fecal leakage in patients with noncontinent 
urostomy and continent reservoir, respectively [20].

Frees et al. evaluated stool habits in patients who underwent continent cutaneous 
diversion using the ileocecal segment (Mainz pouch I [MzPI]) with an intussus-
cepted ileal nipple as efferent segment with those receiving an ileal conduit (IC) 
after radical cystectomy [21]. An increased stool frequency was reported in 60% of 
patients with MzPI as compared to 38% with IC. Soft stool consistency was reported 
in 31% of patients with MzPI compared to 2% with IC.  Moreover, Frees et  al. 
reported higher rates of diarrhea in patients with MzPI vs. IC (62% vs. 20%) [21].
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17.3  Coexistence of Anal Incontinence and Lower Urinary 
Tract Symptoms

Experimental human and animal data suggest that the bladder and distal colon inter-
act under both normal and pathological conditions. Pathological alterations in one 
of these organs may induce the development of cross-organ sensitization in the pel-
vis and may be responsible for clinical comorbidity of genitourinary and gastroin-
testinal tract dysfunctions [22].

AI has been associated with lower urinary symptoms including urgency, fre-
quency, and urge incontinence [22]. Data from large trials showed a parallelism 
between lower urinary tract symptoms and lower gastrointestinal symptoms. The 
EPILUTS study of 2160 individuals indicated that both men and women with over-
active bladder were much more likely to have AI than patients without overactive 
bladder symptoms [23]. Logistic regression controlling for demographic factors and 
comorbid conditions confirmed that overactive bladder status was a very strong 
predictor of AI [23].

In a community-based study, the prevalence of combined anal and urinary incon-
tinence was reported at 6–9% [24]. Furthermore, the age-adjusted relative odds ratio 
of AI among women with urinary incontinence was 1.8 [22]. In a group of patients 
with urinary incontinence, complaints of AI and constipation were found more 
often than in a control group [25]. Khullar et al. interviewed 465 women attending 
a urodynamic clinic and provided them with a detailed bowel questionnaire to 
investigate their urinary and bowel symptoms. The reported incidence of AI was 
15.3% and 26% on direct questioning and on the postal questionnaire, respec-
tively [26].

AI was more common in women with a urodynamic diagnosis of detrusor insta-
bility than among women diagnosed as having genuine stress incontinence (30% vs. 
21%, respectively) [26]. Soligo et  al. investigated the prevalence of AI in 504 
women referred to an outpatient urogynecology clinic and evaluated the relation-
ship between lower urinary tract dysfunction and AI. Overall, 0.2% of patients were 
anally incontinent. Women with double incontinence showed higher scores for uri-
nary urgency, which reached the established level of significance only in the sub-
group with urge AI. Interestingly, a higher prevalence of detrusor overactivity was 
observed in this group [27]. Manning et al. evaluated whether patients with lower 
urinary tract dysfunction have concomitant AI when compared with age- and 
gender- matched community controls and whether they have predisposing factors 
that have led to lower urinary tract symptoms and concomitant AI. Both frequent 
and occasional AI were significantly more prevalent among all cases than among 
community controls (5% vs. 0.72% and 24.6% vs. 8.4%, respectively). Although 
symptoms of fecal urgency and anal urge incontinence were significantly more 
prevalent among those with a urodynamic diagnosis of detrusor instability, AI was 
not significantly more prevalent among females with genuine stress incontinence 
(5.1%) when compared with females with detrusor instability (3.8%) or any other 
urodynamic diagnosis [28].
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Although these findings suggest a shared pathophysiology for lower urinary tract 
and gastrointestinal tract dysfunction, further studies are needed to determine if suc-
cessful treatment of one or more of these conditions is accompanied by commensu-
rate improvements in symptoms referable to the other organ system [23].

17.4  Urinary Tract Infections in Patients 
with Anal Incontinence

AI is considered a risk factor for urinary tract infections. Patients with AI have been 
reported to develop urinary tract infections almost three times as frequently as their 
anal-continent counterparts. The majority of the isolates found in urine cultures of 
the sample population are normally present in the gastrointestinal tract [29].
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18Coexistence of Fecal Incontinence 
and Constipation

Francesco Saverio Mari, Edoardo Maria Muttillo, 
and Antonio Brescia

18.1  Introduction

Fecal incontinence (FI) is defined in the Rome IV criteria as the uncontrolled pas-
sage of solid or liquid stool with no distinction made based on presumed etiology 
[1]. This shows that there is now broad consensus on the multifactorial genesis of FI 
and that the primary distinction between functional and physical causes is no longer 
considered an effective guide to treatment. In fact, functional and physical factors 
are often simultaneously observed in incontinent patients and a careful assessment 
of associated factors is recommended before proposing a therapy.

FI and constipation (CS) are usually considered two distinct conditions, but in 
clinical practice they often overlap. Most published studies have focused on the 
evaluation of FI or CS alone, resulting in a lack of data on their coexistence. Even 
the latest update of the Rome diagnostic criteria (Rome IV) considers FI and CS to 
be distinct conditions without considering their possible combination as a nosologi-
cally entity [1, 2].

On the contrary, the coexistence of CS and FI is well known and studied in the 
pediatric population and in the elderly [1–3].

In adults, the theory that FI could result from ineffective rectal emptying is well 
known but often overlooked. Currently, there is a lack of epidemiological studies 
that assess in detail the coexistence of FI and CS in the adult population. Nevertheless, 
analysis of the data reported by some colorectal studies reveals the presence of 
many cases of patients with CS complaining of coexisting FI and vice versa.
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18.2  Evidence from Clinical Studies

In a 1996 study on FI, Agachan et al. reported the presence of CS symptoms in 16% 
of incontinent subjects, but they did not dwell on these data [4].

The strict correlation between CS and FI was also reported by Kalantar et al., 
who showed a statistically significant higher incidence of symptoms of obstructed 
defecation in patients with FI [5]. The close connection between FI and CS is also 
seen in studies focusing on pelvic floor disorders [6–9]. In the female population, 
naturally more exposed to the coexistence of these two conditions, it is evident that 
the single presence of birth injuries to the anal sphincter or pelvic floor is not suffi-
cient to justify the incidence of FI.

In 2010, Burgell et al. conducted one of the first studies assessing the coexistence 
of CS and FI [10]. In a sample of 160 men, they reported anal sphincter injuries in 
only one-third of patients affected by FI while almost half of them complained of 
rectal evacuatory dysfunction, concluding that in most of the patients evaluated FI 
may represent a secondary phenomenon.

A recent cross-sectional study conducted by Vollebregt et  al. on 4027 adults 
showed that in over 40% of patients with refractory FI and/or CS and meeting the 
Rome IV criteria the two conditions coexisted [11]. These patients mainly com-
plained of gas incontinence, difficult discrimination between flatus and stool and 
rectal prolapse symptoms; the pathophysiological study, showed a higher incidence 
of sphincter dysfunctions compared to the group with CS alone and a greater pres-
ence of structural alterations on defecography compared to those with only FI. They 
also highlighted that the overlap of FI and CS symptoms had been missed by the 
referring physicians in over 80% of patients [11]. This was not attributable solely to 
the subjects’ reluctance to talk about their embarrassing symptoms but was also 
likely due to doctors’ unwillingness to investigate the two conditions in adults. In 
these cases, the lack of investigation by clinicians seems mainly related to a poor 
knowledge of their incidence in the adult population compared with children or the 
elderly rather than to the severity of the symptoms.

18.3  Patients’ Quality of Life

The impact of FI and CS on normal daily activity is considerable and involves all 
aspects of quality of life (QoL). The coexistence of FI and CS has been shown to 
affect both the psychological and physical domains as well as normal social activ-
ity; sexual activity is also affected by the presence of FI and CS [12–14]. The need 
to organize one’s daily activities based on effective intestinal emptying or the risk of 
FI episodes and the psychological impact of embarrassing symptoms have a signifi-
cant impact on QoL. The simultaneous presence of FI and CS acts as a reinforce-
ment, generating a double impairment of QoL [15]. There is also a close correlation 
between anxiety and FI or CS, with greater evidence of symptoms in subjects with 
coexistence of these two disorders [16].
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In addition, Cauley et al. demonstrated that patients with coexisting FI and CS have 
different clinical and anorectal physiology test findings and worse overall QoL [13]. 
These patients have a different clinical presentation characterized mainly by difficult 
bowel emptying and milder symptoms of FI. In these cases, manometric studies show 
normal or increased sphincter tone while defecography often reveals intra-anal or 
recto-rectal intussusception and rectocele. Cauley et al. conclude by stating that the 
coexistence of FI and CS must be treated as a single nosological entity [13].

18.4  Pathophysiology

In adults, FI in association with CS is almost always a consequence of difficult hindgut 
emptying, in which the hyperaccumulation or stagnation of stools in the rectum leads 
to FI episodes. This theory is also supported by the fact that numerous manometric 
studies failed to show a higher incidence of sphincter muscle injury in patients with FI 
and CS compared to those with CS alone [11, 17, 18]. When FI and CS coexist, FI has 
multifactorial pathophysiology, and its onset can result from three main mechanisms: 
rectal overflow, incomplete rectal emptying, or pelvic floor weakness.

18.4.1  Rectal Overflow

In these forms, FI is related to overdistension of the rectum secondary to fecal 
impaction; the accumulation of a large amount of stool in the rectum distends the 
intestinal lumen and leads to relaxation of the internal anal sphincter, resulting in 
involuntary losses.

Rectal hyposensitivity appears to be the cause of fecal impaction in these patients. 
Impaired rectal sensitivity results in activation of the inhibitory rectal anal reflex, 
which in turn causes relaxation of the internal anal sphincter; failure to perceive 
stool in the rectum also compromises the possibility of a voluntary compensatory 
contraction of the external anal sphincter, with production of “passive” losses [19, 
20]. Increased rectal compliance, as in rectal prolapse, rectocele, or megarectum, 
increases rectal fecal retention and represents an additional risk factor for FI [21]. 
Rectal stool retention also leads to fermentation of the bolus with filtration of liquid 
feces around the intrarectal solid bolus; moreover, the presence of a large mass of 
stool stimulates an overproduction of mucus, which worsens FI. Overflow inconti-
nence can be made worse by using laxatives or constipating drugs [22].

18.4.2  Incomplete Rectal Emptying

The involuntary loss of small volumes of feces that usually occurs in the first hours 
after defecation is almost always related to insufficient rectal emptying. Some stud-
ies reported that the sense of incomplete evacuation is a significant risk factor for FI 
[5, 23].
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These patients complain of small leaks which, however, are sufficient to soil the 
underwear and make intimate hygiene difficult; most often, they complain of dis-
comfort or anal itching [24, 25]. A mechanical obstacle to rectal emptying, as in 
rectal prolapse, recto-rectal or recto-anal intussusception, anterior rectocele, or 
descending perineum, causes post-defecatory stagnation of a fair amount of stool. A 
failure to recognize these modest quantities, together with the presence of post- 
defecatory paradoxical contractions, appears to be at the basis of minor leaks [8, 26, 
27]. Some authors report that in patients with coexisting FI and CS the symptoms of 
incontinence improve when rectal prolapse, intussusception and rectocele are surgi-
cally corrected [28–30]. On other hand, Rao et al. report incomplete rectal emptying 
secondary to dyssynergic defecation. In these patients, a lack of relaxation of the 
pelvic floor muscles during defecation results in incomplete rectal emptying [31]. In 
a population of women with FI, Stevenson et  al. identified a high incidence of 
patients with dyssynergic defecation characterized by paradoxical contraction or 
inadequate sphincter relaxation [32].

