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As geriatric surgeons, we are in the midst of dramatic changes in the demographic structure of 
the United States. Currently, almost 25 % of the population is over the age of 65 years and the 
fastest-growing cohort within this group will be those people over 75 years. This aging of the 
US population presents potentially significant challenges to our healthcare system. In addition, 
it raises the question about whether it can support the needs of older people and enable them 
to live healthy, independent, and productive lives.

As the population ages, there is a natural enhancement in the development of medical tech-
nology which diffuses into many aspects of daily life. This includes all forms of minimally 
invasive operative technologies, health-monitoring devices, and computers exhibiting artificial 
intelligence which are being used to perform a variety of tasks, from the most routine to the 
most complex. To meet these challenges, we may actually have to redefine what it means to be 
“older.” So, does old mean 65 years or 75 years or even 80 years of age? Newspapers, televi-
sion, and the Internet are replete with stories about octogenarian triathletes, mountain climb-
ers, and fountain-of-youth aficionados. These elderly individuals are increasingly unwilling to 
accept a shortened life span, much less the prospect of disability or even inconvenience.

Physicians understand far better than most that the concept of time on tissue is a prescrip-
tion for physical breakdown and deteriorating disease. Having said that, pelvic surgeons, as 
anatomic scientists, like Galileo and Newton before them, are intimately aware of the compli-
cations that can occur when one adds gravity to time and tissue. Consequently, those physical 
defects within the anatomic pelvis that ultimately lead to socially unacceptable clinical condi-
tions such as urinary and/or fecal incontinence will be absolutely intolerable to a healthier, 
more diverse, and better-educated population of centenarians that continue to exhaustively 
pursue active lives in a fashion unparalleled to the previous generations.

The editors, while surgeons, embody a combined half century of interest in the elderly. One 
of us (DAG) is fellowship trained and board certified in Pelvic Reconstruction/Neurourology 
and established one of the first Geriatric Pelvic Medicine fellowships. The other (MRK) pub-
lished his paper “Surgery in Centenarians” in 1985 and his first book, Geriatric Surgery, in 
1990. Our chapter authors represent the best of the multidisciplinary spectrum of those focused 
on the pelvis, from radiology and gastroenterology to urology and colon and rectal surgery. No 
book to date has brought together in one volume their combined expertise. All of us who care 
for the elderly—geriatricians, family physicians, surgeons, nurses, and many others—will 
learn something that will help us care for this burgeoning group. So, read the volume cover to 
cover or, more likely, read chapters of particular interest. All of our terrific patients, veterans 
of wars and other intense life experiences, will benefit.

Baltimore, MD, USA� David A. Gordon 
 � Mark R. Katlic 

Preface
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Anatomy, Neuroanatomy, 
and Biomechanics of the Pelvis
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�Introduction

The pelvis, both in the female and male forms, proves to be 
one of the most complex anatomic and physiologic regions 
within the human body. Nowhere else in the body can one 
find the multitude of muscles, tendons, nerves, ligaments, 
blood vessels, organs and physiological functions tightly 
knit into such a compact structure (Fig. 1.1). The pelvis is 
responsible for biped ambulation and support of the spinal 
column, sexuality, reproduction, storage and elimination of 
urinary and fecal waste, and indeed represents the human 
body’s foundation for both form and function.

A thorough and proper understanding of all of these struc-
tures and functions and how they integrate into one seamless 
anatomic box is of paramount importance for the surgeon 
operating within the pelvis. In order to be successful, the sur-
geon who operates within the pelvis must be disciplined and 
prepared, as along with its complexity, comes a great deal of 
risk. Often times it is resourcefulness and creativity that 
allows successful surgical operations here, and this can only 
be made possible with an appropriate fund of knowledge.

Perhaps one of the most fascinating aspects of the pelvis 
is its remarkable dynamic nature. From its embryological 
origins, through its fetal and adolescent development and 
into its adult maturation and finally senescent changes in 
older age, it truly embodies the point that the only thing 
that is constant is change. In addition to its evolution along 
the broader span of one’s life span, it has only recently been 
truly recognized for its dynamic nature in daily activities. 

Much of the function of the pelvic floor derives from its 
ability to change both its form and function during various 
activities. This can be appreciated when one considers the 
changes necessary to accommodate straining, micturition, 
defecation, child birthing, intercourse, and even just stand-
ing there appearing to do nothing!

The focus of this chapter will be on the anatomic structure 
of the pelvis and some of the changes it experiences as it pro-
gresses with age. Particular attention will be paid to how 
these structures and functions relate to both the surgeon and 
the physiologist, and the relevance of significant changes that 
occur through adulthood and older age—though many of 
these will be addressed in specific chapters later in this text.

�The Pelvis as a Unit

The pelvis (L. basin) is a term used loosely to identify the 
region between the abdomen and the lower extremities, a 
cavity bound by the pelvic girdle. It can be subdivided into 
the greater pelvis, a larger more superficial bowl protected 
by the alae of the ilia, and the lesser pelvis, a smaller bowl 
which lies below the pelvic brim and greater pelvis. The pel-
vic girdle consists of two large bones, the ossa coxae, and the 
sacrum, which provide mechanical support and muscular 
and fascial attachments for the thoraco-abdominal trunk, the 
lower legs, and the perineum. The lesser pelvis, or true pel-
vis, which is inferior to the pelvic brim, contains all of the 
organs related to micturition, reproduction, sexual activity, 
and defecation. The muscles and fascial attachments of the 
individual organs, as well as the pelvic diaphragm, support 
these structures and prevent herniation and prolapse. 
Externally, the pelvic cavity is bound by the muscular struc-
tures of the thigh and buttocks on each side, the anterior, 
lateral, and posterior abdominal wall superiorly, and the 
perineum inferiorly.

The term perineum is used to identify a specific anatomical 
group of structures that lie beneath the pelvis. In its most restrictive 
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definition, it refers to the soft tissue superficial to the perineal 
body, between the anus and the testicles or vagina. Some expand 
that definition to include the structures that can be found between 
the mons pubis, the coccyx and the thighs. However, the 
Terminologia Anatomica defines it as all of the structures which 
lie within the anal and urogenital triangles, including the deep 
structures all the way to the pelvic diaphragm.

�Pelvic Osteology

�Developmental Considerations

The lower limbs first appear during embryological develop-
ment as ventrolateral mesenchymal outpocketings at the end of 
the fourth week of gestation. Complete sets of cartilage models 
of the pubis and ilium are seen by the end of the 6th week, and 
by the end of the 8th week of gestation, a homogenous cartilage 
model of both the right and left os coxae, including the ilium, 
ischium, and pubis is present [1]. Endochondral ossification of 
the ilium begins during the ninth week, with multiple primary 
and secondary ossification centers (Fig. 1.2). Haversian bone 
remodeling doesn’t begin until late in fetal development, usu-
ally after the 28th week, but the finalization of fetal pelvis 
development is highly dependent on mechanical stimulation, 
namely gluteal muscle activity and pressure at the femoral head 
[2]. After birth, and even through childhood, the three bones of 
the coxae remain separated by the triradiate cartilage, which 
centers within the cup of the acetabulum.

The development of the sacrum occurs in a rudimentary, 
but similar fashion as that of the vertebral column, through 
migration, resegmentation, and fusing of sclerotomes begin-
ning in the 4th week of gestation. By the 8th week, the 
sacrum and coccyx are recognizable structures, and the four 
pairs of sacral foramina are present. Fusion of the coccyx 
and the sacrum occur as processes which last throughout 
fetal development and early postnatal development, and even 
continue into adolescence and young adulthood.

The relationship between the sacrum and pubic bones 
forms as a result of a complex process which begins as early 
as they can be identified near the 6th week of gestation, with 
an “ilio-sacral connector” composed of fibrocytes embedded 
within a collagen and elastin matrix cord. The ala of the 
ilium rapidly elongates to meet the opposing sacral ala to 
unite the appendicular and axial skeletons. The sacroiliac 
joint forms uniquely when compared to most joints in the 
body, in a process termed secondary joint development, 
occurring much later in neonatal development.

The pelvis continues to develop and change throughout life, 
with continued ossification and growth during childhood and 
puberty. The ala of the ilium grows disproportionately to the 
pelvic bodies during the first 8 years of life, and the progression 
of sacral kyphosis continues until approximately 14 years of 
age when it reaches approximately 25° with an apex at the level 
of S3. The rotation and anteroposterior position of the sacrum 
relative to the spine and femur, measured by the pelvic inci-
dence (PI), changes in a linear fashion throughout life (Fig. 1.3).

In addition to osteoporotic changes, as the pelvis ages, it 
collapses in a cephalo-caudal direction with concurrent wid-
ening of the pelvis in the anteroposterior plane, caused by 
posterior migration of the sacrum relative to the femoral 
head. The pelvis grows both in width and length during 
childhood, but has long been assumed to cease growth with 
skeletal maturity. More recent radiographic analyses sug-
gest that the pelvis continues to widen throughout adulthood 

at a linear rate of about 1 mm every 3 years measured both 
at the trochanters and the iliac wings. Interestingly, the pel-
vic inlet does not change in dimensions over this same time 
period, and these observations are consistent in both men 
and women.

�Site Specific Considerations

�The Ossa Coxae
The right and left hip bones, or os coxae, are large irregularly 
shaped bones which form the foundation that unites the 
upper body with the lower body. Each is derived from the 
fusion of three separate bones, the ilium, the ischium, and the 
pubis. The fusion of the ilium, ischium, and pubis occurs 
during puberty, as the ossification of the triradiate cartilage 
molds the acetabulum into a single cohesive cup. The ana-
tomic structures of the ossa coxae are illustrated in Fig. 1.4.

Fig. 1.1  Pelvis

C. Madsen and D.A. Gordon
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The ilium is the largest and most superior portion of the 
coxae. It is composed of a large fan-shaped region, the ala 
(wing), and the body of the ilium, to which the fan is attached. 
The iliac crest is the most superior portion of the pelvic girdle, 
and lies between the anterior superior iliac spine (ASIS), and 
the posterior superior iliac spine (PSIS). On the inside surface 
the iliac fossa can be found, bordered by the iliac crest superi-
orly, and the arcuate line, or pelvic brim, inferiorly. The poste-
rior portion of the ilium is responsible for articulating with the 

sacrum, at the articular surface, which lies just below the ilial 
tuberosity and above the greater sciatic notch.

The ischium is the posteroinferior portion of the coxae 
and makes up the posterior wall of the obturator canal. The 
body of the ischium attaches to the body of the ilium, and 
together they form the majority of the acetabulum and are 
responsible for the greatest amount of load bearing and 
weight transference associated with the hip joint. The ischial 
spine projects from the posterior portion of the body, just 

Pubis

Ilium

Fibula

Femur

Tibia

Footplate cartilages

A

B

C

Tarsal cartilages

Fibula

Femur

Ilium

Pubis
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Metatarsal cartilages

Ischium

Pubis
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Fig. 1.2  (a) Lower extremity 
of an early 6-week embryo, 
illustrating the first hyaline 
cartilage models. (b, c) 
Complete set of cartilage 
models at the end of the 6th 
week and the beginning of the 
8th week, respectively
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below which can be found the lesser sciatic notch. The 
ischial tuberosity and ischial ramus project inferiorly from 
the body of the ischium, and in turn, communicate with the 
pubic ramus to form the obturator canal.

The pubis makes up the last of three portions of the coxae, 
lying inferior to the ilium and anterior to the ischium. The body 
of the pubis attaches to the anterior portion of the body of the 
ilium. The arcuate line of the ilium continues through the pubis 
as the pectineal line, or pectin pubis, terminating at the pubic 
tubercle. The superior pubic ramus projects inferomedially 
from the pubic body to join the contralateral pubis at the pubic 
symphysis. The pubis symphysis is a secondary cartilaginous 
joint articulating medially at the symphyseal surface of each 
pubis. The joint is composed of an interpubic disc, strength-
ened by the superior and inferior pubic ligaments.

Significant differences are observed between men and 
women in the overall shape of the ossa coxae, and thus the 
pelvis itself (Fig. 1.5). Women tend to have more attenu-
ated contours, less pronounced features and an overall 
lighter, more flattened pelvis. The female pelvis generally 
exhibits a larger pelvic outlet (distance measured between 

ischial spines) with a concurrent wider and more circular 
pelvic inlet (the shortest distance measured between the 
most anterior portion of S1 and the pubis symphysis). The 
female ilia and iliac wings fan out laterally more than that 
of the male, and as a result do not project as far superiorly, 
which results in a lower iliac crest relative to the sacrum. 
The angle between the two opposing pubic bones, or pubic 
angle, in the female pelvis is much narrower when com-
pared to the male, with pubic angles commonly >100° in 
females and <90° in males. Many of these anatomic differ-
ences are a result of adaptations to the physiologic stresses 
and loads placed by carrying the fetus during pregnancy as 
well as delivery of the fetus during childbirth.

�The Sacrum and Coccyx
The sacrum is a large triangular shaped bone that consists of 
five individual vertebrae that fuse into a single cohesive unit 
early in life. Initially, the individual sacral vertebrae resem-
ble the lumbar vertebrae; however, at the end of the first year 
of life ossification of the sacral ala occurs [3]. The process of 
sacral vertebral fusion begins during puberty with the lateral 

Gynaecoid pelvis

Wider and
broader

Less prominant
ischial spines

Longer sacrum

Android pelvis

Fig. 1.5  Differences between 
the male and female bony 
pelvis
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costal elements, and it is not until the age of 18 that the 
vertebral bodies themselves begin to fuse, beginning cau-
dally and advancing cranially [4]. Completion of sacral 
fusion does not occur until between the ages of 25 and 33 [5], 
and is a direct result of load bearing activity, as paraplegic 
children who do not bear weight will retain independent 
sacral vertebrae with incomplete fusion [6]. At birth, the 
sacral base and lumbar spine are angulated approximately 
20° from the vertical axis, however this progresses consis-
tently until it reaches approximately 60–70° in adulthood [4, 
7]. The curvature of the sacrum itself is minimal in newborns 
but develops into a mean angle of approximately 65° by late 
adolescence (measured in the sagittal plane as the angle 
between the first and fifth sacral vertebra). The discrepant 
relationships that male and female sacrums have to the pelvis 
can be almost entirely accounted for by the sacral slope, or 
the angle that the fifth lumbar vertebral body rests on the 
sacrum, as the sacral curvature does not change significantly 
between men and women.

The anterior sacral surface forms a bowl-shaped concav-
ity with four prominent ridges traveling in a transverse direc-
tion, each correlating with a neural foramen on either side 
(Fig. 1.6). These ridges are the remnants of the intervertebral 
discs that were obliterated in the process of sacral fusion. 
The four pairs of sacral foramina reside on either side of the 
transverse ridges, and are positioned in an anterolateral 
direction to allow the passage of the anterior divisions of 
their corresponding sacral nerves and lateral sacral arteries.

The posterior sacral surface forms the reciprocal exterior 
bowl shape of the sacrum, inheriting a convex shape and is 
primarily involved in muscle attachment for the posterior 
thigh and lower back. Similar to the anterior sacral surface, 
the posterior surface has a number of ridges that dominate its 
topography; however, on the posterior surface these ridges 
run longitudinally. The median sacral crest is the most pro-
nounced posterior sacral ridge, a confluence of spinous pro-
cesses most pronounced at the first sacral vertebrae, 
diminishing with each level below and absent by the fourth or 
fifth sacral vertebrae. On either side of the median sacral crest 
are the sacral grooves which are longitudinal indentations 
within the underlying sacral laminae, and lateral to these are 
the fused articular processes that make up the parallel inter-
mediate crests [4]. Similar to the anterior surface, the poste-
rior surface houses four smaller, less regular pairs of neural 
foramina which are all located lateral to the intermediate 
crests and contain the posterior divisions of the sacral nerves. 
The transverse processes of the sacral vertebrae appear as a 
longitudinal series of tubercles lateral to the posterior foram-
ina and are collectively termed the lateral crests. Inferiorly, 
the longitudinal crests and grooves of the posterior sacral sur-
face terminate before that of the fused sacral vertebral bodies, 
creating an opening referred to as the sacral hiatus. The ante-
rior and posterior sacral anatomy is illustrated in Fig. 1.6.

The coccyx develops as a primitive tail consisting of as 
many as ten somites, but regresses in a stepwise caudal to 
cranial fashion with resorption of as many as six of the distal 
most coccygeal vertebrae, along with their corresponding 
nerves and blood vessels [8, 9]. Approximately 75 % of the 
population has 4 coccygeal vertebrae with a mean length 
between 3.0 and 3.3 cm [10]. Unlike the other named portions 
of the human spine, the coccyx has a wide range of “normal” 
angulations relative to the vertical axis and sacrum, and dis-
crepant data exists on whether or not women have less of a 
curvature than men [11]. Interestingly, although the sacrum 
and coccyx both become fused osseous structures by age 30, 
the sacrococcygeal joint remains unfused and retains a mean 
degree of articulation of 9° in the sagittal plane, as measured 
between the standing and sitting position [12], and up to 12.5° 
between contraction and relaxation during defecation [13].

�The Ligamentous Structure of the Pelvis

The osteologic form of the pelvis provides a tremendously 
strong infrastructure for the ligamentous support of the pel-
vis, its contents, as well as the lower extremities and torso 
and the forces they each apply. The fascial and ligamentous 
elements of the pelvis are composed of collagen and elastin 
matrices, as they are elsewhere in the body, and are prone to 
changes in relative distribution during pregnancy, matura-
tion, and senescence. These changes often cause an increase 
in structural laxity of the pelvic support system, which can 
lead to urinary and fecal incontinence, urinary retention and 
constipation, and eventually organ prolapse.

Broadly speaking, the pelvis attaches to various ligaments 
and fascial layers externally to maintain its anatomic position 
relative to the torso and lower extremities, and internally to 
maintain the anatomic position of the organs within. The 
myofascial and ligamentous superstructure of the anterior 
pelvis is intimately associated with the musculature of the 
abdominal wall and the adductor muscle groups of the lower 
extremities [14]. The myofascial and ligamentous superstruc-
ture of the posterior pelvis contributes to a broader overall 
function, with attachments derived from the back and abdo-
men, the lower extremity and even the upper extremity [14].

�External Ligamentous Support of the Pelvis

The pubic symphysis is a fibrocartilaginous joint that articulates 
between the bilateral pubic bones, and considered by most to 
be a static structure, although vertical displacement of up to 
2 mm in addition to 1° rotation is commonly observed [14]. 
The articular surfaces that oppose each other have a thin layer 
of hyaline cartilage associated with them, which decreases with 
age; however, most do not consider the pubic symphysis to be 
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a synovial joint [14]. The joint is reinforced by the superior and 
inferior pubic ligaments, as well as the anterior and posterior 
pubic ligaments. The anterior pubic ligament splays into an 
important aponeurosis that attaches to the rectus abdominis 
superiorly and the adductor longus muscle inferiorly.

The sacroiliac joint is a kidney bean shaped bicondylar joint 
associated with a multitude of both intrinsic and extrinsic liga-
ments. The anterior surface of the joint is composed of the 
smooth sacroiliac joint capsule that is firmly attached to the 
iliolumbar ligaments superiorly, and the sacrospinous and 
sacrotuberous ligaments inferiorly. The sacroiliac joint is rein-
forced posteriorly by the short posterior sacroiliac ligaments 
that span between the posterior superior iliac spine (PSIS) and 
the more superior lumbar vertebral spinous processes. 

Similarly, the long posterior sacroiliac ligaments span between 
the PSIS and the more inferior lumbar vertebral spinous pro-
cesses. The multifidus muscle influences the sacroiliac joint’s 
motion posteriorly via attachments to the connective tissue 
fibers of the gluteus maximus near the midline and the biceps 
femoris muscle after it crosses the sacrotuberous ligament [10, 
12, 14]. The ligaments of the sacrum are illustrated in Fig. 1.7.

�Internal Ligamentous Support of the Pelvis

The internal ligamentous support of the pelvis is essentially 
derived from two sources; those associated with individual 
muscles of the pelvic floor and those that act as suspensory 
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ligaments for individual organs. The internal anatomic form 
of the pelvis obviously differs a great deal between men and 
women with the additional organs and their supporting struc-
tures. The function and integrity of the organs within the pel-
vis rely completely upon the supporting ligaments, fascia 
and muscles, and without these structures, “normal” function 
would be impossible.

�Female Specific Anatomy

Among the more important intrinsic pelvic ligaments involved 
in urethral suspension in females are the pubourethral liga-
ment (PUL) and the external urethral ligament (EUL) [15]. 
The PUL originates from the posterior inferior edge of the 
pubis symphysis and splays into a fan-shaped structure to 
insert onto the midurethra, pubococcygeus muscle, and vagi-
nal wall [15, 16]. The external urethral ligament, also known 
as the anterior pubourethral ligament, helps support the ure-
thral meatus against the anterior surface of the pubic rami, 
and continues superiorly to the clitoris and inferiorly to the 
PUL [17]. The pubovesical ligament (PVL) serves as the 
major structural unit for the anterior wall of the bladder, origi-
nating from the posterior surface of the pubis and inserting 
onto the transverse precervical Arc of Gilvernet, a thickened 
portion of the PVL that maintains the anterior placement of 
the bladder and helps to prevent anterior collapse of the blad-
der wall during micturition [17]. The cardinal ligaments, as 
well as the uterosacral ligaments (USL), each attach to the 
cervical ring complex from just above the ischial spine, and 

from the overlying fascia of S2–S4, respectively [17], and 
help to suspend the vagina and uterus. Additionally, the USL 
provides fixation points for the action of the levator plate and 
the longitudinal muscle of the anus. The internal ligamentous 
structure of the female pelvis is illustrated in Fig. 1.8.

The arcus tendineus fascia pelvis (ATFP) in women is a 
critical structure involved in vaginal suspension that has 
multiple important components. It is composed of a conflu-
ence of parietal fascia derived from the neighboring pubo-
coccygeus and iliococcygeus portions of the levator ani 
mechanism and the obturator internus [18]. It courses along 
the pelvic sidewall between its origin approximately 1  cm 
lateral to the pubic symphysis. It inserts at each of the ischial 
spines, and has been divided into 3 distinct segments: ante-
rior, middle and posterior—with the anterior and middle seg-
ments each approximately 3 cm in length and the posterior 
segment approximately 2.5 cm [18].

The most anterior segment attaches to the proximal ure-
thra and anterior vaginal wall, the middle segment attaches to 
the anterolateral vaginal wall, and the posterior segment acts 
only to anchor the entire structure. The ATFP has two very 
important connections that insert at the point between the 
middle and posterior segments: the arcus tendineus levator 
ani (ATLA) and the rectovaginal fascia. Interestingly, it has 
been noted that >96 % of parous women have an avulsion of 
the posterior segment of the ATFP from the ischial spines, but 
often do not experience prolapse until years later, if at all.

Lateral vaginal fascial attachments to the ATFP ligaments 
span the length of the vagina and create a structure akin to a 
cloth army cot with metal bars on either side, on top of which 

Fig. 1.8  The internal ligamentous structures of the 
female pelvis. PS pubis symphysis, B bladder, U uterus, 
USL uterosacral ligament, PCM pubococcygeus muscle, 
V vagina, C cervix, LP levator plate, PUL pubourethral 
ligament, RVF rectovaginal space, PM muscles of the 
perineal membrane, PRM puborectalis muscle, LMA 
longitudinal muscle of the anus, PB perineal body, EAS 
external anal sphincter
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the vagina rests. The bilateral ATFP ligaments are critical 
structures involved with not only vaginal suspension though, 
but indeed total pelvic support, and form anchor points for 
the action of multiple force vectors produced by the pelvic 
floor musculature, such as the longitudinal muscle of the 
anus (LMA) and levator plate (LP). Relaxation of the LMA 
and LP mechanisms allow for the ATFP to close the urinary 
outflow tract by collapsing the rigid inferior portion of the 
trigone against the opposing side of the urethral canal, while 
flexion of the LMA and LP mechanisms allow for the open-
ing of the urinary outflow tract by allowing the ATFP to pull 
open and splint the urethral canal open using the pubococ-
cygeus muscle (PCM) (Fig. 1.9) [17].

�Male Specific Anatomy

In males, the overall mechanism that suspends the urethra is a 
complex structure similar to that found in females and formed 
by a number of both discreet and visibly indiscreet ligaments 
(Fig. 1.10). This structure is a pyramidal shaped band insert-
ing along the lateral aspects of the membranous urethra and 
originating from the pubic arch. It is made up of three liga-
ments that are found contiguous with one another: the ante-
rior pubourethral ligament—a facial reflection of the perineal 
membrane which also acts partially to suspend the penis, the 
intermediate pubourethral ligament—composed of the arcu-
ate and transverse ligaments, and the posterior pubourethral 
ligament (or “puboprostatic ligament”) [19]. In addition to a 
specific urethral suspensory mechanism, the penis itself has 
its own important suspensory ligamentous structure that 
maintains its proper position over the pubis, particularly 
important during erection and sexual intercourse.

The penile suspensory mechanism is composed of three 
individual structures; the penile suspensory mechanism 
proper, the fundiform ligament, and the arcuate subpubic 
ligament (Fig. 1.11). The penile suspensory ligament proper 
spans between the pubis symphysis and the tunica albuginea 
which invests the corpus cavernosa [20]. The fundiform liga-
ment is a thin superficial band that courses just anterior to the 
penile suspensory ligament proper but does not have a direct 
attachment to the tunica albuginea [20], and the arcuate sub-
pubic ligament is a thick triangular arch that lies just poste-
rior, spanning between the two inferior pubic rami underneath 
the pubic symphysis [21].

There are both true and false ligaments that support the 
bladder and prostate in the male (Fig. 1.12). The lateral true 
ligaments are fibroareolar ligaments derived from transver-
salis fascia (otherwise known as the tendinous arch of the 
endopelvic fascia) overlying the levator muscles that connect 
directly to the external muscular fascia of the bladder. The 
posterior vesical ligaments are formed by continuations of 
fibrous tissue derived from the posterior vesical venous 
plexus located laterally at the base of the bladder and drain 
into the internal iliac veins on either side. Similarly, the lat-
eral puboprostatic ligaments also derive from tendinous arch 
of the endopelvic fascia derived from the transversalis fascia 
and insert onto the fibrous sheath of the prostate. The medial 
puboprostatic ligaments run from the inferior portion of the 
pubis and insert onto the anterior prostatic fibrous sheath.

�The Trigone

The vesical trigone has historically been described as having 
embryological origins from the common nephric duct and ure-
ter [22, 23], and possibly the detrusor muscle itself as well [24]. 
It is composed mainly of smooth muscle and forms a significant 
portion of bladder base that spans between the ureteral orifices 
and the urethral opening, and continues down the posterior wall 
of the urethra all the way to the external urethral meatus. 
Although the trigone is identified as a muscular structure, its 
action is akin to a rigid structure with more ligamentous proper-
ties than muscular. This rigid structure is then manipulated by 
bladder and endopelvic musculature to open the urethral orifice 
during micturition events (via the LMA and LP), and close the 
urethral orifice during continence (via the PCM) (Fig. 1.9).

�Pelvic Myology

�Embryologic Considerations

The embryologic development of the pelvic musculature 
occurs as a result of a complex orchestrated dance that involves 
the spinal column, the lower limbs, the abdominal wall, the 

Fig. 1.9  Anterior, middle, and posterior segments of the ATFP liga-
ment and its actions related to the LP and LMA mechanisms involved 
in micturition
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peritoneal sac, the urogenital system, and the gastrointestinal 
tract. Muscular development within the pelvis occurs in a sec-
ondary process related to signaling that is derived from these 
many concurrently developing systems, and is largely outside 
the scope of this book. That being said, there are a few basic 
concepts that will be discussed that can lend to a better under-
standing of normal and variant pelvic anatomy.

During the 5th and 6th weeks of embryologic development, 
the distal hindgut, or cloaca, forms the allantoic diverticu-
lum, which will later carry the umbilical vessels and eventu-
ally become the median umbilical ligament [25]. The 
urorectal septum forms within the dilated terminal hindgut 
that separates the cloaca into the ventral urogenital sinus, and 
the dorsal rectum.
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During the 8th week, mesenchymal tissue that originates 
from the caudal eminence then migrates along the cloacal 
membrane to form the superficial perineum and its associ-
ated musculature that derives from the cloacal sphincter and 
innervated by the pudendal nerve [26]. This mesenchymal 
thickening divides itself into superficial and deep layers, 
which will become the superficial perineum and the deep 
perineum. The superficial perineum (or superficial perineal 
pouch) will later contain the superficial transverse perineal 
muscle, the bulbospongiosum, the ischiocavernosus, the 
crura of the penis and bulb of the penis in males, and the 
crura of the clitoris and vestibular bulbs in the female. The 
deep perineum (or deep perineal pouch) will develop into the 
external anal sphincter, the deep transverse perineal muscle, 
and the membranous (external) urethral sphincter.

After the 12th week, the cloacal sphincter divides into the 
ventral sphincter of the urogenital sinus and the more dorsal 
external anal sphincter. By the twentieth week, the urogeni-
tal sinus has further developed to include the superficial 
peroneal muscles and urethral sphincter, and deep peroneal 
muscles and anal sphincter [27]. Importantly, the levator ani 
and coccygeus muscles derive from mesenchymal tissue 
superior to where the perineum originates, and during 
embryonic development they descend into the pelvis.

�Individual Considerations

�The Psoas Major, the Psoas Minor, and the Iliacus
The muscles of the true pelvis do not include the psoas major, 
the psoas minor or the iliacus, nor do they include any of the 
muscles of the anterior abdominal wall. The psoas major 
arises from the lumbar vertebrae, is innervated by the nearby 

ventral rami (L1–L3), and can be divided into deep (posterior) 
and superficial (anterior) portions. The deep psoas major 
originates from the lumbar transverse processes (L1–L4) and 
the superficial psoas major originates from the lateral portion 
of the vertebral bodies and intervertebral discs at similar lev-
els (T12–L4), with the lumbar plexus running in between. 
The psoas minor muscle is a variably present structure in 
humans, and lies anterior and medial to the psoas major. It is 
a smaller, thinner muscle that follows the psoas major across 
the ilium and is innervated by the L1 ventral ramus, however 
it most commonly inserts onto the iliopubic eminence, 
whereas the psoas major crosses over the iliopubic eminence 
to insert onto the lesser trochanter of the femur.

The iliacus muscle is a broad fan-shaped muscle that sits 
within the iliac wing. It joins the psoas major muscle to 
become the iliopsoas, and also crosses over the iliopubic 
eminence to insert on the lesser trochanter. The iliacus is 
innervated by the femoral nerve (L2–L3). The psoas major, 
the psoas minor, and the iliacus all act as hip flexors to raise 
the leg and are illustrated in Fig. 1.13.

�The Obturator Internus and Piriformis Muscles
The true pelvis is lined with muscles in much the same way 
that the false pelvis is lined by the iliacus and the iliopsoas. 
In the true pelvis, it is the obturator internus and the pirifor-
mis that are set against the sidewalls (Fig. 1.14).

The obturator internus is a broad based muscle that origi-
nates from the obturator membrane and surrounding ischium, 
travels posterior to cross out of the pelvis at the lesser sciatic 
foramen, and inserts onto the greater trochanter of the femur. 
Interestingly, this acute right-angle configuration of the obtu-
rator internus muscle belly and tendon is preserved all the 
way back to 6-week-old embryos—before even the anatomy 
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of the pelvic bones is determined [28]. The obturator inter-
nus is innervated by the nerve to the obturator internus, 
derived from L5–S1, and acts to laterally rotate the thigh. 
The fascia overlying the obturator internus thickens to form 
a strong band that spans between the ischial spine and pubis, 
known as the arcus tendineus levator ani, (ATLA) which 
anchors much of the pelvic diaphragm anteriorly.

The piriformis muscle acts similarly to the obturator inter-
nus muscle. It originates from the anterior and lateral aspects 
of the sacrum, with interdigitating fingers along the sacral 
foramina. It passes out of the pelvis to cross over the greater 
sciatic foramen and insert onto the greater trochanter—mak-
ing it a lateral rotator of the hip as well. Of clinical signifi-
cance, the sciatic nerve passes between the obturator 
internus and the piriformis muscles as it exits the pelvis to 
course down the posterior thigh, and thus is a possible ana-
tomic area for entrapment (Piriformis syndrome). The piri-
formis nerve is derived from the ventral rami of S1-S2.

�The Pelvic Diaphragm
Just as there are two major muscles that line the pelvic side-
walls, there are two major muscles that make up the floor of 
the pelvis, i.e., the pelvic diaphragm. These two muscles are 
the coccygeus and the levator ani (which can be divided into 
the iliococcygeus, the pubococcygeus, and the puborectalis) 
(Fig. 1.15).

The coccygeus muscle makes up the smaller, posterior 
portion of the pelvic diaphragm. It is a broad fan-shaped 
muscle of the pelvis that originates from the ischial spine and 
sacrospinous ligament and inserts onto coccyx and anococ-
cygeal body. The coccygeus muscle is innervated by the ven-
tral rami of S4–S5.

The levator ani is a group of three muscles that com-
prises the majority of the muscular pelvic floor. The first, 
the iliococcygeus, is the most posterior of the three and 
originates from the medial side of the inferior ischium and 
the obturator fascia and runs across the pelvic floor to the 

Twelfth rib

Psoas major

Iliacus

Sacrotuberous
ligament

Iliopsoas

Iliopectineal arch

Ischial
spine

Pubic
symphysis

Pubic
tubercle

Lesser
trochanter

Intertrochanteric
line

Greater trochanter

Sacrospinous
ligament

Inguinal ligament

Anterior superior
iliac spine

Iliac crest

Promontory

L5 vertebra

Psoas minor

Fig. 1.13  The psoas major, psoas minor, and iliacus muscles

1  Anatomy, Neuroanatomy, and Biomechanics of the Pelvis



16

Short rotator muscles of hip

Piriformis

Superior gemellus

Inferior gemellus

Quadratus femoris

Obturator
internus

Fig. 1.14  The obturator 
internus muscle, piriformis 
muscle, quadratus femoris 
muscle, and superior and 
inferior gemellus muscles

Urethra
Puborectalis
muscle

Pubococcygeus
muscle

Iliococcygeus
muscle

Anococcygeal
raphe

Coccygeus
muscle

Anus

Levator ani
muscle

Perineal body

Fig. 1.15  The levator ani and 
coccygeus muscles

C. Madsen and D.A. Gordon



17

anococcygeal body and coccyx. The iliococcygeus is com-
monly much less well developed when compared to the 
other components of the levator ani, and may be present 
only as a thick fibrous band. The pubococcygeus originates 
from the posterior inferior portion of the pubis and the 
arcus tendineus levator ani, and inserts onto the anococcy-
geal body and coccyx, and represents the majority of the 
levator ani musculature. The puborectalis muscle forms a 
sling around the rectum which aides in bowel continence. It 
originates from the posterior inferior portion of the pubis, 
medial to the pubococcygeal origin, and runs along either 
side of the rectum to unite with itself on the posterior side 
of the rectum.

Additional fibers from the pubococcygeus create sling 
mechanisms around the prostate (males) and vagina 
(females) and are appropriately termed the puboprostatic 

and pubovaginalis muscles. The levator ani complex is 
chiefly innervated by the ventral rami of S4–S5, although 
it does receive some nerve fibers from the pudendal nerve.

�Pelvic Myofascial Support
The fascial superstructure of the pelvis represents a complex 
web of fibrous support that derives from the lower extremi-
ties, the muscular torso, and many of the intra-abdominal 
organs. The pelvic fascia can be divided into three distinct 
substructures—the inner stratum, the intermediate stratum, 
and the outer stratum (Fig. 1.16).

The inner stratum is a subperitoneal fibrous layer investing 
the gastrointestinal tissue of the rectum. The rectal fascia forms 
the anterior lamella of Denonvilliers’ fascia and covers the rec-
tal arteries and nerves. The intermediate stratum is a layer that 
is contiguous with the renal fascia (Gerota’s fascia) that has 
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contributions from the anterior and posterior lamina of the 
renal fascia, the perirenal fat, and the ureteral sheath and con-
tinues inferiorly to make up the vesical and prostatic fascia. In 
the female, the intermediate stratum invests the uterus and the 
blood vessels supplying the uterus and vagina. The outer stra-
tum consists of the transversalis fascia and its continuation 
throughout the pelvis, and is named regionally by the structures 
it covers, such as the iliac fascia, the psoas fascia, the iliacus 
fascia, the obturator fascia, and the pectineal fascia which con-
tinues down to form the posterior portion of the femoral sheath.

The endopelvic fascia, pelvic diaphragmatic fascia, and the 
lateral pelvic fascia are also continuous with the outer stratum, 
and thus, the transversalis fascia. This layer also forms the pos-
terior portion of the inguinal ligament and the internal spermatic 
fascia. The tendinous arch of the pelvic diaphragm (ATFP) is a 
thickened band of fibrous tissue that runs from the pubis sym-
physis to either ischial spine, and is a distinct structure from that 
of the tendinous arch of the levator ani, which is a thickening of 
the obturator fascia and forms the wall of the ischiorectal fossa.

�Peritoneal Reflections in the Male

The superior aspects of the pelvic organs are covered with a 
peritoneal lining much like a linen cloth draped over them, 
which creates multiple folds and pockets over and in between 
important anatomic structures. Deep in the pelvis lies the 
rectovesical pouch, commonly termed the “cul-de-sac,” 
which is simply the pocket of space that lies between the 
bladder and rectum near the level of the seminal vesicles. 
The sacrogenital folds extend posteriolaterally from the 
bladder to the sacrum, marking the lateral boundary of the 
rectovesical pouch. There is a peritoneal depression on either 
side of the rectum that extends to the sacrogenital folds, this 
space is termed the perirectal fossa (Fig. 1.17).

The peritoneum near the bottom of the rectovesical pouch 
fuses early in life, creating a double layer of peritoneum, with 
resultant absorption of the peritoneal lining which leaves only 
a fibrous extraperitoneal connective tissue continuation that 
forms the anterior lamella of Denonvilliers’ fascia.

As the peritoneum continues anteriorly and superiorly from 
the seminal vesicles and over the dome of the bladder, it forms 
three distinct folds that extend from the anterior abdominal 
wall. The median umbilical fold is in the midline and covers 
the urachus, which becomes the median umbilical ligament. 
Just lateral to this, on either side of the median umbilical fold, 
lies the medial umbilical folds that are composed of the oblit-
erated umbilical arteries, and thus travel between the internal 
iliac arteries and the umbilicus. The supravesical fossa is 
found on either side in between the median and medial umbili-
cal folds. The lateral umbilical folds cover the epigastric ves-
sels and make up the lateral margins of the median umbilical 
(paravesical) fossa, with the lateral inguinal fossa on the lat-
eral side (Fig. 1.18).

�Peritoneal Reflections in the Female

The peritoneal coverings of the female pelvis are very much 
similar to that in the male, with the important differences relat-
ing to the presence of the uterus (Fig. 1.17). The uterus lies 
between the bladder and the rectum within the female pelvis, 
and thus there is no rectovesical fossa. Rather, there is the 
recto-uterine fossa (pouch of Douglas), which is much deeper 
than the rectovesical fossa in males, and extends nearly all the 
way to the anus. The vesico-uterine fossa is a much less devel-
oped recess between the female bladder and the uterus, and 
divided from the recto-uterine fossa by the broad ligaments.

The broad ligaments are covered by peritoneum derived 
from both anterior and posterior surfaces of the uterus.

�The Perineum

The perineum is the anatomic term for a diamond shaped 
region superficial to the pelvic diaphragm that lies between 
the ischial tuberosities on either side, the pubis symphysis 
anteriorly and the coccyx posteriorly. By definition, the deep 
border of the perineum is the fascia of the levator ani. The 
perineum is commonly subdivided into anterior and posterior 
regions, the urogenital triangle and the anogenital triangle, as 
well as deep and superficial compartments. The perineal 
membrane divides the superficial and deep compartments. 
The urogenital triangle includes all of the structures anterior 
to the ischial tuberosities, and the anogenital triangle includes 
all of the structures posterior to the ischial tuberosities.

In the male, the deep perineal compartment contains the 
deep perineal muscles, external urethral sphincter and the 
bulbourethral glands; the superficial compartment contains 
the superficial perineal muscles, the ischiocavernosus, the 
bulbospongiosus, and the crura and bulbs of the penis 
(Fig.  1.19). In the female, the deep perineal compartment 
contains the deep perineal muscles, the compressor urethrae 
muscle, and the urethrovaginal sphincter; the superficial com-
partment contains the ischiocavernosus, the bulbospongiosus, 
the deep perineal muscles as well as the vestibular bulbs, 
Bartholin’s glands, and the crura of the clitoris (Fig. 1.20).

�The Anogenital Triangle

The anogenital triangle contains the anus, the external anal 
sphincter and the ischioanal fossa that lies on either side. 
Although there is no consensus on the matter, the external 
anal sphincter has historically been divided into three 
regions—the subcutaneous region, the superficial region, and 
the deep region. More recently, however, the subcutaneous 
and superficial regions have been combined, leaving just the 
superficial and deep compartments of the external anal 
sphincter [29]. The anal sphincter mechanism is composed of 
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the external anal sphincter, the internal anal sphincter, and the 
puborectalis. The external anal sphincter is innervated by the 
pudendal nerve (S2–S4) and is made up of skeletal muscle 
under conscious control as well as tonic contraction with 
reflex activity as a result of increased intra-abdominal pres-
sure. The details of the anal sphincter physiology and neuro-
modulation will be discussed in detail in a later chapter.

�The Male Urogenital Triangle

The urogenital triangle in the male almost exclusively con-
tains the structures associated with the base of the penis—the 
bulb and crura of the penis and its associated musculature 

(Fig. 1.19). This includes the structures from the superficial 
perineal pouch (superficial perineal muscles, the ischiocav-
ernosus, the bulbospongiosus, and the crura and bulbs of the 
penis), and the deep perineal pouch (deep perineal muscles, 
external urethral sphincter and the bulbourethral glands). 
The fascia overlying the rectus and external oblique muscles 
continues into the perineum to become the deep perineal fas-
cia (Gallaudet’s fascia) and is associated with the ischiocav-
ernosus, the bulbospongiosus, and the superficial perineal 
muscles and continues further into the penis as the deep fas-
cia of the penis (Buck’s fascia). Similarly, Scarpa’s fascia of 
the anterior abdominal wall continues into the perineum, 
renamed Colle’s fascia, and further into the penis and scro-
tum as dartos fascia.
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�The Female Urogenital Triangle

Just as can be found in the male, the female urogenital tri-
angle is heavily dominated by the structures of the female 
genitalia. In addition to the mons pubis, the labia majora 
and minora, and clitoris, this includes the structures of the 
deep perineal compartment (deep perineal muscles, com-
pressor urethrae muscle, and the urethrovaginal sphincter) 
and the superficial perineal compartment (the ischiocaver-
nosus, bulbospongiosus, deep perineal muscles, as well as 
the vestibular bulbs and Bartholin’s glands). The female 
superficial and deep fascial layers are the same as those 
found in the male as described above; however, by conven-
tion they retain the names superficial perineal fascia and 
deep perineal fascia.

�The Blood Supply of the Pelvis

The bilateral common iliac arteries split from the abdominal 
aorta at the fourth lumbar vertebrae to course along the pel-
vic brim underneath the superior hypogastric nerve plexus 
and each of the ureters. Most commonly, the right common 

iliac artery is longer than the left, as the left internal iliac 
artery take-off is sooner than that of the right internal iliac. 
The common iliac veins run inferior and medial to their arte-
rial counterparts, with the right common iliac artery coursing 
directly superior to the vein after it crosses the midline. The 
vascular structures of the pelvis are illustrated in Fig. 1.20).

The internal iliac arteries from either side provide the 
great majority of blood flow to the pelvis, and are commonly 
described as having anterior and posterior divisions. The 
external iliac arteries continue along the pelvic brim and 
medial border of the psoas to pass underneath the inguinal 
ligament and become the femoral arteries. The spermatic 
artery and vein, the vas deferens and the genital branch of the 
genitofemoral artery all pass over the external iliac vessels as 
they course through the pelvis into the leg. Only two arteries 
contributed to the pelvis from the external iliac system—the 
inferior epigastric artery of the anterior abdominal wall and 
the deep circumflex iliac artery that courses towards the 
ASIS to supply the lateral abdominal wall and even gluteal 
region. A great deal of variant blood vessel anatomy exists 
within the pelvis, and thus, by convention the branches of the 
internal iliac artery are named by the structure to which they 
travel and feed.
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�Internal Iliac Vasculature

The internal iliac arteries divide into anterior and posterior 
divisions near the greater sciatic notch, with the posterior 
division having three main branches and the anterior divi-
sion having three groups of three branches each (9 total). 
The divisions of the posterior branch of the internal iliac 
artery include the superior gluteal, lateral sacral, and ilio-
lumbar arteries. The branches of anterior division of the 
internal iliac artery include three urinary branches (superior 
vesical, inferior vesical and the obliterated umbilical artery), 
the three visceral branches (middle rectal, and uterine artery 
and vaginal branches in the female, and three parietal 
branches (obturator, internal pudendal and inferior gluteal). 
As a general rule, the venous drainage of the pelvis mirrors 

the arterial structure, and the vessels can be found as paired 
named vessels—though there tends to be multiple veins for 
each named artery.

�Pelvic Venous Plexuses

There are a number of venous plexuses within the pelvis that 
are associated with either the pelvic viscera or the sacrum 
itself. In simple terms, there is a venous plexus associated 
with each of the major pelvic structures in both the male and 
female that receives blood from the veins of that particular 
structure (Fig. 1.21). The uterine, vaginal, and rectal plex-
uses drain into the internal iliac vein; however, these 
plexuses have free communications with the vesical and 

Fig. 1.19  (a) Structures of the male perineum. (b) Structures of the female perineum
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retropubic plexuses which drain directly into both the inter-
nal iliac vein and the internal pudendal vein. The larger 
prostatic venous plexus (of Santorini) in the male drains 
directly into the internal pudendal vein. The rectal plexus 
represents an important portosystemic venous anastomosis 
between the inferior rectal veins that drain through the iliac 
system, and the superior rectal veins that drain through the 
portal system.

�The Lymphatic Drainage of the Pelvis

Similar to the venous drainage of the pelvis, the lymphatic 
drainage of the pelvis tends to follow the arterial inflow for 
the structure being drained. This can be simplified by group-
ing the lymph nodes by the major arteries that they follow, 
i.e., the common iliac, the external iliac and the internal iliac. 
The internal and external iliac lymph node basins drain into 
the common iliac lymph node chain, which in turn, drains 
into the para-aortic nodes (Fig. 1.22).

The external iliac lymph node chain is divided into three 
groups according to its position along the external iliac vessels. 
The three groups consist of the external chain, the middle chain 

and the internal chain. The external chain lies lateral to the 
external iliac vessels, the middle chain lies anterior to the exter-
nal iliac vessels, and the internal chain lies medial to the exter-
nal iliac vessels. The external chain drains the deep and 
superficial inguinal nodes, the glans penis and clitoris, and the 
inferior portion of the anterior abdominal wall. The internal 
chain shares all of the same major drainage reservoirs with the 
external chain; however, it also drains portions of the bladder, 
prostate and urethera.

The internal iliac lymph node chain drains into the mid-
dle chain of the external iliac lymph node chain and most 
commonly has drainage patterns contiguous with the distri-
bution of the anterior division of the internal iliac artery. The 
majority of pelvic lymphatic drainage occurs through this 
system.

The common iliac lymph node chain is divided into the 
same three groups that the external iliac is divided—the 
external chain, middle chain, and internal chain. These 
merely represent continuations of the same lymph channels 
of the external iliac, with one important difference. The 
internal chain receives additional lymphatic drainage from 
the bladder neck and prostate in males, and the uterus and 
vagina in females.
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�The Innervation of the Pelvis

The nerves of the pelvis comprise of a complex network of 
somatic spinal nerves and autonomic sympathetic and para-
sympathetic nerve plexuses densely intertwined with each 
other and the other structures within the pelvis. In general, the 
somatic nerves (lumbar, sacral, and coccygeal plexuses) 
innervate the striated voluntary musculature of the pelvis and 
lower limb, and transmit sensory information back to the 
spinal cord. The sympathetic and parasympathetic nerves 
(pelvic splanchnic nerves) provide smooth muscle and glan-
dular innervation via the pelvic, lumbar, and sacral splanchnic 

nerves. Below is a (very) brief overview of pelvic neurology, 
as you will find in-depth discussions regarding specific 
nerves, muscles and conditions throughout this book as they 
pertain to each topic.

�Somatic Innervation

The somatic nerves of the pelvis that comprise the sacral 
plexus derive from the ventral rami of the L4–5 and S1–4 
nerve roots and course across the piriformis muscle and dis-
tribute throughout the pelvis (Fig. 1.23). The sciatic nerve and 
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gluteal nerve branches exit the pelvis to innervate the lower 
leg and buttocks, respectively. The pudendal nerve (S2–S4) 
provides innervation for the skin of the perineum as well as the 
pelvic floor musculature. Historically, the pudendal nerve has 
also been attributed to at least partially innervating the levator 
ani, however, this has recently come into question [26]. The 
levator ani is, more definitively, innervated by the sacral nerve 
plexus (S2–S4) and the coccygeus muscle is innervated by the 
coccygeal nerve (S4–S5). The individual branches of the 
sacral plexus will be described in detail in later chapters.

�Autonomic Innervation

The pelvic autonomic innervation derives from the aortic plexus 
which contains both sympathetic and parasympathetic fibers, 
and the pelvic splanchnic nerves (S2–S4) which contain para-
sympathetic and sympathetic fibers (Fig. 1.24). Parasympathetic 
fibers (S2–S4) within the pelvis act to contract detrusor smooth 
muscle, stimulate (vasodilate) erectile tissue, and inhibit con-
traction of the internal urethral sphincter and internal anal 
sphincter (promote waste excretion). Sympathetic fibers (T5–
L2) within the pelvis act to mediate ejaculation and bulboure-
thral gland secretion (males) or Bartholin’s gland secretion 
(females) and contract the internal urethral sphincter and inter-
nal anal sphincter (promote waste storage).

The superior hypogastric plexus is a continuation of para-
sympathetic and sympathetic fibers of the aortic plexus and 
resides within the extraperitoneal connective tissue on top of 
the sacral promontory and L5 vertebrae. This divides into the 

left and right inferior hypogastric nerves which descend into 
the pelvis on top of the sacral plexus and piriformis muscle. 
The right and left inferior hypogastric nerves then combine 
with the pelvic splanchnic nerves and branch to their final des-
tinations. These include the vesical plexus, the uterovaginal 
plexus in females and the prostatic plexus in males, ureteric 
plexus, testicular plexus (males), and middle rectal plexus. 
The sacral nervous plexuses originate within the deep endo-
pelvic fascia and will travel along this plane until closer to its 
target organ. Away from the pelvic sidewall, the majority of 
sympathetic fibers run just underneath the peritoneum whereas 
the parasympathetic fibers and organ specific plexuses lie 
within the loose areolar connective tissue (intermediate stra-
tum). Care must be used when performing dissection within 
the pelvis, as often the synapses for autonomic innervation of 
specific structures lies away from the organ itself.
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�Introduction

The primary physiologic function of the posterior pelvic 
floor is bowel continence and evacuation. The muscles of 
the pelvic floor act as both a supportive base for the abdom-
inal viscera and provide mechanisms for continence. The 
bony pelvis provides the attachments for these muscles that 
surround the external orifices. These muscles are inner-
vated by both the parasympathetic and sympathetic ner-
vous systems.

Dysfunction of the pelvic floor contributes to morbidity 
and decreased quality of life in many patients, especially 
the geriatric population. Baseline pelvic floor muscle tone 
and neurologic integrity both play a role in the mainte-
nance of fecal continence. In addition, there can be varia-
tion in the regulation of stool due to systemic disease, 
bowel motility, stool consistency, as well as cognitive and 
emotional factors. Understanding the anatomy, innerva-
tion, and reflexes of the pelvic floor and anal sphincters is 
the key to assessing disorders of continence and treating 
this patient population [1].

�Posterior Pelvic Floor Physiology

�Pelvic Floor and Anal Sphincters

The muscular pelvic floor consists of both superficial and 
deep muscles, both of which play a role in continence. The 
superficial pelvic floor muscles are most relevant to anal 
canal function are the (1) external anal sphincter, (2) perineal 
body, and the (3) puboperineal transverse muscles, which are 
considered. The deep pelvic floor muscles consist of the (1) 
pubococcygeus, (2) iliococcygeus, (3) coccygeus, and (4) 
puborectalis muscles (Fig. 2.1). These muscles originate at 
the pectinate line of the pubic bone and obturator internus 
fascia, and insert at the coccyx. The puborectalis muscle may 
be more accurately described as located between the superfi-
cial and deep layers. The muscle originates at the inferior 
pubic ramus, tracks posteriorly, wrapping around the rectum 
as it descends, and attaches to the contralateral pubic ramus.

The internal anal sphincter (IAS) and external anal 
sphincter (EAS) are the major constrictors of the anal canal. 
The IAS develops from a thickening of the circular colonic 
muscle layer (Fig. 2.2). As it progresses distally, it thickens 
and develops an increased number of muscle fibers. This 
makes the IAS histologically different from the upper 
colonic circular muscle layer. Involuntary, autonomic 
innervation is divided between sympathetic and parasym-
pathetic nerves. Sympathetic nerves arise from the lower 
thoracic ganglia, creating the superior hypogastric plexus. 
Parasympathetic innervation arises from sacral nerves 2 
through 4, forming the nervi erigentes and the inferior 
hypogastric plexus (Fig. 2.3). The IAS maintains a constant 
level of tone, preventing fecal incontinence. It is believed 
that the interstitial cells of Cajal (ICC) maintain this tone. 
Unlike the remainder of the gastrointestinal tract, where the 
interstitial cells of Cajal create rhythmic muscle contrac-
tions, studies using imatinib mesylate have shown that the 
ICCs create a constant level of tone in the IAS [2].
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The inferior hypogastric plexus further divides to form the 
superior, middle, and inferior rectal nerves. These nerves syn-
apse with the myenteric plexus of the rectal muscle to regu-
late tone. Sympathetic activation, via β-adrenergic receptors, 
creates and maintains internal anal sphincter tonicity, and 
thus involuntary continence. Parasympathetic innervation uti-
lizes nitric oxide to cause sphincter relaxation [3].

The external anal sphincter (EAS) is comprised of three 
(3) muscular layers: (1) subcutaneous layer, (2) superficial 
layer, and (3) deep layer (Fig. 2.2). The subcutaneous portion 
lies distal to the internal anal sphincter, the superficial sur-
rounds it, and the deep portion merges with the puborectalis 
muscle. Some consider the deep portion to be a part of the 
puborectalis muscle rather than a muscular component of the 
EAS muscle complex [4]. The EAS attaches to the perineal 
body and transverse perinei muscle anteriorly, and moves 

posteriorly to attach to the anococcygeal raphae. Laterally 
the EAS connects with the transverse perinei muscle. New 
MRI/ultrasound work has suggested that the EAS muscle 
complex is actually a purse-string morphology, rather than a 
“donut” configuration. In this purse-string arrangement, the 
EAS musculature continues (with the transverse perinei 
muscle) to the contralateral attachment [4]. The concept of 
this configuration is further supported by the fact that both 
the anorectal angle changes and the coccyx is pulled anteri-
orly during contraction of the external anal sphincter.

Comprised of voluntary muscle fibers with resting tonicity, 
the EAS is innervated by sacral motor neurons that arise in 
Onuf’s nucleus and travel through the pudendal nerve (S2–
S4). This monosynaptic reflex creates resting sphincter tone. 
This tone is abolished with spinal anesthesia and impaired in 
disorders such as diabetes. The fact that EAS tone can be over-

Fig. 2.1  Pelvic floor (anterior and 
posterior). With permission from 
Jorge JMN Habr-Gama 
A. Anatomy and Embryology of 
the Colon, Rectum, and Anus. In: 
Beck DE, Wexner SD, David 
E. Beck, Steven D. Wexner, Hull 
TL, Roberts PL, Senagore AJ, 
Stamos JM, Steele SR, eds. The 
ASCRS Manual of Colon and 
Rectal Surgery, 2nd Edn. Springer, 
New York, 2014; pp:1–25

Fig. 2.2  Internal and external anal 
sphincter. With permission from 
Jorge JMN Habr-Gama 
A. Anatomy and Embryology of 
the Colon, Rectum, and Anus. In: 
Beck DE, Wexner SD,David 
E. Beck, Steven D. Wexner, Hull 
TL, Roberts PL, Senagore AJ, 
Stamos JM, Steele SR, eds. The 
ASCRS Manual of Colon and 
Rectal Surgery, 2nd Edn. Springer, 
New York, 2014; pp:1–25
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come by spinal anesthesia suggests that there may be a spinal 
reflex that helps to maintain external anal sphincter tone, and 
thus continence. A study by Broens et  al. suggests that, in 
addition to previously documented reflexes and autonomic 
and somatic innervation, an “external sphincter continence 
reflex” exists, due to a spinal reflex that utilizes receptors in 
the mucosa and submucosa of the distal anal canal. The con-

cept of this reflex was supported by the knowledge that the 
incidence of incontinence increases following mucosectomy 
and that patients with high spinal cord injuries (above the level 
of T5) can maintain some degree of continence [5].

The pudendal nerve (via S3-S4) innervates the puborectalis 
and levator ani muscles. In cases of severe pudendal nerve 
injury, such as a traumatic injury, both the EAS and pelvic floor 
musculature can be affected and fecal incontinence may result.

The sensory function of the rectum is a very important com-
ponent to consider. This allows for the discrimination of solid, 
versus liquid, versus gas components of stool. These specialized 
cells and their attendant histologic arrangement are constructed 
within the distal rectum. The distal rectum extends from approx-
imately 2.5–15 mm above the anal valves and can sense prick, 
light touch, hot and cold. Again, it is this sensory ability that 
helps discriminate between gaseous flatus and solid stool. 
Above this level, the rectum is only able to sense distention. The 

inferior rectal branch of the pudendal nerve is responsible for 
this sensory ability in the lower rectum. Stretch receptors in the 
rectal wall and surrounding pelvic fascia, via S2-4 parasympa-
thetic fibers, contribute to higher rectal sensation.

In addition to the musculature and neurologic compo-
nents of continence, the physical orientation of the rectum 
and associated pelvic floor muscles creates an orientation, 

called the Anorectal Angle that ultimately develops a valve-
like structure, believed to assist in continence. The puborec-
talis muscle, by nature of its attachments, pulls the rectum 
anteriorly. This causes apposition of the rectal mucosa. As 
intraabdominal pressure increases, pushing down on the rec-
tum and contents, the anorectal angle becomes more acute, 
causing a tightening of the valve-structure. This develop-
ment relies on the rectal reservoir to tolerate the rising vol-
ume of fecal material traveling into the rectum. These 
complex and mixed voluntary and involuntary movements 
facilitate the development of a stripping wave, which moves 
the stool from the rectum and relaxes the pelvic floor mus-
cles and the anus resulting in stool evacuation [6, 7]. 
Figure 2.2 shows the anorectal angle at rest, constriction and 
defecation. There comes a point where rectal capacity will 
be reached, and overflow incontinence may ensue if defeca-
tion is not initiated voluntarily.

Fig. 2.3  Innervation of the posterior pelvic 
floor. With permission from Jorge JMN 
Habr-Gama A. Anatomy and Embryology of 
the Colon, Rectum, and Anus. In: Beck DE, 
Wexner SD, David E. Beck, Steven 
D. Wexner, Hull TL, Roberts PL, Senagore 
AJ, Stamos JM, Steele SR, eds. The ASCRS 
Manual of Colon and Rectal Surgery, 2nd 
Edn. Springer, New York, 2014; pp:1–25
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�Anorectal Reflexes

There are multiple reflexes that assist in the maintenance of 
continence. The cutaneous-anal reflex is a contraction of the 
anal sphincter with scratching of the perianal skin. An S4 
sensory and motor efferent and afferent from the pudendal 
nerve is responsible for this reflex. Due to the rapid fatigabil-
ity of the anal sphincter, it is important to test this particular 
reflex early in sphincter testing proceedings. Patients suffer-
ing from cauda equina syndrome lack this reflex.

The bulbocavernosus reflex is the sensation of pelvic floor 
contraction with the squeezing of the glans of the penis or the 
clitoris. This reflex is perpetuated through the pudendal 
nerve (S2–S4).

The Rectal Anal Inhibitory Reflex (RAIR) is the act of 
IAS relaxation in response to distention of the rectum. RAIR 
plays an important role in fine adjustments of continence. 
The reflex starts with fecal material or flatus coming in con-
tact with sensory receptors in the upper anal canal. These 
receptors sample the fecal contents and create a sense of 
awareness with regard to the contents (flatus versus stool). 
This reflex is responsible for one’s ability to pass flatus and 
stool independently. This reflex is absent in patients with 
Hirschsprung’s disease, and may be damaged by an over-
generous myotomy in a lateral internal sphincterotomy. 
While the relaxation of the IAS is a temporary phenomenon, 
thus preventing fecal incontinence, the IAS tone does not 
return fully to baseline, but rather a new “plateau pressure” 
which continues to maintain contraction of the sphincter 
complex [3].

The Rectal Anal Excitatory Reflex, in contrast, is the con-
traction of the EAS in response to rectal distention. This reflex 
prevents involuntary fecal incontinence, and is regulated by 
the splanchnic nerves (S2–S4 parasympathetic fibers). These 
splanchnic nerves may be considered to be associated with the 
pudendal nerve and as would follow, a pudendal nerve block 
will remove this reflex. The cough reflex is a polysynaptic 
reflex that develops in response to a rapid increase in intraab-
dominal pressure. This reflex causes contraction of the anal 
sphincters, thus preventing fecal incontinence during cough-
ing, laughing, shouting, or any other activity causing a rapid 
increase in intraabdominal pressure.

�Pelvic Floor Dysfunction

Physiology of the pelvic floor combines sensory input, ana-
tomical variants, mechanical factors, and reflexes. Correlating 
physiologic properties with clinical pathology and patient 
symptoms has led to improvements in testing for specific 
defects. Pelvic floor dysfunctions (PFD) is common, affect-
ing up to 10–15 % of the population with even higher inci-
dence in women and the elderly, with significant impact on 
quality of life, emotional well-being, and ability to actively 

participate in society [8]. Etiologic risk factors for PFD 
include: (1) vaginal parity, (2) aging, (3) hormonal status, (4) 
pelvic surgery, (5) collagen diseases, (6) toilet training before 
complete myelination of the spinal tracts, and (7) depression. 
Clinical improvement requires a well-thought-out strategy. 
Definitive management and complete resolution of inconti-
nence is rare and a combination of treatment options is 
essential for improving the quality of life in patients.

As with most clinical pathologies a complete history is 
essential in patients with pelvic floor dysfunction. Even more 
important is asking the right questions. Detailed questions 
about bowel habits may help to differentiate between pelvic 
floor dysfunction and other more concerning and immediate 
pathology such as obstruction due to cancer. Repeated visits 
to the bathroom with incomplete emptying, self-assistance in 
defecation with support of the perineum or posterior vaginal 
wall, and soiling in the absence of urge incontinence are all 
signs of pelvic floor pathology and are more chronic in 
nature. In addition, repeated questionnaires can be beneficial 
to systematically obtain history as well as provide quality of 
life information that may be followed through treatment 
modalities. There are multiple fecal incontinence scoring 
systems which are used to grade and categorize both the 
subjective and objective effects of incontinence.

Patients with pelvic floor dysfunction can usually be 
divided into one of two broad categories. The first and largest 
group is comprised of parous women suffering from long-term 
sequelae of pregnancy and childbirth. The second is men and 
nulliparous women who suffer from prior surgical interven-
tion, connective tissue disorders, neuromuscular disorders, 
including adult neuromuscular sequelae of Hinman’s syn-
drome or from more psychological and behavioral problems. 
The latter group tends to be misdiagnosed with irritable bowel 
syndrome (IBS) although significant life events such as physi-
cal or emotional abuse, eating disorders, and other psychologi-
cal stress have been shown to have a strong association with 

pelvic floor dysfunction later in life. The most common condi-
tions include constipation, obstructed defecation, fecal incon-
tinence, and pelvic pain. Each of these can be very limiting to 
patient’s ability to function normally in the world.

Immediate surgical intervention has lost appeal due to 
disappointing long-term improvement and morbidity. The 
1980s utilized subtotal colectomy for slow transit constipa-
tion and postanal repair for incontinence. Therapeutic 
options have increased in the last decade with sacral nerve 
stimulation providing a tremendous option and preventing 
the need for a stoma or severely limiting conservative ther-
apy. Surgical correction of rectal intussusception has also 
shown improvement in symptoms leading to further study on 
a perhaps unrecognized pathogenesis of incontinence. 
Providing patients with a multidisciplinary approach has 
shown improvements in quality of life. Early conservative 
management utilizes the assistance of a pelvic floor physi-
ologist and specialist nurse to correctly diagnose underlying 
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pathology. Even after a patient has been diagnosed with a 
defecatory problem, conservative treatment (increased 
dietary fibers, removal of constipating medications, increased 
fluid intake) should be attempted first. If this does not 
improve the patient’s condition, then laxatives (both osmotic 
and stimulant) should be trialed. If the patient continues to 
suffer from dysfunctional defecation, then more testing 
should be performed [9]. Surgical input is recommended 
early from a colon and rectal surgeon and a radiologist with 
expert training in defecography and pelvic anatomy.

�Constipation
Chronic constipation can be described as reduced frequency 
or difficulty of defecation. There are two major types of con-
stipation: slow transit and outlet obstruction. Slow transit is 
associated with decreased motility of fecal material within 
the colon. Outlet obstruction occurs when the patient has dif-
ficulty evacuating contents from the rectum. The normal act 
of defecation includes performance of a Valsalva maneuver, 
with an increase in intra-abdominal and rectal pressures, as 
well as relaxation of the rectal and anal sphincters.

Functional constipation is related to slow transit colonic 
constipation, which is rather uncommon, and evacuation prob-
lems or a combination in which the motility of the colon slows 
over time secondary to difficulty in evacuation. Patients with 
slow transit or true colonic motility disorders do not experi-
ence the same urge or call to stool. Bloating, heaviness, and 

abdominal discomfort become more apparent. High-grade 
internal rectal prolapse has been chronically misdiagnosed as 
IBS with delayed surgical consultation. Most patients with a 
functional disorder have fecal incontinence, need for digitiza-
tion, incomplete evacuation, and toilet revisiting [1].

There is a potential third type of constipation that is 
essentially a combination of anatomic obstructive constipa-
tion and functional constipation. Essentially, this type of 
patient exhibits characteristics of both. It is the patient with 
levator based hypertonic pelvic floor dysfunction, with the 
hypertonicity focused at the level of the “puborectalis mus-
cle.” Here, the hypertonicity of the puborectalis changes the 
anorectal angle and makes it more acute thereby creating a 
type of anatomic obstructive constipatory effect. This type of 
obstruction then can lead to an exaggerated beta III effect 
which in turns slows down colonic transit time and further 
precipitates constipation (Figs. 2.4, 2.5, and 2.6).

�Fecal Incontinence
Fecal incontinence can be described as either associated with 
urgency or occur as a passive event. Incontinence is the inabil-
ity to defer the passage of gas, liquid or solid stool until the 
desired time. Fecal urge incontinence (FUI or active inconti-
nence) is the loss of stool despite efforts to control it. It may be 
associated with inflammatory changes in the rectum such as 
prostatitis as well as carcinoma, or may be associated with a 
problem with the external anal sphincter. Disastrous events of 

Puborectalis, external
and internal anal
sphincters contracted

Holding
• • •

•
•

A B C
Initiation

Puborectalis and
external anal
sphincter relax
Levator ani, abdominals,
and diaphragm contract

Internal and external
anal sphincters relax
Rectum contracts

Completion

Fig. 2.4  Anorectal angle. Modified from Gianna Rodriguez, John C. King, Steven A. Stiens. Dysfunction and Rehabilitation. http://clinicalgate.
com/neurogenic-bowel-dysfunction-and-rehabilitation/
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high volume incontinence can be socially crippling and 
associated with high levels of anxiety. Passive Incontinence is 
the loss of stool without awareness and is more often a physi-
ologic outcome from a deficient internal anal sphincter or ana-
tomic deformity. True anorectal prolapse or rectal 
intussusception results in a variable and unpredictable inconti-
nence often resulting in underwear staining or release of small 
pellets rather than high volume. Abnormal rectal sensation can 
lead to incontinence due to hyperacute sensation in inflamma-
tory pathology and blunted sensation leading to Overflow 
Incontinence.

Mixed symptoms may also occur as a consequence of pas-
sive loss of stool that is retained in the rectum or rectocele as 

a result of incomplete evacuation. This seems counterintuitive 
and results in misdiagnosis with only marginally reduced 
sphincter tone. These patients tend to benefit most from lapa-
roscopic ventral rectopexy with improvement in continence.

Anal canal pressure is the major determinant of the 
strength of the anal continence mechanism. Pressures can be 
measured using anatomic and functional studies. Resting 
pressures are mostly related to the internal anal sphincter and 
voluntary squeeze pressure increase can be attributed to the 
external anal sphincter. At the same time, the anatomical 
location and association of the IAS, EAS, and puborectalis 
can be isolated based on pressure readings along the length 
of the anal canal. Pressure studies have found that fecal 

Fig. 2.5  Perineal body with pelvic floor (anterior and 
posterior). Modified from http://teachmeanatomy.info

Fig. 2.6  Neuromuscular aspects of voiding
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incontinence is rarely associated with an isolated dysfunction 
but rather the degree of incontinence is associated with a 
composite effect of damage to the three continence muscles. 
Biofeedback therapy has resulted in improvement of fecal 
incontinence symptoms associated with improvement in 
levator ani function, rather than improved contraction of the 
IAS or EAS.

�Pelvic Pain
Chronic pelvic pain is a challenging frustrating and usually 
multidisciplinary clinical issue. The component part that make 
up the bulk of chronic pelvic pain syndromes are addressed in 
other chapters in this text. This includes a special chapter on 
the biology of chronic pelvic pain. Nevertheless, suffice it to 
say that most patients have been assessed by multiple special-
ists including urologists, gynecologists, and colon and rectal 
surgeons. They often seek assistance from pain management 
specialists with variable improvement on a socially limiting 
chronic condition. The original pathophysiologic source of 
their pain (endometriosis, prolapse, postpartum pain) may 
become lost in a long series of surgical interventions that if not 
treated with care, logic and sophistication may actually make 
the whole process worse. Please refer to the other sections in 
this book for more relevant details on the pathogenesis and 
treatment on chronic pelvic pain.

�Physiologic Testing (Fecal Incontinence v. 
Constipation)

A variety of testing options now exist for definitive diagnosis 
of physiologic deficits leading to fecal incontinence and con-
stipation. A combination of defects may contribute to the 
clinical symptoms, including fecal retention, prolapse, and 
incontinence. Less invasive testing methods are being devel-
oped with increased use of imaging modalities rather than 
direct physiologic testing with proven success. Diagnostic 
testing now includes:

	1.	 Anorectal manometry
	2.	 Balloon expulsion testing
	3.	 Saline continence testing
	4.	 Neurophysiologic testing
	5.	 Pelvic floor imaging
	6.	 Dynamic functional testing

Anorectal physiologic testing concentrates on two major 
areas: neurologic function and muscular function. If one or 
both of these is altered, clinical pathology occurs as retention, 
constipation, incontinence, or an array of symptoms. Muscles 
have a relatively simple function: they shorten from the inser-
tion point towards the origin. In the case of the pelvic floor, 
the pubococcygeus, iliococcygeus, and ischiococcygeus  

contracting result in the coccyx moving anteriorly (ventrally) 
toward the pubic bone, thus transforming a basin into a dome 
and lifting the contents of the abdomen, providing support. 
Laxity of this muscular support results in perineal descent 
and may lead to pelvic floor dysfunction [10].

�Anorectal Manometry

The techniques for anorectal manometry have evolved drasti-
cally over the years. Such testing has progressed from bal-
loons or water sacs to water perfusion and most recently 
microtransducers. Manometry measures the pressures within 
the anal canal and distal rectum that provides information 
about the function of the internal and external anal sphincters. 
Anal manometry testing is most useful in evaluation of fecal 
incontinence with suspected sphincter dysfunction. The test-
ing involves an anorectal probe, pressure-recording device, 
balloon for inflation within the rectum, and a monitoring sys-
tem. Stool evacuation or enema before the test is optimal to 
prevent interference of the recordings. Anal canal pressures 
are then measured using the pull-through technique that cre-
ates a reflex sphincter contraction. The probe begins measure-
ments at 6 cm and is subsequently removed at one-centimeter 
increments from the rectum to the anal verge [11–14].

Pressures that may be recorded during anorectal manom-
etry include squeeze pressure, which is attributed to an 
increase in pressure as the external anal sphincter is volun-
tarily contracted, as well as resting pressures. Resting pres-
sures are usually around 40–70  mmHg and the majority 
comes from the IAS. If IAS is compromised, the mean pres-
sure may be lower. Squeeze pressures are normally 2–3 times 
the baseline resting pressure and the EAS is the main con-
tributor. Obstetric and traumatic defects can result in 
decreased squeeze pressure.

New 3D high definition anorectal manometry (3DHRAM) 
has the advantage of providing a pressure recording over the 
entire length and circumference of the anal canal, allowing a 
more useful physiological assessment of anorectal function. 
One study with 3DHRAM established normal values in 
asymptomatic volunteers. Increasing age was associated 
with lower maximum resting pressure, mean resting pres-
sure, and maximum squeeze pressure [15]. This study also 
showed that there are significant gender differences concern-
ing squeeze pattern—maximum squeeze pressure, residual 
anal pressure, and intrarectal pressure were significantly 
higher in males compared to females [15].

The cough reflex can be assessed with a rapid increase in 
intraabdominal pressure with associated increase in contrac-
tion of the EAS to maintain continence. A sphincter defect or 
innervation injury may result in a weaker cough reflex 
response. Rectal sensation can be measured by distending the 
rectal balloon and assessing the patient’s response including 
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first sensation of urge and maximal tolerable volume. This 
gives the clinician insight into the sensory perception of the 
patient. Rectal hypersensitivity is associated with fecal incon-
tinence with increased frequency of defecation. Incontinent 
patients may have hyposensitivity and suffer from passive 
incontinence from overflow [16–20].

�Balloon Expulsion Testing

Balloon expulsion testing can be used to evaluate rectal expul-
sion ability by inflation of a water-filled rectal balloon. This 
test, when performed correctly, should be able to uncover 
those patients who suffer with obstructed defecation. Normal 
patients should be able to expel a balloon containing 
50–150 mL of water. Patients with enlarged rectums may have 
normal range of intrarectal pressure, but are unable to expel 
the balloon. This study may assist in evaluation of a patient 
with a hypertonic nonrelaxing pelvic floor muscle tone or even 
spasm in conjunction with other modalities [21, 22].

�Saline Continence Testing

Saline continence testing evaluates the ability of the sphinc-
ters to remain continent during continuous infusion of saline 
into the rectum. Normal patients can accommodate approxi-
mately 1.5 L of saline without significant leakage. Patients 
with weak sphincter function or reduced rectal compliance 
can begin to leak with as little as 250–600 mL [7, 23–26].

�Neurophysiologic Testing (PNTML & PFM EMG)

Neurophysiologic testing includes Pudendal Nerve Terminal 
Motor Latency (PNTML) and Pelvic Floor Muscle 
Electromyography (PFM EMG). PNTML sends electrophysi-
ologic impulses out to follow the course of the pudendal 
nerve and then return along its “reflex pathway,” the 
Bulbocavernosus Reflex (BCR). The time course to complete 
this reflex is measured. The pudendal nerve innervates the 
EAS, urethral sphincter, perineal musculature, mucosa of the 
anal canal, and the perineal skin. Nerve conduction velocity 
can be measured with a disposable, finger-mounted electrode 
(the St. Mark’s Electrode) placed in the rectum with stimulat-
ing and recording components placed near the ischial spine. 
The time for response at the level of the EAS is measured and 
is normally 2.0 ms. The other way to measure PNTML is to 
use a device that can electrophysiologically stimulate the 
more distal aspects of the pudendal nerve (the dorsal genital 
branches) and then follow the course through the sacrum and 
back to the recording electrodes anteriorly. Naturally, since 
the impulse is traveling a much longer distance, the time 

course is also increased. Normal values for this more anterior 
testing scenario vary from 35 to 50  ms. It is important to 
remember that PNTML cannot be interpreted in a vacuum. 
This is a complementary tool in the physiologic evaluation of 
anorectal function especially in patients with known neuropa-
thy or injury to the pudendal nerve [27, 28].

Pelvic Floor Muscle Electromyography (PFM EMG) 
samples activity of the striated pelvic floor muscles and is 
primarily used to identify EAS activity. Needle EMGs can 
provide information on nerve injury (denervation–reinnerva-
tion potentials) and aid in  locating the muscle in the EAS 
although this has been largely replaced by endoanal ultra-
sound. Patients with fecal incontinence have high fiber den-
sity and longer motor unit potentials than in controls. EMG 
may be useful in locating the striated EAS muscles prior to 
surgical intervention in imperforate anus [29–32]. Many 
colon and rectal surgeons utilize EMG for functional infor-
mation and endoanal ultrasound for anatomic information.

�Pelvic Floor Imaging

Endo-anal ultrasound is useful for imaging the sphincters 
and detecting defects in the IAS and/or EAS. It is one of the 
diagnostic cornerstones for evaluation of patients with pelvic 
floor dysfunction, especially incontinence. This may aid in 
decisions regarding surgical repair and preoperative plan-
ning [33–36]. Ultrasonography has emerged as a simple 
technique that is subject friendly, inexpensive and may be 
performed in an office setting.

Advancements in pelvic floor imaging have allowed new 
insight into the function of the pelvic floor muscles. Through 
the use of MRI, CT, and 3D ultrasound, there is now a better 
understanding of the dynamic processes that occur during def-
ecation. Changes seen in the size of the pelvic floor hiatus are 
related to the puborectalis muscle and reflect the constrictor 
function. Ascent and descent of the pelvic floor as well as cra-
niocaudal movements of the anorectal angle are predominately 
related to the contraction and relaxation of the pubococcygeus, 
iliococcygeus, and ischiococcygeus muscles [1].

�Dynamic Functional Testing (Defecography)

Dynamic functional testing can be achieved with fluoro-
scopic defecography or MR defecography. The latter has 
been shown to demonstrate more detailed anatomic informa-
tion and be more accurate at diagnosis of intussusception 
although both may be useful in detection of anorectal angles, 
rectal emptying, rectal intussusception, rectal prolapse, and 
rectocele. During defecography, contrast is used to fill the 
rectum and is most useful for evaluation of outlet obstruction 
and prolapse. Patients may limit the study with false positive 
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results due to embarrassment and inability to relax the pelvic 
floor. The ability to relax the puborectalis muscle and 
increase the anorectal angle from 75 to 90° at rest to 110–
180° is necessary for evacuation [37–40].

�Posterior Physiology: In Conclusion

The normal functioning of bowel continence relies on the 
complex interactions of various neural pathways with the 
rectum and anus and the pelvic floor. A thorough compre-
hension of these relationships is important in the diagnostic 
and therapeutic approach to the patients who have pelvic 
floor dysfunction.

�The Perineum and Perineal Body

The perineum is a diamond shaped area between the coccyx 
posteriorly and the pubis anteriorly. This area is flanked by 
the ischial spines laterally. The diamond is further divided 
into two triangles, anterior and posterior. The anterior trian-
gle is known as the urogenital triangle while the posterior 
triangle is known as the anal triangle. The perineal body, also 
known as the central tendon of perineum is a pyramidal 
fibromuscular mass of tissue located in the middle line of the 
perineum at the junction between the anterior and posterior 
triangles. The location of perineal body is different in males 
and females. In males, it is found between the bulb of the 
penis and the anus, while in females it is found between the 
vagina and anus, and about 1.25  cm in front of the latter. 
Most importantly, it must be noted that the perineal body is 
essential for the integrity of the pelvic floor musculature.

The pelvic floor musculature is integral in maintaining 
stability and functionality of the entire anterior abdominal 
wall with the posterior wall. Without an intact, strong pelvic 
floor muscular system our entire structure would fall apart. 
This strong, intact pelvic floor muscular system is made up 
of two (2) layers of expansive musculature with robust 
puborectalis muscle in between, almost making up a third 
layer. This large volume of musculature attaches to bone and 
ligaments anteriorly, posteriorly and laterally. However, for 
these large muscles to function well in both anterior and pos-
terior positions there must be a central anchoring point. 
Obviously, an island of bone cannot really exist in that posi-
tion. Consequently, a solid, strong, fibrous piece of tissue in 
the middle of the pelvis MUST exist. This tendinous center, 
or perineal body, is a median, fibromuscular mass between 
the urogenital and anal triangles. Several muscles and fasciae 
are anchored to it, including the levator ani and the external 
anal sphincter. Perineal body is essential for the integrity of 
the pelvic floor, especially in females. It provides attachment 
to the following muscles:

–– EAS muscle
–– Bulbospongiosus muscle
–– Superficial transverse perineal muscle
–– Levator ani muscle
–– EUS
–– Deep transverse perineal muscle

Understanding the relationships of its components is cru-
cial for successful pelvic reconstructive surgical procedure. 
Now, the best way to understand this area from an anatomi-
cal perspective, as well as to help direct any surgical repair is 
to utilize MRI. Today in 2015, the use of advanced thin-slice 
MR images to identify structures within this region, define 
their 3 dimensional location, and provide a framework for 
visualizing this region’s complex anatomy.

�Anterior Pelvic Floor Physiology

�Pelvic Floor and Urinary Sphincters

The muscular pelvic floor consists of both superficial and 
deep muscles, both of which play a role in continence. The 
superficial pelvic floor muscles most relevant to anal canal 
function are the (1) external anal sphincter, (2) perineal body, 
and the (3) puboperineal transverse muscles. The deep pelvic 
floor muscles consist of the (1) pubococcygeus, (2) iliococ-
cygeus, (3) coccygeus, and (4) puborectalis muscles 
(Fig. 2.1). These muscles originate at the pectinate line of the 
pubic bone and obturator internus fascia, and insert at the 
coccyx. The puborectalis muscle may be more accurately 
described as located between the superficial and deep layers. 
The muscle originates at the inferior pubic ramus, tracks 
posteriorly, wrapping around the rectum as it descends, and 
attaches to the contralateral pubic ramus.

�Lower Urinary Tract Physiology

The lower urinary tract is predominantly comprised of the 
bladder and the urethra. The nature of the bladder is essen-
tially storage. In fact, it is the major storage organ for all liq-
uid waste (urine) that is generated by our body’s tissue. The 
base of the bladder begins to funnel into a “bladder neck” 
area which then segues into the urethra. It is this urethra that 
is a tubular conduit designed to facilitate the expulsion of 
urine. Now, at the bladder neck, there is a circular collar like 
smooth muscle known as the “internal urinary sphincter” 
(IUS). It is important to note here that the IUS is completely 
involuntary. There is no volitional control of continence at the 
bladder neck area. As one moves more distally down the ure-
thra, there is a second collar like condensation of muscle tis-
sue. The condensation of muscular tissue at this level is 
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known as the external urinary sphincter (EUS). The EUS is 
more accurately described as a rhabdosphincter. This rhabdo-
sphincter is composed in part of striated muscle. Moreover, a 
significant portion of this musculature is under volitional con-
trol. The bladder neck and proximal urethra down to the most 
distal portion of the EUS, which includes these two sphincter 
rich areas is known as the continence zone (CZ). If one looks 
at this area as a whole, that is, the bladder muscle and the 
CZ. If taken together, their function is twofold, (1) urine stor-
age and (2) urine expulsion (voiding). The storage phase (of 
urine) requires low bladder pressure that does not exceed 
bladder outlet resistance. Voiding requires (1) intact neuro-
logical pathways which govern volitional triggers for void-
ing, combined with (2) autonomic bladder muscle contraction, 
(3) adequate bladder contractility, and possibly, the most 
important aspect of all which is (4) the coordinated relaxation 
of the bladder outlet and pelvic floor.

�Physiology of Voiding

The basic process of micturition can be broken down into 
two broad categories or phases which are subsequently bro-
ken down into a total of six steps. The two phases are basi-
cally (1) urine storage and (2) bladder emptying. The six 
steps are as follows: (1) Urine is made at the kidneys and 
stored in the bladder. (2) The bladder fills with urine allow-
ing for increasing volumes at low bladder pressures. (3) At a 
certain volume, the viscoelastic properties of the bladder 
wall muscle are met and a baroreceptor mediated sensory 
signal of fullness is generated. (4) The rhabdosphincter mus-
cle voluntarily relaxes followed by the remainder of the CZ, 
(5) The bladder muscle (detrusor) then contracts in a coordi-
nated fashion, (6) The bladder is emptied through the urethra 
and urine is removed from the body.

Now it is important to realize that even though we can 
break this process down into these six discreet steps as articu-
lately, accurately, and logically as we have, that it is still over 
simplified. The physiology of voiding is an extremely com-
plex process, beyond these six steps there are elaborate layers 
of control. The text below attempts to better explain the mic-
turition process, and there is more depth in the graphic above.

The bladder is composed of bands of interlaced smooth mus-
cle (detrusor). The innervation of the body of the bladder is dif-
ferent from that of the bladder neck. The body is rich in beta 
adrenergic receptors. These receptors are stimulated by the 
sympathetic component of the autonomic nervous system 
(ANS). Beta stimulation, via fibers of the hypogastric nerve, 
suppresses contraction of the detrusor. Conversely, parasympa-
thetic stimulation, by fibers in the pelvic nerve, causes the detru-
sor to contract. Sympathetic stimulation accounts for baseline 
bladder muscle tone which is predominant during bladder fill-
ing, and the parasympathetic stimulation causes emptying.

The continence zone (CZ) which is composed of two 
sphincters control the bladder outlet. The internal sphincter 
is composed of smooth muscle like the detrusor and extends 
into the bladder neck. Like the detrusor, the internal sphinc-
ter is controlled by the ANS and is normally closed. The pri-
mary receptors in the bladder neck are alpha-adrenergic. 
Sympathetic stimulation of these alpha receptors, via fibers 
in the hypogastric nerve, contributes to urinary continence. 
The external sphincter is histologically different from the 
detrusor and internal sphincter. It is striated muscle. Like 
skeletal muscle, it’s under voluntary control. It receives its 
innervation from the pudendal nerve, arising from the ventral 
horns of the sacral spinal cord. During micturition, supraspi-
nal centers block stimulation by the hypogastric and puden-
dal nerves. This relaxes the internal and external sphincters 
and removes the sympathetic inhibition at the level of the 
detrusor to allow for unopposed parasympathetic tone via 
muscarinic receptor activation. The result is unobstructed 
passage of urine when the detrusor contracts.

Now bladder filling begins with the kidneys. Blood is fil-
tered and urine is made at which point the urine is passed on 
to the ureters. The ureters then course down from the kidneys 
down along the ventral surface of the psoas and beneath the 
uterine pedicle to finally enter the bladder into the trigone via 
the intramural ureter between the layers of the detrusor. The 
ureters use its peristaltic activity to propel urine into the 
bladder. The bladder then passively expands to accommo-
date increasing volumes of urine at low pressures. As the 
bladder expands and intravesical pressure rises, the ureters 
are compressed between the layers of muscle, creating a 
valve mechanism. This valve mechanism limits the backflow 
of urine. The normal adult bladder can hold about 500 cc of 
urine. After emptying, the bladder may still retain about 
50 cc residual volume. At about 150 cc of volume, stretch 
receptors in the detrusor begin signaling the CNS via afferent 
nerves; at 400 cc we are “seeking” an appropriate toilet.

�Physiology of Urinary Continence

Now it is extremely important to understand the mechanism 
or process of urinary continence. Moreover, this process of 
urinary continence is NOT synonymous with the CZ as 
described above. The CZ is just one of the three major com-
ponents required to maintain urinary continence. These are, 
respectively, (1) proximal urethral support, (2) the CZ, i.e. 
internal sphincter activity, and external sphincter function, (3) 
bladder muscle stability with intravesical pressure all contrib-
ute to continence. Any one alone may not be able to keep a 
patient dry. The pressures generated during a cough may eas-
ily overcome the internal and external sphincters closing 
powers, and the normal supportive mechanism works in such 
a way as to increase closure during increases in abdominal 
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pressure. Normal support, conversely, is not sufficient in and 
of itself to maintain continence, and must have sufficient rest-
ing sphincteric activity along with bladder muscle stability to 
be effective. When one element is abnormal, the other mecha-
nisms may be able to compensate and maintain continence. It 
is because there are these several interdependent parts of the 
continence mechanism that no single urodynamic parameter 
is predictive of continence. Each different etiologic type of 
incontinence reflects the malfunction of one of the anatomic 
or physiologic components of continence. Therefore, a 
knowledge of this mechanism’s structure and function is fun-
damental to an understanding of this common clinical prob-
lem. Technologic advances in the neuro-diagnostic assessment 
of the lower urinary tract have allowed for a much more 
sophisticated understanding of the process and more impor-
tantly, the ability to create and effective interventional strat-
egy to control urine leakage.

�Anterior Physiology: In Conclusion

The normal functioning of bladder continence relies on the 
complex interactions of various neural pathways with the 
bladder, CZ, and the pelvic floor. In the normal condition, we 
are able to control where and when we void. This is largely 
because the CNS is able to suppress the sacral micturition 
reflex. If the sacral reflex is unrestrained, parasympathetic 
stimulation via the pelvic nerve causes detrusor contraction. 
Detrusor contraction is suppressed via the sympathetic side of 
the autonomic nervous system. More precisely, detrusor mus-
cle stabilization is achieved with baseline sympathetic stimu-
lation mediated through beta receptors via the hypogastric 
nerve. In response to afferent stimulation, the centers above 
the brainstem become aware of the need to void. If it is appro-
priate, the somatic and parasympathetic nervous system 
relaxes the external sphincter which in turn inhibits the sym-
pathetic inhibitory effect on the bladder muscle. Finally, the 
end result is that the bladder contracts and urine is released.
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�Introduction

As a clinical researcher whose area of expertise is Geriatric 
Pelvic Medicine, the physical changes that go along with 
increasing age is incredibly interesting to me. However, from 
a more practical perspective, the biology of aging, although 
fascinating, is not something that I would be pushed to address 
in a routine clinical or administrative situation. All that not-
withstanding, questions, presumptions, and theories surround-
ing the definition of aging are inescapable. In fact, more often 
than I like to admit, I will find myself getting side tracked and 
drifting off into deep thought about what “aging really means,” 
or what patients do I consider “old”? Are they really “old”? 
Which ones might I consider “young” and compare my assess-
ments to their actual chronological age in years? Perhaps, the 
most frustrating piece of all, is that, almost invariably, after I 
come out of my intensely contemplative trance on” “aging,” 
that I end up with more questions than answers.