In patients suffering from obstructed defecation, the dissipation of force vectors 
generated during evacuation can also cause excessive traction of the rectal tissues 
with consequent stretching of the nerve plexuses; this can induce changes in rectal 
sensitivity. In the presence of reduced sensitivity, the difficult recognition of small 
amounts of residual stool leads to small losses. On the contrary, some patients 
affected by obstructed defecation were reported to have increased rectal sensitivity 
[33, 34]. These patients usually complain of a sensation of urgency which does not 
allow them to retain stool.

18.4.3  Pelvic Floor Weakness

Childbirth sphincter injuries have long been recognized as the leading cause of FI in 
the female population. Recent endorectal manometric and ultrasound studies have 
shown a reduced incidence of sphincter muscle lesions in patients complaining of 
coexistent FI and CS; in these cases, pelvic floor weakness and denervation there-
fore appear to be stronger causes [8, 17, 18, 20].

Overloading and straining of the myofascial component of the pelvic floor dur-
ing pregnancy and childbirth can lead to a traction-induced neuropathy resulting in 
lower pelvic floor and sphincteric muscle tone [8, 35, 36]. Some studies report that 
in the absence of muscle disruption, FI can be related to an impaired anal sphincter 
function due to the association between pelvic floor denervation and decreased anal 
sensation; these lead to a persistent inhibitory reflex to the internal anal sphincter 
and an inefficacious conscious contraction of the external anal sphincter [20, 22].

In addition to pregnancy and childbirth, aging and connective tissue disorders can 
also cause weakening of the muscle-tendon structures of the pelvic floor [37]. In these 
cases, chronic stresses as well as the misalignment of the muscular structures induced 
by the descending perineum lead to denervation of the pelvic floor and the formation 
of a more obtuse anorectal angle, resulting in FI episodes [8, 20, 35, 36].
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18.5  Diagnosis and Therapy

In any adult patient presenting with either FI or CS it is important to investigate the 
possible coexistence of the two disorders. An accurate study of defecatory function 
should always be conducted before planning a treatment pathway. A thorough 
investigation of defecatory symptoms and their impact on QoL should precede clin-
ical evaluation. The use of validated and widely used questionnaires is an effica-
cious tool for assessing symptoms [14, 38, 39].

In female patients it is also useful to use a score to assess the coexistence of pel-
vic organ prolapse; the Pelvic Organ Prolapse Inventory seems to be effective for 
evaluating symptoms related to bladder, vaginal or rectal prolapse and their emo-
tional effects, such as frustration and embarrassment [40].

The instrumental evaluation of patients with coexistence of FI and CS must 
always include a functional evaluation of the anorectal complex. Anorectal manom-
etry (better if at high resolution), the rectal sensory test, and the balloon expulsion 
test are the best-established investigations for objective assessment of anorectal 
muscular and sensorimotor functions [41].

In the presence of coexisting FI and CS, the functional evaluation should always 
involve a series of measurements that describe voluntary and involuntary control of 
the anal canal, voluntary and involuntary (reflex) rectoanal coordination, evacuatory 
function, and rectal sensation [17, 18]. The assessment of sphincter tone and con-
tractility deficits, as well as alterations in rectal sensitivity or rectal emptying, is 
essential to guide treatment.

Morphological study by ultrasound or magnetic resonance (MR) imaging is 
essential to highlight the presence of muscle injuries, pelvic organ prolapse and/or 
obstructed defecation. MR defecography provides both structural and functional 
information for rectal voiding and prolapse; MR imaging could also reveal pelvic 
floor and sphincter weakness by abnormal descent at rest and anal leakage [42].

The treatment of CS is usually associated with improvement of the coexisting FI; 
it is therefore advisable to carefully assess and correct the underlying causes of the 
difficult hindgut emptying [28–30, 43]. By contrast, the treatment of FI does not 
appear to be effective in relieving CS symptoms and their impact on QoL [44].

Behavioral interventions as well as dietary modifications have not demonstrated 
certain improvements in patient with CS and FI [45]. Good results have, however, 
been reported for pelvic floor rehabilitation (especially biofeedback) in the presence 
of both muscle deficits and dyssynergic defecation [44, 46, 47].

In obstructed defecation syndrome, surgical correction of rectal prolapse, intus-
susception and rectocele are associated with a significant improvement of FI symp-
toms; treatment with ventral rectopexy is supported by more consistent data than 
transanal rectal resections [28–30, 43, 48–53]. Few data are reported on the efficacy, 
in terms of improving the symptoms of FI, of descending perineum correction with 
suspensive techniques [54, 55].
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19Gut Microbiota Characterization in Fecal 
Incontinence and Irritable Bowel 
Syndrome

Giovanni Marasco, Vincenzo Stanghellini, 
Giovanni Barbara, and Cesare Cremon

19.1  Introduction

Anal incontinence (AI) is defined as the inability to delay evacuation until socially 
convenient (urge incontinence) or, more in general, as the involuntary passage of gut 
contents through the anus (passive incontinence or soiling/fecal seepage, the latter 
defining leakage of stool or mucus that occurs with normal continence and evacua-
tion) [1]. Its prevalence is likely underestimated, due to embarrassment. Although it 
is known to increase with age, young individuals can also be affected, with no dif-
ferences between males and females. Numerous idiopathic or secondary neuromus-
cular disorders of the pelvic floor and/or anal sphincter and/or rectum can be 
involved in causing its onset and are extensively described in this volume. Although 
diarrhea is more likely associated with incontinence, also severe constipation with 
fecal impaction and related pseudo-diarrhea can precipitate borderline anatomical 
and functional anorectal abnormalities.

The irritable bowel syndrome (IBS) is the most frequent clinical condition char-
acterized by bowel abnormalities including diarrhea (IBS-D), constipation (IBS-C) 
and mixed bowel habits (IBS-M) [2]. AI has been reported to affect 15–20% of 
patients with IBS in a multicenter study [3]. Similarly, fecal incontinence occurring 
at least once per week was reported in 20% of IBS patients in a single-center study 
from the UK [4]. Compared with those who did not report AI, IBS patients affected 
by this severe complication had more frequently IBS-D, had undergone more gas-
troenterological consultations, and they were older, more frequently males, with 
higher body mass index and, not surprisingly, had more anxiety and depression [4]. 
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Still, these figures could be markedly underestimated, since a prevalence as high as 
60% was reported in another study carried out at a secondary care level in the UK 
and one-fourth of included patients admitted never having disclosed their inconti-
nence before [5]. Appropriate management of IBS is required to control inconti-
nence in affected individuals. We will briefly summarize the current view on IBS 
with a specific focus on the role of changes and modulation of gut microbiota.

19.2  Clinical Features

IBS is a functional gastrointestinal disorder (FGID), now termed disorder of gut- 
brain interaction (DGBI) [6], characterized by symptoms including abdominal pain 
associated with a change in stool form or frequency [2]. IBS diagnosis is based on 
the patient’s self-reported symptoms and no validated biomarkers for diagnosis are 
available.

IBS is defined by symptom-based diagnostic criteria known as the “Rome crite-
ria”, which include recurrent abdominal pain, on average at least 1 day per week in 
the last 3 months, associated with 2 or more of the following: related to defecation, 
associated with a change in frequency of stool, associated with a change in form 
(appearance) of stool [2]. According to the Bristol Stool Form Scale, patients are 
categorized in IBS-D, IBS-C, and IBS-M [2].

Supportive symptoms include defecation straining, feeling of incomplete bowel 
movement, urgency, passing mucus, and bloating. IBS patients also often complain 
of mood problems, other gastrointestinal symptoms such as heartburn and extra- 
intestinal symptoms such as fibromyalgia, headache, back pain, and genitourinary 
symptoms such as, in women, the so-called pelvic pain referred to as a bladder pain, 
worsening of symptoms during menstruation, dyspareunia or other gynecologic 
symptoms. AI is reported by up to 20% of IBS patients [3, 4]. These symptoms 
increase the severity of IBS and may be associated with psychological factors.

19.3  Epidemiology and Risk Factors

IBS prevalence is highly variable among different geographical regions with aver-
ages around 10% and it is higher in women than men and in subjects aged less than 
50 years old [7]. The peak incidence of IBS was observed in the third and fourth 
decades of life [7], although in certain countries the condition is more prevalent in 
younger men aged 16–30 years. Even if it is not a life-threatening condition, IBS 
impacts significantly quality of life and places a considerable burden both on the 
individual sufferers and society as a whole. Due to the relevant reduction of quality 
of life, patients would sacrifice on average up to 15 years of their remaining life 
expectancy for an immediate cure. It has been estimated that the annual direct and 
indirect costs related to IBS are estimated to be up to €8 billion in Europe [8].

An ascertained risk factor for IBS is a previous enteric infection [9, 10], either 
bacterial, viral or protozoal, which is now termed postinfection IBS (PI-IBS) [11]. 

G. Marasco et al.



165

A recent metanalysis [12] showed a fourfold risk increase in developing IBS in 
individuals exposed to an enteric infection, additionally reporting that female sex, 
severe infection course, antibiotic intake and previous psychological comorbidities 
were associated to the development of this condition. Interestingly, a long-term 
follow-up study over a 16-year period reported an IBS prevalence of 36.8% in a 
cohort with culture-proven Salmonella enteritidis infection [9].

19.4  Diagnosis

The most recent guidelines recommend a positive diagnosis of IBS simply using 
symptom-based diagnostic criteria included in the “Rome criteria”, in the absence 
of warning signs. In order to assess the presence of rectal disorders including both 
AI and outlet obstruction, clinicians should also ask about bladder and urinary 
symptoms and the need to strain or digitate the anal canal or vagina or support the 
perineum to facilitate the evacuation of stool [13].

In the presence of warning signs, a thorough evaluation is required that includes 
colonoscopy and other symptom-guided diagnostic tests [14]. A proctological 
examination should be performed to identify signs of pelvic floor and defecatory 
disorders, which should be further investigated by anorectal manometry, balloon 
expulsion test and defecography [14].

Among the laboratory tests suggested, a full blood count, C-reactive protein and 
serological screening for celiac disease should be performed. Differential diagnoses 
that should be considered include microscopic colitis, Crohn’s disease, bile acid 
diarrhea and small intestinal bacterial overgrowth for patients with IBS-D, and 
chronic constipation (without pain) for those with IBS-C.