Let’s face it, when we discuss aging, there are so many 
issues to consider that it is difficult to get comfortable with 
some standard baseline. To complicate matters further, try to 

weigh all of the subtleties into the equation. So where do we 
begin? Perhaps the definition? Although everyone is familiar 
with the concept of aging, defining it is not so easy. In its 
simplest terms, aging signifies the passage of time. The pas-
sage of time, in and of itself, often carries a negative conno-
tation. However, in a more global sense, it is not always the 
case, especially if we would consider the presentation of 
wine. Nevertheless, for the purposes of this book, we should 
look at aging in the context of senescence, more specifically, 
“cellular senescence” where the routine biologic processes 
necessary for normal life decline in functionality which is 
consistent with “growing older” in a phenotypic sense and a 
deleterious fashion.

How important is all of this. Well, let us first ask from a 
purely chronological perspective, what is old? Arbitrarily, 
many independent and governmental organizations consider 
65 years as a reasonable number. So, let’s look at the demo-
graphics. The older population, i.e. persons 65 years or older 
number close to 44.7 million in 2013. They represented 
14.1 % of the US population, about one in every seven 
Americans. By 2060, there will be about 98 million older 
persons, more than twice their number in 2013. People 65+ 
represented 14.1 % of the population in the year 2013 but are 
expected to grow to be 21.7 % of the population by 2040. 
The information in this section of the AoA website brings 
together a wide variety of statistical information about this 
growing population.

Considering all of the above, if absolutely pressed for a 
definition, I would say that aging could be considered as a 
progressive decline in a cascade of complex biological pro-
cesses, whose culmination is intrinsically related to a slowly 
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but progressively changing phenotype which is less capable 
of responding to stress. Even if environmental factors do not 
cause aging, they certainly affect it. For example, overexpo-
sure to ultraviolet radiation accelerates the aging of the skin 
phenotype. Creating even more of a conundrum, different 
parts of the body may age at different rates. Two organisms 
of the same species can also age at different rates, so that 
biological aging and chronological aging are quite distinct 
concepts [1–71].

Before closing, let me say that I am proud Baltimorean 
(T.V. coverage, notwithstanding, it still is a beautiful town) 
and just like millions of Americans, the National Institute on 
Aging’s (NIA) Baltimore Longitudinal Study of Aging 
(BLSA) approaches its 60th birthday in 2018. The study was 
the first to ask some important basic questions: What is nor-
mal aging? Thus far, two major conclusions can be drawn 
from the Baltimore study. First, “normal” aging MUST be 
distinguished from disease. Although people’s bodies 
change and can in some ways decline over time, these changes 
do not inevitably lead to diseases such as diabetes, hyperten-
sion, or dementia. Remember, there are many disorders that 
typically occur as we get older, they are a result of disease 
processes, NOT a normal consequence of aging. Second, 
there is NO single, universally accepted chronological 
timetable for human aging. The bottom line is that we all 
age differently!

�Life Span and Life Expectancy

The average/median life span (also known as life expec-
tancy) is represented by the age at which 50 % of a given 
population survives, and maximum life span potential 
(MLSP) represents the longest-lived member(s) of the popu-
lation or species. The average life span of humans has 
increased dramatically over time, yet the MLSP has remained 
approximately constant. For 99 % of our existence as a spe-
cies, the average life expectancy for a human being was very 
short compared to the present. Daring the Bronze Age (circa 
3000 bc), the average life expectancy was 18 years due to 
disease and accidents. Average life expectancy in 275 bc was 
still only 26 years. By 1900, improved sanitation helped to 
improve the average life expectancy at birth for humans to 47 
years, but infectious disease was still a major killer. As of the 
new millennium (ad 2000), better diet, healthcare, and 
reduced infant mortality had results in an average life expec-
tancy of 77.8 years. Today, in 2015, it has reached beyond 80 
years. The increase in the average life expectancy has 
resulted in a compression of morbidity (a squaring of the 
mortality curve) towards the end of the life span. Of note, the 
longest-lived human for whom documentation exists was 
Jeanne Calment, who died at the age of 122 in August 1997. 
The longest-lived male was Christian Mortensen, who died 

in 1998 at the age of 115. As causes of early mortality have 
been eliminated through public-health measures and 
improved medical care, more individuals have approached 
the maximum life span. Between 1960 and 2000, the popula-
tion of these aged 85 years and over grew 356 %, whereas the 
elderly population in general rose 111 %, and the entire US 
population grew only 57 %.

A member of physiological functions begins a progres-
sive decline from the fourth decade onward, including the 
cardiovascular, pulmonary, renal, and immune system. In 
women, this correlates with a decline in reproductive capac-
ity. Interestingly, one study has shown that woman who are 
fertile in their forties are nearly four times as likely to survive 
to the age of 100 than woman who are not, suggesting that 
reproductive fitness later in life may be an indicator of lon-
gevity. The age of menopause has also been linked to life 
span. Controlling for socioeconomic factors, women who 
undergo menopause before the age of 40 are twice as likely 
to die before those who experience menopause after the age 
of 50. These findings hold true even when a history of estro-
gen replacement therapy is taken into account, suggesting 
that reduced estrogen alone is not responsible for the osten-
sible reduction in life span. Another study found that while 
late reproduction correlated with increased longevity in 
postreproductive Sinai women, maternal age at first birth a 
total fecundity did not appear to impact female longevity. In 
males, although spermatogenesis per ++ does not show a sig-
nificant age-related decline, testosterone levels fall with 
advancing age, and a few studies have linked reduced bio-
availability of testrone to age-related functional degenera-
tion. Therefore, it would appear that there is a link between 
reproductive health, aging, and life span (see the disposable 
soma theory discussed below).

MLSP appears to be species-specific, implying a signifi-
cant genetic component to the rate of aging. For example, 
humans have an MI.SP 25- to 30-fold higher than mice. 
Some biodemographic estimates predict that elimination of 
most of the major killers such as cancer, cardiovascular dis-
ease, and diabetes would add no more than 10 years to the 
average life expectancy, but would not affect MLSP.  This 
implies an upper limit to the MLSP. Some models suggest 
that genes operate by raising or lowering the relative risk of 
death by making cancer, coronary disease, or Alzheimer’s 
disease more likely, rather than by fixing the life span. One 
mathematical model predicts that if participants in the 
Framingham Heart Study had been able to maintain the lev-
els of 11 different risk factors similar to those of typical 30 
year old, the men and women would have survived to an 
average age of 99.9 and 97.0 years, respectively.

There are three known regimens that can extend life span. 
The first two involve lowering ambient temperature and 
reducing exercise and are effective in poikilotherms (cold-
blooded species). A 10 C drop or the elimination of a house-
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fly’s capacity to 8y extends the maximum life span 
approximately 250 %. Both of these manipulations decrease 
the metabolic rate and are accompanied by decrease in free 
radical generation and oxidative damage to protein and DNA.

The third intervention is calorie restriction, which can 
extend life span in yeast worms, flies, grasshoppers, spiders, 
water fleas, hamster, mice, rats, and dogs. Dietary restriction 
without malnutrition can increase both the average and max-
imum life spans of mice and rats by more than 50 %. 
Although calories are severely restricted (up to 40 %), essen-
tial nutrients such as vitamins and minerals are maintained at 
levels equivalent to those found in ad libitum diets. The diet-
restricted animals also exhibit a delay in the onset of physi-
ological and pathological changes with aging. These include 
hormone and lipid levels, female reproduction, immune 
function, nephropathy, cardiomyopathy, osteodystrophy, and 
malignancies. Size, weight, fat percentage, and some organ 
weights are markedly less in calorically restricted animals. 
The specific metabolic rate, the amount of oxygen consumed 
per gram of tissues, decreased in rats subjected to caloric 
restriction. However, in one study, long-term food restriction 
did not alter the metabolic rate. This finding suggests that the 
specific metabolic rate may not be a critical determinant of 
longevity. To date, life span extension in mammals by dietary 
restriction has been most convincingly demonstrated in 
rodents. However, dietary restriction in primates and in 
humans does appear to improve a number of metabolic and 
cardiovascular disease risk parameters.

�Characteristics of Aging

There is evidence supporting at least five common character-
istics of aging in mammals:

	1.	 Increased mortality with age after maturation: In the early 
nineteenth century, Gompertz first described the exponen-
tial increase in mortality with aging due to various causes, 
a phenomenon that still pertains today. In 2005, the death 
rate for all causes at the age of 25–34 was 104.4/100,000 
and at the age of 35–44 was 93.3/100,000. Death rates at 
the age of 65–74, 75–84, and 85 and over were 
2,137.1/100,000, 5,260.0/100,000, and 13,798.6/100,000, 
respectively: a greater than 130-fold increase from young 
adults to the oldest group. Indeed, the pattern of age related 
survival in similar across species, including invertebrates 
and single-cell organisms.

	2.	 Changes in Biochemical Composition in Tissues with Age:
There are notable age-related decreases in lean body 

mass and total bone mass in humans. Although subcuta-
neous fat is unchanged or declining, total fat remains the 
same [29]. Consequently, the percentage of adipose tissue 
increases with age. At the cellular level, many markers of 

aging have been described in various tissues from differ-
ent organisms. Two of the first to be described were 
increases in lipofuscin (age pigment) and increased cross-
linking in extracellular matrix molecules such as colla-
gen. Recent studies have shown that DNA damage 
markers such as gamma-112AX and 53BPI are upregu-
lated in tissues of aged primates and mice, presumably 
arising from DNA double-strand breaks (DSB) and/or 
dysfunctional chromosome ends called telomeres. 
Additional examples include age-related changes in both 
the rates of transcription of specific genes and the rate of 
protein synthesis and numerous age-related alterations in 
posttranslational protein modifications, such as glycation 
and oxidation. For instance, the p16INK4a gene product 
has been found to be upregulated in a number of tissues 
from aging individuals and animals.

	3.	 Progressive decrease in physiological capacity with age: 
Many physiologic changes have been documented in both 
cross-sectional and longitudinal studies. Examples 
include declines in glomerular filtration rate, maximal 
heart rate, and vital capacity. These decreases occur lin-
early from about the age of 20; however, the rate of physi-
ological decline is quite heterogeneous from organ to 
organ and individual to individual.

	4.	 Reduced ability to respond adaptively to environmental 
stimuli with age: A fundamental feature of senescence is 
the diminished ability to maintain homeostasis. This is 
manifested not primarily by changes in resting or basal 
parameters, but in the altered response to an external 
stimulus such as exercise or fasting. The loss of “reserve” 
can result in blunted maximum responses as well as in 
delays in reaching a peak level and in returning to basal 
levels. For example, the induction of hepatic tyrosine 
aminotransferase activity by fasting is both attenuated 
and delayed in old rodents. The immune response also 
appears to be impaired in older individuals, leading to 
reduced ability to fight infections, less protection from 
vaccinations, higher incidences of autoimmunity, and 
impaired antigen affinity and class-switching by lympho-
cytes (reviewed by Dorshkind et al).

	5.	 Increased susceptibility and venerability to disease: The 
incidence and mortality rates for many diseases increase 
with age and parallel the exponential increase in mortality 
with age. For the five leading causes of death for people 
over 65 years of age, the relative increase in death rates 
compared to people aged between 25 and 44 is: heart 
disease—92-fold, cancer—43-fold, stroke—>100-fold, 
chronic lung disease ->100-fold, and pneumonia and 
influenza—89-fold. The basis for these dramatic rises in 
mortality is completely understood but presumably 
involves changes in the function of many types of cells 
that lead to tissue/organ dysfunction and systemic illness. 
Interestingly, a retrospective study of centenarians dem-
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onstrated that they live 90–95 % of their lives in very 
good health and with a high level of functional 
independence. The centenarians do suffer a 30–50 % 
annual morality at the end of their lives, but this repre-
sents a marked compression of morbidity towards the end 
of life and is close to the idealized survival curve.

�Theories of Aging

•	 Developmental/genetic
•	 Antagonistic pleiotropy theory
•	 Longevity-associated genes
•	 Disposable soma theory
•	 Stochastic
•	 Free radical/oxidative stress
•	 Mitochondrial dysfunction theory
•	 DNA damage theory of aging

�Development/Genetic Theories

A general framework for a plausible theory of aging begins 
with attempting to understand the evolutionary basis of senes-
cence. Development-genetic theories consider the process of 
aging to be part of the genetically programmed and controlled 
continuum of development and maturation. Although this is 
an alternative motion, the diverse expression of aging effects 
is in sharp contrast to the tightly controlled and very precise 
process of development. Also, evolution selects for the opti-
mization of reproduction; the effects of genes expressed in 
later life probably do not play a large role in the evolution of 
a species. This class of theories is supported by the observa-
tion that the maximum life span is highly species specific. As 
noted above, the maximum life span for humans is 30 times 
that of mice. In addition, studies comparing the longevity of 
monozygotic and dizygotic and dizygotic twins and noutwin 
siblings have shown a remarkable similarity between mono-
zygotic twins that is not seen in the other two groups.

However, it is also likely that the interplay of genetic 
responses to extrinsic stresses may modulate the extent of 
aging. An interesting example of this theory comes from a 
study by Niedemhofer et  al. who demonstrated that aging 
mice as well as normal adult mice treated with mitomycin C 
to elevate DNA damage levels showed a shift in gene expres-
sion that was very similar to that observed in a mouse model 
of XPF-ERCC deficiency, a novel genetic disorder associ-
ated with accelerated aging. The alterations in the transcrip-
tome reflected enhanced antioxidant and anabolic pathways 
and reduced insulin growth factor (IGF-1) signaling (a 
known longevity assurance mechanism), suggesting a sys-
temic shift of the "somatotropic axis from growth to mainte-
nance under genotoxic stress. Thus, in the model of XFE/

ERCC-progeroid syndrome, the phenotypic outcomes 
depend not just on DNA damaging stimuli, which likely 
cause a functional decline, but also on the genetic adaptive 
response to the damage mediated by the IGF metabolic 
pathway.

�Stochastic Theories on Aging

�Free Radical/Oxidative Stress

Denham Harman proposed one of the oldest and most enduring 
theories of aging over 50 years ago when he postulated that 
most aging changes are due to molecular damage caused by 
free radicals, which are incompletely reduced, highly reactive 
intermediates of oxygen. The term “free radical” is misleading 
because one of these intermediates is hydrogen peroxide, 
which contains no unpaired electrons and is therefore not a 
radical. The more accurate nomenclature for these intermedi-
ates is reactive oxygen species or ROS, and for the purposes of 
discussion herein and in the context of aging theories, we use 
the term free radical interchangeably with ROS, which likely is 
what Harman intended when he named his theory of aging.

Aerobic metabolism generates the superoxide radical 
(O2”-) which is metabolized by superoxide dismutases to 
form hydrogen peroxide and oxygen. Hydrogen peroxide can 
go on to form the extremely reactive hydroxyl radical (OH). 
These oxygen-derived species can react with macromolecules 
in a self-percolating manner; they create free radicals out of 
subsequently attacked molecules, which in turn create free 
radicals out of other molecules thereby amplifying the effect 
of the initial free radical attack. ROS appear to play a role in 
regulating differential gene expression, cell replication, dif-
ferentiation, and apoptotic cell death (in part by acting as sec-
ond messengers in signal transduction pathways). In addition, 
nonradical pro-oxidants, for instance metals such as iron and 
copper that catalyze formation of the hydroxyl radical, as 
well as high concentrations of certain antioxidants can 
together generate a retrograde redox regenerative cycle, lead-
ing to homeostatic imbalance and oxidative stress.

In lower organisms, the role of antioxidants on life span 
extension is also complex. Increasing expression of the mito-
chondrial Mn-superoxide dismutase (aka SOD2) in flies has 
yielded confliction results, with one study reporting approxi-
mately 15 % extension in mean and maximum life span with-
out changes in oxygen consumption and another reporting no 
significant effect on life span. However, SOD2 reduction in 
flies reduces life span and mimics aging related defects, pro-
gressive reeducation in SOD2 activity correlates with further 
shortening of life span. This dose dependent effect of SOD2 on 
life span is consistent with over expression of SOD2 in flies.

Overexpression of Cu, Zn-superoxide dismutase (aka 
SOD1), the cytosolic superoxide dismutase, has been reported 
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to extend life span in flies by around 40–50 %; however, the 
significance of these results to the oxidative stress theory of 
aging is undercut by the facts that the majority of life extension 
was seen in the shortest-lived flies or by overexpressing 
SOD1  in tissues where there was a clear deficiency of the 
enzyme. In ant colonies, where large differences exist in life 
span between queens and workers, SOD1 activity correlates 
mostly negatively with life span with the shorter-lived males 
having higher SOD1 expression and activity compared to the 
long-lived queens. Over expression of catalase alone in trans-
genic flies also does not extend life span. Some transgenic flies 
with increased expression of both Cu/Zn-superoxide dismutase 
and catalase, which act in tandem to remove superoxide and 
hydrogen peroxide, respectively, exhibit up to a one-third 
extension of average and maximum life span. In addition, they 
exhibit increased resistance to oxidative damage and an 
increase in the metabolic potential (total amount of oxygen 
consumed during adult life per unit body weight). However, 
combinatorial over expression of the major antioxidants, 
SOD1, SOD2, catalase and thioredoxin reductase in relatively 
long-lived flies did not appear to enhance longevity. It has also 
been shown that over expressing glutathione reductase extends 
the life span of transgenic flies kept under hyperoxic or oxidant-
treated conditions, but not under ambient conditions.

C. elegans is a model system in which a number of long 
lived mutants have been identified, the role of oxidants and 
antioxidants is similarly complicated. Although nutrient sens-
ing pathways appear to be a dominant mechanism of life-span 
determination in C. elegans, a casual role for oxidative stress in 
their aging still has neither been validated nor disproved. In 
long-lived worms that overexpress daf-2, ROS production was 
higher than in wild type worms throughout the life-span, but 
protein carboxylation was reduced. The observed reduction in 
damage in the face of elevated ROS levels has been ascribed to 
compensatory protective effects due to enhanced enzymatic 
antioxidant activity from SOD proteins and glutathione’s trans-
ferees. However, treatments of wild-type C. elegans strains 
with SOD and catalase mimetics failed to extend life span 
despite increasing antioxidant activity. Yet, the role of oxygen 
tension nevertheless appears to have an effect on life span and 
oxidative damage because worms kept 1 % oxygen have lower 
carbonyl levels and show approximately 24 % increase in life 
span relative to counterparts kept at ambient oxygen.

Production of ROS in the heart, kidney, and liver of a group 
of mammals was found to be inversely proportional to the 
maximum life span, although the activities of individual anti-
oxidant enzymes were not consistently related to maximum 
life span. However, catalase overexpression targeted to the 
mitochondria does increase life span and improve functional 
health of the mice as they age. Transgenic mice that overex-
press thioredoxin, another antioxidant protein, also exhibit 
about a 30 % improvement in mean life span. A series of stud-
ies have demonstrated that oxidative stress resistance of der-
mal fibroblasts correlates with the longevity of the species.

The studies discussed above illustrate the complexity 
behind the free radical theory of aging. Antioxidants, in gen-
eral, only appear to have significant effect on life-span exten-
sion if their levels/function are limiting or under conditions of 
stress. Thus, over expression of enzymes that are already 
present to robust levels are not likely to have an effect on 
lifespan simply because increasing expression does not 
enhance catalytic efficiency of these enzymes, which are 
already operating at near optimal rates. Furthermore, given 
the importance of antioxidant enzymes, to survival of aerobi-
cally respiring organisms, there is a certain amount of redun-
dancy between different antioxidants, and different tissues 
require their individual action to different extents. This het-
erogeneity and overlap of function may also be obscuring the 
effects of altering antioxidant levels in animal models of life-
span extension. Thus, rather than overexpressing antioxidants 
alone, a more viable strategy of life-span extension perhaps 
needs to center on reducing production of ROS by modulat-
ing mitochondrial function or the prooxidant factors, which 
contribute to the deleterious effects of oxygen radicals.

�Mitochondrial Dysfunction Theory of Aging

The mitochondrial DNA/oxidative stress hypothesis repre-
sents a synthesis of several theories and therefore comprises 
elements of both stochastic and developmental-genetic 
mechanisms of aging (see below). It is proposed that ROS 
contribute significantly to the somatic accumulation of mito-
chondrial DNA mutations, leading to the gradual loss of bio-
genetic capacity and eventually resulting in aging and cell 
death. Ozawa has dubbed this the “redox mechanism of 
mitochondrial aging.” Mitochondrial DNA (mt-DNA) under-
goes a progressive age-related increase in oxygen free radi-
cal damage in skeletal muscle, the diaphragm, cardiac 
muscle, and the brain. This exponential increase in damage 
correlates with the increase in both point and dilatational 
somatic mtDNA mutations seen with age. Interestingly, 
extrapolation of the curve to the point where 100 % of car-
diac mtDNA exhibits deletion mutations gives an age of 129.

Mitochondrial DNA is maternally transmitted, continues 
to replicate throughout the life span of an organism in both 
proliferating and postmitotic (nonproliferation) cells, and is 
subject to a much higher mutation rate than nuclear 
DNA. This is due, in large part, to inefficient repair mecha-
nisms and its proximity to the mitochondrial membrane 
where reactive oxygen species are generated. Defects in 
mitochondrial respiration are found not only in normal tis-
sues but also in diseases that are increasingly manifested 
with age such as Parkinson’s diseases. Alzheimer’s disease, 
Huntington’s Chorea, and other movement disorders. 
Diseases for which mtDNA mutations have been found 
include Alzheimer’s, Parkinson’s, and a large number of 

skeletal and cardiac myopathies. Apoptosis has also been 
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associated with mtDNA fragmentation. As noted above, 
mitochondrial haplotype J is associated with human longev-
ity. However, the role of inherited and somatic mutations in 
mitochondrial DNA during human aging is clearly complex, 
and additional studies are required to gain further insight.

The idea of mitochondrial involvement in aging postulates 
that accumulation of mtDNA damage leads to defective mito-
chondrial respiration, which in turn enhances oxygen free radi-
cal formation, leading to additional mtDNA damage. However, 
the reality appears not to be quite so simple. A mouse model 
has been developed to address the issue whether phenotypic 
aging of tissues depends on mitochondrial DNA mutations. 
These mice express an error-prone version of the major mito-
chondrial DNA polymerase, poly-gamma, generated by mutat-
ing the proofreading domain of the enzyme. The mutant mice 
show fairly uniform accumulation of both deletions and point 
mutations in the mitochondrial genomes of different tissues 
and an accelerated aging phenotype. The observations from the 
mutant poly-gamma mouse model mirror previous findings 
regarding the role of mitochondrial mutations in aging. On the 
surface, these observations fit well with the free radical/oxida-
tive stress theory of aging, since mutations in mitochondrial 
genes coding for respiratory chain enzymes could in principle 
result in leakier election transfer, thus leading to increased 
accumulation of ROS. However, this does not appear to be the 
case in mouse embryonic lipolysis derived from the mutant 
mice that, despite impaired respiration, show neither augmen-
tation of ROS production nor sensitivity to oxidative stress-
medicated cell death. Lack of change in protein carboxylation 
levels is presented to support the idea that these mice suffer no 
elevation in oxidative stress, although these lesions may not be 
appropriate as the sole marker of cellular oxidative damage as 
they are detected only if they are present in a degradation-
resistant state. Furthermore, since mitochondrial deletions in 
the pol-gamma mutant mice lead to linearized mitochondrial 
genomes, another possibility is that the premature aging pheno-
type observed in these mice is the result of a DNA damage 
response (DDR) (see below) rather than accruing directly due 
to mitochondrial dysfunction. Nevertheless, the pol-gamma 
mice provide an elegant and useful system in which to further 
explore the role of mitochondrial mutations and ROS in engen-
dering the aging phenotype.

In humans, specific mutations, while increasing with age, 
seldom account for more than several percent of the total mt-
DNA. However, some studies suggest that the total percent-
age of mtDNA affected by mutations is much greater, as 
much as 85 %, and increases with age. In addition, caloric 
restriction in mice retards the age-associated accumulation 
of mtDNA mutations. Agents that bypass blocks in the respi-
ratory chain such as coenzyme Q10, tocopherol, nicotin-
amide, and ascorbic acid would be predicted to ameliorate 
some of the effects of mitochondrial disease and aging. 
Withdrawal of coenzyme Q from the diet of nematodes 
extends the life span by approximately 60 %. Calorie restric-

tion can extend life span, reduces oxidative damage in pri-
mates. There are epidemiologic studies that appear to 
implicate dietary antioxidants in the reduction of vascular 
dementia, cardiovascular disease, and cancer in humans. 
However, results to date, in treatment of patients with myop-
athies, have been variably or only anecdotally successful. 
This suggests that a complex interaction exists between pro-
oxidant and antioxidants forces in the cell and that regulation 
of the balance between the two may be the critical determi-
nant in mitochondrial, and subsequently cellular and tissue 
integrity during aging.

An increasing number of studies have implicated mito-
chondrial biogenesis and efficiency as playing significant 
roles to enhance cellular fitness and organism longevity. 
Maintenance of energy production and prevention and/or 
amelioration of oxidative stress by mitochondria are key to 
healthy aging. As previously discussed, caloric restriction is 
the most reliable intervention to extend life span in a number 
of species, including mammals such as rodents, dogs, and 
rhesus monkeys. Multiple signals modulate PGC1cc activity 
and subsequent mitochondrial production and efficiency, 
such as AMP kinas, sirloins, and nitric oxide, all of which can 
be increased by caloric restriction. Furthermore, caloric 
restriction increases mitochondrial biogenesis in healthy 
humans. However, perhaps the best intervention to enhance 
mitochondrial production and function is exercise, which can 
at least partly normalize age related mitochondrial dysfunc-
tion and can significantly reverse age-related transcriptional 
alterations. Stochastic theories propose that aging is caused 
by random damage to vital molecules. The damage eventu-
ally accumulates to a level that results in the physiological 
decline associated with aging. The most prominent example 
is the somatic mutation theory of aging, which states that 
genetic damage from background radiation produces muta-
tions that lead to functional failure and, ultimately, death. 
Exposure to ionizing radiation does shorten life span. 
However, analysis of survival curves of radiation-treated 
rodent populations reveals an increase in the initial mortality 
rate without an effect on the subsequent rate of aging. The 
life-span shortening is probably due to increased cancer and 
glomerulosclerosis rather than accelerated aging per??

�DNA Damage Theory of Aging

�Somatic Mutation, DNA Repair, Error 
Catastrophe
The DNA repair theory is a more specific example of the 
somatic mutation theory. Impairment of genomic maintenance 
has been strongly implicated as a major casual factor in the 
aging process. Defects in DNA repair mechanisms form the 
basis of a majority of human progeroid syndromes (see below). 
The ability to repair ultraviolet radiation-induced DNA damage 

in cell cultures derived from species with a variety of different 
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life spans is directly correlated with the MI.SP. Unfortunately, 
there is not enough experimental support to conclude that these 
differences between species are a causative factor in aging. 
Although the prevailing belief has been that overall DNA repair 
capacity does not appear to change with age, several studies 
now indicate that repair of oxidative DNA damage lesions via 
base excision repair (BER) becomes more inefficient in aged 
mice. Calorie restriction can restore the age-related decline in 
BER. Repair of DNA double-strand breaks (DSRs) is also com-
promised in replica lively senescent human fibroblasts and in 
fibroblasts and lymphocytes taken from older humans.

Additionally, the site-specific repair of select regions of 
DNA appears to be important in several types of terminally 
differentiated cells. Biochemically, oxidative DNA damage 
has been shown to affect specific DNA sequences more than 
others, with the most affected sequences corresponding to 
conserved motifs in transcriptional elements involved in the 
regulation of stress response genes. Studies in cultured human 
neurons show that promoters of genes involved in memory, 
stress protection, and neuronal survival sustain selective oxi-
dative stress-mediated DNA damage and exhibit reduced 
BER. Transcriptional profiling of the human frontal brain 
cortex reveals that the genes under the control of these pro-
moter elements also show the most reduced function after the 
age of 40. Thus, DNA damage to specific areas of the neuro-
nal genome appears to contribute to age-related cognitive 
decline. Future studies will need to focus upon repair rates of 
specific genes rather than indirect general measurements.

The error-catastrophe theory also centers on the role of DNA 
integrity in the aging process and proposes that random errors in 
synthesis eventually occur in proteins that synthesize DNA or 
other “template” molecules. Generally, errors occurring in pro-
teins are lost by natural turnover and simply replaced with error-
free molecules. Error-containing molecules involved in the 
protein-synthesizing machinery, however, would introduce 
errors into the molecules that they produce. This could result in 
amplification such that the subsequent rapid accumulation of 
error-containing molecules results in an “error catastrophic” that 
would be incompatible with normal function and life. Although 
there are numerous reports of altered proteins in aging, no direct 
evidence of age-dependent protein mis-synthesis has yet been 
reported. The altered proteins that do occur in aging cells and 
issues are, instead, due to posttranslational modifications such as 
oxidation and glycation. The increases in altered proteins appear 
to be due to decreased clearance in older cells.

�Models of Aging

�Accelerated Aging Syndromes in Humans

Although no disease exists that is an exact phenotypic copy 
of normal aging, several human genetic diseases including 
Hutchinson–Gilford syndrome (the “classic” early onset 

progeria seen in children), Werner’s syndrome (“adult” 
progeria), Cockayne’s syndrome or NFE syndrome (another 
childhood-onset progeroid disease), and Down’s syndrome 
exhibit features of accelerated aging.

Hutchinson–Gilford Progeria Syndrome (HGPS) is an 
extremely rare autosomal recessive disease in which aging 
characteristics begin to develop within several years of birth. 
These include wrinkled skin, stooped posture, early hair loss, 
and growth retardation. HGPS patients suffer from advanced 
atherosclerosis, and myocardial infarction is the usual cause of 
death by the age of 30. However, unlike Werner’s syndrome 
patients (see below), these patients do not typically suffer from 
cataracts, glucose intolerance, and skin ulcers. IIGPS is a lam-
inopathy resulting from a single nucleotide substitution (1824 
C> T) in the nuclear envelope, laminins A and C. The muta-
tion leads to activation of a cryptic splice site and production 
of a transited version of the precursor protein, prelamin A, 
denoted progerin or LAA 50, which then leads to formation of 

abnormal nuclear lamina and delayed nuclear reassembly, as 
well as DNA damage and chromosomal abnormalities.

Werner’s syndrome (WS) is an autosomal recessive inher-
ited disease. Patients prematurely develop arteriosclerosis, 
glucose intolerance, osteoporosis, early graying, loss of hair, 
skin atrophy, and hypogonadism. However, patients do not 
typically suffer from Alzheimer’s disease or hypertension. WS 
patients have an increased predisposition to cancer with a 
higher than unusual incidence of sacromatous (mesenchymal) 
tumors develop cataracts in the posterior surface of the lens, 
not in the nucleus as is usually seen in older people. In addi-
tion, they develop patients die before the age of 50, usually of 
myocardial infarction or cancer. The gene responsible for WS 
has been localized to chromosome 8 and appears to be a heli-
case, an enzyme involved in unwinding DNA. DNA helicases 
play a critical role in DNA replication and repair. Cells from 
WS patients display chromosomal instability, shortened telo-
meres, elevated rates of gene mutation, and non-homologous 
recombination. Furthermore, WS is characterized by hyper-
sensitivity to the chemical carcinogen, 4-NQO, crosslinking 
agents, and the topoisomerase inhibitor, camptothecin, sug-
gesting impairment of DNA repair mechanisms.

Cockayne’s syndrome (CS) is a congenital autosomal 
recessive disorder characterized by stunted growth, extreme 
sensitivity to sunlight, retinopathy, deafness, nervous system 
abnormalities, and premature aging. This is a progressive 
disease that becomes apparent after 1 year of age and leads 
to mortality by 12 years of age. There are also more rare vari-
ants, one of which manifests at birth and another which pres-
ents milder symptoms and appears in late childhood CS 
results from mutations in the transcription-coupled repair 
(TCR) and global genomic (GG) repair proteins, ERCC6 and 
ERCC8, also known as Cockayne’s Syndrome B (CSB) and 
Cockayne’s Syndrome A (CSA), respectively. The CSA pro-
tein is a 396-amino acid protein with no known enzymatic 
activity and is part of a multicomponent ubiquitin ligase 
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complex that also includes the DNA damage binding protein 
DDB. Not much is known about its specific role in producing 
the CS phenotype, CBS consists of 1493 amino acids and is 
a member of the SW12/SNF2 family of DNA-dependent 
ATPases. Although there is no phenotypic difference in dis-
ease whether it arises from mutations in CSA or mutations in 
CSB, approximately 80 % or CS cases have mutated 
CSB. Neither the site nor the specific nature of CSB muta-
tions appears to correlate with severity of the disease, and in 
one patient, complete loss of the CSB gene product led to 
photosensitivity, but not CS, suggesting that there may be an 
environmental or epigenetic component to the disease. 
Surprisingly, unlike Werner’s syndrome and other DNA 
repair defect diseases, Cockayne’s syndrome patients do not 
have a significantly higher incidence of cancer unless they 
also suffer xeroderma pigmentosum (XP), which is linked to 
a strong predisposition to skin cancer.

People with Down’s syndrome have trisomy or a transloca-
tion involving chromosome 21. They suffer from the early 
onset of vascular disease, glucose intolerance, hair loss degen-
erative bone and joint disease, and increased cancer. The life 
span is apparently 50–70 years (not as short as previously 
believed, since earlier mortality may have represented neglect 
of these individuals). Dementia occurs earlier and more often 
in patients with Down’s syndrome than is the general popula-
tion. Patients develop neuropathological changes similar to the 
changes seen in dementia of Alzheimer’s type, including amy-
loid deposition and neurofibrillary tangles. This may be related 
to the presence of the B-amyloid gene on chromosome 21.

Although not strictly classified as progeroid syndromes, 
two diseases that bear mention are Fanconi’s anemia (FA) and 
dyskeratosis congentita (DS). Fanconi’s anemia is a rare auto-
somal recessive blood disorder, associated with multiple clini-
cal symptoms. Classified as a developmental rather than 
progeroid disorder, FA is nevertheless characterized by several 
aspects of premature aging syndromes, including childhood 
onset bone marrow failure, susceptibility to squamous cell car-
cinomas, and congenital deformities. Furthermore, FA patients 
exhibit growth hormone and thyroid hormone deficiencies, 
glucose intolerance, and premature infertility. There are 13 
FANC genes in which biallelic mutations lead to FA. Their 
protein products can aggregate into different core protein 
complexes in the muscles; one of the complexes acts as a ubiq-
uitin ligase to modify another FANC complex, thereby facili-
tating its recruitment to chromatin foci in conjunction with the 
BRCAI, BRCA 2, and Rad51 DNA repair proteins. Not sur-
prisingly, FA cells exhibit chromosomal instability and are 
highly susceptible to several forms of DNA damage, particu-
larly inter-strand cross-links (ICL), therefore displaying acute 
sensitivity to cisplatin, mitomycin, and nitrogen mustard.

More significantly, cells derived iron FA patients are uniquely 
sensitive to ambient air and show a definitive effect of oxygen 
concentration on formation of chromosomal aberrations. 

Repeated hypoxia-reoxygenation cycles have been shown to 
induce premature senescence of bone marrow cells in a murine 
model of FA. Together, these observations suggest that the dra-
matic bone marrow dysfunction and chromosomal aberrations 
observed in FA likely stem from ROS-mediated DNA damage 
to hematopoietic cells. Additionally, there is evidence that 
multi-polymerization of FANC proteins and formation of 
nuclear complex 1 may be redox dependent, suggesting that the 
observed sensitivity to DNA damage may be compounded by 
an inability of mutated FANC proteins to facilitate recognition 
and repair of DNA damage. Thus, with its progeroid features 
and the mechanistic convergence of oxidative stress and DNA 
damage in its etiology, FA appears to be the only human model 
for the stochastic theories of aging.

Dyskeratosis congenital is a rare syndrome associated 
with severe bone marrow failure around the age of 30 years. 
In addition, DC patients suffer from aging-associated pathol-
ogies such as increased risk of cardiopulmonary failure and 
malignancy, early graying of hair, changes in skin pigmenta-
tion, brittle nails, and immune system failure which manifest 
itself as mucosal leukoplakia. DC is also characterized by 
chromosomal instability and telomere shortening at the cel-
lular level. The X-linked version of DC results from muta-
tions in the dyskerin gene DKC1 that appear to impair its 
association with TERC, the RNA component of telomerase, 
whereas the autosomal form arises from mutations in the 
TERC gene itself. Additionally, DC patients exhibit a uni-
form reduction in TERC itself. Thus, DC is unique in being 
the only human syndrome with progeroid features associated 
with telomere dysfunction, long considered a major caus-
ative biomarker of aging.

Consistent with the classic theories of aging, the human 
progeroid syndromes discussed above suggest that the criti-
cal determinants of aging are likely to be oxidative stress 
levels, accumulation of DNA damage/chromosomal instabil-
ity, and nonfunctional or reduced DNA repair mechanisms. 
These three features have formed the basis of a number of 
animal and cellular models of aging, which are discussed 
below and which recapitulate the phenomenon of aging to 
varying degrees.

�Cellular Senescence as a Model for Aging

The complexity of studying aging in organisms has led to the 
use of well-defined cell culture systems as models for cellular 
aging or senescence. Hayflick and Moorhead pioneered the 
model of replicative senescence and identified normal human 
diploid fibroblasts in culture as an experimental system for 
aging by observing an initial period of rapid and vigorous 
proliferation, invariably followed by a decline in growth rate 
and proliferation, invariably followed by a decline in growth 
rate and proliferative activity, finally leading to cessation of 
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proliferation. This model proposed that aging is a cellular as 
well as an organismal phenomenon and that the loss of func-
tional capacity of the individual reflected the summation of 
the loss of critical functional capacities of individual cells. It 
is important to note that populations of senescent cell types 
(although not all) are thought to be resistant to apoptosis med-
icated by caspase 3 and inhibited by bc1-2. In culture, they 
can be maintained for years in a post mitotic (nonproliferat-
ing) state with regular changes of culture medium.

Although a majority of studies on cellular senescence 
have been conducted on skin and fetal lung fibroblasts, lim-
ited in vitro life span has been reported for glial cells, kerati-
nocytes, vascular smooth muscle cells, lens cells, endothelial 
cells, lymphocytes, and human breast epithelial cells 
(IIMEs). In vivo, serial transplants of normal somatic tissues, 
such as skin and breast, from old donor mice to young genet-
ically identical recipients show a decline in proliferative 
activity and eventual failure of the graft. Similarly, skin from 
old donors retained an increased susceptibility to carcino-
gens whether transplanted to young or old recipients.

Do changes in cells in culture parallel changes in cells 
from aging organisms? The replicative life span of fibroblasts 
in culture is inversely related to the maximum life span of 
several diverse vertebrate species. Studies suggest that the 
replicative life span of cells in culture is inversely related to 
the age of the donor in both humans and rodents. This in-
vivo/in-vitro relationship also hold for several different cell 
types, including skin fibroblasts, hepatocytes, keratinocytes, 
arterial smooth muscle cells, and T lymphocytes. However, in 
these cross-sectional studies, there is a great deal of variabil-
ity, and the correlation coefficient, though statistically signifi-
cant, is low. Cells cultured from healthy individuals do not 
appear to exhibit a consistent age-related proliferate capacity. 
Cells from people with Werner’s syndrome do senesce more 
rapidly in culture than age-matched controls; however, a con-
sistently similar relationship does not hold for cells from 
people with Hutchinson–Gilford syndrome. Thus, under 
some circumstances, the proliferative characteristics of cells 
during aging in vivo are maintained in culture. There are sev-
eral studies that point to an accumulation of senescent cells 
in vivo with advancing age of both humans and primates.

The number of population doublings achieved before 
reaching a replicative limit is intrinsic to different cell types. 
Even more significantly, cells derived from animals that are 
the result of reproductive cloning via nuclear transfer show 
the same replicative proliferative capacity and rate of telo-
mere shortening as the donor cells, suggesting an inherent 
mechanism of cellular life-span determination that occurs 
after nuclear transfer. The number of times the cells divide is 
more important in determining proliferative life span than 
the actual time the cells spend in culture. Cells continuously 
passaged in culture until the end of their proliferative life 
span achieve approximately the same number of population 

doublings (PDLs) as cells that are held in a stationary phase 
for an extended period (months) and then re-cultured until 
senescence. Therefore, under a given set of culture condi-
tions, cells seem to possess an intrinsic mechanism that 
“counts” the number of divisions and not the time that passes.

However, suboptimal culture conditions or environmental 
stresses can adversely affect cellular replicative life span, 
leading to accelerated loss of proliferative capacity that is 
referred to as premature senescence or stress-induced prema-
ture senescence (SIPS). A number of acute exogenous 
stresses can lead to premature senescence, including, but not 
limited to, (1) oxygen radical producers, (2) extensive thera-
peutic radiation, (3) chemotherapeutic drugs, and (4) high 
oxygen tension culture. Additionally, creation of endogenous 
DNA damage due to failure of repair mechanisms and ele-
vated ROS stemming from mitochondrial dysfunction or 
oncogene activation can also lead to rapid induction of a per-
manent proliferative arrest.

In morphological and biochemical respects, SIPS is 
almost identical to replicative senescence, leading to the idea 
that all exhaustion of replicative capacity may be form of 
stress-induced proliferative arrest. In accordance with this 
idea, one pervasive common denominator between replica-
tive and SIPS appears to be induction of a DDR (and 
reviewed in). In fact, a persistent DDR and elevated intracel-
lular ROS production appear to play a critical role not only 
in the induction of the senescent phenotype but also in its 
maintenance.

Products of the retinoblastoma (Rb) and p53 tumor sup-
pressor genes have been identified as the major molecular 
pathways implicated in cellular senescence. The Tb gene 
product is not phosphorylated in senescent cells. Simian 
virus 40 large T antigen, which is bound by the p53 and Rb 
gene products, can facilitate escape from senescence. 
Furthermore, treatment with antioxidase oligonucleotides to 
the Rb and p53 tumor suppressor genes can extend the 
in vitro life span of human fibroblasts. The p21 CIP/WAF1 
and p12 INK4a inhibitors of cyclin kinases (and therefore 
cell cycle progression) are overexpressed in senescent cells. 
The p21 protein appears to act by forming complexes with 
members of the family of E2F transcription factors in senes-
cent cells (Rh/CDK2/cyclin E or with the Rb-related p107/
CDK2/cyclin D), downregulating transcriptional activity, 
and thereby inhibiting progression through the cell cycle. 
Targeted disruption of the p21 gene delays the onset of 
senescence in fibroblasts derived from human lung. However, 
adrenocortical cells express high levels of p21 throughout 
their in vitro life span, up to and including senescence. Skin 
fibroblasts from patients with L1-Fraumeri syndrome are 
heterozygous for p53. These cells in culture lose the remain-
ing p53 allele and in vitro aging, suggesting that p53 and p21 
are not required for senescence. In senescent cells, p16 com-
plexes to and inhibits both the CDK4 and CDK6 cell cycle 
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kinases. Induction of expression of p16 by demethylation 
dependent pathways or of p21 by demethylation-independent 
pathways can induce senescence in immortal fibroblasts that 
do not express p53. Of genes whose expression is required 
for G1/S cell cycle progression, senescent fibroblasts express 
no cdk2 and cyclin A and reduced amounts of the G1 cyclins, 
C, D1, and E, compared to young cells. The expression of 
early G1 markers, but not late G1 markers, indicates that 
senescent cells may be blocked at a point in late G1.

The p53/p21 and the p16/Rb pathways are not induced to 
equivalent extents during cell senescence and do not contrib-
ute equally to the senescent phenotype the dominating path-
way depends both on cell type and the nature of 
senescence-inducing stress. In general, the p53 pathway is 
activated in response to genotoxic stress, DNA damage, and 
telomere dysfunction, whereas the p16 arm of tumor sup-
pression is engaged under conditions of oncogenic and other 
stresses. Skin fibroblasts typically enter senescence via the 
p53 pathway and have low levels of p16 event as they 
approach cellular senescence; in these cells, inhibition of the 
p53 pathway is sufficient to reverse the senescent phenotype. 
Lung fibroblasts, on the other hand, tend to show elevated 
levels of both tumor suppressor proteins in a senescing popu-
lation as a whole, although individual cells may show one 
pathway is more dominant than the other. Even so, a mosa-
icism ahs been reported senescence programs are activated 
either in parallel or even jointly in individual cells.

The ras oncogene product can induce senescence that is 
accompanied by accumulation of p53 and p16. This occurs 
only in non-immortalized cells and may reflect a tumor-
suppressive response of the cell to a transforming stimulus, 
as discussed below. However, it has been reported that the 
RAS onco-protein can only induce senescence in cells of 
DDR and senescence by increasing oxidized nucleotides 
and accompanying genomic DNA damage in human skin 
fibroblasts also leads to upregulated levels of both p53 and 
p16, but the senescence response can be rescued by abroga-
tion of the p53 (but not the p16) pathway. In human mam-
mary epithelial cells, there appear to be two different 
barriers to proliferation. After the initial four to live popula-
tion doublings, these cells enter an early senescent-like 
arrest learned M0 that is medicated by p16, but a number of 
cells in a population are able to escape this proliferative bar-
rier and continue to divide before reaching a p53-medicated 
senescence learned M1. In keratinocytes, abrogation of both 
p16 and p53 is needed to extend life span, but these cells 
still undergo senescence unless immortalized by introduc-
tion of hTERT. However, expression of hTERT alone does 
not immortalize these cells if one of the senescent pathways 
is still functional. Together, these observations emphasize 
the presence of complex and incompletely understood over-
lapping networks regulating cell cycle progression and pro-
liferation. Depending upon the balance of positive and 

negative influences, cell proliferation can continue or senes-
cence may ensue.

Although many biochemical, metabolic, and phenotypic 
differences have been reported between senescent cells and 
their early passage counterparts, several characteristics appear 
to be shared across a majority of cells that have entered senes-
cence and can therefore be accurately referred to as markers 
of senescence. These include a lack of proliferation and 
response to proliferative stimuli, absence of DNA replication, 
a marked morphological change involving a flattened appear-
ance, accumulation of stress fibers and vacuoles as well as 
nuclear abnormalities, upregulation of p53 and/or p16 pro-
teins, and beta-galactosidase activity detected at an acidic 
pH. Senescent cells also exhibit auto-fluorescent globules of 
oxidized cellular proteins denoted as lipofuscin. Additionally, 
heterochromatic nuclear DNA foci called SAHSs (senes-
cence associated heterochromatic foci) have been observed in 
cell types in which Rb/p16 signaling is the dominant molecu-
lar mechanism of senescence. These foci consist of a tran-
scription-silencing variant macroH2A and various 
heterochromatic proteins and are believed to be formed by the 
action of chromatin regulator proteins, HIRA and ASF1a. 
They can be readily detected by their punctuate appearance 
during DAPI staining of cell nuclei. Formation of DNA dou-
ble-strand break (DSB) foci via activation of the ATM/ATR 
pathway has also been reported as a senescence marker, both 
in senescent cells and aging mice and primates.

The senescence-associated (SA) beta-galactosidase activ-
ity, which is detected at pII 6.0, is commonly used in studies 
that assess induction of senescence both in cells and tissues. 
Despite its common usage, conflicting data exists regarding 
the status of SA beta-gal activity as a specific marker for 
senescence. For instance, in situ expression of beta-
galactosidase exists in confluent quiescent pre-senescent cells 
and in cells undergoing crisis or terminal differentiation. The 
origin of SA beta-galactosidase activity appears to result from 
increases in lysosomal mass during the cellular aging process 
or under cellular stresses that can induce senescence. 
Fibroblasts from patients with the lysosomal disorder GM1-
gangliodilosis (in which lysosomal beta-galactosidase is 
defective) do not show SA beta-galactosidase activity. 
Furthermore, beta-galactosidase activity at low pH is also 
observed in non-senescent cells with high lysosomal content 
such as vascular smooth muscle cells and endothelial cells. 
Thus, it would appear that SA beta-galactosidase activity is 
not a direct measure of senescence but a reflection of the lyso-
somal alterations that commonly occur as a consequence of 
senescence. Nevertheless, in general, for most cell types, beta-
galactosidase activity is still a reliable nonspecific marker, 
although it is advisable to look for beta-galactosidase posi-
tively in conjunction with the other markers of senescence.

The three markers most commonly used to assess senes-
cence in vivo are lack of proliferation (measured by K167 
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staining), SA beta-galactosidase activity, and levels of p16 
protein. In particular, p16 protein is likely to be a good 
marker for in vivo aging as well because it has been reported 
to be strongly upregulated (sevenfold to eightfold) in aging 
human skin and in islet cells from aged humans, and in a 
number of tissues from aged rats and mice. Additionally, a 
DNA microarray screen of oncogenic-induced senescence 
in vitro identified three de novo markers of senescence which 
were validated in vivo, namely, p15INK4b. Dec 1, and DeR2.

Telomere length is another commonly used marker of 
senescence. The phenomenon of telomere shortening with 
aging represents a potential “clock” or counting mechanism 
for cellular lifespan. Telomeres are structures at the end of 
chromosomes that prevent degradation and fusion with other 
chromosomes ends. The average length of the terminal 
restriction fragment of chromosomes decreases with both 
in vitro and in vivo aging of fibroblasts and peripheral blood 
lymphocytes. Indeed, telomere length in lymphocytes pro-
gressively declines as a function of donor age from newborn 
to great-grandparents in their eighties. Immortalized and 
transformed cells and germ line cells express telomerase, 
which prevents shortening of the telomeres. However, some 
immortal cells exist without detectable telomerase, whereas 
stem cells and some normal somatic cells express telomerase, 
yet continue to experience telomeric shortening. Telomere 
length has been correlated with better health in centenarians. 
Interestingly, telomere length and frailty in an elderly cohort.

Shortened telomeres are associated with the progeroid 
pathology of dyskeratosis congenital and Werner’s syndrome 
(see earlier discussion; reviewed by Lofer et  al.) and also 
appear to lead to a form of premature aging in vivo mouse 
models. Mice lacking the RNA component of hTERT, TERC, 
do not show significant aging defects until the sixth genera-
tion. Transgenic mice that over express TERT exhibit 
increased tissue regeneration and a modest increase in maxi-
mal life span; however, these benefits are offset by the 
increased incidences of tumorigenesis suffered by these 
mice. Experimental non-enzymatic elongation of telomeres 
extends the life span of cell. Furthermore, reactivation of 
telomerase, via the introduction of the telomerase reverse 
transcriptase unit into normal human cells, increased telo-
mere length and extends the life span of a number of differ-
ent cell types without inducing morphological or 
pre-transformative abnormalities.

Furthermore, despite a clear ability to inhibit replicative 
senescence in a number of different cell types, telomerase 
cannot prevent or rescue many forms of SIPS, which are 
sometimes referred to as telomere-independent forms of 
senescence. However, it is not clear if telomeres are indeed 
not affected or whether telomerase is unable to heal certain 
types of damage to telomeres. Interestingly, while telomer-
ase can readily immortalize adult long fibroblasts under 
ambient culture conditions, fetal lung fibroblasts can only be 
immortalized under 3 % oxygen and by addition of a number 

of chemical antioxidants to the culture medium, suggesting 
either that the integrity of the telomerase complex or its 
function may be affected by oxidative stress or that oxidative 
damage to telomeres may alter telomeric structure in a way 
that inhibits recognition/healing by telomerase.

Telomeric shortening has been attributed to inefficient 
repair of DNA single-strand breaks, which are hallmark 
lesions of oxidative damage. Improvement of mitochondrial 
function, the major determinant of cellular ROS production, 
also slows down telomere shortening. Although irrefutable 
in vivo proof for a causal role for oxidative stress in generating 
senescence-inducing telomere dysfunction is still lacking, 
telomeres appear to be excellent candidates for the missing 
link between DNA damage and oxidative stress that will allow 
us to achieve a complete understanding of the mechanism 
behind the internal “clock” that governs cellular life span.

Using the markers of senescence discussed above, senes-
cent cells have been detected in tissues from aged rodents, 
primates, and humans. Nevertheless, the question remains 
whether the in vivo presence of senescent cells in renewable 
tissue is coupled to any loss of organismal function. 
Presumably, such cells do not need to divide in vivo to the 
point of replicative exhaustion because they can be replen-
ished by tissue progenitor cell populations. Thus, the role of 
cellular senescence in organismal aging, over and beyond its 
role as a tumor suppressor mechanism, may have greater 
functional relevance in stem cell population than in more dif-
ferentiated cells. The self-renewal and differentiation of stem 
cells is critical for the maintenance of tissue function, repair, 
and homeostasis. Hematopoietic stem cells (HSC) from 
older mice, which have deficiencies in self-renewal, repopu-
lating and homing mechanisms, accumulate high levels of 
p16 that impair their ability to undergo serial transplantation; 
HDCs displayed improved function and stress resistance in 
the absence of p16. There is also evidence to suggest that 
self-renewal ability of the lympho-hematopoietic stem cell 
system correlates with life span as a whole in mice (and 
reviewed by Geiger and Van Zant). Increasing p16 levels are 
also linked to decreased regenerative potential in pancreatic 
islet cells and reduced proliferation of progenitor popula-
tions in the mouse forebrain.

�Nutrition and Metabolism, A Modern-Day 
Elixir of Life?

Nearly every culture and civilization has its own mythic search 
for the elixir of life, from the desperate pursuit of immortality 
by Gilgamesh in ancient Babylon and by the Chinese emperor 
Qin Shi Huang before 200 bc to the European alchemists’ 
attempts at creating the longevity-conferring philosopher’s 
stone and the Spanish conquistador Ponce de Leon’s quest for 
the fountain of youth. With an improved understanding of the 
molecular and biochemical pathways behind the aging process 
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and the advent of nutraceuticals, there has been resurgence in 
the interest to generate scientifically validated interventions 
that can extend life span while minimizing the systemic disad-
vantages of aging.

Mouse models of life-span extension can be broadly cate-
gorized as either embodying alterations in metabolic/nutrient 
responsive-pathways or in mitochondrial/oxygen responsive 
pathways. Most of these transgenic animal models exhibit a 
15–30 % life-span extension, with varied improvements in 
functional aging, such as low damage levels, increased tissue 
function and stress resistance at later stages of life, and 
reduced incidences of cancer. However, few of these models 
have more than a modest impact on MLSP, and almost none 
show the broad gamut of improved physiologic function that 
would translate to significant improvement in human quality-
of-life aging issues. A valid criticism leveled at murine mod-
els of aging is that most of these organisms are studied under 
laboratory controlled conditions that are unlikely to mimic 
the environmental vagaries that affect true aging. Therefore, 
while these model systems offer mechanistic insights into the 
processes that may impact aging, the actual effects of these 
proceeded need to be assessed in human beings in a system-
atic and noninvasive manner.

The confluence of oxygen metabolism and nutritional sig-
naling on life span observed in animal models ranging from 
C. elegans to rodents suggests that dietary modifications are 
the most likely candidate for yielding maximal dividends 
when it comes to extending longevity and maintaining good 
health later in life. The ability to modulate diet is relatively 
simple, and accordingly, calorie restriction (CR) studies are at 
the forefront of life-span extension strategies. Calorie restric-
tion in rhesus monkeys leads to reductions in body tempera-
ture and energy expenditure, consistent with changes seen in 
rodent studies in which aging is retarded by dietary restric-
tion. Calorie restriction also increases high-density lipopro-
tein and retards the post maturational decline in serum 
dehydro-epiandrostenedione sulfate in the rhesus monkeys. 
Levels of the aging biomarker, p16NK4a, are reduced in tis-
sue from aging rodents that fed a calorically restricted diet.

The Comprehensive Assessment of the Long-Term 
Effects of Reducing Intake of Energy (CALERIE) study is a 
randomized clinical trial to assess whether CR improves 
aging biomarkers in humans. After an initial 6-month of CR 
in 48 healthy men and women in their 40s and 50s, the study 
found an improvement in two biomarkers of longevity, 
namely reduction in fasting insulin levels and body tempera-
ture in groups that underwent dietary restriction. Other 
CALERIE studies have found that CR improves liver and 
cardiovascular health and increases muscle mitochondrial 
biogenesis and decreases oxygen consumption.

Population-based characterizations of aging have also 
identified diet and nutrition as likely major contributors to lon-
gevity. Long-lived human populations tend to share a few fea-

tures in common, among them diets enriched in low-fat 
proteins such as fish and in fruits or beverages high in poly-
phenols and low in sugar and processed carbohydrates, often 
referred to as the Mediterranean Diet. Consumption of red 
wine is also believed to be conductive to a healthy life span. In 
Sardinia and the south-western regions of France, longevity of 
the local population has been correlated with the high vasoac-
tive polyphenol contents of the locally produced red wine.

Polyphenols such as quercetin, epigallocatechin gallate 
(EGCG), and resveratrol (3, 5, 4′-trihydroxystilbene) are natu-
rally occurring protective compounds found in dark-green veg-
etables, fruits, green tea, dark chocolate, and red wine currently 
being included in a number of studies of aging and aging related 
pathologies such as cancer and diabetes. Indeed, resveratrol is 
notable for its ability to activate physiologically sensitive nutri-
ents and to increase maximum life span in lower organisms, 
such as yeast, worms, and flies. Resveratrol treatment improves 
the exercise capacity, insulin sensitivity, mitochondrial biogen-
esis, and survival of mice on a high fat, high calorie diet. 
Resveratrol can prevent diet-induced obesity concurrently with 
improved mitochondrial production, insulin sensitivity, and 
exercise endurance by activating SIRT1 and PGCa. Resveratrol 
treatment of mice can also delay age-related changes in physical 
performance, bone mineral density, inflammation, and the vas-
culature and concomitantly induces transcriptional profiles in as 
variety of tissues similar to those seen with dietary restriction. 
Consequently, there has been much interest in resveratrol as a 
supplement to enhance health and increase life-span in humans. 
However, resveratrol does not appear to extend the maximum 
life span of mice, but can increase the mean life span of mice 
with cardiovascular disease.

Although nutritional interventions may be able to signifi-
cantly impact aging, it is likely that the genetic background of 
the individual will determine just how effective any particular 
modification is likely to be. Both calorically restricted and 
long-lived mice share common longevity assurance mecha-
nisms when compared to progeroid mice, although the efficacy 
of such mechanisms varies widely in the two sets of mice.
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�Introduction

With a few obvious exceptions, those of us who are surgeons 
must become geriatric surgeons. The population as a whole 
is aging, with the most explosive growth in the over 85-year 
group, and the conditions that require surgery (atherosclero-
sis, cancer, arthritis, prostatism, cataract, pelvic floor disor-
ders, and others) increase in incidence with increasing age. 
Improving our care of the elderly surgical patient will 
become progressively more important to all of us.

Admittedly, surgeons have always cared for the elderly, but 
the definition of “elderly” has changed. A threshold of 50 
years was chosen for the 167 patients described in a paper in 
1907 [1], and 20 years later influential surgeons still wrote that 
elective herniorrhaphy in this age group was not warranted 
[2]. Now, though, we are performing complex operations in 
octogenarians, nonagenarians, and occasionally centenarians 
[3–7]. In addition, the salutary results of such surgery can even 
influence general sentiment about medical care of the elderly. 
Linn and Zeppa’s study [8] of junior medical students reported 
that the surgery rotation, in contrast to other clerkships, posi-
tively influenced the students’ attitudes about aging regardless 
of the students’ career choices, as the elderly surgical patients 
were admitted and treated successfully.

Surgery therefore has much to offer the geriatric patient, 
but that patient must be treated with appropriate knowledge 
and attention to detail. Discussions of pelvic physiologic 
changes in the elderly and results of specific operations 
comprise the bulk of this book and are not presented here. 
The authors’ three decade study in this area, in addition to 

caring for an elderly oncology population, has led to a distil-
late of several general principles (Table 4.1) which are rele-
vant to all who care for the aged. These principles are 
worthwhile chiefly for teaching purposes, as they cannot 
apply to every patient or every clinical situation. Some prin-
ciples also apply to surgery in the young patient, but the quan-
titative differences in the elderly are significant enough to 
approach qualitative status. Risks of many emergency opera-
tions in the young, for example, are indeed greater than the 
risks of similar elective operations, but the differences are 
small compared to the threefold increase in the elderly. With 
respect to these principles the elderly need not be treated as a 
separate species but perhaps as a separate genus or order 
within the same larger group of surgical candidates.

Although our results have generally improved over the years 
(Fig.  4.1) [9, 10], This improvement has not been universal 
(Fig. 4.2) [11] and emergency surgery is still risky. Understanding 
these six general principles may help us improve our care of the 
elderly patient who requires pelvic surgery.

�Principle I: Clinical Presentation

The clinical presentation of surgical problems in the elderly may 
be subtle or somewhat different from that in the general popula-
tion. This may lead to delay in diagnosis.

Classic symptoms of appendicitis are present in a minority 
of elderly patients, as few as 26 % in Horattas’ series over 20 
years (Table 4.2) [12]. Rebound tenderness was present in 
fewer than half the patients in another [13] and leukocytosis 
in only 42.9 % in another [14]. Clouding the picture further, 
objective tests may suggest alternative diagnoses: one in six 
patients has an elevated bilirubin and one in four has signs of 
ileus, bowel obstruction, gallstones, or renal calculus on 
abdominal radiographs [15]. Even astute diagnosis may not 
prevent perforation, present in 42–60 % of elderly patients 
despite operation within 24 h of symptom onset [12, 14].
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Biliary tract disease is the most common entity requiring 
abdominal surgery in the elderly, yet the diagnosis is often 
delayed. More than one-third of patients with acute chole-
cystitis are afebrile, one-fourth are non-tender, and one-third 
are without leukocytosis [16–19]. Cholangitis may appear 
only as fever of unknown origin or as confusion [20]. 
Consequently, the elderly predominate in series of patients 
with complications of biliary disease (gallbladder perfora-
tion, empyema, gangrene, gallstone ileus, cholangitis) [21], 
and the complication may result in the first apparent symp-
tom [18, 22]. Saunders [23] reported that abdominal pain 
was a less prominent symptom and that the bilirubin level 
was nearly double in elderly patients presenting with bile 
duct carcinoma, compared to the findings in young patients 
seen during the same time period.

Peptic ulcer disease may present as confusion, malaise, 
anemia, or weight loss as opposed to pain [24]; even with 

perforation, pain may be absent or minimal. Rabinovici [25] 
found a discrepancy between “severe intraoperative find-
ings” and preoperative objective findings such as heart rate 
(mean 88/min), temperature (37.2 °C), and white blood cell 
count (10,900/dl). Some have suggested that the elderly and 
possibly their physicians become tolerant over the years to 
abdominal pain, loss of energy, and other symptoms, result-
ing in a delay in diagnosis or an emergency presentation 
[26]. In Mulcahy’s [27] series of patients with colorectal car-
cinoma, for example, elderly patients were nearly twice as 
likely (18 %) as younger patients (11 %) to present emer-
gently. Elderly patients with perforated diverticulitis are 
three times more likely to have generalized peritonitis at 
operation than young patients [28].

Gastroesophageal reflux disease in the elderly is less likely 
to cause heartburn and more likely to cause regurgitation or 
cough (p = 001) [29]. In Pilotto’s study of 840 consecutive 
patients [30], typical heartburn/acid reflux, pain, and indiges-
tion were more likely in the young (p < 0.001); older patients 
more often experienced dysphagia, anorexia, anemia, or vom-
iting (p < 0.001 each) or weight loss (p < 0.007).

Head and neck disease may also present differently in the 
elderly. Sinusitis may lead to subtle signs such as delirium or 
fever of unknown origin [31, 32]; and head and neck cancers 
are less likely to be associated with smoking (p < 0.01) [33] 
and alcohol use (p < 0.001) [33, 34]. Hyperparathyroidism is 
more likely to cause dementia or skeletal complaints and less 
likely to cause renal stones [35]. In Thomas and Grigg’s 
series [36] of patients with carotid artery disease, stroke was 
the most common indication for surgery in octogenarians 
and was the least common indication in younger patients. 
Unstable angina is as likely to present with dyspnea, nausea, 
or diaphoresis as it is with classic chest pain [37].

Even the eureka moments that keep us energized as 
diagnosticians [38] may be “subtler and less electric” [39] 
in the elderly.

Table 4.1  Principles of geriatric surgery

I. The clinical presentation of surgical problems in the elderly may 
be subtle or somewhat different from that in the general population. 
This may lead to delay in diagnosis

II. The elderly handle stress satisfactorily but handle severe stress 
poorly because of lack of organ system reserve

III. Optimal preoperative preparation is essential, because of 
Principle II. When preparation is suboptimal the perioperative risk 
increases

IV. The results of elective surgery in the elderly are excellent in 
some centers; the results of emergency surgery are poor though still 
better than nonoperative treatment for most conditions. The risk of 
emergency surgery may be many times that of similar elective 
surgery because of Principles II and III

V. Scrupulous attention to detail intraoperatively and perioperatively 
yields great benefit, as the elderly tolerate complications poorly 
(because of Principle II)

VI. A patient’s age should be treated as a scientific fact, not with 
prejudice. No particular chronologic age, of itself, is a 
contraindication to operation (because of Principle IV)
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Fig. 4.1  Operative mortality for mitral valve surgery in octogenarians has improved over time. Scatter plot depicting odds ratios of operative 
mortality from mid-date of studies. From Biancari [10], with permission © Elsevier
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The clinician who understands that classic presentations 
of surgical disease occur in a minority of elderly patients will 
maintain the high index of suspicion needed to minimize 
delay in diagnosis.

�Principle II: Lack of Reserve

The elderly handle stress satisfactorily but handle severe stress 
poorly because of lack of organ system reserve.

Functional reserve may be considered the difference 
between basal and maximal function; it represents the capac-
ity to meet increased demands imposed by disease or trauma. 
Although there is variability among individuals, this organ 

system reserve inexorably declines in one’s seventies, eight-
ies, and nineties. With excellent anesthetic and perioperative 
care the aged patient may tolerate the stress of even complex 
surgery—particularly if elective—but not the added stress of 
exceptional or emergency surgery.

The elderly patient with lung cancer, for example, can 
undergo routine pulmonary lobectomy with results nearly 
indistinguishable from those of the general population [40, 41], 
but the added stress of concomitant chest wall resection leads 
to a disparate increase in risk. In Keagy’s series [42] the one 
death and two of the three respiratory failures were in patients 
who underwent the en bloc chest wall resection. An elderly 
patient, entering the operating room with decreased chest 
wall compliance and strength and decreased elastic recoil as 

Fig. 4.2  Operative mortality 
in the Medicare population 
has declined for some, but not 
all, procedures. Adjusted odds 
ratio and 95 % confidence 
intervals* describing the 
6-year average effect 
(1994–1999) on operative 
mortality† in the national 
Medicare population. 
*Adjusted for age, gender, 
race, co-morbidities, 
admission acuity, income and 
hospital volume. Odds ratios† 
represent the average relative 
change in mortality over the 
study period, from 1994 to 
1999. From Goodney [11] 
with permission © American 
College of Surgeons

Characteristic 1978–1988 (n = 96) 1988–1998 (n = 113) 1978–1998 (n = 209)

Classic presentation (19) 20 % (36) 30 % (55) 26 %

Delayed presentation (>48 h) (32) 33 % (36) 30 % (68) 33 %

Imaging

AAS (81) 84 % (86) 76 % (167) 80 %

Sensitivity (22) 27 % (22) 25 % (44) 26 %

CT (50) 44 %

Sensitivity (49) 90 %

Correct admitting diagnosis (49) 51 % (52) 46 % (101) 48 %

Surgery within 24 h (80) 83 % (97) 85 % (177) 85 %

Perforation (60) 72 % (58) 51 % (127) 61 %

Complications (30) 32 % (24) 21 % (54) 26 %

Those with perforation (25) 83 % (15) 72 % (40) 76 %

Deaths (4) 4 % (4) 4 % (8) 4 %

Adopted from Storm-Dickerson [12]

Table 4.2  Classic symptoms of 
appendicitis are present in a 
minority of elderly patients, 
resulting in perforation despite 
expeditious operation
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a baseline, may tolerate lung resection but lacks the reserve to 
tolerate an extended operation. Other researchers have 
reported increased mortality in septuagenarians and octoge-
narians following pneumonectomy, especially right pneumo-
nectomy or completion pneumonectomy [43–45].

On the other side of the spectrum, more limited proce-
dures, such as video-assisted thoracic surgery, may decrease 
stress further by preserving respiratory muscle strength [46–
49]. Yim [49] reported no deaths or pulmonary complica-
tions following thoracoscopic surgery in 22 patients over age 
75 years, five with major resections; and Jaklitsch [47] found 
decreased mortality, length of hospital stay, and postopera-
tive delirium after 307 video-assisted procedures in patients 
aged 65–90 compared to that associated with open thoracot-
omy. Video-assisted pulmonary lobectomy in half of a group 
of elderly lung cancer patients resulted in fewer complica-
tions (p = 04) and decreased length of stay (p < 0.001) com-
pared to the half who underwent open (thoracotomy) 
lobectomy [50]. Patel [51] reported shorter hospitalization 
and similar late outcomes following endovascular thoracic 
aortic procedures in patients greater than 75 years, compared 
to open procedures. Endovascular repair of abdominal aortic 
aneuryms in the elderly had decreased all-cause and aneu-
rysm related mortality compared to open repair [52]. Partial 
as compared to radical nephrectomy resulted in improved 
survival in elderly patients who were candidates for either 
procedure [53].

Left ventricular functional reserve assumes critical 
importance in elderly patients undergoing cardiac surgery. 
In general, results in the elderly diverge from those of young 
age groups only in the worst functional classes. Bergus et al. 
[54], for example, found that length of stay following aortic 
valve replacement was significantly longer (p < 0.05) in sep-
tuagenarians in New York Heart Association class IV but 
not in class III, compared to patients under age 70. Patients 
over age 75 in Salomon’s large series [55] had significantly 
higher mortality after coronary artery bypass grafting if 
they had suffered a myocardial infarction less than 3 weeks 

preoperatively compared to more than 3 weeks (14.1 % vs. 
5.2 %); there was much less difference in patients younger 
than age 75 (3.5 % vs. 2.3 %). When patients over age 70 
years undergo a third coronary reoperation, only those in the 
worse Canadian Functional Class experience increased 
mortality, an increase not seen in young patients in a similar 
class [56]. Elayda [57] reported that mortality for isolated 
aortic valve replacement in patients over age 80 was accept-
able (5.2 %), but addition of concomitant procedures 
increased this figure significantly (27.7 %). In cardiac sur-
gery, too, a lesser procedure may be just as good in the 
elderly: contrary to a younger population, limited coronary 
revascularization appears to be acceptable in the high-risk 
elderly [58, 59].

Similar findings pertain to major abdominal surgery. 
Fortner and Lincer [60] found that the increased number of 
deaths among elderly patients undergoing hepatic resection 
for liver cancer were nearly all in the extended-resection 
group (i.e., extended right hepatectomy or trisegmentec-
tomy), among whom 60 % of deaths were due to hepatic 
insufficiency. In another group of hepatic resections done for 
metastatic colon cancer, where cirrhosis and functional 
hepatic reserve are less important factors, there was no dif-
ference in mortality between young and old patients [61]. 
Even the addition of common duct exploration to open cho-
lecystectomy significantly increased mortality in the elderly 
(3.5 % vs. 1.8 %, p < 0.05) [62]. For some oncology cases 
(e.g., gastric cancer, lung cancer) a more limited operation in 
the elderly need not decrease survival [63–66].

The elderly can return to normal function after stressful 
operations (such as colectomy and hepatectomy) but after 
the most stressful operations (such as Whipple pancreatico-
duodenectomy) it will take longer (Fig. 4.3) [67, 68].

With modern anesthetic and critical care management an 
elderly patient can tolerate the stress of even complex opera-
tions. However, if the most extended procedures are contem-
plated, a comprehensive preoperative evaluation of functional 
reserve is recommended.
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�Principle III: Preoperative Preparation

Optimal preoperative preparation is essential because of 
Principle II. When preparation is suboptimal the perioperative 
risk increases.

A patient’s advanced age is immutable but some factors 
can be improved preoperatively, with benefits in excess of 
those to a younger patient. No universal threshold of blood 
hemoglobin applies to every patient, but correction of ane-
mia and dehydration do assume greater importance in the 
elderly because of their general lack of reserve and particu-
larly the physiology of the aged heart and kidney. Among the 
predictors of an overall good postoperative course in 
Seymour’s series of 288 elderly general surgery patients 
were a hemoglobin level of more than 11.0 g/dl and absence 
of volume depletion [69]. Contrary to this, Dzankic found 
that routine blood testing in the elderly surgical patient rarely 
showed abnormal results and even when abnormal did not 
correlate with adverse postoperative outcome [70].

Few would argue that pulmonary problems are among the 
most common perioperative complications in the elderly, in 
part due to decreased respiratory muscle strength. Nomori 
[48] showed that following thoracotomy patients older than 
70 years experience significant reductions in both maximum 
inspiratory and expiratory pressures, unlike their younger 
counterparts; this effect persists for 12 weeks (Fig.  4.4). 
Although few data exist to support the routine use of preop-
erative pulmonary conditioning or rehabilitation, most 
authors strongly advocate smoking cessation [71] and treat-
ment of bronchitis and reactive airways disease such as 
asthma [72, 73]. Prophylaxis against deep vein thrombosis 
(DVT), clearly a risk in the elderly [74], and against pulmonary 
embolism should be routine [75].

The value of preoperative optimization of cardiac func-
tion (e.g., via placement of a pulmonary artery catheter) is 

controversial. Some authors have shown clear benefit [76], 
whereas others [77, 78], citing methodologic flaws in the 
former studies, reported no reduction in perioperative morbid-
ity or mortality. These studies do not include exceptionally 
high risk or very elderly patients, who could well be helped 
by such treatment. Another unsettled issue concerns the 
value of aggressive preoperative screening for coronary and 
carotid artery disease, particularly in patients scheduled for 
peripheral vascular surgery. Leppo [79] considered age over 
70 years one of several risk factors (the others being a history 
of angina, congestive heart failure, diabetes mellitus, prior 
myocardial infarction, and ventricular ectopy), which should 
trigger further cardiac assessment. Echocardiogram and 
dobutamine stress testing have been shown to bear incre-
mental value over clinical evaluation [80].

There is some evidence that performance testing may 
hold value. Maximal oxygen consumption (VO2 Max) tests 
[81] may not be readily available in all hospitals, but reason-
able surrogates—stair climbing [82–84], shuttle walk [85], 
long distance corridor walk [86], gait speed [87, 88], meta-
bolic equivalent (MET)—have been shown to correlate. 
Weinstein [89] reported prolonged length of stay following 
thoracic cancer surgery in those patients with METs ≤4 
(equating to calisthenics or walking briskly). The International 
Society of Geriatric Oncology has studied a standardized 
Preoperative Assessment in Elderly Cancer Patient (PACE); 
postoperative complications were associated with poor pre-
operative performance status and lower score on Instrumental 
Activities of Daily Living but major complications correlated 
only with American Society of Anesthesiologists (ASA) 
Physical Status ≤2 (Table 4.3) [90]. However, as Internullo 
recently concluded, “a practical and reliable individual risk 
assessment tool is still lacking.” [91] We have termed this 
simple, reliable test to assess perioperative risk the Holy 
Grail of Geriatric Surgery [92].
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Preoperative antibiotics are not necessary for every type of 
elective surgery, but researchers agree that advanced age is a 
risk factor for nosocomial infection. Iwamoto [93] studied 
4380 patients who underwent general anesthesia for thoracic, 
abdominal, or neurologic surgery and concluded that advanced 
age is a risk factor for nosocomial pneumonia, especially after 
thoracic surgery. Age greater than 70 years has been shown to 
be a risk factor for both positive bile cultures (p < 0.001) [94] 
and septic complications of biliary surgery compared to 
younger patients [95]; antibiotic prophylaxis can reduce these 
complications [96].

Efforts to improve our elderly patients’ preoperative 
nutritional state would seem desirable—even active, 
community-dwelling older adults manifest impaired recov-
ery of strength after major surgery [97]—but it is unclear 
how to do this. Low levels of serum albumin, for example, 
correlate strikingly with postoperative problems [98], 
(Fig. 4.5) but cannot be improved to a great degree preopera-
tively. Souba [99] reviewed the literature on nutritional sup-
port and concluded that preoperative support should be 
reserved for severely malnourished patients scheduled to 
undergo major elective surgery and then should be provided 
for no more than 10 days.

In addition to those already cited, a number of surgeons 
have attributed their improved results in elderly patients to 
compulsive preoperative preparation. Bittner [100] believed 
that the significant decrease in mortality after total gastrec-
tomy in septuagenarians (32.0 % in 1979 to 4.4 % in 1996) was 
the result of standardized perioperative antibiotics, thrombo-
embolic prophylaxis, “a systemic analysis of risk factors and 
their thorough preoperative therapy,” and nutritional support 
for the malnourished.

Hypovolemia is tolerated poorly by the elderly patient 
and it must be corrected. Smoking should stop. Treating 
other correctable aberrations such as anemia, bronchitis, and 
hypertension preoperatively increases the elderly patient’s 
chance for a smooth postoperative course.

�Principle IV: Emergency Surgery

The results of elective surgery in the elderly are excellent in 
some centers; the results of emergency surgery are poor though 
still better than nonoperative treatment for most conditions. The 
risk of emergency surgery may be many times that of similar 
elective surgery because of Principles II and III.

Many centers have been able to achieve excellent results 
for elective surgery in the elderly, results indistinguishable 
from those in younger counterparts [101–103]. Coyle [104] 
reported the results of carotid endarterectomy in 79 octoge-
narians and summarized the results of five other series (634 
total patients); mortality and morbidity were similar to 
those in a younger cohort. Maehara [105] had 0 % operative 
mortality in 77 patients over age 70 who underwent resec-
tion of gastric carcinoma, and Jougon’s [106] results for 
esophagectomy in 89 patients aged 70–84 years were 
identical to those in 451 younger patients. An 85-year-old 
patient with lung cancer could anticipate mortality and sur-
vival after pulmonary lobectomy statistically identical to 

Table 4.3  Components of preoperative assessment of cancer in the 
elderly (PACE)

Component of PACE

Any complication Major complications

RRa 95 % CI RRa 95 % CI

MMS Abnormal (<24) 1.23 0.81–1.88 1.08 0.48–2.44

ADL dependent (>0) 1.41 0.95–2.10 1.87 0.95–3.69

IADL dependent (<8) 1.43 1.03–1.98 1.65 0.88–3.08

GDS depressed (>4) 1.30 0.93–1.81 1.69 0.93–3.08

BFI moderate/severe 
fatigue (>3)

1.52 1.09–2.12 1.24 0.67–2.27

ASA abnormal (>1) 1.00 0.73–1.38 1.96 1.09–3.53

PS abnormal (>1) 1.64 1.07–2.52 1.97 0.92–4.23

Satariano’s index (1) 1.11 0.78–1.59 1.29 0.68–2.44

Satariano’s index (2+) 1.58 0.88–2.85 1.95 0.74–5.18

MMS mini mental status, ADL activities of daily living, IADL instrumen-
tal activities of daily living, GDS geriatric depression scale, BFI brief 
fatigue inventory, ASA American Society of Anesthesiologists physical 
status, PS eastern cooperative oncology group performance status
aBold italics: significant relationship (p < 0.05). Adapted from 
Audisio [90]
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that of younger patients with similar stage disease [72, 101, 
107–109].

Identical operations performed emergently in the elderly, 
however, carry at least a threefold (and as much as a tenfold) 
increased risk (Table  4.4) [110]. Keller [111], for example, 
reported 31 % morbidity and 20 % mortality in 100 patients 
over age 70 who underwent emergency operations, which is 
significantly more (p < 0.0005) than the 6.8 % morbidity and 
1.9 % mortality following elective operation in 513 similar 
patients. Elective cholecystectomy can be performed in young 
and old with the risk of death approaching 0 % [22, 112, 113]; 
the risk of mortality for emergency cholecystectomy increases 
somewhat in the younger group (1–2 %) but increases greatly 
in the elderly (5–15 %) [22]. Surgical priority clearly affects 
cardiac surgery risk [114, 115]. Elective operative mortality 
for colorectal surgery is as low as 1.5–3.0 %, rising to over 
20 % for emergency operation [116, 117].

A patient’s advanced age therefore weighs in favor of 
commencing rather than deferring needed elective surgery.

�Principle V: Attention to Detail

Scrupulous attention to detail intraoperatively and perioperatively 
yields great benefit, as the elderly tolerate complications poorly 
(because of Principle II).

Perioperative blood loss is the bete noire of geriatric 
surgery, as the elderly lack the responsive compensatory 
mechanisms necessary to restore equilibrium. Fong [61] 
reported that the only independent predictor of postoperative 
complications in 138 patients over age 70 who underwent 
pancreatic resection was intraoperative blood loss exceeding 
2 l. This finding has been mirrored in reports from cardiac 
surgery and neurosurgery. Sisto [118] reported that six of 23 
octogenarian coronary bypass patients who required reex-
ploration for tamponade died; Logeais [119] found that reop-
eration for tamponade following aortic valve replacement 
placed the elderly patient at high risk for mortality (p < 0.001). 
Hemostasis is exceptionally important in the elderly crani-
otomy patient, possibly because the elderly brain is less 
likely to expand to obliterate dead space: Maurice-Williams 

[120] reported that postoperative bleeding following resec-
tion of meningioma occurred in 20 % of 46 elderly patients 
and 0 % of 38 young patients (p < 0.05).

Meticulous surgical technique is important in any patient, 
but it becomes crucial in those of advanced age. Anastomotic 
leak after esophageal or gastric resection, a dreaded compli-
cation in any patient, embodies an exceptional risk of mortal-
ity in the elderly; [121] yet, this complication can be 
minimized by careful technique [122, 123]. Only one of 
Bandoh’s [124] elderly patients who underwent gastrectomy 
for cancer experienced a leak, as did only 2 of 163 patients 
over age 70 in Bittner’s series [100]. Despite having signifi-
cantly greater preoperative co-morbidity, the elderly patients 
undergoing gastrectomy in Gretschel’s series experienced no 
greater postoperative morbidity [64]. The elderly cardiac 
surgery patient may benefit from extra care when they have a 
calcified aorta (e.g., intraoperative ultrasound or modified 
clamping and cannulation technique) or a fragile sternum 
(e.g., additional or pericostal wires) [125]. Operative speed 
is less important than technique: in Cohen’s series of 46 
nonagenarians undergoing major procedures [7] the duration 
of operation did not correlate with mortality.

Perioperative monitoring is more important in the elderly, 
since they may manifest few signs or symptoms of impend-
ing problems (see Principle I above). Bernstein [126] credits 
intensive hemodynamic monitoring in his lack of mortality 
among 78 patients over age 70 who underwent abdominal 
aortic aneurysmectomy. Such monitoring and intensive care 
were also emphasized by Alexander [3], who reported excel-
lent results for 59 octogenarians having major upper abdomi-
nal cancer operations, and by Lo [127] for 85 elderly patients 
undergoing adrenal surgery at the Mayo Clinic. Giannice 
[128] credits attention to perioperative care (DVT prophy-
laxis, antibiotics, monitoring, respiratory care, pain manage-
ment, early mobilization) for his group’s improved recent 
results in gynecologic oncology patients. Adequate resources 
such as skilled nursing facilities for the more complex 
patients are important [129].

We may continue to teach the surgical aphorism, “Elderly 
patients tolerate operations but not complications.” 
(Table 4.5).

�Principle VI: Age Is a Scientific Fact

A patient’s age should be treated as a scientific fact, not with 
prejudice. No particular chronologic age, of itself, is a contrain-
dication to operation (because of Principle IV).

Great biologic variability exists among the elderly, with 
some octogenarians and nonagenarians proving to be health-
ier than their sons and daughters. Even an 85-year-old patient 
has a life expectancy exceeding 5 years [130, 131], so why 
not offer him resection of his lung cancer? No other treatment 

Table 4.4  Predictive factors for operative mortality

Predictive factors Odds ratio (95 % CI) P value

Emergency operation 11.4 (4.7–27.5) <0.0001

ASA classification: 1,2 0.1 (0.03–0.7) 0.0134

ADL impairment 3.2 (1.3–8.1) 0.0116

RVU 1.06 (1.009–1.103) 0.0176

Operative duration 1.17 (1.05–1.3) 0.0039

Hypertension 0.3 (0.1–0.6) 0.0019

Note power of emergency operation status. 80–103 years of age
Adapted from Turrentine [110]
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is likely to give him those 5 years. Yet even in 2005 this does 
not always happen: prejudice against the elderly, so-called 
ageism exists.

Despite the fact that elderly patients treated for lung can-
cer have survival equal to their younger matched counter-
parts, Nugent [132] found that patients older than 80 years 
were significantly less likely (p < 0.05) to be treated surgi-
cally. In England the elderly are less likely to have histologic 
confirmation of their lung cancer and less likely to undergo 
anticancer treatment [133], although resection rates are 
increasing [134]. Kuo [135] also reported that octogenarian 
patients with lung cancer were more likely (p < 0.01) to 
receive only palliative care; when offered, they tolerate che-
motherapy [136].

Elderly patients with ovarian cancer are less likely to 
undergo aggressive chemotherapy and surgery [137, 138] 
despite results equal to the young [139]. This has been 
reported with adjuvant treatment following pancreatic resec-
tion as well [67]. Older women with breast cancer were less 
likely to have had screening mammograms [140, 141] and 
were more likely to present in advanced stages than younger 
women [141]; once diagnosed, they tolerated surgery well 
[142, 143]. Guadagnoli [144] presented evidence against 
ageism in the treatment of early breast cancer, but Herbert-
Croteau [145] found that only tamoxifen use was similar in 
women over and under age 70 (p < 0.41), while all other 
treatments (breast-conserving surgery, radiotherapy, axillary 
node dissection, chemotherapy) differed significantly 
(p < 0.0001). When elderly patients do receive chemotherapy 
for breast cancer they tolerate it [146] and they benefit from 
it [147]. Elderly patients with colon cancer are less likely to 
undergo extensive lymph node dissection (p < 0.0001) [148]. 

Selection bias in the elderly may also lead to delay in referral 
for abdominal aortic aneurysm surgery [149] and coronary 
artery bypass surgery [150].

When patients are denied surgery they often do poorly. In 
Pierard’s [151] study of 163 octogenarians with severe aortic 
stenosis and clear indication for operation according to 
established guidelines, 40 % either refused or were denied 
operation; this resulted in twofold excess mortality even 
after adjustment for co-morbidities (Fig. 4.6). In a study of 
pancreatic cancer patients across the USA those undergoing 
resection, regardless of age group into the 80s, were less than 
half as likely to die as the youngest group of unresected 
patients [152]. Owonikoko [153] noted, “Published evidence 
suggests that elderly patients are denied potentially benefi-
cial treatment and participation in clinical trials solely 
because of chronologic age and because of physician percep-
tion that they are too frail to withstand treatment.”

Some studies do report increased operative mortality [110, 
154–157] (Fig.  4.7), increased complications [158, 159] 
(Fig. 4.8), and increased lengths-of-stay in the elderly [160–
165], but overall results in many centers do not differ from 
the young for a wide variety of procedures: neurosurgery 
[120, 166]; head and neck surgery [33, 167, 168]; carotid end-
arterectomy [169, 170]; cardiac surgery [57, 125, 150, 171–
175]; esophagectomy [91, 106, 122, 176–178] (Fig.  4.9); 
gastrectomy [3, 105, 179, 180] (Fig. 4.10); colectomy [181–
183] (Fig. 4.11); hepatectomy [61, 184–187] (Fig. 4.12); pan-
creaticoduodenectomy [61, 67, 188, 189]; radical 
hysterectomy [190]; total knee/hip replacement [191–193]; 
microvascular free tissue transfer [194]; cardiac transplant 
[195–197]; lung transplant [198]; endovascular surgery 
[199]; gastric bypass [200]; laparoscopic colectomy [201]; 

Table 4.5  Importance of postoperative complications in failure of 
octogenarians to return to normal function following major abdominal 
surgery

All cases
Odds 
ratio

95 % Confidence 
interval

Emergency operation 2.7 0.99–7.24

ASA III or IV 1.0 0.29–3.56

Co-morbidity index >5 1.8 0.48–6.66

Dependence on activities of daily living 1.8 0.42–7.73

Preexisting cardiac disease 1.9 0.69–5.44

Preexisting chronic pulmonary disease 2.0 0.54–9.06

Preexisting cerebrovascular disease 2.0 0.43–9.06

Development of postoperative 
complications

24.5 3.08–194.88

Elective cases only:

Co-morbidity index >5 11.2 1.08–116.26

Development of postoperative 
complications

10.6 3.08–194.88

Adapted from Tan [121]
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and hernia [202]. Return to preoperative quality of life (QOL) 
is gratifying after elective surgery for gastric or colorectal 
surgery [203], joint replacement [193], thoracic aneurysm 
[204] (Fig. 4.13), and aortic valve replacement [205, 206].