19.5  Pathophysiology

In the past, IBS was considered to be the consequence of dysregulation of the brain- 
gut axis, associated with psychosocial factors, including stress, altered motility, and 
visceral hypersensitivity [6]. Current evidence views IBS as a disorder character-
ized by a complex interplay involving several peripheral and central factors, includ-
ing: genetic predisposition, alterations in gastrointestinal sensory-motor function, 
intestinal dysbiosis, increased intestinal permeability, mucosal low-grade inflam-
mation or immune activation, neuroendocrine abnormalities, food sensitivity/
allergy and psychosocial factors [14, 15]. The main features of the current under-
standing of IBS pathophysiology are summarized in Fig. 19.1 [14, 15].

There are at least three clinical scenarios that link IBS with the gut microbiota, 
all characterized by disruption of the balance between the host and the intestinal 
microbial ecosystem: (1) more than 10% of patients with IBS develop their symp-
toms after infectious gastroenteritis (PI-IBS) [11, 15]; (2) disruption of gut micro-
biota with systemic antibiotics increases the risk of IBS; (3) treatments aimed at 
modifying gut microbiota composition can improve symptoms in IBS.
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Fig. 19.1 Main pathophysiological mechanisms of intestinal dysfunction and symptom percep-
tion in patients with irritable bowel syndrome

Growing evidence indicates that dysbiosis, occurring when the diversity, compo-
sition, and/or functions of the intestinal microbial ecosystem are disrupted, could 
contribute to the alteration of the usual intestinal functions, with implications in the 
development, progression, and symptom flare-up of several diseases [15]. Among 
these, AI and IBS are both characterized by dysbiosis associated with impairment of 
the intestinal physiology [16].

19.6  Gut Microbiota Characterization

The human gut harbors a community of about 1014 microorganisms including bac-
teria, archaea, microeukaryotes (i.e., fungi and protists) and viruses, resulting in a 
mutually beneficial relationship with the host. The gut microbiota participates in 
digestive functions, shapes the host immune system, modulates host metabolisms, 
influences local and systemic processes (i.e., vitamin intake and nutrient metabo-
lism), and protects against pathogens.

A reduced microbial diversity characterizes patients with IBS-D, suggesting that 
the microbial species involved in maintaining homeostasis may be missing [17]. An 
association between lower diversity and looser stool has been reported, suggesting 
a potential relevance in the pathophysiology of AI [18].

Most studies agree in showing increased Firmicutes and decreased Bacteroidetes 
in IBS. Bacteroides are increased in patients with IBS-D and associated with muco-
sal low-grade inflammation. Conversely, protective bacteria belong to Clostridiales, 
especially Faecalibacterium prausnitzii, an anaerobic butyrate-producing bacteria 
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which has already been extensively studied for its favorable role in controlling 
inflammation and maintaining gut-barrier homeostasis. Reduced diversity, reduced 
exhaled methane, relative reduction of Methanobacteriales and Prevotella entero-
type and abundance of Bacteroides enterotype have been reported to be linked to 
symptom severity.

Recent advances in metabolomics and metagenomics analyses of microbiota 
have led to the idea that symptoms could be caused by modification of the function 
more than the structure of gut microbiota. A meta-analysis identified low levels of 
fecal propionate and butyrate in IBS-C and a higher proportion of butyrate in IBS- 
D, compared to controls [19]. Other studies suggested a role of SCFAs-producing 
bacteria such as Ruminococcaceae, unknown Clostridiales and Erysipelotrichaceae 
in dysbiosis of IBS-D patients. A decreased availability of butyrate represents a 
potential attractive therapeutic target in IBS, as suggested by a recent study showing 
that Lactobacillus paracasei CNCM I-1572 improves symptoms and modulates gut 
microbiota structure and function through increased levels of acetate and butyrate in 
patients with IBS [20]. A recent trial aimed at assessing stool metabolome and 
microbiome in female patients with AI and the potential implication of metabolites 
and microbial composition to predict response to therapy remains to be fully ana-
lyzed [21]. All together these data constitute the rationale for pharmacological and 
nonpharmacological treatments aimed at modulating the intestinal microbiota in 
patients with IBS and AI.

19.7  Gut Microbiota Modulation

Compelling evidence suggests a key therapeutic role of microbial modification, 
including diet, prebiotics, probiotics, poorly-absorbable antibiotics or fecal micro-
biota transplantation (FMT), in IBS.

The dietary approach represents an interesting first-line treatment opportunity 
for IBS with a potential impact on gut microbiome. A low fermentable oligo-, di-, 
and monosaccharide and polyol (FODMAP) diet reduces fermentation and improves 
global symptoms as well as abdominal pain in patients with IBS, particularly with 
IBS-D [22]. Notably, the low FODMAP diet has been reported to benefit both stool 
consistency and fecal incontinence in patients with AI associated with loose 
stool [23].

Increasing interest exists on the role of prebiotics, probiotics, and symbiotics in 
the management of IBS. Unfortunately, the clinical evidence of probiotic efficacy in 
disease states is still inconclusive. Although international guidelines suggest against 
the use of probiotics in IBS [24], recent well-performed trials using well-defined 
end-points show promising results [20]. Based on these data, the British Society of 
Gastroenterology (BSG) guidelines on the management of IBS suggest that probiot-
ics, as a group, may be an effective treatment for global symptoms and abdominal 
pain in IBS [25]. Further studies are needed to clarify definitely the potential role of 
probiotics in the management of patients with IBS and AI.
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Rifaximin, a poorly-absorbable nonsystemic antibiotic, was found to be more 
effective than placebo in reducing IBS global symptoms, bloating, abdominal pain 
and loose or watery stools of patients with IBS without constipation [25]. 
Furthermore, repeat treatment with rifaximin was found to be effective and safe, 
without developing bacterial resistance. The main international guidelines on IBS 
suggest the use of rifaximin to treat IBS-D [24].

Fecal microbiota transplantation (FMT)—the process of transferring intestinal 
microbiota from a healthy donor into the gastrointestinal tract of a patient with dys-
biosis, which proved to be an effective treatment of recurrent Clostridioides difficile 
infection—has been evaluated in IBS with mixed results [26]. Recently, a large 
single-center trial including IBS of all subtypes showed that FMT (30 g and 60 g), 
acquired from a single superdonor in excellent health and delivered into the distal 
duodenum, was significantly more effective than placebo (autologous FMT) [27].

19.8  Conclusions

IBS is a frequent clinical condition characterized by pain and stool abnormalities. 
IBS-D represents the most frequent cause of chronic or recurrent diarrhea in indus-
trialized countries, thus constituting a major threat for AI patients. IBS-D and AI 
also seem to share some common pathophysiological mechanisms. Treating AI 
without taking into consideration bowel functions as a whole would represent a 
major mistake. Thus, recognizing the treatable underlying causes of IBS is manda-
tory for a correct therapeutic management of these complex cases. Our understand-
ing of IBS pathophysiology has enormously improved over the last two decades and 
several effective therapeutic approaches are available.
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20Low Anterior Resection Syndrome

Mario Morino and Antonella Nicotera

20.1  Definition and Risk Factors

Low anterior resection syndrome (LARS) represents a long-term complication of 
sphincter-saving rectal resection and includes a variety of symptoms of bowel dys-
function, such as urgency, gas and stool incontinence, stool fragmentation, and 
obstructed defecation. In 2012, Briant proposed a universally accepted definition of 
LARS: “disordered bowel function after rectal resection, leading to a detriment in 
quality of life” [1]. Restoration of intestinal function generally occurs within 
approximately 18 months after surgery, after which further improvement over time 
is unlikely. This means that a percentage of patients will have permanent changes in 
bowel function [2]. There are several risk factors for LARS, as the genesis is multi-
factorial. The main are listed below [3].

20.1.1  Anal Sphincter Injury

The anal sphincter consists of:

• a component of involuntary (visceral) smooth muscle, innervated by the para-
sympathetic system through the pelvic splanchnic plexus, or internal anal sphinc-
ter, responsible for contraction of the anus;

• a component of voluntary (somatic) striated muscle, innervated by the first 
branch of the pudendal nerve and the inferior rectal nerve, i.e., the external anal 
sphincter.
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A neurological and/or structural alteration of the internal sphincter causes pas-
sive incontinence of gas and stools, while alterations of the external sphincter cause 
defecatory urgency, or the inability to maintain a prolonged voluntary contraction of 
the anus, with consequent loss of gas and/or stool. One of the possible causes of 
internal sphincter dysfunction can be attributed to a reduction in mean anal pressure 
at rest after resection, which is not recovered over time [4], while alterations in the 
external sphincter cause a reduction in the tone of anal contraction.

20.1.2  Type of Anastomosis and Configuration of the Neorectum

The rectum represents a natural reservoir for stool; therefore this function is lost 
when it is removed. The rectal stump has a different capacity according to the resid-
ual rectum. The reduced capacity of the new reservoir associated with the end-to- 
end colorectal or end-to-end coloanal anastomosis is a risk factor for urgency and 
incontinence. For this reason, several alternative techniques for the configuration of 
a neorectum have been introduced, including the choice of latero-terminal anasto-
mosis [5], a J-pouch anastomosis [6] or transverse coloplasty [7]. In a Cochrane 
review published in 2005, Brown et al. showed that patients with colic J-pouch had 
a lower defecatory frequency compared with patients who had an end-to-end anas-
tomosis performed up to 12 months after resection, although this difference tended 
to decrease after 18 months. The same result is obtained when the colic J-pouch is 
compared with the latero-terminal anastomosis [8]. Another important factor is the 
variation in the compliance of the neorectum after resection. Reduced compliance 
could be associated with defecatory urgency, fecal incontinence (FI) and increased 
defecatory frequency [9].

20.1.3  Motility of Neorectum

Peristaltic activity changes after resection of the rectum. Mochiki et  al. in 2001 
conducted a study on the motility of the colon proximal to the anastomosis induced 
by a standard meal, in patients undergoing rectal resection. They showed signifi-
cantly increased colic activity after low anterior resection compared with healthy 
subjects [10]. Iizuka et al. in 2004 evaluated intestinal motility in 60 patients under-
going rectal resection, in 26 of whom they noted short and irregular peristaltic 
waves (so-called “spastic waves”) at the level of the neorectum; these patients 
reported soiling, defecatory urgency and multiple bowel movements [11]. The 
causes of these spastic waves are still unclear.

20.1.4  Neoadjuvant Radiotherapy/Radio-Chemotherapy

Adjuvant or neoadjuvant radiotherapy (nRT) is one of the main risk factors for 
LARS, as it is responsible for hyposensitivity to mechanical and thermal stimuli due 
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to reduced function of the afferent nervous plexus. In a study conducted by Hughes, 
the likelihood of developing major LARS was higher in patients who had previously 
undergone neoadjuvant radio-chemotherapy (nCRT) (p < 0.001) [12]. In Bondeven’s 
study, nRT was found to be an independent risk factor for major LARS (OR: 3.5; 
95% CI) even in the presence of a large residual rectal stump [13]. There are also 
several studies in the literature that focus on the specific type of nRT (short-course, 
long-course). Regarding hypofractionated nRT, Peeters and the Dutch group in 
2005 demonstrated that patients undergoing short-course nRT followed by total 
mesorectal excision developed late side effects of intestinal dysfunction more fre-
quently than patients not undergoing radiotherapy [14]. In 2019, Sun showed that 
patients undergoing long-course nRT had a more severe form of LARS and worse 
quality of life; in addition, multivariate analysis confirmed that nRT, diverting ileos-
tomy and the height of the anastomosis represented independent risk factors for 
major LARS [15].

20.1.5  Total Mesorectal Excision and Height of Anastomosis

The height of the rectal neoplasia as well as the height of the colorectal anastomosis 
after resection associated with total mesorectal excision (TME) affects the func-
tional outcome after resection. Localization in the lower/middle rectum, and conse-
quently an anastomosis performed close to the anal margin, has been identified 
among the main risk factors for LARS. In a study by Battersby et al., localization of 
the tumor within 6 cm of the anal margin was a high-risk factor for major LARS, 
and the associated nRT increased the risk [16]. Similar results were obtained by 
Ekkarat with an anastomotic height less than 5 cm from the anal margin [17] and by 
Bregendahl, showing that TME, compared with partial mesorectal excision (PME), 
was an independent risk factor for the development of major LARS (OR adjusted 
for major LARS: 2.31; 95% CI 1.69–3.16) [18]. Using postoperative magnetic reso-
nance imaging, Bondeven evaluated the correlation between the length of the rectal 
stump after resection and postoperative bowel function: the risk for major LARS 
was 46% in patients with less than 4 cm of residual rectal stump compared to 10% 
in patients over 4 cm (p < 0.0001) [13].

20.1.6  Diverting Stoma (Ileo-Colostomy)

Performing a diverting stoma (mainly ileostomy) seems to reduce the risk of anas-
tomotic leak, although it compromises gas and stool continence, especially when 
stoma closure is delayed (>3–6 months) [19]. In this regard, Hughes highlighted a 
3.7 times increased risk of developing LARS in patients with delayed stoma clo-
sure: with a median time to closure of 214 days (range 50–1194 days), multivariate 
analysis showed that stoma closure within 6 months was a protective factor (OR: 
0.2; p < 0.01). Probably, inactivity of the pelvic floor and anal sphincter for a pro-
longed period with an ileostomy may explain this [12]. A systematic review and 
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meta-analysis on the impact of derivative ileostomy and timing of closure on bowel 
function in patients undergoing low anterior rectal resection has recently been pub-
lished. The presence of a derivative ileostomy and its prolonged closing time seem 
to be associated with an increased rate of intestinal dysfunction. Etiopathogenesis is 
not univocal as the hypotheses are innumerable, from alteration of the bacterial flora 
to de-functionalization of the anal sphincter and pelvic floor muscles [20].

20.2  Prevalence

Epidemiological data relating to LARS are still very heterogeneous. Approximately 
more than 70% of patients undergoing colorectal surgery develop alterations in 
intestinal function, and some of them develop the actual syndrome. In 2018 Croese 
et  al. published a meta-analysis focusing on the prevalence rate of LARS in 11 
series with a median follow-up of 18 months or more. Over a wide range of preva-
lence rates from 17.8% to 56%, the estimated meta-analysis prevalence was 41% 
(95% CI 34–48) (p < 0.001) [3].

20.3  Diagnosis

Several tools are available for the classification of intestinal dysfunction and diag-
nosis of LARS. FI is generally measured through the Wexner Score, also known as 
the Cleveland Clinic Incontinence Score [21], the Rockwood Fecal Incontinence 
Severity Index and the St. Mark’s Fecal Incontinence Grading Score [22]. Specific 
questionnaires for the diagnosis of LARS are the Memorial Sloan Kettering Cancer 
Center Bowel Function Instrument (MSKCC-BFI) [23] and the LARS score [24].

20.3.1  LARS Score

The LARS score was developed and published in 2012 by Emmertsen and Laurberg. 
Previous clinical studies used incontinence scores to assess intestinal function, but 
these did not consider other symptoms such as urgency, stool fragmentation and 
difficulty in bowel emptying. The authors’ intent was to assess the impact of each 
symptom on quality of life (QoL): gas incontinence and urgency were the most 
disabling symptoms for patients. The study included all patients undergoing low 
anterior resection from 2001 to 2007 in Denmark, finally resulting in a sample of 
961 patients. The questionnaire consists of five questions and the answers are asso-
ciated with a score, whose sum constitutes the final score. The final score is inter-
preted as follows: from 0 to 20 absence of LARS, 21–29 minor LARS, 30–42 major 
LARS [24].

In 2018, Battersby et al. developed a mathematical model, called POLARS (Pre- 
Operative Low Anterior Resection Syndrome Score), in order to predict postopera-
tive intestinal function, estimating the hypothetical corresponding LARS score. The 
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parameters are: age at surgery; gender; nRT, distance of the tumor from the anal 
margin; performance of TME or PME; diverting stoma. The online nomogram can 
be easily used in clinical practice and allows the patient to be fully informed on the 
postoperative course [25].

20.4  Treatment

To date, there is no specific treatment for LARS. Instead, management is empirical 
and symptom-based, using existing therapies for FI, fecal urgency, and rectal evacu-
ation disorders, such as anti-diarrheal drugs, anal plugs, biofeedback therapy, pelvic 
floor rehabilitation, colon irrigation or minimally invasive procedures such as sacral 
nerve stimulation [26]. A sequential or combined approach is currently chosen, 
starting from less invasive therapy, up to a definitive stoma in the most refrac-
tory cases.

20.4.1  Medical Treatments

Dietary regimens, probiotics, bulking agents, antidiarrheal drugs, steroids have 
been used to treat the symptoms of LARS, as they increase the tone of the anal 
sphincter and improve fecal continence. Itagaki et al. demonstrated the efficacy of 
serotonin receptor antagonists (5-HT3), commonly applied in irritable bowel syn-
drome, on LARS patients [27]. However, medical therapy is used for the control of 
a single symptom, FI in most cases, the impact on patients’ QoL is limited, and the 
literature is lacking [28].

20.4.2  Physiotherapy

Physiotherapy treatments include biofeedback, pelvic floor muscle rehabilitation 
(PFMT) and rectal balloon training (RBT) and aim to restore muscle tone, coordina-
tion and time of contractions. Biofeedback therapy (BFT) is the first-line treatment 
for patients with FI. BFT consists of electromyographic stimulation of the pelvic 
floor muscles and the transformation of muscle responses (contraction, relaxation) 
into visual or acoustic signals. Liang et al. showed that BFT for LARS patients after 
rectal cancer surgery significantly improves incontinence and bowel frequency, but 
equally satisfactory results have not been shown in relieving symptoms of urgency 
[29]. PFMT is a technique that aims to maximize the tone of the pelvic floor and 
anal sphincter muscles through selective voluntary contractions and relaxation. 
PFMT seems to improve some of the symptoms of LARS, such as FI and stool 
fragmentation [30]. Finally, RBT is a rectal sensitivity training system based on 
gradual variations in the distension of the balloon. Bols et al. evaluated the efficacy 
of RBT combined with PFMT, highlighting beneficial effects on the control of 
urgency and on the function of the external anal sphincter [31].
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20.4.3  Transanal Irrigation

Transanal irrigation (TAI) is a simple and effective treatment for patients with def-
ecatory changes. It is technically easy to learn and can be self-administered. 
Instillation of water through a rectal catheter, which is held in place by an inflated 
balloon, promotes emptying of the rectum. Rosen et al. evaluated the efficacy of 
TAI in patients with LARS in a prospective study, reporting significant improve-
ments in terms of defecatory frequency and known FI scores [32].

20.4.4  Neuromodulation

The two main neuromodulation methods are sacral nerve stimulation (SNS) and 
percutaneous stimulation of the tibial nerve, and both improve FI in patients not 
responding to medical therapy.

SNS consists of two phases: an initial 3-week phase of percutaneous stimulation 
to evaluate the patient’s response, and a second phase of definitive implantation of 
a pulse generator, which occurs only if a >50% reduction in FI episodes per week is 
achieved during the first phase [33]. It is still debated how SNS works. The initial 
hypothesis was a peripheral effect on the anal sphincters, increasing the pressure at 
rest and the pressure of contraction. Given the effects of this method also outside the 
anorectal complex, more recent studies argue instead that the SNS works on the 
pelvic or central afferent plexus [34].

Percutaneous tibial nerve stimulation modulates sacral nerve function with indi-
rect, low-voltage stimulation of the tibial nerve at the ankle through a thin needle 
electrode connected to an external pulse generator. This procedure involves insert-
ing a small electrode on the medial malleolus adjacent to the posterior tibial nerve. 
The adhesive surface electrode is placed under the arch of the foot. These two elec-
trodes are connected to a neurostimulator which generates electricity. The effects of 
this technique are well defined with regard to urinary incontinence; however, they 
are less delineated for FI, for which only case series have been reported in the litera-
ture. As with SNS, percutaneous stimulation of the tibial nerve works through ret-
rograde stimulation of the pelvic nerves, via the posterior tibial nerve.

20.4.5  Stoma

In the case of failure of all conservative therapies and refractory incontinence, a 
definitive stoma or, in highly selected cases, anal sphincteroplasty surgery should be 
considered.
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21Incontinence-Associated Dermatitis: 
An Insidious and Painful Condition

Graziella Babino and Giuseppe Argenziano

21.1  Introduction

Incontinence-associated dermatitis (IAD) is a common and under-recognized pain-
ful skin condition, caused by erosion of the skin from chronic exposure to urine, 
stool, or both, from incontinence [1]. Patients with IAD experience considerable 
discomfort, with pain, burning and itching in the affected areas (buttocks, perineum 
and gluteal clefts) [1–3]. IAD can result in loss of independence, depression, sleep 
disruption and worsening of urinary and fecal soiling [4–7]. It is considered to be 
one of the four clinical manifestations of moisture-associated skin damage (MASD). 
MASD is defined as “inflammation and erosion of the skin caused by prolonged 
exposure to various sources of moisture, including urine or stool, perspiration, 
wound exudate, mucus, or saliva” [2]. The other forms of MASD are intertriginous 
dermatitis, periwound moisture-associated dermatitis and peristomal moisture- 
associated dermatitis. Identifying the correct cause of and differentiating IAD from 
other skin conditions are imperative to guide prevention and treatment [1, 3, 7].

21.2  Prevalence

IAD is an under-reported health condition. Depending on the type of setting and 
population studied, prevalence ranges between 5.2% and 46%. Epidemiologic anal-
ysis of a multisite database revealed an overall IAD prevalence rate of 21.3%, and a 
rate of 45.7% among patients with incontinence [3].

In a study performed with 376 patients (average age of 62  years) from an 
Australian hospital, IAD was present in 10% of the elderly patients [8]. However, in 
a multicenter survey developed with 51,045 patients admitted to hospitals in the 
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United States and Canada (average age was 65 years), the condition was detected in 
4.1% of the elderly patients [9].