For most patients, general medical condition and associ-
ated medical problems are more important than age. Dunlop 
[207] studied 8889 geriatric surgical patients in Canada and 
concluded that severity of illness on admission was a much 
better predictor of outcome than was age; Akoh [208] had 
similar findings in 171 octogenarians undergoing major 
gastrointestinal surgery. Co-morbidities were a greater 

influence on survival than age in several series of elderly 
patients with lung cancer [40, 41, 209]. Mehta [210] reported 
that separation of mitral valve replacement patients into low, 
medium, and high risk medical groups was more important 
than stratification by age within these three groups. Within 
the American Society of Anesthesiologists (ASA) Physical 
Status system [211], the ASA status influences results more 
than age. For elderly patients undergoing surgery for cancer, 
the stage of the malignancy also influences outcome more 
than age [41, 212–215]. Ageism may even be detrimental for 
the ageist [216].
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Many geriatric surgery patients, including nonagenarians, 
have survival rates equal to those expected in the general 
population; even the sobering results of emergency surgery 
in the elderly are better than the results of nonoperative treat-
ment for the same conditions. A patient’s age should there-
fore be considered but not feared.

�Conclusion

Surgical problems abound in the elderly and the numbers of 
elderly are increasing worldwide. Surgeons must become stu-
dents of the physiologic changes that occur with aging and, 
guided by a few general principles, apply this knowledge to 
daily clinical care. The results of surgery in the elderly do not 
support prejudice against advanced age. We owe it to our 
elders to become good geriatric surgeons and in so doing we 
will become better surgeons to patients of all ages.

�Key Points

•	 The clinical presentation of surgical problems in the 
elderly may be subtle or somewhat different from that in 
the general population. This may lead to delay in 
diagnosis.

•	 The elderly handle stress satisfactorily but handle severe 
stress poorly because of lack of organ system reserve.

•	 Optimal preoperative preparation is essential, because of 
Principle II. When preparation is suboptimal the periop-
erative risk increases.

•	 The results of elective surgery in the elderly are excellent 
in some centers; the results of emergency surgery are poor 

though still better than nonoperative treatment for	 m o s t 
conditions. The risk of emergency surgery may be many 
times that of similar elective surgery because of Principles 
II and III.

•	 Scrupulous attention to detail intraoperatively and peri-
operatively yields great benefit, as the elderly tolerate 
complications poorly (because of Principle II).

•	 A patient’s age should be treated as a scientific fact, not 
with prejudice. No particular chronologic age, of itself, is 
a contraindication to operation (because of Principle IV).
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�General Considerations

Nutrition and Metabolism is an area that, not surprisingly, is 
often at the forefront when it comes to a discussion regarding 
abdominal surgery or even abdominal processes in general. 
Interestingly, however, this is often not the case when it comes 
to the pelvis. Patients suffering with chronic pelvic disease or 
facing even the possibility of having to undergo surgery can be 
thrust into an array of pathophysiological challenges that could 
affect their nutritional status. Stone disease, inflammatory blad-
der disorders, urinary tract infection, nausea with hyperemesis, 
chronic pelvic pain, and anorexia may play devastating roles as 
comorbidities in patients who have to undergo even minor sur-
gery. Moreover, catabolism and wound healing may be addi-
tional hurdles for patients after major operations. Poor nutritional 
status can compromise the function of many organ systems, 
including the heart, lungs, kidneys, and gastrointestinal (GI) 
tract. The effects of nutritional compromise will then often spill 
over into areas responsible for our “host defense mechanisms.” 
Consequently, immune function and muscle strength may also 
be impaired, leaving these patients more vulnerable to infec-
tious complications. Naturally, this may further lead to a “dom-
ino effect” that may impact wound healing, thus prolonging the 
patient’s surgical recovery. All these factors may contribute to 
increased morbidity and a longer hospital stay, higher readmis-
sion rates, and markedly increased health care costs.

Also, it is important to remember that even well-nourished 
patients can experience adverse outcomes if metabolic and 
nutrition issues are not adequately assessed or addressed. 
During periods of increased metabolic demand even mild 
delays in dealing with adequate nutritional and metabolic 
concerns can hamper a patient’s convalescence, hospital 
course and worst of all, postoperative recovery. Interestingly, 
there is a “flip side” to all of this. It may seem surprising that 
the nutritional status does not always improve clinical out-
comes. The inherent risks associated with artificial NS may 
outweigh the benefits in certain patient populations. 
Therefore, it is important to (1) identify early which patients 
may benefit from enteral nutrition (EN) or even worse, par-
enteral nutrition (PN) intervention, (2) provide the optimal 
combination of nutrients, and (3) closely monitor patient 
progress throughout the course of therapy. This type of pro-
tocol can reduce risks of adverse clinical outcomes.

�Dietary Modifications for Calcium Oxalate 
Urolithiasis

Kidney stones are common occurrences in the general popu-
lation all over the world. Some experts refer to this disorder 
as nephrolithiasis while others say urolithiasis. In actuality, 
these terms are not totally interchangeable. The term nephro-
lithiasis refers to a more global metabolic picture allowing for 
the formation, precipitation and passage of crystal agglomer-
ates called calculi through the renal microtubules onto the 
renal papillae and then into the urinary tract. Urolithiasis, on 
the other hand, refers to calcifications that form in the urinary 
system, primarily in the renal pelvis as the calcifications of 
nephrolithiasis fall off of the renal papillae and into the capa-
cious renal pelvis and then ureter. From there, they can 
migrate into the lower urinary tract, namely the bladder or 
urethra. Urinary tract stone disease has been documented his-
torically as far back as the Egyptian mummies. As much as 
10 % of the US population will develop a kidney stone in their 
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lifetime. Upper urinary tract stones (kidney, upper ureter) are 
more common in the USA than in the rest of the world. 
Researchers attribute the incidence of nephrolithiasis in the 
USA to dietary preferences. Not surprisingly, there are many 
different types of stones from a metabolic perspective. Of 
course some regions are more predisposed to certain types of 
stones rather than others. Nevertheless, the etiology of these 
dysfunctional metabolic processes is multifactorial and 
uniquely associated with dietary lifestyle habits or practices. 
Proper management of calculi that occur along the urinary 
tract includes investigation into causative factors in an effort 
to prevent recurrences. Urinary calculi or stones is the most 
common cause of acute ureteral obstruction. Approximately 
1  in 1000 adults in the USA are hospitalized annually for 
treatment of urinary tract stones, resulting in medical costs of 
approximately $2 billion/year.

Any factor that reduces urinary flow or causes obstruction, 
which results in urinary stasis or reduces urine volume 
through dehydration and inadequate fluid intake, increases 
the risk of developing kidney stones. Low urinary flow is the 
most common abnormality, and most important factor to cor-
rect with kidney stones. It is important for health practitioners 
to concentrate on interventions for correcting low urinary vol-
ume in an effort to prevent recurrent stone disease. 
Consequently, increasing free water intake or increasing the 
baseline state of hydration of the individual is the single most 
important therapeutic intervention that can be done.

Increasing urine volume can reduce supersaturation, and 
is widely known to help prevent stone formation. 
Recommendations for urinary output vary, but there is gen-
eral agreement that it should exceed 2 l/day, while some even 
encourage urinary outputs in excess of 3 l/day. A key point is 
that the dilution of urine is necessary “24/7,” or all day, every 
day. A patient who voids the recommended 2 l a day between 
the hours of 8 am and 10 pm, but only 300 ml during the 
remaining 10  h of the day will have saturated urine over-
night, with the possibility of precipitation and aggregation 
during the sleeping hours. Patients must accept the necessity 
of getting up at least twice at night to urinate, and should 
consume more water each time they rise to void. When 
patients who suffer with stone disease ask how they should 
increase their state of hydration, the simple answer is that 
water is best. In the USA, the most common metabolic dys-
function allows for the formation of calcium oxalate uroli-
thiasis. For those with excessive urinary oxalates, tea 
products should be eliminated because teas are high-oxalate 
beverages. The Nurses’ Health Study (NHS) showed that the 
type of foods consumed proved relevant for stone formers. 
Not surprisingly, when the “at risk” patients increased their 
dietary consumption of oxalates their incidence of stone for-
mation increased. Conversely, intake of liquids that inhibited 
ADH (antidiuretic hormone) such as caffeine or beer allowed 
for an increased diuresis and decreased the incidence of cal-

cium oxalate urolithiasis. Although calcium intake was pre-
viously considered a culprit, current evidence indicates that 
urinary oxalate is the most important determinant of calcium 
oxalate crystallization. Individuals who tend to form stones 
of this type experience a significant increase in urinary oxa-
late excretion with even small increases in oxalate intake, 
whereas persons who do not form these stones do not experi-
ence a similar increase in urinary oxalate excretion with 
increased oxalate intake.7 Patients should be advised to avoid 
high-oxalate foods, such as rhubarb, spinach, strawberries, 
chocolate (especially dark), wheat bran, nuts, beets, and tea. 
Alternatively, certain food preparation methods may be used 
to reduce oxalate content. Boiling, for example, reduces sol-
uble oxalate content by 30–87 %, compared with steaming, 
which achieves a 5–53 % reduction.

Limit dietary intake in foods high in oxalate. By avoiding 
foods very high in oxalate, you may reduce the oxalate in 
your urine. A list of high oxalate foods include:

–– Protein Foods (soy and otherwise)
–– Grains
–– Carmel colored beverages such as colas
–– Caffeine containing beverages such as coffee or teas.
–– Fruits (plums, strawberries, blackberries, and Blueberries)
–– Vegetables (beets, greens, carrots, cauliflower, and 

rhubarb)
–– Nuts (including peanut butter)
–– Tofu grits

Though only a minority percentage of urinary oxalates 
come from dietary sources. Dietary reduction of oxalate should 
be advised for calcium oxalate stone formers. It has been sug-
gested that because there is much less oxalate in the urine than 
calcium in the urine, urinary oxalate concentration is much 
more critical to the formation of calcium oxalate crystals than 
is the urinary calcium concentration. Therefore, reducing urine 
oxalates will have a more powerful effect on stone formation 
than can reduction of urine calcium. Patients with calcium oxa-
late stones, particularly those with documented hyperoxaluria, 
should avoid foods high in oxalates. Vitamin C is a precursor to 
endogenous production of oxalates, so some clinicians recom-
mend avoiding mega-doses of vitamin C. Understanding the 
importance of modulating dietary intake of oxalate in patients 
who suffer with calcium oxalate urolithiasis, it is still important 
to remember that there are other metabolic manipulations 
which can be added to any therapeutic regimen to help decrease 
the tubular precipitation of calcium oxalate crystals. These 
would include (1) decreasing sodium intake, (2) decreasing 
protein intake, and (3) decreasing percentage of body fat and 
decreasing total body weight.

Because sodium competes with calcium for reabsorption in 
the renal tubules, excess sodium intake and consequent excre-
tion result in loss of calcium in the urine. High-sodium diets 
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are associated with greater calcium excretion in the urine. 
Metabolic studies in patients who are placed on high sodium 
diets reveal exceptionally high levels of urine calcium over 
24 h. Patients may often deny salt intake, feeling that if they do 
not use the “salt shaker” that their diet is “low sodium.” They 
quite likely are ignorant of hidden sodium sources in the diet. 
Sodium is a common preservative in canned and frozen foods, 
and is endemic in restaurant foods. Instruction on careful 
inspection of food labels and wise food choices helps patients 
identify and reduce sodium in their diets. Consultation with a 
registered dietician may help the patient achieve the specific 
goal of a sodium intake of 2000 mg or less per day.

Although it is emphasized to a lesser degree, some experts 
feels that Obesity and Body Mass Index is associated with an 
Increased Risk of Calcium Oxalate Urolithiasis. Although 
there is some evidence to support this, it has not been well 
proven clinically.

Interestingly is that this association is even more pro-
nounced in women. Nevertheless, it must be remembered 
that the absolute value of weight loss with respect to stone 
formation in general has not been proven to a statistically 
significant standard.

Finally, it is important to remember that one does not nec-
essarily have to wait to see a registered dietician or a physician 
to discuss dietary modification in stone disease. There are 
excellent educational resources on the Internet for patients 
seeking nutritional counseling. A great example is Nutrition 
Data. Here patients can search by category to view things like 
the standard sodium content, as well as additional information 
regarding vitamin and mineral content, calories, suggested 
healthier substitutes, and even the individual amino acid com-
positions of each protein. Under “Tools,” patients can search 
within food categories like “dairy products” for choices high-
est in calcium and lowest in sodium. This site is complex and 
may be overwhelming to patients without good computer and 
Web skills, but is extraordinarily comprehensive.

Dietary Suggestions for Cystitis:  Infectious, 
Inflammatory, & Interstitial 

Cystitis is the inflammatory swelling of the bladder wall and 
is one of the dreaded eventualities of life as a female. However, 
in an effort to not be construed as sexist, it should be noted 
that, of course males are susceptible to cystitis but their atten-
dant gross anatomy makes the initiation of this process much 
more challenging and much less likely. In any event, from a 
symptomatic perspective, cystitis translates as an unpleasant 
sensation deep in the anterior pelvis. The associated sensory 
phenomena of pain, pressure, and discomfort are quickly 
related to the urinary bladder with an even quicker desire by 
the patient for rapid eradication. This situation is most often 
implicated to some type of infectious agent, which incites a 

physiologic response that kicks off a cascade of events 
bringing inflammatory cells and inflammatory mediators to 
the bladder wall to face off with the infecting microorgan-
isms. Hence begins the microscopic “Battle Royale”! 
Fortunately for most females, the prescription for relief is 
simple and associated with beginning therapy which is tar-
geted at the destruction of the microorganism. Most often, 
this means some type of antibiotic or antiviral agent. These 
agents work hand in hand with the host’s natural inflamma-
tory defense mechanisms to remove the infecting microor-
ganism. Once successful eradication has been achieved, the 
host’s natural physiologic response should “shut down” those 
inflammatory cascades and segue into the relief of her lower 
urinary tract symptoms. It is very important to note here that 
it is the “transmural inflammatory reaction” at the level of the 
bladder wall that is primarily implicated in the genesis and 
perpetuation of these painful lower urinary tract symptoms, 
NOT the infecting microorganism! So, what happens if the 
antibiotic or the antiviral agent successfully achieves eradica-
tion of the offending microorganism BUT the host’s natural 
inflammatory response does NOT subside? What is the 
patient left with? If this situation exists, then the patient is left 
with an active inflammatory reaction within the substance of 
a swollen, tender, erythematous bladder wall and hence “per-
sistence of painful urinary urgency” WITHOUT an active 
offending microorganism! For a long time, this was consid-
ered an “oxymoron,” i.e. cystitis without infection. 
Nevertheless, essentially, what the patient is left with is a 
Noninfectious Inflammatory Cystitis. Perhaps, the most 
dreaded complication of all within this arena.

Interstitial Cystitis is a disease characterized by hypersen-
sitivity of the bladder lining, even after resolution of the 
inflammation of the bladder wall. IC is largely diagnosed due 
to specific notable symptoms as there are currently no spe-
cific tests for the definitive diagnosis of the condition. In 
essence, it is a disease of exclusionary criteria as it is neces-
sary to rule out conditions with similar symptoms. 
Approximately 90 % of IC patients are women, which may 
suggest a genetic link to this disease. The most common 
symptoms of IC, seen in over 60 % of patients, include uri-
nary frequency, urinary urgency, and pelvic pain exacerbat-
ing by the filling or emptying of the bladder. Additional 
symptoms may include pelvic pain associated with men-
strual cycle, constipation or irritable bowel syndrome, slow 
urinary stream, pain with sexual intercourse, depression, 
pain at the tip of the penis, the groin, or in the testicles in 
male patients. One of the most interesting aspects of this pro-
cess is the symptomatic association with worsening lower 
urinary tract symptoms after GI processing and renal excre-
tion of biochemical intake. Essentially, a very close dietary 
association, where flares of lower urinary tract pressure and 
pain are individually linked with specific foods or beverages. 
In fact, when it comes to a discussion of diet with respect to 
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symptomatic clinical flares of dysfunctional abdominal or 
pelvic processes, there is not much else that expresses the 
intricate degree of predictability that IC possesses.

“To Eat or Not to Eat”,  the Big Question with IC

If every well-intentioned family or friend who encouraged 
my patients with almost any type of cystitis to take a few 
swigs of cranberry juice because they believed it was “good 
for all that ails you when it comes to the bladder,” it seems 
that they are woefully wrong!! Furthermore, if they had to 
live with 2 min of bladder burning that one can develop after 
imbibing a “high acid” liquid, believe me, that type of advice 
would be altered. Research has confirmed that foods and 
beverages high in acid can worsen bladder symptoms. 
Something as simple as a daily cup of a citrus drink can pro-
voke serious pain and discomfort. Dietary modification is a 
simple, affordable and often times, the MOST effective strat-
egy for patients with cystitis.

In July 2007, formative research on IC and diet was pub-
lished in The Journal of Urology, which listed the top trigger 
foods for IC. These foods were the same foods that patients had 
been talking about for 20 years, validating patients’ experiences 
shared via Internet message boards and face-to-face support 
groups. Subsequently, in 2011, the American Urological 
Association published guidelines that specifically recom-
mended diet modification as one of the first-line self-care thera-
pies for newly diagnosed IC patients and RDs as the vehicles to 
deliver such therapy. Most importantly the best way to help 
these patients is to learn as much about the disease as possible.

Just how does diet affect IC symptoms? Much of that 
remains to be answered, but much of that research will come 
in time. The foundation of that initial research article on IC 
and diet is going to help pave the way for answers. Urologists, 
gynecologists, PAs, NPs, and most of all RDs should use is the 
previously mentioned list of trigger foods to potentially pre-
dict IC flares. That is, those foods most likely to produce prob-
lems for the majority of IC. When counseling new IC patients, 
Beyer suggests showing them this list and asking them to try 
eliminating as many of these foods as possible. Many patients 
often do very well with dietary modification alone.

Up to 90 % of patients with IC report insensitivities to 
various food items. The following foods have been known to 
exacerbate symptoms in those with IC:

–– citrus fruits (oranges, grapefruits, lemons), apricots, 
apples, avocados, bananas, cantaloupes, cranberry, 
grapes, peaches, plums, and some berries

–– tomatoes and tomato sauces
–– coffee, tea, and various caffeinated beverages
–– carbonated and alcoholic beverages
–– spicy foods

–– Vitamin C
–– Artificial sweeteners

Dietary modifications play an instrumental role in manag-
ing the symptoms of Interstitial Cystitis. For the IC patient, 
trigger foods vary and elimination diets may be the first 
means of regulating symptoms. Keeping a food log and 
tracking foods consumed, trends, and associated symptoms 
is recommended in order to initially isolate foods or food 
groups that may elicit symptoms. If a specific food tends to 
cause an increase in symptoms, removing that food for 1–2 
weeks will help to determine if that is one to be eliminated. 
Trial and error is often the best means of developing a spe-
cific diet in those with IC. Fluid intake can also play a vital 
role in the management of symptoms. Many IC patients limit 
fluid intake in the hopes of decreasing urinary urgency and 
frequency. However, limiting water intake specifically can 
actually concentrate the urine leading to worsened symp-
toms. Due to dietary restrictions, those with IC may benefit 
from a daily multivitamin as deficiencies may occur with the 
exclusion of specific food groups.

�How to Begin an IC Diet

With respect to the treatment of Interstitial Cystitis most 
experts would agree that few things, if anything, are more 
important than diet. Having said that, what is often con-
founding about this whole thing, is the individuality that sur-
rounds metabolic and dietary interventions with respect to 
IC. In fact, it is the individual variations between the baseline 
genetics of patients that frustrate physicians who deal with 
this disease. Just when you think that you have the “acid-
base balance” associated with diet figured out for your prac-
tice, you run into a series of patients that seem to breakdown 
the protocol. Again, although this probably doesn’t have to 
be stated out right, BUT, when diet is not well controlled, the 
patient’s general state of well being is usually suboptimal. 
Suffice it to say that, diet is crucial to ultimately getting con-
trol of the pain component in Interstitial Cystitis.

Here it is important to note that this part of IC is where the 
“doctor-patient” relationship takes on its biggest role. In a 
certain way, it is this relationship that really defines how well 
patients do in the long run. Perhaps the key to this relation-
ship is the ability for both the patient and the doctor to accept 
“joint responsibility” with respect to “outcomes.” The physi-
cian can NOT be solely responsible for interventional ther-
apy while letting the patient manage their own dietary and 
nutraceutical issues. This is a prescription for disaster! 
However, this is also the point where it is important for phy-
sicians who make the decision to commit to the treatment of 
these patients to build an infrastructure that will allow them 
to effectively manage these subtle, difficult but important 
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components of a patient’s treatment protocol. In this arena, 
being able to work with an RD who has an interest and expe-
rience can be a significant “value added” service that a prac-
tice can offer to a patient.

To begin to put together a diet for the IC patient who is 
becoming difficult to get under control with respect to pelvic 
pressure and pelvic pain, one must go back to the biochemi-
cal basics of metabolism and diet. Here the “Acid/Base 
Balance” becomes extremely important. It is that “charged 
species” such as the hydrogen ion (H+) in acidic foods as 
well as anions (negatively charged molecules) such as oxa-
late can cause electrophysiologic dysfunction of the more 
superficial layers of the bladder lining. Even worse is if these 
caustic ions are able to penetrate more deeply, they may even 
allow for depolarization of the underlying detrusor muscle. 
Consequently, working with a certified RD to create, as best 
as physiologically possible, an ionically neutral menu. At 
that point, the hope is that it will decrease the inflammatory 
cascade within the mucosal and submucosal lining, allowing 
the inflammatory process within the bladder to “calm itself.” 
Not surprisingly, if one had to characterize this diet, the com-
mon verbal description often includes the word “bland.” 
Although this word is somewhat nonspecific, the goal of this 
type of diet is to eradicate the ionically active particles in 
food that have a tendency to react and inflame the more 
superficial soft tissue of the lower urinary tract. Essentially, 
one can look at constructing this diet in two ways. The first is 
to imagine “wiping the slate clean” and incorporating those 
foods that have the potential to be less ionically active, or to 
eliminate those foods which seem to tend to cause irritation 
at the bladder level. Some people would consider this a type 
of Elimination Diet, which is not an uncommon technique in 
the world of Allergy and Immunology. The specifics of this 
technique are as follows.

�The Elimination Technique for IC Dietary 
Modification

How about a dietary protocol to begin with boiled chicken, 
boiled potatoes, and oatmeal as the initiating ingredients. 
The key is to be plain, using no other additives. Salt is dis-
couraged but if you have to use it, keep it to a minimum. To 
begin, only 3–4 very bland foodstuffs should be on the menu 
for the first 2–3 days, depending on how long you can stand 
it or how longs it takes your bladder to calm itself, whatever 
comes first. Referring to Helena de Jong in “Cooking with 
IC” which is a very popular and informative internet blog. 
These patients need a place to experiment in a creative fash-
ion, in the world of food while following the IC diet. If one 
uses the “Cooking with IC” recommendations as a template, 
then your individual beginning IC Diet might start by pick-
ing 2–3 foods from the initiation column.

For the first 5 days, select 3–4 of these most plain basic 
foods from the column below. This should help to start to 
decrease the unbridled inflammatory response that is usually 
the perpetuating component with respect to pelvic pain in IC.

•	 Turkey
•	 Tuna
•	 Venison
•	 Lamb
•	 Rice
•	 potatoes well cooked with no skin
•	 Canned: Peaches, Cherries, Apricots, Nectarines, Plums, 

Prunes

Once you’ve made it through the first 5-day phase, then 
the patient can start adding food groups. You add as much of 
each food group as possible for 2 days. The fresh vegetables 
and fruit should be tested in the raw uncooked state if possi-
ble. Finally, if you already know that a food group bothers 
you, then there is no need to test that group.

	1.	 Dairy Products—Milk and cheeses (exclude any colored 
cheeses that have food dyes)

	2.	 Cereals and Grains—barley, corn oats, rye, wheat,
	3.	 Legume Pea Family—peanuts, beans, (navy, lima, green), 

peas, tofu, bean sprouts.
	4.	 Meats—beef, chicken, pork
	5.	 Eggs
	6.	 Fruits (1)—apple, strawberry, raspberry pears
	7.	 Vegetables (high carbohydrate) potato, tomato, eggplant
	8.	 Fruits (2)—fresh peaches, cherries apricots, nectarines, 

plums, prunes, almonds
	9.	 Miscellaneous—lettuce, sesame seeds, sunflower seeds, 

carrots, celery, parsley, parsnip

In any event, when the patient gets to the point where you 
are adding food groups, it should be done with daily assess-
ments and reassessments of “pain levels.” Here the use of vali-
dated instruments may be helpful. In any event, if pelvic pain 
and pressure remain manageable, then a second foodstuff may 
be introduced. For instance, one may add sautéed white meat 
chicken. If it does not increase your pain level, you can con-
sider it a success and move on to the next food. When you 
come upon a food that puts you in a flare, STOP TESTING 
foods until the flare is gone. Again, although this is a very 
time-consuming process, it is the best way to control the atten-
dant inflammation that leads to clinically significant flares. If 
there is something that you notice immediately throws you 
into a flare reaction, here is what you should do. Take some 
powdered baking soda and mix 1/2  tablespoon with water. 
This should neutralize the upstart inflammatory response at 
the level of the bladder fairly quickly. Finally, remember, if 
part of our treatment strategy for IC is maintaining a 
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metabolism that is as close to electrophysiologically neutral as 
possible, then diet takes on an extremely important role. 
Obviously, we have gone through the basics as well as what to 
do when emergent flares arise. However, the key to success is 
chronicity. So, to that end, it is always good to keep some cal-
cium glycerol phosphate around, aka Prelief. It can be used on 
foods just prior to eating and is very effective in establishing 
neutrality. The recommended dose is two tablets or packets, 
depending on what is available in your area. However, do not 
be afraid to double this dose if need be. It is a great adjunct.

�Nutritional Aspects in Surgery

�Pelvic Surgery in the Nutritionally 
Compromised Patient

Malnutrition prior to surgery can negatively impact post-
surgical acute care patients in relation to poor wound healing, 
increased length of stay, increased hospital care costs, muscle 
wasting, increased risk of both morbidity and mortality, hos-
pital admissions. Nutrition screening can identify those at 
nutritional risk for operative complications. Malnutrition can 
be diagnosed using six specific criteria: insufficient or reduced 
energy intake, unintentional weight loss, changes in body 
composition including loss of muscled mass and/or loss of 
subcutaneous fat, localized or generalized fluid accumula-
tion, and diminished functional status such as reduced hand 
grip strength. It is recommend that diagnoses are determined 
based on two or more of these characteristics.

Malnutrition in surgical patients probably occurs more 
commonly after surgery. There are many reasons for this, 
including changes in metabolic demands such as those seen 
with systemic infections, inadequate energy intake (related to 
poor appetite, changes in mental status, issues with chewing or 
swallowing), malabsorption related to pathological diseases of 
the gut, and increases in losses via emesis, fistulae, or diarrhea. 
Serum albumin can serve as an indicator as a barometer of 
current nutritional status only for many patients. However, the 
use of albumin and an indicator is much more effective when 
the patient is ambulatory and in pre-operative settings in which 
no other co-morbidities are present. In the acute-care setting, 
albumin should be assessed concurrently with pre-albumin 
and inflammatory markers such as C-reactive protein and 
white blood cell counts. Fluid shifts and vascular permeability 
can augment the concentration of serum proteins making them 
poor indicators of nutritional status.

�Perioperative Nutritional Optimization

Optimizing nutritional status in patients at risk for malnutri-
tion prior to surgical procedures can greatly impact post-
surgical outcomes. One study found that a weight loss of 

less than 10 % in the 6 months prior to major abdominal 
surgeries lead to higher incidences of post-operative surgi-
cal complications when compared with those without weight 
loss prior to surgery.

In the “not so distant” past, the entire focus of more tradi-
tional programs for nutritional care in an operative setting was 
focused on GI rest. That is, it stressed resting the gastrointesti-
nal tract before resumption of feeding. Now, however, a periop-
erative care program has become preferred. One such program 
is the Enhanced Recovery After Surgery protocol or ERAS. 
ERAS has been shown to reduce recovery time and length of 
stay by 2–3 days on average. In addition, this program may 
even reduce perioperative complications by 30–50 %. This care 
plan emphasizes optimization of nutritional status before, dur-
ing, and following surgical procedures.

Pre-operative fasting is the older traditional protocols 
were due to concerns of pulmonary aspiration. This kind of 
situation actually places patients in a more catabolic state, 

which can attenuate suboptimal surgical outcomes and delay 
the healing process. Surgeons and anesthesiologists ensure 
gastric contents are less than 200 ml prior to surgery in order 
to avoid potentiating aspiration the potential for its attendant 
pneumonitis. However, a study by the Cochran Review dem-
onstrated NO cases of aspiration when there is consumption 
of clear liquids even when they are offered to the patient up to 
2  h prior to surgery. In fact, avoidance of excessive pre-
operative fasting may lead to more positive outcomes in the 
post-surgical patient. That same Cochrane review also showed 
that solid meals can be safely consumed up to 6 h prior to 
surgery. This is NOT to say that this is the way it must be 
done in all cases now. However, it does suggest that strict 
adherence to the 8 h. time table may NOT be an absolute, and, 
although not completely clear, there may actually be benefits 
to some intake of clear liquids within that time frame.

Surgical intervention is known to cause alterations in met-
abolic demands. These metabolic alterations are usually 
up-regulatory in nature. In addition, there may be associated 
endocrine changes augmenting the entire process. For exam-
ple, surgery can trigger insulin resistance and hyperglycemia 
in the post operative period. Durations are variable, but they 
can last up to 2–4 weeks. Obviously, the way that carbohy-
drates are processed is directly linked to changes in metabo-
lism. Here the American Society of Parenteral and Enteral 
Nutrition (A.S.P.E.N.) has studied this relationship between 
metabolic changes, endocrine effects, and carbohydrate 
demands extensively. To that end, ASPEN has studies these 
relationships in detail and has shown that pre-operative 
carbohydrate-loading combined with epidural anesthesia is 
thought to decrease the stress hormones, epinephrine and 
cortisol. This in turn may decrease insulin resistance by 
50 %. Consequently, ASPEN has set up protocols which have 
now been elevated to guideline status in this regard. Here, 
ASPEN has developed the following pre-operative carbohy-
drate protocol that has received much attention. Here, 800 ml 
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of clear, carbohydrate-rich liquids given at midnight. This 
equates to about 100 g of pure carbohydrate by weight which 
translates to 400 kcal of energy. Subsequently, 400 ml of the 
same carbohydrate-rich formula is given 2 h prior to surgical 
intervention. ASPEN has shown that this simple protocol can 
decrease postoperative complication rates by almost 50 %! 
Their rationale is that clear, carbohydrate-rich fluids pre-
procedure stimulate an anabolic state leading to reduced gly-
cogenolysis, which increases blood glucose control, and then 
stimulates the uptake of glucose by skeletal muscle cells. 
Sports drinks, which contain approximately 6–7 % of carbo-
hydrates may not provide a significant benefit in controlling 
post-surgical catabolism. Instead, what is necessary are flu-
ids containing approximately 12 % carbohydrate in the form 
of a complex sugar such as maltodextrin should be provided 
to limit osmolality and delays in gastric emptying.

After carbohydrates, protein metabolism has gleaned 
much interest by many groups as a modality to help improve 
surgical outcomes. High-protein foods or oral supplements 
prior to surgical procedures have been shown to improve sur-
gical outcomes, especially in the malnourished preoperative 
population. In a study by Dock-Nascimento et al. preopera-
tive fasting with maltodextrin and a glutamine-rich clear bev-
erage 2 h prior to procedure led to less insulin resistance, a 
more favorable acute-phase response of Interleukin-6 and 
C-reactive protein, as well as reduced nitrogen losses when 
compared with the control. Another protein alternative known 
as whey protein contains essential amino acids including the 
branched chain amino acids and can be quickly digested and 
taken up by skeletal muscle cells to attenuate skeletal protein 
losses in stressful situations such as surgery and trauma.

When one divides the surgical experience into phases, 
there are three major categories. These are, respectively, the 
“Pre-Operative Phase,” the “Operative Phase,” and the “Post-
Operative Phase.” With respect to the “Post-Operative 
Phase,” the most coveted position to have, is that of 
“Anabolism.” The most desired post-operative anabolic state 
is achieved by trying to maximize all macronutrient needs. 
Unfortunately, a common scenario in the Post-Operative 
Phase is the patient with adequate protein provision despite 
inadequate energy intake. This scenario can attenuate muscle 
protein losses in the surgically stressed patient. ASPEN 
guidelines recommend 20–25 % of energy intake, or 1.5–
2.0 g/kg/day, from protein sources in the surgically stressed 
patient population. In the obese populations with a BMI 
greater than 30 2.0  g/kg of ideal body weight is recom-
mended. Nitrogen Balance can be a useful clinical tool in 
assessing protein status in the acute care population. A 24-h 
urine collection following surgery can assist in determining 
current protein turnover and subsequent needs. By assessing 
urinary urea nitrogen concentrations, clinicians can estimate 
total protein needs based on total nitrogen intake and total 

nitrogen output related to nitrogen losses from skin, urine, 
stool, and body fluids provided there are no excess GI losses 
via tubes, drains, etc. As previously noted, albumin and pre-
albumin should not be used to inflammation and fluid shifts 
and as such are confounders when it comes for benchmarks 
of protein intake.

Immuno-Nutrition is an emerging area when it comes to 
post-operative phase assessment. Essentially, Immuno-
nutrition emphasizes the use of nutrients known to improve 
general cell biology and modulate inflammation. There are 
five nutrients that have been shown to have the most prom-
ise in this arena include amino acids (1) l-arginine and (2) 
glutamine, polyunsaturated long-chain fatty acids, specifi-
cally (3) (ω-3 PUFAs), and antioxidants such as (4) ascorbic 
acid and (5) selenium. Glutamine, the most abundant amino 
acid in the blood, is known for tissue protection, immune 
regulation preservation of glutathione and antioxidant 
capacity, and preservation of cellular metabolism following 
injury. l-Arginine is another essential amino acid recom-
mended following surgery, trauma, and injury due to its role 
in T-lymphocyte function and nitric oxide production lead-
ing to improved microcirculation. ASPEN notes plasma 
arginine levels are noted to decrease by up to 50 % for days 
to week following trauma or surgery. In the case of ω-3 
PUFAs, an essential fatty acid that must be acquired from 
the diet, inflammation may be controlled through the forma-
tion of EPA and DHA which are further responsible for the 
formation of the 3-series prostaglandins and 5-series leukot-
rienes eicosanoids. EPA and DHA have been known to 
decrease arachidonic acid-derived inflammatory mediators. 
In addition, ω-3 PUFAs are incorporated into the phospho-
lipid-rich membranes of immune cells such as macrophages, 
monocytes, and neutrophils influencing fluidity and the 
activity of membrane-bound proteins. Ascorbic acid, or 
Vitamin C, is a powerful antioxidant that interacts with 
superoxide, hydroxyl radicals, and singlet oxygen to prevent 
cellular damage. Selinium has also been noted to protect 
against oxidative injury. A study by Marik et al. found that 
immunonutrition significantly reduced the risk of acquired 
infections, wound complications, and length of stay in high 
risk-surgical patients compared to those on a controlled 
enteral diet. Together, these immunonutrients may posi-
tively affect post-surgical outcomes through immunomodu-
lating and anti-inflammatory mechanisms.

Patients at high risk for nutritional deficiencies and mal-
nutrition should receive oral, enteral, or parenteral nutritional 
support when deemed appropriate. When the gut is fully 
functional, oral nutrition is recommended prior to trialing 
nutrition support in order to prevent gut atrophy. In cases 
where nutritional needs are unable to be met orally, enteral 
nutrition is preferred over parenteral nutrition with the goal 
of preventing catabolism and stimulating anabolism.
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�Introduction

There has been great controversy as to what differentiates infec-
tion of the urinary tract from mere colonization. The term coloni-
zation may be considered obsolete, or, it may be viewed as a 
clinical scenario on the same continuum as infection. The urinary 
tract is a sterile medium, and therefore, any presence of bacteria 
in the urine should be regarded as an infection, regardless of 
symptomatology. The requirement of delineation between 
asymptomatic and symptomatic bacteriuria occurs at the level of 
whether treatment is warranted or not. The additional presence of 
a catheter adds another level of complexity to the clinical equa-
tion. Catheter-associated urinary tract infections are the leading 
cause of secondary nosocomial bacteremia. An estimated 20 % of 
hospital-acquired bacteremias arise from the urinary tract, and the 
mortality associated with this condition is about 10 %. This chap-
ter will seek to increase the understanding of the definitions, epi-
demiology, etiology (including risk factors and microbiology), 
pathogenesis, clinical presentation, diagnosis, treatment (includ-
ing information on antimicrobial drug resistance), complica-
tions, and prevention of urinary tract infections.

�Definitions

Urinary tract infection (UTI), in patients without a bladder 
catheter, is defined as the presence of symptomatology in 
combination with a positive urine culture, containing at least 

105 colony-forming units (CFU) per milliliter with the isolation 
of fewer than two microorganisms.

Catheter-associated urinary tract infection (CAUTI) must 
contain at least 103 CFU/mL, with the urine sample being 
obtained with an aseptic technique.

Asymptomatic bacteriuria is defined as isolation of a 
specified quantitative count of bacteria in an appropriately 
collected urine specimen from an individual without symp-
toms or signs (e.g., the absence of fever greater than 38 °C, 
suprapubic tenderness or costovertebral angle pain or tender-
ness) of urinary tract infection [1].

For women, asymptomatic bacteriuria is defined as 
two consecutive clean-catch voided urine specimens with 
isolation of the same organism in quantitative counts of at 
least 105 CFU/mL [2].

For men, asymptomatic bacteriuria is defined as a single 
clean-catch voided urine specimen with one bacterial species 
isolated in counts of at least 105 CFU/mL in the absence of 
symptoms [2]. The presence of pyuria (at least 10 leukocytes/
mm3 of uncentrifuged urine) is insufficient for the diagnosis 
of bacteriuria [3].

Symptomatic catheter-related bacteriuria is defined as the 
presence of fever greater than 38 °C, suprapubic tenderness, 
costovertebral angle tenderness, or otherwise unexplained 
systemic symptoms (e.g., malaise, altered mental status, 
hypotension, metabolic acidosis, respiratory alkalosis, or a 
systemic inflammatory response syndrome), together with 
one of the following:

•	 Urine culture with greater than 105 CFU/mL irrespective 
of urinalysis

•	 Urine culture with greater than 103 CFU/mL with evidence 
of pyuria (urinalysis positive for leukocyte esterase and/or 
nitrite, microscopic pyuria or presence of microbes seen 
on the Gram stain of unspun urine) [4].

Patients who have had indwelling urinary catheters within 
the past 48  h (even if they are not in place at the time of 
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infection) are considered to have catheter-associated UTI if 
they meet these definitions.

In asymptomatic catheterized men or women, bacteri-
uria is defined as a single catheterized specimen with isola-
tion of a single organism in quantitative counts of at least 
102 CFU/mL [2].

Infections of the urinary tract include cystitis (infection of 
the urinary bladder, or the lower urinary tract), pyelonephri-
tis (infection of the kidney, or the upper urinary tract), or 
both. Prostatitis, inflammation of the prostate gland, is a 
separate but similar clinical entity that is beyond the scope of 
this chapter.

Emphysematous urinary tract infections are infections 
(cystitis, pyelitis, or pyelonephritis) of the lower or upper 
urinary tract associated with gas formation.

A urinary tract infection involving a healthy, ambulatory 
woman with no history suggestive of anatomical or functional 
urinary tract abnormality is termed as uncomplicated.

A urinary tract infection becomes complicated when it is 
associated with another underlying condition that increases 
the risk of treatment failure. These conditions include diabe-
tes, pregnancy, symptoms for at least a week prior to seeking 
medical attention, hospital-acquired infection, urinary tract 
obstruction, presence of urinary tract hardware (e.g., indwell-
ing urethral catheter, stent, nephrostomy tube, or urinary 
diversion), recent urinary tract instrumentation, functional or 
anatomical urinary tract abnormality, history of childhood 
urinary tract infection, or renal transplantation. In addition, 
any urinary tract infection in a male, by definition, is consid-
ered to be complicated because they are more likely to be 
associated with anatomic abnormalities (e.g., bladder outlet 
obstruction secondary to prostatic hypertrophy or recent 
instrumentation), and may require surgical intervention to 
prevent further complications.

Infection with a multidrug resistant organism is also con-
sidered complicated, although these patients are not at a 
higher risk of treatment failure so long as an appropriate 
antibiotic, based on susceptibility profiles, is used.

Acute complicated pyelonephritis is the progression of an 
upper urinary tract infection to emphysematous pyelonephri-
tis, renal corticomedullary abscess, perinephric abscess, or 
papillary necrosis.

The distinction between reinfection and relapse is diffi-
cult to make and is arbitrarily defined. A recurrent infection 
is called a relapse if the infecting strain is the same as the 
prior infection, and the recurrence occurs within 2 weeks of 
treatment completion for the prior infection. A recurrent 
infection is called a reinfection if the infection recurs more 
than 2 weeks after treatment completion, regardless of the 
nature of the uropathogenic strain. If there is a documented 
sterile urine culture between the two infections, and the 
patient is off antibiotics, the recurrence is also called a 
reinfection.

�Epidemiology

Urinary tract infections are the most common bacterial infec-
tion encountered in the ambulatory setting. They accounted 
for 8.6 million visits nationally in 2007, with 84 % of those 
cases involving women. By age 32, half of women have had 
at least one urinary tract infection [5].

For sexually active young women, symptomatic UTI car-
ries a high incidence. Increased risk is seen with recent sex-
ual intercourse, recent spermicide use, and a personal history 
of UTI [6]. Cystitis also occurs in postmenopausal women 
[7]. Recurrent uncomplicated UTIs are seen even with ana-
tomic and physiologic urinary tract normality. Acute pyelo-
nephritis is less common than acute cystitis. Recurrent 
pyelonephritis in healthy women is uncommon. Infections 
with Escherichia coli (E. coli) in particular tend to recur 
within the first 6 months [8].

The prevalence of asymptomatic bacteriuria among 
healthy women tends to increase with age. It affects approx-
imately 1 % of schoolgirls and more than 20 % among 
women over the age of 80 years. This also tends to correlate 
with sexual activity [9]. Greater prevalence is seen in pre-
menopausal married women than nuns of the same age [10]. 
There is no significant difference between pregnant (2 %) 
and nonpregnant (7 %) women [11]. Asymptomatic bacteri-
uria generally has a transient (rarely lasting longer than a 
few weeks) in young healthy women.

Diabetic women have a three- to fourfold higher preva-
lence (8–15 %), with a correlation seen between the duration 
and presence of long-term diabetic sequelae. Duration of 
diabetes more than 10 years has a relative risk of 2.6. Insulin 
use also appears to carry an increased risk with a relative risk 
of 3.7 [12].

In pregnancy, bacteriuria occurs in 2–7 %, especially in 
multiparous women. This prevalence is similar to that seen in 
nonpregnant women. The organisms are also similar in species 
and virulence between pregnant and nonpregnant women [13]. 
Bacteriuria is commonly seen in the first month of pregnancy 
[14]. Acute cystitis occurs in 1–2 % of pregnant women. There 
is a greater likelihood among pregnant women for bacteriuria 
to progress to pyelonephritis. Up to 30–40 % of pregnant 
women with untreated asymptomatic bacteriuria will develop 
symptomatic UTI, including pyelonephritis. This risk is 
reduced by 70–80 % if the bacteriuria is treated [15].

For young healthy adult men, the incidence of symptom-
atic UTI (5–8 UTIs per year per 10,000 young to middle-aged 
men) is much lower than that in women. Asymptomatic 
bacteriuria is rare among healthy young males [16]. The 
prevalence rises to 6–15 % among men over the age of 75 
years [17]. The presence of diabetes does not confer any addi-
tional risk of asymptomatic bacteriuria among males.

Candiduria is becoming increasingly common, with noso-
comial UTIs due to Candida species being 22 % between 
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1986 and 1989 to almost 40 % between 1992 and 1997 [18]. 
Many of these patients were asymptomatic; therefore, a dis-
tinction between infection versus colonization could not be 
delineated [19].

Indwelling bladder catheters confer a significant risk of 
bacteriuria. Patients develop bacteriuria at a rate of 3–10 % 
per day of catheterization [20]. The clinical significance of 
catheter-associated asymptomatic bacteriuria is not known. 
About 10–25 % of patients will be symptomatic [21].

Urinary tract infections encompass almost half of infectious 
complications of renal transplantation [22]. The incidence of 
UTI following transplantation has been reduced with improve-
ments in surgical procedures, greater attention to rapid catheter 
removal, refinements in immunosuppressive therapy, and 
routine administration of antibiotic prophylaxis [23].

�Etiology

Many different variables are responsible for the causation of 
urinary tract infections. Sexual intercourse, diaphragm-
spermicide use, and a history of recurrent UTIs are strong 
and independent risk factors [6]. There is an increased risk 
for approximately 24 h post-coitus. Increased sexual inter-
course frequency correspondingly increases risk of infec-
tion. Having a new sexual partner within the past year 
increases risk [24].

Spermicide-coated condom use increases risk, as does 
recent antimicrobial use, even if used for UTI treatment [25]. 
Antimicrobials (beta-lactams are more heavily implicated 
than trimethoprim-sulfamethoxazole) lead to an alteration 
of  urogenital flora, especially Lactobacillus. A lack of 
Lactobacilli in the vaginal flora predisposes to UTI as these 
organisms competitively exclude uropathogens through epi-
thelial adhesion. Lactobacilli also produce lactic acid which 
lowers the vaginal pH, creating an inhospitable environment 
for uropathogens. They also produce bacteriocins and sur-
factants, and are involved in H2O2 production, in combina-
tion with chloride and myeloperoxidase in the vagina. 
Lactobacilli loss can also be caused by menopause (leading 
to a loss of estrogen and increased vaginal pH) and bacterial 
vaginosis [26].

Another identified risk factor is having the first UTI 
before the age of 15 years. Despite widespread thought that 
bathroom hygiene and wiping habits are associated with 
increased risk for UTIs, there has been no data to support this 
claim [24].

The use insulin and longer diabetes duration (greater than 
10 years) confer an increased risk. Diabetics do not exhibit a 
different microbial profile compared to non-diabetics [12]. 
Diabetes mellitus and urinary tract obstruction (mainly 
papillary necrosis and ureteral calculi) confer an increased 
risk for emphysematous UTIs [27].

Anatomical and urologic differences may also account for 
infections and recurrences. These include obstruction, stone 
formation, indwelling catheters, scarring, trauma, fistula 
formation, urinary incontinence, presence of a cystocele, 
post-void residual urine, a history of UTI before attaining 
menopause, and non-secretor status (discussed in Pathogenesis 
section) [28]. Neurogenic bladder carries an increased risk 
due to altered urodynamics and microtrauma from repeated 
intermittent catheterizations.

Specific risk factors identified for UTIs in men include 
insertive anal intercourse and lack of circumcision [29].

Risk factors for catheter-associated bacteriuria or UTI 
include female gender, diabetes mellitus, prolonged cathe-
terization, bacterial colonization of the drainage bag, and 
errors in catheter care [30].

The microbes implicated in uncomplicated cystitis and 
pyelonephritis are mainly Escherichia coli (75–95 %), 
with occasional other Enterobacteriaceae (such as 
Proteus mirabilis and Klebsiella pneumoniae), and 
Staphylococcus saprophyticus. Other Gram-negative and 
Gram-positive organisms are rarely isolated in uncompli-
cated infections [31].

Complicated UTIs involve a larger microbial spectrum, 
including the aforementioned pathogens, along with 
Pseudomonas, Serratia, Providencia, Enterococci, 
Staphylococci, and fungi. Organisms leading to complicated 
infections are more prone to exhibit antimicrobial drug resis-
tance patterns [32]. Risk factors for progression to compli-
cated pyelonephritis include urinary tract obstruction, 
urologic dysfunction, antibiotic resistant pathogen(s), and 
diabetes (particularly for emphysematous pyelonephritis and 
papillary necrosis).

Emphysematous infections are usually due to E. coli or 
Klebsiella pneumoniae [27]. Candida is a rare cause [33].

If organisms such as Lactobacilli, Enterococci, Group B 
Streptococci, and coagulase-negative Staphylococci (exclud-
ing Staphylococcus saprophyticus) are isolated in otherwise 
healthy individuals, contamination of the urine specimen is a 
reasonable conclusion. However, if these cultures are seen in 
symptomatic women when found in voided midstream urine 
at high counts with pure growth, they can be considered 
pathogenic [5].

Funguria is common among hospitalized patients and is 
generally benign. Invasive kidney infection is unusual, but dif-
ficult to treat. Risk factors for funguria included urinary tract 
drainage devices, prior antibiotic use, diabetes, urinary tract 
pathology, and malignancy. Common fungal isolates in the 
urine are Candida species (predominantly Candida albicans 
and Candida glabrata). A variety of other fungi can rarely 
involve the kidney as a result of disseminated infection. These 
include Aspergillus, Fusarium, Trichosporon, Mucorales 
(Rhizopus, Mucor), Dematiaceous molds, Cryptococcus neo-
formans, Histoplasma capsulatum, Coccidioides, Blastomyces 
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dermatitidis, Paracoccidioides brasiliensis, Sporothrix 
schenckii, and Penicillium marneffei.

Risk factors for UTI in transplant patients include the 
same risk factors that apply to the general population, in 
addition to additional factors related to the transplantation 
itself. Risk factors unrelated to transplantation include 
advanced age, female gender, reflux kidney disease prior to 
transplantation, and diabetes mellitus. Risk factors directly 
related to transplantation include deceased donor kidney, 
kidney–pancreas transplant, retransplantation, antithymo-
cyte globulin administration, urinary bladder catheterization, 
allograft rejection and subsequent increased immunosup-
pression, and ureteral stent placement [22].

Renal transplant patients exhibit many differences in 
microbial patterns. In general, infections are caused by Gram-
negative organisms, predominantly E. coli. The other Gram-
negative uropathogens that have been isolated include 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Serratia marcescens, 
Stenotrophomonas maltophilia, Citrobacter freundii, Proteus 
mirabilis, Achromobacter xylosoxidans, Acinetobacter bau-
mannii, and Morganella morganii. Because of the common 
practice of administering antibiotic prophylaxis among trans-
plant recipients, these organisms tend to exhibit increased 
resistance patterns [34]. Fungal UTIs occur in 5–11 % of 
transplant recipients with UTI, with Candida albicans being 
the most common cause. Other species include Candida trop-
icalis, Candida glabrata, and Candida krusei [35].

�Pathogenesis

The pathogenesis of urinary tract infections involves a com-
plex balance and interaction between a variety of factors. 
The main factors implicated include host-related factors 
(such as innate factors, urinary tract abnormalities, and 
behavioral factors) and pathogen-related factors (such as 
virulence).

Humans have a built-in normal defense mechanism against 
urinary tract infections. The mechanical force of urine flow 
helps expel any existing organisms from the genitourinary 
system. Superficial umbrella cells in the bladder will exfoliate 
in response to bacteria binding to surface uroplakins (a type 
of membrane protein). Underlying cells will rapidly differen-
tiate into superficial facet cells [36, 37].

There is also an innate immune response to urinary tract 
infections. There are antimicrobial peptides, such as beta-
defensin 1 and cathelicidin LL-37, in urine that bind and dis-
rupt bacterial membranes. Elements involved in host iron 
sequestration include lactoferrin, transferrin, and lipocalin-2. 
Tamm-Horsfall protein, or uromodulin, is responsible for 
binding and blocking bacterial fimbriae. Bladder and kidney 
cells are capable of upregulating cytokines and chemokines 

in response to bacteria, of which interleukin (IL) 8 appears to 
be a key factor by functioning as a neutrophil attractant. 
There are also a variety of Toll-like receptors (TLR) that rec-
ognize different patterns as part of the host response. TLR1 
and TLR2 recognize lipopeptides, TLR4 recognizes fimbriae 
and lipopolysaccharides, and TLR5 recognizes flagellin. 
These Toll-like receptors upregulate NFkB that subsequently 
increases the production of IL-6 and IL-8 [36, 37].

Urinary tract infections in women generally originate 
with fecal flora that colonize the vaginal introitus. These 
organisms then ascend the urethra to enter the bladder. 
Alterations in the normal vaginal flora, especially a decrease 
in H2O2-producing lactobacilli, can predispose to introital 
colonization with E. coli. Pyelonephritis is a result of patho-
gen ascent to the kidneys through the ureters. Underlying 
host and microbial factors that lead to progression from cys-
titis to pyelonephritis are not well understood at this time. 
Pyelonephritis may be caused by seeding of the kidneys as a 
result from bacteremia or from bacteria present in the 
lymphatic system [26].

There is a predisposition for developing pyelonephritis in 
pregnancy. This may be related to pregnancy-related ana-
tomic changes in the urinary tract, such as increased pressure 
on the bladder from the enlarging gravid uterus, and an 
increase in ureteral size due to smooth muscle relaxation. 
The immunosuppression of pregnancy may also play a role, 
including lower mucosal IL-6 levels and serum antibody 
responses to E. coli antigens [38].

Recurrences, in general, follow the same basic princi-
ples as sporadic infection. Recurrences due to the same 
bacterial strain may be due to reinfection, with the source 
being a remnant uropathogen reservoir in the bladder epi-
thelium from a prior infection. This may be related to intra-
cellular bacterial communities and quiescent intracellular 
reservoirs [39]. There is evidence of clonal invasion of epi-
thelial cells in biofilm structures. This allows the bacteria to 
evade host defenses. Antibiotics are not capable of pene-
trating these structures well. The majority of cystitis recur-
rences are reinfections. The initial pathogenic strain can 
persist in the fecal flora after being eliminated from the uri-
nary tract. E. coli strains can be responsible for recurrent 
UTIs 1–3 years later, although most recurrences occur 
within the first 3 months [40].

Women with recurrent infections have an increased sus-
ceptibility to vaginal colonization with uropathogens. This is 
partially due to a greater tendency for uropathogenic coli-
forms to adhere to the uroepithelium in women with a history 
of recurrences when compared to women without recurrent 
infections [41]. Genetic determinants also play a role. The 
non-secretor and the P1 phenotypes have higher expression 
among females with recurrent UTI and recurrent pyelone-
phritis, respectively. Uroepithelial cells from women who are 
non-secretors of ABH blood group antigens have stronger 
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adherence of uropathogenic E. coli when compared with cells 
from secretors [42]. The non-secretors also express unique 
glycolipid receptors that bind uropathogenic E. coli. The IL-8 
receptor (IL8R or CXCR1) is another implicated genetic 
factor. IL-8 promotes neutrophil migration across infected 
uroepithelium [43].

Asymptomatic bacteriuria and symptomatic urinary tract 
infection are significantly less common in men when com-
pared to women. This is because of inherent anatomical dif-
ferences in men, namely the longer urethral length, drier 
periurethral environment (with subsequent less frequent bac-
terial colonization), and prostatic fluid’s antibacterial 
properties.

The lack of symptoms with asymptomatic bacteriuria 
may be related to the specific pathogen, the host, or both. 
When comparing asymptomatic bacteriuria, cystitis, and 
pyelonephritis, the microbiology is similar. There may be 
some strains that exhibit subtle adaptations that promote 
pathogenesis. In order for symptomatic infection to occur, 
bacteria irreversibly attach to the urinary tract via fimbrial 
adhesins. Some strains with reduced fimbrial expression 
grow more rapidly, which then leads to asymptomatic bacte-
riuria [44]. The strains implicated in asymptomatic bacteri-
uria might be less virulent, and therefore, may not constitute 
true pathogens and are unlikely to progress to serious infec-
tion [45]. Because of this, it is postulated that colonization 
with “uroprotective” bacterial strains (especially strains of 
E. coli) may protect against infection from invasive uro-
pathogens [46]. Host factors that may be implicated in 
asymptomatic bacteriuria may be related to lower levels of 
neutrophil Toll-like receptor 4 (TLR4) expression. TLR4 is 
responsible for the mucosal response to E. coli, and its inac-
tivation can lead to a carrier state resembling asymptomatic 
bacteriuria [47].

Bacterial adhesion to mucosal or urothelial cells is an 
important determinant of bacterial virulence. Infection in the 
urinary tract is partly related to the bacteria’s ability to adhere 
and colonize other locations (e.g., the gut, perineum, urethra, 
bladder, and kidneys) [48]. Adhesion is especially of interest 
when infections occurs in an anatomically normal urinary 
tract, but it also plays a significant role in recurrent cystitis 
and catheter-associated infections [49].

Uropathogenic Enterobacteriaceae are electronegative 
and too small to overcome repulsion by the net negative 
charge of epithelial cells. Therefore, bacterial adhesion can-
not happen in the absence of fimbrial or other non-fimbrial 
surface adhesion systems, which have favorable electrical 
charge and promote adhesion via hydrophobicity [50].

Bacterial virulence does not appear to be related to anti-
microbial drug resistance.

Virulence of uropathogenic E. coli appears to be related to 
several O-serotypes (O1, O2, O4, O6, O7, O16, O18, and 
O75) [51]. While they only comprise 28 % of normal fecal 

flora isolates, they are the culprit in 80 % of pyelonephritis 
cases, 60 % of cystitis cases, and 30 % of asymptomatic bac-
teriuria cases [52].

The presence of adhesins on the tip of bacterial fimbriae 
(also known as pili) and on the bacterial surface (non-fimbrial 
adhesins) is the most important factor in E. coli uropatho-
genicity. Most adhesins are lectins that recognize binding 
site conformations from oligosaccharide sequences on the 
epithelial cell surface [53].

Two major fimbrial adherence systems (PAP and SFA) 
have been identified in E. coli strains associated with urinary 
tract infections. The PAP adhesin is found on the tip of P 
fimbriae. The term P fimbriae relates to the PAP adhesin’s 
ability to recognize the human digalactoside P blood group 
determinants on human erythrocytes and urothelial cells, that 
then facilitates increased adhesion. This plays an important 
role in host susceptibility to infection. Epithelial binding and 
invasion appears to be accomplished by Dr fimbriae [53].

Non-fimbrial adhesins include many different proteins, 
including AFA and the AT (autotransporter) family of tri-
meric proteins. Two of these latter proteins have structural 
similarity to the E. coli K12 antigen 43 (Ag43a), which pro-
motes biofilm growth. Its expression is associated with long-
term E. coli bladder colonization. UpaG is another 
non-fimbrial adhesin that binds to the epithelium, mediates 
cell aggregation, and relates to biofilm formation [54].

The frequency of PAP, SFA, and AFA operons is approxi-
mately 75 %, 25 %, and 10 %, respectively in pyelonephritis; 
45, 20, and 12 % in cystitis; and 24, 27, and 0 % in asymp-
tomatic bacteriuria [55]. Virtually all young females with a 
normal urinary tract and pyelonephritis have been found to 
have at least one adhesin system [56].

Because of the aforementioned findings, patients with 
UTI who are infected with non-uropathogenic (non-fimbrial) 
bacteria should undergo further investigations to detect a 
structural defect (e.g., intermittent reflux, neuromuscular 
bladder dysfunction, or bladder neck obstruction) leading to 
infection [56].

Apart from the presence of adhesins, bacterial fimbriae 
also appear to have other virulence properties that are respon-
sible for development of infection, but these are not yet well 
defined. Other virulence factors include the presence of 
flagellae (which are responsible for motility), hemolysin pro-
duction (which form pores in the epithelial cell membrane 
and lead to inflammation, damage, and hemorrhage), and 
aerobactin production (which is necessary for iron uptake in 
the iron-deficient urinary tract). CNF1 appears to play a role 
in adherence and invasion, and can stimulate bladder cell 
apoptosis [51].

Escherichia coli is capable of evading host defense mech-
anisms, as well. Its type 1 fimbriae make the siderophore 
enterobactin, which is neutralized by the host protein 
lipocalin-2. The bacteria can glycosylate enterobactin into 
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salmochelin, which lipocalin-2 cannot recognize. E. coli 
can also synthesize factors that blunt cytokine responses and 
help resist free radicals. It can also produce immunosuppres-
sants such as SisA and SisB [36, 37].

Escherichia coli may also have an effect on ureteral peri-
stalsis. Multiple strains of E. coli were tested. Non-
uropathogenic strains had no significant effect on ureteral 
motility. However, uropathogenic strains demonstrated some 
effect, from 9.47 to 96.7 % ureteral dysmotility over 8 h. This 
effect is postulated to be related to the FimH adhesin on the 
end of type 1 fimbriae [57].

Proteus mirabilis has its own armamentarium of virulence 
factors, including urease production, hemolysin production, 
IgA protease production, iron acquisition, flagellae, and fim-
briae. Urease hydrolyzes urea to ammonia and carbon diox-
ide. Ammonia combines with hydrogen to form ammonium. 
This leads to urine alkalinization with the urine pH being 
frequently above 7.0 and can even reach as high as 9.0. The 
alkalinity promotes precipitation of phosphate, carbonate, 
and magnesium, which form struvite stones and then large 
staghorn calculi. These stones contain a mixture of protein-
aceous matrix, leukocytes, struvite, and bacteria. Because 
the stone is Proteus-contaminated, it becomes a permanent 
source of bacteria. It also leads to urinary stasis, which then 
furthers bacterial multiplication, urinary alkalinization, and 
deposition of new struvite layers. Hemolysin in Proteus spe-
cies works in a similar fashion to Escherichia species in that 
it leads to epithelial cell inflammation, damage, and hemor-
rhage. Another entity, Proteus toxic agglutinin, remains 
anchored on the bacterial surface and leads to bacterial auto-
agglutination. This process is directly toxic to bladder and 
kidney cells [58].

Proteus mirabilis produces at least 4 fimbrial types that do 
not appear to be requisite for causing infection. At least 2 
fimbrial systems may contribute to colonization, namely the 
MR/P fimbriae for bladder and kidney infection; and the 
PMF fimbriae for bladder infection. UCA fimbriae bind epi-
thelial cells and can target a variety of surface receptors. ATF 
fimbriae is another structure that appears to be expressed 
optimally at room temperature, and may play a role in the 
organism’s survival outside of the urinary tract. ZapA is a 
zinc metalloprotease that cleaves IgG, IgA, complement, and 
antimicrobial peptides [58].

A particular phenotype termed “swarm cell differentia-
tion,” characterized by the formation of very long flagellae, 
appears to facilitate ascent into the urinary tract [59].

Staphylococcus saprophyticus is a common cause of 
cystitis in young sexually active women. It rarely leads to 
pyelonephritis. This organism adheres strongly to the urothe-
lium apparently because of a lactosamine residue [60].

Microorganisms have uptake and transport systems that 
steal essential metals from the host. The most important metals 
that have been identified are iron and zinc. Iron is critical for 

a variety of host processes. Zinc plays a key role in metallopro-
tease activity and piliation. The host sequesters these nutrients 
as a defense mechanism. However, bacteria are able to gener-
ate siderophores in order to harvest iron [36, 37].

The pathogenesis of funguria is not as well understood. 
Fungal multiplication is commonly found within the kidney, 
a phenomenon which does not appear to occur in any other 
organ. It is not known whether fungi preferentially localize 
in the kidney or are cleared from other organs more effi-
ciently. The pathogenesis of fungal renal infection appear to 
be related to the attachment of fungi to endothelial surfaces 
and penetration into tissue. The presence of yeast in the cap-
illary beds of the kidneys elicits an inflammatory response. 
The yeasts survive only if they are able to penetrate the capil-
lary walls and invade the interstitium. Invasion is expedited 
by attachment of the fungi via adherence mechanisms to the 
capillary walls. Pseudohyphal and hyphal forms facilitate 
penetration through the capillary walls. Ascending infection 
of the kidneys appears to be related to vesicoureteral reflux 
of fungi from the bladder [61].

Catheter-associated urinary tract infections may be 
extraluminal or intraluminal. Extraluminal infections occur 
with bacterial entry into the bladder along the biofilm that 
forms around the catheter in the urethra. Intraluminal infec-
tions occur due to urinary stasis because of drainage failure, 
or due to drainage bag contamination with subsequent 
ascending infection. Extraluminal infections are more com-
mon than intraluminal [62].

The organisms that cause urinary tract infections in a hos-
pital or nursing home are usually of different species and 
often have greater antibiotic resistance profiles when com-
pared to pathogens seen in the general community. 
Ambulatory patients with indwelling catheters tend to 
acquire uropathogens similar to those seen in hospitalized 
patients. These organisms may lack some virulence factors 
that allow the usual uropathogen to adhere to uroepithelial 
cells, but they can still easily access the bladder via the cath-
eter. Upper urinary tract infection is also an important conse-
quence of CAUTIs [63].

�Clinical Presentation

There is a crucial distinction to be made when evaluating 
a patient with bacteriuria—whether they are symptomatic 
or not. This distinction will serve to determine whether 
treatment is warranted. Many patients with bacteriuria 
will be asymptomatic, and may not always require antibi-
otic treatment. Symptomatic patients, on the other hand, 
will always require treatment. This will be further dis-
cussed later.

Patients with cystitis have dysuria, frequency, urgency, 
suprapubic pain/discomfort, and/or hematuria [64].
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Patients with pyelonephritis may or may not complain of 
the symptoms associated with cystitis, in addition to fever, 
chills, flank pain, costovertebral angle tenderness, nausea, 
and/or vomiting. Symptoms may mimic pelvic inflammatory 
disease. On rare occasions, acute pyelonephritis may mani-
fest as acute kidney injury, sepsis, multiple organ dysfunc-
tion syndrome (MODS), and/or shock [64].

Patients with emphysematous cystitis most commonly 
present with abdominal pain. Emphysematous pyelonephritis 
and emphysematous pyelitis are indistinguishable from severe 
acute pyelonephritis based on presentation. The symptoms 
may present suddenly or may evolve over 2–3 weeks.

Complicated pyelonephritis may present as weeks to 
months of malaise, fatigue, nausea, or abdominal pain.

Chronic pyelonephritis is an uncommon cause of chronic 
tubulointerstitial disease, usually associated with a chroni-
cally obstructing calculus or vesicoureteral reflux, in which 
patients again present with weeks to months of insidious 
non-specific symptoms.

Patients with indwelling catheters are rarely symptomatic. 
Even when faced with fever, urinary symptoms, and leukocy-
tosis, it can be difficult to attribute these to an active UTI [21].

Funguria is a common occurrence in the presence of 
indwelling catheters. When asymptomatic, the presence of 
yeasts generally reflect colonization. Infected patients may 
have dysuria, frequency, and suprapubic discomfort. When 
present, symptoms of fungal kidney involvement may 
include flank pain, costovertebral angle tenderness, abdomi-
nal pain, and/or abdominal tenderness [65].

Symptoms of urinary tract infection in pregnancy are no 
different from the nonpregnant population.

Patients in the extremes of age may have subtle symp-
toms. Elderly patients with indwelling catheters often have 
atypical presentations of infection. The clues to the presence 
of infection may be the development of fever or otherwise 
unexplained systemic manifestations compatible with infec-
tion, such as altered mental status, delirium, fall in blood 
pressure, metabolic acidosis, tachypnea, and respiratory 
alkalosis. However, fever may not be present [21].

In renal transplant patients, urinary tract infection usually 
occurs within the first year after transplantation. Now, due to 
multiple factors (routine administration of prophylactic anti-
biotics, refinements in immunosuppression, improvements in 
surgical techniques, and greater attention to early catheter 
removal post-operatively), more patients are presenting with 
UTI after the first year of transplantation. Patients can present 
with either uncomplicated cystitis (without pyelonephritis of 
allograft or native kidney and without sepsis) or pyelonephri-
tis involving either the native kidney or allograft. Symptoms 
are generally comparable to non-transplant patients [34]. 
Occasionally, patients may lack all clinical manifestations of 
UTI because of immunosuppression and denervation of the 
renal allograft [66].

�Diagnosis

Clinical history is of the utmost importance in diagnosis of 
uncomplicated cystitis or pyelonephritis along with clinical 
manifestations mentioned above. The likelihood of cystitis is 
more than 50 % in a woman with any of the symptoms of 
urinary tract infection presented above (clinical manifesta-
tions section) but the probability of urinary tract infection is 
usually greater than 90 % in a woman presenting with dys-
uria and frequency in the absence of vaginal discharge or 
irritation [3, 64].

Physical examination is another important entity and 
should consist of evaluation for fever, costovertebral angle 
tenderness, and complete abdominal examination including 
signs of guarding and rigidity. Complete pelvic exam should 
also be considered in cases where vaginitis or urethritis is 
present. In addition, testing for pregnancy is crucial in 
women of child bearing age presenting with symptoms of 
urinary tract infection.

Further assessment with laboratory diagnostic testing 
includes urinalysis and urine culture with susceptibility 
information. Urinalysis with microscopy or dipstick is 
acceptable depending on inpatient versus outpatient setting 
and is a quick and cheap diagnostic tool complimenting 
urine culture. However, urinalysis without a urine culture is 
also considered adequate for diagnosing uncomplicated cys-
titis if clinical symptoms are indicative of urinary tract infec-
tion unless there is strong suspicion for antimicrobial 
resistance or other confounding features including indwell-
ing catheters, anatomic abnormalities, history of renal trans-
plant, and clinical signs/symptoms indicating complicated 
cystitis with pyelonephritis.

Routine imaging studies are not indicated for diagnosing 
acute uncomplicated cystitis but may be required in certain 
complicated cases, recurrent UTIs, and pyelonephritis.

The most important aspect of urinalysis is searching for 
pyuria when evaluating a patient for urinary tract infection. 
Lack of pyuria on urinalysis should strongly instigate the cli-
nician to look for alternative diagnosis as pyuria is present in 
nearly all patients presenting with acute cystitis or pyelone-
phritis [67].

Evaluating an unspun midstream voided urine sample 
with a hemocytometer is the most precise technique of 
assessing for pyuria. A positive result is reported with 
≥10 leukocytes/microL [3].

Presence of white blood cell casts in the urine is indicative 
of upper tract infection. Red blood cells are common in UTI 
setting but uncommon in urethritis or vaginitis and therefore 
are helpful to the clinician when making treatment decisions. 
Hematuria, on the other hand, is neither an indication for longer 
therapy nor is a predictor for more severe infection.

Commercially available dipsticks are used to detect the 
presence of leukocyte esterase which is an enzymatic product 
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of leukocytes indicating pyuria. Dipsticks also detect for 
nitrite, a by-product of Enterobacteriaceae which convert 
urinary nitrate to nitrite.

Leukocyte esterase may also be used to look for >10 
leukocytes per high power field which has sensitivity of 
75–96 % and specificity of 94–98 % [68]. Furthermore, the 
presence of nitrite is appreciably sensitive and specific for 
detecting ≥105 CFU of Enterobacteriaceae per mL of urine 
but it does not have acceptable sensitivity to detect for other 
organisms. Consequently, negative results should not be 
taken for granted [69]. Further caution should be used when 
interpreting positive nitrite results because false positive 
nitrite tests can result when compounds that can make urine 
red are involved, such as bladder analgesic phenazopyridine 
or ingestion of beats.

The dipstick exam is useful in assessing for UTI when 
positive for either leukocyte esterase or nitrite with sensitiv-
ity of 75 % and a specificity of 82 % [64]. However, positive 
or negative dipstick results cannot accurately rule in or rule 
out a UTI because the clinical history along with presenting 
signs and symptoms of an individual patient is always con-
sidered more reliable.

Obtaining a proper urine culture may also be required 
when evaluating a patient with suspected UTI as treatment 
with antibiotics is considered. This has been increasingly 
more important in the face of increasing prevalence of anti-
microbial resistance amid uropathogens. It is also crucial to 
obtain a urine culture when dealing with a complicated UTI 
[70]. For instance, urine culture with susceptibility testing 
should be performed in all patients presenting with signs and 
symptoms of acute pyelonephritis [71]. Furthermore, a urine 
culture should be obtained for susceptibility data of uro-
pathogens if a patient is suffering from recurrent UTIs or 
symptoms persist after completing a course of antibiotics. 
A voided midstream urine specimen should be obtained for 
best results.

�Treatment and Resistance

Treatment guidelines presented in this section are intended 
for treating uncomplicated acute cystitis and pyelonephritis. 
Complicated cystitis and pyelonephritis therapy guidelines 
are not covered in this chapter as they are beyond the scope 
of this text.

Treatment of UTI is based on the severity of the infection. 
A key decision point in selecting an appropriate antibiotic 
regimen is whether a cystitis or pyelonephritis is present. 
Antibiotic selection for treatment of acute cystitis further 
depends on certain key factors that include resistance pro-
files of uropathogens, efficacy of selected antimicrobial 
agent along with its side effect profile, drug availability, and 
cost [72].

Some of the commonly suggested antimicrobial agents 
for the treatment of acute cystitis are as follows:

Nitrofurantoin: Nitrofurantoin monohydrate/macrocrys-
tals with suggested dose of 100 mg twice daily has reported 
efficacy rate of 90–95 % when used for 5–7 days orally 
according to randomized trials [73].

Special consideration: Nitrofurantoin is contraindicated 
in patients with creatinine clearance of <60 mL/min.

Trimethoprim-sulfamethoxazole (TMP-SMX): TMP-SMX 
with suggested dose of 160/800 mg (one double strength tab-
let) twice daily has reported efficacy rate of 86–100 % when 
used for 3–7 days orally according to randomized trials [74]. 
TMP-SMX should be dose adjusted at 50 % of recommended 
dose for patients with creatinine clearance of 15–30 mL/min.

Special consideration: Trimethoprim-sulfamethoxazole is 
contraindicated in patients with creatinine clearance of less 
than 15 mL/min.

Fosfomycin: Fosfomycin trometamol has reported effi-
cacy rate of 91 % when given 3 g as a single dose according 
to one randomized trial [75]. However, it is considered infe-
rior in efficacy when compared to other first-line agents sug-
gested for treatment of acute cystitis [76].

Pivmecillinam: Pivmecillinam with suggested dose of 
400 mg twice daily has reported efficacy of 55–82 % when 
given for 3–7 days orally according to randomized trials 
[77]. Evidently, it has lower clinical efficacy when compared 
to the other agents mentioned above. Pivmecillinam is cur-
rently not available in the USA.

Pyelonephritis is a more severe infection compared to 
cystitis and therefore requires special attention and selection 
of broader-spectrum antimicrobial agents. Definitive treat-
ment of pyelonephritis is generally based on susceptibility 
profiles of causative microbes. However, empiric choice of 
antimicrobial agents is again based on the severity of illness. 
One important decision point in treating pyelonephritis is 
whether to initiate inpatient treatment (which generally 
requires intravenous antibiotics) or if outpatient treatment 
with oral antibiotics is adequate.

Outpatient management of pyelonephritis is deemed 
appropriate for patients who have mild to moderate illness 
(with mild symptoms and low grade fever) that can be treated 
with oral antibiotic and oral hydration [78].

Oral fluoroquinolones are the cornerstone of outpatient 
empiric therapy for patients with acute uncomplicated pyelo-
nephritis. There has been ongoing concern for increasing 
resistance of uropathogens to currently available fluoroquino-
lones but clinical efficacy remains high when these antibiotics 
are used in accordance with susceptibility profiles [79].

For outpatient empiric treatment of pyelonephritis, the 
commonly suggested oral fluoroquinolones are ciprofloxacin 
and levofloxacin. For example, 500  mg of ciprofloxacin 
orally twice daily for 7 days or 1000 mg of extended release 
oral ciprofloxacin for 7 days are suggested regimens. 
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Alternatively, 750  mg of oral levofloxacin for 5–7 days is 
also acceptable.

Of note, fluoroquinolones are contraindicated in preg-
nancy. Therefore, when fluoroquinolones are used for treat-
ment or prophylaxis in women in the reproductive age group, 
an effective contraception should be advised. Other serious 
side effects of fluoroquinolones include prolonged QTc 
interval in patients with certain cardiac conditions and risk of 
tendon rupture.

Albeit, final selection of oral antibiotic is then based on 
susceptibility profiles of the infection causing organisms and 
side effect profiles of antimicrobial agents selected.

On the contrary, inpatient management is mandatory for 
patients with pyelonephritis who present with more severe 
illness demonstrating high fever, hemodynamic instability, 
and inability to take adequate oral hydration or medications 
due to marked nausea/vomiting, excessive pain, and preg-
nancy. Empiric intravenous antibiotic therapy should be ini-
tiated promptly which is then tailored as susceptibility data 
becomes available. Commonly suggested intravenous antibi-
otics include fluoroquinolones, aminoglycosides, extended-
spectrum cephalosporins, extended-spectrum penicillins, as 
well as carbapenems depending on the severity of the infec-
tion, other complicating factors, and prevalence of local 
resistance [5].

Moreover, when extended-spectrum beta-lactamase 
(ESBL) producing microbes are involved, intravenous car-
bapenems should be the choice for antibiotics [80].

Hospitalized patients receiving intravenous antibiotics 
should be monitored closely and should be switched to appro-
priate oral agents when significant clinical improvement is 
evident and patients are able to tolerate oral hydration as well 
as medications [81].

Most of the discussion on diagnosis and treatment so far 
has been devoted to urinary tract infections in women 
because asymptomatic bacteriuria and symptomatic urinary 
tract infections are much less common in men due to longer 
urethral length, relatively dry periurethral environment lead-
ing to lower frequency of colonization around the urethra 
and antibacterial properties of prostatic fluid [82].

Traditionally, all urinary tract infections in men between 
the age of 15 and 50 have been deemed complicated because 
most UTIs occur in infants and the elderly that have urologic 
anomalies, such as bladder outlet obstruction, or men with 
neurogenic bladders leading to altered urinary dynamics and 
microtrauma from intermittent catheterization, and urologic 
procedures. Nevertheless, clinical diagnosis and treatment of 
uncomplicated cystitis and pyelonephritis in men with nor-
mal urinary systems is comparable to diagnosis and treat-
ment in women for all practical purposes.

There are some special circumstances where screening 
for and treating asymptomatic bacteriuria in men between 
the ages of 15 and 50 may be justified as well. These special 

considerations include transurethral resection of the prostate 
or other urologic procedures that put the patient at risk of 
bactremia with instrumentation causing mucosal bleeding 
which can lead to sepsis and septic shock [2, 29].

Men with recurrent cystitis additionally warrant special 
consideration and evaluation for prostatitis with focus on 
physical examination and may require digital rectal exami-
nation for further management. In addition, the possibility of 
urethritis should be considered in young sexually active men 
presenting with UTI symptoms.

Imaging studies are also not routinely needed for diagnos-
ing uncomplicated acute cystitis and pyelonephritis in men 
but may be helpful in certain circumstances.

Finally, growing uropathogen resistance can present a 
considerable challenge when selecting antimicrobial agents. 
Microbial resistance patterns vary significantly depending 
on geographic location and this is mostly true for E. coli. For 
instance, multiple studies show that resistance rates are 
higher amongst medial centers in the USA when compared 
to Canadian medical centers [83]. Resistance rates as high as 
greater than 20 % have been reported in many regions for 
trimethoprim (with or without sulfamethoxazole). Resistance 
for fluoroquinolones has been reported close to 10 % in most 
parts of North America [84]. Furthermore, ciprofloxacin 
resistance rates have been reported to have increased from 3 
to 17 % between the years of 2000 and 2010 [79]. First and 
second generation oral cephalosporins are reported to have 
less than 10 % resistance. Nitrofurantoin is reported to have 
good in vitro activity in all regions generally [85]. Based on 
this reported data, the agents with least resistance may be 
used for empiric therapy in uncomplicated urinary infections 
caused by E. coli.

�Complications

Recurrent uncomplicated urinary tract infections are rela-
tively common in otherwise young, healthy woman even 
with normal anatomical and physiological urinary tracts. 
There have been no reported long-term complications includ-
ing renal disease, permanent urinary tract injury, or other 
sequela leading to long-term health problems from recurrent 
UTIs in absence of anatomic or functional abnormalities of 
the urinary tract.

Patients presenting with complicated (please refer to the 
definitions section above for definition of complicated UTI) 
urinary tract infections leading to pyelonephritis can have a 
number of dire complications that require a special attention. 
Acute complicated pyelonephritis for instance can lead to 
sepsis, multi-organ system failure, shock, and acute renal fail-
ure. Moreover, progression of acute complicated pyelone-
phritis can lead to such complications as renal corticomedullary 
abscess, perinephric abscess, emphysematous pyelonephritis, 
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or papillary necrosis. Some important risk factors for more 
advanced disease with progression to complicated pyelone-
phritis include urinary tract obstruction, urinary dysfunction, 
infection with multi-drug resistance uropathogens, and dia-
betes. Diabetes alone is a significant risk factor particularly 
for emphysematous pyelonephritis and papillary necrosis. 
Patients presenting with complicated acute pyelonephritis 
associated symptoms therefore should alert a clinician to 
diagnose and treat this potentially life threatening condition 
with a sense of urgency.

�Prevention

Recurrent UTIs in women could present a significant burden 
and increase the risk of developing antibiotic resistance.

A number of behavioral interventions have been sug-
gested that may be helpful in preventing recurrent UTIs in 
women. However, many of these behavioral interventions 
have not been sufficiently studied and tested clinically. 
Clinicians and patients arguably hold strong biases about the 
usefulness of these behavioral interventions and therefore it 
is important to consider them as tools of preventing UTIs 
that may help in limiting the use of antibiotics.

For instance, use of spermicides (especially coupled with 
diaphragms) in sexually active woman has been suggested to 
increase the risk of recurrent UTIs. These women should 
be counseled on the association between UTIs and use of 
spermicides during sexual intercourse. Avoiding the usage of 
spermicide consisting products is expected to reduce the risk 
of recurrent UTIs.

Another popular behavioral intervention often suggested 
is an early postcoital voiding and generous fluid intake to 
increase the frequency of micturition.

Furthermore, decreasing the frequency of sexual inter-
course or complete abstinence are also commonly suggested 
strategies for preventing recurrent UTIs but may not be very 
practical.

Cranberry juice has also been widely used by patients for 
prevention of recurrent UTIs. A few laboratory studies have 
suggested that cranberry juice may inhibit adherence of uri-
nary tract microbes to uroepithelial cells [85]. However, 
most clinical studies reported on clinical efficacy of cran-
berry juice have been suboptimal and limited (due to lack of 
power or other design limitations) [86]. Routine use of cran-
berry juice is not recommended clinically. Additionally, 
cranberry juice may also put patients at risk of unwanted 
gastrointestinal side effects such as gastroesophageal reflux 
as demonstrated by some studies [87].

Prophylactic antibiotics are a reasonable option in patients 
with recurrent UTIs who do not wish to undergo behavioral 
interventions such as changing their mode of contraception 
or other behavioral modifications. Antibiotic prophylaxis 

should be considered especially in patients who suffer two or 
more symptomatic recurrent UTIs within 6 months and/or 
three or more within 12 months period [88]. Antibiotic pro-
phylaxis in patients with these characteristics has been 
proven to be an effective way of preventing recurrent UTIs 
[89]. Nevertheless, due to the concern for increasing anti-
bacterial resistance, prophylactic antibiotics should be used 
conservatively. They should be reserved for patients exhibit-
ing discomfort and more serious UTIs.

�Conclusion/Summary

Urinary tract infection is defined as a combination of symp-
toms and positive urine culture containing at minimal 105 
colony forming units per milliliter of urine with isolation of 
less than two microorganisms in a patient without a bladder 
catheter.

On the other hand, catheter-associated urinary tract infec-
tion must contain at least 103 CFU/mL, with the urine sample 
obtained by an aseptic technique.

Asymptomatic bacteriuria is defined as isolation of a sig-
nificant count of bacteria in an appropriately collected urine 
specimen from a patient without any signs or symptoms of 
UTI.

Urinary tract infection is considered complicated when it 
is associated with other conditions that increase the risk of 
treatment failure. Such conditions include diabetes, preg-
nancy, symptoms lasting 1 week or longer prior to starting 
medical treatment, hospital-acquired infections, urinary tract 
obstruction, presence of hardware, recent instrumentation, 
functional or anatomical abnormality, history of childhood 
UTIs, and renal transplantation.

The prevalence of asymptomatic bacteriuria among healthy 
women tends to increase with age. Symptomatic UTIs are 
more prevalent in sexually active young women. Prevalence of 
UTIs is three-to-fourfold higher in diabetic women.

Asymptomatic bacteriuria is rare among young healthy 
men, and the incidence of symptomatic UTIs is much lower 
than that in women.

Pyelonephritis is a more serious infection than cystitis as 
it includes the upper urinary tract infection involving the 
kidney(s).

Some of the strong independent etiologic risk factors for 
UTIs include history of recurrent UTIs, receptive sexual inter-
course, and diaphragm-spermicide use. Other risk factors 
include, having first UTI before the age of 15, diabetes, ana-
tomical or functional urinary tract abnormalities, indwelling 
urinary catheters, and recent instrumentation.

Among uropathogens, E. coli is the most commonly impli-
cated uropathogen responsible for majority of UTIs. Severity 
of infections depends on variety of host factors, virulence, and 
antibiotic resistance properties of uropathogens.
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Patients with symptomatic cystitis could present with a 
variety of symptoms including dysuria, increased urinary fre-
quency, urgency, suprapubic pain/discomfort, and hematuria.

Patients with pyelonephritis on the contrary may or may 
not present with symptoms commonly associated with cysti-
tis but may exhibit fever, chills, flank pain, costovertebral 
angle tenderness, nausea, and/or vomiting.

Clinical history is immensely important in diagnosis of 
uncomplicated cystitis or pyelonephritis. Laboratory studies 
with urinalysis and urine culture also provide valuable infor-
mation in diagnosis and treatment of UTIs. Routine imaging 
studies are not indicated for diagnosing acute uncomplicated 
cystitis but may be required in certain complicated cases and 
pyelonephritis.

Treatment of UTI is based on the severity of the infection. 
Appropriate antibiotic regimen is selected based on whether 
it is cystitis or pyelonephritis.

Treatment of acute cystitis further depends on resistance 
profiles of uropathogens, efficacy of selected antimicrobial 
agent along with its side effect profile, drug availability, and 
cost. Treatment of pyelonephritis generally requires inpa-
tient therapy with intravenous antibiotics.

Growing antibiotic resistance among uropathogens pres-
ents a special challenge when selecting antimicrobial agents.

Behavioral interventions may be helpful in reducing the 
risk of recurrent UTIs but may not be very practical and 
more studies are needed to prove their clinical efficacy.

Prophylactic antibiotics may be a reasonable option in 
patients with recurrent UTIs that do not wish to undergo 
behavioral interventions but because of concern for increas-
ing antibacterial resistance, prophylactic antibiotics should 
be used conservatively.
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Chronic Catheter Associated 
Complications and Catheter-Associated 
Urinary Tract Infection

JoAnn Coleman

Urinary catheters are standard medical devices used in hospitals 
and long-term care (LTC) facilities. The most frequent com-
plication associated with these devices is the development of 
nosocomial catheter-associated urinary tract infections 
(CAUTIs), accounting for almost 40 % of infections reported 
by acute care hospitals [1, 2].

CAUTI increases hospital cost and is associated with 
increased morbidity and mortality [2–4]. Each year, more 
than 13,000 deaths are associated with urinary tract infec-
tions (UTIs) [3, 4]. In 2007, the cost of treating CAUTIs was 
estimated at $400 million per year [5]. Although the absolute 
cost of each CAUTI may not be overwhelming, the fre-
quency of episodes over a year greatly increases their signifi-
cance [6].

In addition to the health and financial burden of CAUTI, 
there are additional patient safety concerns associated with 
urinary catheterization, such as patient discomfort, restric-
tion of activity, delay in discharge, and the potential develop-
ment of a reservoir of multidrug-resistant organisms that can 
spread to other patients [7, 8]. Indwelling catheter usage may 
also prolong hospital stay if the patient is unable to void nor-
mally after the catheter is removed near the time of a planned 
discharge [9].

The prevalence of indwelling urinary catheter use is 
15–25 % in the acute care setting and 5–10 % in long-term 
care (LTC) facilities. Long-term indwelling urinary catheters 
are used most commonly in the elderly, in patients who are 
disabled or have debilitating neurological conditions such as 
a spinal cord injury. CAUTI in the LTC resident can lead to 
complications of cystitis, pyelonephritis, bacteremia, and 
septic shock. These complications associated with CAUTI 
can result in decline in resident function and mobility, acute 
care hospitalizations, and increased mortality [10, 11].

CAUTIs are considered by the Centers for Medicare and 
Medicaid Services (CMS) to represent a reasonably preventable 
complication of hospitalization and the first healthcare-
associated infection (HAI) where no payment is provided to 
hospitals for CAUTI treatment-related costs [12]. Reduction 
of CAUTI is a reasonable goal but elimination may not be 
feasible, especially in patients who require long-term cath-
eterization [5, 13].

The CMS rule change on nonreimbursement for CAUTI 
has fueled an increased focus on the prevention of CAUTI 
and an increased interest in distinguishing CAUTI from 
asymptomatic bacteriuria (ASB). The ability to distinguish 
symptomatic CAUTI from ASB currently relies on clinical 
symptoms (Table 7.1) and is not easily made even with the 
help of various guidelines [14]. The presence of bacteria in 
urine does not imply a UTI [15] and more than 90 % of cases 
of catheter-associated bacteriuria are symptom-free [16].

�Asymptomatic Bacteriuria vs Symptomatic 
Urinary Tract Infection

Asymptomatic CAUTIs are common in hospitalized patients 
and catheterized LTC facility residents. There is 100 % ABS 
in LTC facility residents with chronic indwelling urinary 
catheters. They are associated with a low incidence of 
sequelae and morbidity, and in most patients resolve sponta-
neously on removal of the catheter. Despite consensus guide-
lines developed to help diagnose UTI, a single, evidence-based 
approach to distinguish symptomatic UTI from ASB does 
not exist. Routine screening and treatment for ASB are not 
recommended [17].

However, ASB comprises a reservoir of microorganisms 
in health care settings [18]. Urine cultures should only be 
obtained from patients with symptoms of UTI [19]. 
Overtreatment with antibiotics for suspected UTI remains a 
significant problem and leads to a variety of consequences 
including the development of multidrug-resistant organisms, 
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suprainfections, unnecessary costs [13, 19], and does not change 
chronic genitourinary symptoms or improve survival [20].

Patients with symptoms of a UTI, which include fever, 
chills, hematuria, suprapubic pain, are treated with antibiot-
ics. Older adults may not exhibit the common UTI symptoms 
but may show a decline in mental state [21, 22]. A catheter-
ized patient with symptoms or signs of a UTI and significant 
bacteriuria is diagnosed as having a CAUTI. Many patients 
are being diagnosed inappropriately with CAUTI, for which 
they receive treatment that is not recommended [13].

The prevalence of ASB in LTC residents can range from 
25 to 50 %. Although the incidence of symptomatic UTI is 
lower, it still comprises a significant proportion of infections 
manifesting in LTC facilities and results in a large amount of 
antibiotic use [11]. In recent years, LTC facilities have admit-
ted residents with higher acuity levels with concomitant 
increase in indwelling devices and parenteral antibiotics, 
further exposing a greater number of residents to multidrug-
resistant bacteria [23].

In LTC residents with a urinary catheter, the most 
common occult infectious source of fever is the urinary tract. 
The combination of fever and worsening mental or func-
tional status in such residents meets the criteria for a UTI. 
Particular care should be taken to rule out other causes of 
these symptoms. A symptomatic UTI requires the presence 
of symptoms along with significant bacteriuria. However, 
symptomatic UTI in a catheterized LTC resident should 
always be a diagnosis of exclusion in the absence of local-
izing urinary tract findings [24]. If a catheterized resident 
meets the criteria for infection at a site other than the urinary 
tract, then the clinical diagnosis is an infection at the other 
site [25]. Risk factors for ASB and symptomatic UTI are 

presented in Table 7.2.

The exact relationship between ASB and UTI remains 
unclear. The distinction currently relies on clinical symptoms 
and is not easily made, even with the help of various guidelines 
[14]. Even though treatment of ASB is not recommended, it is 
plausible that preventing ASB will decrease the incidence of 
symptomatic infection in catheterized patients [26].

�CAUTI Definitions

The definition of CAUTI is controversial. A number of soci-
eties vary in their current definitions and recommendations 
but all agree that symptoms are not reliable for the diagnosis 
of CAUTI.

In 2008 the Society for Healthcare Epidemiology of 
America (SHEA), the Infectious Diseases Society of America 
(IDSA) jointly published the Compendium of Strategies to 
Prevent Healthcare-Associated Infections in Acute Care 
Hospitals, including strategies to prevent CAUTI [26]. 

Table 7.1  Comparison of CDC and IDSA definitions of asymptomatic bacteriuria and symptomatic catheter-related bacteriuria

Asymptomatic bacteriuria (ASB) Symptomatic catheter-related bacteriuria (UTI)

CDC definition

Absence of:
Fever >38 °C
Suprapubic tenderness or
Costovertebral angle pain or tenderness
Urine culture with >105 colony forming 
units (cfu)/mL of uropathogenic bacteria 
(CDC definition)

Presence of:
Fever >38 °C
Suprapubic tenderness
Costovertebral angle tenderness or
Unexplained systemic symptoms such as:
Altered mental status
Hypotension or
Evidence of a systemic inflammatory response syndrome
Along with one of the following:
•	 Urine culture with >105 cfu/mL irrespective of urinalysis results
•	 Urine culture with 103 cfu/mL with evidence of pyuria (dipstick positive for leukocyte esterase 

and/or nitrite, microscopic pyuria or presence of microbes seen on Gram stain of unspun urine)

IDSA definition

Single catheterized specimen with 
isolation of a single organism in 
quantitative counts of ≥102 cfu/mL

Patients who are no longer catheterized but had indwelling urinary catheters within the past 48 h 
are also considered to have CAUTI if they meet these definitions

CDC Center for Disease Control;www.cdc.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf (Accessed on February 25, 2014)
IDSA Infectious Disease Society of America; Nicolle LE, Bradley S, Colgan R, et al. Infectious Diseases Society of America guidelines for the 
diagnosis and treatment of asymptomatic bacteriuria in adults. Clin Infect Dis 2005; 40:643

Table 7.2  Risk factors for asymptomatic bacteriuria and symptomatic 
urinary tract infection

Asymptomatic bacteriuria
Symptomatic urinary tract 
infection

Disconnection of drainage system Prolonged catheterization

Insertion by one who lacks lower 
professional training

Female sex

Placement of catheter outside of OR Older age

Incontinence Impaired immunity

Diabetes

Meatal colonization

Renal dysfunction

Orthopedic/neurology services

J. Coleman
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In 2010, the IDSA published Diagnosis, Prevention, and 
Treatment of Catheter-Associated Urinary Tract Infection in 
Adults: 2009 International Clinical Practice Guidelines 
From the Infectious Diseases Society of America [27]. Later 
that same year, the Healthcare Infection Control Practices 

Advisory Committee (HICPAC) at the Centers for Disease 
Control (CDC) published an updated Guideline for 
Prevention of Catheter-Associated Urinary Tract Infections 
2009 [4]. Table  7.3 provides the criteria for diagnosis of 
CAUTI from these societies.

Table 7.3  Criteria for diagnosis of CAUTI form IDSA/SHEA, CDC, APIC

Organization Definition

Infectious Diseases Society of America (IDSA) and the Society 
for Healthcare Epidemiology of America (SHEA)
http://www.idsociety.org/uploadedFiles/IDSA/Guidelines-
Patient_Care/PDF_Library/Comp%20UTI.pdf 2009
These guidelines are for acute care hospitals
Emphasis is on enabling the clinician to detect a CAUTI in an 
individual patient. These guidelines make a distinction between 
CAUTI and ASB. Although ASB may be a precursor for CAUTI, 
the majority of ASBs do not progress to symptomatic infection. 
Routine screening for ASB is not recommended except in specific 
research and other settings

Catheter-associated urinary tract infection is defined by the presence of 
symptoms or signs compatible with a urinary tract infection (UTI) with 
no identifiable source of infection along with ≥105 colony forming units 
(CFU)/mL of ≥1 bacterial species in a single catheter urine specimen or 
in a midstream voided urine specimen from a patient whose urethral, 
suprapubic, or condom catheter has been removed within the previous 
48 h

Centers for Disease Control and Prevention (CDC)/National 
Healthcare Safety Network 2008
http://www.cdc.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf
CDC definitions are intended for infection control surveillance 
purposes in any type of health care setting

A UTI where an indwelling urinary catheter was in place for >2 calendar 
days on the date of event, with day of device placement being Day 1, and 
an indwelling urinary catheter was in place on the date of event or the 
day before. If an indwelling urinary catheter was in place for >2 calendar 
days and then removed, the UTI criteria must be fully met on the day of 
discontinuation or the next day
Classification of CAUTI falls into two groups: symptomatic urinary 
tract infection (SUTI) and asymptomatic bacteriuric urinary tract 
infection (ABUTI). CAUTI includes those infections in which a patient 
had an indwelling urinary catheter at the time or within 48 h before 
onset of the event
NOTE: There is no minimum period of time that the catheter must be in 
place for the UTI to be considered catheter-associated

CAUTI in Long-term Care Facilities Catheter-associated SUTIs events occur when a resident develops signs 
and symptoms localizing to the urinary tract while having an indwelling 
urinary catheter in place or removed within 2 calendar days prior to the 
date of event (where day of catheter removal = day 1)
NOTE: An indwelling urinary catheter should be in place for a minimum 
of 2 calendar days before infection onset (where day of catheter 
insertion = day 1) in order for the SUTI to be catheter-associated
One or more of the following:
1.	 Fever
2.	 Rigors
3.	 New onset hypotension with not alternate site of infection
4.	 New onset suprapubic pain or costovertebral angle pain or tenderness
5.	 Acute pain, swelling, or tenderness of the testes, epididymis, or 

prostate
6.	 Purulent drainage from around the catheter
AND any of the following:
If urinary catheter removed within last 2 calendar days:
1.	 A voided urine culture with ≥105 CFU/ml of not more than 2 species 

of microorganisms
2.	 Positive culture with ≥102 CFU/ml of any microorganisms from 

straight in/out catheter specimen
If urinary catheter in place:
3.	 Positive culture with 105 CFU/ml of any microorganisms from 

indwelling catheter specimen

Association for Professionals in Infection Control and 
Epidemiology (APIC)
An APIC 2008 Guide to the Elimination of Catheter-Associated 
Urinary Tract Infections (CAUTIs)
http://www.apic.org/Resource_/EliminationGuideForm/
c0790db8-2aca-4179-a7ae-676c27592de2/File/APIC-CAUTI-
Guide.pdf
These guidelines are for acute and long-term settings

Uses the CDC/NHSN definition for SUTI and ASB
Includes the McGeer definitions for CAUTI in the LTC setting (see 
Table 7.4)
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In the LTC setting, the McGeer [28] definition is often 
used to guide clinical diagnosis and management of UTIs. 
These criteria were updated in 2012 by Stone et  al. [24] 
Consensus criteria from SHEA and APIC for antibiotic use 
in LTC facilities was adapted by Loeb and colleagues [29] in 
2001 for the treatment of UTI (Table 7.4).

�Risk Factors for CAUTI

The risk of acquiring a UTI depends on the method of cath-
eterization, duration of catheter use, the quality of catheter 
care, and patient susceptibility. The relationship between the 
duration of catheterization and the development of a UTI is 
firmly established [30].

Lack of proper training in catheter insertion and main-
tenance by healthcare persons may be the first introduction 
of bacteria into the urinary tract initiating CAUTI.  The 
hands of the person inserting the indwelling catheter may 
be the first source of contamination [31]. Lack of asepsis 
or sterile equipment contamination during insertion of an 
indwelling urinary catheter by any healthcare person may 
be the first introduction of bacteria into the urinary tract 
and initiation of CAUTI. Lack of proper maintenance of 
an indwelling urinary catheter may also introduce bacteria 
into the urinary tract. Placement of an inappropriate size of 
catheter may also cause complications related to CAUTI 
[25–27, 32].

A patient with an indwelling urinary catheter has a 5 % 
daily risk for development of a UTI [33]. An indwelling ure-
thral catheter in place for over 30 days is considered to be a 
long-term, or chronic catheter in a patient, and the risk of 
bacteriuria reaches 100 % after 30 days of the indwelling 

catheter [34, 35]. The most frequent indications for a long-term 
indwelling catheter are urinary retention in men and inconti-
nence management in women [36].

Lack of attention or inability to maintain a closed drain-
age system, obstructed urinary flow, or improper placement 
of the drainage bag may place a patient at risk for 
CAUTI.  Any unnecessary manipulation or break in the 
closed drainage system predisposes a patient to CAUTI 
[25–27, 32].

There are host factors which make individuals more 
susceptible to CAUTI, including being female, older age, 
having diabetes mellitus, receiving immunosuppressive ther-
apy, having a neurogenic bladder, and the setting in which 
catheterization occurs [37]. Table 7.5 lists risk factors for the 
development of CAUTI.

Individuals 65 years of age and older are at increased risk 
for unnecessary catheterization [38–40]. Older adults may 
have a higher risk of developing complications, particularly 
infection, as the increased use of indwelling urinary cathe-
ters has been traditionally used to manage bladder emptying 
in those with cognitive impairment, incontinence, and 
decreased function in carrying out activities of daily living 
[40, 41], or convenience [42].

Table 7.4  McGeer and Loeb clinical criteria for symptomatic UTI for residents in LTC facility with an indwelling catheter [24, 28, 29]

McGeer criteria to identify a urinary tract infection  
(UTI) with an indwelling urinary catheter

Loeb criteria for initiating empiric antibiotic  
therapy with an indwelling urinary catheter

Both criteria 1 and 2 must be present:
1.	 At least 1 of the following sign or symptom

a.	 Fever, rigors, or new onset hypotension, with no alternate site of infection
b.	 Either acute change in mental status or acute functional decline, with no 

alternate diagnosis and leukocytosis
c.	 New onset suprapubic pain or costovertebral angle pain
d.	 Purulent discharge from around the catheter or acute pain, swelling,  

or tenderness of the testes, epididymis, or prostate
2.	 Urinary catheter specimen culture with at least 105 cfu/mL  

of any organism(s) Urinary catheter specimens for culture  
should be collected following replacement of the catheter  
(if current catheter has been in place >14 days)

At least one of the following must be present:
1.	 Fever (>37.9 °C) or 1.5 °C above baseline temperature
2.	 New costovertebral angle tenderness
3.	 Rigors (shaking chills) with or without an identified cause
4.	 New onset delirium

Recent catheter trauma, catheter obstruction, or new onset hematuria may be 
localizing signs that are consistent with UTI but not necessary for diagnosis
Diagnosis of UTI can be made without localizing symptoms if a blood culture 
isolate is the same as the organism isolated from the urine and there is no 
alternate site of infection

Table 7.5  Risk factors for development of catheter-associated urinary 
tract infections

Prolonged catheterization

Improper catheter insertion technique

Female gender

Older age

Compromised immune system

Comorbid conditions (e.g., diabetes, renal dysfunction)
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In the LTC resident, risk factors for developing bacteri-
uria and UTI include age-related changes to the genitouri-
nary tract, comorbid conditions resulting in neurogenic 
bladder, and instrumentation required to manage bladder 
voiding [42].

�Guidelines for CAUTI

The goals for placement of indwelling urinary catheters are 
the appropriate use of catheters and the safest possible man-
agement during the period when they are in use [43]. Given 
the clinical and economic consequences of CAUTI, updated 
consensus guidelines and prevention strategies to prevent 
this common and costly hospital-acquired complication have 
been published.

In 2008 the Society for Healthcare Epidemiology of 
America (SHEA) and the Infectious Diseases Society of 
America (IDSA) jointly published the Compendium of 
Strategies to Prevent Healthcare-Associated Infections in 
Acute Care Hospitals, including strategies to prevent CAUTI 
[44]. The Association for Professionals in Infection Control 
and Epidemiology (APIC) published the Guide to the 
Elimination of Catheter-Associated Urinary Tract Infections 
(CAUTIs). Developing and Applying Facility-Based 
Prevention Interventions in Acute and Long-Term Care 
Settings [45].

In 2010, the IDSA published Diagnosis, Prevention, and 
Treatment of Catheter-Associated Urinary Tract Infection in 
Adults: 2009 International Clinical Practice Guidelines 
from the Infectious Diseases Society of America [27]. Later 
that same year, the Healthcare Infection Control Practices 
Advisory Committee (HICPAC) at the Centers for Disease 
Control and Prevention (CDC) published an updated 
Guideline for Prevention of Catheter-Associated Urinary 
Tract Infections 2009 [4]. IDSA/SHEA and APIC also pub-
lished a joint statement concerning infection control in LTC 
facilities that addresses CAUTI [26].

The guidelines are generally drawn from the same pool of 
evidence. But there is a paucity of evidence, particularly 
when trying to determine the best practices for management 
of CAUTI [14]. A summary of these guidelines are presented 
in Table 7.6.

Three recommendations were present in all of these 
CAUTI guidelines: catheterize only when necessary and 
only for as long as necessary, insert catheters using aseptic 
techniques and sterile equipment, and maintain a closed, 
sterile drainage system. The indications for use of catheters 
were also agreed upon: acute urinary retention or obstruc-
tion, perioperative applications in select procedures, and the 
frequent, accurate measurement of urine output in critically 
ill patients [4, 27, 44, 45].

Three recommendations for assuring the implementation 
of best practices were consistent across guidelines for the 
prevention of CAUTIs: train all persons responsible for cath-
eter insertion and maintenance, document the indications for 
use of each catheter, and provide feedback and outcome 
measures to clinical staff and administrators [4, 27, 44, 45].

The definition of CAUTI was not consistent across 
guidelines. All guidelines acknowledged that a CAUTI is 
often asymptomatic [16]. IDSA and CDC guidelines distin-
guished catheter-associated asymptomatic bacteriuria by 
the presence of urgency, pelvic pain, fever, or bacteremia. 
IDSA and CDC guidelines also provided a written definition 
of CAUTI using these distinguishing criteria. However, 
only the IDSA guidelines included separate recommendations 
for the prevention of symptomatic CAUTIs vs. asymptomatic 
bacteriuria [46].

Table 7.6  Summary of recommendations from published guidelines

Recommendations CDC IDSA SHEA

Limitation of catheter use

Evaluate necessity of catheterization Y Y Y

Review ongoing need for catheter Y Y Y

Evaluate alternative methods of drainage Y Y Y

Catheter insertion and selection

Use of aseptic technique/sterile equipment Y Y Y

Use of barrier precautions for insertion Y U Y

Use smallest bore catheter possible Y U Y

Use of silver alloy catheters ND T N

Use of antimicrobial-impregnated catheters ND Y N

Use of hydrophilic catheters ND N ND

Catheter maintenance

Maintain closed drainage system Y Y Y

Replace collecting system if break in 
asepsis occurs

Y ND U

Maintain drainage bag below level of 
bladder

Y Y Y

Avoid routine irrigation Y Y Y

Diagnostics and antimicrobials

Avoid routine urine cultures Y Y Y

Avoid use of systemic antimicrobial 
prophylaxis

ND Y Y

Do not treat asymptomatic bacteriuria ND Y Y

General measures

Practice strict hygiene Y ND Y

Train all persons in catheter insertion and 
maintenance

Y Y Y

Written protocols for catheter care ND Y Y

CDC US Centers for Disease Control and Prevention, IDSA Infectious 
Diseases Society of America; N not recommended, ND, not dis-
cussed, SHEA, Society for Healthcare Epidemiology of America, U 
unresolved (vary according to clinical experience and patients fac-
tors), Y recommended
Modified from Tambyah, PA and Oon, J, Catheter-associated urinary 
tract infection. Curr Opin Infect Dis. 2012 25(4): 365–370
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Although the guidelines differ in the amount of detail 
provided and their focus of efforts to prevent CAUTI, there 
is consistency of recommendations. Different grading sys-
tems for quality of evidence and strength of recommendation 
make comparisons difficult and what the recommendations 
purport to prevent remains unclear [46]. With the exception 
of IDSA, these recommendations do not distinguish between 
the prevention of symptomatic CAUTI and the prevention of 
catheter-associated asymptomatic bacteriuria. For clinicians 
seeking to prevent CAUTI, the distinction is a moot point, 
because all symptomatic CAUTI begins as asymptomatic 
bacteriuria. For clinicians making treatment decisions, the 
distinction between CAUTI and bacteriuria is important 
[14]. Separate guidelines address the management of asymp-
tomatic bacteriuria [47]. Finally, the primary purpose of the 

guidelines was to assist clinicians in making decisions 
regarding UTI [46].

�Pathogenesis of CAUTI

An indwelling urinary catheter provides a portal of entry into 
the urinary tract and increases the risk for UTI by compro-
mising urinary tract defenses. It mechanically irritates the 
urethral and bladder mucosa, impairing local defense mecha-
nisms and providing an ideal surface for growth of a bacterial 
biofilm [47]. A biofilm is the aggregation of microorganisms 
that form a structure on solid surfaces [27].

Biofilms on an indwelling urinary catheter consist of com-
plex structures that include bacteria, extracellular products, 
and a host of components deposited on to the surface of the 
catheter [15]. Microbes attach to the biofilm and begin secret-
ing polysaccharides that form the architectural structure of 

the biofilm (Fig. 7.1) [48]. Biofilms on urinary catheters may 
be composed of gram-negative or gram-positive bacteria or 
yeasts. Biofilms are a survival strategy for these microorgan-
isms, offering protection from both the body’s defenses and 
antimicrobial agents [49].

Biofilms are both tenacious and resistant to antimicrobial 
agents, thus their importance in the pathogenesis of catheter-
associated infection [48]. Biofilm bacteria are up to 1000-fold 
more resistant to antimicrobial agents compared to plank-
tonic bacteria, their free-floating counterparts. Biofilm bacte-
ria that form on indwelling urinary catheters exhibit distinct 
characteristics and are treated differently from infections not 
associated with biofilms. [25] Figure  7.2 depicts the five 
stages of biofilm development.

Fig. 7.1  Electron micrograph depicting round Staphylococcus aureus 
bacteria, with biofilm, the sticky-looking substance woven between the 
bacteria. Source: Donlan RM, Carr J, Public Health Image Library, 
Centers for Disease Control and Prevention; 2005

Fig. 7.2  Stages of biofilm 
development. This is a 
diagram of the five stages of 
biofilm development: initial 
attachment, irreversible 
attachment, maturation 1, 
maturation 2, and finally 
dispersal. Monroe D (2007) 
Looking for Chinks in the 
Armor of Bacterial Biofilms. 
PLoS Biol 5(11):e307. 
doi:10.1371/journal.
pbio.0050307. © 2007 Don 
Monroe. This is an open-
access article distributed 
under the terms of the 
Creative Commons 
Attribution License, which 
permits unrestricted use, 
distribution, and reproduction 
in any medium, provided the 
original author and source are 
credited
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The catheterized urinary tract provides ideal conditions 
for the development of enormous biofilm populations. 
Catheterization allows for the formation of a biofilm between 
the catheter and the urethral mucosa. A urinary catheter inter-
feres with normal host defenses and clearance of microbes 
from voiding and the bladder mucosa is diminished. Once a 
biofilm has developed on the external or internal surface of a 
urinary catheter, the only way to eliminate the risk of CAUTI 
is to remove the catheter [50]. The majority of CAUTI result 
from organisms ascending along the external surface of the 
catheter in a biofilm [51].

In a urinary catheter, the biofilm produces urease, which 
hydrolyzes urea in the patient’s urine to ammonium hydrox-
ide. The elevated pH can precipitate minerals in the biofilm 
that then encrust and block the lumen of the catheter [52, 53]. 
All types of catheters are vulnerable to encrustation by these 
biofilms, and clinical presentation strategies are needed, as 
bacteria growing in the biofilm are resistant to antibiotics 
and host defenses [50].

Most microorganisms that initiate CAUTI derive from the 
patient’s own colonic and perineal flora (such as Escherichia 
coli) or from the hands of healthcare personnel during cath-
eter insertion or manipulation of the collection system [31]. 
External contamination can occur by direct inoculation of 
the catheter tip from organisms on the external urethral 
meatus [31] and subsequent dragging of organisms along the 
full length of the urethra as the catheter is inserted fully into 
the bladder [54]. The tip is also the likely source of bacteria 
found on the inside of catheters that are carried downward by 
the flow of urine [54]. It has been hypothesized that perineal 
microorganisms, such as enterococci, staphylococci, and 
Candida species, ascend in the space between the catheter 
and the urethra [55] traveling by capillary action in the thin 
mucous film surrounding the catheter. Studies indicate that 
there are more bacteria on the external surface of the catheter 
than on the internal lumen. Bacteria from the outer surface 
of the catheter then colonize the bladder epithelium, con-
taminating the urine [54]. Common pathogens are presented 
in Table 7.7.

The usually sterile urinary tract can also become colo-
nized in an ascending manner from the drainage bag or the 
catheter-bag junction, up through the lumen of the catheter. 
These routes are considered less likely than colonization 
from the flora of the distal urethra. Transport of a large quan-
tity of contaminants from the inside of the catheter into the 
bladder may also occur by retrograde reflux of contaminated 
urine when the catheter or collection system is moved or 
manipulated [31].

On deflation of the retention balloon, crystalline debris 
from the biofilm can be shed into the bladder and initiate 
stone formation. The main complication is blockage in the 
urine through the catheter that results from the buildup of 
crystalline material on the internal surface. As a conse-
quence, urine often leaks along the outside of the catheter 
and the patient becomes incontinent, resulting in the 
increased need for assistance and care. In addition, blockage 
of the catheter can lead to retention of urine in the bladder 
and vesicoureteric reflux of urine. If the blockage is not 
detected and if the catheter is not changed, patients can suf-
fer episodes of pyelonephritis and septicemia [56, 57]. 
Internal bacterial ascension can also be introduced when 
opening the otherwise closed urinary drainage system. 
Microbes can ascend from the urine collection bag into the 
bladder via reflux (Fig. 7.3) [31].

Long-term indwelling catheters become colonized by 
extensive biofilms, which can lead to profound effects on the 
health of a patient [57]. Initially composed of single species, 
the biofilm on a long-term indwelling urinary catheter can also 

Table 7.7  Rank order of pathogens associated with catheter-associated 
urinary tract infections

	 1.	 Escherichia coli

	 2.	 Pseudomonas aeruginosa

	 3.	 Klebsiella (pneumonia/oxytoca)

	 4.	 Candida albicans

	 5.	 Enterococcus faecalis

	 6.	 Proteus spp.

	 7.	 Enterococcus spp.

	 8.	 Enterobacter spp.

	 9.	 Other Candida spp.

10.	 Enterococcus faecium

Break in closed drainage
Contamination of
collection bag urine

Intraluminal
•
•

Early, at insertion
Late, by capillary action

Extraluminal
•
•

Fig. 7.3  Routes of entry of uropathogens to catheterized urinary tract. 
Maki DG, Tambyah PA. Engineering out the risk for infection with uri-
nary catheters. Emerg Infect Dis. 2001 Mar-Apr; 7(2):342–7. © Maki 
DG, Tambyah PA 2001. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided 
the original author and source are credited
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contain multiple species [48] with mixed-organism biofilms 
containing as many as 16 different strains of bacteria [54].

An ideal method for preventing biofilm formation on 
urinary catheters has not been developed. Future research 
needs to be aimed at identifying mechanisms for controlling 
biofilm formation and developing antimicrobial agents effec-
tive against bacteria in biofilms. [58].

�Indications for a Chronic Indwelling Urinary 
Catheter

Many indwelling urinary catheters are used without clear 
indications, putting patients at unnecessary risk for compli-
cations [59]. Potentially serious complications associated 
with indwelling urethral catheters and the possible develop-
ment of CAUTI warrant efforts to restrict the use of these 
devices by having clear indications for insertion and discon-
tinuation [60]. Table 7.8 provides indications for an indwell-
ing urinary catheter.

�Complications of CAUTI

The most common complications of chronic indwelling 
catheters are bacteriuria, encrustation, and blockage [52]. 
Less common is the prevalence of bacteremia and renal dis-
ease. Risk factors for bacteriuria include female gender, 
older age, and long-term indwelling catheter use. Other com-
plications include fever, acute pyelonephritis, urinary stones, 
chronic interstitial nephritis, renal failure, and even death 
[61, 62].

About half of the patients who have long-term catheter-
ization will suffer the complication of catheter encrustation 
and blockage by bacterial biofilms at some time [52]. The 
welfare of many elderly and disabled patients is put at risk by 
the development of these complications, and considerable 
demands are made on the resources of the healthcare system 
to manage the complications [60]. Table 7.9 presents compli-
cations of indwelling urinary catheters in short-term and 
long-term catheterized persons.

�Symptoms of CAUTI

Asymptomatic CAUTIs are common in hospitalized patients 
and catheterized long-term care residents. They are associ-
ated with a low incidence of sequelae and morbidity, and in 
most patients resolve spontaneously on removal of the 
catheter. However, ASB comprises a reservoir of microor-
ganisms in healthcare settings [18]. Urine cultures should 
only be obtained from patients with symptoms of a urinary 
tract infection and, in the absence of signs and symptoms, 
may result in inappropriate treatment for ASB. Such unnec-
essary antimicrobial use may result in an increase in antimi-
crobial resistance and subject patients to otherwise avoidable 
adverse effects [19].

Urinary infection in residents with long-term indwelling 
catheters is usually asymptomatic. Despite this, the pres-
ence of a chronic indwelling catheter is associated with 
increased morbidity attributed to symptomatic urinary 
infection compared to bacteriuric LTC elderly residents 
without catheters. Symptomatic infection, when it occurs, 
usually manifests as fever, with or without bacteremia. 
Invasive infection frequently follows catheter obstruction or 
trauma to the genitourinary mucosa [63–65].

Patients with symptoms of a urinary tract infection, fever, 
chills, hematuria, suprapubic pain are treated with antibiotics 
[66]. Older adults may not exhibit the common urinary tract 
infection symptoms but instead show a decline in mental 
state [21]. Prophylactic antibiotics are not recommended 

Table 7.8  Indications for an indwelling urinary catheter

Short-term indwelling catheterization Long-term indwelling catheterization

Acute urinary retention/bladder outlet obstruction Urinary retention with bladder outlet obstruction that cannot be managed by other methods

Need for accurate intake and output if critically ill Urinary incontinence coexisting with urinary retention that cannot be managed by other 
methods

Perioperative use in selected surgical procedures Delayed healing of a high-stage pressure ulcer owing to urinary incontinence

Urologic/other surgeries on contiguous structures 
of genitourinary tract

Palliative care setting where routine toileting is compromised by pain or immobility

Anticipated prolonged duration of surgery

Operative patients with urinary incontinence

Need for intraoperative hemodynamic monitoring

Table 7.9  Complications of catheterized patients

Short-term catheterization Long-term catheterization

Fever Fever

Acute pyelonephritis Acute pyelonephritis

Bacteremia Bacteremia

Death Catheter encrustation and obstruction

Urinary tract stones

Local periurinary infections

Chronic renal inflammation

Chronic pyelonephritis

Bladder cancer may develop over 
number of years

J. Coleman
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with indwelling urinary catheterization as it leads to 
multidrug-resistant organisms [66].

If a CAUTI is suspected, the best practice is removal of 
the old catheter before obtaining a urine specimen in order to 
eliminate the confounding factor of possible catheter bio-
film. If a patient suspected of having a CAUTI still requires 
urinary catheterization, the urine specimen should be 
obtained after replacing the old catheter [60].

The quality of the urine specimen for culture is important 
when determining if a true infection is present. Specimens 
collected from a newly inserted urine catheter are reliable, 
providing proper insertion technique was followed. Only 
specimens collected from a specifically designed sampling 
port or from the catheter directly should be submitted for 
analysis. A sample of urine should never be obtained from a 
drainage bag [60].

�Prevention of CAUTI

There is a new enthusiasm for the prevention of 
CAUTI.  Several strategies show promise for decreasing 
inappropriate insertion of urinary catheters and duration of 
catheterization, including a nurse-led multidisciplinary 
rounds in the hospital [67], computerized “stop orders” for 
urinary catheters, computer-based order entry for urinary 
catheters, nurse-generated reminders, and nurse empower-
ment to remove catheters [68].

Other prevention strategies fall under the headings of dif-
ferent types of catheters, different catheter materials, or 
alternatives to indwelling urinary catheters. At this time 
there is insufficient evidence to recommend the following 
potential alternatives to indwelling urinary catheters as a 
means to prevent CAUTI: antimicrobial catheters, intermit-
tent catheterization, suprapubic catheters, and condom cath-
eters [69–73].

The most effective means to prevent urinary infection is 
to avoid use of a chronic indwelling catheter. Continuing 
reassessment of the need for a chronic indwelling catheter 
should be part of the management of every resident with 
such a device. Approximately one half of residents with 
indwelling catheters transferred from an acute care facility 
can have the catheter removed at the LTC facility [74].

Long-term indwelling catheters seldom are indicated for 
management of incontinence in men. External collecting 
devices, such as condoms and leg bags, are an effective alter-
native for management, and their use is associated with lower 
morbidity from urinary infection [75]. For women, long-
term indwelling catheters should be avoided as a means to 
manage incontinence. Routine toileting and use of diapers is 
preferred and usually effective [76].

Specific infection control practices to prevent CAUTI 
have been proposed. These include recommendations for 

catheter use, catheter insertion, closed drainage systems, 
irrigation of the catheter, maintenance of urinary flow, and 
indications for changing the catheter [32]. Policies and pro-
cedures should be reviewed and updated regularly. 
Educational strategies to make staff aware of issues relevant 
to the care of catheters also are necessary.

Routine urine specimens for culture are not useful in per-
sons with chronic indwelling catheters as they will virtually 
always be bacteriuric. The only indications to obtain urine 
cultures from asymptomatic residents with chronic indwell-
ing catheters would be during an outbreak investigation 
when the frequency of both asymptomatic and symptomatic 
infection in the facility may be important to determine, for a 
targeted screening program of limited duration with specific 
objectives, such as identification of the frequency of resistant 
organisms, or in an individual patient prior to an invasive 
genitourinary procedure. Otherwise, routine cultures of urine 
specimens from individuals with chronic indwelling cathe-
ters should be discouraged [66].

Pyuria, the presence of pus in the urine, is a universal 
accompaniment of infection in the presence of an indwelling 
urethral catheter. The presence of an indwelling catheter, by 
itself, can be irritating to the bladder and also cause pyuria, 
even without a positive culture [77]. The degree of pyuria 
does not correlate with symptomatic or asymptomatic infec-
tion, thus, pyuria is a nonspecific finding in the patient with 
a long-term indwelling catheter and does not assist in patient 
management. Routine urinalysis to identify the presence of 
pyuria also is discouraged [78].

Surveillance is recommended to identify the prevalence 
and duration of indwelling catheter use and the frequency of 
febrile morbidity and bacteremia attributed to the presence 
of an indwelling catheter. Surveillance for the presence of 
chronic indwelling catheters should include monitoring the 
proportion of individuals in an LTC facility with a catheter 
and explanation of the reasons for catheterization. Residents 
who could be considered for a trial without a catheter should 
be identified. Surveillance definitions for symptomatic infec-
tion in catheterized patients should be developed, including 
episodes of fever with and without localizing findings, bacte-
remia, and other catheter-associated complications, such as 
gross hematuria and obstruction. Problems in catheter care 
identified in surveillance for symptomatic episodes should 
be addressed systematically [26].

Because of the complications of long-term indwelling 
catheter usage, periodic assessment and voiding trials 
should be used to determine the continued need for a cath-
eter. Interventions to be considered include closed versus 
open drainage systems, type of catheter, and size of cathe-
ter lumen. The closed-catheter system has helped to 
decrease bacteriuria. Silicone catheters and larger lumen 
size catheters are more resistant to encrustation than other 
catheter types and smaller lumen size catheters. Acidifying 
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the urine without removing the urease-producing bacteria 
does not reduce encrustation. Removal of catheter blockage 
is preventive for renal disease. Evidence-based recommen-
dations for managing indwelling urinary catheters include 
screening for risk factors and evaluating urinary white 
blood cell count for infection and assessment of the continued 
need for a catheter [79].

Antimicrobial agents are not indicated to prevent or treat 
bacteriuria in patients with indwelling urinary catheters, 
except for those with symptomatic infection, as it leads to 
antimicrobial resistance. Alternative devices such as condom 
catheters or suprapubic catheters may be preferable to the 
indwelling urethral catheter [80].

Constipation can exacerbate problems with indwelling 
urinary catheters and increase the risk of urinary tract infec-
tion caused by bladder instability or bladder outlet obstruc-
tion [81]. Hydration is especially important in catheterized 
patients as a way to prevent constipation, as is a bowel regi-
men consisting of high fiber diet and suppositories or mini-
enemas if needed. Hydration is also important for internal 
flushing of the urinary tract. Wilde and Carrigan [82] reported 
that increased fluid intake reduced the incidence of urinary 
tract infection.

Patients with chronic indwelling urinary catheters and 
their reservoirs of bacteriuric organisms are sources of noso-
comial outbreaks. Such outbreaks can be prevented and con-
trolled with attention to catheter hygiene and prevention of 
patient-to-patient transmission on the hands of caregivers. 
While antimicrobial coated catheters may be used, current 
recommendations caution their use as a primary prevention 
strategy.

�Recommendations

The most effective and consistent recommendation identified 
across guidelines is the removal of the catheter or avoidance 
of its use. Unfortunately, this recommendation is not always 
followed.

Reminder systems have been devised to assist in the preven-
tion of CAUTI.  Physical reminders consist of face-to-face 
encounters of staff nurses directly discussing with clinicians 
removal of the catheter. Paper-based reminders include the use 
of prewritten “stop orders” or protocols or stickers to encour-
age clinicians to insert catheters only when absolutely neces-
sary or remove as soon as no longer indicated [67]. Virtual 
reminders involve the use of electronic devices to remind nurse 
and clinicians about catheter removal. Computerized automatic 
“stop orders” can be tied to computerized catheter orders or 
reminders can be sent via pagers [83].

The bundle design has been applied to urinary catheters. 
The concept of a “bundle” approach is the integrated and ide-

ally synergistic effect of a group of straightforward, evidence-
based practices. Currently, elements included in a CAUTI 
bundle are an appropriate clinical indication for use, aseptic 
insertion, hand hygiene, use of sterile lubricant, prompt 
removal, adequate catheter securement, as well as other less 
thoroughly researched interventions [84]. Table 7.10 presents 
simple elements of a bladder bundle. Clark et  al. [85] also 
demonstrated that by bundling four easily implemented inter-
ventions resulted in a significant reduction in the CAUTI rate. 
This bundled intervention positively impacted patient safety 
and hospital costs. Whatever the number or types of interven-
tions included, the bundle approach requires that all must be 
used as the benefit of a bundle results from the integrated and 
consistent use of its elements [84].

Although many recommendations are consistent across 
CAUTI prevention guidelines, the studies on which they are 
based are limited in number, size, and quantity [86]. In addi-
tion, most CAUTI prevention studies use bacteriuria as the 
outcome of interest, rather than more clinically relevant mea-
sures such as asymptomatic CAUTI or urosepsis [46].

�Conclusion

As urinary catheters account for the majority of healthcare-
associated UTIs, the most important interventions are directed 
at avoiding placement of urinary catheters and promoting 
early removal when appropriate. Education of all healthcare 
persons in the astute adherence to proper aseptic practices for 
catheter insertion, maintenance and the use of closed-catheter 
collection system for an indwelling urinary catheter is imper-
ative for preventing CAUTI.

National quality and regulatory initiatives are closely aligned 
with the guidelines for preventing CAUTI. Research into pre-
venting CAUTIs is needed to provide an increasing solid foun-
dation of evidence to guide practice. The current interest in 
CAUTI is likely to lead to exciting advances in prevention and 
management of this healthcare-associated infection.

�Key Points

•	 Urinary tract infections increase morbidity, length of stay, 
and increase healthcare delivery costs

Table 7.10  Bladder Bundle

•	 Aseptic insertion and proper maintenance is paramount

•	 Bladder ultrasound may avoid indwelling catheterization

•	 Condom or intermittent catheterization in appropriate patients

•	 Do not use the indwelling catheter unless you must!

•	 Early removal of the catheter using reminders or stop orders 
appears warranted

J. Coleman
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•	 Catheter-associated urinary tract infection (CAUTI) is the 
most common health-care-associated infection in the 
USA and worldwide.

•	 Overuse of urinary catheters contributes to the frequency 
of urinary tract infections (UTIs)

•	 Differences in CAUTI definitions have led to confusion 
and misinterpretation of the actual numbers of CAUTI

•	 Risk assessment and surveillance systems must be estab-
lished in order to identify areas of improvement in the 
prevention of CAUTI

•	 Prevention strategies must focus on clear indications for 
the insertion of a urine catheter, proper maintenance while 
in use, and early catheter removal

•	 A urine specimen with bacteriuria and pyuria in long-
term care residents is not sufficient to confirm a diagnosis 
of clinically suspected urinary tract infection.

•	 Individuals with asymptomatic bacteriuria should not be 
prescribed antibiotics as this practice increases the risk of 
antimicrobial resistance and does not change chronic gen-
itourinary symptoms or improve survival.

•	 Catheter-associated urinary tract infections in long-term 
care residents are challenging due to communication bar-
riers, comorbidities, and the presence of chronic urinary 
symptoms
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Abbreviations

CPP	 Chronic pelvic pain
HPFD	 Hypertonic pelvic floor dysfunction
MTP	 Myofascial trigger points
PFM	 Pelvic floor muscles
PFPT	 Pelvic floor physical therapists

�Introduction

On any given day, in any given urology, gastroenterology, or 
gynecology practice, a client will arrive at their appointment 
with previously undiagnosed hypertonic pelvic floor dys-
function (HPFD), also referred to as nonrelaxing pelvic floor 
dysfunction [1]. These clients will typically complain of a 
combination of symptoms which could include difficulty 
initiating flow of urine, altered micturition, slow urine 
stream, incomplete bladder emptying, frank urinary reten-
tion [2], incomplete bowel emptying, frequency, dyspareu-
nia, pain with orgasm, constipation, chronic pelvic pain 
(CPP), and abdominal pain [1]. If the symptoms are acute, 
these clients are often first tested for urinary tract infection 
and/or yeast infection. If these tests are negative and the 
symptoms become chronic in nature, many times the phy
sician will then order urodynamics testing, cystoscopy, 
colonoscopy, anorectal manometry as well as performing a 
traditional pelvic exam with speculum to rule out significant 
pathology. These are important diagnostics and they are 
often beneficial in determining the best overall treatment 
plan for these clients. However, too often, the pelvic floor, 
hip, and abdominal skeletal muscles are not examined or 

even considered when diagnosing and treating these clients. 
As altered musculoskeletal health in the pelvic region can 
significantly affect the bladder and anorectal function [3], 
competency in the assessment and treatment of these mus-
cles cannot be underrated. Pelvic floor physical therapists 
(PFPT) specialize in the assessment and treatment of the pel-
vic floor musculature (PFM) both externally and internally 
as well as the surrounding fascial, nervous, and skeletal tis-
sue. This chapter will describe a PFPT evaluation and treat-
ment of clients referred for pelvic floor dysfunction (PFD) of 
any kind. This chapter will also describe the typical findings 
and treatment of the client with HPFD. Ultimately, it is the 
goal of this chapter to encourage physicians who see clients 
with HPFD or any other type of PFD to give appropriate and 
early referrals to PFPT specialists for treatment as an impor-
tant part of an interdisciplinary team [1].

�The Importance of Communicating Empathy

When a PFPT first meets a client with symptoms typical to 
HPFD, often times these clients have either been referred by 
a physician with little experience in HPFD, especially as it 
relates to CPP, or the client has found out about physical 
therapy for the pelvic floor through a website or online sup-
port group. They are often apprehensive about physical ther-
apy, thinking, “What could a physical therapist possibly do 
for me?” Many times these clients have seen multiple physi-
cians prior to coming for treatment, many of whom have pre-
scribed antifungals and antibiotics, even when the client 
tested negative for bacteria or yeast. These physicians have 
run every test they could think of, found no obvious sign of 
impairment or dysfunction and, while potentially important 
and very beneficial, their only recommendation is to suggest 
psychiatric treatment and evaluation as in their assessment 
there is no other clear etiology to explain these client’s 
symptoms. The client often feels invalidated and misunder-
stood and they are near hopeless that there could be any 
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improvement of their symptoms. Many of these clients will 
have tried dietary changes, meditation, and other alternative 
interventions, which are often helpful to a small degree, but 
in no way entirely resolve their symptoms. As such an expe-
rienced PFPT may spend the first crucial moments of their 
initial consultation simply building trust with the client, 
often assuring the client that there are an array of treatments 
available to them, including but not limited to physical ther-
apy. All clinicians who come into contact with these clients 
need to work to assure them that it is likely that their symp-
toms have a true physiological origin, even if their pain is 
now due in a large part to central sensitization [4, 5]. 
Furthermore, these PFPT need to educate their client that 
there are a growing network of specialists who are not only 
capable of treating their symptoms appropriately but who are 
also, what will become for these clients, an important part of 
an interdisciplinary team that the client will ultimately need 
to fully treat their PFD. This team includes gynecologists, 
urologists, physiatrists, psychiatrists, psychologists, neurou-
rologists, neurologists as well as PFPT, all of whom have 
specialized in PFD, including HPFD and CPP.

A concerted effort needs to be made to provide comfort to 
these clients. Clients have reported that their level of comfort 
with their provider first influenced the likelihood that they 
would discuss concerns about sensitive issues and second, 
influenced whether or not they would trust in their provider’s 
plan of care [6]. Clients with any type of PFD need to per-
ceive compassion, as well as intelligence in their provider. It 
has been published that client perceived provider empathy 
significantly influences client satisfaction and compliance to 
treatment recommendations. This is in part because of the 
exchange of good information, the perceived expertise of the 
provider, the interpersonal trust established with the pro-
vider, and the perception of partnership with the provider [7]. 
Once the important step of establishing the trust and comfort 
of the client has taken place, the evaluation and treatment can 
continue far more successfully.

�Medical History of the Client with PFD

As in any comprehensive medical consultation, a PFPT starts 
with a review of the client’s past medical history. There are 
often important pieces of information gleaned from their 
past medical history that play a larger role than the client 
believes they would and so the client often fails to provide 
this information as they do not realize it is relevant. For 
example, a client may not mention any previous serious inju-
ries. An experienced PFPT may ask a client, “Have you ever 
fallen and seriously hurt your tailbone?” Only then might the 
client recollect that they fell and hurt their coccyx so badly  
in high school that they could not sit normally for months. 
As a coccyx injury can cause many of the symptoms these 

clients complain of and pain from this lesion may become 
recurrently symptomatic [8], that one question could have 
provided at least an important part of their etiology, helping 
to form their treatment plan. See Table 8.1 for other impor-
tant pieces within the past medical history that can affect pel-
vic floor function.

A large percentage of the time, a skilled provider experi-
enced in the treatment of PFD can make a preliminary diag-
nosis based on the history alone. The value of the history, of 
course, will depend on the provider’s ability to elicit relevant 
information. All providers should do their best to remove 
any physical or otherwise client perceived barriers that stand 
between them and the client. The provider should move their 
chair closer to the client’s, sit at equal height to the client 
when possible and maintain eye contact. In short, the pro-
vider should do all that can be done in the limited time the 
provider and the client have together, to place the provider 
and the client on equal footing. This helps to assure the client 
that the provider is completely focused on them during that 
time as well as helping to create an environment that will 
facilitate the exchange of useful information [7, 8].

A PFPT will ask many deeply personal questions about 
bowel, bladder, and sexual function and habits. As both the 
male and female client may perceive their penis or vagina to 
operate in isolation from their bowel and bladder, they will 
often wonder, why, if, for example, they came to a PFPT with 
the complaint of pain with intercourse, are they being asked 
about their bowel and bladder function. At this point the 
PFPT explains to the patient that the pelvic floor is a complex 
structure made up of muscles, ligaments, tendons, nerves, 
fascia, veins, arteries, mucosal tissue, and glands. Furthermore 
they will explain that the pelvic floor supports the urinary, 
fecal, sexual, and reproductive functions as well as the  
pelvic statics simultaneously [9]. If there is dysfunction or 
impairment in any one of these urological, gynecological, 

Table 8.1  Important considerations in the past medical history of 
clients with pelvic floor dysfunction

Multigravida Ectopic pregnancy

Pelvic venous congestion syndrome Traumatic vaginal birth

Cesarean section Rectus diastasis

Hysterectomy Oopherectomy

Irritable bowel syndrome Coccygodynia

Sacral fracture Hip dysplasia

Cerebral vascular accident Multiple sclerosis

Uterine fibroids Chronic constipation

Prostatitis Groin strain

Inguinal hernia Abdominal surgery

Competitive cyst Competitive gymnast

Prolapsed pelvic organ Sexually transmitted disease

Interstitial cystitis Sexual or physical abuse

Frequent urinary tract infections Frequent yeast infections

Primary dysmenorrhea Adenomyosis
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rectal or pelvic floor musculoskeletal systems, there will 
likely be impairment in another. Showing the patient a simple 
model or anatomical picture of the pelvic floor skeleton, mus-
cles and nerves at this point in the evaluation is often helpful 
to better establish their understanding of their own pelvic 
floors.

The questions a PFPT asks in the subjective portion of the 
initial evaluation usually begin with bladder function and 
behavior. The client is asked how frequently do they urinate in 
the day and during the night? How much and what type of 
fluid do they consume? How long can they delay urination 
once they feel urge? How strong is their urge? Do they feel 
that their bladder empties completely and if not what strate-
gies have they tried in order to accomplish more complete 
emptying (i.e., posturing, standing up and sitting down again, 
bearing down)? Do they have pain with full bladders or dur-
ing urination? How much urine comes out when they do uri-
nate intentionally (only a few drops of urine, or is it a small, 
medium, or large amount)? How fast or slow is their urine 
stream? Do they urinate at night and if so, how often? Do they 
leak urine and if so, how much and how often? Finally, how 
many incontinence pads do they wear in twenty-four hours 
and what size are they?

The Client with HPFD
The client with HPFD typically will report high frequency of 
urination, often urinating 10 to even 20 times or more during 
the day, and often this is regardless of whether or not they are 
consuming commonly recommended levels of daily water 
intake. Many dehydrate themselves, limiting fluid intake in 
an effort to make fewer trips to the restroom. Clients with 
HPFD will often describe needing to bear down or sit and 
wait patiently while trying to relax better in order to initiate 
their urine stream as well as to fully empty their bladders. 
They will many times describe a slow or hesitant urine 
stream that starts and stops frequently while urinating. In 
addition they will often report pain in the pelvic region with 
bladder filling and emptying, with occasional abdominal 
pain with bladder emptying. Finally, they will sometimes 
present with a varying degree of urge incontinence.

The line of questioning for any client then often turns to 
bowel function. The client is asked, how regular are their 
bowel movements? What is the typical consistency of the 
bowel movements and do they have to strain to initiate and/
or complete the bowel movement? Do they take stool soften-
ers, laxatives, or fiber supplements in order to accomplish a 
bowel movement on any kind of regular basis? Do they have 
anorectal or abdominal pain with the bowel movement? Do 
they have to change positions in order to evacuate their bow-
els? Do they have to brace manually with their hands on their 
perineum or, if female, in their vagina to evacuate their bow-
els? Do they leak feces and if so how much?

The Client with HPFD
The client with HPFD typically reports abdominal bloating, 
abdominal pain with bowel movement, anorectal pain with 
bowel movement, incomplete bowel emptying, straining to ini-
tiate and complete bowel movements as well as constipation.

The next category to be discussed with any client is sexual 
function. By this time in the evaluation, the provider has 
hopefully begun to earn their client’s trust. Even if the client 
has come specifically to address their sexual function, it is 
still a difficult and deeply personal subject to discuss with 
anyone, much less a medical provider you have just met. The 
provider’s confidence and comfort with the subject material, 
as well as the client’s trust in the provider at this point in the 
evaluation are so important. The client’s honesty and will-
ingness to share details about their sexual function is vital to 
establishing a successful plan of care. As an example, a cli-
ent was referred to our physical therapy practice by an obste-
trician/gynecologist who had ruled out other pathology as a 
source of this client’s pelvic pain.

The client initially only shared that she had severe pain 
with intercourse with her husband. Only after the client had 
developed confidence in the provider and only after the client 
had determined that the provider would be compassionate 
and nonjudgmental, did the client share that she did not have 
pain during intercourse with her lover like she did with her 
husband, despite the fact that her lover had a much larger 
penis. This allowed the physical therapist to determine, even 
before the physical and objective portion of the evaluation 
was performed, that this client would likely need counseling 
and psychological intervention more so than physical ther-
apy. After the objective examination confirmed that the 
client’s PFM had normal range of motion along with no 
other potential neuromuscular sources of pain, the client was 
educated on the complex relationship between her level of 
desire and its effect on her blood flow and glandular behavior 
in her vestibule and vagina. This knowledge helped to 
empower this client and convinced her to pursue psychology 
and counseling as her primary form of treatment. A 6-month 
follow-up by phone call confirmed that this was indeed the 
best course of action for this client. If the client had not felt 
comfortable enough to share that she had a lover and that 
intercourse was not painful with him, she may have had addi-
tional unnecessary and expensive medical testing or treat-
ment, taken less effective medication and still not progressed 
towards her long-term goal of pain free intercourse with her 
husband.

When questioning about sexual function, first, if appro-
priate, it is important to determine the sexual orientation of 
the client, or at least the sexual practices of the client. Are 
they sexually active and if so, how many times in a month are 
they experiencing penetrative intercourse? If female or if a 
homosexual male, the client is asked if there is pain with 
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penetration both at the entrance, middle and/or deep? Is there 
pain with movement of the penis or other sexual instrument, 
if utilized? Can the male patient achieve and maintain erec-
tion and can the female and/or male patient achieve orgasm? 
Is there pain with the orgasm if they can achieve it? Is there 
pain after penetrative intercourse or orgasm? Does the client 
have a history of penetrative or non-penetrative intercourse 
against their will? The relationship between sexual abuse 
and urinary tract symptoms, sexual abuse and gastrointesti-
nal symptoms, or sexual abuse and sexual dysfunction has 
been well documented. One study published in 2009 in the 
Journal of Sexual Medicine found that patients with multiple 
pelvic floor complaints (micturition, defecation, and sexual 
function) related to pelvic floor dysfunction were more likely 
to have a history of sexual abuse than the patients with iso-
lated complaints [10].

The Client with HPFD
The client with HPFD often reports insertional or deep dys-
pareunia often making intercourse intolerable as well as a 
pelvic and abdominal ache during and after intercourse and/
or orgasm.

Finally the PFPT will ask if the client has hip pain, middle 
or low back pain, sacroiliac pain and/or pubic bone pain? 
They will ask if the client has any radiating symptoms into 
their legs and if so, how severe is that pain? If the client 
reports any of these types and locations of pain, what activi-
ties or treatments have made that pain worse or better? Does 
the client participate in any type of exercise on a consistent 
basis and how intensely do they exercise when they do? Find 
out the occupation of the client and what if any physical 
requirements they have in their profession. Do not assume 
that if they have a desk job where they are seated much of the 
day that you do not need to be concerned about the physical 
demands of their job. Sedentary office workers with sub-
acute, nonspecific low back pain have been found to have 
lower musculoskeletal fitness than healthy, age-matched 
controls, with the main difference found in endurance of the 
trunk muscles [10, 11]. This generalized decrease in muscu-
loskeletal health can lead to orthopedic pain and dysfunc-
tion, including the pelvic and lumbar regions. Musculoskeletal 
pain and dysfunction throughout the pelvic and lumbar 
region commonly contribute to PFD [12]. In regard to ques-
tions about fitness, a patient’s choice of exercise, especially 
if performed on a regular basis, can contribute to or even 
cause significant pelvic dysfunction. For example, a client 
who is a cyclist will experience prolonged perineal pressure 
as well as repeated and often vigorous hip flexion. Amongst 
other common physical injuries, cycling has also been known 
to cause pudendal nerve entrapment or inflammation [13] 
which can be a precursor to HPFD as well as other types of 

PFD. Therefore if the client is a cyclist, again you may have 
stumbled upon a significant part of their etiology without 
performing a single objective test.

The Client with HPFD
Low back pain radiating to the thighs or groin unrelated to 
intercourse, as well as pelvic pain unrelated to intercourse 
are common in clients with HPFD [1].

�Objective Measures

The role of the PFPT in the treatment of PFD for many years 
was widely debated.

Many felt that the treatments were unsubstantiated and 
therefore would not refer clients to physical therapy. In 
recent years these concerns have been laid to rest with mul-
tiple publications supporting the role of physical therapy in 
the treatment of PFD, including HPFD [14, 15]. The role of 
the PFPT is primarily in the assessment and treatment of the 
musculoskeletal system. Pelvic floor muscle dysfunction, 
such as myofascial trigger points (MTP) or palpable hyper-
tonic PFM may be identified in as many as 85 % of clients 
suffering from urological, colorectal, and gynecological pel-
vic pain syndromes. In some clients, these MTP can be 
responsible for some, if not all, symptoms related to these 
syndromes [9]. Again, it cannot be emphasized enough that 
by the time the provider is ready to begin the objective por-
tion of the evaluation, the client should have complete confi-
dence in their provider’s comfort and knowledge of their 
particular PFD. This confidence, along with the fact that the 
typical physical therapy pelvic floor initial evaluation is an 
hour in length, allowing the PFPT to go slowly and carefully 
through the objective portion of the evaluation, should make 
the client feel safe and secure throughout the examination. 
The PFPT occasionally finds that for reasons of time limita-
tions or client comfort, an internal pelvic floor examination 
on the client during the initial visit is not possible or perhaps 
not indicated as the external dysfunction is so extensive. 
Many times the internal portion can be completed during a 
follow-up visit as again, a skilled provider can determine 
much about the patient from simply performing a compre-
hensive medical review and an external objective evaluation.

Featured and proposed at this point in the chapter is the 
Ortiz Stewart Pelvic Floor Dysfunction Physical Therapy 
Assessment and Treatment Algorithm (see Fig.  8.1). The 
authors of the OS Algorithm propose that it describes what a 
typical PFPT works through when evaluating and treating a 
client with PFD. The OS Algorithm is based on a compila-
tion of research that when assembled gives a logical order to 
the objective evaluation and treatment of any client with 

J.L. Ortiz



111

Fig. 8.1  The Ortiz Stewart Pelvic Floor Dysfunction Physical Therapy Assessment and Treatment Algorithm
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PFD. We further propose that not only does the OS Algorithm 
potentially demonstrate what a more experienced PFPT 
would likely perform in any given treatment session but also 
that the OS Algorithm could be especially helpful in guiding 
the novice PFPT who has not yet established their own meth-
odology. Further research needs to be conducted to deter-
mine if this algorithm is a truly successful guide to the 
PFPT. Clinically the author of this chapter and the coauthors 
of the OS Algorithm have had great success using this as a 
guide to assessment and treatment, however it must be 
remembered that each client and each physical therapist is 
entirely unique. Each situation may demand skipping for-
ward in the OS Algorithm or staying put for a while without 
moving forward until indicated. Any other type of rigid 
checklist or formulaic approach would not be true to the fluid 
nature of PFPT. We will now review the various elements of 
the evaluation and treatment as described in the OS Algorithm 
(Fig. 8.1) and then mention what you would typically find 
while examining the client with HPFD.

�Orthopedic Assessment

The objective evaluation begins with looking at the pelvic 
and lumbar alignment, the range of motion and flexibility of 
the hips and low back, assessing core strength and checking 
for leg length discrepancy. As already noted, dysfunction in 
any of those regions can contribute to HPFD as well as any 
other type of PFD, so the PFPT will need to determine what, 
if any, treatments will need to be performed to address any 
dysfunction in those regions [1, 12].

Most PFPT(s) will first check the flexibility and move-
ment of the spine, hips, pelvis, knees and feet. This is often 
performed in standing first and can be observed and per-
formed quickly. Some flexibility tests will be best performed 
in supine or prone and therefore are tested later in the evalu-
ation if indicated (See Fig. 8.2). Once any loss of flexibility 
is assessed as well as any hinging or hypermobility of the 
spine is noted and documented, the PFPT will then perform 
any special tests indicated by the assessment of the client’s 
range of motion (ROM) or movement dysfunction. Typically, 
hip and sacral dysfunction are diagnosed by standing and 
seated flexion tests as well as noting any asymmetry of the 
pelvic and sacral bony landmarks, which would indicate 
poor lumbopelvic alignment. A detailed write up of the 
numerous special tests, especially for the purpose of diag-
nosing hip and sacroiliac joint dysfunction are beyond the 
scope of this chapter, however please see the sources refer-
enced in this chapter to read more about them [16, 17].

Lumbopelvic alignment is then assessed and treated by an 
experienced pelvic floor physical therapist, in any type of 
pelvic floor dysfunction. If the bony landmarks of the pelvis 
demonstrate that there is poor alignment, in theory one could 

argue that the muscles attached to those bony landmarks will 
have an unequal length tension relationship, making it harder 
for the pelvic and hip musculature, pelvic floor musculature 
and lumbar musculature to function properly [18]. It has 
been shown that muscle tension in the pelvic floor muscles 
can cause pelvic misalignment, leading to pain and further 
dysfunction [19]. To check alignment, the client is observed 
first in standing, than in supine, and finally in the prone posi-
tion. The PFPT will compare the position of the bilateral 
iliac crests, anterior superior iliac spines, posterior superior 
iliac spines, ischial tuberosities, gluteal folds, and greater 
trochanters as well as the pubic tubercles and the inferior 
lateral angles of the sacrum. Again, an experienced PFPT 
can compare these landmarks quickly and efficiently.

Next, the clinician needs to determine if there is any leg 
length discrepancy. Unfortunately this is diagnosed incor-
rectly too often, as it is either missed or, more commonly, 
given as a diagnosis when in reality the client does not have 
a true leg length discrepancy. Many times clients will report 
being given a shoe lift by a well-intentioned provider and the 
client will report that their symptoms are either unchanged or 
are worse than previous to the use of a heel lift. Once exam-
ined and treated they often are found to have what could be 
described as a functional leg length discrepancy and not a 
true leg length discrepancy [20, 21]. This means that with 
treatment, their leg length discrepancy “disappears,” indicat-
ing that their shorter leg was not actually shortened but rather 
appeared so as the result of sacroiliac joint, hip, or pubic 
bone dysfunction. Leg length discrepancies whether true or 
functional lead to an unequal transmission of forces across 
the spine and pelvis during weight bearing activities which 
can lead to muscle dysfunction, joint impairment and ulti-
mately to HPFD, and therefore need to be addressed. Some 
clinicians postulate that a leg length difference of three quar-
ters of an inch or more is necessary to cause any significant 
dysfunction and therefore any client with this difference or 
greater could benefit from a shoe lift [22]; however, there are 
others that feel that differences as little as 4 mm are signifi-
cant enough to warrant a shoe lift [23]. Finally the client 
needs to have their hip strength, sacroiliac joint stability and 
core strength and stability assessed including assessment for 
rectus diastasis. One of the most well-recognized methods to 
assess core strength and sacroiliac stability is the Asymme
trical Straight Leg Raise test (see Fig. 8.2). The supine active 
straight less raise (ASLR) test has been validated as a clinical 
test for measuring effective load transfer between the trunk 
and the lower limbs. When the lumbopelvic-hip region is 
functioning optimally, the leg should rise effortlessly from 
the table (effort can be graded from 0 to 5) and the pelvis 
should not move (flex, extend, laterally bend, or rotate) rela-
tive to the thorax or lower extremity. This requires proper 
activation of the muscles which stabilize the thorax, low 
back, and pelvis. There are several compensation strategies 
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when stabilization of the lumbopelvic region is lacking and 
the ASLR test can identify these strategies [24]. This test has 
been standardized and is well recognized to show instability 
in the SI joint [25]. Loss of core strength and sacroiliac sta-
bility can contribute to HPFD, general CPP and low back 
pain [26, 27]. The pelvic floor muscles can become hyper-
tonic to compensate for the loss of integrity, as with a rectus 
diastasis, loss of stability and weakness of the core muscula-
ture as the pelvic floor muscles attempt to provide stability 
for the pelvis in ways those muscles were not intended to do 
so. As shown in the OS Algorithm (Fig. 8.1), there are times 
when a PFPT will treat a client who has no significant loss of 
range of motion or flexibility in their back and hips, no pel-
vic asymmetries, good core strength, no rectus diastasis and 
no leg length discrepancies, however this is the rare excep-
tion. Likely the client will present with a fair number of these 

impairments. If this is the client’s first assessment with the 
PFPT, you simply note the dysfunction or the lack thereof 
and continue on in the OS Algorithm (see Fig. 8.1) for fur-
ther assessment. However if this is a treatment session, the 
clinician should treat and address these impairments first, as 
to neglect them would make further treatment of any type of 
PFD less effective [24]. Treatment would include correcting 
any lumbopelvic misalignment, giving customized core and 
hip strengthening where needed, giving stretches where 
there is significant tightness, providing extensive patient 
education and, only if indicated by a significant leg length 
discrepancy, a trial of a shoe lift. To correct alignment many 
physical therapy clinicians use Muscle Energy Technique 
(MET). A detailed description of this technique is outside 
the scope of this chapter, however, briefly, this technique is a 
common conservative treatment for pathology around the 

Forward bending Trunk extension Side bending Trunk rotation

Straight leg raise Hip flexor tightness Hip external and internal ROM

Fig. 8.2  Common movement and flexibility testing performed in clients with pelvic floor disorders. ROM range of motion
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spine, particularly lumbopelvic pain. MET is considered a 
gentle manual therapy for restricted motion of the spine and 
extremities and is an active technique where the patient, and 
not the clinician, controls the corrective force. This treatment 
requires the patient to perform voluntary muscle contrac-
tions of varying intensity, in a precise direction, while the 
clinician applies a counterforce, allowing movement to 
occur. For many years, MET has been advocated to treat 
muscle imbalances of the lumbopelvic region such as pelvic 
asymmetry. The theory behind MET suggests that the tech-
nique is used to correct an asymmetry by targeting a contrac-
tion of the hamstring or the hip flexors on the painful side of 
the low back and moving the innominate in a corrected 
direction. It is worth noting, however, that evidence suggests 
that non-symptomatic individuals have also been shown to 
have pelvic asymmetries. Despite this, MET is frequently 
used by manual therapy clinicians as activating muscles in 
the region to assist with stimulating Type IIA mechanorecep-
tors and improving regional muscle function [18, 28, 29]. To 
date there are very few published prospective data to com-
pare the efficacy of this treatment modality [26].

Clinical Pearl: Stretches and strengthening need to be 
given to the client judiciously, this is why physical therapists 
call it therapeutic exercise. There is no “cookie cutter” home 
exercise program where all clients can perform the same 
exact stretches in the same way nor the same exact strength-
ening exercises in the same way and expect the same benefit. 
The danger in providing a list of exercises in any textbook or 
on any website for that matter is that a client will perform the 
exercises because they believe they will be good for them 
when in reality, they can be harmful for the client. An exam-
ple of this is a tendency by less experienced physical thera-
pists and physicians to hand out pelvic floor contractions 
(also called Kegels) to clients with pelvic pain. If the client 
has hypotonic pelvic floor muscles with poor coordination 
and they need to strengthen their pelvic floor muscles, then 
this could be an appropriate exercise prescription assuming 
the client can perform the exercises correctly. However, 
many times clients with pelvic pain, especially clients with 
HPFD, have (as implied in the name) hypertonic pelvic floor 
muscles and their greatest need, at least initially, is to learn 
how to fully relax their pelvic floor musculature. If they try 
to perform pelvic floor muscle contractions, their tone could 
increase and their symptoms only worsen [1, 30]. That being 
said, therapeutic exercise including core strengthening and 
core and hip flexibility is often an important part of their 
rehabilitation and should not be neglected.

�Soft Tissue Assessment and Treatment

One of the most important elements in the assessment and 
treatment of the client with HPFD or indeed any type of PFD 
is the soft tissue surrounding the pelvic region.

Specifically this includes assessment and treatment of the 
connective tissue, such as the skin and fascia around the pel-
vic, abdominal, lumbar, gluteal, and proximal thigh regions 
as well as the external skeletal muscle tissue for palpable 
hypertonicity, hypotonicity, and/or MTP(s).

�Connective, Scar and Fascial Tissue Restriction
The PFPT evaluates the consistency and mobility of the vari-
ous layers of the connective tissue. They will specifically 
assess and address the connective tissue in the abdominal 
wall, lower back, buttocks, vulva, and thigh by performing a 
specific technique that could be described as skin rolling. This 
technique can be quite painful, with the client who has  the 
most restrictions experiencing the greatest amount of pain.

The Client with HPFD
Among with clients with HPFD, connective tissue abnormal-
ities, such as connective tissue restrictions and trigger 
points, are common around the umbilicus, pubis, inguinal 
ligaments, lumbar region, and sacral regions [3].

While inspecting the connective tissue for restriction, it is 
common to find non-muscular trigger points in the skin, scar 
tissue, fascia, and ligaments [31]. Many clients with PFD 
present with previous surgical scar tissue sites or injury 
including perineal tears, episiotomy, laparoscopy, cesarean 
section, cholecystectomy, appendectomy, hysterectomy, and 
abdominoplasty. These MTP(s) in the connective tissue and 
scar tissue, which also cause radiating pain in the pelvic 
region, can be treated with Connective Tissue Release, a 
technique similar to skin rolling, elevating the tissue away 
from the skeletal muscle layer to release restriction [3].

�Trigger Points and Hypertonicity in Skeletal 
Muscle

An MTP in a skeletal muscle is defined as a point of hyper-
irritability in a muscular taut band that is clinically associ-
ated with local twitch response and tenderness and/or 
referred pain upon manual examination [32]. Evidence sug-
gests that the temporal profile of the spontaneous electrical 
activity at an MTP is similar to focal muscle fiber contraction 
and/or muscle cramp potentials, which contribute signifi-
cantly to local tenderness and pain and motor dysfunction 
[33]. MTP(s) can create restriction, which can cause the ten-
don and ligaments attached to the muscle where they are 
located to over stretch, often causing pain in the associated 
joint or radiating elsewhere [34]. Studies have shown that 
abnormal conditions of the pelvic floor muscles and abdomi-
nal and pelvic region muscles are the probable etiologic site 
of men with genitourinary pain [35], women with vulvo-
dynia [36], patients with interstitial cystitis [37], patients 

with abdominal pelvic pain syndrome [38], and HPFD [39]. 
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It takes skill that is developed over time, as well as critical 
thinking and knowledge of anatomy to correctly palpate 
skeletal muscle tissue for hyper or hypotonicity, MTP(s), or 
restriction. Despite this, there is often good interrater reli-
ability of palpation of MTP(s) and therefore it can be trusted 
as a good diagnostic tool [34, 40]. The PFPT will palpate the 
gluteal muscles, the hamstrings and low back muscles in 
prone. Then in supine, they will palpate the adductors, proxi-
mal quadriceps, the lateral hip musculature, hip flexors, and 
abdominal muscles. See Table 8.2 for a comprehensive list of 
muscles that should be assessed in any examination of a cli-
ent with PFD. Then finally, when the patient is ready, they 
will evaluate the external pelvic floor musculature. Again, 
this typically takes gentle encouragement as many of the cli-
ents are apprehensive about this portion of the exam. The 
pressures used to examine the client need to be firm enough 
to ensure assessment of skeletal muscle; however, an effort 
should be made to stay within tolerable pain limits for the 
client. See Table 8.3 for a list of pelvic floor muscles and 
pelvic region bony landmarks assessed externally. If the cli-
ent is not severely hypertonic and has little pain with palpa-
tion of the external pelvic floor, the PFPT may ask the client 
to perform a pelvic floor contraction to assess for and observe 
externally the client’s coordination and more importantly 
their ability to relax after contraction. Many times however, 
the skilled PFPT will not assess the coordination of the client 
with HPFD symptoms prior to an internal assessment. With 
some clients, their external MTP(s) are so profound and their 
pelvic floor muscle hypertonicity so apparent, there is no 
indication for further assessment at that time. The client 
needs to have these MTP(s) and any other external soft tissue 
dysfunction treated before moving any further within the OS 
Algorithm (Fig. 8.1). As stated earlier, MTP(s) play a role in 
the vast majority of clients with PFD, especially in clients 
with CPP and HPFD [9]. Indeed, in some cases, it is possible 
for MTP(s) to be the only cause of pelvic pain.

Case Study
A 38-year-old woman gave a 14-year history of right lower 
quadrant pain, urinary retention, frequency, suprapubic 
pressure, and deep right-sided dyspareunia. These symptoms 
had arisen after a caesarian section that followed 2 days of 
traumatic labor. Her pelvic pain symptoms had been treated 
elsewhere with nine laparoscopic procedures for lysis of 
adhesions, a right oopherectomy, and total abdominal hys-
terectomy. When she presented to this clinic complaining of 
continued pain, external pelvic examination revealed myo-
fascial trigger points of the right rectus abdominis muscles 
and a tender suprapubic scar. Internal pelvic examination 
disclosed myofascial trigger points of the right obturator 
internus, pubourethralis, and urinary sphincter. She was 
treated with internal myofascial release techniques (see 
below for a description of this technique), with eradicated 
the trigger points and hypertonus of the pelvic floor, and trig-
ger point injections of 0.5 % bupivacaine into the rectus 
abdominis trigger points and scar. She became completely 
asymptomatic after 12 treatments [41].

MTP being the sole source of pelvic pain is rarely seen in 
clinical practice. More commonly MTP(s) are just one compo-
nent of a multilayered problem and usually present with con-
nective tissue restriction, nerve inflammation, hormone 
irregularities, poor core, and pelvic floor skeletal muscle 
strength and flexibility and pelvic organ impairments such as 
overactive bladder, irritable bowel syndrome, and painful blad-
der syndrome (or interstitial cystitis). If the client presents with 
any of these external pelvic region impairments, they would be 
treated with connective tissue release (as described above), 
strain counterstrain, myofascial release, dry needling, manual 
scar mobilization (as described above), and manual trigger point 
release. A detailed description of these techniques is outside the 
scope of this chapter, however they are briefly described below:

�Strain and Counterstrain

Strain and counterstrain (also called positional release ther-
apy) is a manual soft tissue manipulation technique in which 

Table 8.2  Muscle list

List of muscles to be assessed in examination of pelvic floor 
dysfunction as trigger points in these muscles have been shown to refer 
pain to the pelvic region, lower abdominal region, and perineal region:

•	 Adductor magnus

•	 Adductor longus

•	 Thoracolumbar paraspinal musculature

•	 Piriformis

•	 Gluteus magnus

•	 Gluteus minimus

•	 Gluteus medius

•	 Quadratus lumborum

•	 Iliacus

•	 Psoas major

•	 Obturator internus (often assessed internally)

•	 Tensor fascia lata (no direct referral to perineum or pelvic, 
however often found in clients with pelvic floor dysfunction

Table 8.3  List of muscles, ligaments, and bony landmarks 
assessed on the external pelvic floor

•	 Pubis symphysis

•	 Inferior pubic rami

•	 Ischial rami

•	 Sacrotuberous ligament

•	 Ischiocavernosus

•	 Bulbospongiosus

•	 Superficial transverse perineal

•	 Levator ani

•	 Perineal body

•	 Ischial tuberosity
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the practitioner locates and alleviates non-radiating tender 
points in the client’s myofascial structures. The practitioner 
positions dysfunctional tissue at a point of balance in a direc-
tion opposite to the restrictive barrier. The position of ease, 
or the position in which the client no longer has pain to touch 
at the tender point, is held for ninety seconds, after which the 
patient is gently returned to the original position where the 
tender point is rechecked. The theory is that Strain counter-
strain works to inhibit hyperactivity of the spasm reflex, 
allowing the muscle to relax by improving oxygenation and 
eliminating pain. To date, there is little data to support this 
technique, however, it is the author’s experience that clients 
with allodynia in their vulvar and vaginal tissues respond 
very well to this technique.

�Myofascial Release

Myofascial release is a soft tissue therapy for the treatment 
of skeletal muscle immobility and pain. It is theorized that 
this type of manual therapy relaxes hypertonic muscles, 
improves blood flow, increases lymphatic circulation, and 
stimulates stretch reflexes in the muscles. Many practitioners 
use the myofascial release technique developed by John 
Barnes. His method emphasizes light contact with the fascia, 
slowly stretching the fascia until reaching a barrier/restric-
tion, maintaining this light pressure for 3–5  min and then 
feeling for a motion and softening of the tissue.

�Dry Needling

Dry needling is a skilled intervention that uses a thin filiform 
needle to penetrate the skin and stimulate underlying myo-
fascial trigger points, muscular, and connective tissues for 
the management of neuromusculoskeletal pain and move-
ment impairments. Dry needling is a technique used to treat 
dysfunctions in skeletal muscle, fascia, and connective tissue 
and diminish persistent peripheral nociceptive input, and 
reduce or restore impairments of body structure and function 
leading to improved activity and participation [42].

�Soft Tissue Mobilization

Soft tissue mobilization is defined as the hands-on mobili
zation of soft tissues, i.e. muscle and associated connective 
tissues that support it, and the tendons and ligaments. Soft 
tissue mobilization is theorized to produce improved neural 
ability, decreased muscle hypertonicity, increased muscle 
blood flow, improve lymphatic flow, and improved overall 
circulation in the area treated. A trained physical therapist 
localizes the source of pain or movement restriction through 

skilled, layer-by-layer assessment. They will look for soft tis-
sue restrictions that could decrease motion and cause pain for 
the client. Once these areas of restriction are found, the trained 
therapist will use a variety of techniques to clear these restric-
tions, they are better prepared for therapeutic exercise.

�Manual Trigger Point Release or Ischemic 
Compression

There are different manual techniques used to perform man-
ual trigger points. The more common approaches are deep 
pressure and/or ischemic compression. Practitioners use 
their hands and fingers to find the trigger point, which is felt 
as a “speed bump” or knot in the tissue and then release it by 
applying deep pressure and/or ischemic compression. Many 
times, they will use their elbows or other various tools to 
apply pressure, to save their hands as the pressure needed is 
often so firm, they cannot maintain that force throughout the 
session, much less throughout the day. Fascia surrounding 
these trigger points should also be treated with therapeutic 
exercise, myofascial release or soft tissue mobilization to 
elongate and resolve strain patterns, otherwise muscles and 
connective tissue will simply be returned to positions where 
trigger points are likely to re-develop. See also references [9, 
34–43] for more information both on the effectiveness of 
these treatments as well as further description of these treat-
ments. If these treatments are not effective for the client in a 
timely manner, then a referral to a physician who can per-
form trigger point injections to the pelvic floor muscles and 
the surrounding pelvic and abdominal region musculature, 
using an anesthetic such as benzocaine or novocaine, using 
an anti-inflammatory or injection of botulinum toxin is 
indicated.

The Client with HPFD
A typical client with HPFD as well as CPP will present with 
muscle guarding. The guarding presents as muscles that 
have contracted tightly, for a prolonged period of time 
around a painful area. This guarding, unfortunately, restricts 
blood flow, leads to hypertonic muscles and MTP(s), causing 
more pain and guarding, leading to a vicious cycle. However 
hypertonic muscles or MTP(s) develop in the pelvic region, 
they often stick around well after the original cause of pain 
has cleared. See Table 8.4 for different ways pelvic region 
hypertonicity or MTP(s) can develop. 

An easy analogy to demonstrate how trigger points and 
hypertonicity can develop: When you hold a fist tightly for a 
longer period of time, as in while holding several heavy bags 
of groceries in your hand as you carry them to your home 
from your car, and then you go to set the grocery bags down, 
many times your fist will not automatically relax. It stays 
very tense and perhaps only after some time has passed and 
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you have shaken it out, does it finally relax back to baseline 
tension. In the same way, when you hold your pelvic floor 
muscles tight, sometimes not just for a few minutes but even 
for days or months because of pelvic pain, urinary urgency 
or heightened psychological stress, it is very difficult to get 
your pelvic floor muscles to relax and return to what their 
baseline is. Just as the hand would have pain if you kept 
holding the fist, the pelvic floor muscles have pain from being 
held or contracted, whether consciously or unconsciously.

�Assessment of Vulvar Tissues and Prolapse

Again, in the rarest of patients, you will not find any of the 
previously described impairments. But whether you find 
these external impairments or not, the next objective assess-
ment on the female client is to assess the vulva thoroughly. 

See Table 8.5 for anatomical landmarks assessed and what a 
physical therapist looks for. On the male patient the PFPT 
will need to examine the penile and scrotal tissue and on 
both sexes they may need to examine the tissue around the 
anus. Again, this is obviously one of the more sensitive por-
tions of the assessment. Many female and male clients are 
very hesitant to open their legs for this portion of the exam. 
The pressures on these delicate tissues should be kept well 
within tolerable limits. The provider should talk their way 
through the examination so the client knows what is being 
assessed and so that there are no surprises. PFPT(s) will 
often assess at this time for sensation, both allodynia and 
decreased sensation. A common test is the cotton swab test 
(Table  8.6). If indicated by observing upon examination 
scarring or restriction in the vulvar or scrotal tissues, a PFPT 
may perform scar tissue mobilization or myofascial release 
on these tissues. More often, if significant impairment is 
observed, the client is referred to a physician for further eval-
uation and treatment. At this point in the exam, the physical 
therapist can also perform reflex testing, if indicated, such as 
the anal wink test. The anal wink test is evoked by firmly 
stroking the perianal skin with a Q-tip®. The absence of an 
anal wink reflex suggests a defect in either sensory or motor 
nerves or in the central pathways that mediate this reflex 
[44]. A positive finding would indicate that the client could 
benefit from a referral to a neurologist or neurourologist for 
further testing. If indicated, at this point in the exam the 
PFPT will often assess for adverse neural tension [3], observe 
for profound prolapse or significant hemorrhoid sensitivity. 
A detailed description of techniques to release adverse neu-
ral tension, diagnose severity of prolapse, or assess hemor-
rhoid sensitivity is outside the scope of this chapter, however 
if the reader wishes for more information on these treatments 
or tests, please see the references provided at the end of the 
chapter [3, 40, 45, 46]. Again, the skilled PFPT would treat as 

Table 8.4  Different ways that pelvic region hypertonicity or 
MTPs can develop

•	 After receiving vaginal ultrasound

•	 Chronic or acute strain with defecation

•	 Fall on tailbone, back, pelvis, or hip

•	 Sexual abuse

•	 Physical abuse

•	 Urinary incontinence

•	 Fecal incontinence

•	 Urinary urgency and/or frequency

•	 Urinary tract infection (frequent or as few as one)

•	 Yeast infection

•	 Dyspareunia

•	 Cycling

•	 Vigorous high impact exercise

•	 Vaginal childbirth

•	 Episiotomy

Table 8.5  Anatomical landmarks and what dysfunction a physical therapist will look for in these tissues

Mons pubis Swelling, discoloration, thickening, unilateral hyper- or hypotrophy

Labia majora Loss of anatomy, swelling, discoloration, thickening, unilateral hyper- or 
hypotrophy, redness, whiteness, loss of hair, lesions

Labia minora Loss of anatomy, swelling, redness, thickening, whiteness, rigidity, micro tearing

Hart’s line Loss of appearance of a change in tissue between the vulva and the vagina, 
thickening, atrophy

Vestibule Thinning of the tissue, thickening of the tissue, whiteness, redness, lesions

Bulbs of the vestibule Swollen, atrophy

Great vestibular glands (Bartholin’s glands) Swollen, atrophy

Lesser vestibular glands Swollen, atrophy

Paraurethral glands (Skene’s glands) Swollen, atrophy

Prepuce Swollen, adhered to clitoris, thickened

Clitoris Swollen, atrophied

Perineal body Scarring, rigidity, redness, atrophy

Posterior fourchette Scarring, rigidity, redness, atrophy

Anus Hemorrhoids, redness, lesions, tearing
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indicated and if there are significant findings that demonstrate 
a potential need for surgery, they would refer the client to the 
appropriate physician for further evaluation.

�The Internal Pelvic Floor Assessment 
and Treatment

Now the time has come in the evaluation and/or treatment 
session to assess and if indicated, treat the client internally. 
For a PFPT, as shown on the OS Algorithm, the first thing to 
determine is, can the client tolerate any internal assessment? 
There are female clients that cannot tolerate the placement of 
the tip of the fifth finger of the provider inside the vagina, 
much less the index finger. These clients are so allodynic that 
just contacting the opening of the vagina with light pressure 
causes severe pain. If this is the case, it is our clinic’s practice 
to continue to treat the client externally, using, if indicated, 
external manual therapy as described above, core strengthen-
ing where indicated and hip stretches where indicated. After 
a few weeks of treatment, when there are fewer external 
impairments, the physical therapist can attempt internal 
assessment and treatment again as with improved external 
tissue health there is often an improvement in the client’s 
tolerance of internal treatment. If the client does not develop 
tolerance of internal assessment and treatment over a rela-
tively short amount of time, the PFPT may first try external 
transcutaneous electrical stimulation during internal treat-
ment as it is theorized that analgesia is caused mainly by 
cutaneous afferent activation [47]. The electrical stimulation 
pads can be placed around the lateral borders of the sacrum, 
or in the pubic bone region and this has demonstrated to 
decrease vaginal allodynia in many of our clients. Also some 
clients are helped with cold packs or moist heat or relaxation 
exercises with deep diaphragmatic breathing for autonomic 

quieting. If these efforts are not successful, the PFPT will 
typically refer the client to their physician for consideration 
of topical analgesic that could be prescribed to allow toler-
ance of internal treatment as well for consideration of a mus-
cle relaxant suppository to allow greater tolerance of internal 
treatment and therefore encourage a speedier progress 
towards long-term goals. Once the client can tolerate internal 
assessment, the PFPT assesses each muscle within each 
internal muscle layer, in a very systematic way. The muscles 
are assessed for pain and trigger point as well as muscle 
shortening with hyper or hypotonicity. See Table 8.7 for a list 
of internal pelvic floor muscles assessed and their layer in 
the pelvic floor. It is important to decrease the internal hyper-
tonicity and palpable MTP(s) as well as to lengthen each 
shortened pelvic floor muscle to within a normal length. For 
example, MTP(s) in the obturator internus muscle, palpable 
in the third layer of the pelvic floor, can refer pain and irrita-
bility to the urethra and vagina [42]. The client with MTP(s) 
in their obturator internus would perceive their issue to be 
primarily in the bladder as they often experience burning and 
urgency there. These clients are often surprised when they 
are negative for urinary tract infection and could not know 
that their symptoms had a muscular origin. They are even 
more surprised when release of the MTP(s) in this muscle 
decreases their bladder symptoms. As described of external 
MTP(s) earlier in this chapter, internal MTP(s) as well as 
hypertonicity in the pelvic floor muscles can significantly 
affect sexual, bowel, and bladder function [9]. In fact the 
physiology and neurophysiology of the lower urinary tract 
and anorectum depends so highly on the proper function of 
the pelvic floor musculature, their shortness or weakness 
can have far greater implications for several physiological 

Table 8.6  Common swab test (Q-tip® test)

The test is used to assess for pain locations on the vulva. Each time 
the patient is touched by the Q-tip®, one method has the practitioner 
ask the patient if there is pain and if there is pain, is it mild, moderate, 
or severe. Another advises that if there is pain, the patient can rate the 
pain on a scale of 1–10:

1.	 Begin by touching the inner thigh

2.	 Touch the labia majora

3.	 Touch the clitoris/clitoral hood

4.	 Touch lateral to Hart’s line, then just medial to Hart’s line

5.	 Touch the vestibule at 1 and 11 o’clock (adjacent to the urethra at 
Skene’s glands ostia)

6.	 Touch the vestibule at 4 and 8 o’clock (at the Bartholin’s glands 
ostia)

7.	 Touch the vestibule at 6 o’clock

If there is pain in the 4–8 o’clock region indicates hypertonic pelvic 
floor dysfunction. If there is pain at the 1 and 11 o’clock region 
indicates intrinsic problem of the mucosa of the vestibule

Table 8.7  Internal pelvic floor muscles assessed and their 
corresponding layer in the pelvic floor

First layer (urogenital triangle)

•	 Superficial transverse perineal muscle

•	 Bulbospongiosus muscles (male)

•	 Bulbocavernosus muscle (female and male)

•	 Ischiocavernosus muscle (female and male)

Second layer (urogenital diaphragm)

•	 Sphincter urethra

•	 Urethrovaginal sphincter

•	 Compressor urethra

•	 Deep transverse perineal

Third layer (levator ani group and pelvic diaphragm)

•	 Pubococcygeus

•	 Puborectalis

•	 Iliococcygeus

•	 Coccygeus (ischiococcygeus)

•	 Piriformis

•	 Obturator internus
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functions then, for example, muscle weakness in an extremity 
[3]. Any muscle affected by MTP(s) is shortened, tends to 
contract weakly and relaxes slowly [3]. The levator ani mus-
cle group affected by MTP(s) will be held shortened and will 
potentially have decreased ability to limit the bladder from 
contracting during bladder filling; urinary urgency and 
frequency can result [39]. When the often fatigued and MTP 
filled levator ani is called upon to relax to allow voiding or 
defecation, relaxation can be delayed and urinary voiding 
dysfunction and/or constipation can result [3]. The PFPT at 
this time also assesses the internal mucosal tissue for scar 
tissue restrictions, tightness, thinning and hypersensitivity. 
Finally the PFPT will assess the pelvic organs for prolapse 
and hypersensitivity.

The Client with HPFD
The client with HPFD typically presents with moderately to 
severely hypertonic pelvic floor musculature, shortened and 
apparently weak pelvic floor muscles with multiple trigger 
points throughout the various pelvic floor muscle layers. The 
client tends to have moderate to severe tenderness even with 
movement of the assessment finger internally. The client with 
HPFD often is unable to relax the pelvic floor muscles upon 
verbal request to do so. Often they cannot demonstrate a 
normal bulge when asked to bear down. This contributes 
significantly to their complaints of difficulty initiating flow  
of urine, altered micturition, slow urine stream, incomplete 
bladder emptying, frank urinary retention [2], incomplete 
bowel emptying, frequency, dyspareunia, pain with orgasm, 
constipation, CPP and abdominal pain.

Treatment of the internal pelvic floor by a PFPT will 
include many of the same techniques and treatments used 
externally. With each treatment, every effort should be made 
to cause as little pain internally as possible. These treatments 
include internal pelvic floor muscle strain counterstrain, 
internal manual trigger point release, internal scar mobiliza-
tion, internal pelvic floor muscle biofeedback, home exer-
cises, self-treatment programs, internal connective tissue 
release, internal myofascial release and pelvic floor muscle 
stretching. There are very few studies supporting the use of 
strain counterstrain in general and especially its use intra-
vaginal or intrarectal. However, the PFPT(s) in our practice 
find this technique to be highly effective as it releases the 
internal MTP(s) in a pain free way. Extensive research needs 
to be performed to confirm this treatment’s efficacy in the 
pelvic floor rehabilitation setting. Stretching internally 
occurs both manually while in session with the PFPT using 
one to two treatment fingers as well as part of a home exer-
cise program for the client to perform, usually involving a 
dilator [48]. Again, it is important that both while in session 
and at home, the stretching feel like stretching and that it not 
be painful. If painful stretching were effective, the client 
could have simply had frequent and severely painful inter-

course, often the reason they came to physical therapy in the 
first place, as this would be a form of stretching and therefore 
they could have avoided physical therapy treatment entirely. 
Painful stretching, like severely painful intercourse, causes 
the same muscle guarding, trigger point formation and 
downward spiral that you want your client to avoid and so 
careful education is given to the client to keep the dilator use 
pain free.

Once the internal pelvic floor tone is normalized and 
there is little pain to palpation, and once the client is near 
normal range of motion as demonstrated by their tolerance 
of the larger sized dilators, an assessment of their pelvic 
floor muscle coordination, strength and their ability to con-
tract and relax volitionally is indicated and should be incor-
porated at this point. A detailed description of strain 
counterstrain (used externally or internally), trigger point 
release (used internally), internal scar tissue mobilization, 
pelvic floor biofeedback (used internally or externally to 
assess and train the client’s pelvic floor muscles), typical 
home exercises given to the client with PFD and HPFD, 
internal connective tissue release, internal myofascial release 
and pelvic floor stretching protocol is outside the scope of 
this chapter, however there are also references provided at 
the end of the chapter if the reader wishes for more informa-
tion both on the effectiveness and further description of these 
treatments [11, 22, 23, 49–53].