Patients in long-term care settings are at greater risk of IAD because they are 
older and are more likely to be incontinent [10, 11]. In a study of German long-term 
care facilities, 5.2% of the overall patient population was found to have IAD while 
prevalence among the incontinent sample was 21% [12]. In a study of long-term 
care facilities in the United States, the overall prevalence of IAD was 5.7%; preva-
lence among the incontinent population was not reported [11]. An interventional 
study conducted at a Belgian long-term care facility showed baseline IAD preva-
lence of 22.8% in the control group and 22.3% in the experimental group of chroni-
cally incontinent (urine, fecal, or dual) subjects [13].

In a recent retrospective analysis in multiple care settings in the US and Canada, 
IAD prevalence in the entire patient population was 4.3% while incontinence preva-
lence was 18%. Among incontinent patients, the prevalence of IAD ranged from 
8.4% in long-term care facilities to 19% in acute care facilities. Facilities with 
higher rates of incontinence did not necessarily have a higher prevalence of 
IAD. IAD prevalence by incontinence type ranged from 12% for patients with uri-
nary incontinence to 26% for patients with fecal management systems [9].

The prevalence of IAD (formerly known as “diaper dermatitis”) in infants is 
estimated to be 7–35%, with the peak occurring between 9 and 12 months [14]. In 
the acute care setting, Heimall et  al. [15] reported a 24% prevalence, whereas 
Noonan et al. [16] reported a prevalence of 17%.

The variability in the prevalence of IAD can be attributed to the absence of an 
internationally approved method, as well as the difficulty in identifying it. The wide 
range of prevalence demonstrates this large variability can vary substantially 
depending on whether continent patients were included in the analysis, the types of 
incontinence included and the types of care setting studied, considering that most of 
the studies are developed in long-term care settings for the elderly.

21.3  Pathophysiology

IAD pathophysiology is related to both recurrent chemical and physical irritation of 
the skin barrier, triggering inflammation and subsequent skin damage. Repeated 
exposure to urine and/or feces can lead to changes in skin pH from the normal acidic 
pH of 4–6 to an alkaline pH (>7). Using alkaline soaps can also increase the skin’s 
pH. Once the skin pH is raised into the alkaline range, the skin lipids are altered, 
leaving the skin vulnerable to damage. This is because enzymes such as alkaline 
ceramidase have increased activity at alkaline pH levels [17, 18]. Higher activity of 
alkaline ceramidase has been found in older adult skin and may explain why older 
adult skin is more vulnerable to damage from incontinence [17–19]. Infant skin is 
not mature at birth, because the epidermal barrier is formed during the third trimes-
ter and increases during maturity. Hence, infants are at risk of increased transepider-
mal water loss, experience increased absorption of topical agents, and have increased 
susceptibility to chemical and mechanical injury [20, 21].
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21.4  Risk Factors

Factors that predispose to IAD include immobility, obesity, illness, nutritional 
impairment, reduced cognitive status, immunosuppression, and any impairment that 
prevents adequate hygiene. Essentially, all patients with urinary and/or fecal incon-
tinence are at risk of developing IAD [22]. Interestingly, although many of these 
risk factors are more common with aging, age itself does not appear to be an inde-
pendent risk factor for the development of IAD.  Some authors consider the age 
factor as important for the occurrence of this type of lesion, highlighting that the 
risk increases proportionally with age, as the increase in the year of life corresponds 
to a 3% increase in the risk of IAD. Indeed, the aging process favors the appearance 
of comorbidities and contributes to hospitalization, and factors such as diaper use, 
humidity, immobility and infectious agents, predispose to the development of skin 
lesions, such as IAD [23, 24].

21.5  Clinical Presentation

Typically, IAD presents as a form of irritant dermatitis with inflammation of the 
skin surface characterized by erythema and, in extreme cases, swelling and blister 
formation (Figs. 21.1 and 21.2) [4]. Erythema is caused by the dilatation of cutane-
ous blood vessels and is considered a key clinical sign of IAD [25]. The lesions 
mostly occur in areas of the skin exposed to urine or feces, generally affecting the 
labia in women and the scrotum in men, as well as the inner thighs and buttocks in 
both sexes [26]. IAD is often accompanied by discomfort, burning, tingling, itching 
and pain in the affected areas, due to the inflammatory nature of the condition and 
thus has a significant effect on overall quality of life [5].

Fig. 21.1 Incontinence-
associated dermatitis: acute 
inflammatory phase 
associated with 
candidiasis, located on the 
perianal, gluteal, and sacral 
region
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Fig. 21.2 Incontinence-
associated dermatitis on 
the buttocks characterized 
by multiple erythematous 
macular lesions

If untreated, the lesions rapidly lead to excoriation and breakdown of the skin, 
which may subsequently become infected by the skin flora. Secondary infection by 
bacteria is suggested by the presence of purulent exudate and/or the green appear-
ance in the wound bed, suggesting a Pseudomonas aeruginosa infection [27]. On 
the other hand, white pustules surrounding the open lesion (so-called “satellite 
lesions” or “islands in front of the coast”) indicate a possible contamination with 
yeast, suggesting a Candida albicans infection [28].

21.6  Differential Diagnosis

IAD can be difficult to diagnose and differentiate from other skin conditions and is 
often mistaken for a pressure ulcer [3, 4]. However, as patients with incontinence 
are often at increased risk of pressure ulcers, it can be difficult to distinguish between 
the two [29, 30]. Pressure ulcers are usually located over bony prominences, or 
where soft tissues experience pressure from a hard device such as a urinary catheter 
or a nasal cannula. In contrast, IAD is located in the anal cleft, perianal region and 
groin. IAD on the sacral region can be difficult to distinguish from superficial pres-
sure ulcers. The shape of the majority of pressure ulcers is well delineated (round or 
oval) or, when caused by external devices, can be rectangular or linear. IAD lesions, 
on the other hand, are more diffuse and less delineated. A typical phenomenon in 
IAD is the symmetrical “kissing” which can be seen on both sides of the buttocks. 
Black necrosis may occur in pressure ulcers but is not seen in IAD. Yellow slough 
can be observed in both diagnoses. Pressure ulcers can be superficial to deep, 
whereas IAD remains superficial [31].

Moreover, the differential diagnosis includes a significant number of skin condi-
tions. Psoriasis inversa and seborrheic dermatitis of the genital region resemble the 
clinical picture of IAD. In addition, when itching is a prominent symptom, it might 
be necessary to consider allergic contact dermatitis in the differential diagnosis. 
Acrodermatitis enteropathica and autoimmune bullous skin diseases such as bullous 
pemphigoid should be considered in IAD with vesicles and bullae or with skin loss.
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21.7  Management: Prevention and Treatment

Prevention is the primary goal in the management of IAD and should consist of 
several evidence-based strategies aimed at maintaining skin integrity. Particularly, 
any patient with incontinence issues is at risk of developing IAD. Hence, appropri-
ate selection of the type of containment device used, skin cleansing techniques, and 
the application of topical barrier products can help to avoid the development of IAD 
and to aid in healing [1, 32, 33].

21.7.1  Absorbent Devices: Diaper Selection

Expert opinion and research-based evidence support the use of diapers containing 
superabsorbent polymers for prevention and management of IAD [16, 34, 35]. 
Superabsorbent polymers aid in the rapid absorption and containment of fluids, thus 
reducing skin wetting and irritant skin contact. Furthermore, the breathable outer 
lining incorporated into some disposable diapers promotes vapor exchange, and 
dryness in the microenvironment between absorbent product and skin, thus mini-
mizing overhydration of skin cells [34]. The use of diapers impregnated with a skin 
protectant was also found to reduce IAD severity, although the cost of these diapers 
may restrict their use [36].

21.7.2  Skin Cleansing Techniques

The use of disposable wipes for cleansing diapered skin is controversial. Preservatives 
in the wipes may cause skin irritation, but several manufacturers have attempted to 
minimize the type and number of preservative additives used [37]. In the infant 
population, disposable wipes are able to maintain skin integrity as well as water- 
moistened washcloths. The use of water-moistened washcloths or cotton products 
required more forceful scrubbing to remove contaminants, as water alone seems to 
be inadequate in the removal of fat-soluble waste products [38]. Conversely, most 
disposable wipes contain fat-soluble solvents that could aid in the removal of waste 
products [36]. A soft, nonwoven, nonfragrant, alcohol-free, pH-balanced wipe is 
preferred.

In adults, however, a no-rinse skin cleanser is highly recommended for use in 
lieu of soap and water or water alone [1]. No-rinse cleansers have the benefit of 
being quick drying, which prevents unnecessary friction during drying of skin, are 
usually pH-neutral, and are able to remove contaminants more effectively than 
water alone.
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21.7.3  Skin Care Products

Topical or leave-on skin care products minimize skin contact with chemical irri-
tants, urine, and fecal material or help maintain and restore the skin barrier [1, 25]. 
The majority of the authors assessed the efficacy of topical skin care products in the 
prevention and management of IAD, but no conclusions could be drawn to recom-
mend the most effective product. Experts and guidelines recommend the application 
of skin protectants containing active ingredients such as zinc oxide, petrolatum, and 
dimethicone after the cleansing of the perineum to protect high-risk patients from 
IAD [15]. As the development of IAD is driven by an underlying inflammatory 
process, the use of products containing anti-inflammatory properties is also favored. 
Topical steroidal products such as hydrocortisone are frequently prescribed for its 
anti-inflammatory effects on various dermatoses such as IAD [39]. The application 
of a thick layer of skin protectants is consistently advocated in clinical guidelines, 
and care providers are cautioned against total removal of leave-on skin products at 
every diaper change.

21.7.4  Structured Skin Care Regimen

The benefits of a structured skin care regimen and the importance of caregivers’ 
education in the prevention and management of IAD is also discussed. A structured 
skin care regimen comprising proper assessment, cleansing, and protection is rec-
ommended in multiple clinical guidelines [1, 7]. Because most IAD cases occur in 
the community, and more than half of them are managed without advice from a 
health care professional, providing IAD prevention and management education to 
caregivers will be beneficial in reducing the occurrence of IAD.

The acronym CPR (standing for cleanse, protect, restore) was developed by 
Beeckman et al. [1] to act as an aide memoire to support best practice in IAD pre-
vention and management, reminding health professionals or caregivers to cleanse, 
protect and restore the skin. The main focus of IAD management is to remove the 
urine and/or feces from a patient’s skin. Once that is done, the damage to the 
patient’s skin needs to be repaired and then protected against any further exposure. 
This is achieved by implementing the following routine between each incontinence 
pad change, or after using the toilet [40].

21.8  Conclusion

IAD remains an important practice concern affecting as many as half of the patients 
with urinary or fecal incontinence. Information and guidelines about IAD exist in 
the literature, although adopting them in routine practice is still a challenge. Key 
factors in the successful prevention and management are careful patient assessment, 
good continence care, and clear evidence-based skincare protocols.
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22Perineal Descent and Incontinence

Adolfo Renzi and Antonio Brillantino

22.1  Introduction

The descending perineum syndrome represents a complex clinical condition char-
acterized by excessive pelvic floor relaxation occurring during straining or visible 
already at rest.