�Conclusion

The musculoskeletal system is a significant factor in forming 
the diagnosis and treatment plan for clients with PFD, espe-
cially HPFD. Pelvic floor physical therapists are specifically 
trained in the assessment and treatment of the muscles and 
other soft tissues in the pelvic floor and surrounding area.  
As such, they should be considered an important part of a 
multidisciplinary team in the treatment of clients with pelvic 
floor dysfunction.
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�Introduction

The term urodynamics was introduced by David M. Davis 
[1]. The International Continence Society defines urodynam-
ics as a set of tests used to measure urinary tract function and 
dysfunction [2]. Multichannel urodynamic testing refers to a 
set of tests that are typically performed together in order to 
provide a comprehensive evaluation of lower urinary tract 
function; the most commonly performed procedures are 
prestudy uroflowmetry, followed by filling cystometry with 
urethral pressure studies in selected cases, and voiding pres-
sure flow study (Table 9.1) [3–6].

�Uroflowmetry

Uroflowmetry may be performed immediately prior to mul-
tichannel urodynamic testing or as a stand-alone study. The 
patient is asked to arrive for testing with a moderate to strong 
desire to urinate and allowed to void promptly upon arrival. 
When combined with a multichannel urodynamic study or 
endoscopy, uroflowmetry should be completed prior to cath-
eterization because urethral instrumentation has been shown 
to lower the maximum flow rate [7]. Urinary flow may be 
measured via one of several transducers; one measures 
weight changes as urine is collected in a beaker, and a second 
uses a spinning disc device that measures flow as it passes 
across the disc and alters the spin rate [3].

Urinary flow is determined by two factors: the velocity of 
urine flow as it exits the bladder vesicle and the cross sectional 
area of the urethra [8]. The velocity of urinary flow is primarily 
created by a detrusor contraction, although it may be augmented 

by abdominal straining [9]. Urethral caliber also influences 
urinary flow; a urethra with a larger diameter allows a higher 
flow rate, while a narrower urethral lumen restricts the maxi-
mum flow rate. The female urethra has a wider lumen than a 
male urethra and therefore, women tend to have a higher maxi-
mum urinary flow rate than men. In the normal urethra, flow is 
determined by its narrowest region (sometimes referred to as 
the flow determinant zone); this zone is found in the middle 
third of the female urethra and the membranous urethra in the 
male where the urethra traverses the rhabdosphincter. The flow 
determinant zone is shifted to the level of blockage in patients 
with bladder outlet obstruction. Because of the interaction 
between these factors, variability in either detrusor contraction 
strength or urethral diameter influences maximum and average 
urinary flow rate. In order to accurately identify the cause of an 
abnormal flow pattern simultaneous measurement of detrusor 
contraction pressure and urinary flow is needed.

A variety of potentially characteristic urinary flow pat-
terns have been described, but we have found that a relatively 
simple classification schema based on three uroflow patterns 
is most useful for interpretation of the non-instrumented uro-
flowmetry [3, 10–12]. They are continuous (normal), pro-
longed, and interrupted/intermittent (Fig.  9.1) [3, 10–12]. 
The continuous flow pattern is characterized by a bell grade 
curve that tends to be slightly skewed to the left. The pro-
longed flow pattern is characterized by a lower maximum 
and average flow rate. The interrupted/intermittent flow pat-
tern starts and stops at least once before voiding ends; the 
maximum flow rate may be comparable to values seen in the 
continuous flow pattern, but the average flow will be less 
than 50 % of the maximum flow rate.

Maximum and average flow rates vary among healthy 
women and men rendering it impossible to identify a single 
value describing a normal flow in an adult male or female. 
Limited evidence from studies in aging men undergoing 
prostatectomy for benign prostatic enlargement and adult 
women undergoing midurethral sling surgery suggests that a 
Qmax >15 ml/s is a reasonable cut point for distinguishing a 
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Table 9.1  Typical components of a multichannel urodynamic study

Procedure Brief description Main parameters measured Goals of study

Assessment of bladder filling/storage

Filling cystometrogram (CMG) Graphic representation of flow 
versus intravesical volume. 
Three pressures are routinely 
measured during the filling 
CMG: intravesical pressure 
(Pves), abdominal pressure 
(Pabd), and detrusor pressure 
(Pdet)

Cystometric capacity
Bladder wall compliance
Competence of the urethral 
sphincter mechanism
Sensations of bladder filling
Detrusor response to bladder 
filling

Evaluation of disorders related to 
bladder storage function 
including: small or large bladder 
capacity, low bladder wall 
compliance, stress incontinence 
with urethral incompetence of 
the sphincter mechanism, 
increased or reduced sensations 
of bladder filling, and detrusor 
response to bladder filling

Urethral pressure studies Graphic representation of 
urethral pressure (Pura)
Urethral pressure profile (UPP) 
measures maximum urethral 
closure pressure when the 
bladder is filled with 50–200 ml
Cough-stress UPP measures 
competence of urethral closure 
in response to coughing

Urethral pressure measured in 
cm H2O
Maximum urethral closure 
pressure is a subtraction of the 
maximum urethral pressure 
from Pves

Evaluation of urethral sphincter 
competence

Assessment of bladder evacuation

Prestudy uroflowmetry Graphic representation of 
urinary flow (Q) as urine is 
collected in beaker placed over 
von Garrlet’s flowmeter or when 
urine passes through spinning 
disc uroflowmeter

Maximum flow rate (Qmax): 
maximum flow sustained for 1 s 
or longer
Average flow rate (Qave): mean 
flow rate calculated as voided 
volume divided by voiding time
Voided volume: measured in ml
Residual volume: measured by 
catheterization or bladder 
ultrasound

Characterized flow pattern, voided 
volume, and residual volumes
Enables identification of abnormal 
flow patterns but does not indicate 
cause of voiding problems
May be used for assessment of 
quality of voiding pressure flow 
study (voiding pressure flow 
study should reproduce flow 
pattern of non-instrumented 
prestudy uroflow study)

Voiding pressure flow study Graphic representation of 
uroflowmetry, Pabd, Pves, and 
Pdet pressures with or without 
sphincter EMG 

Uroflow with Qmax, Qave, 
voided volume
Voiding pressures Pves, Pabd 
and Pdet
Sphincter EMG may be recorded
A second post void residual 
volume is measured 
immediately following the 
voiding pressure flow study

Evaluation of bladder evaluation 
including urinary flow, detrusor 
contraction strength, urethral 
resistance, and sphincter 
response to micturition when 
sphincter EMG is measured

Sphincter electromyography 
(EMG)

Graphic assessment of the 
electrical activity of pelvic floor 
muscles during bladder filling 
and storage; EMG is typically 
measured via transcutaneous 
patches that detect electrical 
signals from the pelvic floor 
muscles
Alternatively, the electrical 
activity of motor units within 
the rhabdosphincter may be 
measured directly using EMG 
needle or the periurethral 
muscles may be directly 
measured via hooked wire 
electrodes

Summary activity measures 
gross motor movements of the 
pelvic floor muscles only
Summary EMG may be 
displayed as a mirrored image; a 
wider tracing indicates greater 
EMG activity and a narrower 
image indicates lesser EMG 
activity
Summary EMG activity may be 
measured via microvolts; 
normal resting tone is less than 
5 microvolts; higher microvolts 
cause increased EMG activity
Needle EMG allows assessment 
of individual motor units within 
the rhabdosphincter

During bladder filling/storage 
the EMG is assessed to 
determine pelvic floor muscle 
(PFM) response to voluntary 
pelvic floor muscle contraction 
(also called a Kegel contraction)
Gently tapping the clitoris or 
squeezing the glans penis allows 
assessment of the 
bulbocavernosus reflex
During bladder evacuation the 
EMG response to voiding is 
assessed, relaxation of the PFM 
causes quieting of the EMG 
tracing; paradoxical contraction 
of the pelvic floor EMG indicates 
dyssynergia (incoordination) of 
the striated sphincter and detrusor 
contraction or voluntary PFM 
contraction associated with 
voiding dysfunction
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continuous from a prolonged flow pattern [12–14]. While it 
is tempting to associate a specific diagnosis to a particular 
flow pattern, such as bladder outlet obstruction with a pro-
longed flow pattern or underactive detrusor function aug-
mented with abdominal straining with an interrupted/
intermittent flow pattern, it is important to note that uroflow-
metry alone cannot reliably distinguish the cause of an 
abnormal flow pattern. Instead, the uroflow results should be 
combined with a post void urine residual measurement and 
interpreted as indicating either underactive detrusor function 
or bladder outlet obstruction [15]. Differentiation of these 
conditions requires a voiding pressure flow study.

A post void residual measurement should be obtained 
immediately following the prestudy uroflow [3, 12]. When 
performed in the context of a multichannel urodynamic 
study, the residual is usually measured via catheterization. 
Nevertheless, estimation of the residual volume via ultra-
sound provides a less invasive alternative when uroflowme-
try is performed as a stand-alone study [16, 17]. Similar to 
the maximum and mean flow rates, there is no absolute cut 

point for a residual volume indicating the need for additional 
evaluation. In addition, residual volumes vary significantly 
among older adults, requiring repeat assessment to deter-
mine a consistent pattern of elevated residual urine volumes 
[18]. Nevertheless, clinical experience suggests that patients 
with consistently higher residual volumes (>200  ml) may 
benefit from a voiding pressure flow analysis to determine 
the cause of incomplete bladder emptying.

�Filling Cystometrogram

The filling cystometrogram is a graphic representation of 
multiple pressures plotted against intravesical volume with 
or without pelvic floor muscle electromyography (EMG); 
the main goal of this study is to evaluate bladder storage and 
filling [19]. Multichannel filling cystometry typically 
involves measurement of 3 pressures. Intravesical pressure 
(Pves) is measured by placing a transducer into the urinary 
bladder. Pves is a reflection of both detrusor generated force 
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and abdominal forces acting on the bladder wall. Abdominal 
pressure (Pabd) is measured by a tube placed in the rectal 
vault or vaginal vault. Pabd is a measurement of the abdomi-
nal forces acting on the pelvis including the lower urinary 
tract. A third pressure, detrusor pressure (Pdet) is a calcu-
lated pressure by subtracting abdominal pressure from intra-
vesical catheter pressure (Pdet = Pves − Pabd) [3, 20].

Most urodynamic systems use one of three transducer 
technologies to measure pressure [21]. Water-charged sys-
tems measure pressure transmitted along a column of water 
established between the patient and a flexible membrane; the 
water-charged transducer is placed outside the body. A small 
reservoir of water (3–5 ml) within a specially designed tube 
is used to measure Pabd. Air-charge transducers are small 
balloons that are filled (charged) with 0.8 ml of air, which are 
then incorporated into a specially designed catheter or tube 
to measure pressure. Microtransducers are mounted directly 
onto a reusable catheter; the transducer comes into contact 
with the wall of the rectum or vaginal vault to measure pres-
sure. A disposable system incorporating microtransducer 
technology has been designed but is not yet commercially 
available in the USA.

Evidence guiding selection of the optimal transducer type 
for urodynamic testing is sparse [21]. The International 
Continence Society (ICS) recommends use of water-charged 
transducers based on multiple factors including its relatively 
rapid response to rapid changes in pressures such as those 
created by a cough [8, 21]. The ICS nevertheless acknowl-
edges limitations of water-charged transducers including arti-
fact when the fluid filled lines connecting the patient to the 
transducer are jostled during testing. Air-charged transducers 
are gaining more widespread use in North American in par-
ticular. Both air-charged and microtransducers have strengths 
when compared to water-charged transducers including rapid 
setup and reduced sensitivity to artifact when jostled during 
urodynamic testing. Nevertheless, both technologies require 
placement of the transducer inside the patient’s body, which 
is contributory to greater variability with establishing the ref-
erence level. The water-charged system, where the transducer 
remains outside the patient’s body, enables more consistent 
placement at the recommended reference level. Both air-
charged and water-charged transducers exhibit similar 
responses when measuring pressures during a voiding pres-
sure flow study [22]. The ICS also notes that air-charge trans-
ducers tend to exhibit a diminished or delayed response to 
rapidly changing pressures such as those observed during a 
cough [21]. However, the magnitude of this difference and its 
clinical relevance has not been established.

Regardless of the type of transducer used to measure pres-
sures during multichannel urodynamic testing, all transducers 
must be zeroed with respect to atmosphere and a proper refer-
ence level established to ensure high quality, reproducible mea-
surements [2, 8, 23]. Zeroing with respect to atmosphere 

provides a consistent standard for pressure measurement in 
urodynamic testing and it is strongly preferred over more vari-
ability introduced when transducers are zeroed with respect to 
each patient. The reference level established by the International 
Continence Society is the superior margin of the symphysis 
pubis [2]. This level is easily established with water-charged 
transducers that can be situated parallel to the superior margin 
by visual inspection. The reference level is more difficult to 
establish with air-charged or microtransducer catheters; it may 
be established by performing a simple urethral pressure profile 
and placing the transducer several centimeters above the maxi-
mum urethral pressure measured. Alternatively, standard place-
ment may be used; the catheters used for both systems are 
graduated in centimeters to make this process easier. Clinical 
experience suggests that catheter should be inserted approxi-
mately 12 cm in adult females and 20 cm in adult males. Once 
transducers are in place within the bladder pressure measure-
ment is technically straightforward, as the bladder is a fluid 
filled chamber. Measurement of Pabd is more technically chal-
lenging since neither the rectal vault nor posterior vaginal vault 
is normally filled with a liquid medium. Hence there is a need 
for a specially designed tube with a small reservoir to measure 
pressure or a microtransducer system.

Sphincter electromyography (EMG) also may be moni-
tored during filling cystometry. EMG information can be 
gathered through several methods. Transcutaneous (patch) 
electrodes or percutaneous needles can be placed on the peri-
anal area. Alternatively hooked wire electrodes can be percu-
taneously inserted into the periurethral striated muscle [4]. 
Measurement of pelvic floor muscle activity provides an 
opportunity to evaluate how the pelvic floor responds to 
bladder filling/storage, the bulbocavernosus reflex, and pro-
vocative maneuvers such as coughing. The EMG allows the 
clinician to determine the patient’s ability to identify, con-
tract, and relax the pelvic floor muscles.

Filling cystometry is completed by filling the urinary 
bladder with sterile water, saline, or a radiographic contrast 
material [21, 23]. Supraphysiologic fill rates from 30 ml/min 
to as high as 100 ml/min may be used. However, slower fill 
rates (30–50 ml/min) are preferred since the small catheter 
size used for most urodynamic testing (5–7 French) limits 
the ability to fill the bladder at higher rates. In addition, 
higher rates have been shown to exert negative effects on 
urodynamic findings when compared to physiologic filling 
during ambulatory monitoring.

Data from the filling cystometrogram is used to answer 
five essential questions: (1) what is the cystometric capac-
ity, (2) is bladder wall compliance normal or low, (3) is the 
urethral sphincter mechanism competent, (4) are sensations 
of bladder filling normal, reduced, or increased, and (5) 
what is the detrusor response to bladder filling [5]. The 
immediacy of each of these questions varies based on the 
clinical history of the patient and the lower urinary tract 
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symptoms or disorders prompting urodynamic testing. 
Nevertheless, answering each ensures a comprehensive fill-
ing cystometrogram (Table 9.2).

�Cystometric Capacity

The International Continence Society defines three types of 
bladder capacity: functional, cystometric, and anesthetic 
(often referred to as anatomic) [20]. Functional capacity is 
defined as the intravesical volume when an individual volun-
tarily elects to urinate; it varies considerably based on mul-
tiple factors such as social context and proximity to a toilet. 
A study of 300 healthy women found a mean voided volume 
of 204 ml and an average maximum voided volume of 330 ml 
over a 1 day data collection. Nevertheless, the range of 
voided volume varied widely from 90–1020 ml [24]. A simi-
larly designed study in 284 healthy men found a median 
voided volume of 237  ml and a median maximum voided 

volume of 382 ml [25]. In contrast to these values cystomet-
ric capacity tends to be higher in adults; it was 513 ml in a 
group of women without detrusor overactivity undergoing 
diagnostic urodynamic testing and 570–572 ml in a group of 
30 healthy adult women undergoing sequential testing in a 
research setting [26, 27]. Cystometric capacity tends to be 
higher than functional bladder capacity because of the pro-
vocative nature of urodynamic testing. Patients are filled to a 
strong and persistent (imminent) desire to urinate, or until 
lower urinary tract symptoms such as urgency and urge 
incontinence are reproduced. This situation differs from the 
daily lives of patients with stress, urge or mixed urinary 
incontinence who tend to void at lower volumes in an attempt 
to prevent urinary leakage or involuntary voiding.

Whenever possible, cystometric capacity is calculated as 
voided volume plus residual volume. This technique is pre-
ferred over relying on the infused volume to determine capac-
ity because of the renal contribution that occurs during 
provocative testing. A study of 186 adults undergoing 

Table 9.2  Five questions for interpretation of the filling cystometrogram

Question
Normal range and cut point for clinically relevant 
abnormal finding Effect of normal aging

(1) What is the cystometric capacity? Normal range: 300–600 ml
Cystometric capacity <300 ml often associated 
with detrusor overactivity, low bladder wall 
compliance, inflammation of the bladder wall
Cystometric capacity >600 ml often associated 
with denervating disorders affecting lumbosacral 
spinal segments, metabolic disorders including 
diabetes mellitus and prolonged pattern of 
infrequent voiding

Functional bladder capacity does not decline 
with age [68]

(2) Is bladder wall compliance normal or 
low?

No absolute value for normal bladder wall 
compliance has been defined, whole bladder 
compliance values <10 ml/cm H2O, sustained 
detrusor pressures ≥35 cm H2O and detrusor leak 
point pressure ≥40 cm H2O associate with 
urinary tract distress

No age related changes in bladder wall 
compliance have been observed [68]

(3) Is the urethral sphincter mechanism 
competent?

Any detectable abdominal leak point pressure 
(provoked by Valsalva maneuver or coughing) 
indicates urodynamic stress urinary incontinence; 
a negative pressure transmission ratio on 
cough-UPP indicates urodynamic stress UI
A maximum urethral closure pressure 
<20 cm H2O indicates intrinsic sphincter 
deficiency, an abdominal leak point pressure 
<60 cm H2O assessed at 200 ml indicates 
intrinsic sphincter deficiency

Urethral sphincter incompetence 
(urodynamic stress UI) is not a component 
of normal aging
Maximum urethral closure pressure declines 
with aging in healthy adult women [68]

(4) Are sensations of bladder filling 
normal reduced or increased?

First sensation of bladder filling, first desire to 
urinate and strong desire to urinate are found in 
healthy adult women subjected to urodynamic 
evaluation; they occur in a predictable order

Sensations of bladder filling diminish with 
age; the volume at which characteristic 
sensory thresholds increased 100 ml in a 
group of healthy women (mean age 55 
years; range 22–90 years)

(5) What is the detrusor response to 
bladder filling?

No detrusor contractions during the filling 
cystometrogram is considered normal; some 
adults experience lower amplitude, phasic 
detrusor contractions that do not cause urgency 
or urge incontinence

Detrusor overactivity with urgency or 
incontinence is not a normal response of the 
aging bladder [68]
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urodynamic testing found that all participants had higher 
voided plus residual volume than infused volumes; the mean 
renal contribution was 14 % above infused volume [28]. 
Nevertheless, infused volume must be used when voided vol-
ume cannot be measured in the neurologically impaired or 
older adult unable to sit safely on a toilet for a voiding pressure 
flow study.

Large cystometric capacity is often accompanied by 
reduced sensations of bladder filling with or without incom-
plete bladder emptying. A large cystometric capacity is 
seen in multiple conditions affecting older adults such as 
diabetes mellitus and denervating disorders affecting lum-
bosacral spinal segments such as cauda equina syndrome or 
spinal stenosis [29, 30]. While supporting evidence is 
sparse, clinical experience strongly suggests that a lifelong 
pattern of infrequent voiding also increases bladder size. 
Voluntary restriction of voiding, often related to working in 
an environment when voiding is restricted such as a factory 
floor, long haul trucking industry, or health care profession 
may lead to a chronic pattern of less frequent voiding and 
increased bladder capacity [31]. Smaller cystometric capac-
ity has been linked to inflammation of the bladder wall, 
detrusor overactivity, and low bladder wall compliance 
[32–35].

�Bladder Wall Compliance

Compliance of the bladder wall is a measure of the relationship 
between detrusor pressure (Pdet) and intravesical volume dur-
ing bladder filling and before the occurrence of a voluntary or 
overactive detrusor contraction [36, 37]. In the healthy person, 
Pdet remains at a comparatively stable and low value because 
of its ability to accommodate increasing intravesical volumes 
via its viscoelastic properties and low detrusor muscle resting 
tone. Low bladder wall compliance is characterized by a steady 
rise in Pdet during the filling cystometrogram. Bladder wall 
compliance can be assessed in several ways: pattern recogni-
tion, identification of pressure specific bladder volumes, and 
calculation of whole bladder compliance. Pattern recognition is 
used to “screen” for low bladder compliance. If visual inspec-
tion of the Pdet tracing during filling cystometry reveals a 
nearly flat slope, compliance is deemed normal. In contrast, if 
a steeper slope is visualized, low bladder compliance is sus-
pected and further analysis is performed (Fig. 9.2). Low blad-
der wall compliance must be distinguished from overactive 
detrusor contractions [6]. Detrusor overactivity is characterized 
by a rapid rise in pressure caused by contraction of smooth 
muscle in the bladder wall, followed by a peak pressure (ampli-
tude) and comparatively rapid decline to baseline (Fig. 9.3).

0 25 50 1:15 1:40 2:05 2:30 2:55 3:20 3:45 4:10 4:35

100

100

0

0

0

100

Pves
68

182 ^
cm H2O

LABORIE

Pabd
14

cm H2O
58 ^

13974min

Pdet
53

cm H2O
^137

EMG
10

255
uV

^

250

0

Fig. 9.2  Low bladder wall compliance with sustained pressure rises in Pdet tracing

M. Gray and J. Jackson



129

Identification of volume specific pressures is particularly 
relevant when determining the volume at which an individ-
ual can safely store urine; such knowledge is essential when 
determining the frequency of intermittent catheterization. 
One landmark study of bladder wall compliance evaluated 
923 children with neurogenic bladders and 69 children with 
lower urinary tract complaints and normal urodynamic find-
ings [38]. Children with normal urodynamic findings stored 
95 % of intravesical volume at a Pdet <20 cm H2O and 99 % 
at a Pdet <30 cm H2O. Based on these findings, and observa-
tions of participants with lower bladder wall compliance, 
researchers concluded that a sustained Pdet ≤20  cm  H2O 
indicates normal bladder wall compliance. In contrast, a sus-
tained Pdet of 21–30 cm H2O indicates a low risk of urinary 
tract distress, and a sustained Pdet ≥35 cm H2O indicates a 
high imminent risk of urinary tract distress (recurrent febrile 
urinary tract infections, vesicoureteral reflux, hydronephro-
sis, and/or compromised renal function). These findings are 
consistent with another landmark study of low bladder wall 
compliance in children with myelodysplasia. In this study a 
urodynamic outcome measure, the detrusor leak point pres-
sure, was evaluated for its ability to predict urinary tract dis-
tress. The detrusor leak point pressure is the Pdet required 
for a low compliant bladder to overcome urethral closure and 
produce overflow urinary incontinence; study findings 
revealed that all subjects with a detrusor leak point pressures 
≥40 cm H2O had urinary tract distress [39].

Calculation of whole bladder compliance is a third alter-
native for measuring bladder wall compliance. It provides a 
single number designed to summarize the compliance curve 
during the entire filling storage phase of bladder function [6, 
20, 37]. It is calculated using the formula: Compliance = infused 
volume/ΔPdet. Compliance is expressed as ml per cm H2O; 

infused volume is the volume of fluid instilled at cystometric 
capacity, and ΔPdet is the difference in detrusor pressure at 
cystometric capacity immediately prior to the onset of a vol-
untary or overactive detrusor contraction minus Pdet at the 
beginning of filling. A cut point of ≤10 cm H2O is used to 
identify clinically relevant low bladder wall compliance [6, 
37]. Values indicating normal bladder wall compliance are 
less well defined; 40 ml/cm H2O was identified as normal 
compliance in a group of adult women [6, 39, 40]. However, 
clinical experience overwhelmingly suggests that many 
patients have much higher values.

Low bladder wall compliance is clinically relevant 
because of its deleterious effects on urinary tract function [6, 
38–41]. Low bladder wall compliance has been associated 
with diminished blood flow and histologic changes in the 
bladder wall [42]. It has also been associated with urinary 
tract distress, manifested as recurring febrile urinary tract 
infections, vesicoureteral reflux, hydronephrosis, and 
impaired renal function [6, 38, 39, 41, 43]. In the older adult, 
low bladder wall compliance is associated with neurological 
disorders such as spinal cord injury, multiple sclerosis, cauda 
equina syndrome, tethered spinal cord, and non-neurologic 
conditions including tuberculous cystitis, pelvic radiation, 
long-term interstitial cystitis, and chronic bladder outlet 
obstruction due to prostatic enlargement [35, 43–47].

�Urethral Sphincter Competence

Stress urinary incontinence (UI) can be defined as a symptom, 
physical sign noted during physical assessment, or a medical 
diagnosis. The International Continence Society defines uro-
dynamic stress UI as a urodynamic observation; it occurs 
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the overactive detrusor contractions as compared to the steady rise of Pdet characteristic of low bladder wall compliance

9  Multichannel Urodynamic Testing



130

when abdominal forces exceed urethral closure forces result-
ing in urinary leakage [20]. Urodynamic evaluation of urethral 
sphincter competence addresses two questions: (1) does this 
patient have urodynamic stress UI, and (2) does this patient 
have intrinsic sphincter deficiency (sometimes referred to as 
urethral sphincter incompetence or deficiency) [48]. Two uro-
dynamic techniques are used to determine urethral sphincter 
competence: abdominal leak point pressure measurement and 
urethral pressure profilometry. The clinical relevance of the 
first question (does the patient have any stress UI) is apparent. 
The accurate identification of the type of incontinence is nec-
essary since the surgical management of intrinsic sphincter 
deficiency differs from other forms of incontinence, and there-
fore may influence surgical outcomes [49].

The abdominal leak point pressure is defined as the magni-
tude of intravesical pressure required to overcome urethral clo-
sure and provoke urinary leakage in the absence of a detrusor 
contraction [20]. It should be measured in the upright (sitting or 
standing) position. The patient’s bladder is filled to 200 ml, the 
fill is temporarily discontinued, and the patient is asked to per-
form Valsalva’s maneuver with sufficient vigor to raise Pves at 
least 100 cm H2O. The intravesical pressure at which leakage is 
observed is recorded and subtracted from the baseline 

intravesical pressure (Fig.  9.4) [45]. Any measureable value 
indicates urodynamic stress UI; in addition, an abdominal leak 
point pressure <60 cm H2O indicates intrinsic sphincter defi-
ciency [49]. While this strategy will provoke urodynamic stress 
UI in many women and men, additional maneuvers are often 
required to detect urodynamic stress UI without intrinsic sphinc-
ter deficiency. Therefore, when straining does not produce urine 
loss, the patient is asked to cough while observing for urine loss. 
Because of the very rapid pressure changes provoked by a 
cough, it is not possible to determine the precise abdominal leak 
point pressure using this technique. Instead, the maximum pres-
sure produced with the cough when leakage is observed is 
recorded and the event is labelled “cough leak point pressure.” 
If urodynamic stress UI is not produced using either maneuver, 
cystometric filling is continued and these maneuvers are 
repeated every 150–200 ml until cystometric capacity is reached. 
If none of these maneuvers produces stress UI, the intravesical 
catheter may be removed and Pabd is used as a proxy for Pves; 
this technique has also been recommended for routine investiga-
tion of men with stress UI following radical prostatectomy [50]. 
Removal of the intravesical catheter is recommend because it 
has been found to “unmask” subtle cases of urodynamic stress 
UI when the intravesical tube is removed from the urethra.

Fig. 9.4  Abdominal leak  
point pressure measurement 
demonstrating urodynamic 
stress urinary incontinence
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The presence of severe pelvic organ prolapse (Pelvic Organ 
Prolapse Quantification System Stages 3 and 4) may obscure 
urodynamic stress UI [51]. In this case, reduction of severe pro-
lapse using a gauze vaginal pack, ring pessary, or other maneu-
ver is recommended to detect urodynamic stress UI that may be 
revealed when pelvic organ prolapse is repaired surgically.

Urethral pressure profilometry may also be used to assess 
urethral sphincter competence [48]. Unlike the abdominal leak 
point pressure, urethral pressure profilometry relies on direct 
assessment of urethral pressure (Pura), ideally combined with 
simultaneous measurement of intravesical pressure (Pves) and 
urethral closure pressure (Pclo), a computer generated tracing 
calculated by subtracting Pves from Pura. The technique for 
measuring urethral pressure presents unique challenges to the 
urodynamic clinician because of the narrow lumen of the ure-
thra during bladder filling/storage and absence of a fluid 
medium in the urethra required for accurate pressure measure-
ment. When measuring urethral pressures with water-charged 
transducers the clinician must create a small pocket of water 
by slowly perfusing water through the pressure monitoring 
line as it is pulled through the urethra. Measurement of Pura 
by a microtransducer does not require infusion of water; 
instead the catheter may be pulled through the urethra and 
pressures are recorded as the transducer interacts with the ure-
thral wall. However, this technique is prone to artifact when 
the comparatively stiff catheter interacts with the urethral wall 
resulting in variable pressure readings depending on the orien-
tation of the catheter [52]. The air-charged catheter creates a 
fluid environment via the small air filled balloon incorporated 
into the catheter. This design enables the catheter to be pulled 
through the urethra without significant discomfort. Since pres-
sure is measured in a small fluid filled chamber, the artifact 
created by the microtransducer is eliminated.

A urethral pressure profile (UPP) is obtained by filling the 
bladder with 50–200  ml and slowly pulling the catheter 
through the urethra [48, 53]. Multiple parameters may be 
measured with the UPP including maximum urethral pres-
sure, maximum urethral closure pressure, total profile length, 
and functional profile length. However, only one of these 
parameters, maximum urethral closure pressure, has proved 
useful for diagnosis of intrinsic sphincter deficiency [54]. A 
maximum urethral closure pressure <20  cm H2O indicates 
intrinsic sphincter deficiency. While the UPP is useful for 
evaluation of urethral closure pressures, it is not a dynamic 
study and does not directly diagnose stress UI. In addition no 
cutoff point has been determined for the maximum urethral 
closure pressure (or any other parameter measured during 
the UPP) that reliably differentiates women with stress UI 
from those with a competent urethral sphincter mechanism 
[55]. These limitations can be overcome by combining a tra-
ditional UPP with a cough-stress UPP.  The Cough-stress 
UPP is completed by asking the patient to cough individually 
as the catheter is slowly pulled through the urethra while 

measuring Pura, Pves, and Pclo. Individuals with competent 
urethral sphincter mechanisms (no stress UI) will have a 
positive pressure transmission ratio (upward spike seen on 
the Pclo tracing) while those with stress UI will have a nega-
tive pressure transmission ratio (downward spike seen on the 
Pclo tracing) (Fig. 9.5).

The predictive power of these tests for detection of any 
stress UI was measured in 108 women undergoing multichan-
nel urodynamic evaluation [56]. Abdominal leak point pres-
sure testing was determined to be most likely to reproduce 
any stress UI. Nevertheless, the evidence supporting use of a 
UPP for diagnosing intrinsic sphincter deficiency is stronger 
than that supporting use of the abdominal leak point pressure 
[54]. We therefore recommend completing both investiga-
tions when completing urodynamic testing in contemplation 
of surgical management of stress UI in the older adult.

�Sensations of Bladder Filling

Assessment of sensations of bladder filling is particularly 
difficult in the context of multichannel urodynamic testing 
[57]. The presence of pressure monitoring lines in the blad-
der and rectal or posterior vaginal vault almost certainly alter 
sensations of bladder filling. This effect is further intensified 
by the clinical setting (the urodynamic suite) which bears 
little resemblance to the relative privacy of most toilets. 
Three sensations are commonly identified during the filling 
cystometrogram, the first sensation of bladder filling, first 
desire to void, and strong desire to void [58, 59]. The first 
sensation of the bladder is described as initial awareness of 
bladder filling, the first desire to void is characterized by a 
desire to urinate at the next convenient moment, and a strong 
desire is defined as a strong and persistent desire to urinate at 
the earliest possible time. These characteristic sensations 
have been shown to occur in a predictable sequence when 
filling cystometry is performed in healthy volunteers [59].

In addition to identifying these characteristic sensations of 
bladder filling, the urodynamic clinician should assess the 
patient for urgency and pain. Urgency is defined as a sudden and 
strong desire to urinate that cannot be deferred [20]. It is the 
main lower urinary tract symptom associated with overactive 
bladder syndrome. Urgency differs from physiologic “strong 
desire to void” in several important ways: (1) it is sudden and 
difficult to defer, (2) it may occur at any bladder volume and 
tends to occur at lower volumes ultimately reducing cystometric 
and functional bladder capacity, (3) it is associated with detrusor 
overactivity on urodynamic testing, (4) it is often associated 
with urge incontinence [60, 61].

Evaluation of lower urinary tract pain is also challenging; 
painful bladder syndrome is often misdiagnosed as chronic 
pelvic pain, vulvodynia, endometriosis, or overactive bladder 
[62]. While urodynamic testing plays a limited role in the 
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diagnosis of painful bladder syndrome, we have found that 
differentiation of urgency associated with fear of urinary leak-
age or incontinence from urgency associated with pain induced 
by bladder filling clinically relevant. A study of 214 patients 
found that that women with painful bladder syndrome/intersti-
tial cystitis reported first sensation, first desire, and strong 
desire occurred at low volumes and were strongly associated 
with increased pain [32]. Nevertheless, this study did not asso-
ciate pain with the symptom of urgency or with occurrences of 
detrusor overactivity. Further research is needed to establish 
the optimal approach for assessing the relationship between 
lower urinary tract pain to urinary urgency and detrusor over-
activity in patients with chronic pelvic pain.

The ICS nomenclature committee has established multiple 
categories for summarizing sensations of bladder filling based 
on multichannel urodynamic testing [20]. Normal sensations 
of bladder filling are defined as awareness of the three charac-
teristic sensory threshold events, first sensation to urinate, 
first desire to urinate, and strong desire to urinate. The term 
increased sensations of bladder filling is defined as an early 
and persistent desire to void (presumably sensations occur-
ring at lower volumes). The description does not account for 

the patient who described a first sensation and first desire to 
void at a higher intravesical volume with urgency with or 
without urge incontinence. The term reduced sensations of 
bladder filling is defined as awareness of bladder filling but 
absence of a specific desire to urinate. The term absent sensa-
tions is described as no reported sensations of bladder filling. 
A newer term, non-specific sensations of bladder filling, is 
defined as absence of specific bladder sensations; this person 
instead reports “abdominal fullness, vegetative symptoms or 
spasticity.” The vagueness of these categories of sensory 
reports reflects our limited understanding of the sensory func-
tion of the urinary bladder and lower urinary tract.

�Detrusor Response to Bladder Filling

In the healthy adult, the detrusor remains in a relaxed state 
resulting in the characteristic flat line Pdet tracing seen on uro-
dynamic testing. Detrusor overactivity is a urodynamic observa-
tion characterized by an involuntary detrusor contraction that 
occurs during the filling cystometrogram [20]. Detrusor overac-
tivity causes urgency and/or urge incontinence characteristic of 
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overactive bladder syndrome. The ICS nomenclature commit-
tee defines two types of detrusor overactivity, phasic and termi-
nal. Phasic detrusor overactivity occurs as the bladder is filled 
and before permission to void is granted; it may cause urgency 
and urinary leakage but it occurs and subsides allowing addi-
tional filling until cystometric capacity is reached. In contrast, 
terminal detrusor overactivity is characterized by a single detru-
sor contraction that occurs before permission to void is granted; 
it terminates bladder filling and causes involuntary voiding.

Detrusor overactivity may also be categorized based on its 
underlying cause [20]. Urodynamic testing alone cannot differ-
entiate neurogenic from idiopathic detrusor overactivity. 
Neurogenic detrusor overactivity occurs in a patient with an 
established diagnosis of a neurologic disorder or lesion affect-
ing the central nervous system. Prevalent disorders of the brain 
associated with neurogenic detrusor overactivity in the older 
adult include Alzheimer’s dementia, stroke, or Parkinson’s dis-
ease. Persons with neurogenic detrusor overactivity on urody-
namic testing usually experience associated symptoms of 
urgency and urge incontinence [63, 64]. Spinal cord disorders 
associated with neurogenic detrusor overactivity include spinal 
cord injury, disc problems, spinal cord tethering, and stenosis. 
Persons with spinal cord lesions or disorders may also experi-
ence reduced or absent sensations of bladder filling and detru-
sor-striated sphincter dyssynergia. These bladder conditions 
may lead to incomplete bladder emptying and related complica-
tions such as recurring urinary tract infections. Multiple sclero-
sis is a special case because the denervating lesions occur in 
multiple levels of the central nervous system resulting in a vari-
ety of urodynamic findings, including neurogenic detrusor over-
activity; some persons will experience urgency and urge 

incontinence, while others may experience reduced or absent 
sensations of bladder filling, detrusor-striated sphincter dyssyn-
ergia, and incontinence without sensory awareness [64].

�Voiding Pressure Flow Study

The voiding pressure flow study (VPFS) combines uroflowm-
etry with the pressures measured during the filling cystomet-
rogram. It is considered the gold standard for evaluation of 
normal versus abnormal voiding caused by underactive detru-
sor function, bladder outlet obstruction, or a combination of 
these conditions [65, 66]. The VPFS is typically completed 
following the filling CMG. Patients with a normal detrusor 
response to bladder filling are asked to urinate when they per-
ceive an imminent desire to void. Terminal detrusor overac-
tivity causing bladder evaluation may be analyzed as a voiding 
pressure flow study only when the patient is given permission 
to void at the onset of the detrusor contraction; this maneuver 
is essential because it enables the patients and clinician to 
separate bladder storage from the voiding phase of a multi-
channel urodynamic evaluation [66]. An alternative to this 
approach when terminal detrusor overactivity occurs is to fill 
the bladder again to a lower volume and ask the patient to 
void voluntarily. Analysis of the VPFS focuses on three com-
ponents: the urinary flow pattern, detrusor contraction 
strength, and urethral resistance. A synthesis of these compo-
nents enables the clinician to differentiate a normal study 
from incomplete bladder evacuation caused by bladder outlet 
obstruction, underactive detrusor function, or a combination 
of these factors (Table 9.3).

Table 9.3  Elements of the voiding pressure flow study (VPFS)

Component of the VPFS
Normal range and cut point for clinically relevant 
abnormal findings Effects of normal aging

Urinary flow pattern Continuous flow pattern with Qmax >15 ml/s 
and Qave 50 % of Qmax is considered normal
Lower residual volumes is considered normal; 
there is no absolute cut point for clinically 
relevant residual volume (consistent residual 
volumes >200 ml may indicate need for further 
evaluation)
Qmax ≤15 ml/s is a cut point for distinguishing 
normal from prolonged or interrupted flow 
pattern

Q max declines significantly with aging in 
healthy adult women and men [66, 68]
Residual volumes remained low in a group of 
85 healthy women with and without detrusor 
overactivity, median residual volume 12 ml 
(IQR 0–14 ml) [68]

Detrusor contractility Normal values have not been well defined; they 
vary according to age and gender
Women tend to void with lower Pdet@Qmax 
than men

Detrusor contraction strength declines with 
aging [68]

Urethral Resistance Values <20 on the ICS obstruction nomogram 
indicate no obstruction on women and men
Values >40 on the ICS obstruction nomogram 
indicate higher magnitude obstruction in men
Values >30 on the ICS obstruction nomogram 
indicated higher magnitude obstruction in women

Precise effect not well studied, urethral 
resistance tends to decline with aging in 
women and increase with aging in men

Pelvic floor muscle EMG response to 
voiding

Reflexive relaxation of the pelvic floor muscles 
and striated sphincter leads to reduction in EMG 
activity

No known effects of aging on EMG response
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Pelvic floor muscle EMG is often measured during the 
VPFS. In the healthy adult, the striated sphincter and pelvic 
floor muscles reflexively relax during micturition, which is 
reflected in a reduction in EMG activity seen on the VPFS 
tracing [67]. In contrast, patients with detrusor-striated 
sphincter dyssynergia (discoordination between detrusor 
muscle and striated sphincter contractions seen in neurologi-
cal lesions or disorders affecting spinal segments below the 
pontine micturition center and above the sacral micturition 
center) have increased EMG activity, usually accompanied 
by an interrupted flow pattern.

The events that characterize a normal voiding pressure 
flow study include relaxation of the pelvic floor muscles seen 
on EMG that occurs several seconds before onset of a detru-
sor contraction. Urinary flow begins when Pdet overcomes 
urethral resistance; this event is labelled urethral opening 
pressure. Flow continues until the detrusor contraction begins 

to fade; at some point during this process urinary flow stops 
and Pdet gradually declines until it returns to baseline [65, 
66]. Some patients will experience a detrusor contraction 
after the bladder has emptied; the detrusor after-contraction 
presents as a strong and rapid rise in detrusor pressure occur-
ring after bladder evacuation. The clinical relevance of the 
detrusor after-contraction is unknown (Fig. 9.6) [68, 69].

�Visual Inspection of the Voiding Pressure Flow 
Study

Identification of the urinary flow pattern is based on the same 
categorization schema used to interpret a prestudy or stand-
alone uroflow study. A continuous flow pattern in the healthy 
adult resembles a bell shaped curve that tends to be skewed 
slightly to the left; Qmax should be ≥15 ml/s in men and often 

Fig. 9.6  Characteristic events of a normal voiding pressure flow study. 
(A) Relaxation of striated sphincter with reduction in pelvic floor EMG 
activity. (B) Onset of detrusor contraction, (C) Urethral opening pres-

sure is reached with onset of flow. (D) Termination of Flow. (E) 
Detrusor after-detrusor contraction occurs after bladder evacuation. (F) 
Detrusor pressure returns to baseline
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higher in women and Qave should be 50 % of Qmax. A pro-
longed flow pattern remains continuous (without interruption) 
but its Qmax is <15 ml/s. An interrupted (intermittent) urinary 
flow pattern starts and stops more than once during micturi-
tion; Qmax may be >15 ml/s but Qave will be <50 % of the 
maximum flow rate. However, unlike this screening study, 
analysis of the flow pattern during the VPFS is combined with 
evaluation of the detrusor contractility and urethral resistance 
in order to determine the cause of an abnormal flow pattern.

Urodynamic evaluation of detrusor contractility begins 
with assessment of the amplitude and duration of the Pdet 
tracing during voiding. Ultimately, this assessment is com-
bined with analysis of the flow pattern and urethral resistance. 
Because of the invasive nature of the VPFS, few studies have 
been completed in otherwise healthy adult women and men. A 
study of 24 healthy women revealed an average maximum 
detrusor voiding pressures (Pdet@Qmax) of 29  cm  H2O in 
women aged 22–39 years, a mean Pdet@Qmax of 26 cm H2O 
in women aged 45–53 years of age and a mean Pdet@Qmax 
of 24 cm H2O in women aged 55–80 years [70]. A study of 33 
healthy adult men aged 18–44 years of age revealed a mean 
Pdet@Qmax of 53 cm H2O [71]. Because of variability in ure-
thral resistance in adult women and men of varying ages, no 
single cut point for a Pdet@Qmax indicating bladder outlet 

obstruction or underactive detrusor function has been 
determined; instead, detrusor contractility must be evaluated 
in the context of flow pattern and urethral resistance.

Urodynamic evaluation of urethral resistance is based on 
a comparison of urinary flow and detrusor pressure. These 
relationships can be assessed qualitatively by inspection of 
the urinary flow and Pdet at maximum or minimum flow, or 
it can be quantitatively evaluated via a voiding pressure 
nomogram. Adult women have a shorter and straighter ure-
thral course than do adult men. As a result, they tend to uri-
nate with a higher Qmax and lower Pdet@Qmax than do 
men [70]. Adult men have a more torturous urethral course 
that passes through the prostate, as a result they tend to void 
with a lower Qmax and higher Pdet@Qmax [71]. This differ-
ence is more apparent in aging men who experience benign 
prostatic enlargement and increased urethral resistance ver-
sus aging women who experience a reduction in urethral 
resistance measured on a UPP [72, 73].

Bladder outlet obstruction is diagnosed on the VPFS when 
urethral resistance is increased due to an anatomic or func-
tional increase in urethral resistance; this event causes a rise in 
detrusor contraction pressures as the lower urinary tract 
attempts to maintain urinary flow and ensure complete bladder 
evacuation (Fig.  9.7). Functional bladder outlet obstruction 

Fig. 9.7  Voiding pressure flow study demonstrating prolonged flow pattern and high detrusor contraction pressure characteristic of bladder outlet 
obstruction. Sphincter EMG response to voiding is normal; obstruction in this 78-year-old male was caused by benign prostatic enlargement
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associated with detrusor-striated sphincter dyssynergia may 
be diagnosed when pelvic floor EMG is monitored during the 
VPFS; it is more likely to produce an interrupted/intermittent 
urinary stream as the striated sphincter and periurethral mus-
cles contract and relax in an uncoordinated manner during 
micturition. Underactive detrusor function is characterized by 
a prolonged flow pattern combined with a lower detrusor con-
traction pressures (Fig. 9.8).

A number of pressure flow nomograms have been devel-
oped that provide a more quantitative analysis of urethral 
resistance and detrusor contractility. The most widely used in 
urodynamic testing are the ICS nomogram and the linear pas-
sive urethral resistance relationship (linPURR) nomogram 
[74]. The ICS nomogram measures urethral resistance by 
comparing Qmax and Pdet@Qmax; the resulting ICS obstruc-
tion number (also referred to as the urethral resistance algo-
rithm, URA) is used to describe the magnitude of obstruction; 
values <20 indicate no clinically relevant obstruction, values 
from 20 to 40 indicate equivocal (lower magnitude) obstruc-
tion and values >40 indicate higher magnitude obstruction 
[75]. Values from this nomogram have been extrapolated for 
clinical use in women; a single cut point of 20 was used to 
differentiate clinically relevant bladder outlet obstruction 
from normal urethral resistance in women [76]. The linPURR 
nomogram compares Pdet at minimum flow to evaluate 
urethral resistance; it divides obstruction into seven grades 

(0–VI) [75]. This nomogram also allows assessment of 
detrusor contractility, which is divided into six categories 
ranging from very weak to strong. Similar to the ICS nomo-
gram, it was developed and validated in a group of older men 
with obstruction related to benign prostatic enlargement.  
It has not been adapted for use in adult or aging women. An 
ICS composite nomogram has been developed that merges 
the ICS obstruction nomogram (describe above) and the ICS 
bladder contractility nomogram; this composite nomogram 
allows categorization of patients into nine zones reflecting the 
complex relationship of bladder outlet obstruction and detru-
sor contractility [77, 78].

�Multichannel Urodynamic Testing 
in the Aged Adult: Case Examples

The American Urological Association (AUA) and Society 
for Urodynamics and Female Urology (SUFU) have gener-
ated a clinical practice guideline for urodynamic testing in 
adults [79]. Several principles are particularly useful when 
considering indications for multichannel urodynamic testing 
in adults. The following cases review scenarios where multi-
channel urodynamic testing provided clinically useful infor-
mation in the evaluation of an elderly patient with complex 
lower urinary tract dysfunction.

Fig. 9.8  Voiding pressure flow study demonstrating prolonged flow 
pattern and low detrusor contraction pressure characteristic of underac-
tive detrusor function in a 67-year-old male with spinal stenosis.  

He attempts to augment bladder emptying with abdominal straining 
noted in intravesical and abdominal pressure tracings
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�Case 1: Multichannel Urodynamic Testing 
in a 75-Year-Old Female with Mixed Urinary 
Incontinence Symptoms

Mrs. A is a 75-year-old woman who complains of mixed uri-
nary incontinence, along with weak urinary steam and feeling 
of incomplete bladder emptying. She also complains of consti-
pation and a bulging sensation of the vaginal area. Recent pel-
vic examination reveals severe vaginal wall prolapse (Pelvic 
Organ Prolapse Quantification System Stage 4), defined as 
eversion of the vaginal wall ≥2 cm. Multichannel urodynamic 
testing was performed in contemplation of surgical repair of 
pelvic organ prolapse and stress urinary incontinence. Filling 
cystometry revealed a cystometric capacity of 428  ml, and 
normal bladder wall compliance (whole bladder compliance: 
75 ml/cm H2O). No stress UI was observed when provoked at 
200 ml; a vaginal pack was inserted to reduce her cystocele; 
she then experienced stress UI with an abdominal leak point 
pressure of 64–68 cm H2O (Fig. 9.9). Urethral pressure pro-
filometry shows maximum urethral closure pressures of 
22–24 cm H2O; cough-stress UPP showed negative pressure 
transmission ratio indicating stress UI. Sensations of bladder 

filling were normal and no detrusor overactivity was observed 
on urodynamic testing. Voiding pressure flow study was com-
pleted after vaginal pack had been removed; it revealed pro-
longed flow pattern with Qmax of 12 ml/s and Qave of 5 ml/s 
and her Pdet@Qmax was high at 84 cm H2O. In this case, uro-
dynamic testing revealed urodynamic stress UI that was appar-
ent only after her vaginal wall prolapse had been reduced. No 
evidence of urge incontinence (increased sensations of bladder 
filling with or without detrusor overactivity). Voiding pressure 
flow study was consistent with bladder outlet obstruction 
probably attributable to her cystocele.

The AUA/SUFU guideline task force noted that urody-
namic testing is not indicated for routine evaluation of all 
adults with stress or urge incontinence [79]. However, testing 
is recommended for selected patents with mixed urinary 
incontinence when considering invasive, potentially morbid, 
or irreversible treatments. Testing was ordered for Mrs. A 
because she desired surgical repair of her vaginal prolapse. 
Guideline statements recommend filling cystometry to iden-
tify detrusor overactivity or low bladder wall compliance, 
along with assessment of urethral function. Filling cystometry 
revealed normal bladder wall compliance, normal sensations 
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Fig. 9.9  Filling cystometrogram and voiding pressure flow study in a 
75-year-old female with mixed urinary incontinence symptoms and 
pelvic organ prolapse. (A) No leakage when abdominal leak point pres-
sure measured without reduction of vaginal wall prolapse. (B) 
Urodynamic stress urinary incontinence when abdominal leak point 

pressure testing repeated with vaginal wall prolapse reduced. (C) 
Voiding pressure flow study showing prolonged flow pattern and ele-
vated detrusor contraction pressure indicating bladder outlet obstruc-
tion associated with severe vaginal wall prolapse
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of bladder filling and no detrusor overactivity. Urethral func-
tion was evaluated via urethral pressure profilometry and 
abdominal leak point testing; both demonstrated urodynamic 
stress UI but neither found evidence of intrinsic sphincter defi-
ciency. Mrs. A underwent anterior repair and sacrocolpopexy 
for pelvic organ prolapse and placement of a suburethral sling 
for her stress UI.  She reported resolution of stress UI and 
improvement in the force of her urinary stream.

�Case 2: Urodynamic Testing in a 90-Year-Old Male 
with Urinary Retention Requiring Twice Daily 
Intermittent Catheterization Despite Transurethral 
Prostate Photovaporization 7 Years Ago

Mr. B is a 90-year-old gentleman with urinary retention requir-
ing intermittent catheterization twice daily. He underwent 
transurethral resection of prostate using photovaporization 7 

years prior to referral for urodynamic testing. Mr. B initially 
noted marked improvement in the force of his urinary stream 
and reduction of nocturia from 5 to 3 episodes per night. He 
reports increasing difficulty urinating over the past year and 
was found to have a 560 ml residual 1 month ago prompting 
initiation of intermittent catheterization twice daily (morning 
and before sleep) and urodynamic evaluation for possible 
repeat transurethral prostate resection. In addition to his diffi-
culty emptying his bladder, Mr. B reports urgency and urge 
incontinence requiring absorptive briefs when away from his 
home. Multichannel urodynamic testing demonstrated a cys-
tometric capacity of 407 ml and normal bladder compliance 
(whole bladder compliance was 129 ml/cm H2O) (Fig. 9.10). 
Terminal detrusor overactivity occurred at a volume of 388 ml. 
He was given permission to urinate which revealed prolonged 
flow pattern with Qmax 6  ml/s and a Qave of 2  ml/s. His 
voided volume was 88 ml and his residual volume was 319 ml. 
Detrusor pressure at maximum flow was 15 cm H2O and the 

Fig. 9.10  Filling cystometrogram and voiding pressure flow study in a 90-year-old male with urinary retention managed by intermittent catheter-
ization twice daily and urge incontinence. Voiding pressure flow study shows underactive detrusor contraction without bladder outlet obstruction
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ICS obstruction nomogram revealed a URA of 12, indicating 
no clinically relevant bladder outlet obstruction.

The AUA/SUFU guidelines recommend VPFS to deter-
mine bladder outlet obstruction in men with lower urinary 
tract symptoms when invasive, potentially morbid, or irre-
versible treatment is considered. In this case, Mr. B was 
found to have no evidence of obstruction; instead, his incom-
plete bladder emptying was related to underactive detrusor 
function and repeat transurethral prostate resection was 
deemed inappropriate in the absence of obstruction. 
Catheterization frequency was increased to 4 times daily 
which reduced the frequency of daytime voiding and urge 
incontinence episodes.

�Case 3: Detrusor Overactivity Combined 
with Underactive Detrusor Function (Impaired 
Contractility) in an 89-Year-Old Female

Mrs. D is an 89-year-old female with mild Alzheimer’s 
disease who is brought in by her husband and daughter, 
who are her caretakers. They are for concerned for worsen-
ing urinary incontinence requiring use of adult briefs and 

recurring urinary tract infections. The patient has been 
hospitalized several times due to episodes of worsening 
confusion during UTIs. The patient is ambulatory with 
minimal assistance. Her medication list is only significant 
for donepezil. Multichannel urodynamic testing was per-
formed to distinguish the cause of her incontinence and 
how this may relate to her recurrent infections. As seen in 
Fig. 9.11, cystometric capacity was 118 ml with a normal 
compliance. She has reduced sensation of bladder filling. 
During filling phase she had two low amplitude detrusor 
contractions with associated urgency and small volume 
urge incontinence. With permission to void her Pdet was 
10 cm H2O at a Qmax of 4 ml/s, indicating poor contractil-
ity. Her post void residual was 150 ml. This patient shows 
a common finding in elderly patients, detrusor hyperre-
flexia with impaired contractile function (DHIC). This 
condition is hypothesized to represent an advanced form of 
overactive bladder in which the detrusor has deteriorated 
over time resulting in an underactive bladder [80, 81]. 
Patients with DHIC in prospective observational study 
have been shown to have higher rates of urinary retention 
and recurrent cystitis than those with detrusor overactivity 
and preserved contractility [82].

Fig. 9.11  Filling cystometrogram in an 89-year-old female with detrusor hyperreflexia with impaired contractile function
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�Key Points

•	 Urodynamics is a set of tests used to measure lower urinary 
tract function and dysfunction; the most commonly employed 
tests are uroflowmetry, filling cystometrogram, voiding pres-
sure flow study, and post void residual measurement.

•	 The prestudy uroflowmetry is a screening test; it is used to 
differentiate a normal (continuous) from abnormal (pro-
longed or interrupted) flow pattern but it cannot be used to 
determine the underlying cause of abnormal results.

•	 The filling cystometrogram is used to evaluate bladder fill-
ing/storage; however, normal cystometric capacity is usually 
higher than functional bladder capacity because it is intended 
to reproduce bothersome lower urinary tract symptoms.

•	 Urethral sphincter competence can be assessed by abdom-
inal leak point pressure measurements; any detectable 
abdominal leak point indicates urodynamic stress urinary 
incontinence and if >60 cm H2O, also indicates intrinsic 
sphincter deficiency.

•	 Detrusor overactivity is the occurrence of any detrusor 
contractions during the filling cystometrogram; this uro-
dynamic finding is strongly associated with urgency and 
urge incontinence characteristic of overactive bladder 
dysfunction.

•	 Analysis of the voiding pressure flow study enables differ-
entiation of normal micturition from abnormal flow with or 
without incomplete bladder emptying associated with 
underactive detrusor function or bladder outlet obstruction.

•	 Age related changes measured in healthy women include 
reduced sensations of bladder filling, reduced detrusor 
contraction strength, and reduced urethral closure pres-
sures in women.

•	 Reduced bladder capacity is not seen in healthy older 
adults; it does occur in adults who also have detrusor 
overactivity.

•	 Multichannel urodynamics is useful for measurement of 
lower urinary tract dysfunction when considering inva-
sive or potentially irreversible interventions.
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�Introduction

Since Gower’s first studies junction in 1877, physiologic 
testing using anorectal manometry (ARM) has been 
employed as a useful modality for assessing the physiologic 
and pathophysiologic characteristics of the anorectum [1]. 
Pelvic floor disorders involving the anorectum are among the 
conditions that can be evaluated with this modality. They 
affect up to a quarter of US women, with hysterectomy and 
multiparity having a strong causal association [2]. 
Constipation and fecal incontinence (FI) are common prob-
lems that involve the pelvic floor, and have a higher preva-
lence in the elderly. The prevalence of constipation was 
found to be 25.8 % in a community dwelling elderly popula-
tion [3], and as high as 71.5 % in nursing home residents 
with age over 60 years [4]. FI affects between 6 and 19 % of 
elderly individuals aged 65 years and older living in the 
community, and is a major reason for nursing home place-
ment. Unlike in younger patients, men and women are 
equally affected [5, 6].

Systemic disease, sphincter integrity, bowel motility, 
stool consistency, evacuation efficiency, cognitive and emo-
tional affects, all of which tend to affect pelvic floor function 
the elderly population. Dyssynergic defecation, slow-transit 
constipation (STC), and constipation predominant irritable 
bowel syndrome (IBS-C) are examples of three pathophysi-
ologic types of constipation and likewise fecal impaction 
with overflow and fecal incontinence are common problems. 
Patients may present to various specialists for treatment of 
these problems, and without a sound understanding of the 
underlying pathophysiology and appropriate testing meth-
ods, both diagnosis and treatment can be delayed.

Anorectal manometry provides detailed information 
about anorectal sensory and motor function. This includes 
pressures of the rectum and anal sphincters at rest, squeeze 
and with straining, anal sphincter length, rectal sensation, 
rectal capacity and compliance, and assessment of anorectal 
reflexes. In this chapter, we will discuss how to perform and 
interpret ARM, and review its role in the diagnosis and man-
agement of constipation, primarily dyssynergic defecation, 
and FI in the elderly.

�Methods of Performing Anorectal 
Manometry

There are various methods of performing ARM, however, 
they all generally consist of a system with a probe (pressure 
sensing device), amplifier/recorder which converts the pres-
sure signals, a monitor which displays the signal recordings, 
and a computer for data analysis and data storage. Because 
the equipment and procedures vary at different institutions, it 
is important to be familiar with the characteristics at one’s 
own center. Different methods include the closed balloon 

system, the water-perfused system, and the manometry 
catheter system, which includes both water-perfused, and 
solid-state catheters.

�Water-Perfused Catheter System

The water-perfused catheter system consists of a thin plastic 
tube with a central channel that is connected to a pneumo
hydraulic pump. The catheter, with a diameter ranging 
3.5–7 mm, has multiple side holes (4–8) placed 0.5–2  cm 
apart from each other. The tip of the catheter has a 4 cm bal-
loon for inflation. The pump is set with a pressure of 
10–15 psi and nitrogen gas is used to pump water out of res-
ervoir [7, 8]. Water flows through the side holes at a rate of 
0.1–0.5  ml/min. Water-perfused catheter systems do not 
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record true sphincter pressures, but indirect measurements of 
intraluminal pressure using resistance pressure to the water 
flowing out of the catheter which is picked up by the trans-
ducers. Depending on the equipment used, conventional 
manometry and radial tracings can be generated. Although it 
has the advantage of having low cost and simplicity, the 
water perfusion system does not allow for performing stud-
ies in the sitting position, and the studies may be affected by 
abnormal voluntary reflexes induced by the contact of per-
fused water with rectal mucosa. Although the use of smaller 
manometry catheters has better patient tolerance, and radial 
catheters have the ability to record longitudinal pressures in 
the anal canal, the artifacts created by water-perfused sys-
tems have been criticized for some time [9].

�Solid State Manometry System

The microtransducer technique was introduced to simplify 
ARM, and decreases the presence of stretch artifacts, how-
ever the use of a single microtip measured only a very small 
area, with the disadvantage of being very fragile. The intro-
duction of solid-state microtip manometry catheters has 
improved this, and because these catheters do not require 
water perfusion, they are easier to use, accurate, and reliable, 
with much less artifact. Increasingly popular and widespread 
in use, they come in a variety of configurations with avail-
able probe adapters, and can be easily used in the ambulatory 
setting, permitting evaluation of anorectal function in differ-
ent positions. The solid state manometry system consists of 
a thin flexible probe which has microtransducers that sense 
and measure pressures directly. A 4 cm long latex balloon is 
tied to the probe, and 6 sensors are located radially at an 
angle of 90° from each other at 1, 2, 3, 4, 5, and 9 cm from 
the “0” reference point. The 1 cm sensor is always located 
posteriorly. The probe is connected to an A-D connector and 
the pressures detected by the sensors are transmitted through 
the connector, and displayed on the monitor after being 
amplified. Conventional manometry tracings are generated 
by this system. The primary limitations of the solid state 
manometry system are its fragility and cost.

�High Resolution Anorectal Pressure 
Topography (HRAPT) OR High Resolution 
Anorectal Manometry (HRARM)

Another advance was the introduction of HRAPT/HRARM. 
The probe consists of 10–12 circumferentially oriented 
2.5 mm long sensors located 0.5–1 cm apart that detect pres-

sures directly. There are 1–2 sensors located inside the rectal 
balloon and 8–10 sensors located along the anal canal. The 
pressure detected by sensors may be affected by changes in 
temperature (thermal drift), which can be adjusted for by 
using thermal compensation [10]. This system can generate 
conventional manometry tracings, and also provides 
2-dimensional high resolution colored topographic imaging, 
more detailed intraluminal pressure, thus providing greater 
anatomic detail, and has been found to correlate well with 
the water-perfused systems [11]. Although it is easier to 
interpret, its main disadvantage is that the probe is fragile 
and expensive.

�3-D High-Definition Anorectal Manometry

A further development is 3-D high-definition anorectal 
manometry (HDAM), a novel, solid state manometric sys-
tem that can provide additional information about structural 
anorectal problems including excessive perineal descent, 
rectal prolapse, rectal intussusception, and anal sphincter 
defects. This system consists of a probe that has 256 solid-
state microtransducers arranged in 16 rows, each row con-
sisting of 16 circumferentially located sensors. The sensors 
are located 4 mm apart, however the software linearly inter-
polates the space between sensors and provides measure-
ments at 1-mm spacing with minimal error. The probe is 
10.75 mm in diameter, and has a central channel which facil-
itates inflation of a 3.3 cm long balloon that is attached to the 
probe. The balloon is made up of non-latex clear thermoplas-
tic elastomer with a 400  ml capacity. The probe must be 
calibrated prior to use to correct for pressure drift. The 
advantage of HDAM is that it provides conventional as well 
as 2-dimensional high resolution images and 3-dimensional 
high resolution images in sagittal and cross-sectional planes, 
thereby providing a better understanding of anorectal 
function, anatomical structure, and sphincter defects. The 
disadvantage of the probe is that it is more expensive and 
fragile, and more rigid and bulky than HRAPT.

�Performing Anorectal Manometry

Usually a bowel preparation is not required prior to perform-
ing ARM.  The patient is asked to empty his/her bowel. 
Before ARM is performed, a digital rectal exam (DRE) 
should be performed, and in case there is significant stool in 
the rectum, an enema may be administered, and the test per-
formed 2 h later. The DRE has the advantage of being a sim-
ple, bedside, physical examination maneuver that provides 
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useful information [12]. The test may be easier to perform in 
the left lateral position. Details of systematic DRE exam 
have been published recently [12].

�Probe Placement

The probe is placed with the patient lying down in the left 
lateral position, knees bent to 90° with the distal sensor 
located posteriorly from the anal verge. The probe should be 
placed into position with the sphincter pressure zone cen-
tered on the monitor. Calibration and accurate position are 
important for accurate interpretation. ARM consists of sev-
eral standard measurements and maneuvers that evaluate 
anorectal anatomy and physiology, and are reviewed below 
(Fig. 10.1).

�Anal Sphincter Length

In the absence of a solid state manometry system, the sphinc-
ter length is best measured with the pull-through technique. 
The sphincter length is determined by the level at which 
pressure is at least 5 mmHg above the rectal pressure. The 
normal length ranges from 3 to 5 cm, and men have longer 
sphincter length than women [13, 14].

�Anal Sphincter Resting Pressure

To assess baseline anal sphincter pressure that primarily 
reflects mainly the internal anal sphincter (IAS) function. 
After placing the probe, a 5  min run-in period should be 
allowed before starting the recording to allow the pressures 

to return to basal levels. During this period an ultraslow wave 
activity that has a phasic pressure activity at 1–1.5  cycles 
min−1 with amplitude ≥40 mmHg can be seen which should 
be considered when interpreting the resting pressure [15]. 
Using the stationary technique, after the probe is placed 
correctly, the maximum highest pressure at any point in anal 
canal is taken as the resting pressure. This is the preferred 
technique for resting pressure.

The difference between maximum anal sphincter pressure 
and the basal pressure recorded at any level of the anal canal 
is defined as the maximal anal sphincter resting pressure. 
Resting pressure predominantly reflects the IAS (80 %) and 
normal values range between 50 and 80  mmHg [13]. In a 
study of 21 nulliparous females, 18 multiparous females and 
20 males, mean maximum resting anal sphincter pressures 
were significantly higher in nulliparous women than in mul-
tiparous women, however no difference was noted between 

nulliparous females and males (Fig. 10.1) [16].

�Anal Squeeze Sphincter Pressure

The anal squeeze sphincter pressure measurement assesses 
the strength of the EAS during a voluntary squeeze. The 
patient is asked to continuously squeeze the anal sphincter as 
long as possible, and for at least 30 s, as if holding a bowel 
movement. This maneuver is performed twice, with a 1 min 
resting interval, and the best attempt is chosen for interpreta-
tion [15]. This pressure is mostly due to contraction of the 
EAS, but also includes the puborectalis muscle. Maximum 
anal sphincter squeeze pressure is defined as the difference 
between the highest anal sphincter pressure and the atmo-
spheric baseline and is the maximum pressure recorded at 
any level of the anal canal. After the initial peak of maximum 

Fig. 10.1  Baseline manometric assessments. Typical anorectal mano
metry findings at rest, and while squeeze and bearing down. Rest: 
Resting profile shows high pressure zone of 67.2 mmHg corresponding 
with internal anal sphincter tone. Squeeze: Significant increase in anal 

sphincter pressure that has two components; max, mean squeeze pres-
sure and sustained squeeze pressure. Bearing down: There is increase in 
rectal pressure coinciding with a decrease (reduction) in anal sphincter 
pressure showing a normal bearing down response
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anal sphincter squeeze pressure, sustained squeeze pressure, 
which is important for continence, is defined as the pressure 
difference between the anal sphincter pressure and baseline 
pressure, which is sustained for at least 15 s at any level of 
the anal sphincter (Fig. 10.1).

�Duration of Squeeze and Sustained Squeeze 
Krenor: The Total Period of Squeeze (Duration)

The period during which at least 50 % of the maximum 
squeeze pressure is maintained during the squeeze maneuver 
(Sustained squeeze), and is an important index of sphincter 
muscle fatigue. In a patient who cannot generate a good 
squeeze, the time difference between the onset of squeeze 
and the time to return to basal pressure is measured. The nor-
mal duration is between 25 and 31 s, however healthy people 
can squeeze up to 50 s [17]. Both maximum and sustained 
squeeze pressures are higher in men than in women, and nul-
liparous women have higher squeeze pressures than multipa-
rous women (Fig. 10.1) [14, 16].

�The Abdominopelvic Reflex (Party Balloon 
Test/Cough Test)

The abdominopelvic reflex maintains continence when there 
is a sudden increase in intra-abdominal pressure, by causing a 
reflex increase in both the intrarectal and anal sphincter pres-
sure. This reflex arc is maintained by a local spinal reflex and 
is preserved in upper motor neuron lesions and impaired in 
cauda equina lesion or sacral plexus injury. To evaluate this 
reflex the patient is asked to blow into a party balloon for 10 s 
continuously, or to cough. This maneuver is performed twice 
after a 1 min interval. The maximum intrarectal pressure is the 
difference between the maximum rectal and basal rectal pres-
sure. Similar to the measurement of squeeze pressures, the 
maximum intra-anal sphincter pressure during this reflex is 
the difference between the maximum and basal anal sphincter 
pressure. The findings of this reflex test must be interpreted 
with the findings of a voluntary anal sphincter squeeze. In 
lower motor neuron lesions, both this reflex and voluntary 
squeeze are absent. In upper motor neuron lesions, this reflex 
is present, but voluntary squeeze is absent (Fig. 10.2) [14].

Fig. 10.2  High resolution 
manometric patterns showing 
typical examples of the 
Abdominopelvic Reflex 
(Party Balloon/Cough 
Reflex), Rectoanal Inhibitory 
Reflex (RAIR), Rectoanal 
Contractile Reflex (RACR), 
and the Sensorimotor 
Response (SMR)

A. Erdogan et al.



147

�Attempted Defecation (Bearing 
down maneuver)

Attempted defecation evaluates the rectal and anal canal pres-
sure changes when bearing down (Valsalva maneuver), and 
characterizes the coordination of abdominal muscle contrac-
tion and rectal past effort along with anal canal relaxation. 
Simulated defecation should be performed both in the lying 
position and when sitting on a commode. The patient is ini-
tially asked to bear down as if having a bowel movement 
when lying on bed. This maneuver is performed twice after a 
1 min interval. The residual anal pressure is the lowest pres-
sure recorded at any level of the anal canal during attempted 
defecation. The percentage of anal relaxation (anal relaxation 
pressure/anal resting pressure × 100) and the defecation index 
(maximum rectal pressure/minimal residual pressure during 
bearing down) are 2 indices used to better understand anorec-
tal function and problems related with attempted defecation. 
The normal defecation index is 1.2 (Table 10.1) [18].

In healthy subjects, the intrarectal pressure normally 
increases and anal sphincter pressure normally decreases dur-
ing the bearing down maneuver. When this normal mecha-
nism is impaired there is functional obstruction, also known 
as dyssynergic defecation, of which there are four different 
patterns (Fig. 10.3) [19]. Patients may have paradoxical anal 
contraction with normal propulsion (Type I), paradoxical anal 
contraction with impaired propulsion (Type II), impaired anal 
relaxation (<20 %) with adequate propulsion (Type III), and 
impaired anal relaxation with impaired propulsion (Type IV). 
When performed in the sitting position on a commode, the 
test simulates more physiologic conditions. The ARM probe 
is placed in the rectum and the intrarectal balloon is inflated 
with 60 ml of air to evoke the sensation of intrarectal fullness 
and simulate presence of stool. The patient is then asked to 
bear down as if having a bowel movement. During this 
maneuver the patient may expel the balloon. If not expelled, 
the balloon will be deflated and removed. Some healthy sub-
jects may have a subclinical functional outlet obstruction that 

can be detected by this maneuver. This maneuver is also a 
useful parameter during biofeedback therapy.

�Rectal Sensory Testing

Rectal sensory testing utilizes intrarectal balloon inflations 
to assess sensory thresholds in response to graduated balloon 
inflation. The rectal balloon is inflated in 10 ml increments 
until the patient describes a first sensation, and then by 30 ml 
increments until a maximum tolerable volume is reached (or 
up to a maximum volume of 320 ml). Each inflation is per-
formed at a rate of 10 ml/s and maintained for 30 s. Between 
each inflation a rest period of 30  s is given. The sensory 
thresholds that are recorded include first sensation, constant 
sensation, desire to defecate, urge to defecate, and maximum 
tolerable volume (Table 10.2).

Normal sensation, rectal hyposensitivity, and rectal hyper-
sensitivity can be elucidated by this test. Rectal hyposensitivity 
is defined as a higher than normal volume needed to elicit 
sensory thresholds with at least 2 out of 3 sensations (First sen-
sation, desire to defecate, or urge to defecate) (2 standard devia-
tions [SD] above normative data). Rectal hyposensitivity was 
found in 23 % of the patients with constipation and 10 % of 
patients with FI [20, 21]. Rectal hyposensitivity may also be 
found in patients with spinal cord injury, multiple sclerosis, and 
diabetes [22, 23]. Rectal hypersensitivity is defined as lower 
than normal volume needed to elicit sensory thresholds with at 
least 2 out of 3 sensations as noted above. This can be seen in 
patients with IBS and pelvic pain [17].

Rectal sensory abnormalities are important because they 
contribute to defecatory dysfunction, and can be corrected 
by sensory training and biofeedback therapy. Sensory results 
can be affected by the type of balloon used (elasticity, length, 
compliance, and shape), the distance of the rectal balloon 
from the anal verge, and the speed and technique of balloon 
inflation. Therefore, each motility laboratory must establish 
their own normative data with healthy subjects [24].

Table 10.1  Anorectal manometry formulas

Formula Definition Useful for

Percentage of anal relaxation Anal relaxation pressure

Anal resting pressure
´100

Dyssynergic defecation

Defecation index (normal ≥1.2) Maximum rectal pressure

minimal residual pressure during beaaring down

Dyssynergic defecation

Percentage of saline retained Volume of saline retained

Volume of saline infused
´100

Fecal incontinence

Compliance dV

dP
mL mmHg/( )

Rectal distensibility
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Fig. 10.3  High resolution manometric patterns showing typical examples of normal defecation pattern, type I, II, III, and IV dyssynergic defeca-
tion patterns. More recently additional subtypes for type 1 dyssynergia that include type 1P (Puborectalis), type 1A (Anal sphincter), type 1D 
(Diffuse), and similarly for type 2 dyssynergia (type II P, type II A and type II D) have been described

Table 10.2  Sensory thresholds in anorectal manometry

First sensation A sensation of bloating, gas, or fullness which is transienta

Constant sensation A sensation of gas which is constant and does not disappear through the inflation 
of balloon

Desire to defecate A sensation which evokes the need to have a bowel movement and lasts >15 sa

Urge to defecate An urgent sensation of desire to have a bowel movement (causing patient to rush to 
the bathroom)a

Maximum tolerable volume The maximal volume that the patient can tolerate, often associated with severe 
urgency or pain

aUsed in assessing for rectal hyposensitivity and rectal hypersensitivity
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�Rectal Compliance

Rectal compliance testing evaluates the distensibility and 
accommodation of the rectum by comparing pressure and 
volume changes. During graduated rectal balloon inflation, 
rectal pressure is recorded. Steady state rectal pressure for 
each inflation is assessed by subtracting the intraballoon 
pressure obtained in ambient air from the intrarectal pressure 
obtained during rectal distention. The intrarectal pressure 
increases as the rectum is inflated with an intrarectal balloon, 
then declines and reaches a steady state as a result of rectal 
accommodation to distention. Intrarectal volume and pres-
sure responses to measured volumes are plotted on a graph 
and a compliance curve is obtained from the slope which 
represents the relationship between the change in intra-
balloon volume (dV) and the change in intrarectal pressure 
(dP) at the steady state (Table  10.1). The normal curve is 
nonlinear. The graph is useful to describe the volume–
pressure relationships at various degrees of balloon inflation. 
Another option for assessing rectal compliance is a comput-
erized balloon distending device, which uses a highly 
compliant balloon connected to a barostat [25, 26].

�Rectoanal Inhibitory Reflex

The RAIR is a local enteric reflex mediated through the 
myenteric plexus, and is thought to facilitate anal sampling 
of rectal contents [27, 28]. As noted above, the intrarectal 
balloon is inflated with increasing amounts of air during the 
volumetric assessment. Balloon distention of the rectum pro-
duces a reflex relaxation of the IAS, and the lowest volume 
that evokes the RAIR is recorded. There are two compo-
nents: a transient relaxation, then a sustained relaxation of 
the IAS that lasts throughout the period of rectal balloon dis-
tension. Cheeney et al. showed that relaxation increases until 
the balloon is filled with 71 ml, and then reaches a plateau [29]. 
This reflex is typically absent in patients with Hirschsprung’s 
disease, which is typically diagnosed in earlier in life, not in 
the elderly (Fig. 10.2) [17, 30].

�Sensorimotor Response

The SMR is an involuntary reflex contraction of the anal 
sphincter and puborectalis that occurs during rectal disten-
tion, and lasts 5–6  s. In healthy subjects, the lowest rectal 
distention volume required to elicit the SMR was 93 ± 26 ml, 
and it may be impaired in patients with rectal hyposensitivity 
[31]. This reflex is important for continence, is usually asso-
ciated with desire the to defecate, and therefore to some 
extent is under voluntary control (Fig. 10.2) [32].

�Rectoanal Contractile Response

The RACR is a reflex contraction of the EAS in response to 
distention of the rectum. This is a primordial reflex contrac-
tion that helps prevent accidental release of rectal contents, 
but disappears with continuous and increasing distention of 
the rectum (Fig. 10.2).

�Balloon Expulsion Time

The Balloon Expulsion Time evaluates the patient’s ability to 
expel an artificial stool (balloon) and is helpful in diagnosing 
dyssynergic defecation. This test is performed by placing a 
balloon 5 cm in length, which is fashioned from a condom or 
finger-cut, and attached to a short infusion line. The balloon 
is then soaked in water and placed in the rectum, and filled 
with 50 ml of warm water. The patient is asked to sit on a 
commode and expel the balloon in privacy. The patient is 
provided a stopwatch and instructed to start the timer when 
she/he starts, and stop the timer when the balloon is expelled. 
If the patient is not able to expel the balloon in 5 min, the 
examiner will remove the balloon manually. If the patient is 
not able to expel the balloon in 1  min, this is considered 
abnormal [14]. Although this test has a moderate to high 
specificity, negative, and positive predictive value (89 %, 
64 %, and 97 % respectively) for the diagnosis of dyssynergic 
defecation [33], the sensitivity is as low as 40 % [34].

�Complications of Anorectal Manometry

Great care needs to be taken when performing ARM. Rarely, 
colonic perforation has been reported in the literature as a 
complication of ARM [35, 36]. The probe must be gently 
inserted and removed in the rectum, and attention must be 
given to intrarectal balloon pressure during inflation. Any 
pain or discomfort that is reported by the patient should 
prompt caution, and a careful assessment regarding how to 
proceed. Special attention must be given to patients who are 
hyposensitive and/or postoperative.

�Clinical Application of Anorectal Manometry 
in the Elderly

Descriptions of anatomic and physiologic data obtained 
from ARM in relation to aging have provided insights into 
age-related changes. Although gastrointestinal function is 
generally preserved with aging in healthy individuals, there 
is age-related neuronal loss, and changes in diet, mobility, 
comorbidity, polypharmacy, and prior trauma and surgeries 
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that may predispose to impairment in function. In this regard, 
aging is associated with a variety of anatomic and physio-
logic changes that affect anorectal function, which include 
decreased colonic propulsion and slow transit, sphincter 
weakness, impaired sensorimotor function, and impaired 
reservoir function (Table 10.3) [37].

ARM provides an objective assessment of these changes 
in anorectal function that helps lead to the appropriate 
diagnosis and treatment of the underlying disorder. In one 
study, ARM provided new information in 88 % of evaluated 
patients, which led to appropriate changes in their manage-
ment. Of those patients who were referred for FI, 53 % had 
low squeeze sphincter pressure, 36 % had impaired rectal 
sensation, and 50 % had pudendal neuropathy. Of those 
patients referred for constipation, 48 % were found to have 
Dyssynergic defecation, 58 % had impaired rectal sensation, 
and 43 % were successfully treated with biofeedback ther-
apy [38]. In our increasingly comorbid and postsurgical 
elderly population with pelvic floor dysfunction, the benefit 
of ARM in providing diagnostic information that can effect 
specific management of these problems is clear. The useful 

ARM parameters for FI and constipation evaluation are 
similar, but are still dependent on the primary condition 
(Table 10.4).

�Fecal Incontinence

Fecal continence is maintained with the help of several 
mechanisms, including normal IAS and EAS function, with 
the help of anal mucosal folds and the hemorrhoidal endo-
vascular cushions. FI may result from deficits in IAS, EAS, 
or pelvic floor muscle function, the loss of endovascular 
cushions, impaired anorectal sensation, impaired rectal 
compliance/accommodation with aging, pelvic surgery, 
neuropathy related to pudendal, lumbosacral, and spinal cord 
lesions, or central nervous system deficits. Importantly, con-
stipation can play an integral role in the development of FI, 
which can result from fecal impaction and subsequent 
overflow, IAS incompetence, decreased rectal or anal sensa-
tion, and from other structural pelvic floor or anorectal neu-
romuscular dysfunction caused by prior trauma from surgery 

or irradiation [39].
There are three clinical subtypes of FI, which include 

passive incontinence, urge incontinence, and fecal seepage. 
Although there is significant overlap between these subtypes, 
making a clinical distinction can help guide initial investiga-
tion and management (Table 10.3). A study by Deutekom 
et al. regarding these subtypes of incontinence, as reported 
by patients, showed that patients most often reported a com-
bination of the different subtypes of FI (59 %), and their 
reported subtype did not correlate well with the underlying 
physiologic abnormalities ultimately identified with further 
testing—thus emphasizing the importance of physiologic 
testing such as ARM [40]. In the evaluation of FI, ARM can 
help describe the underlying sphincter, compliance, and sen-
sory problems.

Table 10.3  Physiologic changes in the elderly

Structure Proposed change Pathophysiologic significance Clinical problem

Number of HAPCs Decreased Decreased colonic propulsion Constipation

Colonic transit time Prolonged Slow colon transit Constipation

Internal anal sphincter Thinning/atrophy Weak sphincter Fecal seepage/incontinence

External anal sphincter Thinning/atrophy Weak sphincter Urgency/incontinence

Pudendal nerve function Decreased Impairment of colorectal  
sensorimotor function

Fecal seepage/incontinence

Rectal sensation Decreased Impairment of colorectal  
sensorimotor function

Fecal seepage/incontinence

Rectal Sensation Decreased Impaired reservoir function Urgency/incontinence

Anal sphincter length Decreased Weak sphincter Fecal seepage/urgency/incontinence

Rectal capacity Decreased Impaired reservoir function Urgency/incontinence

Adapted from Yu, S.W. and S.S. Rao, Anorectal physiology and pathophysiology in the elderly. Clin Geriatr Med, 2014. 30(1): p. 95–106 [37]

Table 10.4  Useful anorectal manometry data according to the under-
lying problem

Maneuver Incontinence Constipation

Resting pressure Yes Yes

Squeeze pressure/duration Yes Optional

Abdominopelvic reflex Yes No

Attempted defecation Yes/No Yes

Rectoanal inhibitory reflex No Yes

Rectal sensation Yes Yes

Rectal compliance Optional Optional

Simulated defecation Yes/No Yes

Adapted from Sun, W.M. and S.S.  Rao, Manometric assessment of 
anorectal function. Gastroenterology clinics of North America, 2001. 
30(1): p. 15–32 [7]
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Patients with FI have been shown to have lower resting 
anal sphincter pressure and anal sphincter squeeze pressure 
[41]. Younger male and female subjects have been shown to 
have higher squeeze pressures than older subjects, [42, 43] 
which may predispose to FI in older individuals. Myogenic 
and neurogenic problems may be the underlying reason for 
the weaker squeeze pressures [17], which may be attributed 
to age-related changes in addition to the effects of comorbid 
disease. Aging was also found to be associated with lower 
anal resting pressures [43], although an earlier study per-
formed in 18 healthy elderly and young adults did not show 
any effect of age on resting pressure [44], thus emphasizing 
the importance of disease in modulating the age-related 
predisposition to FI.

Rectal hyposensitivity, which can be diagnosed by 
volumetric rectal sensory testing during ARM, has been found 
in up to 10 % of patients with FI [20], and may also be found 
in patients with spinal cord injury, multiple sclerosis, and dia-
betes [22, 23]. Rectal hyposensitivity may contribute to FI 
through its association with constipation and subsequent over-
flow, impairment in reflexive or conscious anal sphincter con-
traction, and its association with pelvic floor weakness [21]. In 
one study of asymptomatic female patients, sensory testing 
was performed using a barostat, and volume thresholds were 
found to be similar, but pressure thresholds were found to be 
higher, although not significantly different, in older compared 
with younger females [43]. Rectal volumetric sensory assess-
ments have not been found to be different between young and 
older healthy subjects [42]. The presence of disease comor-
bidities, which are more prevalent in older patients, again 
appears to be an important mitigating factor. The intrarectal 
volume needed to elicit the RAIR was not different in elderly 
patients compared younger patients, however elderly women 
required less volume than younger women [42]. Interestingly, 
in a study of the RAIR in patients with multiple sclerosis or 
spinal cord injury, FI correlated with a prolonged duration of 
RAIR [45], therefore prominence of and/or a lower threshold 
to elicit this reflex may be associated with FI.

The physiologic data obtained from ARM that helps in 
assessing FI includes decreased maximum resting pressure, 
low sustained squeeze pressure, and decreased squeeze dura-
tion. Testing of the abdominopelvic reflex with assessment 
of squeeze pressure can help differentiate patients with FI 
due to an upper (impaired squeeze alone and normal abdomi-
nopelvic reflex) or lower motor neuron lesion (impaired 
squeeze and abdominopelvic reflex) in the appropriate clini-
cal scenario. Patients with FI as a group have been found to 
have lower compliance than continent patients [46], which 
may cause FI due to the effect of impaired rectal storage 
capacity. Attempted defecation on the commode also identi-
fies patients with underlying dyssynergic defecation, which 
may underlie overflow FI.  Saline continence testing also 
helps to characterize FI and can provide information regard-

ing the severity of FI, and chance of successful biofeedback 
therapy [47]. Although is rarely used in clinical practice 
today.

�Constipation

There are three major pathophysiological subtypes of consti-
pation: STC, normal transit constipation which may include 
patients with IBS-C, and defecatory disorders, which 
includes patients with dyssynergic defecation. Age-related 
physiologic changes and neurodegenerative changes of the 
enteric nervous system, with increase in inhibitory neuron 
activity, may cause slow colonic transit, decreased colonic 
propulsion, and sensorimotor dysfunction [48]. Decrease in 
pelvic muscle strength and rectal hyposensitivity may con-
tribute to dyssynergic defecation in aging patients [49].

Because symptoms alone are not able to clearly differen-
tiate the subgroups of patients with dyssynergic defecation, 
ARM is a diagnostic tool of choice and plays a critical role in 
diagnosis, and is highly reproducible [50]. This is supported 
by the Rome III criteria for functional anorectal disorders, 
where ARM is a cornerstone in the diagnosis of functional 
defecation disorders, including dyssynergic defecation and 
inadequate defecatory propulsion [51].

The identification of dyssynergic defecation using physi-
ologic data obtained from ARM does not differ in the elderly 
population, and important parameters include the intrarectal 
pressure, anal sphincter pressure including the percentage of 
relaxation, and the calculation of the defecation index. ARM 
has a positive yield for identifying dyssynergic defecation in 
a range between 20 and 75 %, and can also identify patients 
who will benefit from biofeedback therapy [52]. ARM not 
only detects dyssynergic defecation but also detects patients 
who have rectal hyposensitivity, which accompanies consti-
pation in up to 50 % of patients [21, 53].

�Biofeedback Therapy

Biofeedback therapy is the established treatment of choice 
for dyssynergic defecation and is effective in 71 % of patients, 
while only 8 % of patients with slow transit constipation 
benefit from biofeedback [38, 54]. One study showed that 
sensory training improved rectal sensation in 79 % of patients 
with rectal hyposensitivity [55]. For rectal hyposensitivity, 
the goal is to improve the thresholds for rectal sensory per-
ception and to promote better awareness for stooling, which 
is important for both constipation and FI [56, 57]. Because 
intact physical and mental ability is important in effective 
biofeedback therapy, coexisting cognitive deficits such as 
dementia, and severe physical debility may be limitations to 
successful therapy in the elderly.
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�Conclusion

Pelvic floor disorders are common in the elderly. Although 
the pathophysiological changes of anorectal function are not 
fully understood in the elderly, ARM is a valuable diagnostic 
tool for understanding the physiologic and mechanistic 
changes in elderly patient with these disorders. Appropriate 
use of this diagnostic modality will guide management, and 
help to provide the much needed relief for patients who are 
suffering from anorectal disorders.
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�Introduction

“Functional” imaging of anorectal and pelvic floor dysfunction 
has assumed an important role in the diagnosis and management 
of these disorders. Defecation disorders and pelvic organ prolapse 
are common and affect up to 25 % of the population, mostly par-
ous women [1, 2]. They cause significant morbidity, affect quality 
of life, and lead to psychological distress and work absenteeism. 
Functional/“dynamic” imaging has become increasingly central 
to the management of anorectal (AR) and pelvic floor dysfunc-
tion, the clinical treatment of which is often difficult [3, 4].

Pelvic floor anatomy is complex and DCP does not show 
the structural details pelvic floor magnetic resonance imag-
ing (MRI) provides. Excellent reviews of anatomy, physiol-
ogy, and functional diagnostic tests in pelvic floor imaging 
have recently been discussed by several authors [4–6] and 
will not be repeated. Technical advances allowing acquisi-
tion of dynamic rapid MR images with improved spatial 
resolution and soft tissue details in a single breath hold and 
multiplanar capability have made several authors state that 
MR should replace DCP because DCP utilizes radiation and 
does not show soft tissue details provided by MRI [7–22]. 
According to several reports, dynamic pelvic floor MRI not 
only shows anatomy but also diagnosis prolapses and can 
lead to a change in surgical therapy [5, 7, 10, 15, 18–20, 
22–27]. However, the majority of these MRI studies do not 
include rectal evacuation (allowing for complete levator ani 
relaxation) or control for complete organ emptying. This 
limits the prolapses that can be seen.

Predictions of hypothetical increase cancer incidence and 
deaths in patients exposed to radiation from data extrapo-
lated from atomic bomb survivors [28–32], in addition to 
controversies relating to the clinical significance of DCP 
findings have added to the controversies between DCP and 
dynamic pelvic floor MRI. This chapter provides an update 
on the pros and cons between DCP and dynamic pelvic floor 
MRI, addresses interpretive controversies and their relevance 
to clinical management of these complex disorders.