The recognition and definition of this syndrome is quite recent. A perineal bulg-
ing on straining was first illustrated by Porter in 1962 [1], whereas perineal descent 
was first included in the context of a distinct pathological entity by Parks in 1966 
who used the definition “descending perineum syndrome” as a descriptive term, 
since perineal descent clearly represents both the main objective finding and the 
cause of the symptomatology [2, 3].

This syndrome may be associated with pelvic organ prolapse, rectal intussuscep-
tion, perineal hernias, solitary rectal ulcer syndrome and pudendal neuropathy and 
is characterized by various signs and symptoms ranging from obstructed defecation 
to anal incontinence, according to the stage of the disorder. In particular, it is esti-
mated that perineal descent may be recognizable in 75–84% of constipated patients 
and in at least 75% of incontinent patients, with an increasing prevalence in women 
and the elderly [4–7].
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22.2  Definition and Diagnosis

Although perineal descent may be observed at physical examination in the Sims or 
lithotomy position and measured in the outpatients’ clinic by the POP-Q system and 
the St. Mark’s perineometer [8], a more accurate measurement—and consequently 
the most widely accepted definition of this condition—is based on the resting and 
straining phases of cinedefecography [5] (Fig. 22.1).

Radiologically, perineal descent is measured along a perpendicular line drawn 
from the pubococcygeal line (corresponding to levator plane) to the anorectal angle 
(Fig. 22.2). A >3 cm descent of the anorectal angle from the levator plane at rest and 
a >3 cm descent of the anorectal angle from the resting position during straining are 
generally considered pathological values and represent the most common defini-
tions for “fixed” and “dynamic” perineal descent, respectively [9–13].

Alternatively, dynamic magnetic resonance imaging represents an excellent tool 
for detecting perineal descent and simultaneously depicting the complex anatomy 
of the pelvic floor, with accurate identification of the supportive elements, the pro-
lapse and the functional abnormalities of pelvic organs. Moreover, compared with 

Fig. 22.1 Perineal descent observed at physical examination in the Sims position. At rest (left) 
and during bearing down (right)

Fig. 22.2 Resting and straining phases observed at cinedefecography. P pubis, C tip of the coc-
cyx, PL puborectal muscle line, RA rectal axis, ACA anal canal axis, A anorectal angle, PD peri-
neal descent
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Fig. 22.3 Resting and straining phases observed with dynamic magnetic resonance imaging. PD 
perineal descent

cinedefecography, the theoretical disadvantage of the supine position does not seem 
to significantly affect identification of the dynamic descending perineum [12, 13] 
(Fig. 22.3).

22.3  Pathophysiology

As first described by Parks [1], the descending perineum is thought to be involved 
in a vicious cycle that, starting from excessive straining and passing through pelvic 
floor weakness, leads to exacerbation of rectal anatomical abnormalities, perineal 
ballooning and worsening of constipation. In particular, the event triggering the 
vicious cycle could be a primary difficult rectal emptying due to still not well- 
known causes and possibly related to dyssynergic defecation or anatomical rectal 
abnormalities (e.g., intussusception and/or rectocele) [14]. As a result of this 
impaired defecation, chronic, excessive and repetitive straining may occur, causing 
weakening of the pelvic floor musculature and sagging of the perineum over 
time [1].

Overall, the risk factors for increased perineal descent seem to be related to 
female gender, pregnancy, vaginal delivery, age, rectocele size, and rectal intussus-
ception [4].

The weakened pelvic anatomical structures involved in perineal descent are sev-
eral and include the levator ani muscles (that tend to stretch and weaken at the level 
of the urogenital hiatus and to assume a bowl-like configuration) [15], the complex 
network of pelvic organ ligaments (that tend to overstretch and weaken) [16] and 
the muscular fibers of the perineal membrane [17].

In particular, in normal subjects an important role in limiting excessive perineal 
descent would seem to be played by the functional activity of the superficial and 
deep transverse perineal muscles. As shown by electrophysiological studies, these 
muscles, differently from the levator ani, contract during defecation, supporting the 
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perineal floor and protecting the perineum against the high pressure produced by 
straining, which, if excessive and repetitive, may cause weakness, subluxation, and 
sagging of the perineal muscles, resulting in perineocele [18, 19]. Moreover, as 
demonstrated by anatomical studies [17], in the presence of an increased force 
directed caudally, these muscle fibers become tight and consequently resist further 
perineal displacement. In the same way, transection of these fibers in the cadaver 
leaves the rectum exposed and allows the distal rectum to prolapse downward.

In summary, in the presence of risk factors and, likely, congenital predisposition, 
a chronic and repetitive impaired defecation can cause excessive descent of the 
perineum. In an early stage, the perineum appears mobile (dynamic), when the nor-
mally positioned pelvic floor at rest descends >3 cm during straining and returns to 
normal position after evacuation. Subsequently, in a later stage, the perineum 
becomes fixed, when a descent >3 cm occurs already at rest.

The last step of the vicious cycle is represented by the worsening of obstructed 
defecation and of the initial rectal alteration induced by descending perineum. The 
interaction between constipation and perineal descent is probably sustained by 
abdominal straining during defecation. As is known, a satisfactory rectal emptying 
is finally obtained with simultaneous relaxation of the puborectalis/external sphinc-
ter muscles and an increase in intrabdominal pressure induced by abdominal strain-
ing. In particular, during this maneuver, flattening of the diaphragm downwards into 
the abdominal cavity and contraction of the abdominal muscles reduce, in patients 
without excessive perineal descent, the abdominal cavity volume; this, in consider-
ation of Laplace’s law, contributes to determine the increased abdominal pressure 
necessary for defecation. In patients with a pathological perineal descent, straining 
probably can induce a change in shape of the lower abdominal cavity without 
achieving a reduction of the abdominal volume. Thus, in this condition, the expected 
increase in intrabdominal and intrarectal pressure, cannot be obtained.

In the late stage of the disorder, mainly when a fixed descending perineum 
becomes evident due to advanced anatomical derangement of the pelvic floor, the 
perineal descent tends to be associated with anatomical and functional alterations 
predisposing to fecal incontinence, such as high-grade pelvic organ prolapse and 
specifically rectal prolapse, increased anorectal angle with decreased levator ani 
tone, decreased anal resting pressure and amplitude and duration of maximal volun-
tary contraction, and thinning of the external anal sphincter [20] (Fig. 22.4). The 
combination of these alterations, and their possible association with sphincter 
defects and advanced age may contribute to cause fecal incontinence in patients 
with a long history of impaired defecation and excessive perineal descent.

According to this multifactorial pathogenesis, the clinical forms of incontinence 
in this group of patients may be various and include urge incontinence in about 56% 
of patients, passive incontinence in about 20%, mixed incontinence in about 16% 
and post-defecatory incontinence in about 4% [20].

A theoretical sequela of perineal descent is pudendal neuropathy since chronic 
straining may be associated with nerve entrapment and/or stretching, resulting in up 
to 20% increase in nerve length, sufficient to cause neuropathy [4]. The pudendal 
nerve injury secondary to pelvic floor descent could lead to sphincter denervation 

A. Renzi and A. Brillantino



193

Fig. 22.4 Late stage of perineal descent syndrome with multiorgan and multilevel pelvic prolapse 
observed with dynamic magnetic resonance imaging, at rest (left) and during bearing down (right). 
SB small bowel, B bladder, V vagina, R rectum, P pubis, C coccyx

and contribute to the onset of anal incontinence [5]. However, despite these reason-
able considerations, the theory of pudendal nerve strain leading to anal incontinence 
is strongly questioned by the conflicting results in the relationship between increased 
pudendal nerve motor latency values and increased perineal descent [21, 22].

22.4  Principles of Treatment

Therapy should be tailored on stage of the disorder, predominant symptoms, coex-
istence of pelvic organ prolapse and, in the latter case, on which pelvic support 
structures have primarily failed, according to DeLancey’s levels [16, 17].

In the first stage of the syndrome, conservative measures (high fiber diet, laxa-
tives, suppositories, enema) associated with biofeedback and kinesitherapy have 
been advocated. In patients nonresponsive to medical treatment, surgery could rep-
resent a further therapeutic option.

Surgical treatment should aim to correct the overall pelvic floor alterations, 
including both rectal and genital prolapse (associated with a deficit of support levels 
I and II) and perineal descent (associated with a deficit of support level III).

The surgical options for correction of pelvic organ prolapse can be distinguished 
into suspensive (e.g., pelvic organ prolapse suspension surgery, Dubuisson, ventral 
rectopexy, colposacropexy), resective (e.g., stapled transanal rectal resection, 
Delorme, Altemeier), or mixed.
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The surgical techniques proposed to correct perineal descent are limited and are 
mainly represented by levatorplasty, levator plate myorraphy and transverse peri-
neal support [23]. The last of these involves positioning of a mesh implant just 
above the perineum superficial fascia, sutured to the periosteum membrane of the 
two branches of the pubis, with the rationale of mimicking the role of superficial 
transverse perineal muscle and the aim of creating a support element for the pelvic 
floor. Concerning effectiveness, good preliminary short-term results were reported 
[23], even if other studies with larger sample size and longer follow-up are needed 
to confirm these data (Fig. 22.5).

d

a b

c

e f

Fig. 22.5 Transverse perineal support procedure. (a) After the finger identification of the ischial 
tuberosities, the overlying skin is incised for 2 cm on each side. (b) Two stitches in nonabsorbable 
material and spaced 1 cm apart are affixed bilaterally to the periosteum membrane of the ascending 
branches of the pubis at the insertion of the superficial transverse perineal muscle. (c) A blunt dis-
section of the adipose tissue from the perineum superficial fascia, upward to create a tunnel 
between the two branches of the pubis, is carried out, and forceps are passed through the tunnel. 
(d) A porcine dermal implant (Permacol-Medtronic; size = 4 × 18 cm), tapered previously in the 
middle third, is positioned just above the perineum superficial fascia. (e) The implant is sutured to 
the periosteum membrane and the excess is trimmed away. (f) The skin incisions are eventu-
ally sutured
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23Reconstruction of Wide Anal Sphincter 
Defects by Crossing Flaps 
of Puborectalis Muscle

Antonio Longo

23.1  Introduction

The involuntary loss of air, mucus and feces has an important impact on quality of 
life. The incidence of fecal incontinence (FI) is overestimated because many authors 
include urgency, which is a condition characterized by different pathogenetic fac-
tors including inflammatory bowel disease, proctitis, rectal prolapse, colorectal 
resection, and pelvic dissynergy. This also accounts for the wide range of reported 
incidence rates for FI: from 1.4% to 19.5% of the population [1]. This chapter 
addresses FI due to wide defect of the anal sphincter. The causes, in order of inci-
dence, are obstetric trauma, anorectal surgery, trauma (Table 23.1). Considering the 
high incidence of episiotomies and trauma due to childbirth, anterolateral sphincter 
defects are the most frequent, followed by unilateral and posterior defects. Patients 
with FI with a circumferential thinning of the anal sphincter, associated with exces-
sive perineal descent, often have an obstructed defecation syndrome due to rectal 
prolapse and rectocele. Therefore, it is necessary to differentiate FI due to a sphinc-
ter defect from overflow incontinence. Anterior sphincter defects can be associated 
with a reduction in rectovaginal distance, rectovaginal fistula, and rectovaginal clo-
aca. Almost all the procedures proposed for anal sphincter insufficiency—including 
injectable bulking agents [2], SECCA procedure [3], sacral nerve stimulation [4], 
magnetic anal sphincter [5], and graciloplasty—achieve the result of compressing 
the anal canal and increasing its basal closing pressure, without variation at rest and 
at squeeze. The reported outcomes vary widely and in many cases the initial enthu-
siasm waned rapidly, with some techniques falling out of use, especially gracilo-
plasty [6, 7] and the rarely practiced SECCA procedure.
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Table 23.1 Types and causes of anal sphincters and pelvic defects treated

Types of anal sphincter defect No. Causes
Sex
Females Males

Anterolateral defect 51 1
•  Only anal sphincters 23
• Reduction of rectovaginal raphe 15 • Obstetric trauma
• Rectovaginal cloaca 9 • Rectoanal fistula
• Associated with rectovaginal fistula 5
Unilateral wide defect 12 • Postfistulectomy

• Anorectal surgery
7 5

Posterior wide defect 3 • Postfistulectomy
• Anorectal surgery

1 2

Circumferential defect 10 5
• Circumferential thinning
• Traumatic fragmentation

15 •  External rectal 
prolapse and/or 
pelvic organ 
prolapse

• Traumatic
• Anorectal surgery

23.2  Rational Bases for Crossing Flaps of Puborectalis Muscle

The innervation of the external anal sphincter and puborectalis muscle originates 
from S2 to S4. Both muscles are innervated by the same nerve branches. The exter-
nal anal sphincter is anatomically and functionally connected to the puborectalis 
muscle [8]. The S2–S4 fibers follow a posteroanterior course. Therefore, dissection 
of a flap of puborectalis muscle from the pubis, leaving the posterior part intact, 
preserves the innervation of the flap and therefore its ability to contract and relax.

23.3  Exclusion Criteria

Preoperative investigations include rectal manometry, pudendal nerve terminal 
motor latency, three-dimensional endoanal ultrasound, pelvic magnetic resonance 
imaging, and X-ray cinedefecography.

Reconstruction by crossing flaps of puborectalis muscle (CFPRM) has no indica-
tions in patients with puborectalis muscle hypotrophy, denervation of the puborec-
talis muscle, neurological defects or dysmetabolic disorders. Patients with 
hyperdescended perineum always have an internal rectal prolapse with rectocele 
and sometimes an associated urogenital prolapse. In many of these patients, the FI 
is an overflow incontinence. In these cases, we first perform a stapled transanal 
rectal resection [9, 10] or a pelvic organ prolapse suspension [11, 12] as this lets us 
correct or improve the hyperdescended perineum in all cases and, in many, to 
improve the obstructed defecation syndrome and fecal continence. Only a few 
months later, these patients undergo CFPRM, if needed. We have previously dem-
onstrated that descended perineum is a secondary alteration due to prolapse of one 
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or more of the pelvic organs; correction of the prolapse with adequate techniques 
will improve the descended perineum [9, 12], but in some cases the condition can 
persist because of the muscular and fascial dystrophy caused by prolonged down-
ward stretching.

23.4  Surgical Technique

Reconstruction by CFPRM is obviously reserved for patients whose sphincter 
defect does not allow an end-to-end or overlap reconstruction.

The technique has some variants in relation to the location and extent of the anal 
sphincter defect [13] and whether this is associated with other perineal alterations. 
In cases of a unilateral wide defect, only one flap is prepared, whereas in cases of a 
bilateral, anterior, posterior or circumferential defect, two flaps are needed 
(Fig. 23.1). The thickness of the flaps, at their extremity, must be at least 1.5 cm and 
the length proportional to the width of the sphincter defect; therefore, the dissection 
begins at a variable distance from the pubis and extends up to the middle part of the 
anal canal. Dissecting the muscular fibers of the puborectalis muscle, the flap has a 
much wider base than the tip so blood supply and innervation are preserved.

Fig. 23.1 (a) Wide anterolateral anal sphincter defect and resection line of the puborectalis mus-
cle (PRM). (b) Crossing flaps of the puborectalis muscle and end-to-end suture with the tips of 
residual anal sphincters
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23.4.1  Wide Defect of the Lateral Anal Sphincter

This defect is frequently a complication of fistulectomies. In these cases, an incision 
is made on the cutaneous margin of the anal canal, on the side of the sphincter 
defect. By dissecting the anal canal, the anterior and posterior tip of the residual 
anal sphincter are isolated. A second longitudinal incision, 4–5  cm in length, is 
made on the opposite side, just above the anal canal and 3 cm lateral to the perineal 
raphe. The superficial fascia is incised and, if possible, the transverse superficial 
muscles are preserved or reconstructed. The puborectalis muscle is medially iso-
lated and a flap is dissected, calculating the right length, up to the middle part of the 
anal canal. Subsequently, a subcutaneous tunnel is made on the perineal medial skin 
bridge, and the flap is crossed on the opposite side. The end of the flap is sutured 
with Vycril 00 to the posterior tip of the residual anal sphincter. Accurate hemosta-
sis is recommended before suturing the superficial perineal fascia and the skin.

23.4.2  Anterolateral or Circumferential Sphincter Defect

If the rectovaginal perineal skin is preserved, two semi-curved parallel incisions are 
made 2 cm laterally to the perineal raphe, extended from the skin below the vagina 
to the middle or posterior anal orifice, depending on the location of the sphincter 
defect (Fig.  23.2). By incising the superficial perineal fascia and the transverse 
superficial muscle, the anal canal is dissected and the tips of the residual sphincteric 

Fig. 23.2 Steps of reconstruction by crossing flaps of puborectalis muscle. (a) Incision in patient 
with reduction of rectovaginal raphe. (b) Dissection of anal canal and of residual anal sphincters 
tips. (c, d) Dissection of puborectalis flaps on both sides. (e) Crossing flaps of puborectalis muscle 
and end-to-end suture with sphincter tips. (f) Restoration of perineal raphe

A. Longo



201

stumps are isolated. The puborectalis flaps are bilaterally isolated and, after evalua-
tion of the sufficient length to reach the tip of the contralateral anal sphincter, the 
two flaps are dissected. An anal dilator, 2 cm in diameter, is introduced into the anal 
canal. The flaps are crossed and sutured at the sphincter tip, as already described. 
Finally, a partial lower levatorplasty is performed to accentuate the anorectal angle. 
In the case of excessive reduction of the rectovaginal space, an H-shaped incision is 
performed and two lateral skin flaps are sutured medially to restore the correct rec-
tovaginal distance (Fig. 23.2). In the case of circumferential defect, the two flaps are 
sutured to the anococcygeal ligament.

23.4.3  Anterolateral Sphincter Defect Associated 
with Rectovaginal Fistula

The first step is to circumferentially remove the fistula tract. An H-shaped perineal 
incision is then made. Once the rectum has been dissected from the vagina, both 
fistulous orifices are closed with a double introflecting suture with Vycril 00. The 
next step is dissection of the puborectalis muscle flaps and isolation of the residual 
anal sphincter tips. After crossing the flaps, sutures are made between the flaps and 
tips of residual sphincter. In these cases it is recommended to prepare thicker flaps 
to cover and separate the sutures on the fistula. We also perform a levatorplasty on 
the residual puborectalis muscle. We place a rectal probe for 4–5  days and the 
patient is kept on total parenteral nutrition. Preoperatively, we perform intestinal 
cleansing, but in wide rectovaginal fistulas it is better to make a colostomy.

23.4.4  Rectovaginal Cloaca

Rectovaginal cloaca is predominantly an obstetric complication: patients who 
underwent episiotomy extended to the anal sphincters and further laceration of the 
anal sphincters, anal canal, vaginal introitus and posterior vaginal wall. Rectovaginal 
cloaca [14] is the result of a suture limited to the mucosa and skin and postoperative 
dehiscence or full thickness laceration of the anterior pelvis. Additional causes 
include anterior anal fistulas and traumatic lacerations. Often this condition is asso-
ciated with chronic perineal inflammation which is difficult to treat medically and 
which would compromise any surgical approach. For this reason, in some patients 
we initially perform a colostomy. This leads to resolution of the chronic inflamma-
tion and an anatomical improvement of the rectovaginal cloaca.

The steps of reconstruction by CFPRM in patients with rectovaginal cloaca are 
shown in Fig. 23.3. Two semicircular incisions are made on the skin close to the 
cloaca. The rectovaginal synechia is dissected and the rectal wall is reconstructed 
with continuous suture, trying to include also the muscular tunica. The puborectalis 
flaps are prepared and the residual anal sphincters tips are dissected. The flaps are 
crossed and sutured end-to-end with the tips of the residual anal sphincters. It is 
useful to perform a partial levatorplasty on the residual puborectalis muscle, just 
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Fig. 23.3 (a) Rectovaginal cloaca. (b) Dissection of rectovaginal synechia. (c) Reconstruction of 
rectal wall and anal canal. (d) Crossing flap and partial levatorplasty. (e) Vagina wall and perineum 
reconstruction

above the crossed flaps. The vaginal wall is then reconstructed. If the ostium is too 
tight, two longitudinal incisions are made on the lateral vagina wall, and sutured 
transversally.

It is important to reconstruct the anterior perineal body by trying to plicate the 
superficial perineal fascia together with the superficial transverse muscle of the 
perineum. The two lateral cutaneous incisions are transversal U-shaped and sutured 
in order to restore the rectovaginal distance. The choice of a preoperative colos-
tomy, when necessary, is determined by the severity and complexity of the case: in 
the most severe cases we perform colostomy. If the procedure fails, it becomes a 
permanent solution. After 1–2 months, in the absence of surgical complications, the 
patients undergo anorectal manometry and X-ray cinedefecography with fluid bar-
ium. If the patient shows sufficient continence, we restore the intestinal continuity.

23.5  Results

From March 2014 to March 2021 we treated 82 patients (69 women and 13 males) 
with CFPRM. The sphincter defects ranged from 80° to 360°. Follow-up ranged 
from 3 months to 3 years (average 14 months). The follow-up assessments carried 
out at 3 months, 1 year and 3 years included anorectal manometry and the Cleveland 
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Clinic Fecal Incontinence Score (CCFIS). The causes and types of sphincter injury 
and the associated pelvic injuries are reported in Table 23.1.