�Why Functional Voiding?

The term “pelvic floor” refers to the pelvic diaphragm (levator 
ani), the sphincter mechanism of the lower urinary tract, the 
upper and lower vaginal supports, and the internal and external 
anal sphincters. Understanding the levels and structure of pel-
vic floor supports, the restoration of which form the underlying 
basis for pelvic floor reconstructive surgery, is important for 
the diagnosis and staging of pelvic floor disorders [33]. Normal 
defecation involves an interaction between the colon and the 
rectum. The urge to defecate is initiated by rectal distention 
from high-amplitude propagating waves that move fecal con-
tents into the rectum. The resulting distention relaxes the inter-
nal anal sphincter through the recto-anal inhibitory reflex in 
preparation for defecation. This allows for sampling to take 
place where the contents of the rectum come in contact with the 
sensory-rich areas below the dentate line to identify solids from 
liquids or gas. Evacuation, when desired, is then initiated by 
abdominal straining and voluntary pelvic floor relaxation. The 
anal canal opens and the rectum is squeezed from abdominal 
contraction. The rectum and about one-third of the left side of 
the colon will be emptied in normal physiologic defecation 
from continued mass colonic contractions and, most likely, 
some proximal rectal contractions [34]. The initiating 
movement for defecation is pelvic floor descent (PFD), which 
is defined as the descent of the AR junction from rest to maxi-
mum widening of the anal canal. The canal opens completely 
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and in a second or so the rectum starts to empty. Emptying is 
rapid. When the patient stops straining, tone returns to the 
internal anal sphincter and levator ani so the anal canal closes 
and the AR angle becomes more acute; the pelvic floor and AR 
junction elevate to their normal resting position (the post-defe-
cation reflex). Imaging studies do not invoke these physiologi-
cal responses, and depend entirely on voluntary control of the 
pelvic floor and passive rectal emptying [35, 36]. The degree of 
rectal distention has bearing on functional imaging. Volumes of 
<300 mL may lower internal sphincter tone, but not increase 
intra-rectal pressure, whereas volumes of >300 mL may exceed 
rectal compliance and induce incontinence. Although rectal 
motor complexes might be activated by rectal distention, this 
does not seem to occur with volumes used in DCP. Rectal emp-
tying is a passive phenomenon due to raised intra-abdominal 
pressure squeezing contrast out of the rectum.

The pelvic floor, unlike other skeletal muscles in the body, 
remains in a constant tone even during sleep. The only time 
this tone is interrupted is during defecation or urination; 
thus, actual evacuation must be part of the examination to 
show the full extent of pelvic organ prolapse (see Figs. 11.1 
and 11.2) [3, 37, 38].

�Association of Pelvic Compartment Defects 
with Defecatory Disorders

The frequency of associated pelvic abnormalities in patients 
presenting with AR disorders is high. In a study of patients 
with symptoms of defecatory disorders, DCP showed that 
71 % had cystoceles, 65 % had a hypermobile bladder neck, 
and 35 % had vaginal vault prolapse of >50 % [37]. In another 

Fig. 11.1  A 39-year-old female patient with recurrent lower abdominal 
and pelvic pain with a prior history of endometriosis referred for entero-
clysis prior to pelvic reconstructive surgery for possible small bowel 
obstruction. Recent DCP showed pelvic organ prolapse. (a) Overview 
of filled small bowel and colon following barium enteroclysis which did 
not show small bowel obstruction. (b) Lateral upright rest radiograph 
obtained following (a). No abnormality is seen. (c) Lateral radiograph 
obtained with patient straining. A small amount of rectal and sigmoid 

contrast was expelled but there is no evidence of pelvic organ prolapse. 
S sigmoid; SB small bowel. DCP was done on a locally made commode. 
(d) Rest radiograph of DCP done 1 week before the enteroclysis. 
Patient referred with a clinical history of constipation and dyspareunia, 
exclude anismus. The patient had prior hysterectomy. (e) Strain radio-
graph of DCP showing a Type C enterocele, recto-anal intussusception, 
Stage 1 posterior vaginal cuff prolapse and a Stage 1 rectocele. *PH; V, 
posterior vaginal cuff; E, enterocele
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report [39], 50 % of patients with urinary stress incontinence 
and 80 % of patients with uterovaginal prolapse had symp-
toms of obstructed defecation (prolonged rectal evacuation 
and need for digital assistance) (see Figs. 11.3, 11.4, 11.5, 
and 11.6). Thus, a global functional pelvic floor examination 
is needed in patients with defecatory disorders. The interre-
lationships of pelvic organ prolapse and the competition for 
space cannot be overemphasized [40]. Much of the uncer-
tainty related to the value of DCP has been because of reports 
where the possibilities of functional defecatory disorders 

have been ignored or where benefit has been evaluated in 
terms of outcome, an approach that inevitably includes 
assessment of any treatment [41, 42]. When a particular 
imaging technique is able to assist clinical understanding 
and management, it makes a relevant contribution in its 
assessment [43]. When this has been applied to investigation 
of DCP, the test has been found to be overwhelmingly valu-
able [44]. There is currently no prospective controlled study 
in which patient outcomes both with and without DCP or 
dynamic pelvic MRI have been evaluated [4].

Fig. 11.2  Another patient a 52-year-old female had also with a clinical 
history of constipation and dyspareunia and prior hysterectomy. DPC 
examination during evacuation (a, b) shows a type B enterocele (E) that 
was missed at the dynamic MR examination that she had previously (c). 
Although vaginal opacification was not obtained, the persistent bladder 
catheter (asterisks) marks the bladder neck which in vivo is located at 
the same level as the hymen. An anterior vaginal wall prolapse due to 
cystocele is also present (open arrow) that is demonstrated at MR. (d) 

This other 56-year-old patient with the same complaints of constipation 
and dyspareunia had an anterior vaginal wall prolapse due to a grade 2 
cystocele (arrow) but she also showed at this phase (evacuation) a sig-
moidocele (S) recognized by the barium paste inside and the filling 
defect that represents fecal material (arrowhead). This finding was 
missed at dynamic MR that the patient had previously. Also a grade 1 
rectocele was present. Asterisks (bladder neck)

Fig. 11.3  DCP diagnosis of dyssynergic defecation. (a) 65-year-old 
multipara with prior hysterectomy referred for DCP because of chronic 
constipation and “pressure” on her vagina. Lateral radiograph with 
marked straining A at the end of defecation shows a large contrast 
retaining anterior rectocele (R) and retention of more than two thirds of 

the rectal contents below the main fold (asterisk) consistent with anis-
mus and (b) following vaginal digitations in the toilet show a Stage 2 
enterocele (E) not shown in (a) because of undrained rectocele (R). The 
anterior rectocele is a combined distension and displacement type of 
rectocele; a Stage 2 posterior vaginal wall prolapse
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�Controversies in Pelvic Floor Imaging

“Functional imaging” of the pelvic floor is conducted in an arti-
ficial surroundings that embarrass and inhibit the patient, and 
thus, the images do not represent physiologic defecation. In most 

MR protocols, the patient is imaged recumbent usually supine 
with legs extended rather than upright, a position in which 
patients are usually asymptomatic or less symptomatic. Having 
patient defecate supine in an artificial environment makes an 
embarrassing examination even less acceptable. Although some 
proponents of MRI imaging have stated that women do not mind 

Fig. 11.4  Diagnosis of sigmoidocele and associated pelvic organ pro-
lapses. A 57-year-old multipara with a history of a remote hysterectomy 
and more recently a urinary bladder suspension was referred for DCP 
because of worsening constipation and urinary incontinence. A Lateral 
rest radiograph following evacuation shows retention of almost all the 
rectal contrast below the main fold (arrow) consistent with dyssynergic 

defecation. R, rectum; arrow main fold; arrowhead posterior AR angle. B 
Lateral strain radiograph obtained following posterior vaginal wall digi-
tations in the toilet shows a third-degree sigmoidocele (S), a displacement 
type anterior rectocele preventing the sigmoidocele from prolapsing fur-
ther, a Stage 1 vaginal vault (V) prolapse and a Stage 2 recurrent cysto-
cele (C). Dashed line PCL, dashed dotted line ischiococcygeal line

Fig. 11.5  Diagnosis of intra-vaginal enterocele. (a) 58-year-old patient 
referred for DCP because of excessive straining at defecation and sensation 
of incomplete emptying and urinary incontinence. A Lateral strain radio-
graph obtained following the evacuation phase shows a Type C enterocele, 

Stage 2 cystocele and internal prolapse (arrowhead). *PH. (b) Lateral 
strain radiograph obtained following suction of urinary bladder through 8 F 
catheter and additional evacuation in the toilet shows an intra-vaginal 
enterocele (E) not shown in (a) because of a filled urinary bladder
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defecating supine, we disagree with these statements and find 
this insensitive to patients concerns in our practice although we 
were the first to report that it could be done technically and did 
correlate with some DCP findings [45]. To be called functional, 
pelvic floor examinations should be done sitting in a commode 
similar to what patients do in life. This “functional position” pro-
vides the maximum stress to the pelvic floor, resulting in com-
plete levator ani relaxation which is needed to diagnose 
defecation disorders and show maximum pelvic organ descent 
for accurate quantification of female organ prolapse that can only 
be inferred by physical examination [46–52].

Conclusions comparing supine and upright MRI studies 
demonstrate that sitting MR defecography is not superior to 
dynamic supine MRI for depiction of clinically relevant blad-
der descent and rectoceles [7]. These reflect limitations of the 

reports. The diagnosis of cystoceles and rectoceles is only 
part of the evaluation of pelvic floor abnormalities. In one 
report which showed greater degree of pelvic floor laxity on 
MRI in the sitting position it was concluded that it was not 
superior to standard supine MRI [53]. In another report [7], 
all intussusceptions were missed at supine MRI. AR descents 
of varying degrees and an enterocele, four small cystoceles 
and an anterior rectocele were also missed at supine MRI in 
the same report. No abnormalities seen at supine MRI were 
missed at upright MRI. However, all the missed findings at 
supine MRI were dismissed as not clinically relevant as there 
were no findings at physical examination.

The conclusion was that supine MRI is a valid alternative 
to upright MRI. Our own comparative study with DCP and 
dynamic pelvic MRI with patients defecating supine, both 
methods of examination done on the same patients underes-

timated the extent of prolapse for sites other than rectoceles 
by approximately 15 % (see Figs. 11.2 and 11.7) [45]. The 
underestimates were caused by examining the patients in the 
supine position which has less gravitational influence than 
sitting as well as patients not completely relaxing the levator 
ani. As we gained more experience from our initial report of 
10 patients, some patients have stated that their pelvic symp-
toms were only a problem when standing, sitting, or walking. 
Rectocele size is more influenced by rectal evacuation than 
by gravity. The limitations of physical examination have 
been recognized [36, 40, 46, 48, 54] even when done by 
experienced examiners [40, 46]; hence, the exclusion of 
abnormalities missed was not clinically relevant in the 
Bertschinger et al. [7] study because there were no physical 
examination findings should be questioned.

Physical examination does not allow for complete levator 
relaxation and therefore will miss more prolapses than defe-
cography. In another report that showed MRI diagnosing 
more enteroceles than DCP and physical examination, both 
MRI and DCP were limited to a single-phase examination in 
which straining and evacuation of all opacified pelvic organs 
were performed at the same time. DCP did not involve the 
opacification of the small bowel in that report. These 
represent inferior techniques of performing these studies and 
will miss significant prolapse. In our current modification, 
diagnosis of peritoneoceles and enteroceles is done follow-
ing emptying of the urinary bladder and rectum/rectoceles, 
hence recognition of a widened rectovaginal space is maxi-
mized for the diagnosis of peritoneoceles or enteroceles. 
Without complete emptying, these organs block descent of 
other organs. In addition, in patients with slow intestinal 

Fig. 11.6  Global characterization of pelvic floor by MR defecography 
of three different patients with the same major complaint of constipa-
tion. All three images were obtained at maximum strain post evacuation 
done in supine position. In all three cases the contrast resolution allows 
for a clear distinction between the pelvic compartments with easy iden-
tification of the bladder (B), uterus (U), vagina and rectum and also the 
plane of the hymen. In the first case (a) a grade 3 peritoneocele is pres-

ent being recognized by its fat content (arrow). No other abnormalities 
were diagnosed in this patient. In the other two patients (b, c) an ante-
rior vaginal wall prolapse due to grade 2 cystoceles (arrowhead) and 
posterior vaginal wall prolapses due to grade 2 rectocele (b) and grade 
3 rectocele (c) (open arrows) without uterine prolapse are recognized. 
It was also present in both cases a fixed perineal descent. Note the 
abnormally low anorectal junction (asterisks)
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transit, oral contrast may not have reached the small bowel. 
The contrast in the small bowel makes diagnosis of entero-
celes more apparent because of the influence of gravity. In 
MRI studies done functionally sitting in a commode and def-
ecation is part of the routine, the results will be comparable 
with DCP [15]. Conclusions and recommendations done 
with pelvic MRI supine even when done defecating do not 
consider the high reoperation rate in women who have under-
gone pelvic surgery [55]. Many pelvic floor surgeons believe 
that an attempt to correct all pelvic support defects, whether 
asymptomatic or not [56] should be done at one setting. If 
comprehensive repair is not done, coexisting asymptomatic 
support defects may become symptomatic within a relatively 
short time. The failure to recognize the full extent of pelvic 
organ prolapses pre-operatively based on physical examina-
tion done supine and the compartmental clinical approach to 
pelvic floor dysfunction (the “politics of the pelvic floor”) 
may explain the high reoperation rate [57]. The reason 
women develop pelvic floor defects is likely multifactorial 
[58, 59] and the failure of surgical repair is not well under-
stood. The relatively high rate of repeat surgery may reflect 
failure to recognize the full extent of prolapses pre-
operatively if assessment is based predominantly on physical 
examination or incomplete methods of imaging where the 
levator ani is not fully relaxed. MRI done supine may be 
inadequate for recognition of AR disorders such as internal 
(intra-anal rectal intussusception) prolapse. These conditions 
are more reliably diagnosed when patients defecate during 
DCP or while seated in an open magnet [26, 36, 38, 50]. 
Currently, however, the relevance of DCP vs. dynamic pelvic 
floor MRI to patient outcomes has not been adequately 
addressed in a scientific manner.

The superior contrast resolution of MRI particularly in the 
anterior compartment requires [15] the use of endovaginal coil 
[5]. This is invasive and makes an embarrassing examination 
less acceptable to patients and will affect demonstration of pro-
lapses because of space competition. The coil literally acts like 
a pessary, a device used to passively treat prolapse. In another 
report on patients with fecal incontinence, the results of MRI 
studies have led to a change of surgical therapy in 67 % of 
patients in whom some form of surgery was required to treat 
fecal incontinence [15]. It should be noted that the anal sphinc-
ters can be visualized with the body coil alone or with a phased-
array or endoluminal coil [4, 60]. Examination with an 
endoluminal coil results in higher spatial resolution but a lim-
ited field of view. The spatial resolution provided by either a 
phased-array or a body coil is probably insufficient to aid in the 
diagnosis of sphincter abnormalities [61]. Rigid endoanal coils 
are preferred for optimal image quality and result in over
compression of adjacent structures. The use of T1-weighted 
sequence (e.g., fast spin-echo) with contrast medium increases 
cost, and their superiority over other sequences has not been 
established [4, 60]. The endopelvic fascia is not well visualized 
on conventional MRI; similar to DCP, defects or laxity is 
inferred indirectly through secondary findings [5]. An endo-
vaginal coil [62] is needed to show these fascial condensations 
and their clinical significance as related to surgical repair may 
be irrelevant. Endoanal MRI is time-consuming compared to 
endoanal ultrasound (approximately 30 vs. 5 min) [61, 63]. In 
patients with anal incontinence, the findings at DCP can be 
used to recommend which appropriate imaging approach should 
be used. If incontinence is noted at rest in the pre-evacuation 
phase of the DCP, which suggest internal anal sphincter dam-
age, endoanal ultrasound is recommended; if incontinence is 

Fig. 11.7  Rectocele in a male. A 60-year-old male referred for proc-
tography because of constipation; history of prior prostatectomy. (a) 
Lateral radiograph obtained shows a moderate size outpouching (arrow) 

retaining contrast. (b) Frontal radiograph obtained during straining 
shows a postero-lateral hernia retaining contrast medium (arrow)
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noted when straining, endoanal MRI is recommended as it has 
been shown to be more accurate for the evaluation of the exter-
nal anal sphincter than endoanal ultrasound [4, 15, 60]. Whether 
either of these changes surgical approach is not well studied. 
Putting together a separated anal sphincter which was damaged 
years earlier at childbirth may have little relevance on a 60-year-
old patient. The neuromuscular function is probably of more 
significance and explains the relatively poor outcomes in anal 
sphincter repair in most long-term studies. The use of an open 
MRI system with patients defecating makes it “functional” 
similar to DCP [15]. With an open architecture magnet, how-
ever, one must contend with images of a lower signal-to-noise 
ratio and soft tissue resolution [5]. To make it a single non-
invasive functional study to look at specific organ prolapse and 
direct visualization of the supporting structures specialized 
coils are needed to improve soft tissue resolution and visualize 
the pelvic supporting structures and fascial condensations. 
Specialized coils will make dynamic pelvic MRI more intru-
sive. Nonetheless even with the images obtained with current 
open MR systems, visualizing the soft tissue structures in obese 
patients to see reference points is better with MRI than DCP.

In our experience, patients who weigh >200 pounds and 
handicapped patients who cannot be seated safely in a stable 
position with the upright commode with DCP should undergo 
dynamic MRI done supine particularly if fecal incontinence 
is the clinical presentation. Placement of two markers aligned 
(pellets) on the inner lateral support of the DCP commode 
aids in visualizing the ischial tuberosities and ensures that 
measurements made (if the pubococcygeal line (PCL) is 
used) are midline with DCP. The volume and consistency of 
rectal pastes for DCP has undergone several modifications 
since the article of Mahieu et al. [64–66] and is standardized 
[33] in most DCP protocols. In MRI protocols, however, gels 
of varying amounts (from 60 to 120 mL) are used [10, 16, 19, 
67]. The consistency and volume results in suboptimal 
straining particularly in the supine position that may mask 
the degree of pelvic organ prolapse and results in diminished 
conspicuity of visceral descent [67]. Some MR protocols 
using open MR system with appropriate contrast (potato 
starch consistency) have compared their protocol with MR 
using gel and have shown that the size and the degree of 
anterior rectocele evacuation and intussusception size are 
often underestimated when ultrasound gel is used for rectal 
enema [68]. In our modification of the DCP, prior to the 
administration of the rectal paste, high density low viscosity 
barium (50 mL Polibar, Bracco Diagnostics) is introduced 
followed by 50  mL of air from the same syringe. This 
improves rectal mucosal coating and diagnosis of rectal 
intussusceptions, entities that are important in the surgical 
management of AR disorders [69]. The vaginal paste allows 
us to delineate the vaginal fourchettes which are important 
anatomic landmarks in localizing the PH, the reference point 
used for the ICS POP-Q [70] which we have adopted to DCP 
for staging of prolapse [33]. A current problem with DCP is 

that there is no commercially available commode for DCP 
examinations to our knowledge. A similar problem with MR 
is that only a few open magnet MRI systems are currently 
installed in radiology departments hence most dynamic pel-
vic MRI are done supine with extended legs. The DCP com-
mode, however, can be constructed [71] (see Figs. 11.1 and 
11.7). AR and pelvic floor dysfunction cause significant 
morbidity in women [1, 2, 33]. It appears to be an epidemic 
nobody talks about [33]; hopefully, a manufacturer will 
resolve this dilemma.

Although variable from country to country, important addi-
tional factors that should be considered are economics, logistics, 
and demonstrable clinical advantages of one method over the 
other. In our practice, pelvic MRI costs three to four times more 
than DCP. If the management consideration is based on diagno-
sis of prolapse, DCP is reliable, however, if visualizing the 
structural integrity of pelvic supportive tissues and endopelvic 
fascia is the relevant question to management, pelvic MRI with 
endoluminal coil to improve soft tissue resolution is the imaging 
of choice. Again, the disadvantage the coil has on displacing 
prolapse cannot be overemphasized if the examination was also 
done to evaluate pelvic organ prolapse. In most institutions in 
the USA the additional expense incurred with MRI compared 
with DCP and the relative lack of accessible time on an MR unit 
that is subject to heavy demand by other clinical specialties are 
important factors to consider. The logistics of performing a tai-
lored examination (drainage of an undrained bladder and emp-
tying of rectum or rectoceles) which will tamponade enteroceles 
or sigmoidoceles are important diagnostic considerations [41]. 
Another factor in our experience is the reluctance of many tech-
nologists to perform a longer, more complex examination. We 
were one of the earliest investigators who compared dynamic 
pelvic MRI done supine to DCP [46]. The attraction of a new 
technology and the lack of ionizing radiation in addition to eco-
nomic considerations in private practice made us initially favor 
pelvic MRI done defecating supine in our prospective compari-
son of 10 patients, a number too limited to make appropriate 
recommendations. As we have gained more experience with the 
technology we have reverted back to DCP. Evacuation is pivotal 
for the evaluation of AR disorders and pelvic organ prolapse 
whether done with radiography or MR [33, 53] but making 
women defecate supine with extended legs without an open 
architecture magnet is not “functional” in our experience. Some 
patients in our practice have stated that they are not symptom-
atic in the supine position but perceive the pressure or bulging 
when they are sitting or upright. Our current DCP technique is 
faster than our prior technique [47]. Thus, when the relevant 
management question is on the anatomic/structural demonstra-
tion of the pelvic supporting tissues, a static-high definition 
MRI gives good soft tissue definition of the muscles and/or con-
nective tissue tears that may alter management—information 
that can only be inferred with DCP [4, 61, 62, 64]. There is no 
controversy when soft tissue spatial resolution is the relevant 
consideration for management.
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�Imaging Pelvic Organ Prolapse 
Quantification/Grading

The radiology community has paid little attention to devising 
a grading or scoring system that has clinical correlates and 
understandable to clinicians who use the ICS POP-Q to stage 
pelvic organ prolapse [70]. Other clinical classification sys-
tems from colorectal surgeons for defecatory disorders  
[72, 73] have also not been addressed. With both DCP and 
“dynamic” pelvic MRI, grading of prolapses has been defined 
in reference to the PCL. In fact, there have been variable defi-
nitions in the literature where this line should be extended pos-
teriorly from the inferior symphysis border. Most commonly, 
the line is described to extend from the inferior symphysis 
border to the sacrococcygeal junction [51]; others extend this 
line to the tip of the last horizontal sacrococcygeal joint [27], 
or the tip of the coccyx [66, 74, 75] while others join the infe-
rior symphysis line to the coccygeal joint (joint not specified) 
[66, 74–76]. The PCL is considered to represent the approxi-
mate line of attachment of the pelvic floor muscles. In normal 
individuals, the levator plate is parallel to the PCL. Prolapse is 
inferred by imaging if a pelvic organ extends below the 
PCL. Two other reference lines, the H and M lines were intro-
duced by Comiter et al. [10] to identify pelvic floor relaxation 
and prolapse. The H line measures the distance from the infe-
rior symphysis pubic to the posterior AR junction in the mid-
sagittal image and is indicative of the anteroposterior width of 
the levator hiatus. The M line is drawn perpendicular from the 
PCL to the most distal aspect of the H line and is indicative of 
the descent of the levator hiatus from the PCL. In that study, 
the H and M lines in normal women measured approximately 
5 and 2 cm, respectively. These lines can also be drawn with 
the DCP but has not been adopted. Little is described in the 
literature quantifying the severity of prolapse using these ref-
erence lines. The ICS POP-Q has no correlates to the PCL and 
the H and M lines. These lines cannot be inferred clinically. 
The clinical ICS POP-Q uses the PH as the reference line [70]. 
This is because patients perceive the pressure/and or see a 
bulge when the prolapsing organ abuts or displaces the PH 
[77]. Singh and Berger [78] proposed a new method of grad-
ing with MRI using the same landmark as the clinical grading 
system. A new reference line, the midpubic line (MPL), cor-
responded to the PH in their cadaver study. Their early results 
showed good correlation with their clinical staging. More 
recent studies showed that the MPL has greater agreement 
with clinical staging than does the PCL. However, neither ref-
erence lines showed good agreement with clinical staging 
[79]. In a recent literature review [80], none of these reference 
lines showed clear superiority and this may relate to the fact 
that there is no complete levator ani relaxation during physical 
examination. The PCL, however, had the advantage of being 
the most widely used and is associated with high agreement 
for the evaluation of anterior and middle compartments.  

The PCL as a reference point may have validity with colorectal 
surgeons [30–32, 80–83]. The agreement between methods of 
examination in the posterior compartment is lower for 
MRI. There is also high variability of pelvic MRI measure-
ments among readers despite centralized training [80]. 
Interobserver agreement in the interpretation of DCP is reli-
able and reproducible [84]. In our experience using DCP, the 
use of the MPL will overstage prolapses [33]. Using the PCL 
will also overstage prolapses because it is higher than the 
MPL. This is because the PH in vivo is more anterior than the 
MPL in cadavers. It is at or slightly anterior to the anterior 
pubic line in patients in the sitting position. It is also variable 
from patient to patient and moves with straining—hence the 
lack of agreement between methods of staging and the high 
interobserver variability in measuring reference points with 
MRI. Anatomically, the external urethral meatus is at the same 
level as the PH in vivo; it is immediately posterior to the vagi-
nal fourchettes. The vaginal fourchettes are seen on DCP as 
the most anterior segment of the vagina where the vaginal 
paste leaks out of the introitus inferiorly and superiorly. 
Because our current method of performing DCP, where a 
small urinary bladder catheter is left in place during the pre-
evacuation and functional (evacuation) phases, determination 
of the PH in each patient is simplified (see Fig. 11.8). In our 
prior report, we determined the PH with an opaque marker 
(pellet) secured in the urethral meatus and localized it imme-
diately posterior to the vaginal fourchettes [33] on DCPs. A 
line drawn crossing the posterior margin of the fourchettes 
parallel to the plane of the anterior cortex of the pubic bone 
determines the PH (see Fig. 11.9). In the DCP POP-Q, this 
plane is localized in the pre-evacuation or start of evacuation 
phases and the image selected which clearly shows it as it may 
be difficult to localize this plane precisely after defecation. 
The distance is marked from the anterior cortex of the pubic 
bone and a line parallel to the pubic bone is drawn in the rest 
and defecating/straining radiographs post-defecation and stag-
ing is measured from this line. Staging pelvic organ prolapse 
with DCP with similar reference point to the ICS POP-Q 
allows better communication between radiologists and sur-
geons. Our experience shows that this staging method is 
understood better by referring clinicians than using the PCL or 
the H or M lines. Pelvic organ prolapse staged with imaging 
studies done functionally will not correlate with physical 
examination (ICS POP-Q) findings since the levator ani is not 
maximally relaxed with the Valsalva maneuver in the supine 
position [84, 85]. This is why DCP and dynamic pelvic floor 
MRI in an open magnet with defecation in prior comparisons 
with physical examination have shown more abnormalities 
than the clinical examination [12, 47, 50, 52]. The imaging 
POP-Q is meant to complement the ICS POP-Q and not to 
compete with it [33]. The clinical POP-Q looks at different 
vaginal points whereas the imaging POP-Q is organ specific. 
DCP has proven value in patients with defecation disorders and 

A.C.A. Silva and D.D.T. Maglinte



163

Fig. 11.8  Determination of the level of the PH with DCP, the reference 
point for staging pelvic organ prolapse. Lateral radiograph obtained (a) 
with the patient in the fluoroscopic table with a marker (arrow) secured 
at the level of the urethral meatus following contrast administration into 
the urinary bladder. Anatomically in  vivo, the hymen is at the same 
level as the urethral meatus which is immediately posterior to the vagi-

nal fourchettes (b) at rest following placement of vaginal and rectal 
contrast, (c) during straining, D at rest following defecation, and E dur-
ing marked straining following defecation. Level of vaginal fourchettes 
is marked by asterisk. The leading edge of the anterior rectocele is ante-
rior to the level of the PH, a stage 2 ICS posterior vaginal wall 
prolapse

Fig. 11.9  Gross specimen showing the plane of the hymen. The white 
line is anterior to the anterior cortex of pubic bone crossing the vaginal 
fourchettes

in the diagnosis of associated prolapse in other compartments 
that may be clinically unrecognized [37]. Clinical examination 
enables the identification of only approximately 50 % of 
enteroceles but fares better in the recognition of rectoceles and 
cystoceles, an area where dynamic MRI is claimed to be supe-
rior to DCP [7]. The need for a small amount of contrast in the 

urinary bladder is poorly understood by radiologists who use 
the PCL as the reference point [86]. Although it appears that 
the extrinsic pressure by the urinary bladder on the anterior 
wall of the vagina can be discerned when using the PCL, it is 
not the leading edge of a cystocele relative to the PH. It cannot 
be accurately localized relative to the PH without contrast 
when using the DCP POP-Q.  The presence of the catheter 
allows for faster drainage of urinary bladder especially those 
with urinary retention making the examination faster and 
ensuring that prolapses are not tamponade by an undrained 
bladder (see Fig. 11.5). Additionally, mobility of the bladder 
neck can be measured with the presence of the catheter and the 
contrast in the urinary bladder (see Fig. 11.10).
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The lesser sensitivity of clinical examination compared to 
functional imaging is almost certainly related to the patient’s 
inability to relax the levator ani completely while perform-
ing the Valsalva maneuver. This should be understood to pre-
vent further research trying to correlate imaging studies done 
functionally with clinical examinations. Vaginal topography 
staged with the ICS POP-Q clinically will not correlate with 
visceral position shown by the DCP [85]. The role of imag-
ing in the management of AR and pelvic floor dysfunction is 
not completely understood. Our analysis of the literature 
relative to comparison of different imaging methods and the 
correlation of imaging with physical examination findings 
suggest that most comparisons are flawed as different land-
marks and methods of examinations are used. Although the 
factors that lead to failure of surgical repair are not well 
understood and multifactorial, it appears that the limitations 
of physical examination in diagnosing all prolapses may lead 
to incomplete surgeries and may contribute to the high reop-
eration rate [56]. It is advisable to identify all areas of pro-
lapse pre-operatively and plan accordingly as asymptomatic 
defects may become symptomatic within a relatively short 
time and all may require correction: ideally this is done at 
one surgical setting [87, 88]. Although incompetence of the 
internal and external anal sphincters can be predicted by his-
tory and by the rest and strain images obtained in the pre-
evacuation sequence of a DCP [34] it cannot objectively 
demonstrate the structural defects that are shown with MRI 
using endoluminal coils [62, 89]. The role of DCP is in the 
diagnosis of commonly associated occult prolapses [37]. It 
remains the method of choice for patients who present with 
any symptom of the obstructed defecation syndrome [73]. 

Radiologists performing “functional” pelvic floor 
examinations should understand why it is relevant to use the 
PH as the reference point in staging pelvic organ prolapse 
[77]. Patients present to their physicians when they feel pres-
sure or see the bulge suggesting laxity of pelvic support 
when the organs are close to or impinge on the hymen. Most 
prolapse is not truly symptomatic until it reaches the PH 
[77]. The use of the PH as a reference point, however, has 
limitations. It is a movable structure and measures vaginal 
points and not organ specific, hence the imaging POP-Q 
complements the clinical ICS POP-Q well. This is particu-
larly true for posterior cul-de-sac prolapses and internal rec-
tal prolapses. Additionally, AR symptoms do not correlate 
with the degree of posterior vaginal wall prolapse, nor does 
the presence of prolapse equate to abnormal physiologic test 
results. Bowel symptoms may result from primary AR 
abnormalities, which are demonstrated by functional studies 
[90]. In many cases, DCP is the only way these conditions 
may be reliably diagnosed.

�Imaging Diagnosis, Limitations, and Clinical 
Relevance

�Functional and Structural Disorders 
of Defecation

Differentiating functional from structural causes of 
obstructed defecation is difficult clinically. Constipation is a 
symptom, not a sign, and is based on the patient’s perception. 
In the anorectum, most abnormalities are seen during and at 

Fig. 11.10  Diagnosis of anterior vaginal wall prolapse. DCP performed of 
a 70-year-old patient who presented with a feeling of “something bulging” 
and urinary voiding dysfunction. (a) The axis of the urethra (U) is horizontal 
even at rest. Also note axis of the vagina (V) and Stage 1 uterine prolapse. C, 
cervix; U, urethra marked by catheter; white asterisk level of bladder neck; 
black asterisk PH. (b) Lateral strain radiograph shows displacement of the 

urethrovesical junction (white asterisk) by >1 cm from rest. The horizontal 
axis of the urethra and vagina is only minimally increased. A Stage 2 dis-
placement anterior rectocele (R) is seen. The leading edge of the anterior 
rectocele (R) is at the same level as the PH (arrow) but measured from the 
anterior anal margin, the symptomatic rectocele would have been classified 
as small with conventional proctographic classification
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the end of defecation. Rest and strain sequences without 
defecation as performed with some MR protocols are inade-
quate examinations. Evacuation while sitting on a commode 
in a position similar to that which precipitates the symptoms 
is logical. This is not achieved with supine MRI with patients 
legs extended and in protocols with rest and strain sequences 
only. DCP findings infer structural disorders by showing the 
maximum extent of intussusceptions or prolapses as well as 
demonstrate functional information in the diagnosis of defe-
cation disorders. Dynamic pelvic floor MRI with the use of 
open architecture magnets achieves similar results with the 
exception of protocols that do not use fecal consistency rec-
tal contrast and only uses ultrasound gel as rectal contrast. 
Intra-anal rectal intussusception (internal prolapse) may not 
be as apparent with MR since the mucosal folds are not well 
shown using sonographic gel. Determining the level of the 
ischial tuberosities in obese patients is difficult with 
DCP. Placing markers (pellets) on the lateral supports of the 
commode partially alleviates this problem and also helps 
determine the midline where prolapse severity is measured 
using a centimeter mid line marker. The DCP prolapse stag-
ing can be applied to dynamic pelvic MRI if the vaginal four-
chettes can be identified. AR angle measurements have a 
wide variation or overlap of normality with abnormality [24, 
66, 74, 91–93]; hence, its measurements do not appear to 
have relevance to management. Over emphasis on angle 
measurements has led some authors to question the clinical 
relevance of DCP [42]. Rectocele, rectal mucosal intussus-
ceptions, rectal prolapse, solitary rectal ulcer syndrome 
(SRUS), descending perineum syndrome, enterocele, and 
sigmoidocele are common structural pelvic floor disorders 
that affect AR function.

�Dyssynergic Defecation

This has been described in the literature with a plethora of 
other terms such as anismus, pelvic floor dyssynergy, para-
doxical puborectalis contraction, non-relaxing puborectalis, 
pelvic outlet obstruction, and spastic pelvic floor syndrome. 
The term dyssynergic defecation has been recently recom-
mended by several experts [8, 94]. This is not a clear-cut diag-
nosis. Historically, this has been diagnosed in patients with a 
history of prolonged straining during defecation if there is 
inappropriate puborectalis muscle contraction and if patients 
are unable to expel a balloon filled with 60 mL of water. It was 
initially assumed that this would be shown during defecogra-
phy as a persistent indentation posteriorly, just above the AR 
junction. This finding has been poorly predictive of the diag-
nosis [36, 95]. In the study by Halligan et al., prolonged and/
or incomplete evacuation of contrast material was shown to be 
far more sensitive and specific finding and was present in 83 % 
of patients and none of the control subjects. Rectal emptying 

is a passive phenomenon, due to raised intra-abdominal 
pressure squeezing contrast out of the rectum. The combina-
tion of prolonged and incomplete evacuation gave a positive 
predictive value of 90 % compared with a physiologic diagno-
sis of anismus. A recent study has shown that normal electro-
myographic results or the ability to expel a 60-mL balloon 
does not exclude the presence of pelvic floor dyssynergy on 
defecography [96]. This adds further confusion as to which 
should be used to guide the recommendation for (and to then 
measure response) to biofeedback [97, 98]. The success of 
biofeedback treatments in these patients supports the value of 
making this diagnosis [61]. This is the importance of catego-
rizing posterior compartment defects into functional and ana-
tomic abnormalities which is reliably done with DCP [34]. In 
the past because puborectalis muscle dysfunction has been the 
main focus, a proctographic diagnosis of anismus was conven-
tionally based on a prominent puborectalis muscle impression 
during voiding together with failure of the AR angle to open. 
There is little evidence that these findings are specific and 
simultaneous electromyographic and defecographic study has 
shown no correlation between muscular activity and AR junc-
tion configuration [96]. It is more appropriate to base a procto-
graphic diagnosis on evacuation failure. Healthy subjects void 
rapidly and completely in contrast to patients with anismus 
whose evacuation is prolonged and incomplete, a difference 
that can be quantified by DCP [36]. This has not been done 
with pelvic MRI. Another study has shown that puborectalis 
morphology and AR angle measurements did not differentiate 
patients with anismus from asymptomatic controls but that 
prolonged and incomplete contrast medium voiding during 
proctography was highly specific [99] (see Fig.  11.3). The 
time taken to initiate anal canal opening and the rate of evacu-
ation are more relevant than the final percentage of contrast 
evacuated because most patients will eventually fully empty 
their rectum if given enough time. Much of the uncertainty 
related to the benefits of DCP has been generated because of 
studies where the possibilities of functional diagnoses have 
been ignored, or where benefit has been evaluated in terms of 
outcome, an approach that inevitably includes assessment of 
any treatment [42, 43]. When this has been applied to evacua-
tion proctography, the test has been overwhelmingly found to 
be valuable.

�Rectocele

This refers to protrusion of the rectal wall, usually anterior 
towards the vagina. However, posterior rectocele may also 
occur as well as perineal rectocele. DCP and dynamic pelvic 
MRI can demonstrate rectocele, measure its size, and iden-
tify retention; however, its usefulness in clinical work-up has 
been limited. Eighty percent of asymptomatic controls may 
show small rectoceles [66, 91]. It is common in women after 
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childbirth, particularly in patients with pelvic prolapse being 
present in 78–99 % [47, 100]. They may also be seen in 
obstructed defecation without prolapse and with dyssynergic 
defecation [101]. A depth of <2 cm is considered within nor-
mal limits [66] and may be considered large if >3.5 cm [102] 
with conventional DCP grading. If the depth and area of a 
rectocele are measured when filled and at the end of evacua-
tion, retention of >10 % area defines barium trapping [103]. 
The size and trapping controversy is what makes grading 
with traditional radiology reference points limits its useful-
ness in management, hence clinical correlation is required 
[104]. As stated earlier, patients feel the pressure or the bulge 
when the leading edge is close to or beyond the PH hence 
grading rectoceles with the DCP POP-Q has relevance (see 
Fig.  11.10). Imaging measurements from the anterior anal 
margin may have limited the clinical usefulness of procto-
graphic rectocele diagnosis. It may also make it better under-
stood by referring clinicians if anterior rectoceles are 
categorized into distension rectocele (Type 1) and displace-
ment rectocele (Type 2) with the imaging POP-Q staging 
since they have different anatomical, clinical, and therapeu-
tic profiles (see Fig. 11.3) [105]. Clinical studies have shown 
that distension rectoceles are seen in patients with dyssyner-
gic defecation and displacement rectoceles with excessive 
PFD or prolapse. Digitation provides convincing supporting 
evidence of the presence of a rectocele and is frequently seen 
when contrast trapping is present. Clinically, the only two 
symptoms to improve reliably with surgery are digitations 
and presence of the bulge. Small postero-lateral herniation of 
the rectum may result from levator ani damage during child-
birth, and if >4  cm indicates an ischiorectal hernia [106]. 
Small anterior outpouchings may be seen after prostatec-
tomy and have been reported in 17 % of men with obstructed 
defection (see Fig. 11.7) [106, 107].

�Rectal Intussusceptions and the SRUS

Unlike children where rectal prolapse is secondary to an eti-
ology such as malnutrition or cystic fibrosis, it is idiopathic 
in adults. There is a female preponderance with nulliparous 
and multiparous women almost equally affected although it 
is more common with generalized pelvic floor prolapse. 
Diagnosis is made clinically during forceful straining but 
defecography suggests that a significant proportion is missed 
on clinical examination [108]. Early studies with cineradiog-
raphy have suggested that prolapse is initiated by an in-
folding of the rectal wall, which then intussuscepts into the 
anal canal and protrude beyond the anal verge to form an 
external prolapse [19]. Intussusceptions are classified as 
intra-rectal (rectorectal), intra-anal (internal prolapse), and 
extra-anal rectal intussusceptions (rectal prolapse). 
Rectorectal intussusception is diagnosed when the rectal 

mucosal folds intussuscepts but do not go below the level of 

the upper recto-anal margin. It is diagnosed as internal pro-
lapse if the rectal fold extends below the anal margin and 
rectal prolapse if it extends below the anal verge (see 
Fig.  11.11). Imaging protocols that do not show the folds 
may not be able to make these precise classifications unless 
it is extra-anal. The dynamic change in the anal canal width 
as the rectal fold enters is the most definite evidence of inter-
nal prolapse [109]. SRUS is almost always associated with 
either recto-anal or extra-anal intussusceptions. Mucosal 
ulceration is believed to result from forceful straining against 
an immobile or a non-relaxing pelvic floor together with 
trauma from digital manipulations as well as from ischemic 
necrosis of the intussuscepting rectal mucosa.

Patients usually present with rectal bleeding or pain, 
mucus discharge, straining and tenesmus, and a feeling of 
incomplete evacuation. About 55 % of patients present with 
constipation, 20–40 % with diarrhea, and 25 % are asymp-
tomatic [110]. A quarter of these patients are misdiagnosed 
and treated as inflammatory bowel disease. The extent and 
direction of mucosal intussusceptions are reliably shown 
during the evacuation phase of a DCP.  In one “dynamic” 
pelvic MRI study [7], all intussusceptions were missed at 
supine MR. The term “solitary rectal ulcer” is misleading 
because only erosion or erythema may be seen and more 
than one ulcer is often present [109]. The word “syndrome” 
was added because it was associated with other AR disorders 
and dysfunction of pelvic floor musculature (Fig.  11.11c) 
[111]. A clinical and defecographic diagnosis of rectal pro-
lapse and the presence of SRUS in association with rectal 
intussusceptions are the best indicators for surgical correc-
tion [112]. Since constipation maybe the underlying mecha-
nism for this disorder, surgery should only be performed in 
highly selected cases as the intussusceptions may merely be 
a secondary phenomenon [110]. Functional measurements of 
emptying are therefore important [95, 113].

Descending perineum syndrome and anterior 
mucosal prolapse

Parks and Hardcastle [114] linked chronic straining to PFD 
and anterior mucosal prolapse at proctoscopy when the 
patient strains. DCP can be used to suggest the diagnosis and 
measure the position of the pelvic floor at rest, when it is 
stressed by the weight of the abdominal contents in the sit-
ting position, and on evacuation, when opening of the anal 
canal provides a clear end point. In younger patients, the pel-
vic floor is higher at rest, with greater descent at evacuation 
(dynamic perineal descent) of the AR junction. The converse 
applies to the elderly, with more descent at rest and less 
change at evacuation (fixed perineal descent) [115]. A low 
pelvic floor at rest is suggestive of muscle weakness and 
stretching of the elastic tissue of its fascial supports [116]. 

Perineal (AR) descent in this syndrome is defined as >3 cm 
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or the AR junction is >3 cm below its normal position (at or 
above level of ischial tuberosities) at rest [66]. Imaging stud-
ies done supine or in the lateral position underestimate peri-
neal descent which becomes maximal only at onset of 
defecation in the sitting position. The position of the pelvic 
floor is significantly higher at rest when the patient is in the 
left lateral position than when seating [7, 67, 117]. Excessive 
perineal descent at DCP may predict future anal inconti-
nence [118].

Patients with the descending perineum syndrome present 
with tenesmus, pain, and sometimes bleeding. It was initially 
described as a proctologic diagnosis. The characteristics of 
anterior mucosal prolapse at DCP are variable. Inversion of 
the anterior rectal wall over the anal canal is a common find-
ing with rectoceles [93] but should not enter the upper anal 
canal. Prolongation of the anterior rectal wall into the upper 
rectum without widening of the canal is suggestive of ante-
rior mucosal prolapse (see Fig. 11.12). In one study [119], 
anterior rectocele and abnormal perineal descent were pres-
ent in 70 % of women with anterior mucosal prolapse.

�Enterocele, Sigmoidocele, and Peritoneocele

The incidence of enteroceles may have increased as a result of 
the widespread performance of prolapse or incontinence proce-
dures that elevate the anterior vaginal wall exposing the poste-

rior vaginal wall to increased intra-abdominal forces. This leads 
to enterocele formation and vaginal vault prolapse because 
damage occurs at the level of the vaginal apex. Enteroceles were 
seen in 64 % of patients who had undergone hysterectomy and 
in 27 % of those who had undergone cystopexy. Hysterectomy 
is not considered the risk factor for future prolapse unless the 
hysterectomy was performed for prolapse [87]. Urethropexy 
performed for incontinence pre-disposes to enterocele forma-
tion by lifting the anterior vaginal wall forward and opening up 
the cul-de-sac. Urethropexy has generally been replaced with 
the urethral sling procedure which is claimed not to increase the 
frequency of enterocele formation [87]. Enteroceles become 
evident only at the end of evacuation because of the space occu-
pied by the distended rectum and urinary bladder. Repeated 
straining and making sure the urinary bladder is emptied after 
defecation are essential for the recognition of enteroceles. In 
one study [51], almost half (43 %) of enteroceles were seen only 
following evacuation and emptying of the urinary bladder 
emphasizing the importance of the post-evacuation/toilet phase 
of DCP. Evacuation should be as complete as possible because 
the unemptied rectum/rectocele and urinary bladder can prevent 
descent of an enterocele (see Fig. 11.3). Obtaining a post-toilet 
radiograph and emptying the urinary bladder with a catheter 
particularly those with urinary retention offers the best opportu-
nity to diagnose enteroceles. Intra-vaginal enteroceles, unlike 
those that prolapse into the rectovaginal space, often compete 
with a cystocele; if the cystocele is not sufficiently drained, the 

Fig. 11.11  Rectal intussusceptions. A 55-year-old nullipara with his-
tory of prior hysterectomy referred for DCP because of a sensation of 
vaginal pressure and constipation. (a) Lateral image obtained at rest 
following defecation shows near complete emptying of the rectum and 
an anterior rectocele. Note rectal intussusception into the proximal anal 
canal (arrow). SB small bowel; V vaginal vault; arrowhead urethrovesi-
cal junction; larger inferior asterisk PH (note clear delineation of both 
anterior and posterior vaginal fourchettes immediately anterior to aster-
isk), small asterisks in inferior symphysis margin (anterior) and tip of 
coccyx (posterior) indicates level of PCL. Straight line between anterior 
and posterior cortices of pubic bone indicates mid pubic line. (b) 
Lateral image during maximum straining at defecation shows a Type B 
enterocele (SB) prolapsing behind vaginal vault which was not seen at 

rest. Rectal intussusception is now noted to be below the anal verge 
(extra-anal). Also note Stage 2 cystocele displacing anterior vaginal 
wall inferiorly. A hypermobile bladder neck is also seen gauged by the 
degree of inferior displacement of the urethrovesical junction (arrow-
head) from rest to strain (>10  mm). (c) Rectal prolapse and 
SRUS.  Lateral radiograph of a 55-year-old patient referred for DCP 
because of rectal bleeding and severe pelvic pressure. Intussusception 
of the rectum (R) through the anal canal with a short segment seen 
below the anal verge (arrow). Associated Stage 1 vaginal cuff prolapse 
(V), Stage 2 (Type C) enterocele (E), and anterior rectocele (A) are 
seen. Global pelvic floor descent can be inferred by the marked increase 
distance from the AR junction (asterisk) to the level of the ischial 
tuberosities
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presence of a coexisting enterocele may be overlooked or mini-
mized (Fig. 11.5) [33, 37].

Enteroceles may be overdiagnosed owing to a lack of a 
clear definition of its diagnosis. A range from to 2 to 5 cm has 
been considered normal small bowel descent below vaginal 
apex [87]. Additionally, the vaginal apex moves. Enteroceles, 
sigmoidoceles, and peritoneoceles have been conventionally 
graded using the PCL but this may have little clinical signifi-
cance. Controversy has existed as to whether enteroceles 
cause pressure on the rectum and obstruct rectal evacuation 
(the so-called defecation block). A prior report has suggested 
that it does [120] while a more recent study claimed that 
enteroceles do not obstruct rectal evacuation [121]. A more 
recent report has shown that enteroceles cause symptoms of 
obstructed defecation [73]. A clinical radiologic classification 
has been proposed by Morandi et al. [73]: Type A when the 
small bowel extends below the PCL during marked straining 
and returns back at rest without reaching or compressing the 
rectal ampulla, Type B when the enterocele descends below 
the PCL to extend through the rectovaginal space to compress 
the rectal ampulla at the end of evacuation, and Type C when 
the enterocele compressed the rectal ampulla at the beginning 
of defecation and moves towards the anal canal during defe-
cation. This likely corresponds to the traditional radiologic 
grading using the PCL: minimal:<3 cm below PCL, moder-
ate: 3–6 cm, and severe: >6 cm below PCL.

In that report, Type C was associated with symptoms of 
obstructed defecation, while Type B was associated frequently 
with abnormal perineal descent and anterior rectoceles. This 
classification using DCP appears relevant and merits further 
research. It appears that severe enteroceles produce symptoms 
of obstructed defecation. Rather than a linear measurement, vol-
ume of small bowel descending may be more relevant in the 
grading of enteroceles. Other symptoms typically associated 
with an enterocele are a sensation of pelvic pressure or dragging 
when standing or bearing down. The diagnosis of a previously 
undiagnosed enterocele may change the surgical approach from 
a transvaginal to a transabdominal route of entry. In many 
patients referred for DCP, this is an important information 
needed by the pelvic floor surgeon before surgery [87].

A sigmoidocele is a redundancy of the sigmoid colon that 
extends caudally into the cul-de-sac [72]. They are less com-
mon than are enteroceles and are found in approximately 5 % 
of proctograms [122]. This condition will be underdiagnosed 

at proctography if the sigmoid is not opacified but should be 
suspected on the basis of widening of the rectovaginal septum 
and air seen within fecal residue, hence the value of adminis-
tering a small amount of gas following administration of high 
density barium mixture before administration of the feces 
consistency rectal paste. Lax presacral fixation of the recto-
sigmoid is seen by DCP and should be reported as it may be 
a risk factor for future development of a sigmoidocele. There 
is no agreed upon standard definition of a sigmoidocele. It has 
been defined as a sigmoid colon extending >4.5 cm below the 
PCL [122]. According to conventional radiologic classifica-
tion this would constitute a moderate sigmoidocele. 
Sigmoidoceles are usually not detected at physical examina-
tion, even when large and are often associated with constipa-
tion [51, 72, 122]. The redundant sigmoid colon may 
compress the rectum and obstruct defecation. Stasis of solid 
debris in the redundant sigmoid gives rise to further discom-
fort and straining. A classification with clinical/surgical 
implications has been proposed by Jorge and Wexner [72] to 
provide a more objective approach to surgical treatment. The 
proposed classification was based on descent of the lowest 
portion of the sigmoid loop during marked straining at defe-
cation relative to the PCL and the ischiococcygeal line (drawn 
from the ischial tuberosity to the tip of the coccyx).

Sigmoidoceles were classified as first degree when the intra-
pelvic loop of sigmoid abutted but did not descend below the 
PCL, second degree when the sigmoid loop descended below the 
PCL but remained above the ischiococcygeal line, and third 
degree when the sigmoid loop descended caudal to the ischio-
coccygeal line (see Fig.  11.4). The proposed classification 
yielded excellent correlation between the degree of sigmoidocele 
and clinical symptoms. All third-degree sigmoidoceles who 
underwent colonic resection reported symptomatic improve-
ment [72]. There is only a minor difference of this classification 
from standard radiologic grading except for the addition of the 

Fig. 11.12  Syndrome of the descending perineum and anterior muco-
sal prolapse. DCP performed on a 65-year-old patient because of tenes-
mus and symptoms of obstructed defecation. There is extension of the 
anterior rectal (R) wall into the anal canal without widening of the anal 
canal. Note Stage 2 anterior rectocele (A, displacement type) and a 
Stage 1 enterocele (E, type B)
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ischiococcygeal line; it is simple and will be of value to colorec-
tal surgeons to formulate an objective surgical approach.

�Genital Prolapse
Uterine prolapse involves descent of the uterus into the vagina 
and often beyond the introitus. Vaginal vault prolapse involves 
descent of the apex of the vagina toward, through, or beyond the 
vaginal introitus after a previously performed total hysterec-
tomy. Vaginal vault prolapse is almost always associated with 
prolapse of other pelvic organs, the most common of which is 
an enterocele. This reflects a loss of apical level support due to 
damage of the uterosacral–cardinal complex. Provided that ade-
quate vaginal opacification is maintained at DCP, the location of 
the cervix and/or vaginal apex can be determined on DCP 
images. When there is partial or complete eversion, however, it 
may be difficult to determine the location of the vaginal apex. 
They are, however, clinically obvious. The direction of vaginal 
vault displacement is a valuable diagnostic adjunct. Although 
this is usually apparent from physical examination, what organ 
is behind that wall is not always evident. Anterior vaginal dis-
placement is indicative of posterior vaginal wall prolapse, which 
traditionally is considered to be due to pressure from a recto-
cele. DCP, however, has shown that approximately one-third of 
patients with posterior colpoceles have an enterocele or a sig-
moidocele [51]. Conversely, inferior/posterior displacement of 
the vaginal wall (anterior vaginal wall prolapse) is typically due 
to pressure from a cystocele, although in a minority of patients 
this finding may be due to an intra-vaginal enterocele [51]. 
These are usually underdiagnosed (Fig. 11.5). In either case, it 
represents loss of anterior vaginal wall support.

�Cystocele

This is the result of a defect in the support of the anterior vagi-
nal wall. The vaginal muscularis attaches laterally to the arcus 
tendineus pelvis and posteriorly to the cervix. Symptom caused 
by a cystocele may be minimal until it reaches the vaginal 
introitus; the most common symptoms are feeling of heaviness 
or “something bulging.” Similar to other prolapses symptoms 
start to manifest clinically when the leading edge of the pro-
lapsing organ abuts the PH. Large cystoceles may also lead to 
voiding dysfunction. Cystoceles are usually larger after rectal 
evacuation and are, therefore, optimally assessed by measuring 
the degree of displacement of the anterior vaginal wall during 
maximum straining after defecation. The presence of the 8 F 
catheter in our method of examination [33] also allows mea-
surement of bladder neck mobility during maximum straining. 
This should be no >1 cm [27]. The urethral axis is normally 
<35 % of vertical (Fig. 11.10). Funneling (beaking) of the blad-
der neck at rest may suggest an incompetent urethral sphincter; 
however, it is a nonspecific sign and may also be seen in conti-
nent women [123]. In general, symptomatic cystoceles are 

treated surgically with a variety of techniques. Some employ 
restorative measures such as paravaginal repair while others do 
a form of colpocleisis, anterior colporrhaphy.

What has been recognized more recently is the high 
degree of correlation between apical and anterior vaginal 
wall prolapse [124]. Surgeons have focused on the vaginal 
apex to correct anterior wall descent because of the strong 
association between the vaginal apex and the cystocele. An 
anti-incontinence procedure is frequently included because 
elevation of the bladder often unkinks the bladder neck and 
unmasks urinary incontinence.

�Summary

The role of “functional” imaging of the pelvic floor is to 
complement deficiencies of physical examination. 
“Functional” imaging whether done with DCP or with 
dynamic pelvic MRI does not represent physiological defeca-
tion and is conducted in artificial surroundings that embarrass 
and inhibit the patient. Our analysis of the different contro-
versies between DCP and dynamic pelvic MRI appears to 
reflect the authors preference. Most comparative studies use 
less rigorous gold standard such as physical examination 
whose shortcomings are well known. In several examina-
tions, the authors did not compare both examinations on the 
same patients in the same position. When done functionally 
in an open magnet system, dynamic pelvic MRI images are of 
a lower signal-to-noise ratio and soft tissue resolution hence 
details of the pelvic supporting structures are not well defined. 
It has resulted in significant interobserver variations in deter-
mining reference points [5, 79]. Its improved soft tissue reso-
lution with the use of appropriate endoluminal coil makes it 
difficult to use as a functional study to determine occult-asso-
ciated pelvic organ prolapses as the coil itself blocks organ 
descent. It would be of benefit when all the limitations of 
functional pelvic floor MRI are overcome so more attention is 
given to improve the accuracy for subtle albeit important find-
ings and not simply dismiss findings because of the lack of 
correlation with physical examination findings. DCP is a 
mature technology. Dynamic pelvic floor MRI is an evolving 
technology and its precise role in functional imaging of the 
pelvic floor still remains to be determined.

Conclusions reached by investigators on its use are con-
flicting. It has the potential to be a valid “functional” method 
for evaluating AR disorders and associated pelvic organ pro-
lapse. Further developments and research on the use of func-
tional MRI for defecatory disorders and pelvic organ prolapse 
can make it a valid alternative to DCP. It is likely that pelvic 
MR with increased soft tissue resolution with endoluminal 
coils will complement DCP where the need to see structural 
details of the pelvic supportive tissues and endopelvic fascia 
is required for surgical management. Their clinical signifi-
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cance as related to surgical repair has not been evaluated and 
may be irrelevant. Currently, both methods infer pelvic organ 
prolapses from different reference points most of which do 
not have physical examination correlates. The same argu-
ment applies to “functional” ultrasound examination which 
has the added disadvantage of requiring technical expertise 
not available in most practices.

DCP is time tested, well-established, and a widely avail-
able method. The ability of DCP to enable evaluation of func-
tion and infer anatomical structural integrity while the pelvic 
floor is being subjected to normal gravitational stress, similar 
to the daily maneuvers that precipitate patients symptoms 
makes this technique an important adjunct to physical exami-
nation. With current technical modifications to opacify all pel-
vic organs [92], it has evolved from a method to evaluate the 
anorectum for functional disorders (defecography) to its cur-
rent status as a practical, “near functional” method for evaluat-
ing defecation disorders and associated pelvic organ prolapses 
with meaningful clinical information. “Functional” pelvic 
MRI has the potential to be an alternative or complementary 
examination. It has the technology required to demonstrate 
anatomical details of pelvic supporting structures including 
fascial condensations which are only inferred by DCP. The 
fascial defects seen by pelvic MRI, however, have not corre-
lated with a change to surgical management in our practice. 
Currently, the evidence suggests that DCP is the “functional” 
examination for the diagnosis of AR and pelvic floor dysfunc-
tion [3, 33, 37]. Pelvic MR with endoluminal coils will com-
plement DCP where the need to see anatomic details of pelvic 
supportive tissues are required for surgical management.

�Key Points

Functional radiography provides the maximum stress to the pel-
vic floor resulting in levator ani relaxation accompanied by rec-
tal emptying which is needed to diagnose defecatory disorders.

•	 This method provides organ-specific quantification of 
female pelvic organ prolapse, information that usually 
can only be inferred by means of physical examination.

•	 The ability of functional radiography to enable the evalu-
ation of function and anatomy while the pelvic floor is 
being subjected to normal gravitational stress, similar to 
the daily maneuvers that have precipitated the symptoms, 
makes this method an important clinical adjunct to physi-
cal examination.

•	 Because there is only a limited amount of space in the 
pelvis, organs that do not empty after evacuation—which 
are difficult to recognize if unopacified—may prevent 
recognition of other prolapsed organs that are competing 
for this space.

•	 Dynamic cystocolpoproctography (DCP) is of value in 

patients with defecatory disorders, in patients with 

symptoms or complaints that are not consistent with 
findings from physical examination, and in the diagnosis 
of associated prolapse in other compartments that may 
currently be asymptomatic.

•	 With the additional relevant diagnostic information DCP 
provides to the physical examination, the adoption of a 
radiologic method of staging prolapse with clinical cor-
relates will enhance its role.
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�Introduction

Colonoscopy is currently the procedure of choice for 
evaluation of the whole colon in patients who present with 
lower gastrointestinal symptoms. In the USA, it is also the 
most effective and most commonly used modality for 
colorectal cancer (CRC) screening in asymptomatic individ-
uals (with or without a family history), and for surveillance 
in patients at increased risk because of a personal history of 
adenomatous polyps, CRC, or inflammatory bowel disease. 
Finally, in appropriate circumstances it is a critical therapeu-
tic procedure, allowing for biopsy of suspicious lesions, 
treatment of bleeding sources, placement of stents, and, most 
importantly, removal of colorectal adenomatous polyps, 
thereby preventing the potential occurrence of CRC [1].

�Colonoscopy in Elderly Patients

Because the incidence of colorectal pathology and symp-
toms increase with age, a large proportion of diagnostic, 
screening, and surveillance colonoscopies are performed on 
“elderly” (defined for our purposes as those >65  years of 
age) and “very elderly” patients (>80 years). In the USA, the 
number of screening procedures in elderly patients has 
increased dramatically ever since Medicare began to cover 
screening colonoscopy in average-risk beneficiaries in 2001 
[2]. However, performing colonoscopy in elderly patients 
poses a unique set of challenges. In the elderly, the risks and 
benefits of colonoscopy should be carefully assessed in light 

of lower life expectancy and the frequent presence of comor-
bidities, so as to ensure that the potential benefits outweigh 
the risks and morbidity. This chapter will discuss issues per-
taining to the procedural yield, potential benefits, technical 
feasibility, complication risks, logistical difficulties and 
costs associated with performing colonoscopy in elderly and 
very elderly individuals.

�Yield

The procedural yield is the percentage of patients who are 
found to have clinically significant findings (especially neo-
plasia) on colonoscopy. Generally, the yield of colonoscopy 
increases with age [3]. According to Surveillance 
Epidemiology End Results (SEER) registry data as of 2007, 
the incidence of CRC is 120 cases per 100,000  in persons 
aged 50–64 years of age, 186 per 100,000 in those 65–74, 
and 290.1 per 100,000 in those ≥75 [4]. It is well established 
that elderly patients have a higher prevalence of colorectal 
neoplasia [5, 6], as well as other pathology such as diverticu-
losis and hemorrhoids. As with younger patients, symptom-

atic elderly patients demonstrate a higher yield than those 
who are asymptomatic [7].

Numerous studies have confirmed a high yield for both 
screening and diagnostic colonoscopy in elderly patients 
(Table  12.1). The reported yield of colorectal neoplasia in 
symptomatic elderly patients has ranged from 3.7–12.7 % [8, 
11, 14, 17]. In a study on 200 symptomatic octogenarians, 
80 % had colonoscopic findings that explained their symptoms 
[18]. Controlled studies that compared the yield in patients of 
different ages have echoed these findings. In one study on 
1353 elderly patients, the risk of CRC development was 
higher in patients >80 compared to those 70–74 years old [5]. 
In another study that included 915 symptomatic and screening 
patients, more advanced adenomas and invasive cancers were 
identified in 53 patients over the age of 80 than in younger 
controls [19]. Studies on European patients as well as minority 
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groups in the USA have all reported similar results. A large 
study on 2000 English patients showed that compared with 
younger patients, those >65 years old had higher overall diag-
nostic yields (65 % versus 45 %) as well as CRC prevalence 
(7.1 % versus 1.3 %) [16], while another study on 1530 African 
American and Hispanic patients showed that the CRC yield 
was significantly higher in those over 65 than in younger 
counterparts (7.8 % versus 1.8 %) [20].

�Complications and Adverse Events

One of the main concerns with performing colonoscopy on 
elderly patients is the potential for increased risk of compli-
cations. Adverse events are typically categorized as those 
occurring during or immediately after the procedure and 
those that have a delayed presentation. Cardiopulmonary 
complications are the most common peri-procedural adverse 
events. The level of sedation, presence of comorbidities, and 
procedure length and complexity all contribute to the risk 
and should be addressed to the extent known during pre-
procedural planning, especially for elective colonoscopies.

Although early, small studies suggested that colonoscopy 
in elderly patients did not result in more complications [21], 
more recent, larger, and better designed studies have shown 
convincingly that colonoscopy in the elderly is associated 
with more risk than in younger patients. As demonstrated by 
a recent meta-analysis, very elderly patients had a signifi-
cantly higher rate of overall adverse events, gastrointestinal 
bleeding, and perforation (Table  12.2) [22]. Studies from 
Asia have also reported higher risks of cardiovascular com-
plications despite the fact that elderly patients on average 
received lower doses of sedatives [23].

Nevertheless, when taken in context, the complication rate 
is still quite low even for patients over 85 years of age, and in 
most cases colonoscopy can be done safely with appropriate 
monitoring and precautions [24]. Furthermore, small studies 

have shown that propofol sedation can also be used safely in 
very elderly patients [25]. The overall major complication 
rate in patients over 80 is low, between 0.2 % and 0.6 % [16, 
17], although it increases with specific comorbid conditions 
[26]. Studies in minority patients (African Americans and 
Hispanics) [20], as well as from Asia [27], have confirmed 
that complication rates are low in elderly patients.

During the colonoscopy, the vital signs, oxygen saturation, 
and cardiac rhythm of all patients should be monitored con-
tinuously. Supplemental oxygen is often administered if 
patients are sedated. Increasingly, capnography is being used 
to identify early signs of respiratory depression. Conscious 
sedation is achieved by the use of a short-acting sedative with 
amnestic properties, such as intravenous midazolam or diaze-
pam, and an opioid analgesic, such as fentanyl or meperidine. 
The use of deep sedation with propofol, typically administered 
by an anesthesia provider, is becoming more popular in the 
USA. However, gastroenterologist-administered propofol has 
also been shown to be safe in the elderly [28].

Up to one third of patients may have minor side effects 
after outpatient colonoscopy, most frequently bloating or 
abdominal cramps. Depending on their level of indepen-
dence, elderly patients living alone may require additional 
post-procedure care. Post-procedure calls within 48  h by 
medical staff may be helpful.

Many elderly patients have implanted cardiac pacemakers 
or defibrillators. The use of monopolar electrocautery during 
snare polypectomy can cause pacemaker inhibition or false 
detection of cardiac arrhythmias [29]. Thus, these devices 
are generally inactivated during colonoscopy.

�Colonoscopy Completion Rates

Complete colonoscopy requires cecal intubation or, for those 
who have had an ileocecectomy, reaching the ileocolonic 
anastomosis. In the USA, studies of all patients undergoing 

Table 12.1  Yield of colonoscopy in studies with subgroups of symptomatic and/or screening/surveillance “elderly” patients

N Age (years) Completion (%) Cancers (%) Adenomas/Polyps (%)

Bat et al. [8] 436 80+ 63 14 29.8

Ure et al. [9] 354 70+ 78 6 24

Sardinha et al. [10] 403 80+ 94 4.5 –

Clarke et al. [11] 95 85+ – 12.7 –

Lagares-Garcia et al. 
[12]

103 80+ 92.7 11.6 19.4

Arora and Singh [13] 110 80+ 97a 20 –

Syn et al. [14] 225 80+ 56 11 25

Yoong and Heymann 
[15]

316 85+ 69 8.9 14.2

Karajeh et al. [16] 1000 65+ 81.8 7.1 6b

aAdjusted for non-traversable stricture
bLarge polyps ≥1 cm in size
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screening or surveillance colonoscopy report high comple-
tion rates above 95 % [30]. Studies on symptomatic patients 
(including those with non-traversable obstructing lesions) 
report completion rates of around 83 % [31].

Colonoscopy in the elderly is technically more challenging 
than in younger patients because of various factors, including 
more extensive colonic diverticulosis, higher incidence of tor-
tuosity or post-surgical adhesions, and higher risk of compli-
cations [3]. Elderly patients are also less likely to tolerate large 
amounts of sedation, and have a higher probability of suffering 
inadequate bowel preparation [18, 32], both of which can pre-
clude the possibility of complete colonoscopy.

A wide range of completion rates have been reported, 
including only 56 % (this included 8 obstructing lesions that 
could not be traversed) [14], 63 % (on the first attempt) or 
89 % (second attempt) [8], 83.5 % [18], and as high as 88.1 % 
(for patients >73 years old) [32]. For patients over 65, the 
completion rate was quite respectable at 90.3 % in one study 
[20]. Overall, a meta-analysis showed that for elderly patients 
>65 years of age, the mean completion rate was 84 %, while 
for those >80, the completion rate was 84.7 % [22]. Many of 
the studies that directly compared completion rates between 
elderly patients and younger controls showed a significant 
difference in favor of the younger group [20, 33].

�Bowel Preparation Issues

In a previous meta-analysis of 20 studies, suboptimal bowel 
preparation was documented in 18.8 % of patients >65 years of 
age, and in 12.1 % of those >80. As summarized in Fig. 12.1, 
elderly patients have a higher likelihood of poor bowel prepara-
tion due to slower colonic transit and higher incidence of obsti-
pation [3, 36]. Inadequate bowel preparation was a big factor in 
many studies that demonstrated lower colonoscopy completion 
rates in older patients [18, 32]. The most commonly used bowel 
preparation regimen, 4  l of pegylated ethylene glycol, repre-
sents a substantial volume for ingestion in elderly patients, who 
are also more likely to have renal, cardiac, or hepatic conditions 
that make them ineligible for small volume alternative osmotic 
laxatives, such as sodium sulfate or sodium picosulfate. 
Moreover, frequent trips to the commode constitute a fall risk 
for the frail elderly patient with mobility issues.

�Decision Analyses

Some decision analysis studies have addressed the costs, 
risks, and benefits of colonoscopy in elderly patients. The 
potential for screening-related complications was greater 
than estimated benefit in some population subgroups aged 70 
years and older. At all ages and life expectancies, the poten-
tial reduction in mortality from screening outweighed the risk 
of colonoscopy-related death [37]. In another study, a patient 
with no familial risk factors with negative colonoscopy at age 
50, 60, or 70 is less likely to benefit from additional screening 
colonoscopy compared to a 75-year-old individual with no 
antecedent screening. Furthermore, an individual in superb 
health at age 80 may benefit from colonoscopy whereas a 
patient with prior low risk adenomas but moderate to severe 
health impairment is unlikely to benefit from colonoscopy 
even at an age below 75. Investments in screening and polyp-
ectomy in younger persons may decrease CRC-related costs, 
including screening and surveillance, for healthcare payers 
for older Americans, including Medicare. While these sav-
ings could potentially be offset by future health costs for 
other diseases, screening may still be cost-effective [38].

�Equipment and Logistical Issues

Colonoscopes and accessories are the same for elderly 
patients as their younger counterparts, although some endos-
copists favor pediatric colonoscopes because the more flexi-
ble shaft can facilitate passage in the presence of tortuosity 
or diverticulosis. All patients undergoing sedation need an 
adult escort after the procedure, potentially posing a burden 
on some elderly individuals who live in social isolation.

�Overview: Screening Colonoscopy in Elderly 
Patients

In the absence of additional risk factors such as family history, 
the prevailing consensus is to begin screening at age 50 and 
continue at intervals determined by the screening modality 
used, as well as any history of adenomatous polyps or cancer. 
Currently, all three US gastroenterology societies (American 

Table 12.2  Complication risks based on data from meta-analysis by Day et al. [22]

Age group (years) >65 >80

Cumulative adverse events 26.0a (25.0–27.0) 34.9a (31.9–38.0)

Perforation 1.0 % (0.9–1.5) 1.5 % (1.1–1.9)

Gastrointestinal bleeding 6.3 % (5.7–7.0) 2.4 % (1.1–4.6)

Cardiopulmonary complication 19.1 % (18.0–20.3) 28.9 % (26.2–31.8)

Mortality 1.0 % (0.7–2.2) 0.5 % (0.006–1.9)
aPer 1000 colonoscopies
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Gastroenterological Association, American Society of 
Gastrointestinal Endoscopy, and American College of 
Gastroenterology), the American Cancer Society and the 
United States Preventive Services Task Force (USPSTF) have 
endorsed screening colonoscopy beginning at age 50 for aver-
age-risk patients, with subsequent intervals of every 10 years in 
the absence of any personal history of adenomas or family his-
tory of CRC [39–42]. However, the USPSTF is the only body 
to have formalized the recommendation to discontinue screen-
ing in low risk individuals at age 75 [42]. In a publication on 
colonoscopy created by the American Gastroenterological 
Association for the American College of Physicians “Choosing 
Wisely” Campaign, it is stated that “routine [colonoscopies] 
usually aren’t needed after age 75.”

There is concern that repeated screening into advanced 
age is associated with diminishing utility and increasing 
costs. Life expectancy in light of advanced age and comor-
bidities should be considered when considering screening in 
very elderly persons. Screening may not be warranted in 
asymptomatic patients for whom detecting and removing 
precancerous polyps would be unlikely to change their long 
term survival. Moreover, elderly patients who have been 
screened often incur frequent early repeat colonoscopies, 
leading to further risks, morbidity, and costs [43].

In a previous study using Declining Exponential 
Approximation of Life Expectancy (DEALE) analysis, we found 
that the prevalence of neoplasia was 13.8 % in 50- to 54-year-old 
patients, 26.5 % in the 75- to 79-year-old group, and 28.6 % in 
the group aged 80 years or older. Despite higher prevalence of 
neoplasia in elderly patients, mean extension in life expectancy 

was much lower in the group aged 80 years or older than in the 
50- to 54-year-old group (0.13 versus 0.85 years). Even though 
prevalence of neoplasia increases with age, screening colonos-
copy in very elderly persons (aged ≥80 years) results in only 
15 % of the expected gain in life expectancy in younger patients 
(Table  12.3) [44]. In a similar study, the survival of elderly 
patients undergoing colonoscopy was significantly lower than 
that for younger patients, with important screening implications 
[45]. Another decision analysis also showed that the benefits of 
screening were outweighed by screening-related complication 
risks in subgroups of patients over 75, especially if they were in 
poor health [37]. Surveys have shown that providers incorporate 
age and comorbidity in screening recommendations; however, 
their recommendations were often inconsistent with guidelines 

[46]. Other factors come into play when screening decisions are 
made; for example, elderly patients of low socioeconomic class 
were less likely to be screened for CRC regardless of insurance 
status [47].

�Overview: Diagnostic Colonoscopy in Elderly 
Patients

Some conditions, such as constipation, incontinence, diverticu-
losis, and hemorrhoids, are more common with advancing age. 
CRC is much more common in symptomatic patients over 65 
than in younger patients, with a risk ratio as high as 17 [34, 35, 
48]. In all patients with colorectal symptoms, colonoscopy is 
usually the preferred diagnostic test for whole colon evaluation 
and has supplanted barium enemas and sigmoidoscopy. Direct 

Fig. 12.1  Published studies reporting rates of poor or inadequate bowel preparation for colonoscopy in elderly patients and non-elderly controls: 
Chatrenet [18], Duncan [17], George [34], Karajeh [16], Lukens [35], Ma [23], and Syn [14]
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visualization of the colonic mucosa can be extremely useful for 
diagnosis of colitis and confirmation of polyps or masses. Of 
course, colonoscopy also allows for histologic assessment 
through biopsies. Certainly any elderly patient without prior 
colonoscopy who presents with new colorectal symptoms 
should be offered diagnostic colonoscopy.

One of the most common colorectal symptoms leading to 
hospitalization is lower gastrointestinal bleeding. With 
advancing age there is an increased incidence of bleeding 
from diverticulosis, arteriovenous malformations, malig-
nancy, ischemic colitis, radiation colitis, and ano-rectal 
lesions. When feasible, colonoscopy is the best diagnostic 
test and may offer therapeutic options. In elderly patients, 
completing a 4 l polyethylene glycol preparation can be dif-
ficult and time-consuming; it sometimes requires placement 
of a nasogastric tube. As an alternative diagnostic modality, 
the technetium red blood cell scan can localize active bleed-
ing, while angiography is another diagnostic option, and like 
colonoscopy offers therapeutic possibilities.

�Overview: Therapeutic Colonoscopy 
in Elderly Patients

Colonoscopy offers a variety of therapeutic options to con-
trol bleeding, remove polyps and small tumors, and relieve 
colonic obstructions caused by benign or malignant stric-
tures; these maneuvers are especially useful in elderly 
patients because they may obviate the need for surgery.

For bleeding patients, endoscopic hemostasis can be 
achieved using injection of epinephrine, thermal or electroco-
agulation, or deployment of clips. Polypectomy is performed 
in the same manner independent of age, i.e. small polyps are 
removed with cold snare polypectomy or biopsy forceps, 
larger polyps are removed with snare polypectomy with 
monopolar coagulation, and flat or sessile polyps are removed 
after saline submucosal injection, perhaps supplemented by 
argon plasma coagulation. With advancing age, large and flat 
polyps are more common. Benign colonic strictures may be 

seen in patients with a surgical anastomosis, or in the pres-
ence of chronic ischemic colitis, inflammatory bowel disease, 
or diverticulitis. In such patients, endoscopic dilation can be 
attempted under fluoroscopic observation. Malignant stric-
tures are at greater risk of perforation with dilation. In selected 
patients with colonic malignancy who are not surgical candi-
dates or need preoperative decompression, permanent self-
expanding stents can be placed across the obstruction.

�Summary

Colonoscopy in very elderly patients (over 80 years of age) 
carries a greater risk of complications, adverse events, and 
morbidity than in younger patients, and is associated with 
lower completion rates and higher chance of poor bowel 
preparation. Although colonoscopic yield increases with 
age, several studies have suggested that the potential bene-
fits are significantly decreased because of shorter life expec-
tancy and greater prevalence of comorbidities. Thus, 
screening colonoscopy in very elderly patients should be 
performed only after careful consideration of potential ben-
efits, risks, and patient preferences. Diagnostic and thera-
peutic colonoscopy are more likely to benefit even very 
elderly patients, and in most cases should be performed if 
indicated.

�Key Points

•	 Diagnostic, screening, and surveillance colonoscopy are 
important tools in the care of elderly patients.

•	 Colonoscopic yield generally increases with age.
•	 Colonoscopy in very elderly patients carries a greater risk 

of complications, adverse events, and morbidity than in 
younger patients.

•	 Colonoscopy in very elderly patients is associated with 
lower completion rates and higher chance of poor bowel 
preparation.

Table 12.3  Outcomes for 1244 individuals who underwent screening colonoscopy; classification is according to the most advanced lesion for 
each patient [44]

Age group 
(years) N

Patients with advanced  
neoplasia (%)

Mean life expectancy 
(years)

Mean polyp lag 
timea (years)

Mean LEextension 
(years)

Adjusted mean 
LEextension (%)

50–54 1034 33b (3.2) 28.87 5.23 0.85 2.94

75–79   147 7 (4.7) 10.37 5.44 0.17 1.64

80+     63 9c (14)   7.59 3.58 0.13 1.71

LEextension: Extension of life expectancy due to screening colonoscopy
Adjusted LEextension (%) = (LEextension/LE) × 100
aThese values are calculated only for patients with neoplastic findings, not the entire group
bIncludes one patient with high-grade dysplasia and two patients with cancers
cIncludes two patients with high-grade dysplastic polyps and one with cancer
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•	 The potential benefits are also decreased because of 
shorter life expectancy and greater prevalence of 
comorbidities.

•	 Screening colonoscopy in very elderly patients should be 
performed only after careful consideration of potential 
benefits, risks, and patient preferences.

•	 Diagnostic and therapeutic colonoscopy are more likely 
to benefit even very elderly patients, and in most cases 
should be performed if indicated.

Conflicts of Interest and Disclaimers  None.
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�Introduction

Urinary incontinence is a common and distressing condition 
which, although not life threatening, is known to have a sig-
nificant effect on quality of life (QoL). The incidence of uri-
nary incontinence increases with age and whilst SUI is more 
common in younger women many elderly women also com-
plain of troublesome symptoms. With an increasingly elderly 
population urinary incontinence represents a significant bur-
den on both primary and secondary healthcare and the inci-
dence of SUI is likely to increase with increasing activity 
levels in this age group.

The term SUI may be used to describe the symptom or 
sign of urinary leakage on coughing or exertion but should 
not be regarded as a diagnosis. A diagnosis of (USI) may 
only be made after urodynamic investigation and this is 
defined as the involuntary leakage of urine during increased 
abdominal pressure in the absence of a detrusor contraction 
[1].

�Epidemiology

A large epidemiological study of urinary incontinence has 
been reported in 27,936 women from Norway [2]. Overall 
25 % of women reported urinary incontinence although only 
7 % felt their symptoms to be significant. In addition the 
prevalence of incontinence was found to increase with age. 
When considering the type of incontinence 50 % of  
women complained of stress, 11 % urge and 36 % mixed 
incontinence.

A further analysis has also investigated the effect of age 
and parity on urinary incontinence. The prevalence among 
nulliparous women ranged from 8 to 32 % and increased with 
age. In general parity was associated with incontinence and 
the first delivery was found to be the most significant. The 
relative risk of SUI was 2.7 (95 %CI: 2.0–3.5) in the age group 
20–34 years for primiparous women and 4.0 (95 %CI: 2.5–
6.4) for multiparous women. There was a similar association 
for mixed incontinence although not for urge incontinence [3]. 
The authors concluded that parity was an important risk factor 
in younger women although this association was noted to dis-
appear with age.

�Pathophysiology

There are many different causes of SUI (Table 13.1) although 
when considering the pathophysiology the two commonest 
mechanisms are urethral hypermobility and intrinsic sphinc-
ter deficiency. Whilst the former is caused by a weakness in 
the pelvic floor musculature, pelvic fascia and pubourethral 
ligaments the latter is caused by pudendal nerve injury and 
subsequent damage to the intrinsic and extrinsic urethral 
sphincter.

The bladder neck and proximal urethra are normally situ-
ated in an intra-abdominal position above the pelvic floor and 
are supported by the pubourethral ligaments. Damage to 
either the pelvic floor musculature (levator ani) or puboure-
thral ligaments may result in descent of the proximal urethra 
such that it is no longer an intra-abdominal organ and this 
results in leakage of urine per urethram during physical stress.

More recently the ‘integral theory’ has been described by 
Petros and Ulmsten [4]. This hypothesis is based on previ-
ous studies which demonstrated that the distal and mid-ure-
thra play an important role in the continence mechanism [5] 
and that the maximal urethral closure pressure is at the mid-
urethral point [6]. This theory proposes that damage to the 
pubourethral ligaments supporting the urethra, impaired 
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support of the anterior vaginal wall to the mid-urethra, and 
weakened function of part of the pubococcygeal muscles, 
which insert adjacent to the urethra, are responsible for 
causing SUI.

�Clinical Presentation

Women commonly complain of a multitude of lower uri-
nary tract symptoms and these may be grouped into storage 
and voiding symptoms. Storage symptoms include fre-
quency, urgency and nocturia in addition to stress and 
urgency incontinence. Voiding symptoms are less common 
in women and include hesitancy, poor stream and incom-
plete emptying, although may also be associated with 
symptoms of incontinence secondary to retention and over-
flow. Co-morbidities and polypharmacy are common in the 
elderly and some drugs are known to affect lower urinary 
tract function including diuretics, calcium antagonists, 
anti-depressants and α adrenergic antagonists. Consequently 
a thorough history and review of medication should be per-
formed in all patients.

�Clinical Signs

Whilst there are no specific clinical signs in women with uri-
nary incontinence demonstrable urinary leakage may be 
noted as well as vulval excoriation and urogenital atrophy. 
A pelvic examination is also important to exclude the presence 
of urogenital prolapse, uterine fibroids or a pelvic mass, all 
of which may cause storage symptoms and incontinence. 

In addition storage symptoms may also be associated with 
neurological conditions and therefore a basic neurological 
examination should be performed.

�Investigations

Whilst many women with urinary incontinence may be man-
aged initially with conservative measures all patients require 
a basic assessment in order to confirm the diagnosis as well 
as excluding any other underlying causes for lower urinary 
tract dysfunction (Fig. 13.1).

�Urine Culture

A urinalysis should be performed and, if abnormal, a midstream 
specimen of urine (MSU) should be sent for microscopy, culture 
and sensitivity to exclude lower urinary tract infection.

�Post Micturition Urinary Residual

Voiding difficulties may present with symptoms of frequency 
and urgency in addition to the symptoms of SUI. Clinical 
examination is only useful in excluding large urinary residu-
als and therefore a post micturition ultrasound of the bladder, 
or catheterisation, should be performed to exclude a chronic 
urinary residual.

�Bladder Diary

All patients should complete a bladder diary in order to evaluate 
their fluid intake, voiding pattern and incontinence episodes. 
In addition to the number of voids and incontinence epi-
sodes, the mean volume voided over a 24-h period can also 
be calculated as well as the diurnal and nocturnal volumes. 
Analysis of bladder diaries is helpful both in making a diag-
nosis and also in monitoring progress with treatment.

�Investigation in Secondary Care

Although many women complaining of urinary incontinence 
may be managed effectively in primary care on the basis of 
simple investigations alone, those women who complain of 
unusual or complex symptoms may benefit from further inves-
tigation (Fig. 13.2). In addition those women whose symptoms 
fail to improve with primary therapy may also benefit from 
further investigations to exclude other causes of lower urinary 
tract symptoms. Assessment in secondary care may involve 
urodynamic investigation and cystourethroscopy.

Table 13.1  Causes of SUI

Urethral hypermobility

Urogenital prolapse

Pelvic floor damage or denervation

Parturition

Pelvic surgery

Menopause

Urethral scarring

Vaginal (urethral) surgery

Incontinence surgery

Urethral dilatation or urethrotomy

Recurrent urinary tract infections

Radiotherapy

Raised intra-abdominal pressure

Pregnancy

Chronic cough (bronchitis)

Abdominal/pelvic mass

Faecal impaction/constipation

Ascites

Obesity
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Whilst the diagnosis of urinary incontinence in primary 
care is subjective and based on symptoms alone further 
investigation in the secondary care setting allows a more 
objective urodynamic based diagnosis to be made.

�Urodynamic Investigation

Urodynamics is the term used to describe lower urinary tract 
investigations that measure the ability of the bladder to store 
and expel urine. Urodynamic investigations include uroflow-
metry, filling cystometry and pressure/flow voiding studies. 
Further investigation allows a urodynamic diagnosis to be 
made and, based on this, further management.

�Cystourethroscopy

Although cystoscopy is not helpful in diagnosing USI, it 
may be used to exclude other causes for lower urinary tract 
symptoms such as a bladder tumour or calculus. In addition 
cystourethroscopy should be considered for all women com-
plaining of the ‘red flag’ symptoms of haematuria, painful 
bladder syndrome and recurrent or continuous incontinence 
(Fig. 13.2).

�Pad Test

A pad test may be used to document or confirm urinary 
incontinence although it is unable to distinguish between the 
types of incontinence. The test involves wearing a pre-
weighed incontinence pad which is weighed before and after 
use. The difference in weight corresponds to the volume of 
urine lost. Both short- (1  h) and long-term pad tests (24–
48  h) have been described although reliability has been 
shown to be greater for the longer term tests [7].

�Quality of Life

Quality of Life (QoL) is assessed by the use of question-
naires completed by the patient alone or as part of the con-
sultation and is useful to assess morbidity caused by 
urinary incontinence as well as evaluating treatment 
efficacy.

Generic questionnaires, such as the Short Form 36 [8], are 
general measures of QoL and are therefore applicable to a 
wide range of populations and clinical conditions whilst 
disease-specific questionnaires, such as the Kings Health 
Questionnaire (KHQ) [9] are designed to focus on lower uri-
nary tract symptoms.

Fig. 13.1  Initial assessment of urinary incontinence (ICI Guidelines 2013) [7]
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�Conservative Management

All women with urinary incontinence benefit from advice 
regarding simple lifestyle changes which they can use to 
help improve their symptoms. Often patients may drink too 
much and, if they complain of urinary symptoms, they 
should be told to reduce their fluid intake to between 1 and 
1.5  l per day [10] and to avoid tea, coffee and alcohol. In 
addition there is also increasing evidence to suggest that 
weight loss may improve symptoms of urinary incontinence 
[11] in those who are overweight.

�Pelvic Floor Muscle Training

Pelvic floor muscle training (PFMT) remains integral in the 
management of women with stress urinary incontinence 
with level 1, grade A evidence from five prospective ran-
domized controlled trials with short-term cure rates between 
35 and 80 % [12]. Supervised training is generally felt to be 

more effective than unsupervised training [13] although 
benefits of biofeedback and electrical stimulation are less 
clear [14]. Consequently the International Consultation on 
Incontinence (ICI) [15] recommends that bladder retraining 
should be considered as first line treatment in all women 
with SUI.

�Medical Management
Whilst historically several different drugs have been used anec-
dotally for the management of SUI duloxetine, a potent and 
balanced serotonin (5-hydroxytryptamine) and noradrenaline 
reuptake inhibitor (SNRI) is the only drug licensed for this 
indication and works by improving urethral striated sphincter 
activity via a centrally mediated pathway [16]. Duloxetine has 
been shown to be effective in the management of SUI and has 
demonstrated a reduction in incontinence episode frequency 
and a corresponding improvement in QoL [17] although nau-
sea is a common side effect occurring in 25 % of women. 
Duloxetine has been shown to act synergistically with PFMT 
[18] and may also be useful in those women considering conti-
nence surgery [19].

Fig. 13.2  Specialised assessment of urinary incontinence (ICI Guidelines 2013) [7]
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�Surgical Management

Many women who complain of symptomatic SUI and are 
found to have urodynamic stress incontinence (USI) follow-
ing investigation, will require continence surgery. Whilst ret-
ropubic suspension procedures such as colposuspension and 
the Marshall–Marchetti–Krantz procedure have historically 
been shown to be associated with high cure rates and low 
complication rates more recently the description of the inte-
gral theory has led to the development of mid-urethral tape 
procedures which has revolutionised continence surgery.

�Marshall–Marchetti–Krantz

The Marshall–Marchetti–Krantz [20] procedure is a supra-
pubic operation in which the paraurethral tissue at the level 
of the bladder neck is sutured to the periosteum and/or peri-
chondrium of the posterior aspect of the pubic symphysis. 
This procedure elevates the bladder neck but will not correct 
any concomitant cystocele. It has been largely superseded by 
the Burch colposuspension because its complications include 
osteitis pubis in 2–7 % of cases.