The preoperative manometry values ranged from 0 to 15 at rest (average 6 mmHg) 
and from 0 to 25 at squeeze (average 9 mmHg). At 3 months postoperatively, the 
range increased from 45 to 90 at rest (average 65 mmHg) and from 95 to 125 at 
squeeze (average 107 mmHg). No significant variations were detected at 1 year and 
3  years. Preoperative CCFIS ranged from 14 to 20 (average 16.5). At 3  months 
postoperatively, it ranged from 0 to 2 (average 1.2). As with the manometric values, 
no significant variations in CCFIS were detected at 1 year and 3 years. Only five 
patients (6%) failed to experience any postoperative improvement of FI, four of 
them among the first 24 cases.

23.6  Conclusions

Before applying the technique to our patients, we tested the procedure on nine 
cadavers, seven women and two men. We started our experience with female patients 
presenting with a large anterolateral defect due to obstetric trauma. Subsequently, 
we enrolled other patients, including those with associated rectovaginal fistula and 
rectovaginal cloaca. The results progressively improved and we learned that it is 
important to achieve perfect hemostasis, because muscular dissections bleed easily 
and postoperative perineal hematomas are not easy to drain and can predispose to 
wound infection and dehiscence. Moreover, reconstruction of the perineal body and 
the superficial perineal fascia is very advantageous in terms of anatomical and phys-
iological results. The preoperative diagnostic accuracy and exclusion criteria are 
fundamental. We recommend adequate training and gaining more experience with 
the simplest cases.
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24Treatment Cost Reimbursement in Italy

Vincenzo Landolfi and Adriana Maria Landolfi

24.1  Introduction

The Italian National Health Service (NHS) is a system of facilities and services that 
aim to guarantee all citizens, under equal conditions, universal access to health 
care [1].

Reimbursements for acute day surgery and inpatient hospitalizations are estab-
lished by the Diagnosis-Related Groups (DRG) system, whereby procedures are not 
reimbursed based on the total days of hospitalization, but on a “service-provision” 
basis, according to a predefined cost estimate [2]. The rate is an all-inclusive remu-
neration for the treatment profile on average associated with the corresponding hos-
pitalization category. The DRG code is obtained by linking the ICD9-CM diagnosis 
code [3] with the procedure code. Furthermore, for the same DRG there are differ-
ences in the treatment cost reimbursement due to several factors:

• public or private nature of the facility;
• regional reimbursement rate;
• type of hospitalization (outpatient, day surgery, inpatient);
• days of hospitalization (increase over the threshold value).

The ICD9-CM code for fecal incontinence corresponds to 787.6.
Below we report the DRGs of surgical procedures for fecal incontinence, 

obtained by linking the main diagnosis code with the procedure codes.
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24.2  DRG Surgical Procedures for Fecal Incontinence

Anal Cerclage
• DRG 158
• Diagnosis code

 – 787.6 Fecal incontinence
• Primary procedure code

 – 49.72 Anal cerclage

Other Repair of Anal Sphincter
• DRG 158
• Diagnosis code

 – 787.6 Fecal incontinence
• Primary procedure code

 – 49.79 Other repair of anal sphincter (including anal sphincter tear compli-
cating past delivery; excluding anal sphincter tear complicating recent deliv-
ery: code 75.62)

Implantation or Revision of Artificial Anal Sphincter
• DRG 147
• Diagnosis code

 – 787.6 Fecal incontinence
• Primary procedure code

 – 49.75 Implantation or revision of artificial anal sphincter/prosthesis

Removal of Artificial Anal Sphincter Without Replacement
• DRG 147
• Diagnosis code

 – 787.6 Fecal incontinence
• Primary procedure code

 – 49.76 Removal of artificial anal sphincter without replacement

Dynamic Graciloplasty
• DRG 171
• Diagnosis code

 – 787.6 Fecal incontinence
• Primary procedure code

 – 49.74 Gracilis muscle transplant for anal incontinence
• Secondary procedure code

 – 04.92 Implantation or replacement of peripheral neurostimulator electrode
• Tertiary procedure code

 – 86.94 Insertion or replacement of single-array neurostimulator pulse gen-
erator. Not specified as rechargeable

 – 86.95 Insertion or replacement of multiple-array neurostimulator pulse gen-
erator. Not specified as rechargeable
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Electrode Review Without Replacement
• DRG 157
• Diagnosis code

 – 787.6 Fecal incontinence
• Secondary diagnosis code

 – 996.39 Other mechanical complication of device, implant and graft.
• Primary procedure code

 – 49.92 Insertion of subcutaneous electrical anal stimulator

Sacral Neuromodulation System Implantation: First Step (PNE Test)
• DRG 532
• Primary diagnosis code

 – 33.70 Idiopathic peripheral autonomic neuropathy
 – 33.79 Unspecified disorder of autonomic nervous system
 – 35.68 Other specified idiopathic peripheral neuropathy

• Secondary diagnosis code
 – 787.6 Fecal incontinence

• Primary procedure code
 – 03.93 Insertion/replacement of spinal neuromodulation

Sacral Neuromodulation System Implantation: Second Step
• DRG 8
• Primary diagnosis code

 – 33.70 Idiopathic peripheral autonomic neuropathy
 – 33.79 Unspecified disorder of autonomic nervous system
 – 35.68 Other specified idiopathic peripheral neuropathy

• Secondary diagnosis code
 – 787.6 Fecal incontinence

• Primary procedure code
 – 86.94 Insertion or replacement of single-array neurostimulator pulse gen-

erator, not specified as rechargeable
• Secondary procedure code

 – 86.95 Insertion or replacement of multiple-array neurostimulator pulse gen-
erator, not specified as rechargeable

Electrode Replacement
• DRG 532
• Primary diagnosis code

 – V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

• Primary procedure code
 – 03.93 Insertion/replacement of spinal neurostimulator

24 Treatment Cost Reimbursement in Italy
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Generator Replacement
• DRG 8
• Primary diagnosis code

 – V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

• Primary procedure code
 – 86.94 Insertion or replacement of single-array neurostimulator pulse gen-

erator, not specified as rechargeable
• Secondary procedure code

 – 86.95 Insertion or replacement of multiple-array neurostimulator pulse gen-
erator, not specified as rechargeable

Electrode + Generator Replacement
• DRG 532
• Primary diagnosis code

 – V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

• Primary procedure code
 – 03.93 Insertion/replacement of spinal neurostimulator

• Secondary procedure code
 – 86.94 Insertion or replacement of single-array neurostimulator pulse gen-

erator, not specified as rechargeable
 – 86.95 Insertion or replacement of multiple-array neurostimulator pulse gen-

erator, not specified as rechargeable

Electrode Removal
• DRG 532
• Primary diagnosis code

 – for ineffectiveness
V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

 – for infection
996.63 Infection and inflammatory reaction due to nervous system device, 
implant, and graft

 – for mechanical complications
996.2 Mechanical complication of nervous system device, implant, 
and graft.

• Primary procedure code
 – 03.94 Removal of spinal neurostimulator

Generator Removal
• DRG 35
• Primary diagnosis code
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 – for ineffectiveness
V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

 – for infection
996.63 Infection and inflammatory reaction due to nervous system device, 
implant, and graft

 – for mechanical complications
996.2 Mechanical complication of nervous system device, implant, 
and graft.

• Primary procedure code
 – 86.05 Incision with removal of foreign body from skin and subcutane-

ous tissue

Electrode + Generator Removal
• DRG 532
• Primary diagnosis code

 – V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

• Primary procedure code
 – 03.94 Removal of spinal neurostimulator

• Secondary procedure code
 – 86.05 Incision with removal of foreign body from skin and subcutane-

ous tissue

Electrode/Generator Revision/Extension Without Replacement
• DRG 35
• Primary diagnosis code

 – V53.02 Fitting and adjustment of neuropacemaker (brain, peripheral nerve, 
spinal cord)

• Primary procedure code
 – 86.09 Other incision of skin and subcutaneous tissue

24.3  Reimbursement of DRGs

Annex 1 to the Decree of the Italian Ministry of Health of 18 October 2012 sets the 
rates for the remuneration of hospital care services for acute cases [2].

The national cost reimbursements for each DRG associated with fecal inconti-
nence are presented in Table 24.1. These reimbursements were subsequently modi-
fied by the Italian Regions and the differences are very interesting. For example: the 
reimbursement for inpatient care hospitalization for DRG 8 ranges from a minimum 
of €1581  in the Campania Region to a maximum of €3684  in the Autonomous 
Province of Bolzano; for DRG 35 ranges from €1412 in Campania to €3735 in the 
Autonomous Province of Trento; for DRG 532 ranges from €5284  in Molise to 
€14,419 in Sicily.
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Table 24.1 Italian national cost reimbursements for the DRGs of surgical procedures for fecal 
incontinence

DRG Description

Inpatient 
hospitalization >1 day 
within the threshold 
value (€)

Short-stay inpatient 
hospitalization ≤1 day 
and day surgery 
hospitalization (€)

Days over 
threshold 
value (per 
day) (€)

8 Peripheral and cranial 
nerves and other 
nervous system 
procedures without 
CC

2326 2585 196

35 Other nervous system 
disorders without CC

2077 234 163

147 Rectal resection 
without CC

7475 2311 274

157 Anal and stomal 
procedures with CC

3808 1007 192

158 Anal and stomal 
procedures without 
CC

1202 1007 126

171 Other digestive 
system OR procedures 
without CC

4498 1578 193

468 Extensive OR 
procedure unrelated to 
principal diagnosis

10,158 3468 227

532 Spinal procedures 
without CC

8413 2782 330

DRG diagnosis-related groups, CC complications and/or comorbidities, OR operating room

Patient costs as well are reported differently in each European country and may 
include a varying number of cost categories because of specific national costing and 
reporting standards.

24.4  Reimbursement of Perineal Pelvis Rehabilitation

With regard to rehabilitation in fecal incontinence, we report below the codes for 
several treatments.

• Functional evaluation: 9301
• History and evaluation: 8903
• Manual evaluation of muscle function (PC test): 9304
• Exercises not elsewhere classified (awareness and relaxation) (postural): 9319
• Breathing exercises: 9318
• Active musculoskeletal exercises (Biofeedback): 9312
• Rehabilitation (pelviperineal): 9389
• Passive musculoskeletal exercises: 9317
• Assisted exercises (proprioceptive and awareness-raising): 9311
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• Resistance exercises: 9313
• Manipulative treatment (osteopathy for general mobilization): 9361
• Stretching of the perineal muscles: 9327
• Band stretch: 9328
• Manual tractions: 9321
• Spinal mobilization: 9315

Linking these codes with the diagnosis code for fecal incontinence (787.6) we 
obtain DRG 183: “esophagitis, gastroenteritis and miscellaneous digestive disor-
ders”. This DRG would be inappropriate as the rehabilitation is provided only in an 
outpatient setting and not on an inpatient basis.

The procedure code used for rehabilitation for fecal incontinence, urinary incon-
tinence and both fecal and urinary incontinence is PR35B (cycle of 10 sessions). 
The medical prescription must specify code PR35B.001 for fecal incontinence, 
PR35B.002 for both fecal and urinary incontinence and PR35B.003 for urinary 
incontinence. The reimbursement will amount to €162.30.
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