�Colposuspension

The Burch colposuspension has been modified by many 
authors, since its original description in 1961 [21] [Fig. 13.3]. 
Until relatively recently colposuspension has been the opera-
tion of choice in primary USI as it corrects both stress incon-
tinence and a cystocele. However, it may not be suitable if 
the vagina is scarred or narrowed by previous surgery.

Whilst the colposuspension is now well recognised as an 
effective procedure for USI it is not without complications. 
Detrusor overactivity may occur de novo or may be 
unmasked by the procedure [22] and this may lead to long-
term urinary symptoms. Voiding difficulties are common 
postoperatively and, although they usually resolve within a 
short time after the operation, long-term voiding dysfunction 
may result. In addition, a rectoenterocele may be exacer-
bated by repositioning the vagina [23]. However, the colpo-
suspension is one of the few continence operations for which 
long-term data are available. Alcalay et al. [24] have reported 
a series of 109 women with an overall cure rate of 69 % at a 
mean of 13.8 years.

�Bladder Neck Suspension Procedures

Endoscopically guided bladder neck suspensions [25–27] are 
simple to perform but are less effective than open suprapubic 
procedures and are now seldom used having been largely 
replaced by mid-urethral tape procedures. In all these opera-
tions a long needle is used to insert a loop of nylon on each side 
of the bladder neck; this is tied over the rectus sheath to elevate 
the urethrovesical junction. Cystoscopy is employed to ensure 
accurate placement of the sutures and to detect any damage to 
the bladder caused by the needle or the suture. In the Stamey 
procedure buffers are used to avoid the sutures cutting through 
the tissues, and in the Raz procedure a helical suture of Prolene 
is inserted deep into the endopelvic fascia lateral to the bladder 
neck to avoid cutting through. The main problem with all these 
operations is that they rely on two sutures and these may break 
or pull through the tissues. However, endoscopically guided 
bladder neck suspensions are quick and easy to perform. They 

Fig. 13.3  Colposuspension: 
The bladder has been 
reflected medially and the first 
suture is placed in the 
paravaginal tissue
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can be carried out under regional block and postoperative 
recovery is fast. Temporary voiding difficulties are common 
after long needle suspensions but these usually resolve and 
there are few other complications.

�Laparoscopic Colposuspension

Minimally invasive surgery is attractive and this trend has 
extended to surgery for SUI. Although many authors have 
reported excellent short-term subjective results from laparo-
scopic colposuspension [28], early studies have shown infe-
rior results to the open procedure [29].

More recently two large prospective randomised controlled 
trials have been reported from Australia and the United Kingdom 
comparing laparoscopic and open colposuspension. In the 
Australian study 200 women with USI were randomised to 
either laparoscopic or open colposuspension [30]. Overall there 
were no significant differences in objective and subjective mea-
sures of cure or in patient satisfaction at 6 months, 24 months or 
3–5 years. Whilst the laparoscopic approach took longer (87 
versus 42 min; p < 0.0001) it was associated with less blood loss 
(p = 0.03) and a quicker return to normal activities (p = 0.01).

These findings are supported by the UK multicentre ran-
domised controlled trial of 291 women with USI comparing 
laparoscopic to open colposuspension [31]. At 24 months 
intention to treat analysis showed no significant difference in 
cure rates between the procedures. Objective cure rates for 
open and laparoscopic colposuspension were 70.1 % and 
79.7 %, respectively, whilst subjective cure rates were 54.6 % 
and 54.9 %, respectively.

These studies have confirmed that the clinical effective-
ness of the two operations is comparable although the cost 
effectiveness of laparoscopic colposuspension remains 
unproven. A cost analysis comparing laparoscopic to open 
colposuspension was also performed alongside the UK study 
[32]. Healthcare resource use over the first six month follow-
up period translated into costs of £1805 for the laparoscopic 
group versus £1433 for the open group.

�Pubovaginal Sling

Sling procedures are often performed as secondary opera-
tions where there is scarring and narrowing of the vagina. 
The sling material can either be organic (rectus fascia, por-
cine dermis) or inorganic (Prolene, Mersilene, Marlex or 
Silastic). The sling may be inserted either abdominally, vagi-
nally or by a combination of both. Normally the sling is used 
to elevate and support the bladder neck and proximal urethra, 
but not intentionally to obstruct it.

Sling procedures may be associated with a high inci-
dence of side effects and complications. It is often difficult 
to decide how tight to make the sling. If it is too loose, 
incontinence will persist and if it is too tight, voiding diffi-
culties may be permanent. Women who are going to undergo 
insertion of a sling must be prepared to perform clean inter-
mittent self-catheterization postoperatively. In addition, 
there is a risk of infection, especially if inorganic material is 
used. The sling may erode into the urethra, bladder or 
vagina, in which case it must be removed and this can be 
exceedingly difficult.

Fig. 13.4  Tension free 
vaginal tape (TVT)
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�Retropubic Mid-Urethral Tape Procedures

The tension free vaginal tape (TVT) (Fig. 13.4) is a retropubic 
mid-urethral tape that was first described by Ulmsten et al. 
[33] and is now the most commonly performed continence 
procedure in the UK. A knitted 11 mm × 40 cm polypropylene 
mesh tape is inserted trans-vaginally at the level of the 
mid-urethra, using two 5 mm trocars. The procedure may be 
performed under local, spinal or general anaesthesia. Most 
women can go home the same day, although some do require 
catheterisation for short-term voiding difficulties.

Long-term efficacy data are supported by objective suc-
cess rates of 90 % at 17-year follow-up [34] and the proce-
dure has also been compared to open colposuspension in a 
multicentre prospective randomised trial of 344 women with 
USI [35]. Overall there was no significant difference in terms 
of objective cure; 66 % in the TVT group and 57 % in the 
colposuspension group. However, operation time, postoper-
ative stay and return to normal activity were all longer in the 
colposuspension arm. Analysis of the long-term results at 24 
months using a pad test, quality of life assessment and symp-
tom questionnaires showed an objective cure rate of 63 % in 
the tension free vaginal tape arm and 51 % in the colposus-
pension arm. At 5 years there were no differences in subjec-
tive cure (63 % in the tension free vaginal tape group and 
70 % in the colposuspension group), patient satisfaction and 
quality of life assessment. However, whilst there was a sig-
nificant reduction in cystocele in both groups there was a 
higher incidence of enterocele, rectocele and apical prolapse 
in the colposuspension group [36].

The SPARC sling system is a minimally invasive sling 
procedure using a knitted 10 mm wide polypropylene mesh 
which is placed at the level of the mid-urethra by passing the 
needle via a suprapubic to vaginal approach [37]. The proce-
dure may be performed under local, regional or general 
anaesthetic. A prospective multicentre study of 104 women 

with USI has been reported from France [38]. At a mean 
follow-up of 11.9 months the objective cure rate was 90.4 % 
and subjective cure 72 %. There was a 10.5 % incidence of 
bladder perforation and 11.5 % of women complained of de 
novo urgency following the procedure. More recently 
SPARC has been compared to TVT in a prospective ran-
domised trial of 301 women [39]. At short-term follow-up 
there were no significant differences in cure rates, bladder 
perforation rates and de novo urgency. There was, however, 
a higher incidence of voiding difficulties and vaginal ero-
sions in the SPARC group.

�Transobturator Mid-Urethral Tape Procedures

The transobturator route for the placement of synthetic mid-
urethral tapes was first described in 2001 [40]. As with the 
retropubic sling procedures transobturator tapes may be per-
formed under local, regional or general anaesthetic and have 
the theoretical advantage of eliminating some of the compli-
cations associated with the retropubic route. However, the 
transobturator route may be associated with damage to the 
obturator nerve and vessels; in an anatomical dissection 
model, the tape passes 3.4–4.8 cm from the anterior and pos-
terior branches of the obturator nerve, respectively, and 
1.1 cm from the most medial branch of the obturator vessels 
[41]. Consequently nerve and vessel injury in addition to 
bladder injury and vaginal erosion remain a potential com-
plication of the procedure.

The transobturator approach may be used as an ‘inside-
out’ (TVT-O, Gynaecare) (Fig. 13.5) or alternatively an ‘out-
side-in’ (Monarc, American Medical Systems) technique and 
the evidence would suggest there is no difference in terms of 
efficacy between the two approaches [42]. In addition long-
term follow-up studies suggest that the procedure is safe and 
durable [43]. A meta-analysis of the five randomised trials 

Fig. 13.5  TVT-O 
transobturator system 
(inside-out)

13  Treatment Options for Stress Urinary Incontinence



192

comparing TVTO with TVT and six randomised trials com-
paring TOT with TVT [44] suggests that overall cure rates 
were identical with the retropubic and transobturator routes. 
However, adverse events such as bladder injuries (OR 0.12; 
95 % CI: 0.05–0.33) and voiding difficulties (OR 0.55; 95 % 
CI: 0.31–0.98) were less common, whereas groin pain 
(OR 8.28; 95 % CI: 2.7–25.4) and vaginal erosions (OR 
1.96; 95 % CI: 0.87–4.39) were more common after the 
transobturator approach. These findings are also supported 
by a further meta-analysis comparing mid-urethral tapes 
with retropubic suspensions and pubovaginal sling proce-
dures for SUI [45].

�Single Incision Mid-Urethral Slings

More recently single incision mini slings have been devel-
oped as a more minimally invasive approach to managing 
SUI in the out-patient setting. Whilst there is an increasing 
evidence base to support their use at present there is a pau-
city of long-term efficacy data. A systematic review and 
meta-analysis has compared single incision tapes with mid-
urethral tapes in nine randomised controlled trials in 758 
women [46]. Overall the single incision tapes were associ-
ated with significantly lower patient reported and objective 
cure rates (RR 0.83; 95 %CI; 0.70–0.99 and RR 0.85; 95 %CI 
0.74–0.97, respectively) although there was no difference in 
QoL improvement. Consequently, whilst the single incision 
mini tapes may offer a minimally invasive alternative to 
standard mid-urethral tapes current evidence would suggest 
that efficacy may be inferior and further long-term studies 
are required.

�Urethral Bulking Agents

Urethral bulking agents are a minimally invasive surgical 
procedure for the treatment of USI inence and may be use-
ful in the elderly and in those women with failed previous 
continence surgery and intrinsic sphincter deficiency. 
There are several different agents currently available 
(Macroplastique, Uroplasty; Bulkamid, Contura) and, 
whilst all tend to have lower efficacy than mid-urethral 
tape procedures [47], they may be performed under local 
anaesthesia in the clinic setting and are associated with 
lower morbidity. Macroplastique has previously been com-
pared to collagen in a North American study of 248 women 
with USI ontinence. Outcome was assessed objectively 
using pad tests and subjectively at 12 months. Overall objec-
tive cure and improvement rates favoured Macroplastique 
over collagen (74 versus 65 %; p = 0.13). Whilst this differ-
ence was not significant subjective cure rates were higher 
in the Macroplastique group (41 versus 29 %; p = 0.07) [48]. 

Whilst success rates with urethral bulking agents are generally 
lower than those with conventional continence surgery they 
are minimally invasive and have lower complication rates 
meaning that they remain a useful alternative in selected 
women and also particularly in the elderly.

�Conclusions

Urinary incontinence is a common condition which is known 
to have a significant impact on QoL. The incidence of incon-
tinence tends to rise with increasing age and a significant 
number of elderly women complain of troublesome symp-
toms, many of which require further investigation and 
management.

With an increasingly aging population urinary inconti-
nence will continue to have a major impact on the provision 
of healthcare both in the community and in secondary care. 
Whilst historically many women have regarded urinary 
symptoms to be common following childbirth, and part of 
the natural aging process, significant advances in the field of 
urogynaecology and urology have altered the perceptions of 
clinicians and patients. In addition, primary prevention of 
urinary incontinence, and patient education, will continue to 
be important and there is now good evidence to show that 
weight loss and lifestyle modifications play a significant role 
in the management of these women.

Whilst many women with SUI may be managed effec-
tively based on symptoms alone in primary care those with 
refractory or complex symptoms benefit from further inves-
tigation in secondary care allowing a urodynamic diagnosis 
to be made.

All women who complain of SUI should be treated primar-
ily with lifestyle changes and conservative measures including 
pelvic floor exercises. Those whose symptoms are not 
improved with conservative measures alone may find medical 
therapy with duloxetine useful in addition to pelvic floor mus-
cle training although ultimately many women will benefit 
from continence surgery.
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�Introduction

Overactive bladder (OAB) is a clinical syndrome that is 
defined by the trilogy of lower urinary tract symptoms. These 
include urinary urgency, with or without urge incontinence, 
urinary frequency (voiding eight or more times in a 24-h 
period), and nocturia (waking up during periods of deep sleep 
to void at night).

Overactive bladder as a symptom complex has the poten-
tial to inflict destructive effects on almost all aspects of ordi-
nary life. The impingement on socialization is often intense. 
Patients suffering with overactive bladder tend to signifi-
cantly restrict their daily activities which can lead to isola-
tion with associated varying degrees of depression. 
Furthermore, when nocturia is the primary component, it can 
lead to serious sleep disturbance and diminished quality of 
life. Other deleterious effects of overactive bladder include 
impaired domestic and sexual function, as well as impaired 
work-related productivity.

At this point, one must acknowledge that all of these 
aspects of OAB have even more considerable consequences 
when we are dealing with an elderly population; especially, 
when significant medical comorbidities are associated. For 

instance, an elderly woman with urinary urge incontinence 
(UUI) becomes a much higher risk for falls leading to debili-
tating fractures when compared to women without UUI.

All of the above, not withstanding, there are other sig-
nificant concerns for the treatment of overactive bladder 
in elderly patients. A special challenge in this population 
are the issues associated with tolerability and safety of 
available oral medications. A clinician tasked with treat-
ing the elderly patient should try to choose a treatment 
that strikes the right balance between efficacy and safety. 
A proficient clinician also understands that making the 
correct diagnosis is immensely important before initiat-
ing any particular treatment. In order to do so, one must 
have at their disposal all available diagnostic modalities 
and an intimate knowledge of available treatment options 
[1–88].

�Epidemiology

�Prevalence

Not surprisingly, the prevalence of overactive bladder 
increases with age. It is expected that overactive bladder will 
become more common in the future as the average age of 
population living in the developed world is increasing. The 
rates of prevalence in the USA are all over the board. The 
American Urological Association (AUA) reports some stud-
ies that show rates as low as 7 % to others as high as 27–43 %. 
When we break out the gender gap, it looks like men range 
from 7 to 27 % while the rates in women go from about 9 % 
to a whopping 43 %. This would suggest that almost half of 
the female population in the USA may suffer with some type 
of significant lower urinary tract symptom. Urge inconti-
nence was reported as being relatively higher in women 
when compared to men. Separately, an attempt at a large-
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scale community based ongoing survey, constructed by a 
branch of the NIDDK was initiated with the acronym 
NOBLE (i.e., The National Overactive Bladder Evaluation). 
NOBLE looked at the prevalence and burden of overactive 
bladder in the USA and assessed variations in sex, age, and 
other demographic factors. According to the NOBLE study, 
the mean prevalence of overactive bladder is 16.9 % in 
women and 16.0 % in men. Likewise, this study notes that 
prevalence of overactive bladder increases with age. Their 
estimates suggest that the prevalence can be as high as 30 % 
after patients get beyond the 65 years of age marker.

Furthermore, similar results are reported for prevalence of 
urinary incontinence in the elderly. It is estimated that the 
elderly patients who are residents of long-term care facilities 
may have urinary incontinence prevalence of up to 50 %. In 
many cases, urinary incontinence was reported to be the pri-
mary cause of admission to the long-term care facility. 
Widespread misinformation in the general public unfortunately 
mandates that overactive bladder in the elderly is a normal 
aging process. Moreover, overactive bladder is a frequently 
underreported diagnosis, in part because patients believe that 
no effective treatment options are available for this disorder.

With respect to patients who meet the criteria for OAB, 
more than 40 % of those patients are “wet.” that is clinical 
findings are consistent with UUI. Interestingly, it appears 
that OAB (wet) accounts for about 40–60 % of the total num-
ber of urinary incontinent patients in the USA. Risk factors 
for overactive bladder include but are not limited to obesity, 
excessive caffeine intake, and constipation. Poorly con-
trolled diabetes along with poor functional mobility, and 
chronic pelvic pain may worsen the overactive bladder 
symptoms. Patients often have the symptoms for a consider-
able amount of time before seeking treatment. The condition 
is sometimes identified by the “at home” caregiver who 
pushes the patient to get formal diagnosis and treatment.

�Quality of Life

New epidemiologic data now available supports the contention 
that overactive bladder can have a devastating impact on qual-
ity of life. Both OAB wet and dry cause significant reduction in 
quality of life. Within the realm of lower urinary tract symp-
toms, urinary urgency and UUI were reported to be as having 
more deleterious effects on patient’s life when compared with 
more sensory based symptoms like frequency and nocturia. For 
instance, UUI is explicitly associated with depression and anxi-
ety, work impairment, and social isolation. Community dwell-
ing patients suffering with urinary incontinence of any kind 
(OAB or not) usually become progressively more reluctant to 
leave home, which puts them at increased risk for social isola-
tion and depression. This certainly also limits their physical 
activity to a great degree, potentially increasing their risk of 

physical disability. Finally, there have been many studies advo-
cating that urinary incontinence can negatively impact quality 
of life in facility based patients as well.

Finally, severe nocturia, causing more than three awaken-
ings per night may lead to bona fide sleep disturbances pre-
cluding the ability to resume a REM cycle. This in turn may 
lead to fatigue, impaired daytime function and even depres-
sion. Again, when nocturia becomes a central focus, the impact 
on quality of life will be great. However, it is important to 
remember that it is even more significant in the elderly.

�Economic Impact

The economics of OAB often spark heated debate among 
experts but also as the cost of care increases, it helps drive 
the science of this symptom based syndrome. One large 
study completed in the year 2000 estimated the socioeco-
nomic consequences of the overactive bladder syndrome to 
have a total cost of 12.6 billion US dollars.

Additionally, a 1995 study estimated that the total eco-
nomic burden of all forms of urinary incontinence in the 
USA for the elderly (persons 65 years of age and older) 
approached 26.3 billion US dollar mark. The bulk of this cost 
was attributed to routine supportive care such as the use of 
the continence pads and reusable briefs, as well as costs 
associated with laundry and cleaning. It could be extremely 
burdensome for the elderly patients on a limited income to 
afford these amenities on long-term basis.

�Workup/Evaluation of Overactive Bladder

�Clinical Diagnosis

Initial diagnosis of the overactive bladder in the elderly in a 
primary care setting is based on detailed evaluation of the 
patient’s signs and symptoms and by ruling out other possi-
ble causes.

What encompasses a complete evaluation for OAB? This 
should include a (1) comprehensive medical history, (2) perti-
nent physical examination, and a (3) urinalysis. Technically, it 
is only these three components that are absolutely necessary to 
make the diagnosis of OAB according to the NIDDK. In addi-
tion, it is most important to remember that it is the urinalysis 
that is the lynch pin of it all. It allows us to help differentiate 
lower urinary tract symptoms (LUTS) from infectious etiol-
ogy. For example, if a patient presents with urinary urgency 
and urinary frequency to more than 10× in a 24-h period, the 
initial tendency of the professional healthcare provider would 
be to (not inappropriately) attach the OAB tag on this patient. 
This is especially true when the history and physical examina-
tion do not absolutely contradict the potential diagnosis of 
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OAB. At that point, one must move to the urinalysis to better 
elucidate the clinical scenario and formally make the diagnosis. 
So now let’s assume that we move to NEEDING the urinalysis 
in the above-described patient. Let’s say a patient presents with 
UUF and a PE consistent with OAB. The tendency is to place 
the diagnostic tag of OAB on this patient if we did not have a 
urinalysis that revealed significant pyuria and bacteriuria. 
In this case, the diagnosis of OAB cannot be made because 
UUF in this scenario is consistent with UTI not OAB! That is, 
in the final analysis, although OAB is a clinical diagnosis, the 
lynch pin of it all is the urinalysis. Lower urinary tract symp-
toms consistent with OAB in the face of a urinalysis suggesting 
UTI or diabetes or renal insufficiency will ALWAYS TRUMP 
the clinical symptoms and redirect the diagnosis.!

Other information that could be relevant in the initial 
assessment in the elderly patient should include a voiding 
diary and post-void residual urine volume (pVR) measure-
ment. However, it is important to note that with respect to 
absolute criteria for OAB, it is the trilogy of (1) History, (2) 
PE, (3) U/A that is absolutely necessary! A pVR can lend 
significant information about potential neurogenic bladder 
BUT is NOT a requirement.

A comprehensive history taking is considered the most 
valuable part of clinical evaluation of the elderly patient with 
symptoms of overactive bladder. Focusing on these key 
symptoms can help differentiate between patients with over-
active bladder and those suffering from stress incontinence 
(leakage of urine with coughing, sneezing, bending, and lift-
ing, etc.). The clinician should also use history as a tool to 
differentiate between urinary incontinence associated with 
overactive bladder and other disorders including overflow 
incontinence and severe urethral insufficiency that may pres-
ent in a similar fashion where incontinence is defined as urine 
leakage that is typically sensed by the patient as wetness.

When evaluating a male patient with potential overactive 
bladder, some special attention should be given to obstructive 
voiding symptoms that include hesitancy, poor urinary stream, 
straining to urinate, post-void dribbling, and incomplete emp-
tying. These symptoms are more typical of benign prostatic 
hyperplasia or BPH but may have an etiologic association with 
overactive bladder in some patients. The association of OAB 
with bladder outlet obstruction goes hand in hand with the 
detrusor dysfunction that occurs with obstruction. This impor-
tant concept and the associations that are intimately involved 
are reviewed in detail subsequently in the chapter that deals 
with obstructive repairs after stress urinary incontinence.

Transient urinary incontinence (TUI) is involuntary urine 
loss associated with other medical conditions. TUI is really a 
group of disorders that cause urinary incontinence. These 
disorders are commonly seen in elderly patients during an 
acute medical illness. By definition, TUI should improve 
with resolution of the underlying medical condition that trig-

gered it in the first place. Therefore, taking a careful history 
to evaluate for any acute medical disorder as cause of 
incontinence is important.

Elderly patients frequently have multiple comorbidities 
requiring them to take multiple medications simultaneously. 
Polypharmacy therefore is a significant cause of urinary 
symptoms. Many medications can cause primary urinary 
symptoms or may exacerbate a preexisting bladder disorder. 
Careful review of all the medications a patient is taking at the 
time of evaluation and information about their potential side 
effects on the lower urinary system should be an essential 
part of history taking as well.

�Physical Examination

Pertinent physical examination in an elderly patient with 
lower urinary symptoms can be a very useful tool in differ-
entiating between overactive bladder and other causes of 
incontinence, especially in women. For example, a pelvic 
exam is an essential part for the evaluation of overactive 
bladder in women because it can be used effectively to make 
a diagnosis of stress incontinence. In addition, pelvic exam 
may diagnose stress incontinence in many women who may 
not be aware or deny having stress incontinence otherwise. 
Pelvic exam can also be used in evaluating lower urinary 
symptoms due to bladder prolapse, uterine prolapse, or vagi-
nal mucosal atrophy in postmenopausal women.

�Other Diagnostic Modalities

A subset of female patients presenting with overactive blad-
der symptoms may have recurrent urinary tract infections. It 
is therefore crucial to rule out a concurrent urinary infection 
that may mimic the symptoms of overactive bladder in such 
patients. It is the urinalysis that is paramount in this regard. 
Urinalysis, either by dipstick or by microscopic examination 
is considered the cornerstone of laboratory testing to check 
for potential urinary infections in all patients presenting with 
overactive bladder symptoms. In addition, urinalysis is also 
useful to check for the presence of microscopic hematuria 
and glucosuria. Microscopic hematuria in the absence of uri-
nary infection requires further investigation with radio-
graphic evaluation of the upper urinary tract as well as the 
evaluation of the lower urinary tract with a cystoscopy to 
rule out genitourinary pathology and potential malignancy. A 
reflux urine culture is recommended for patients with posi-
tive urinalysis and symptomatic UTI.

Other pertinent diagnostic evaluation for a patient with 
overactive bladder symptoms commonly utilized in the office 
setting is measuring the post-void residual urine volume. It is 
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a fairly simple test that may help identify patients suspected 
of having overflow incontinence because urinary frequency 
and urgency are also the two readily reported symptoms by 
patients suffering from overflow incontinence. Post-void 
residual volume can be measured by either urethral catheter-
ization, a bladder scanner, or by an abdominal ultrasound.

Yet, another useful way to gain important data is a patient 
kept bladder diary. This is an economical, simple, and non-
invasive method to evaluate patients with voiding dysfunction. 
With this method, patients are instructed to carefully record their 
daily fluid intake and then record the time and volume of each 
void for up to 3–5 days. They are also encouraged to record and 
describe their symptoms associated with voiding that may help 
the clinician differentiate between urgency and stress inconti-
nence. Examination of the compiled data can also be helpful in 
diagnosing frequency, nocturia, as well as the important differen-
tiation between neuromuscular nocturia and nocturnal polyuria 
due to excessive fluid intake. Bladder diary also aids the clinician 
in treating the patient by providing valuable feedback.

As a final note for this section, it is important to remember 
that no matter how good the voiding diary is, there will be a 
subgroup of patients nevertheless, that will require more 
sophisticated testing such as complex urodynamic studies to 
make the accurate diagnosis and should be referred to a spe-
cialist trained to conduct such studies.

�Treatment

Although overactive bladder symptoms in the most elderly 
patients can be successfully managed with either pharmaco-
logic or non-pharmacologic methods alone, yet patients are 
frequently treated with a combination of both modalities.

Non-pharmacologic treatment includes simple but useful 
recommendations. For instance, dehydration can often exac-
erbate the overactive bladder symptoms in the elderly, and 
therefore, adequate daily fluid intake is an important aspect 
of non-pharmacologic therapy. Furthermore, patients are 
instructed to minimize the intake of caffeine, alcohol, and 
carbonated beverages that can irritate the bladder and worsen 
the overactive bladder symptoms. However, it is important 
to note that the American Urologic Association has set forth 
guidelines for treatment in OAB.

�First-Line Treatments

	1.	 Clinicians should offer behavioral therapies (e.g., bladder 
training, bladder control strategies, pelvic floor muscle 
training, fluid management) as first-line therapy to all 
patients with OAB.

	2.	 Behavioral therapies may be combined with pharmaco-
logic management.

�Second-Line Treatments

	1.	 Clinicians should offer oral antimuscarinics or oral 
ß3-adrenoceptor agonists as second-line therapy.

	2.	 If an immediate release (IR) and an extended release (ER) 
formulation are available, then ER formulations should 
preferentially be prescribed over IR formulations because 
of lower rates of dry mouth.

	3.	 Transdermal (TDS) oxybutynin (patch [now available to 
women ages 18 years and older without a prescription] or 
gel) may be offered.

	4.	 If a patient experiences inadequate symptom control and/or 
unacceptable adverse drug events with one antimuscarinic 
medication, then a dose modification or a different antimus-
carinic medication or ß3-adrenoceptor agonist may be tried.

	5.	 Clinicians should not use antimuscarinics in patients with 
narrow angle glaucoma unless approved by the treating 
ophthalmologist and should use antimuscarinics with 
extreme caution in patients with impaired gastric empty-
ing or a history of urinary retention.

	6.	 Clinicians should manage constipation and dry mouth 
before abandoning effective antimuscarinic therapy. 
Management may include bowel management, fluid man-
agement, dose modification, or alternative antimuscarinics.

	7.	 Clinicians must use caution in prescribing antimuscarin-
ics in patients who are using other medications with anti-
cholinergic properties.

	8.	 Clinicians should use caution in prescribing antimuscarin-
ics or ß3-adrenoceptor agonists in the frail OAB patient.

	9.	 Patients who are refractory to behavioral and pharmaco-
logic therapy should be evaluated by an appropriate spe-
cialist if they desire additional therapy.

�Third-Line Treatments (Available 
Through Specialists)

Clinicians should discuss the patient’s expectations from 
treatment and their willingness to participate in therapies 
other than pharmacotherapy. If the patient would not con-
sider invasive treatment options, a referral to a specialist 
may not be warranted.

	1.	 Specialists may offer intradetrusor botulinum toxin-A 
(100U) as third-line treatment in the carefully selected 
and thoroughly counseled patient who has been refractory 
to first- and second-line OAB treatments. The patient 
must be able and willing to return for frequent post-void 
residual evaluation and able and willing to perform self-
catheterization if necessary.

	2.	 Specialists may offer peripheral tibial nerve stimulation 
(PTNS) as third-line treatment in a carefully selected 
patient population.
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	3.	 Specialists may offer sacral neuromodulation (SNS) as 
third-line treatment in a carefully selected patient popula-
tion characterized by severe refractory OAB symptoms or 
patients who are not candidates for second-line therapy 
and are willing to undergo a surgical procedure.

	4.	 Practitioners and patients should persist with new treat-
ments for an adequate trial in order to determine whether 
the therapy is efficacious and tolerable. Combination 
therapeutic approaches should be assembled methodi-
cally, with the addition of new therapies occurring only 
when the relative efficacy of the preceding therapy is 
known. Therapies that do not demonstrate efficacy after 
an adequate trial should be ceased.

�Sacral Nerve Stimulation (SNS)

�Introduction

Overactive bladder is essentially divided into two major cat-
egories according to the International Continence Society 
(ICS), (1) those without an underlying neurologic lesion 
which is known as idiopathic detrusor overactivity (IDO) 
and (2) those with an associated underlying neurologic lesion 
which is known as neurogenic detrusor overactivity (NDO). 
Not surprisingly, refractory IDO represents one of the most 
challenging problems in urology as well as a clinical prob-
lem that significantly erodes patient quality of life. Symptoms 
include urinary frequency, urgency, urge incontinence, and 
nocturia. Urge incontinence is caused by an involuntary 

bladder contraction and has many etiologies, including neu-
rologic disease, bladder outlet obstruction, and senile and 
idiopathic causes. Obviously, the embarrassment and social 
stigma of incontinence is the predominant symptom which 
these patients seek to correct. Initial treatment for patients 
with overactive bladder without any remediable anatomic 
cause is anticholinergic therapy. For patients who are not 
candidates for, refractory to, or who cannot tolerate anticho-
linergic pharmacotherapy, options are limited. Augmentation 
cystoplasty, in which a piece of small or large intestine is 
used to enlarge the bladder, has traditionally been offered as 
a last resort. However, this is a major operation with signifi-
cant potential short-term and long-term complications. As 
Leng and Chancellor [54] point out, even without complica-
tions most patients are troubled by the need for lifelong 
intermittent bladder catheterization after such reconstructive 
procedures. Neuromodulation offers an alternative to patients 
who have failed more conservative treatments and may be 
considering irreversible surgical options.

�History

In the 1860s Giannuzzi stimulated the spinal cord in dogs 
and concluded that the hypogastric and pelvic nerves are 
involved in bladder regulation. In 1878, Saxtorph attempted 
to treat patients with urinary retention by directly stimulating 
the bladder with intravesical electrodes. Built on this founda-
tion, the neuromodulation which we practice today has its 
roots in the 1960s work of Boyce, Dees, Caldwell [26] and 

Table 14.1  Potential applications of electrical stimulation in the treatment of voiding dysfunction

Facilitate filling/storage

Inhibit detrusor contractility Vaginal Neuromodulation

Increase bladder capacity Anal

Decrease UUF Suprapubic

Posterior tibial

Common peroneal

Sacral roots

Intravesical

Decrease noiceception Vaginal Neuromodulation anal

Suprapubic

Sacral roots

Increase outlet resistance Vaginal Direct stimulation

Anal

Sacral roots

Facilitate emptying

Stimulate detrusor contraction (spinal cord 
injured patients)

Anterior sacral roots Direct stimulation

Restore micturition reflex (idiopathic urinary 
retention)

Sacral roots Neuromodulation

Adapted from A. Wein, Neuromuscular dysfunction of the lower urinary tract and its management, in P.C. Walsh et al. (2002) Campbell’s Urology, 
8th ed. (Philadelphia: Saunders), p. 981
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Nashold [62], who experimented with various modes of 
bladder stimulation including a transurethral approach, 
direct detrusor stimulation, pelvic nerve and pelvic floor 
stimulation, and finally spinal cord stimulation. In the last 
century the pioneering work of Tanagho [47], Brindley [24], 
and Schmidt [70] demonstrated that stimulation of sacral 
root S3 generally induces detrusor and sphincter action and 
led to clinical trials of implantable devices to treat genitouri-
nary disorders including erectile dysfunction, urinary incon-
tinence, and urinary retention. The US Food and Drug 
Administration approved sacral nerve stimulation (SNS) for 
intractable urge incontinence in 1997, and for urgency fre-
quency and non-obstructive urinary retention in 1999. Later 
labeling was changed to include “overactive bladder” as an 
appropriate diagnostic category. Since its inception, more 
than 20,000 InterStim neurostimulators (Medtronic Inc., 
Minneapolis, MN) have been implanted for the three 
approved indications for SNS of the lower urinary tract.

�Putative Mechanism of Action of Sacral 
Neuromodulation

Two main theories exist regarding the mechanism of action 
of sacral neuromodulation. First, direct activation of efferent 
fibers to the striated urethral sphincter reflexively causes 
detrusor relaxation. Second, selective activation of afferent 
fibers causes inhibition at spinal and supraspinal levels. 
Accumulating evidence suggests that activation of somatic 
sacral afferent inflow at the sacral root level that, in turn, 
affects the storage and emptying reflexes in the bladder and 
central nervous system accounts for the positive effects of 
neuromodulation on both storage and emptying functions of 
the bladder. By monitoring somatosensory evoked potentials 
(SEP) during sacral neuromodulation, Malaguti et  al. [58] 
concluded that sacral neuromodulation therapy works by 
sacral afferent activity and concomitant activation of the 
somatosensory cortex. Since sacral neuromodulation has 
been proven clinically effective for both storage (urgency 
frequency and urgency incontinence) and emptying (non-
obstructive urinary retention) dysfunctions of the bladder, 
isolating the mechanism of action has been challenging.

�Putative MOA of Sacral Neuromodulation 
in Overactive Bladder

The ability to volitionally store and evacuate urine is modu-
lated by several centers in the brain. It is thought that patients 
with overactive bladder may have suffered an insult that 
effectively unmasks involuntary bladder contractions. Sacral 
neuromodulation of these primitive reflexes may restore nor-

mal micturition. Sacral neuromodulation may affect detrusor 
overactivity by suppressing or inhibiting interneuronal trans-
mission in the bladder reflex pathway. This inhibition may, 
in part, modulate the sensory outflow from the bladder 
through the ascending pathways to the pontine micturition 
center (PMC), thereby, preventing involuntary contractions 
by modulating the micturition reflex circuit. In clinical prac-
tice, sacral neuromodulation improves abnormal bladder 
sensations, involuntary voids, and detrusor contractions. 
Interestingly, voluntary voiding is preserved. This may be 
due to selective avoidance of normal sensory ascending out-
flow pathways of the bladder from Aδ-fibers to the PMC, as 
well as initiation of the descending pathways from the PMC 
to sacral efferent outflow pathways.

�Putative MOA of Sacral Neuromodulation 
in Urinary Retention

To allow for complete bladder emptying, detrusor contrac-
tions must be coordinated with urethral sphincteric relax-
ation. When the suprasacral pathways that coordinate 
sphincteric activity are altered, the guarding and urethral 
reflexes that allow for urine storage without leakage still 
exist and cannot be turned off. This may result in urinary 
retention and is seen in certain patients with spinal cord 
injury and detrusor sphincter dyssynergia. These patients 
have functional detrusor contractions but are unable to coor-
dinate this with a relaxed urethral sphincter resulting in uri-
nary retention. Inhibition of the guarding reflexes may 
improve urinary retention. Sacral neuromodulation is postu-
lated to turn off excitatory flow to the urethral outlet and 
facilitate bladder emptying.

�Electrical Stimulation for Storage Disorders

�Patient Selection
Since many lower urinary tract symptoms and dysfunctions 
are secondary to neuromuscular etiologies, a thorough history 
and physical examination will often reveal the nature (acute 
vs. chronic) and help to classify the causes (neurogenic, ana-
tomic, post-surgical, functional, inflammatory, and/or idio-
pathic). Urinalysis is routinely performed. Urine cytology 
should be considered in patients who present with refractory 
symptoms of dysuria, urgency or frequency as both bladder 
cancer and bladder carcinoma in situ may present with irrita-
tive bladder symptoms without hematuria. Urodynamic stud-
ies (UDS) including cystometrogram, pressure-flow studies, 
and electromyography (EMG) of sphincters and pelvic floor 
muscles are performed on a selected basis. Many patients 
without known neurologic disorders can be thoroughly evalu-
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ated with the use of a voiding diary and a focused history and 
physical examination of the pelvis. EMG is recommended in 
suspected cases of neurogenic bladder dysfunction, detrusor 
sphincter dyssynergia, or Fowler’s syndrome and may be 
considered for evaluation of inappropriate pelvic floor mus-
cle behavior. The pathophysiology of neurogenic bladders, as 
seen in patients with multiple sclerosis and spinal cord injury, 
can change with time and disease progression. As such, these 
patients will require reevaluation with urodynamics at regular 
intervals, or when symptoms change despite active medical 
intervention. Cystourethroscopy may be helpful. Urethral 
strictures and bladder neck contractures or fibrosis can be 
diagnosed. Bladder wall trabeculation may help to confirm a 
clinical suspicion of bladder outlet obstruction or neurogenic 
pathology. Baseline upper tract imaging is performed in 
patients with neurologic disease, or if indicated by physical or 
baseline studies or a patient’s history.

�Predictors of Success
Currently, sacral neuromodulation is prescribed for those 
patients with urgency, frequency, and urge incontinence who 
have failed traditional conservative measures such as blad-
der retraining, pelvic floor biofeedback, and medications and 
for whom more invasive procedures such as enterocysto-
plasty or urinary diversion might be inadvisable or has been 
declined. Recently, several studies have tried to more accu-
rately identify which patients will or will not respond to 
sacral neuromodulation, however, predictive factors remain 
elusive. Koldewijn’s [50] study found that neither gender nor 
patient age, history, or diagnosis was a predictor of success 
in sacral neuromodulation of lower urinary tract dysfunction. 
Urodynamic predictors of success have been equally hard to 
identify. One recent study found that both patients with and 
patients without demonstrable detrusor overactivity, or 
involuntary detrusor contractions noted on urodynamics, 
may have a positive response to sacral neuromodulation. To 
date only one published study has prospectively evaluated 
preoperative factors associated with cure in patients with 
intractable urge incontinence. Amundsen et  al. [21] evalu-
ated 105 patients between 2000 and 2003. Fifty-five were 
implanted and the average age at implantation was 60 years. 
Cure was defined as no daily leakage episodes after perma-
nent implantation. Three factors were associated with lower 
cure rates: age greater than 55 years, three or more chronic 
conditions, and neurologic conditions. Individuals younger 
than 55 years had a cure rate of 65 % vs. 37 % for older indi-
viduals. Age older than 55 years and more than three chronic 
conditions were found to be independent risk factors for fail-
ure. The most common medical comorbidities present in this 
population included arthritis, hypertension, diabetes, and 
depression. Neurologic conditions included a history of back 
surgery in the majority of patients, multiple sclerosis, 

Parkinson’s disease, and cerebrovascular accident. The 
authors suggest that the aged population may have profound 
changes in the central neural control systems of the bladder 
as well as the bladder itself. Studies of cerebral function in 
older incontinent individuals using single photon emission 
computed tomography have reported that under perfusion is 
present in the frontal lobe. This is not seen in younger incon-
tinent women. SNS targets spinal circuits. If the central con-
trol mechanism is impaired, it seems reasonable that SNS 
will be less efficacious.

�Special Populations

Indications for neuromodulation are expanding. Several 
populations of patients with voiding dysfunction have some 
component of the indicated symptom complex that includes 
urgency, frequency, urge incontinence, or urinary retention. 
The current expansion of indications for neuromodulation 
has developed into areas of neurogenic bladder (Parkinson’s 
disease, multiple sclerosis), spinal cord injury, and pediatric 
voiding dysfunction. Painful bladder syndrome, pelvic pain, 
fecal incontinence, and bowel disorders will be discussed 
elsewhere.

�Multiple Sclerosis (MS)
Multiple sclerosis can cause a variety of voiding dysfunction 
scenarios including neurogenic detrusor overactivity, detru-
sor sphincter dyssynergy (DSD), areflexia, or any combina-
tion of these. Bladder problems affect up to 90–100 % of 
patients during the course of their disease. MS patients were 
excluded from the original sacral neuromodulation trials 
because of the theoretical change in the disease state that 
may be potentiated by neuromodulation. No prospective ran-
domized trials exist on the use of neuromodulation in man-
agement of MS-related bladder dysfunction, but small series 
have shown encouraging results. It appears that the best can-
didates are ones with mild, non-progressive MS, with little 
functional decompensation who also have detrusor overac-
tivity or retention but not areflexia.

�Spinal Cord Injury (SCI)
Patients with spinal cord injury present with a variety of 
clinical and urodynamic findings ranging from detrusor are-
flexia to neurogenic detrusor overactivity with or without 
concomitant sphincteric dyssynergy. The goal of treatment 
of these patients is to prevent the urologic sequelae of SCI, 
such as infections, stones, and obstruction, while ensuring a 
bladder that functions well, empties at a low pressure to pro-
tect the kidneys, and maintains a good capacity and conti-
nence. Basic science data suggest that at least some 
communication should exist between sacral outflow and the 

14  Overactive Bladder (OAB) in the Elderly with Contemporary Notions on Treatment Including Sacral Nerve Stimulation (SNS)



202

pontine micturition center to allow processing for the reflexes 
that may be inhibited by the brain. Thus, patients with com-
plete spinal cord lesions may not have the same potential 
benefit from neuromodulation as does one with an incom-
plete lesion. However, this fact has yet to be proven clini-
cally. Few studies exist in neurogenic patients alone for 
whom sacral neuromodulation was performed. Andrews 
reported on a T8 paraplegic with urinary urgency and urge 
incontinence who underwent percutaneous tibial nerve stim-
ulation. This patient experienced almost a twofold increase 
in bladder capacity.

�Contraindications

There are several important contraindications to sacral neu-
romodulation. In patients with anatomic changes such as 
bony abnormalities of the sacrum, transforaminal access 
may be difficult or impossible. Patients with cognitive 
impairment rendering them incapable of operating the 
device or giving appropriate feedback regarding the level 
and comfort of stimulation are poor candidates. Finally, 
patients with physical limitations that prevent them from 
achieving normal pelvic organ function, such as patients 
with functional urinary incontinence and patients who are 
non-compliant, should not be offered this therapy.

Sacral neuromodulation is relatively contraindicated for 
those patients who have an anticipated need for future mag-
netic resonance (MR) imaging and patients who plan to 
become pregnant. The main concern with MRI and implant-
able stimulator/pacemaker-type devices is that heating of the 
leads has been demonstrated in  vivo and in  vitro. While 
some question the clinical significance of the small tempera-
ture changes with the leads, the potential exists to elicit nerve 
damage. Additionally, there is some concern that the mag-
netic field from MR imaging may damage the pulse genera-
tor. Many radiologists are reluctant to provide MR imaging 
services for patients with implantable electrical stimulation 
devices despite the anecdotal evidence that no adverse events 
have ever occurred when MR imaging has inadvertently or 
purposefully been done for emergent reasons or in small tri-
als. Due to the unknown teratogenic potential of electrical 
stimulation it has been considered contraindicated in preg-
nant women with various voiding dysfunctions. One study 
that evaluated the effect of electrical stimulation on pregnant 
rats and their fetuses was unable to find any adverse effects 
and thus concluded that termination of pregnancy is not 
advised for prospective mothers when electrical stimulation 
has been performed unknowingly in early pregnancy. Women 
with electrical stimulation devices for pelvic health condi-
tions who become pregnant may simply turn off their devices 
when considering and during pregnancy.

�Surgical Protocol and Technique

The procedure consists of two semi-permanent stages with an 
optional “pre-screening stage.” The programmable testing 
stage or formal Stage I is performed utilizing a quadripolar 
“Interstim Lead” which is placed surgically utilizing intrave-
nous anesthesia or sedation. If adequate control is achieved, 
then the focus moves on to the surgical implantation of a pro-
grammable pulse generator which is formally considered Stage 
II. The entire process of combining Stage I and Stage II will 
take anywhere from 1 week to 4 weeks. Since its introduction, 
several modifications have been made in the technology, with 
resultant changes in the surgical technique. Although, at this 
point, it is for more of a historical perspective, it does highlight 
just how fast minimally invasive technology can evolve when 
a procedure has been spotlighted for its clinical merit. The most 
significant of these changes centered around the development 
of the “quadripolar tined lead.” This was a dramatic technical 
advantage because it allowed for placement of programmable 
lead in a fashion that did NOT require formal anchoring to any 
anatomic fascial sheath. Although the procedure does require 
the delivery of a systemic anesthetic, whether it is intravenous 
or spinal, the entire procedure can be done percutaneously. The 
tined lead was introduced in 2002 and again offers the advan-
tage of simplified placement of the lead through a percutaneous 
approach without the need for lead anchoring to the fascia [78]. 
The lead is secured through the action of the tines. Essentially, 
the tines provide a dual security purpose. Firstly, they are 
designed such that they will physically grasp adjacent soft tis-
sues to provide and immediate level of positional stability. 
Secondly, the tines induce the deposition of “type I and type 
III” collagen formation around the lead to allow it to stay in 
position in a more permanent fashion. Another surgical modifi-
cation was the movement of the location of the implantable 
pulse generator (IPG) unit from the lower anterior abdominal 
wall to the posterior gluteal region. For Stage I, preoperative 
intravenous antibiotics are given and standard aseptic tech-
niques for the implantation of foreign bodies are implemented. 
The patient is placed in the prone position on the operating 
table and the buttocks are held apart using wide tape retraction 
so that the anus is visible during test stimulation. The anus and 
tape are prepped in a sterile fashion and then covered with a 
separate plastic drape until visualization of the anus is needed 
during the procedure. The patient’s feet will also need to be 
visible during the procedure.

The S3 foramen, the desired location of the tined lead, can 
be localized via surface landmarks or fluoroscopic methods. 
The S3 foramen is generally located 2–3 cm off the midline 
on either side approximately 9–12 cm cephalad to the tip of 
the coccyx. If the sciatic notch can be palpated, this provides 
a useful landmark as well. A line is drawn connecting the 
sciatic notches bilaterally and an intersecting line is drawn at 
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the midline of the sacrum. The S3 foramen can be located 
approximately one fingerbreadth lateral to the midline of the 
sacrum along the line connecting the sciatic notches. Less 
reliably, one can look for the least curved portion of the 
sacrum. In 2001, Chai et al. [27] introduced the use of the 
“cross-hair” fluoroscopic technique for S3 localization. 
Fluoroscopy is intended to help the surgeon identify a spe-
cific region to start attempting percutaneous access; it does 
not allow the surgeon to visualize the S3 foramen directly. 
More importantly, the use of lateral imaging allows the sur-
geon to determine the depth required for implanting the lead 
once the S3 foramen is identified.

At the previously marked S3 foramen, the foramen needle 
is inserted. Because the pelvic plexus and pudendal nerve 
run alongside the pelvis, the needle should be placed just 
inside the ventral foramen. Fluoroscopy is used to confirm 
needle position. The nerve is tested for the appropriate motor 
response: dorsiflexion of the great toe and bellows contrac-
tion of the perineal area. The so-called bellows reflex repre-
sents contraction of the levator muscles. The foramen needle 
is exchanged for the introducer sheath and the lead is passed 
so that the electrodes, numbered 0 through 3, are positioned 
with electrode 2 and 3 straddling the ventral surface of the 
sacrum. Test stimulation is repeated on each electrode and 
the responses are observed. An S3 response should be noted 
at a minimum of two of the four electrodes. Once satisfied 
with the position, the sheath is removed, releasing the tines 
that anchor the lead. Confirmation of an S3 sensory response, 
a sensation of stimulation in the perineum, is not required to 
confirm proper placement if the correct S3 motor response is 
observed. However, if a motor response is absent despite 
what appears to be fluoroscopically appropriate placement, 
the patient’s sedation can be lightened and sensory responses 
can be elicited. Patient verification of the correct sensory 
response can then confirm proper localization (Table 14.2).

A 2–4  cm incision into the subcutaneous tissues in the 
upper lateral buttock is made below the beltline or below the 
level of the ischial wings for connecting the permanent lead 
to the percutaneous extension lead wire. If the screening trial 
is successful, this connection site will be the site of implanta-
tion for the IPG.  The permanent lead is transferred to the 
medial aspect of the lateral buttock incision using the tunnel-
ing device. The lead is then connected to the extension wire 
and the tunneling device is used again to transpose the exten-
sion wire from the medial aspect of the incision to an exit 
point on the contralateral side of the back. This transfer and 
long tunnel reduces the occurrence of infection from the per-
cutaneous exit site of the wire. The extension wire is con-
nected to the external pulse generator. Patients are able to 
resume their normal activities immediately, but are advised to 
limit their excessive movement-related activities such as high 
impact exercises for the duration of the trial period. The exter-
nal generator can be flexibly programmed for the duration of 

the intended trial while the patient records their symptoms 
and bladder function in a voiding diary. If there is greater than 
50 % improvement in the symptoms or voiding function, a 
Stage II procedure is performed. At the Stage II procedure, 
the IPG is placed. No fluoroscopy is required during Stage II 
when a permanent neuroelectrode has been placed for the 
Stage I procedure; however, if a PNE was performed for 
Stage I, then fluoroscopic confirmation of the neuroelectrode 
placement is advised. The buttock incision overlying the lead 
connections is opened, the percutaneous extension wire is 
removed, and the extension lead is secured to the permanent 
lead and subsequently to the IPG. The newer generation IPG 
is connected directly to the permanent lead without the need 
for an extension lead. The IPG pocket should be large enough 
to accommodate the IPG without tension and deep enough to 
prevent erosion and provide cosmetic results.

Here it is important to discuss the Optional “Pre-Screening 
Stage,” more commonly known as a percutaneous sacral nerve 
root evaluation (S3 PNE). This is commonly done as an office 
based procedure which is frequently performed utilizing only 
local anesthesia. However, when sedation is administered, 

fluoroscopy can be utilized to help with localization. Again, as 
stated above, even with the S3 PNE, the S3 foramina can be 
localized via surface landmarks or fluoroscopic methods. 
More traditionally, it is located 2–3  cm off the midline on 
either side approximately 10 cm cephalad to the tip of the coc-
cyx. If the sciatic notch can be palpated, this provides a useful 
landmark as well. A line is drawn connecting the sciatic 
notches bilaterally and an intersecting line is drawn at the mid-
line of the sacrum. The S3 foramen can be located approxi-
mately one fingerbreadth lateral to the midline of the sacrum 
along the line connecting the sciatic notches. Less reliably, one 
can look for the least curved portion of the sacrum. In 2001, 
Chai et al. [27] introduced the use of the “cross-hair” fluoro-
scopic technique for S3 localization. Fluoroscopy is intended 
to help the surgeon identify a specific region to start attempt-
ing percutaneous access; it does Not allow the surgeon to visu-
alize the S3 foramen directly.

Table 14.2  Sacral nerve responses

Nerve root Sensory and motor responses

S-2

Motor Plantar flexion of entire foot and anal sphincter 
clamp

Sensory Leg and buttocks

S-3

Motor Dorsiflexion of the great toe and a bellows reflex 
(anal wink)

Sensory “Pulling” in scrotum, vagina, or perineum

S-4

Motor Bellows reflex only

Sensory Sensation of pulling in the rectum only
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Now that we have discussed the more well-documented 
ways to access the S3 formina, let me highlight a very reliable 
but less common technique. It is the “SCJ Proximal 
Progressive Technique” and it is my favorite method for the 
PNE. This technique is very reliable if the operator can confi-
dently identify the initial reference point, which in this case is 
the “Sacrococcygeal Junction” (SCJ). It is important to note 
that this structure (the SCJ) is, in contradistinction, to the “tip 
of the coccyx.” The tip of the coccyx is difficult to use as a 
reliable marker because the coccyx will often be pulled ante-
riorly in older patients since it is used as an attachment site for 
many pelvic floor muscles. In some cases, there is enough 
muscular tension on the coccyx to push it anteriorly, to an 
almost “perpendicular” position with respect to the sacrum. 
Consequently, the SCJ is easily palpated as the anteriorly 
pulled coccyx rounds up into the sacrum. Once the SCJ is 
palpated and marked, then the S3 foramina can be found by 
following a series of fingerbreadths. The first fingerbreadth 
cephalad to the SCJ would be the notch at S5, the next finger-
breadth cephalad would be the S4 foramina, the next one 
would be the S3 foramina from an abstract perspective. 
However, the human body is rarely abstract, and tissue depth 
and distance must be accounted for. Therefore, add another 
fingerbreadth to your walk up the sacrum if the approximate 
BMI of the patient is less than 20. If the BMI is more than 20, 
add two fingerbreadths. This should allow the operator to pre-
cisely drop the test lead into the third sacral foramina with 
confidence. Up to this point, the S3 PNE or “Pre-Screening 
Stage” has been looked upon with some degree of speculation 
in an optional sense, especially with respect to neuromuscular 
lower urinary tract dysfunction. The Stage I/Stage II combi-
nation procedure had taken hold on the urinary side, primarily 
because a very good clinical response to the S3 PNE did NOT 
necessarily translate to the same response upon conversion to 
a permanent qudripolar lead. So, to be sure of the clinical 
response, with the understanding that fractions of a millime-
ter on the nerve root side can mean a world of difference with 
respect to responses on the clinical side. So, the combination 
of a Stage I (perm trial) followed by (if positive) a Stage II 
implantation of pulse generator. The bottom line is that “test-
ing” and maintaining the same lead would be optimal which 
had allowed the “Staged Implant Technique” to become pre-
ferred on the urinary side. Now, in 2016, with FDA approval 
of the fecal incontinence (FI) indication for SNS, the playing 
field changed with respect to the use of a pre-screening 
PNE. This is due at least in part to two major factors.

�Bilateral Sacral Nerve Root Testing

There is no consensus as to whether one or two implanted S3 
leads should be performed at the first stage. Bilateral implan-

tation allows for testing of both the left and right S3 nerve 
roots. At the time of the second stage, the lead which pro-
duced the most robust response can be attached to the IPG 
and the other lead removed. Bilateral stimulation has been 
suggested for potential salvage of patients who have failed 
unilateral lead placement. The theory behind the additive 
effects of bilateral stimulation is based on animal studies that 
demonstrated bilateral stimulation yielded a more profound 
effect on bladder inhibition than did unilateral stimulation. 
The only clinical study comparing unilateral to bilateral test 
stimulation was unable to find any significant difference with 
regard to urge incontinence, frequency, or severity of leak-
age in the OAB group. The retention group patients had bet-
ter parameters of emptying (volume per void) in bilateral as 
compared with unilateral stimulation. However, the numbers 
were too small in the retention group to make adequate con-
clusions. Studies are ongoing regarding bilateral stimulation 
for this indication.

�Outcomes

Outcomes of SNS for the indications of idiopathic urgency 
frequency and urge incontinence are derived from two stud-
ies that have randomized patients to active or delayed ther-
apy, as well as reports from numerous prospective and 
retrospective reviews of case series and registry databases. 
In 1999, Schmidt et al. [70] reported on SNS therapy in 76 
patients with refractory urge incontinence. During the 
6-month study period, at 16 different centers, patients were 
randomized to active or delayed therapy (control group). Of 
the 34 patients receiving active SNS therapy, 16 (47 %) were 
completely dry, and an additional 10 (29 %) demonstrated a 
greater than 50 % reduction in incontinence episodes. In a 
similar study design, Hassouna et al. [41] reported the out-
comes of SNS for refractory urgency frequency conditions 
in 51 randomized patients. At 6 months patients in the active 
SNS group showed improvement in the number of daily 
voids (16.9 ± 9.7 to 9.3 ± 5.1), volume voided (118 ± 74 to 
226 ± 124 ml), degree of urgency (rank score of 2.2 ± 0.6 to 
1.6 ± 0.9), and quality of life measures. At 6 months post 
implant, stimulators in the active group were turned off and 
urinary symptoms returned to baseline values. After reacti-
vation of SNS, sustained efficacy was documented at 12 and 
24 months. Limited but confirmational results of the earlier 
randomized trials have been obtained from prospective 
series and registry studies evaluating efficacy, safety, and 
quality of life measures. The results for the US registration 
trial that led to FDA approval for SNS reveal that 37 of 62 
patients (60 %) with refractory urgency frequency or urge 
incontinence achieved a 50 % or more improvement in their 
condition.

R. Singh et al.



205

�Complications

The sacral nerve stimulation study group has published sev-
eral reports on the efficacy and safety of the procedure for 
individual indications. The complications were pooled from 
the different studies based on the fact that the protocols, 
devices, efficacy results, and safety profiles were identical. 
Of 581 patients recruited, 219 underwent implantation of the 
InterStim system. The complications were divided into both 
percutaneous test stimulation related and post implant related 
problems. Of the 914 test stimulation procedures done on the 
581 patients, 181 adverse events occurred in 166 of these 
procedures (18.2 % of the 914 procedures). The vast majority 
of complications were related to lead migration (108 events, 
11.8 % of procedures). Technical problems and pain repre-
sented 2.6 % and 2.1 %, respectively, of the adverse events. 
For the 219 patients who underwent implantation of the 
InterStim system (lead and generator), pain at the neurostim-
ulator site was the most commonly observed adverse effect 
at 12 months (15.3 %). Surgical revisions of the implanted 
neurostimulator or lead system were performed in 33.3 % of 
cases (73 of 219 patients) to resolve an adverse event. These 
included relocation of the neurostimulator because of pain at 
the subcutaneous pocket site and revision of the lead for sus-
pected migration. Explantation of the system was performed 
in 10.5 % for lack of efficacy. One should consider the fact 
that, at the time, the generator was implanted in the lower 
abdomen. Everaert reported the complications related to 
SNS itself. Among the 53 patients who had undergone 
implantation of the quadripolar electrode (Medtronic 
InterStim, Model 3886 or 3080) and subcutaneous pulse 
generator in the abdominal site (Medtronic InterStim: Itrel 2, 
IPG) between 1994 and 1998, device-related pain was the 
most frequent problem, occurring in 18 of the 53 patients 
(34 %) and occurring equally in all implantation sites (sacral, 
flank, or abdominal). Pain responded to physiotherapy in 
eight patients and no explantation was done for pain reasons. 
Current-related complications occurred in 11 %. Fifteen revi-
sions were performed in 12 patients. Revisions for prosthesis-
related pain (n = 3) and for late failures (n = 6) were not 
successful. Hijaz et al. [43] reported the complications in a 
review of 214 patients who underwent SNS.  Of the 214 
patients, 161 underwent IPG implantation during a mean 
follow-up of 16 months. The second-stage explant and revi-
sion rate was 10.5 % and 16.1 %, respectively. The indica-
tions for explant were infection in 8 of 17 and failure to 
maintain response in 9 of 17. Revisions were performed for 
decreases in response (17/26), IPG site discomfort (4/26), 
draining sinus at the IPG site (4/26), and lead migration 
(1/26). It should be pointed out that the need for revision 
does not indicate unsuccessful treatment. As noted in the 
previous studies, all of the complications were minor, further 
solidifying the safety of this procedure. Hijaz et al. [43] have 

also presented algorithms for troubleshooting of the SNS 
problems back in 2006. Generator site infection is best 
treated with explant of the whole system. Despite attempts to 
salvage some of these patients, follow-up revealed that the 
infection persisted in all and eventual explant was inevitable. 
The troubleshooting algorithm includes the search for causes 
of (a) pocket (IPG site) discomfort; (b) recurrent symptoms; 
(c) stimulation occurring in the wrong area of pelvis; (d) no 
stimulation; and (e) intermittent stimulation.

�Selective Nerve Stimulation/The Pudendal 
Nerve

Sacral neuromodulation is thought to improve bladder stor-
age by inhibiting the micturition reflex via electrical stimula-
tion of sensory afferent fibers, in particular by depolarization 
of Aα and Aγ somatomotor fibers that affect the pelvic floor 
and external sphincter and thus inhibit detrusor activity. 
Many of the sensory afferent nerve fibers contained in the 
sacral spinal nerves originate in the pudendal nerve, thereby 
making the pudendal nerve an ideal target for neuromodulat-
ing inhibition of the micturition reflex. Direct pudendal 
nerve neuromodulation stimulates more pudendal afferents 
than SNS and may do so without the side effects of off-target 
stimulation of leg and buttock muscles. Thus, techniques for 
direct pudendal nerve stimulation at alternative locations to 
the sacral foramen are being developed.

�Dorsal Genital Nerve

The most superficial, terminal branch of the pudendal nerve 
is the dorsal genital nerve (dorsal nerve of the penis in males, 
clitoral nerve in females). In both genders the dorsal genital 
nerve is located at the level of the symphysis pubis and is a 
purely sensory afferent branch carrying sensory information 
from the glans of the penis or clitoris. As a pure sensory 
afferent nerve branch of the pudendal nerve, the dorsal geni-
tal nerve contributes to the pudendal-pelvic nerve reflex that 
has been proposed as a mechanism of bladder inhibition. In 
experimental and clinical studies, direct electrical stimula-
tion of the dorsal genital nerve appears promising in produc-
ing an inhibition of the micturition reflex. Results in 
laboratory animals and in persons with spinal cord injury 
have demonstrated that electrical stimulation of the dorsal 
genital nerves inhibits bladder contractions. Stimulation of 
the dorsal penile nerve has been tested in patients with spinal 
cord injury and has been shown to increase bladder volume 
and reduce bladder overactivity. Dorsal penile nerve stimula-
tion was painless and no side effects noted. Similar experi-
ments have shown that stimulation of the dorsal nerve of the 
penis abolishes reflexive bladder contractions and increases 
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bladder capacity in persons with spinal injury. Feasibility tri-
als using MedStim (Medtronic, Minneapolis, MN), an 
implantable neuroelectrode and pulse generator originally 
conceived by NDI, are under way for otherwise healthy 
patients with idiopathic detrusor overactivity.

�Posterior Tibial Nerve

The posterior tibial nerve is a mixed sensory and motor nerve 
containing fibers originating from spinal roots L4 through S3 
which modulate the somatic and autonomic nerves to the pel-
vic floor muscles, bladder and urinary sphincter. Based on 
translational findings of traditional Chinese acupuncture 
practices, McGuire et al. used transcutaneous stimulation of 
the common peroneal or posterior tibial nerve to inhibit detru-
sor overactivity. Percutaneous tibial nerve stimulation 
(PTNS) (Urgent PC, CystoMedix, Anoka, MN) is approved 
by the FDA. A small gauge stimulating needle is inserted 
approximately 5 cm cephalad to the medial malleolus and just 
posterior to the tibia. Electrical stimulation is then applied at 
a level just below the somatic sensory threshold for a total of 
30 min. Sessions are repeated weekly for 10–12 weeks. PTNS 
is minimally invasive and well tolerated. Clinical trials using 
PTNS have been performed for detrusor overactivity with 
and without pelvic pain and for urinary retention. Overall, 
results are comparable to those seen with anticholinergic 
pharmacologic therapy. Proponents argue that relative to 
SNS, other surgical modalities, and chronic medical therapy, 
PTNS offers a much more economical alternative.

�Sacral Neuromodulation for Emptying 
Disorders

Sacral neuromodulation using the InterStim system has been 
successful in patients with idiopathic urinary retention, i.e. 
without any anatomic obstructive component, also urinary 
retention after hysterectomy secondary to idiopathic afferent 
neurolysis of the bladder, and finally in patients with Fowler’s 
syndrome, a syndrome of urinary retention in young, pre-
menopausal women without overt neurologic disease. The 
success rate, however, is not as robust as that seen for the 
treatment of urgency, frequency, and urge incontinence. 
Additionally, improvement in patients with retention may not 
be as rapid as in patients undergoing sacral root stimulation 
for other reasons. Therefore, an extended Stage I trial is rec-
ommended. Furthermore, as previously described, bilateral 
lead placement sacral neuromodulation using the InterStim 
system has been successful in patients with idiopathic urinary 
retention, i.e. without any anatomic obstructive component, 
also urinary retention after hysterectomy secondary to idio-

pathic afferent neurolysis of the bladder, and finally in patients 
with Fowler’s syndrome, a syndrome of urinary retention in 
young, premenopausal women without overt neurologic dis-
ease. The success rate, however, is not as robust as that seen 
for the treatment of urgency, frequency, and urge inconti-
nence. Additionally, improvement in patients with retention 
may not be as rapid as in patients undergoing sacral root stim-
ulation for other reasons. Therefore, an extended Stage I trial 
is recommended. Furthermore, as previously described, 
bilateral lead placement may prove to be more effective. A 
recent retrospective study looking at 29 patients with urinary 
retention due to a wide variety of etiologies found that those 
patients able to volitionally void more than 50 ml at presenta-
tion were more likely to proceed to Stage II and permanent 
implantation. Finally, a novel approach involving the place-
ment of bilateral tined leads into the caudal epidural space 
was recently described for those patients with refractory uri-
nary retention. This remains an experimental approach. A 
large, prospective randomized multi-center trial to evaluate 
the efficacy of sacral nerve stimulation for urinary retention 
was performed by Jonas. Of those patients evaluated with 
chronic, non-obstructive urinary retention, 68, or 38 %, pro-
ceeded to permanent implantation after PNE. Patients were 
randomly assigned to the treatment or control group, in which 
treatment was delayed for 6 months. Improvement in voli-
tional voiding was seen in 83 % of patients who received the 
implant, and 69 % were able to discontinue intermittent cath-
eterization entirely. At 18 months, 71 % of the patients avail-
able for follow-up had continued improvement. Aboseif 
evaluated the efficacy and change in quality of life in patients 
with idiopathic, chronic, non-anatomic, functional urinary 
retention. Thirty-two patients with idiopathic retention requir-
ing intermittent catheterization underwent PNE.  Twenty 
patients proceeded to permanent implantation. Eighteen of 
these patients were able to void and no longer required inter-
mittent catheterization. Average voided volumes increased 
from 48 to 198  ml and post-void residuals decreased from 
315 to 60 ml.

�Summary

Overactive bladder as a syndrome is a collection of chronic, 
debilitating symptoms affecting the lower urinary tract that 
includes urinary urgency (with or without urge inconti-
nence), frequency, and nocturia. It is significantly more prev-
alent in the elderly and is commonly underreported. 
Cornerstones of office-based workup of overactive bladder 
include complete medical history, physical exam, and uri-
nalysis. Treatment of overactive bladder consists of non-
pharmacologic as well as pharmacologic options. 
Antimuscarinic agents are the mainstay of pharmacologic 
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therapy for overactive bladder. The newer, more selective 
agents can help reduce side effects in the elderly patients 
when used resourcefully.

Sacral neuromodulation (SNS) has enjoyed wide success 
in the field of voiding dysfunction with applications to a 
broad range of problems including both storage and empty-
ing disorders. Due to refinements in technique and technol-
ogy, it is a truly minimally invasive therapy which has 
provided inestimable quality of life improvements.
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�Introduction

Cystitis is the inflammatory swelling of the bladder wall and 
is one of the dreaded eventualities of life as a female. 
However, in an effort to not be construed as sexist, it should 
be noted that, of course males are susceptible to cystitis but 
their attendant gross anatomy makes the initiation of this 
process much more challenging and much less likely. In any 
event, from a symptomatic perspective, cystitis translates as 
an unpleasant sensation deep in the anterior pelvis. The asso-
ciated sensory phenomena of pain, pressure, and discomfort 
are quickly related to the urinary bladder with an even 
quicker desire by the patient for rapid eradication. This situ-
ation is most often implicated to some type of infectious 
agent, which incites a physiologic response that kicks off a 
cascade of events bringing inflammatory cells and inflam-
matory mediators to the bladder wall to face off with the 
infecting microorganisms. Hence begins the microscopic 
“Battle Royale”! Fortunately for most females, the pre-
scription for relief is simple and essentially, beginning anti-
biotic therapy, which is targeted at the destruction of the 
microorganism. These agents work hand in hand with the 
host’s natural inflammatory defense mechanisms to remove 
the infecting microorganism. Once successful eradication 
has been achieved, the host’s natural physiologic response 
should “shut down” those inflammatory cascades and segue 
into the relief of her lower urinary tract symptoms. It is very 
important to note here that it is the “transmural inflammatory 

reaction” at the level of the bladder wall that is primarily 
implicated in the genesis and perpetuation of these painful 
lower urinary tract symptoms, NOT the infecting microor-
ganism! So, what happens if the antibiotic or the antiviral 
agent successfully achieves eradication of the offending 
microorganism BUT the host’s natural inflammatory 
response does NOT subside? What is the patient left with? If 
this situation exists, then the patient is left with an active 
inflammatory reaction within the substance of a swollen, 
tender, erythematous bladder wall and hence “persistence of 
painful urinary urgency” WITHOUT an active offending 
microorganism! For a long time, this was considered an 
“oxymoron,” i.e. cystitis without infection. Nevertheless, 
essentially, what the patient is left with is a noninfectious 
inflammatory cystitis. Perhaps, the most dreaded complica-
tion of all within this arena [1–52].

Although there may be several different types of noninfec-
tious inflammatory cystitis, certainly, it would be the “intersti-
tial subtype” that is by far the most studied and hence, the 
most well known. By definition, “interstitial cystitis” (IC) is 
a clinical syndrome characterized by daytime and nighttime 
urinary frequency and urgency with a pelvic pain component. 
A specific etiology has not been identified per se, but IC may 
be associated with several different subtypes, each with their 
own etiologic pathways. Moreover, the diagnostic criteria for 
the syndrome remain undefined. Furthermore, despite con-
siderable research, universally effective treatments do not 
exist; therapy usually consists of various supportive, dietary, 
behavioral, pharmacologic, and interventional measures. 
Reconstructive bladder surgery is rarely indicated. As the 
syndrome of IC in the USA became more prevalent, it took on 
a greater proportion of the bulk practice of urology.

Consequently, in 2011 the American Urologic Association 
(AUA) created a subcommittee which composed and pub-
lished its original guidelines statement by doing a systematic 
review of literature up to 2011. This original guidelines state-
ment connects this subtype of noninfectious inflammatory 
cystitis with a “site specific” generalized pain syndrome. In 
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addition, the original statement stressed the use of objective 
measures for quantification of both lower urinary tract symp-
toms and bladder pain. Then, one of the counterparts to the 
AUA, the International Continence Society (ICS) coined the 
term “painful bladder syndrome” (PBS). By definition, PBS is 
suprapubic pain that occurs with bladder filling and associ-
ated with increased daytime and nighttime frequency for at 
least 6 weeks, in the absence of proven urinary infection or 
other obvious pathology. All of the above not withstanding, 
the definition of PBS by the ICS reserves the diagnosis of 
interstitial cystitis for patients with characteristic cystoscopic 
and histologic features of the condition. Subsequently, in 
2014, the AUA amended their statement in favor of an 
evidence-based approach in an effort to provide a clinical 
framework for the diagnosis and management of IC. The AUA 
amendment in 2014 was ALSO used to help differentiate 
between three increasingly more common conditions which 
were now being seen more commonly by the general urologist 
in the USA. These included overactive bladder (OAB), urinary 
tract infection (UTI), and IC (Fig. 15.1).

Finally, one of the most important elements, for the pro-
vider, in dealing with patients with interstitial cystitis (IC) 
is education and emotional support. This syndrome is char-
acterized by “flare and remission” and periodic exacerba-
tions are managed individually because no long-term 
therapy has been shown to permanently prevent recurrent 
episodes. Finally, the mainstay of treatment options in this 
process is to palliate and alleviate uncomfortable LUT 
symptoms. Therapeutic interventions in this process are 
NOT necessarily “curative.”

Evolution of Interstitial Cystitis (IC) Theory

IC has an older and more extensive history than one may 
expect. Its beginnings can be traced back to the nineteenth 
century. Interestingly, a Philadelphia surgeon by the name of 
Joseph Parrish may have stumbled on to an inadvertent 
description of the disease as he was attempting to treat blad-
der stones in a series of three women back in 1837. To his 
surprise, there were no stones ever recovered, but he went on 
to write a symptom trilogy of (1) severe urinary urgency, (2) 
urinary frequency, and (3) bladder pain. Interestingly, it was 
about 50 years later, in 1887 when Dr. A.J.  Skene made a 
more valiant and descriptive attempt to describe this condi-
tion. Pathologically, it is characterized by a nonspecific cel-
lular and subcellular inflammatory response which destroys 
the mucous membrane of the urinary bladder in the absence 
of any infectious agent. This destruction may be in part or in 
whole and may extend outward to the muscular coats of the 
bladder. Furthermore, he published these findings in his clas-
sic text, “Diseases of the Bladder and Urethra in Women.” 
Idiomatically, it was via this piece of literature that practitio-
ners started to use a more common phrase that still persists 
today in some circles, i.e. “urethral syndrome.” Subsequently, 
in 1907, Dr. F. Nitze, a German surgeon describes a type of 
transmural bladder inflammation which was focused more 
acutely at the level of the mucosa and submucosa. These 
findings seemed to be consistent with the process described 
by Dr. Skene 25 years earlier. Nevertheless, Nitze coined 
this dysfunction “cystitis parenchymatosa.” All of the above 
notwithstanding, it was 8 years later in 1915 when Guy 
Hunner took interest in this disease process with his 
description of characteristic bladder wall ulcers in associa-
tion with a symptom complex of urinary urgency and blad-
der pain. He published his findings in the then Boston 
Journal of Surgery where he also describes an associated 
but rare type of inflammatory bladder ulcer. He goes on in 
the article and actually names the process ulcerative cystitis. 
His association with the entire issue does not stop here how-
ever. Hunner subsequently goes on to publish a follow-up 
article in the American Journal of OB-GYN 3 years later in 
1918. The article was entitled the elusive ulcer and within its 
pages Hunner attempts to describe, in as much technical 
detail as he could muster, considering the state of the bio-
logical sciences in 1918, the concurrent inflammatory find-
ings. This included a strange but interstitial type of 
inflammation within the substance of the ulcer. Needless to 
say, within the next few years the term “interstitial cysti-
tis” was born and thrust into the urologic vernacular. 
Although this nomenclature is most often completely cred-
ited to Guy Hunner, he may or may not have been the first to 
coin the phrase. Hunner’s description remained the state of 
the art for almost 30 years, until 1949 when Dr. J.  Hand 
wrote the first comprehensive epidemiologic description of 

Fig. 15.1  Between three increasingly more common conditions which 
were now being seen more commonly by the general urologist in the 
USA: overactive bladder (OAB), urinary tract infection (UTI), intersti-
tial cystitis (IC)
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interstitial cystitis (IC). Here he breaks down the process to an 
initial inflammatory component followed by a delayed effect 
on the bladder wall elasticity. This initial inflammatory com-
ponent is described as widespread, small, submucosal blad-
der hemorrhages known as petichiae. The late component is 
biomechanical compromise of bladder wall elasticity with 
translates clinically to a potentially significant decrease in 
bladder capacity which is now often characteristic of the 
condition.

It is my belief that the historical demographics of this 
syndrome are inextricably tied to its pathogenic and epide-
miologic history. As one might imagine, considering both 
the evolution of American Medicine in the latter part of the 
twentieth century and the state of affairs of the optical sci-
ence in medical endoscopy, trying to connect the symptom 
complex of urinary frequency, urinary urgency and bladder 
pain to the endoscopic finding of ulcerative cystitis was rare 
at best. Not surprisingly, the published demographics of the 
day reflect this. All things considered, it is probably fortu-
nate because it is difficult for patients with this condition to 
lead productive and functional lives. O.K., the point is taken, 
so enter Alan Wein, the chair of Urology at the University of 
Pennsylvania in 1978. At that time, Dr. Wein began to gen-
erate lofty discussions and publications which centered 
around the concept of “Non Ulcerative Variants of Interstitial 
Cystitis” that seemed to go hand in hand with the changing 
demographics. Soon after this, Vicki Ratner, an orthopedic 
surgeon from California and Debra Slade, an east coast law-
yer came together, and in 1984, the “Interstitial Cystitis 
Association” or ICA was born. This organization was also 
somewhat novel in that it brought together high level clini-
cians, clinical researchers, basic science researchers with 
patients who actually suffer with the disease, and gave them 
a forum for open discussion with the experts. The premise 
was to lay groundwork to try to piece together clinical con-
cepts with “real time” clinical symptoms.

�Epidemiology of IC with Historical Timeline

Attempting to develop an understanding of the burden that 
interstitial cystitis (IC) places on the US population is diffi-
cult at best. Trying to elucidate those risk factors which con-
tribute to the disease as well as its sequelae is disjointed. In 
addition, pinpointing the specifics of IC as a disease entity is 
often erroneous because common entities such as UTI and 
overactive bladder (OAB) have overlapping clinical symp-
toms. To that end, it seems that our best information in the 
topic comes from several population based studies that have 
been published over the past quarter century. Moreover, it is 
extremely interesting to look at the evolving spectrum of 
population demographics in this country when it comes to 
IC. Let’s take a look.

In 1971 Oravisto used a mathematical formula to calculate 
the number of patients suffering with interstitial cystitis. 
The study was based out of Helsinki Finland. All of that not-
withstanding, if this formula would have been used at that 
time to extrapolate against US population data at that time, 
the expected number of expected diagnosed cases of IC 
would have only come to about 21,000 cases. Obviously, 
knowing what we know today, this estimation is absolute 
folly. About a decade later, Vilheld in 1983, studying at the 
Urban Institute in Washington D.C. put together a population 
based study which ended up confirming many of the obser-
vations put forth by Oravisto. Moreover, he developed his 
own formula to predict the prevalence of IC in the USA. The 
population grids which he created estimated the entire poten-
tial IC population to be only 47,000 lives.

Interestingly, only 4 years later, in 1987, as we put forth 
Vilheld’s formula to US diagnostics with respect to IC, there 
seemed to be a disconnect. An estimated 47,000–48,000 
cases to be diagnosed was met with an actual 90,000 newly 
diagnosed cases of IC that year. This seemed to uphold the 
contention that the prevalence of interstitial cystitis seemed 
to be approximately 1.8–2.0 times the European prevalence. 
Moreover, the percentage of “real time” endoscopic diagno-
sis of IC as compared to those patients who present with 
bladder pain and sterile urine is about twenty percent (20 %). 
Thus by 1994, the NIH/NIDDK published a cross sectional 
population based survey which estimated the potential IC 
patient population at 500,000 women and about 50,000 men. 
During this period of time the medical community in this 
country was still evolving with respect to its acceptance and 
understanding of this disease. Consequently, the epidemiol-
ogy and demographics were truly fluid, so by 1998, the 
Nurse Health Study (NHS) II had estimated the prevalence 
of IC in the USA to be approximately 267 per 100,000 popu-
lation which would bring IC totals in the USA at about 
850,000. Ultimately, these demographics were published in 
the Journal of Urology back in 1999. All of that not with-
standing, by 2003, things were formally upregulated again 
with the unveiling of NHS III. Here the prevalence of IC in 
the USA was estimated to be approximately 371 per 100,000 
population, which would bring population totals in the USA 
at between 1.0 and 1.5 million. Finally, there came RAND. 
The RAND IC Epidemiology Study (RICE) is the largest IC 
epidemiology study ever undertaken and completely changed 
our understanding of the prevalence of IC.  This survey 
studied more than 100,000 familial groups of US women and 
revealed that 2.7–6.5 % of them may have IC! This translates 
to a whopping 3–8 million women.

From an epidemiologic perspective, Phil Hanno has iden-
tified other important factors to consider in this disease pro-
cess, especially for clinical practitioners when it comes to 
creating a patient profile. Important factors include a median 
age of about 40 years. Almost 50 % of patient report a history 
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of childhood bladder problems and recurrent UTI.  Their 
entire disease process is characterized by flare and remission 
with an average remission period of 8–12 months. Late dete-
rioration of the disease process is unusual and quality of life 
(QoL) indicators suggest that patients with IC were lower 
than those with end stage renal disease who are currently on 
dialysis. Persons of Jewish origin made up 14 % of the IC 
population but only 3 % of the control population, a finding 
later substantiated by Koziol.

Finally, examination of the IC population yields some 
fairly consistent findings. These are that about 94 % of 
patients are white and approximately 90 % are female. 
Household size, marital status, number of male sexual part-
ners, educational status, and parity were previously not sta-
tistically different between patients with interstitial cystitis 
and healthy controls. However, new data from the RAND 
interstitial cystitis cohort have shown that according to a 
standardized definition, women in that study were consid-
erably more likely to be uninsured, less likely to be mar-
ried, and had more children than others with the reported 
diagnosis of IC/BPS.

The condition is also dramatically under-reported in men. 
There is significant overlap of symptoms of IC/BPS to symp-
toms of patients with chronic prostatitis/chronic pelvic pain 
syndrome. In fact, 17 % of men were reported to have symp-
toms of both complexes. This supports the hypothesis that 
IC/BPS and chronic prostatitis/chronic pelvic pain syndrome 
share a common pathophysiology in men. However, many of 
these studies rely on the patient’s self-reported symptoms, 
so estimates of incidence in men are likely higher than previ-
ously reported (Fig. 15.2).

�Etiology and Pathogenesis

Although often times it seems that there is much confusion 
and not much to agree about in the world of IC, probably 
most experts would agree that the pathogenesis and etiology 
of interstitial cystitis remain unclear at best. However, maybe 
it is not so surprising considering that the most basic build-
ing block for any process has to the definition. If that is 
unclear or even in question, then everything that follows 
may come under its own level of scrutiny.

If one asks two different practitioners to describe the clin-
ical parameters that make up interstitial cystitis, it often gen-
erates enigmatic responses. For example, even clinical 
experts may say, well, “I can’t define it but I know it when I 
see it.” The whole thing is grounded in lower urinary tract 
symptoms of urinary urgency and frequency on the backdrop 
of nongynecologic pelvic pain in the absence of any other 
clinical pathology. The National Institute of Diabetes & 
Digestive & Kidney Diseases (NIDDK) developed initial 
consensus criteria which were established for the diagnosis 
of IC back in the late 1980s. These criteria were not meant to 
define the disease, but to ensure that groups of patients to be 
studied academically would be done so in a comparable 
fashion. According to Phil Hanno, these criteria seemed to 
become almost a de-facto definition of the disease. The big-
gest negative associated with these early NIDDK criteria is 
that all of this is that what had initially been intended as a 
tool for research studies may have forced many patients to be 
left undiagnosed and potentially untreated if they did not 
meet the strict standards laid out. Fortunately, the NIDDK 
had developed a multi-institutional database study that later 
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served to resolve this issue. The Interstitial Cystitis Data 
Base Study (ICDB) was a large, observational study designed 
to determine the treated history of IC patients and identify 
common patient characteristics. Entry requirements for the 
ICDB were considerably less stringent than the NIDDK cri-
teria with the intention of being able to follow the progres-
sion of the disease, as well as to include all groups that might 
help identify the nature and the extent of the syndrome. The 
24-point criteria are as follows:

	 1.	 Providing informed consent to participate in the study
	 2.	 Willing to undergo a cystoscopy under general or 

regional anesthesia, when indicated, during the course 
of the study

	 3.	 At least 18 years of age
	 4.	 Having symptoms of urinary urgency, frequency, or pain 

for more than 6 months
	 5.	 Urinating at least 7 times per day, or having some 

urgency or pain (measured on linear analog scales)
	 6.	 No history of or current genito-urinary tuberculosis
	 7.	 No history of urethral cancer
	 8.	 No history of or current bladder malignancy, high-grade 

dysplasia, or carcinoma in situ
	 9.	 Males: no history of or current prostate cancer
	10.	 Females: no occurrence of ovarian, vaginal, or cervical 

cancer in the previous 3 years
	11.	 Females: no current vaginitis, clue cell, trichomonas, or 

yeast infections
	12.	 No bacterial cystitis in previous 3 months
	13.	 No active herpes in previous 3 months
	14.	 No antimicrobials for urinary tract infections in previous 

3 months
	15.	 Never having been treated with cyclophosphamide 

(Cytoxan)
	16.	 No radiation cystitis
	17.	 No neurogenic bladder dysfunction (e.g., due to a spinal 

cord injury, a stroke, Parkinson’s disease, multiple scle-
rosis, spina bifida, or diabetic cystopathy)

	18.	 No bladder outlet obstruction (determined by urodynamic 
investigation)

	19.	 Males: no bacterial prostatitis for previous 6 months
	20.	 Absence of bladder, ureteral, or urethral calculi for pre-

vious 3 months
	21.	 No urethritis for previous 3 months
	22.	 Not having had a urethral dilation, cystometrogram, 

bladder cystoscopy under full anesthesia, or a bladder 
biopsy in previous 3 months

	23.	 Never having had an augmentation cystoplasty, cystec-
tomy, cystolysis, or neurectomy

	24.	 No significant urethral stenosis less than 12 French

Although not a true definition in the classic sense, these 
criteria allow the clinical practitioner to build a structural 

definition that facilitates being able to make the diagnosis. 
More importantly, this opens the door to allow for a substantive 
discussion with respect to the etiology of this disease process.

The pathogenesis and etiology of interstitial cystitis 
remain incompletely defined. It seems well accepted at this 
point that IC is NOT a single discreet entity. Moreover, there 
is no single pathological process that is universally present in 
IC. Consequently, it is logical that this “syndrome of intersti-
tial cystitis” may well have multiple etiologies that result in 
the constellation of symptoms that include urinary urgency, 
general irritative voiding, and anterior pelvic pain. 
Essentially, one is left with an extremely complex pathologi-
cal interaction of (1) changing epithelial permeability, (2) 
sensory nerve branch upregulation, (3) mast cell activation 
with intermittent degranulation, (4) the superimposition of 
multiple positive and negative feedback loops occurring 
simultaneously. All of this creating a vicious cycle which 
contributes to the chronicity of IC and explains the often 
times disappointing response to single-drug treatment. In the 
final analysis, after years of ICA facilitated expert roundta-
bles, countless NIH funded consensus conferences and mil-
lions of dollars of basic and clinical research work there 
seems to be an increasingly accepted emerging theme that 
the process may be initiated from divergent pathophysio-
logic perspectives that lead to a Final Common Pathway of 
Uro-Epithelial Dysfunction. Furthermore, the role of the spi-
nal cord, the central nervous system, and the pelvic floor in 
the pathogenesis and clinical manifestations of IC is now 
recognized. IC should NOT be considered to be an exclu-
sively urologic condition. Depending on its pathophysio-
logic starting point, it may have neurogenic, pelvic floor, 
gynecologic and gastrointestinal manifestations. Essentially, 
there seem to be four (4) frequently quoted etiologic starting 
points that lead to final Uro-Epithelial Dysfunction. Although 
this may be considered a gross oversimplification by some 
experts, it is worthwhile to help bring things into perspective. 
It also helps explain why one may see two specific patients 
with the diagnosis of IC that present and behave so differently. 
So ICDB data suggest four pathways that break down in the 
trends as follows:

	1.	 Neurogenic ~ (25 %)
	2.	 Infectious ~ (30 %)
	3.	 Allergic ~ (35 %)
	4.	 AutoImmune ~ (10 %)

The “neurogenic patient” seems to generate an inflam-
matory response that leads to a preponderance of neuro-
genic inflammation and upregulation of unmyelinated “C” 
fibers. Once the “C” mediated sensory nerves leading to the 
bladder are upregulated, neurons in the dorsal root ganglia 
and spinal cord also release tachykinins (including substance P), 
leading to a state of neurologic “wind-up” manifested by 

15  Interstitial Cystitis: The Painful Bladder Syndrome



216

visceral allodynia and hyperalgesia in the bladder and adja-
cent pelvic organs. Theoretically, the patient goes into 
“sympathetic overdrive” and explains why many IC patients 
have general smooth muscle hypertonicity leading to pelvic 
floor muscle spasm and dyspareunia and vulvodynia. Also, 
you will often see Raynauds phenomenon in this subgroup 
as well as gastrointestinal symptoms.

In the “allergic patient” one sees multiple hypersensitivities 
to both environmental allergens and medications. Essentially, 
these patients become “vasoactive” and very sensitive to 
inflammatory mediators. Mast cells contain vasoactive and 
inflammatory mediators (e.g., histamine, leukotrienes, prosta-
glandins, and tryptases), and they play a central role in the 
pathogenesis of neuroinflammatory conditions, including 
IC. Release of the granules into the interstitium (degranula-
tion) occurs as part of an immunoglobulin E-mediated hyper-
sensitivity reaction or in response to substance P, cytokines, 
bacterial toxins, allergens, toxins, and stress.

Mastocytosis occurs in 30–35 % of IC patients which is 
consistent with the allergic subtype defined by the 
ICDB. Increased levels of histamine, histamine metabolites, 
and tryptase occur in IC patients.

The “infectious patient” cultures in IC patients are rou-
tinely negative. However, the polymerase chain reaction 
(PCR) studies have frequently identified bacterial genetic 
material in IC. So, in essence, ONE episode of cystitis can 
cause bladder dysfunction that results in alterations in blad-
der permeability, neurogenic upregulation (purinergic, affer-
ent, etc.), and mast cell recruitment and activation.

In the “autoimmune patient”, IC has many features of an 
autoimmune disease—chronicity, exacerbations, and remis-
sions, clinical response to steroids/immunosuppressives. 
This autoimmune relationship was first pointed out by Fister 
et al. with his observation that certain patients with IC had an 
association to lupus (SLE). In addition, there is a high preva-
lence of antinuclear antibodies, and association with other 
autoimmune syndromes such as thyroiditis. Current evi-
dence suggests that autoimmune phenomena (bladder anti-
bodies, etc.) are epi-phenomena that occur as a result of local 
bladder cellular damage.

Regardless of the component of origin, ultimately the 
final common pathway in patients with IC/BPS leads to dam-
aged urothelium. When the surface glycosaminoglycan 
(GAG) layer is damaged (via a urinary tract infection (UTI), 
autoimmune phenomena, etc.), inflammatory mediators can 
“leak” into surrounding tissues, causing pain and lower uri-
nary tract symptoms. Now the literature strongly support that 
IC’s symptoms are associated with a defect in the bladder 
epithelium lining, allowing irritating substances in the urine 
to penetrate into the bladder—essentially, alter the electro-
physiologic functioning of the GAG layer that overlays the 
bladder lining. Deficiency in this glycosaminoglycan (GAG) 
layer on the surface of the bladder results in increased 
permeability of the underlying submucosal tissues.

Numerous studies have noted the link between IC and 
anxiety, stress, hyper-responsiveness, and panic. This pro-
posed association with interstitial cystitis is that the body’s 
immune response may actually attack the bladder wall in 
affected patients. Biopsies on the bladder wall with its atten-
dant vasculature often contain immune deposits and mast 
cells. Mast cells containing histamine packets gather when 
IC patients are faced with anxiety reactions or stressful situ-
ations. The body identifies the bladder wall as a foreign 
agent, and is attacked by the immune complexes. Essentially, 
the body attacks itself, which is the basis of autoimmune dis-
orders. Additionally, IC may be triggered by an unknown 
toxin or stimulus which causes nerves in the bladder wall to 
fire uncontrollably. When they fire, they release substances 
called neuropeptides that induce a cascade of reactions that 
cause the release of substance P inducing bladder pain.

It should be noted here before we move on to the next 
phase that there is at least some historical precedent for sub-
categorizing IC based on the presence or absence of “ulcer-
ation.” Obviously, the eponym that goes along with the ulcer 
bears the moniker of the author that ended up publishing per-
haps the most noted article with respect to interstitial cystitis, 
i.e. Guy Hunner. Some experts call the ulcerative subtype of 
IC, the “classic” variety. The question as to whether the non-
ulcerative variety of IC can progress to the ulcerative variety 
is frequently raised. Fortunately or unfortunately, any evi-
dence in this regard is lacking. Although not absolute, the 
clinical presentation is also variable. Non-ulcerative patients 
present with a more diffuse pain syndrome and multiple sys-
temic complaints. On the other hand, ulcerative patients tend 
to have more bladder muscle irritability and lower bladder 
capacity. The ulcerative type is rare, accounting for probably 
less than 10 % of cases in the USA Bladder biopsy findings 
show that the ulcerative lesion can be transmural, associated 
with marked inflammatory changes, granulation tissue, mast 
cell infiltration, and, in some cases, fibrosis. This classic 
ulcerative variety of interstitial cystitis can be associated 
with progressively smaller bladder capacity over time.

�The Final Common Pathway

So, again, no matter where you are coming from, or what 
your starting point is, if the end result is cystitis, i.e. bladder 
wall inflammation, then there must be a discussion regarding 
uro-epithelial dysfunction. At this juncture, it doesn’t really 
matter what type of cystitis it is, whether it be radiation cys-
titis, chemical cystitis or most importantly here, interstitial 
cystitis. Also, it should be noted that we have referenced 
several other publications as well as alluding ourselves to the 
concept of uro-epithelial dysfunction as the “final common 
pathway” in this disease state. Understanding that, it is really 
NOT enough to simply say “uro-epithelial dysfunction 

(UED)”. What does that really mean? It sounds great! It’s 
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technical, literal, and descriptive, everything you could want 
out of medical terminology. Unfortunately, it is also com-
plex, that is, a lot of moving biochemical parts. However, if 
we are using the term, there should at least be some general 
understanding. Now, most of the people who are reading 
this book are clinicians, not basic researchers. Even more 
significant is that they are clinicians who have to deal with 
some of these very difficult and complicated patients, so a 
general review of the key components of this “final common 
pathway” are in order.

The urinary bladder’s epithelium or urothelium has been 
the subject of considerable interest and much research in 
recent years. However, what has changed dramatically in 
the last decade is the concept of the microscopic anatomy of 
this epithelial lining and how it does what it does. It is cur-
rently no longer considered just a simple barrier, or a non-
specific defense against microorganisms. It has been 
recognized, in and of itself, as a specialized tissue regulat-
ing complex bladder functions and playing a fundamental 
role in the pathogenesis of inflammatory cystitis. Suffice it 
to say, that you cannot really claim to understand interstitial 
cystitis without understanding some of the intricate inner 
workings of the urothelium.

For the past 15–20 years, researchers have been focusing 
on the urothelium as a physiologic organ. Essentially, the 
urothelium is divided up into two major components, the epi-
thelium and subepithelium. Receptors and mediators that are 
active in the sub-epithelial layer have been studied, espe-
cially with respect to the purinergic or vanilloid neurotrans-
mitters that they may utilize. Dysfunction at this level would 
be considered secondary uro-epithelial dysfunction.

Understanding the role of these subepithelial neurotrans-
mitters will offer the opportunity for new therapeutic strate-
gies. The urothelium from a histologic perspective is 
considered “transitional cell type.” Transitional cell epithe-
lium is graduated, with the most mature and well-
differentiated cells ending up at the surface. In this case, 
those most superficial urothelial cells are known as umbrella-
cells. Above the umbrella cell layer there is a thick layer of 
glycoproteins and proteoglycans, which together are called 
glycosaminoglycans (GAGs). They constitute a hydrophilic 
mucosal coating and act as a barrier against solutes found in 
urine. In recent years they have received special attention 
because injury to the GAG due to different noxious stimuli 
has been identified as the first step in the genesis of chronic 
inflammatory bladder diseases, such as recurrent urinary 
tract infections, chemical or radiation cystitis, interstitial 
cystitis, and/or bladder pain syndrome. It is important here to 
define the significance of the urothelium from a physiologic 
perspective and underline the role of glycosaminoglycans, in 
maintaining a layer of protection and insulation to the blad-
der wall. Finally, if one considers the GAG as the most 
superficial layer of the transitional cell epithelium in the 

bladder and then examines it from a pathophysiologic per-
spective with respect to IC, it falls at the center of the disease 
process. Consequently, more descriptive semantics emerge 
and the term “uro-epithelial dysfunction” comes to the 
forefront.

So what if a patient develops an inflammatory cascade 
that eventually leads to UED, what are the pathophysiologic 
sequelae? The sequelae are increased permeability of the 
most superficial layers of the bladder wall. These would 
include the umbrella cell layer and its overlying GAG coat-
ing. Some common glycosaminoglycans (GAGs) are shown 
below. Obviously, heparin is synthetic GAG but very similar 
from a molecular perspective to their natural couterparts 
which are predominantly chondroitin and keratin sulfate as 
well as hyaluronic acid. It is important to remember that 
functional GAG allows for impermeability, which in turn 
gives protection to the underlying submucosal sensory 
nerves. When the inflammatory cycle, infectious or not leads 
to UED, the GAG becomes much more permeable and is 
often referred to as “leaky”. This leaky GAG can then lead to 
the migration of microorganisms, urea and charged species 
(H+/K+) into the submucosa as noted in an ICDB subset 
analysis. By in turn, this yields to increased and inappropri-
ate transmission of electrophysiologic impulses, often times 
upregulating the activity of sensory phenomena via both 
A-Delta fibers and unmyelinated “C” fibers. In addition to 
the above, physiologic GAG allows for the binding of a 
mono or bi-molecular layer of water that allows for insula-
tion, protection, and a frictionless plane making it very dif-
ficult for micro-organism adherence (Fig. 15.3) permeability 
leads to the migration of micro-organisms, urea and charged 
species (H+/K+) into the submucosa as noted in an ICDB 
subset analysis. By in turn, this yields to increased and inap-
propriate transmission of electrophysiologic impulses, often 
times upregulating the activity of sensory phenomena via 
both A-Delta fibers and unmyelinated “C” fibers. In addition 
to the above, physiologic GAG allows for the binding of a 
mono or bi-molecular layer of water that allows for insula-
tion, protection, and a frictionless plane making it very dif-
ficult for micro-organism adherence.

Light microscopic analysis of the most superficial layers 
of the bladder wall reveal a “haze” overlying the umbrella 
cell layer which appeared to be consistent with the GAG 
(Fig.  15.4). Consequently, it is very interesting to observe 
bladder biopsy specimens in patients with IC which suggest 
possible obvious histologic defects. Unfortunately, most 
likely, these observed defects are “artifact” and not real time. 
In fact, many authors including Dixon et al. in 1989, Wein 
and Levin in 1991 and Nickel et al. in 1993 all write about 
the inability to substantiate many of these biopsy findings. 
After more extensive study by many authors, Nickel et al. 
lead the charge that the GAG itself is physiologic. Moreover, 
any defect in GAG permeability is not histologic and cannot 
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Fig. 15.3  Molecular Structure of GAG

Fig. 15.4  Light microscopic 
analysis of the most 
superficial layers of the 
bladder wall reveals a “haze” 
overlying the umbrella cell 
layer which appeared to be 
consistent with the GAG

Fig. 15.5  (a) Physiologically inactive, compressed GAG; (b) physiologically active, hydrated GAG
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be studied at a light microscopic level. In essence, to begin to 
understand GAG physiology, it must be examined at an elec-
tron microscopic level because a physiologically functional 
GAG must be appropriately charged on an electrophysio-
logic level to be able to attract and maintain 1–2 layers of 
water. This will allow “insulation” of the bladder wall sub-
mucosa from microorganisms and charged species and also 
allow for a “frictionless plane” which limits the ability of 
bacteria to adhere (Fig. 15.5a, b).

�Genetics

Genetic studies are becoming an increasingly more important 
but are also an expense way to study disease processes. 
Initially, the push to move toward genetic evaluation first 
comes from observational protocols on a given population. In 
this case, if one compares the prevalence of interstitial cystitis 
(IC) among first-degree relatives of patients with IC with the 
prevalence of IC in the general population, there seems to be 
a skew. Often times the first evidence that a disease may 
have a genetic susceptibility is the demonstration of family 
aggregation of the process. Subsequently, Warren et al. at the 
University of Maryland looked at more than 2500 patients 
who had a formal diagnosis of IC. Here 3.9 % reported that 
they had 107 relatives (first-degree relatives) who were also 
diagnosed with the disease. These measurements, plus data-
based assumptions of proportions of patients who actually 
met endoscopic requirements for the diagnosis of IC, suggest 
that women between the ages of 31–73 years old who were 
first-degree relatives of patients with IC themselves had a 
prevalence of IC of 995/100,000. A comparison of this with 
the number approximating the prevalence in the general pop-
ulation of American women of this age (60/100,000) indi-
cates a risk ratio for IC in adult female first-degree relatives 
of 17. In essence, first-degree relatives of patients with IC 
have a prevalence of the disease which is 17 times that found 
in the general population. Previously reported genetic data 
based on observational population data suggest significant 
association of IC in monozygotic and dizygotic twins as well 
as a 9:1 preponderance of IC in females over males in the 
general population and a 3:1 to 4:1 in Jewish females versus 
females in the general population.

PAND or the panD locus is a gene map locus occurring at 
a site identified as 13q22–q32. It is important to note that panD 
is required for cell synthesis of panothenic acid, without which 
it is difficult for a cell to make recombinant DNA. Also, this 
locus is associated with a constellation of clinical disorders 
which include but is not limited to IC/PBS. In classical genet-
ics many genes are known to have manifold effects, i.e., the 
gene seems to affect unrelated characteristics. An example of 
such a gene may be the locus 13q22—13q32 in humans which 
code for IC/PBS. Other component disorders associated with 
this gene locus are migraine headaches, generalized panic dis-

order, and mitral valve prolapse. All of these are commonly 
seen in association with IC. Thus, IC should be considered a 
pleiotropic disorder.

�Diagnosis

The diagnosis of IC/PBS is often met with difficulty and 
confusion by both physician and patient. Part of the problem 
is that the clinical symptoms of this process can vary from 
patient to patient and sometimes even vary, based on the type 
of flare, within the same patient. Compounding the problem 
even further is that there really is no absolute with respect to 
a universally accepted or prescribed protocol to formally 
make this diagnosis. Consequently, in an attempt to promote 
some degree of interdisciplinary inclusivity, the NIH/NIDDK 
began to sponsor a series of consensus conferences to at least 
start to create a more widely accepted definition for diagno-
sis. Ultimately, between 1986 and 1987 the NIH/NIDDK 
released their “Research Criteria” for IC in an effort to be 
able to study the disease in an academic fashion. Surprisingly 
or not, it became almost a de-facto definition for the diagno-
sis of the disease by the mid to late 1980s.

�NIH/NIDDK Research Criteria (Circa 1987)

	1.	 Bladder pain on filling with relief on emptying
	2.	 Urinary FREQUENCY at least 8× per day
	3.	 Urinary urgency
	4.	 Nocturia (at least one time per night)
	5.	 Glomerulations and/or Hunner’s ulcer visualizable @ cys-

toscopy under anesthesia @ pressures of 80 cm/H2O for 
3 min (NOT along the path of the scope) +/− B.Biopsy

Well, suffice it to say, the mystique of this whole disease 
process continues to manifest itself even after having intro-
duced criteria that experts felt secure would clear up all con-
fusion in diagnosis. Unfortunately, the 1987 criteria still 
seemed to engender a significant amount of research confu-
sion in patient recruitment for the ICDB. So, then again, the 
following year in 1988. The NIH/NIDDK decided to hold a 
follow-up conference focused on making that selection 
process easier. To do that, they felt that perhaps “exclusion 
criteria” may be better suited for interstitial cystitis. This is 
what they came up with. You don’t have IC if………

•	 Frequency less than 8 times per 24 h.
•	 Absence of nocturia
•	 Duration of symptoms less than 9 months
•	 Awake bladder capacity of greater than 350 cc
•	 In the presence of LUT stone disease
•	 TCC bladder

•	 Carcinoma in situ
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•	 Previous pelvic XRT
•	 History of cyclophosphamide use
•	 Diagnosis of chronic prostatitis
•	 Any GYN malignancy
•	 Urethral diverticulum
•	 Active herpes
•	 Age under 18 years of age

Having noted all of the above, let’s step back and look at this 
whole thing from above at 10,000 ft. If we assess the com-
pendium of diagnostic possibilities here, there are essentially 
four components that should be considered as a physician 
when making the diagnosis. Firstly, clinically based on 
symptomology. Secondly, the endoscopic component. 
Thirdly, biochemically via tests and/or potential markers and 
finally, if all of the above fail, as would be echoed by the 
NIH/NIDDK consensus, the diagnosis should be made by 
exclusion.

So, first let’s examine suggestive symptoms which would 
clue the diagnosis of IC. Classically, interstitial cystitis has a 
“triad” of lower urinary tract symptoms. These include: (1) 
urinary frequency, (2) urinary urgency, and (3) bladder/pel-
vic pain. If the symptomatic diagnosis is examined critically, 
the prevalence of symptoms within the triad can be broken 
down. The two most common lower urinary tract symptoms 
seen in IC are not surprisingly urinary frequency and urinary 
urgency. According to ICDB calculations, urinary urgency is 
the most common symptom seen in patients with IC, occur-
ring at a penetration level of 91 %. Interestingly, urinary fre-
quency is the second most common occurring 83 % of the 
time which may contribute to the conundrum since another 
very common syndrome known as overactive bladder (OAB) 
expresses itself with the same two presenting symptoms.

Again, not surprisingly, with the overlap of IC and OAB, 
the symptomatic diagnosis of IC is confusing at best. 
Furthermore the average patient has symptoms for 5 years 
and sees five separate clinicians before a diagnosis of IC is 
made. This in and of itself implies that clinicians have diffi-
culty in making the diagnosis. Consequently, moving on to 
the endoscopic level for diagnostic consideration is an 
important superimposition. With the understanding that there 
is no “sine qua non” for IC at the symptomatic level, moving 
on to the “endoscopy component” adds another level of secu-
rity. Unfortunately, lower urinary tract (LUT) endoscopy 
under local anesthesia adds nothing and may actually further 
inflame the situation. Essentially, if LUT endoscopy is to be 
done, it would be cystoscopy under anesthesia. This type of 
procedure is called a hydraulic bladder distension and is 
done as a protocol. The protocol would be to perform cysto-
urethroscopy at rest and with pressure. The first part of the 
protocol is an endoscopic examination of the bladder and 
urethra at rest without pressure. Although there are no spe-

cific findings often times, there are focal areas of inflamma-
tion and submucosal hypervascularity. The second portion of 
the test is carried out under pressure. The bladder is filled 
under anesthesia at a pressure of 80  cm/H2O pressure for 
3  min. Then, the area is examined for a specific type of 
inflammatory response known as “glomerulation.” Although, 
it is important to emphasize that even at this level, there is 
nothing pathomneumonic for IC. The glomerular response 
after hydraulic bladder distension is very characteristic and 
may help the clinician with difficult diagnostic dilemmas. 
This procedure stretches the muscular wall of the bladder 
and is often therapeutic as well as diagnostic. After hydraulic 
bladder distention procedures, a significant percentage of 
patients note increase in bladder capacity and decrease in 
their pelvic pain pattern. Although the reason for this effect 
is often hotly debated, there is physiologic rationale. These 
include (1) detrusor distention may de-functionalize certain 
key submucosal receptors such as vanilloid and purinergic 
subtypes which may mediate noxious sensory phenomena, 
(2) breakdown collagen crosslinking will enhance elasticity 
and increase capacity, and (3) distention may create a gener-
alized neuropraxia, decreasing the pelvic pain pattern. The 
proportion of IC/BPS patients who experience relief from 
hydrodistention is currently unknown and evidence for this 
modality is limited by a lack of properly controlled studies. 
Nevertheless, it is important to remember that even though 
they are rare, complications do exist and include bladder rup-
ture and sepsis which may be associated with prolonged, 
high-pressure hydrodistention. Finally, tissue has no role in 
the diagnosis of IC. Bladder biopsy may only confirm LUT 
inflammation in a nonspecific sense. However, tissue biopsy 
may be important to exclude carcinoma in situ as a poten-
tially fatal entity presenting with primarily with irritative 
LUT symptoms like IC.  By the late 1990s there was an 
emphasis towards newer and less invasive diagnostic modali-
ties for IC. TO get away from some of the cumbersome NIH/
NIDDK research recommendations. In 1998 Phil Hanno 
suggested that those NIH/NIDDK criteria were too restric-
tive and physicians in the community who were trying to 
stay on point with them, may be missing patients who actually 
suffer with IC. Consequently, biochemical aids for the diag-
nosis of IC came to the forefront. These would be (1) the 
potassium sensitivity test and (2) the collection of urinary 
biomarkers, especially the antiproliferative factor.

With a better understanding of the biochemical nature and 
physiologic function of the GAG as well as its implication 
into the role of the pathogenesis of IC, the “potassium sensi-
tivity test (PST)” was presented. Based on uncovering the 
pathophysiology of “urothelial dysfunction,” as the corner-
stone of interstitial cystitis, the PST was devised as a mini-
mally invasive alternative for the diagnosis of this disease. In 
essence, it is a simple test which consists of instilling a solu-
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tion of potassium chloride into the bladder via a urinary cath-
eter. The test should identify those patients with increased 
urothelial permeability by eliciting a “mild” degree of lower 
abdominal or pelvic discomfort. Unfortunately, the PST is no 
longer widely used in the USA, in part because multivariate 
data collection suggesting low sensitivity and specificity. 
In addition, it has turned out to be much more painful and 
much less accurate than suggested in its early clinical trials. 
The PST is usually touted as a predictive test in that it would 
be able to gauge the permeability of the most superficial of 
the urothelial layers, the GAG layer, which may be defective 
in IC patients. An important confounding factor in this regard 
is that other disease processes may also end up with a “final 
common pathway” that leads to uro-epithelial dysfunction. 
These would include processes such as “MS,” “radiation 
cystitis,” “chemotherapy (cytoxan) cystitis,” “recent UTI”, 
“obstructive BPH,” etc. Consequently, in the final analysis, 
the PST is much more uncomfortable than previously 
expected and has fallen out of favor in most cases and at the 
very least should not be considered mainstream.

At about the same time that the PST was fading, much work 
was being done to try to identify stable functional urinary bio-
markers that can be used as a diagnostic tool. Three urinary 
biomarkers were uncovered by Susan Keay at the University of 
Maryland in Baltimore. All of the biomarkers were able to be 
collected from the urine of affected patients. Two of the three 
were positively correlated with the disease, i.e. patients with IC 
had increasing concentrations of these factors in their urine. 
These were respectively: epidermal growth factor (EGF) and 
antiproliferative factor (APF). On the other hand, HB-EGF 
exhibited an inverse correlation in urine of interstitial cystitis 
patients, compared to controls. Now, it is important to note that 
EGF and HB-EGF are potent urothelial and smooth muscle 
cell mitogens, and enhance proliferation. In addition, they are 
produced by many different types of epithelial cells. HB-EGF 
is initially expressed as a transmembrane precursor (proHB-
EGF), with the soluble form generated by the regulated 
metalloproteinase-dependent ectodomain shedding. All of the 
above not withstanding, the bottom line for EGF and HB-EGF 
is that they are products of complex biochemical reactions, 
they are often times difficult to assay and probably less accu-
rate. Hence, APF seemed to be the marker that took “center 
stage” and was able to engender the greatest amount of research 
dollars. APF (antiproliferative factor) is a small glycosolated 
peptide with a chain length of 8 amino acids. APF is originally 
purified from the urine specimens of IC patients using high 
performance liquid chromatography [xyz]. The function of 
APF is to decrease cellular activity and turnover in the urothe-
lium. It is easily collected and the activity of APF is detected in 
the urine of over 95 % of interstitial cystitis patients as com-
pared to only 9 % of controls. The accumulation of APF in 
urine is capable of altering the physiology and behavior of uro-

thelial cells. The physiologic effects of APF decrease the ability 
of uro-epithelial cells to turnover and reproduce. In addition, 
the most superficial cells of the urothelium are charged with the 
synthesis of GAG which is significantly inhibited. Moreover, 
the GAG that is made by the uro-epithelium which is chroni-
cally exposed to APF is dysfunctional, i.e. it is electrophysio-
logically impaired. Electrophysiologically impaired GAG has 
difficulty maintaining the physiologic charges necessary to 
attract H2O molecules to sustain a hydrated GAG which is nec-
essary for insulation and protection of the submucosa and sub-
stance of the bladder.

These physiologic effects are consistent with clinical 
observations of epithelial thinning and denudation observed 
in the bladder tissue of IC patients. Additional bladder 
dysfunction includes increased inflammatory infiltrates (e.g., 
mast cell and/or lymphocytic), which are correlated to the 
increased pain and cytokine production in IC/PBS bladder 
(xyz). It is important to note that APF is secreted from blad-
der epithelial cells derived from IC patients, but NOT from 
asymptomatic controls (xy). Even more importantly, the 
APF is ONLY secreted by bladder urothelial cells in affected 
patients. It is NOT secreted by urothelial cells collected from 
the renal pelvis. Consequently, because of all of these above 
factors, APF is still actively being sought after as a non-
invasive, reliable diagnostic marker for interstitial cystitis.

�The AUA Consensus-Based Guideline 
Statement for the Treatment of IC

�Introductory Statement About the AUA 
Guidelines

The purpose of these guidelines is to provide direction to 
clinicians and patients regarding how to approach IC as a 
clinical entity. How to conduct a valid diagnostic process 
and, approach treatment with the goals of maximizing 
symptom control and patient quality of life (QoL) while min-
imizing AEs and patient burden. The strategies and 
approaches recommended by the AUA Guidelines were 
derived from evidence-based and consensus-based processes. 
The nomenclature utilized in IC can be a controversial issue 
at times in and of itself. Nevertheless, for the purpose of clarity 
the panel has decided to refer to the syndrome as IC/BPS 
(bladder pain syndrome) and to consider these terms synon-
ymous. One must remember that the most effective approach 
for a particular patient is best determined by the individual 
clinician and patient. As the science relevant to IC/BPS 
evolves and improves, the strategies presented here will 
require amendment to remain consistent with the highest 
standards of clinical care.
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�Treatments Range from More Conservative 
to More Invasive

	1.	 First-line therapies—patient education, behavioral ther-
apy, dietary modification

	2.	 Second line therapies—pelvic floor physical therapy, oral 
medications, bladder instillations

	3.	 Third line therapies—interventional treatment of 
Hunner’s ulcers (laser, fulguration or Triamcinolone 
injection), hydraulic bladder distention

	4.	 Fourth line therapies—neuromodulation (sacral root or 
pudendal branch)

	5.	 Fifth line therapies—BTX-A, Cyclosporine A
	6.	 Sixth line therapies—major surgical reconstruction (uri-

nary diversion, augmentation), (+/cystectomy)

It is beyond our scope to discuss all potential therapies in 
each category. In addition, some of these specific therapies 
are discussed by other authors in other sections of this text 
and it would be superfluous to duplicate them here. However, 
if a more in-depth discussion of a therapy takes place in 
another section, we will point that out and refer you there.

�First-Line Therapies
Patient Education
This is often the least discussed and least emphasized of the 
first-line therapies, and perhaps any and all therapeutic 
options for IC.  However, it may be the most important. 
Following each intervention, the patient is reassessed for 
response. Unfortunately, patients often get confused because 
the entire disease process is characterized by “flare and 
remission.” In addition, therapies are often applied in a hap-
hazard and placed in a “hit-or-miss” fashion. At times, the 
patient’s anxiety level is so high that caregivers are pushed to 
combine numerous different therapies before the response to 
each therapy is truly assessed. This approach is sometimes 
partly driven by unrealistic patient demands and expecta-
tions regarding the success of various therapeutic interven-
tions. All of this is directly related to misinformation 
secondary to inadequate patient education and support. 
Again, patients must receive plenty of reading material with 
visuals, graphics, and learning aids. These things combined 
with extensive counseling regarding the nature and progno-
sis of their condition and its response to therapy are critically 
important. Such counseling must be initiated prior to embark-
ing on invasive interventions for which no proven over-
whelming benefit may be achieved.

The Interstitial Cystitis Association (ICA) is the only non-
profit charitable organization dedicated solely to improving 
the quality of healthcare and lives of people living with inter-
stitial cystitis (IC). Not surprisingly, “Education” is one of 
the ICA’s cornerstones and the IC website bears it out. 
Patient’s who suffer with IC are often referred to the sections 

on “virtual education” as well as its section on “support.” 
There are many regularly meeting interstitial cystitis (IC) 
support groups located throughout the USA and around the 
world. These groups are open to all who wish to attend. To 
find out about a support group near you—see more at http://
www.ichelp.org.

Diet
Research has found that there is a lot of variability among IC 
patients. Some people with IC report that certain foods appear 
to irritate their bladders and cause painful IC flares. And they 
find that making a few strategic changes to what they eat and 
drink can help to control IC symptoms including pain, fre-
quency, and urgency. Other IC patients find that diet does affect 
their flares. Dietary modifications have been studied exten-
sively as therapy for interstitial cystitis. These dietary measures 
focusing on the “low acid/low oxalate” variety can be effective 
when used alone, but they can also be complementary to virtu-
ally all other interventions for interstitial cystitis. When one 
combines “low acid/low oxalate diet” along with the educa-
tional measures previously described above the clinical results 
can be impressive. Some studies have reported that up to 90 % 
of patients expressed symptom exacerbations to food, bever-
age, and dietary supplements. Moreover, the flip side to this 
statement is also true, i.e. very high percentages of IC patients 
respond effectively to dietary therapy for IC.

There is a lot of information on the web promoting vari-
ous diets for interstitial cystitis (IC). Both the IC clinical 
guideline of the American Urological Association (AUA) 
and the chronic pelvic pain practice bulletin of the American 
College of Obstetrical Gynecology (ACOG) recommend 
dietary modification as a useful approach for helping to man-
age IC and chronic pelvic pain—see more at http://www.
ichelp.org/living-with-ic/icdiet/#sthash.P01xBBxl.dpuf.

Dietary Supplements, Calcium Glycerol Phosphate 
(Prelief)
Many patients report that certain foods and beverages 
exacerbate inflammatory lower urinary tract symptoms 
particularly in interstitial cystitis. Not surprisingly, and as 
would follow from what was outlined above, the foods that 
seem to cause the most problems are those that are the most 
acidic. Major culprits include tomato-based foods, cabbage, 
coffee, tea, citrus fruit, fruit juices and wine, especially red 
wine, probably secondary to the bitter tannins which are 
present. At first glance, removing these foods seems like such 
a simple solution to such a troublesome problem.

Dietary Supplements, Calcium Glycerol Phosphate 
(Prelief)
But when you think about the reality of eliminating many of 
your favorite foods from your life forever, any patient would 
wish there was an easier way.
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The active ingredient in Prelief is calcium glycerophos-
phate, a dietary mineral that combines calcium and phosphorus 
in a 1:1 ratio. When it is added to acidic foods, the mineral acts 
as a base agent, actually bringing the pH of the food toward a 
neutral level. The mechanism of action would be considered 
“exogenous,” not endogenous. That is, the biochemical reac-
tion that takes place is outside of the body and actually occurs 
on the foodstuff itself, not the patient. This is an important dis-
tinction, because interfering with the body’s natural acid–base 
metabolism can be disastrous. Furthermore, antacids which 
neutralize acid in the stomach often cause more problems than 
they solve. Even more importantly, there are minimal reported 
side effects following the use of Prelief. According to studies 
conducted by the manufacturer, calcium glycerophosphate was 
able to significantly reduce the acid level of common foods and 
beverages some by as much as 90 %. With just one tablet, the 
acid in an 8-ounce glass of iced tea was reduced by more than 
90 %; a 6-ounce cup of coffee was reduced by 95 %; as well as 
an 8-ounce citrus drink. Three tablets reduced the acid in a 
4-ounce glass of chardonnay by 80 % and the acid in 125 ml of 
bottled pasta sauce by 60 %.

Finally, urologic researchers, Tu, Gordon, Whitmore et al. at 
the Graduate Hospital in Philadelphia in the late 1990s studied 
the effects of Prelief on more than two hundred (200) patients 
with interstitial cystitis. When using it, 61 % of the participants 
reported a reduction in urinary urgency, and 70 % experienced 
less pain and discomfort when eating acidic foods.

�Second Line Therapies
Pelvic Floor Physical Therapy
Pelvic floor physical therapy is an important component of 
therapy at this level. An in-depth discussion on this topic is 
extensively explored in the chapter dedicated to this concept 
and so, will not be included here.

Oral Medications: Elmiron, Amitriptyline, 
Hydroxyzine
Oral Medication: Elmiron
Elmiron is a negatively charged, synthetic sulfated polysac-
charide. Essentially, it falls into a group of biochemicals 
known as glycosaminoglycans or GAGs. Chemically, 
Elmiron is pentosan polysulfate or PPS, (1->4)-β-Xylan 
2,3-bis(hydrogen sulfate) with a 4 O-methyl-α-d-glucuronate 
(Fig. 15.6). Essentially, it is a two-chain molecule divided up 
into “alpha” and “beta” subunits. The alpha component is 
composed primarily of D-Xylose while the beta component 
is composed primarily of glucuronic acid. The molecule 
weighs between 4000 and 6000 daltons with a pH between 6 
and 7 in aqueous solution. It is FDA approved in the USA for 
the relief of various medical conditions including thrombi 
and interstitial cystitis in humans. Various brand names for 

the human drug include Elmiron, Anarthron, Fibrase, 
Thrombocid, and SP54. PPS is also sold under the brand 
name Comfora in India.

These GAGs have an affinity for mucosal membranes and 
physiologically “coat them” in an effort to make them electro-
physiologically active. In this way, they can attract and attach 
a mono- or bi-molecular layer of H2O to its surface which 
insulates and protects the urothelium and the submucosa 
below it. It is this GAG layer that gives mucus membranes 
their glistening appearance. But, it is also important to remem-
ber, as noted above in the section on pathophysiology that the 
natural lining of our bladder is GAG. More specifically, natu-
ral GAG is probably keratin or chondroitin sulfate whose bio-
chemical structure is almost identical to “heparin sulfate.” Not 
surprisingly then, by the late 1980s, as clinical research started 
to catch up with basic research, along with the understanding 
that the pathophysiologic crux in IC may be defective GAG, 
all lead to the belief that possible replacement of electrophysi-
ologically intact GAG could help alleviate the lower urinary 
tract symptoms (LUTS) of urinary urgency and bladder pain. 
This was shown to be true with the instillation of heparin 
directly into the bladder. Now, having said all of that, as is the 
case with many drugs, there are pros and cons. With respect 
to GAGs in general, there is usually an attendant anticoagu-
lant effect. In fact, many GAGs are used clinically as antico-
agulants. Obviously, with IC, increasing bleeding tendency is 
not a characteristic that is usually sought after here. In fact, it 
should be guarded against. So, by the early 1990s, clinical 
researchers who focused on interstitial cystitis began to clamor 
for an agent that could be taken orally and attack the biochem-
ical pathophysiology that make up the “final common path-
way” that leads to clinical expression of the disease process. 
Consequently, in that regard, one must ask what are those 
pharmacologic characteristics that would be most coveted.
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Fig. 15.6  Oral medication: elmiron: molecular makeup
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After examining this issue, it would seem the “ideal oral 
agent for IC” would have four key characteristics:

	1.	 Renal excreted
	2.	 Orally administered
	3.	 GAG (to “fill in or reactivate” defects in the patient’s 

existing GAG layer)
	4.	 Without excessive anticoagulation effects

Well, if the old saying, “ask, and you shall receive” has any 
credence left, it was answered in October of 1996 when IVAX 
took pentosan polysulfate (Elmiron) to the FDA and was able 
to jump through all their hoops. Elmiron came into being and 
immediately was the answer to everyone’s prayer, or at least 
that’s what they thought. Certainly, it met all the criteria that 
the “experts” were clamoring for. However, as we amassed a 
more significant clinical experience, there seemed to be some 
issues that arose from a practical perspective.

Oral Medications: Amitriptyline
Amitriptyline HCl is an antidepressant with sedative effects. 
Its mechanism of action in man is not known. It is not a 
monoamine oxidase inhibitor and it does not act primarily by 
stimulation of the central nervous system (Fig. 15.7).

Amitriptyline inhibits the membrane pump mechanism 
responsible for uptake of norepinephrine and serotonin in 
adrenergic and serotonergic neurons. Pharmacologically this 
action may potentiate or prolong neuronal activity since 
reuptake of these biogenic amines is important physiologi-
cally in terminating transmitting activity. This interference 
with the reuptake of norepinephrine and/or serotonin may 
underlie its antidepressant activity.

Our review of the studies of clinical efficacy of the tricy-
clic compounds in the treatment of interstitial cystitis sup-
ports the general view that amitriptyline (and even 
imipramine) is more effective than placebo, and that ami-
triptyline may even be a little more effective than imipra-
mine. Moreover, multiple review articles confirm the 
impression that we the authors have gained from other stud-
ies that clinical ratings of general improvement in the LUTS 
associated with interstitial cystitis are statistically signifi-

cant and that the drug in slightly higher doses is a good deal 
more useful than placebo.

To this end, the “Interstitial Cystitis Collaborative 
Research Network,” led by Lee Nyberg put together a well-
received study specifically to look at amitriptyline in intersti-
tial cystitis. Their results were published in the Journal of 
Urology back in 2010. Without “naming names,” suffice it to 
say that all authors have a long and well-known history with 
respect to their expertise in dealing with patients suffering 
with IC. This is the first multicenter, randomized, relatively 
large-scale trial looking at the effectiveness of amitriptyline 
in interstitial cystitis/painful bladder syndrome (IC/PBS) 
patients. In spite of considering amitriptyline as one of the 
standard treatments for IC patients with grade “A” recom-
mendation, surprisingly, the results did not show uniform 
improvement across all doses between placebo and the ami-
triptyline group. This trial included 271 patients who were 
randomized to two arms. All participants in both the placebo 
and amitriptyline arms underwent educational and behav-
ioral modification programs, including symptom, fluid and 
diet management plus bladder training. The dose of the drug 
was increased from 10 to 25 mg, 50 mg, and then to a maxi-
mum dose of 75 mg over 4 weeks.

Outcome assessment was performed 12 weeks after ran-
domization and was done by filling in a seven-point scale 
(from markedly worse to markedly improved). In addition to 
other forms of diaries and questionnaires to assess symp-
toms, in this study, improvement in LUTS was considered 
positive when the “seven-point scale” showed moderate or 
marked improvement. A total of 231 participants completed 
the study. Interestingly, and surprisingly, only those who 
managed to achieve a daily dose of at least 50  mg had a 
response rate of 77 % in the amitriptyline group compared to 
placebo (53 %), with p value <0.001, which is statistically 
significant. In conclusion, this study shows that considering 
amitriptyline at doses less than 50 mg as a standard treatment 
option with “grade A” recommendation in clinical practice 
should be challenged, and treatment guidelines should 
change in light of the results from this trial, with other 
options explored.

Another potentially fruitful area for further research 
with amitriptyline is that of augmentation of baseline ther-
apy for IC. Anecdotally, and even with the addition of some 
wispy clinical evidence, TCAs may increase the durability 
of initial baseline protocol (multimodal medical therapy for 
IC) as an “add on agent” for those who receive even a short 
protocol period.

More importantly, these agents are safe when used with 
care. However, sometimes, side effects can be an issue. Some 
of the more commonly cited undesirable phenomena 
described by patients taking the drug are excessive somno-
lence, worsening depression, paradoxical anxiety, and rapid 
weight gain. All of these unwanted symptoms may be related 
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Fig. 15.7  Oral medication: amitriptyline: molecular makeup

D.A. Gordon and H. Pendli



225

to imipramine’s effects on central adrenergic mechanisms, 
probably in hypothalamic and other diencephalic regions. 
However, if amitriptyline is properly used, that is, if the 
dosage is watched, then the side effects can be controlled by 
either reduction in dosage or corrective medication.

Oral Medications: Hydroxazine
Hydroxyzine (sold as Vistaril, Atarax) is an old drug by mil-
lennial standards. It is actually a first-generation antihista-
mine which was initially synthesized way back in 1956. At 
that time, Pfizer was able to navigate it through all of the 
regulatory processes and take it to market in the USA later 
that very same year. Interestingly, and probably secondary to 
its stability and tolerability, keep it in widespread use, still 
today. As an antihistamine, hydroxyzine is actually a deriva-
tive of piperazine. Hydroxyzine’s antihistamine effect is due 
to its metabolite, cetirizine which is a potent H1 receptor 
antagonist and selective inhibitor of peripheral H1 receptors. 
This agent competes with histamine for binding at 
H1-receptor sites on the effector cell surface. The sedative 
properties of hydroxyzine occur as a result of suppression of 
certain subcortical regions of the brain. Additionally, but not 
surprisingly for an agent to be used in bladder disorders, 
there is an anticholinergic burden that it carries. Consequently, 
it is secondary to its central anticholinergic effects that make 
hydroxyzine effective in any type of agonistic bladder mus-
cle disorder.

Interstitial cystitis is a painful subtype of inflammatory 
bladder disease that in and of itself has its own spectrum of 
patient profiles. As described above, the spectrum in IC can 
be roughly broken down into four subgroups. These include 
patients who have the allergic subtype. It is this subtype that 
seems to have a preponderance of patients who come back 
with histologically confirmed “detrusor mastocytosis.”

The patients with mastocytosis differed from those with-
out mastocytosis in that they were older, and had a higher 
frequency of hematuria, a higher frequency of a red, scarred 
and richly vascularized bladder at cystoscopy before disten-
sion, and a smaller cystoscopic bladder capacity. We con-
clude that by dividing patients with painful bladder into two 
groups according to the mast cell counts in the detrusor, cer-
tain differences in the clinical findings in the groups can be 
ruled out. However, in individual patients one cannot note 
with certainty to which pathological anatomical group the 
patient belongs, since great overlapping between the groups 
exists. Whether only patients with detrusor mastocytosis 
have interstitial cystitis depends on definitions and still 
remains an open question.

Intravesical Medications
Interstitial cystitis is a noninfectious inflammatory disease 
process that is characterized by flare and remission. As dis-
cussed above, treatment strategies usually start with hydrau-

lic bladder distention followed by oral medications, which in 
a majority of patients can maintain a stable socially accept-
able lifestyle with a minimal pelvic pain component. 
However, periodically, there will be “breakthrough” inflam-
matory flares. For these cases, subjecting the patient back to 
systemic anesthetics for repeat “hydraulic bladder disten-
tion” or changing an oral medical protocol that has been 
effective in these challenging patients can be traumatic. 
Consequently, intravesical instillation of medications can be 
an extremely useful tool in suppressing these difficult flare 
responses. More importantly, there are several theoretical 
advantages to using intraveiscal treatment.

Some of the advantages for utilizing intravesical therapy 
in the treatment of refractory IC flares include: (1) the ability 
to deliver high concentrations of a drug directly to the blad-
der lining, (2) very low incidence intravesical agents being 
exposed to the systemic circulation and thus revealing an 
extremely low level of systemic side effects, (3) minimal 
incidence of drug interactions with the intravesical agents, 
and (4) direct interaction with defective inflamed urothelium 
with the potential for histological repair.

Intravesical Therapy: Heparin (GAG Enhancement)
As discussed above, the pathologic culmination of the final 
common pathway in IC is the genesis of a defective superficial 
portion of the urothelial layer. The biochemical nature of this 
part of the lining is made up primarily of glycosaminoglycan 
(GAG). Heparin is a systemic GAG that closely mimics that 
natural bladder lining and when instilled can be very effective 
in controlling clinical symptoms associated with IC flares. 
Parsons et al. suggest 1000 units of heparin be used intravesically 
three times per week in these situations. However, other 
authors utilize different doses. Some suggest increasing the 
heparin dose up to 2500 units. Whatever the case, or whatever 
the prescription, heparin can be a very useful tool. Finally, it is 
noteworthy to mention the use of chondroitin sulfate as an 
intravesical agent. This is a natural GAG and most closely 
mimics human bladder GAG which reveals high concentra-
tions of both chondroitin sulfate and keratin sulfate.

Intravesical Therapy: Dimethyl Sulfoxide
Dimethyl sulfoxide (DMSO) was first synthesized in 1867 
and is now used chiefly as an industrial solvent. However, it 
was not until 1964 that the remarkable medicinal properties 
of DMSO were identified. When applied to mammalian 
mucosa, the agent penetrates quickly and yields significant 
physiologic and pharmacologic actions, including suppres-
sion of inflammation, analgesia and bacteriostasis. As a 
result the drug has been used widely as treatment of trouble-
some urogenital disorders, and various postoperative pain 
syndromes. To date little, if any, local or systemic toxicity 
has been noted in the human after the administration of 
DMSO.
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Intravesical dimethyl sulfoxide (DMSO) has been used in 
the treatment of interstitial cystitis, radiation cystitis, and 
even chronic prostatitis in males. Significant symptomatic 
relief has been achieved in the majority of patients treated 
with DMSO with no systemic or local toxicity has been 
noted. However, because of its simplicity and ease of admin-
istration, intravesical DMSO is often used effectively in IC 
clinical flares or those patients with severe LUTS after radia-
tion or even those patients who have failed to respond to con-
ventional therapy.

Intravesical Therapy: Combination Agents
Some healthcare providers recommend intravesical therapy 
with a combination of medications for difficult refractory IC 
flares. These agents are instilled into the bladder with a cathe-
ter, to reduce symptoms of pain and can be done in a clinician’s 
office, or you can learn to self-administer the treatment at 
home. The treatment may be used as a single “rescue” treat-
ment when symptoms are severe, or as a regularly scheduled 
treatment (e.g., three times per week for a period of weeks). 
The medications are in a liquid form and are a small amount 
(about 15 mL or 0.5 ounces). You hold the liquid in the bladder 
for as long as possible, and then urinate normally.

This type of combination of medications to be used for 
intravesical instillation are often called “COCKTAILS.” 
Almost every provider who has an interest or specialization 
in treating these patients has their own version of what is the 
most effective combination of medications utilized in an 
intravesical fashion. Essentially, everyone has a “best cock-
tail” to be used in difficult IC flares. Almost every specialist 
will swear by their specific combination of concentrations of 
agents which usually include substances such as lidocaine, 
heparin, and sodium bicarbonate +/− antibiotic (often times 
gentamycin). It is believed that combining these agents helps 
to repair the bladder lining and decrease nerve sensitivity in 
the bladder. In some studies, approximately 80 % of patients 
had decreased pain for days after one treatment with heparin, 
sodium bicarbonate, and lidocaine. In addition, some patients 
experience reduced pain for days or weeks after bladder 
installations.

�Third Line Therapies
According to the AUA Guidelines Committee, cystoscopy 
under anesthesia with short-duration, low-pressure (<80 cm/
H2O) hydrodistention may be undertaken. This third line 
course should be considered, if first- AND second-line 
treatments have Not provided acceptable symptom control 
and quality of life or if the patient’s presenting symptoms 
suggest a more invasive approach is appropriate. Option 
(Evidence Strength-Grade C).

Also, if Hunner’s lesions are present, then fulguration 
(with laser or electrocautery) and/or injection of triamcino-

lone should be performed. Recommendation (Evidence 
Strength Grade C).

Fourth Line Therapies
According to the AUA Guidelines Committee, intradetrusor 
botulinum toxin A (BTX-A) may be administered. As an 
aside, this can be done in an intramuscular fashion or a sub-
cutaneous fashion, if other treatments have not provided 
adequate symptom control and quality of life or if the clini-
cian and patient agree that symptoms require this approach. 
Patients must be willing to accept the possibility that post-
treatment intermittent self-catheterization may be necessary. 
Option (Evidence Strength-C).

The AUA Guidelines Committee also suggest that a trial 
of sacral nerve root stimulation is not inappropriate at this 
level and may be performed when second and third line thera-
pies have failed. If the trial is successful, then implantation of 
permanent implantable pulse generator may be undertaken. 
Again, this is only when other approved lines of therapy have 
not provided adequate symptom relief and quality of life or if 
the clinician and patient agree that symptoms require this 
approach. Option (Evidence Strength-C).

Fifth Line Therapies
At this point, the AUA Guidelines Committee suggest that 
Cyclosporine A may be administered as an oral medication if 
other treatments have not provided adequate symptom con-
trol and quality of life or if the clinician and patient agree 
that symptoms require this approach. Option (Evidence 
Strength-C).

Sixth Line Therapies
Major surgery (e.g., substitution cystoplasty, urinary diversion 
with or without cystectomy) may be undertaken in carefully 
selected patients for whom all other therapies have failed 
to provide adequate symptom control and quality of life 
(see caveat above in guideline statement #4). Option (Evidence 
Strength-C).

�Conclusion

One must remember that IC/BPS can have a profound impact 
on the quality of life in patients who suffer with it. 
Furthermore, several epidemiologic studies have suggested 
that up to two-thirds of women with moderate to severe 
interstitial cystitis will see a major impairment in their quality 
of life and even more distressing is that over one third of 
those patients reported a significant impact in their sexual 
life. Furthermore, in 2012 a population based survey showed 
that among a group of adult women with moderate to severe 
symptoms of interstitial cystitis that 11 % reported suicidal 

D.A. Gordon and H. Pendli



227

thoughts or actions in the previous 2 weeks before interview. 
Other research has shown that the impact of IC/BPS on qual-
ity of life is severe and may be comparable to the quality of 
life experienced in end stage renal disease (ESRD) or rheu-
matoid arthritis.

Recognition of interstitial cystitis has grown dramatically 
over the past decade. The whole neuroinflammatory soft tis-
sue component in the pelvis has lent tremendous credibility 
to the study and funding of this process. In fact, entire sec-
tions at both national and international urology and gynecol-
ogy conferences have been dedicated to the entity in and of 
itself as well as addressing the heterogeneity that is inherent 
in the vast array of both diagnostic and therapeutic options 
available. Finally, to support the significant impingement 
that this disease process can put upon those men and women 
who suffer with it, the federal government as well as the cen-
ter for Medicare and Medicaid (CMS) has now recognized 
this disease process with an Official Disability Code in the 
United States of America. Now, those patients who cannot 
hold down their job because of pelvic pressure, pelvic pain 
or even wetting their pants have an option. For more details, 
a list of physicians who dedicate all or part their practice to 
the diagnosis and treatment of IC are listed on the Interstitial 
Cystitis Association (ICA) website.
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�Introduction

Collectively, pelvic pain syndromes represent one of the most 
prevalent and challenging disease entities encountered in 
medicine today. It is estimated that up to 15 % of women age 
18–50 in the USA suffer from chronic pelvic pain. In the UK, 
the annual prevalence of women aged 15–73 presenting to 
primary care clinics for pelvic pain is comparable to both 
asthma and back pain, making it amongst the most common 
reasons for patient visits to their primary care physicians [1, 
2]. The quality of life of patients with pelvic pain is reported 
to be worse than in patients with renal failure on hemodialy-
sis [3]. Further, the diagnostic ambiguity inherent in broadly 
defined pelvic pain syndromes, coupled with a growing 
elderly population in the USA, has resulted in increased 
financial burden of the disease. Between 1992 and 2001 there 
was a twofold increase in the rate of hospital outpatient visits 
and a threefold increase in the rate of physician office visits 
related to interstitial cystitis (IC). Between 1994 and 2000, 
annual national expenditures for bladder pain syndrome 
(BPS) increased from $481 million to $751 million [4]. Given 
the limited efficacy of each individual treatment and the often 
complex co-morbid conditions that accompany the disease 
state, multi-modality treatment is required. This has led to the 
development of new technology and new research attempting 
to measure meaningful patient outcomes.

In 1997, the United States Food and Drug Administration 
(FDA) approved sacral neuromodulation (SNM) for urge 

incontinence, urgency frequency, and for non-obstructive 
urinary retention in 1999 and fecal incontinence in 2011 [5]. 
Although SNM has not been FDA approved for the treat-
ment of IC/BPS, it is used regularly for urgency/frequency 
component of the syndrome and studies suggest that pain 
symptoms improve as well. This chapter will discuss the his-
tory, methodology, and outcomes associated with peripheral 
neurologic control of the bladder as well as the application of 
sacral, pudendal, and posterior tibial nerve stimulation for 
the treatment of IC/BPS.

�History

In 1863 Gianuzzi stimulated the spinal cord in dogs and 
concluded that the hypogastric and pelvic nerves are involved 
in the regulation of the bladder. In 1878 Saxtorph was the 
first to attempt bladder stimulation when he treated patients 
with urinary retention by way of intravesical stimulation [6]. 
For nearly a century, the mainstay of treatment for overac-
tive and painful bladder syndromes has consisted of non-
invasive therapies such as behavioral modification, pelvic 
floor rehabilitation, and pharmacological therapy with at 
least 10 % of patients showing a poor response [3, 7]. Once 
these non-invasive therapies were exhausted, surgical proce-
dures such as augmentation, enterocystoplasty, detrusor 
myomectomy, bladder denervation, and urinary diversion 
were employed, resulting in significant perioperative and 
long-term morbidity [7, 8]. As the understanding of bladder 
neurophysiology developed, alternative approaches were 
hypothesized and tested, until Tanagho and his group pio-
neered the initial investigations into electrical stimulation 
for neuromodulation in 1989 [9]. Neuromodulation is the 
electrical or chemical modulation of a nerve to influence the 
physiologic behavior of an organ and offers a minimally 
invasive, non-ablative, and reversible means to treat voiding 
dysfunction [7]. Since InterStim (Medtronic, Minneapolis, 
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MN, USA) came to market in 1997, over 150,000 devices 
have been implanted for the treatment of urinary urgency, 
frequency, urge incontinence, urinary retention, and fecal 
incontinence. Continued research to improve technique and 
patient outcomes has been ongoing. The use of Interstim for 
other disorders has been well documented, including in the 
IC/BPS population.

�Interstitial Cystitis/Bladder Pain Syndrome

Pain can be categorized into somatic, visceral, and neuropathic 
in origin. Somatic pain is well localized and most frequently 
described as sharp, burning, or aching. It originates from skin, 
muscles, soft tissue, bones, and joints and is transmitted along 
sensory afferents. Visceral pain is transmitted via sympathetic 
fibers of the autonomic nervous system and originates from 
internal viscous structures. It is poorly localized and per-
ceived as dull or aching and may be associated with auto-
nomic dysfunction [5]. Neuropathic pain is the result of an 
insult or injury to the peripheral or central nervous tissue 
leading to a pain syndrome characterized by dysesthesias, 
allodynia, and hyperesthesia [10]. In chronic pelvic pain, it 
has been postulated that a disease state damages a particular 
organ leading to somatic or visceral pain that eventually 
develops into neuropathic pain [5]. Chronic pelvic pain is a 
broad diagnosis of exclusion that likely encompasses many 
other pathologic states including interstitial cystitis/bladder 
pain syndrome (IC/BPS), chronic prostatitis (CP)/prostadynia 
(PD), coccygodynia, vulvodynia, and anorectal pain [11]. IC/
BPS has received a great deal of attention due to the preva-
lence, cost, and associated morbidity. The Society for 
Urodynamics and Female Urology and the American 
Urological Association (AUA) define IC/BPS as

An unpleasant sensation (pain, pressure, discomfort) perceived 
to be related to the urinary bladder, associated with lower uri-
nary tract symptoms of more than six weeks duration, in the 
absence of other identifiable causes [12, 13].

The exact etiology of IC/BPS is poorly understood and 
many possible mechanisms have been proposed including 
autoimmune disorders, infection, pelvic floor dysfunction, 
toxins, and bladder wall defects [5]. One theory involves a 
defect in the urothelium or glygosaminoglycan layer and 
resulting exposure to a noxious stimulus, and subsequent 
mast cell activation [5, 11]. Upregulation of mast cell activ-
ity and increased sensory nerve fiber activity in the bladder 
leads to chronic inflammation and ultimately a neuropathic 
pain state [5]. Bladder afferent pathways normally send sig-
nals to the central nervous system indicating bladder fullness 
or discomfort and prompting a micturition reflex. The blad-
der afferent pathways are composed of small myelinated 
A-delta fibers and unmyelinated C-fibers. The A-delta fibers 

transmit signals indicating bladder fullness or wall tension 

while C-fibers detect noxious stimuli and painful sensations. 
Normally, C-fibers are unresponsive to bladder distention. 
Neurologic or inflammatory diseases cause these “silent 
C-fibers” to become inappropriately sensitized to bladder 
distention and trigger micturition reflexes resulting in the 
urgency and frequency symptoms that accompany many 
dysfunctional voiding disorders [3, 5]. Interrupting this blad-
der hyperactivity by blocking C-fiber afferent activity in the 
spinal cord is a proposed mechanism of action for 
neuromodulation.

A majority of IC/BPS patients also suffer from pelvic 
floor dysfunction further contributing to pelvic pain, dyspa-
reunia, voiding, and bowel dysfunction. The support for the 
pelvic organs comes primarily from the levator ani muscles 
which are situated beneath the vagina and urethra and consist 
of the pubococcygeus muscle anteriorly and the iliococcy-
geus muscle posteriorly. These muscles are palpable during 
pelvic examination and trigger points and taut musculature is 
frequently identified in IC/BPS patients. In a study of 70 
patients with IC/BPS, 87 % had levator pain on pelvic exami-
nation [14]. The same study showed that half of these patients 
suffered from irritable bowel syndrome (IBS) and more than 
one third suffered from urge incontinence. Another study 
showed that myofascial pain and hypertonic bladder are 
present in up to 85 % of patients with IC/BPS [15]. The pel-
vic floor should be assessed in all IC/BPS patients, and if 
dysfunction is identified it should be included as target for 
multi-modality therapy.

�Neuroanatomy

Normal voiding relies on intact neural pathways in the central 
nervous system. The bladder is naturally in a state of relax-
ation controlled by lumbar sympathetic relaxation of the 
bladder and excitation of the bladder base and urethra [3, 16]. 
The lumbar, pelvic, and pudendal nerves contain afferent and 
efferent axons. The sensation of bladder fullness is sent via 
afferent axons through the sacral spinal cord to the pontine 
micturition center. Once the signal is received, the efferent 
signal is sent via the parasympathetic nervous system at sacral 
spinal cord level S2–S4 prompting the bladder to contract 
while the urethra relaxes. Also important in normal voiding 
function is relaxation of the external urethral sphincter via the 
somatic nervous system (pudendal nerve). As mentioned ear-
lier, interrupting afferent signals to the pontine micturition 
center is a proposed mechanism for neuromodulation [3, 17]. 
However, a number of reflex pathways, which bypass the 
pontine micturition center, have been described and are also 
potential targets for neuromodulation. In the vesicosympa-
thetic reflex, bladder filling stimulates lumbar sympathetics 
and allows greater accommodation of filling. The guarding 
reflex is another feedback loop affecting continence whereby 

sphincter tone increases with bladder filling mediated by 
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sympathetic and pudendal efferents to the bladder neck and 
external urethral sphincter, respectively [18]. Sacral afferents 
also synapse in the sacral spinal cord and communicate 
directly with bladder efferents and effectively bypass higher 
centers forming a bladder–bladder reflex [3, 18]. Disruption 
of any of these pathways can lead to classic symptoms of 
many voiding and bladder pain disorders including problems 
with storage and emptying. Problems with storage include 
urge incontinence (detrusor overactivity) and stress urinary 
incontinence (sphincter underactivity). Problems with empty-
ing lead to retention and involve sphincter overactivity or 
detrusor underactivity [18]. Although the precise mechanism 
of neuromodulation is not understood, it appears to affect 
both spinal and cortical centers for voiding control.

�Diagnosis and Treatment Algorithm 
of IC/ BPS

According to the AUA [12], the basic assessment of IC/BPS 
should include a history, physical, and laboratory exam to 
exclude other disorders such as bladder cancer, endometriosis, 
pelvic mass, or fistula and also to fulfill inclusion criteria for 
diagnosis. If the diagnosis is in doubt, cystoscopy and/or uro-
dynamics should be considered. Treatment strategies should 
proceed using more conservative therapies first, with progres-
sively less conservative therapies as needed to improve the 
patient’s quality of life [16]. Multiple, simultaneous treatments 
may be considered; however, ineffective treatments should be 
stopped once a clinically meaningful interval has passed.

First line treatment should always include patient education 
about IC/BPS and special clarification that no single-treatment 
option has been effective for the majority of patients, thereby 
suggesting multiple therapeutic options. Patients should also 
be encouraged to use self-care practices, behavioral modifica-
tions, and stress management practices. Second line treatments 
include appropriate manual physical therapy techniques and 
multi-modal pain management approaches. Amitryptiline, 
cimetidine, hydroxyzine, or pentosan polysulfate may be 
administered with no preference for one treatment over the 
other. Dimethyl sulfoxide, heparin, or lidocaine may be used as 
an intravesical therapy. Third line treatments include cystos-
copy and low-pressure hydrodistention which also allows for 
accurate assessment of maximum bladder capacity under anes-
thesia, which may be a predictor of poor treatment response. If 
Hunner’s lesions are present, they should be fulgrated or triam-
cinolone may be injected. Fourth line treatment calls for a trial 
of neurostimulation while fifth line treatments include cyclo-
sporine and intradetrusor botulinum toxin A, both of which 
have not been approved by the FDA. Finally, sixth line treat-
ments include major surgery such as cystoplasty, or urinary 
diversion with or without cystectomy [12, 13]. As mentioned 
earlier, as many as 10 % of IC/BPS patients will not respond to 

more conservative first and second line treatments.

�Patient Education

Patients with IC/BPS who choose to undergo neuromodula-
tion should understand that treatment is primarily for the 
urgency/frequency component of their syndrome, but there 
is a possibility that nerve stimulation may also improve their 
pain. The procedure is performed in two stages so that 
improvement in symptoms can be observed prior to implant-
ing a permanent device. Patients should be aware that symp-
tom relief is not guaranteed and success is considered a 50 % 
improvement in overall symptoms, rather than complete 
resolution. The patients are informed that this is not a cure 
for their disease, rather a technique to manage their symp-
toms and once the unit is turned off, their symptoms will 
return [19]. Sacral abnormalities and obesity can make the 
location of the nerve technically challenging. However, a 
recent retrospective study showed no difference in treatment 
success between obese and non-obese patients [20]. Patients 
with cognitive deficits may have trouble managing the device 
and this should be considered when choosing to trial SNM. 
Voiding dysfunction is more prevalent in the elderly and 
although some studies have shown that older patients might 
have less efficacy with neuromodulation [16, 21], others 
have shown age to have no impact on outcomes [22]. Since 
SNM is performed in two stages to determine the efficacy 
prior to permanent implantation, it is reasonable to trial SNM 
in the elderly with refractory voiding dysfunction. 
Neuromodulation is contraindicated in pregnancy due to the 
risk of fetal loss or preterm labor, and patients with an 
implanted device who become pregnant should have the 
device turned off for the duration of the pregnancy [16]. 
Patients should also be counseled that MRI of the abdomen 
or pelvis or diathermy is contraindicated due to concerns of 
heating the electrodes, dislocation of the device or disruption 
of programming [23]. Patients should be screened separately 
at airports and be issued identification cards to inform others 
that the implant is in place.

Patients should know that neuromodulation is a two-
stage procedure involving mild anesthesia and outpatient 
surgery. They should be screened for and counseled on 
anesthetic risk and usual complications of surgery. Patients 
should also be informed that there is a 100 % re-operation 
rate due to depletion of the IPG in 4–6 years post-implant. 
Also, a 15–20 % re-operation rate is expected due to techni-
cal difficulties based on the implantable nature of the device 
[19]. Patients should be required to keep voiding diaries 
prior to lead implantation as well as during the test period. 
After first stage lead placement, the patient will wear an 
external generator to adjust stimulation of the lead while 
they record the results. Second stage permanent implanta-
tion should only take place if there is a 50 % improvement 
in symptoms as documented in the voiding diaries. The 
lead should be removed from patients who do not respond 
to the test.
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�Sacral Neuromodulation

The S3 nerve root is the main target for sacral neuromodulation 
and is targeted via the S3 foramen resulting in changes to 
bladder storage function with low-amplitude electrical stim-
ulation. Schmidt, Tanagho, and colleagues [9] originally 
developed the technique using a percutaneous placement of 
a single electrode that was then taped to the skin. The lack of 
fixation allowed movement of the lead and limitation of the 
length of trial. Patients who had a positive response would 
then have a large incision carried to the periosteum of the 
sacrum where it was anchored in place. Several other inci-
sions were made to tunnel the cables and pocket the device, 
resulting in moderate morbidity [18]. Currently, sacral neu-
romodulation is a minimally invasive procedure. In 2003, 
Spinelli and colleagues described the placement of a lead 
with plastic tines that fixed the electrode in place without 
additional anchoring, thus allowing the same electrode to be 
used for testing and permanent implantation [24]. As a result, 
the re-operation rate dropped significantly. In an effort to 
mitigate cost and the need for IV sedation, alternative tech-
niques were developed to allow outpatient testing. Two tech-
niques have emerged to test the efficacy of SNM prior to 
implantation of a pulse generator. These include first stage 
lead placement (FSLP), which is performed under anesthesia 
in the operating room, and percutaneous nerve evaluation 
(PNE), which is performed in an office.

�Percutaneous Nerve Evaluation (PNE)

PNE is an office-based technique that uses a temporary 
monopolar lead which is designed to be minimally trau-
matic and easy to retrieve. The procedure is performed as 
follows [16]:

	1.	 The patient is placed in the prone position.
	2.	 The S3 foramen is located without fluoroscopy by mea-

suring 10 cm from the coccyx along the midline of the 
spine and then measuring 2 cm lateral and 3 cm superior 
to this point.

	3.	 Local anesthetic is administered and the needle is intro-
duced at a 30–60° angle.

	4.	 Lead placement is confirmed by patient-reported sensa-
tion of stimulation in the vaginal, scrotal, or rectal area 
and flexion of the big toe.

	5.	 The single electrode temporary lead is placed and then 
taped to the skin, connected to an external temporary 
pulse generator and worn by the patient for a test period 
of 3–7 days.

*A >50 % improvement in symptoms is considered a suc-
cess, and a permanent lead and IPG can be placed.

The success rate of PNE has previously been reported to lie 
between 48 and 60 % [25, 26]. The benefits of PNE as an out-
patient procedure include time efficiency, a shorter testing 
period, no anesthesia, and significant overall cost benefit. 
These benefits are weighed against several major limitations. 
The lead is a single electrode and is temporary; therefore, the 
tested effect is not necessarily reproducible during permanent 
lead placement. The lead can also easily migrate during the test 
period. Eight out of ten patients who failed PNE after an initial 
positive response went on to have successful SNM therapy 
when the permanent quadripolar lead was placed, suggesting 
that lead migration should not preclude permanent placement 
[25]. Borawski et al. reported that 46 % of patients receiving 
PNE responded to test stimulation and underwent implantation 
versus 88 % of patients receiving FSLP [27]. Numerous other 
studies have reached the same conclusion; however, there is no 
consensus on the optimal method to screen SNM candidates 
and is therefore deferred to the surgeon’s clinical judgment.

�First State Lead Placement (FSLP) [16]

	 1.	 The patient is brought to the operating room and placed 
in the prone position with pressure points padded.

	 2.	 The patient is placed under intravenous sedation and 
local anesthesia.

	 3.	 Using fluoroscopic guidance a directional guidewire is 
used to locate the intersection of the spinous process and 
the sacroiliac joint which, using a marking pen, is identi-
fied with a transverse line.

	 4.	 The entrance point to the S3 foramen is approximately 
2 cm lateral and 3 cm superior to the point where the two 
lines cross. A needle is passed into the entrance point at 
a 30–60° angle to access the foramen.

	 5.	 S3 stimulation is confirmed by observation of bellows 
contraction of the pelvic floor and flexion of the great 
toe (bellows contraction alone suggests S4 stimulation; 
plantar flexion of the entire foot with heel rotation sug-
gests stimulation of the S2 nerve root and the lead should 
be repositioned) [19].

	 6.	 Fluoroscopy is used to confirm placement of the 
needle.

	 7.	 A directional guide wire is placed and the tract is dilated 
using an introducer sheath.

	 8.	 The tined lead consisting of four cylindrical electrodes 
numbered 0–3 is deployed under fluoroscopy. Each elec-
trode is stimulated individually and reflex responses are 
assessed with a goal of response on all four electrodes.

	 9.	 Lead position should be confirmed with fluoroscopy in 
the lateral and anterior–posterior positions.

	10.	 A 1 cm incision is made and a subcutaneous pocket is 
made in the ipsilateral buttock for the potential site of 
the IPG if the test stage is successful.
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	11.	 The lead is then connected to a percutaneous extension 
lead, which is tunneled out of the contralateral buttock 
and connected to the temporary generator.

	12.	 The pocket is closed and the external cords are secured 
with sterile 4 × 4 dressings and a bandage.

*A >50 % improvement in symptoms is considered a suc-
cess, and a permanent lead and IPG can be placed (stage II).

�Stage II/Permanent Implantation Involves 
the Following [16]

	1.	 The pocket site is reopened, enlarged, and the lead is con-
nected to a permanent IPG.

	2.	 The connections of the device are confirmed in the operat-
ing room and the incision is closed with absorbable sutures.

	3.	 Specific programs for stimulation of the leads are deter-
mined and set up postoperatively to determine the most 
optimal device settings.

Whether undergoing PNE or FSLP, patients may have a 
similar long-term therapeutic benefit suggesting similar 
specificity among techniques [28]. However, test to implant 
rate is considered a better way to measure screening efficacy. 
When comparing PNE to FSLP specifically in an IC/BPS 
population, Peters et al. [29] reported that the test to implant 
rate of patients receiving PNE was 52 % versus 94 % in the 
FSLP group. They also showed that assessing the sensory 
response during surgery reduced the re-operation rate from 
43 to 0 %. Additionally, 96 % (25/26) of IC/BPS patients 
stated they would undergo an implant again and would also 
recommend the procedure to a friend.

�Sacral Neuromodulation for IC/BPS

SNM is not currently FDA approved for IC/BPS, however it is 
used in this population with regularity for the urgency/fre-
quency component of the syndrome and there is significant 
literature suggesting it may improve pelvic pain. In a prospec-
tive study of patients with refractory IC/PBS, at a mean of 14 
months of follow-up, statistically significant improvements in 
daytime frequency, nocturia, and mean voided volume (111–
264 ml) were observed and average pain decreased from 5.8 to 
1.6 (scale of 0–10) on the Interstitial Cystitis Symptom and 
Problem Index score [30]. Peters and Konstandt reported that 
20 of 21 patients with refractory IC followed for 15 months 
experienced moderate or marked improvement in pain after 
SNM with a statistically significant decrease in narcotic 
requirements [31]. In a long-term efficacy study, at a median 
86-month follow-up on 30 patients with IC/PBS undergoing 
SNM, Marinkovic et al. reported a test to implant rate of 88 % 

and a 64 % reduction in pain (visual analog scale) scores and 
improvement in voiding dysfunction [32]. In 2010 Gajewski 
et al. reported on 78 patients with IC/BPS after SNM followed 
for 62 months with a success rate of 72 % [33]. Powell and 
Kreder followed 22 IC/BPS patients after SNM for 59 months 
and more than 75 % reported sustained improvement in symp-
toms and a reduction in IC/BPS medications was observed 
[34]. Another randomized clinical trial showed decrease in 
visual analog pain scores of 49 %, a decrease in number of 
voids by 33 %, an increase in mean voided volume by 95 %, 
and a decrease in incontinence by 92 % among IC/BPS patients 
receiving SNM. In the same study, 100 % of the patients who 
received SNM said that they would undergo implantation 
again [35]. Srivastava et al. reviewed the efficacy of SNM in 
treating chronic pain in this patient population. In their litera-
ture review, most studies (8/10) showed a decrease in pain 
scores at long-term follow-up after permanent SNM [36]. In 
terms of safety, the most frequently reported adverse events 
include explantation, lead revision, and infection [36]. In sum-
mary, SNM is frequently used for patients with severe IC/BPS 
refractory to conservative therapy. It is a safe and reasonable 
option when conservative treatments have failed.

�Pudendal Neuromodulation

Patients who are refractory to conservative therapies with 
inadequate (<50 %) response to SNM may benefit from puden-
dal neuromodulation (PNM). In 1989, Ohlsson used pudendal 
stimulation as an alternative for patients not responding to sur-
face stimulation [37, 38]. In 2005, Spinelli et al. introduced the 
technically advanced procedure of accessing the primarily 
afferent sensory nerve which has since been refined and has 
become a popular off label treatment option for patients with 
refractory symptoms [16, 26]. Pudendal neruomodulation is 
not FDA approved for the treatment of lower urinary tract 
symptoms, however its safety and efficacy have been demon-
strated in a number of different studies. The pudendal nerve is 
composed of fibers from S1–3, with most of the fibers contrib-
uted by S2 and S3 and thus an important contributor to bladder 
function as well as an ideal target for neuromodulation [7]. 
The pudendal nerve innervates the pelvic floor muscles, the 
external urethral and anal sphincters and pelvic organs. The 
optimal point of stimulation is at the level of the ischial spine 
[16]. The procedure is performed as follows [16]:

	1.	 The patient is placed in the prone position, prepped and 
draped sterilely with pressure points padded.

	2.	 Needle electrodes are placed into the anal sphincter at the 
3 o’clock and 9 o’clock positions for intraoperative elec-
tromyography (EMG) monitoring.

	3.	 The pudendal nerve can be accessed percutaneously 
through the ischiorectal space, by passing a foramen needle 
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just medial to the ischial tuberosity in a medial-to-lateral 
direction toward the ischial spine, and stimulated. 
Confirmation is by a compound muscle action potential 
(CMAP) on EMG and an anal wink.

	4.	 Stimulation of the pudendal nerve is confirmed and visu-
alized under fluoroscopy and the tined lead is placed 
using the directional guide wire and lead introducer, simi-
larly to the sacral neuromodulation procedure.

	5.	 Once the lead is positioned, tested, and deployed, it is 
tunneled to the standard IPG site in the upper buttock. A 
longer lead (41  cm) is needed to access the pudendal 
nerve and tunnel to the IPG site. The percutaneous exten-
sion lead is connected and tunneled out of the contralat-
eral buttock.

	6.	 Pudendal nerve stimulation is performed as a staged pro-
cedure and the criteria for success (≥50 % improvement 
in symptoms based on voiding diaries) must be met before 
permanent IPG implantation. Patients should be instructed 
to sit gently to avoid displacing the lead before tissue 
ingrowth has occurred.

In 2005, a randomized, prospective, single blinded cross-
over trial comparing SNM to PNM for voiding dysfunction 
showed that there was a statistically significant overall reduc-
tion in symptoms with PNM (63 %) versus SNM (46 %) and 
79 % of the patients chose PNM as “superior.” In a subset 
analysis of only patients with IC/BPS, 77 % of the patients 
chose PNM as “superior” [39]. Another study examining 
refractory patients who had PNM placed reported significant 
reductions in incontinent episodes, maximum cystometric 
capacity, bladder pressure on urodynamic studies, constipa-
tion, and fecal incontinence [7]. Finally, in a study of OAB 
and IC/BPS patients who had previously failed SNM, 41 out 
of 44 (93 %) of patients responded to PNM. Although less 
than 50 % of the patients reported marked improvement at 1 
year, 88 % had the device in place, 83 % were using it, and 
74 % would undergo the procedure again; 84 % of the patients 
stated that they would recommend PNM to a friend [40]. The 
limitations and safety profile of PNM are similar to that of 
SNM.  PNM is a more technically challenging procedure 
than SNM and generally should be performed by an experi-
enced, high volume surgeon [16]. In spite of such limita-
tions, it has proven to be an extremely effective treatment 
option for refractory cases and the application continues to 
expand for the treatment of various dysfunctional voiding 
and pain disorders including IC/PBS [39].

�Posterior Tibial Nerve Stimulation (PTNS)

Tibial nerve stimulation, initially described in 1983 by 
McGuire and colleagues, showed that electrical stimulation of 
the tibial nerve could efficaciously treat a variety of voiding 

dysfunctions [41]. Stoller and colleagues pioneered posterior 
tibial nerve stimulation when they designed a stimulator tar-
geting the nerve just above the medial malleolus [7]. It was 
approved by the FDA in 2000 for the treatment of OAB and 
has the advantage of being performed in an office without 
anesthesia and lacking a permanent implant. PTNS has not 
been approved for the treatment of IC/BPS or chronic pelvic 
pain, however, several studies have demonstrated efficacy. 
The posterior tibial nerve originates from spinal roots L4 to S3 
and serves as a peripheral mixed sensory motor nerve contrib-
uting directly to bladder and pelvic floor function [7, 16]. The 
procedure is performed as follows [16]:

	1.	 The patient is positioned in the seated position.
	2.	 A 34-gauge needle is inserted 3 cm into the skin (three 

fingerbreadths above the medial malleolus).
	3.	 A grounding pad is placed on the arch of the ipsilateral foot.
	4.	 The system is attached to the grounding pad and needle 

and the amplitude of the stimulation is increased until the 
large toe curls or the toes fan.

	5.	 The stimulation session typically lasts for 30 min.

Studies have shown that 12 weekly sessions provide the 
best outcomes [16]. In a study of PTNS versus Sham for 12 
weeks of therapy using a 7-point global response assessment 
to measure changes in patient symptoms showed that 54.5 % 
of patients reported improved responses from baseline versus 
20.9 % in the Sham group [42]. In a prospective study of 
patients with chronic pelvic pain (CPP), after 12 weeks of 
PTNS, 60 % of patients had improvement of greater than 50 
and 30 % of patients had improvement of 25–50 % in visual 
analog score (VAS) for pain, representing statistically signifi-
cant improvements from baseline [43]. Van Balken et al. eval-
uated 33 patients with CPP undergoing 12 weeks of PTNS and 
reported that 100 % of the patients had significant improve-
ment in quality of life and total pain rate intensity; 21 % of 
patients had mean VAS improvement of >50 % [44]. In a study 
of 13 patients with diagnosed IC/BPS enrolled for 10 weekly 
sessions of PTNS, there were no statistically significant 
changes in pain scores, voiding frequency and volumes, or in 
pain scores although several patients reported improvement, 
with one having complete resolution of symptoms [45].

As mentioned, the tibial nerve is an attractive target because 
it is easily accessible without the requirement of an operating 
room or anesthesia and therefore it has been widely adapted as 
a novel treatment for patients with a variety of dysfunctional 
voiding and pelvic pain syndromes including IC/BPS [16]. 
Larger randomized placebo controlled trials are necessary to 
assess long-term efficacy, particularly in the IC/PBS popula-
tion [7]. Complications of PTNS are mild and include pain, 
bruising, bleeding, and tingling at the needle site. Further limi-
tations include the time commitment involved in attending 
treatments, and difficulty obtaining insurance coverage [16].
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�Conclusion

Pelvic pain syndromes including IC/BPS are an extremely 
prevalent and expensive constellation of diseases that are 

amongst the most common reasons why patients visit their 
doctor. Treatment should always progress from the most con-

servative to least conservative therapies. SNM has emerged as 
a safe and efficacious treatment option for refractory IC/BPS 

and other dysfunctional voiding and pelvic pain disorders as 
evidenced by numerous well-designed studies. All physicians 

who treat this growing patient population should be well 
versed in the history, methodology, procedure, and outcomes 
associated with SNM as detailed in this chapter. Alternate 

methods of peripheral neurologic control of the bladder such 
as PNM and PTNS should be considered as the next step or as 
an adjunct to patients who have failed SNM. Neuromodulation 

has revolutionized the treatment of dysfunctional voiding and 
pelvic pain disorders and will likely continue to be a mainstay 

within the difficult treatment algorithm.
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�Introduction, Anatomy, and Physiology

Before we can begin any discussion dealing with the anat-
omy, physiology, or pathophysiology of the bladder, we 
must first be able to understand the bladder within the param-
eters of basic anatomic relationships, and to answer some 
simple questions, in practical terminology, regarding how 
and why the bladder is what it is.

The urinary bladder (Fig. 17.1) is an extra-peritoneal, vis-
ceral organ whose fundamental function in the human ani-
mal is storage. The urinary bladder has three points where its 
intrinsic integrity is breached. These are the two (2) ureteral 
orifices which let fluid into the bladder and the single (1) 
urethral opening at the level of the bladder neck, which lets 
fluid out of the bladder.

The location of the bladder varies by age. Usually up to 
the age of three, it is located mainly within the abdomen and 
later in adulthood within the pelvis proper. Its position in the 
adult pelvis varies mainly due to the differences of the sur-
rounding accessory structures between genders. Table 17.1 
details the surrounding structures of the bladder and are 
important for surgical instrumentation.

The vascular supply to the bladder is extensive. It is sup-
plied by the internal iliac artery, via the superior and inferior 
branches. These later drain through the vesical veins and 
then into the internal iliac vein. It is important to note that 

vascular thrombosis of the anterior spinal artery, especially 
at the lumbosacral level, can affect bladder function primar-
ily causing urinary retention. The lymphatic system at the 
base of the bladder surrounds into vesical plexus and drains 
immediately into the iliac and then ultimately para-aortic 
nodes (Fig. 17.2a, b).

From a microscopic perspective, the bladder is made up 
of layers of smooth muscle that stretch during the filling 
phase to accommodate increasing volumes of urine at low 
pressures. In addition, this muscle is protected by a lining of 
transitional cell epithelium which is further guarded by a 
layer of glycosaminoglycan (GAG). The normal capacity of 
the bladder is 400–500  cc. During urination, the bladder 
muscle (the detrusor) contracts, and two small circular mus-
cles located in the area of the proximal urethra and bladder 
neck (the sphincter complex} relax at the same time that the 
bladder muscle contracts to allow urine to flow out. This 
coordinated muscular contraction/relaxation of the lower 
urinary tract, which may sound simple on the surface, is an 
extremely complex neuromuscular process that must work 
with microscopic precision. When this coordinated response 
does not work well, in a coordinated fashion, there can be 
significant risk to the intrinsic state of health of the renal 
units. We go into great detail describing the intricate neuro-
muscular process of micturition later in this chapter. Urine 
exits the bladder through the urethra, which carries it out of 
the body. Finally, the urethra is longer in men (16–18 cm) 
than in women (3.5–4.5 cm).

�Uro-Philosophy 101, Structure and Function

The urinary bladder is a muscular sac (essentially a hollow 
muscle) in the pelvis (Fig. 17.3). That is, it is like a balloon 
made up of muscle cells. When empty, the bladder is about 
the size and shape of an upside down pear. It is located just 
above the inferior margin of the pubic bone and directly 
behind the body of that same bone. It is important to remember, 
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from a philosophical perspective, that as a muscle, its natu-
ral function is to contract. To be clear again, the bladder is 
a hollow muscle. Yet, when considering the bladder as an 
organ, which is the sum of all its parts, its philosophical 
nature would be considered primarily as a storage vesicle. 
Interestingly then, the nature of the structural building 
blocks, (smooth muscle cells), that make up the bladder are 
almost diametrically opposed to the philosophical nature of 
the bladder as a functional organ. Unusual but true. For the 
bladder to be most effective, this muscular organ must 
behave like a rubber balloon.

For a biologic naturalist, this natural conflict would be 
fascinating. However, before we totally wade into the uro-
philosophy with respect to the structure and function of the 
bladder, let’s take a trip back in time and remember some of 
the work of Charles Darwin during his travels on the HMS 
Beagle. Darwin proposed the scientific theory of a branching 
pattern of Evolution that resulted from a process that he 
called Natural Selection. This “Natural Selection” is essen-
tially a series of adaptive changes to an organism in response 
to the stresses of nature, or even within an organism itself 
which continue over a long period of time and give rise to the 
diversity of form, as well as the alignment organic structure 

and function. For example, as the needs of an organ (e.g., the 
bladder) within an organism change over time, the cellular 
composition and potentially, the neurologic innervation of 
that organ may modify its physiology so that structure and 
function remain in line from a physiologic perspective. 
Darwin could be considered a “Philosopher” as well as a 
“Naturalist” and the writings of Rene Descartes were very 
interesting to him. So, as Darwin tries to make sense of some 
of the findings that he encounters while on the Beagle, he 
superimposes Descartes’ existentialist philosophy as he asks 
how it all translates to the human condition.

A hollow muscle (the bladder) whose nature is diametri-
cally opposed to the nature of its component cellular makeup. 
So how does this happen? To allow this muscular organ to 
act like a storage balloon. In this case structure and function 
are not aligned. Although a hollow muscular conduit in the 
pelvis may be aligned in a fish, it is Not in a human. So if one 
accepts the Recapitulation Theory of Haeckel, i.e. “Ontogeny 
Recapitulates Phylogeny” then a hollow muscular conduit in 
a fish pelvis must become a storage organ in the human. How 
does this happen? The answer is “intense neuro-control” and 
in the case of the human bladder, it is “inhibitory neuro-con-
trol.” It is this intense type of inhibitory neuro-control that 
allows divergent groups of muscles in the pelvis to act in a 
coordinated fashion and maintain urinary continence. 
Essentially, it is the concept of Cortical Inhibition that is 
what translates to “dryness” in the human condition.

To be able to be dry (not wet with urine) is to be able to 
maintain social acceptability as well as general health and 
well being. As Darwin has alluded to many times, in humans, 
as we come out of an aquatic environment and replace our 
scales or our mucus with skin (which cannot be chronically 

Urinary bladder
(female), filled

a b

Urinary blader
(male), filled

Prostate

Fig. 17.1  Urinary bladder, 
(a) female and (b) Male

Table 17.1  Structures around the bladder important for surgical 
instrumentation

Anterior Symphysis pubis

Posterior Rectum

Superior Peritoneum

Inferior Prostate and seminal vesicles (males)

Pelvic floor musculature (females)
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wet), the ability to maintain dryness becomes even more 
important as a protection against excoriation and even worse, 
ulceration. This is especially true in those areas that are most 
affected by both the dampness of urine and the caustic effects 
of urea. Obviously, these high risk zones would be the 
perineum and the sacrum. I am sure we have all had the 
unwelcome opportunity to have to treat a large diameter, 
deep, infected sacral decubitus ulcer! Not a pleasant experi-
ence. Moreover, it can be a fatal one for the patient. Again, 
all highlighting the critical importance for an in-depth 

understanding (from a neurophysiologic perspective) of 
cortical inhibition!

So, if this is so great and it all makes sense from a theoreti-
cal position, how do we know this is really the case? The 
answer is that we do not know for sure, and cannot know for 
sure, unless we have some way to measure and gauge these 
events from a physiologic and neuromuscular perspective. 
It sounds like a tall order, and a very complicated one at that. 
However, today we have developed incredibly intricate mag-
netic imaging studies combined with advanced physiologic 
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Fig. 17.2  (a) Female and (b) Male pelvic anatomy
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staining techniques which have helped to clearly identify 
neuroanatomic parts of the brain and spinal cord. In addition, 
sophisticated electrophysiologic functional tests to reveal the 
neuromuscular responses of the bladder muscle in coordina-
tion with the pelvic floor musculature have become an inte-
gral part of how the neurogenic bladder is evaluated today in 
the form of urodynamic studies and pelvic floor muscle elec-
tromyography. The details of this type of testing are deferred 
from an in-depth breakdown here because they are discussed 
at length in another chapter Nevertheless, as advanced and 
sophisticated as all these tests are, they had to begin some-
where. The intricate functional neuromuscular detail is 
extracted from studies like pelvic floor muscle electromyog-
raphy. To have to guess, it would seem likely that the use of 
this type of testing would have been initiated sometime after 
electricity became commonplace. So, maybe in the 1920s or 
1930s?? Interestingly, the first attempts at assessing the neu-
romuscular function of the bladder were several decades 
before that. Essentially, Mooso and Pellicani performed the 
first documented simple cystometrogram in 1882.

MOSSO and PELLACANI, in 1882, when the method of mak-
ing continuous smoke-drum records had just been introduced by 
Marey, described a series of experiments upon the normal 
female human bladder. Their method was highly ingenious, and 
consisted of running records of the movements of a vessel of 
which the fluid contents communicated by tube and catheter 
with the interior of the bladder. The level of the fluid was kept 
constantly slightly above the level of the bladder and the record 
was therefore of variations of vesical volume and flow rates at 
constant pressure. From the OxfordJournals.org article published 
in July 1933.

�Neuroanatomy and Neurophysiology 
of the Lower Urinary Tract

The lower urinary tract (LUT) physiology from a functional 
perspective is a concept that is commonly used to connote 
“the micturition cycle.” Micturition comes from Latin roots, 
with the verb micturire which means to desire to void and 
should be used to express the entire process which includes 
both filling and emptying. The verb to void should be 
reserved for the actual act of emptying the bladder. The mic-
turition cycle, as a term, is inclusive and comprehensive. 
Moreover, it implies two phases which include both filling 
and storage components. However, like so many other things 
in “real world” biology, they are not weighted evenly from a 
neuromuscular perspective. Nevertheless, more often than 
not, they are grouped together for the purposes of academic 
discussion. Actually, there is some logic to this because it 
ties together the circular spectrum of the way that our bodies 
handle liquid waste. Certainly, from a physiologic perspective 
highlighting the ties between filling and emptying is impor-
tant because the musculature involved in this process (the 
detrusor and the proximal urethral sphinchteric complex) 
must work in a coordinated fashion. So, it is very difficult to 
discuss intelligently how the group of muscles involved in 
voiding are behaving without understanding exactly what 
their muscular and soft tissue counterparts are doing in a 
simultaneous fashion, i.e. the complex interactions between 
the bladder, urethra, urethral sphincter, and nervous system. 
The micturition cycle is often discussed from a physiologic 
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perspective. However, it may also not be unreasonable to 
break them up in a more philosophical discussion based on 
the human condition.

Acknowledging that the human condition requires social 
interaction for normal development, then being able to main-
tain some type of social structure is a requirement for man to 
prosper. To that end, for a human being to thrive in normal 
social situations, he or she must be dry! Essentially, for a 
human to be human, he or she must be able to maintain con-
tinence. So, here, we will break from tradition to look at the 
physiology of micturition from a philosophical perspective, 
one might split it into:

	1.	 The Physiology of Continence
	2.	 The Physiology of Voiding

Most importantly, the physiology of continence should 
take the preeminent position in that it accounts for over 95 % 
of the micturition cycle and is a core component for interactive 
human socialization, (maintaining dryness). To that end, let’s 
open the discussion with the physiology of continence.

�The Physiology of Continence

Storage of urine involves complex neural interactions 
between the bladder, urethra, urethral sphincter, and the 
brain and nervous system. The neural circuitry that controls 
this process is complex and highly distributed: it involves 
pathways at many levels of the CNS. The urinary bladder 
and urinary sphincter are the principal components of the 
lower urinary tract (LUT) responsible for continence. 

In the most basic terms, the bladder is a hollow muscle 
whose function is to fill with fluid. Normally, that translates 
to a capacity of about 400–500 cc. At the same time, there is 
a continence zone (CZ) or sphinchteric complex which is 
located at the convergence of the bladder neck and proximal 
urethra. This sphincteric complex consists of an internal por-
tion, which is a continuation of detrusor smooth muscle that 
thickens and converges to form the bladder neck area which 
is under tonic autonomic control from the sympathetic side. 
Proceeding in a more distal fashion, one runs into another 
constellation of high tone circular muscle surrounding the 
proximal urethra. This is the external component of the 
sphinchteric complex also known as the external sphinchter 
and rhabdoshpinchter which is composed of both striated 
and smooth muscle and must maintain contraction at rest. 
So, the achievement of urinary continence as a component of 
social acceptability is near the pinnacle of basic require-
ments for successful human interaction in modern society. 
As a general overview, it is a coordinated relationship that 
occurs with simultaneous bladder muscle (detrusor) relax-
ation along with chronic muscular contraction of both the 

bladder neck (internal urinary sphincter and the external 
urinary sphincter) and proximal urethra. Here it is important 
to remember that, although extremely simplified, it is this 
descriptive overview that allows for urinary continence and 
the attendant maintenance of such, allows for social accept-
ability in the human condition. More importantly, it is this 
muscular state of affairs (allowing for continence) that is in 
place and active more than 90 % of the life time total. 
Consequently, it is considered by many experts to be the 
“tonic” situation. Now, taking into account all of the above, 
eventually, the bladder will reach its awake capacity which 
should lead to the desire to void. Voiding occurs when the 
external urinary sphincter relaxes as the initial voluntary 
trigger which is immediately followed by relaxation of the 
bladder neck, which is then almost immediately coordinated 
with a bladder muscle (detrusor) contraction, allowing for 
the unobstructed expulsion of urine.

This section is dedicated to the “All Important” Physiology 
of Continence (Fig. 17.4a, b), but before we get deep into its 
inner workings and tonic control we should set the back drop 
of continence as a whole. Remember, the micturition cycle is 
overseen and coordinated through both the autonomic and 
somatic nervous systems. Since the autonomic nervous sys-
tem breaks down to the sympathetic and parasympathetic 
systems, the micturition cycle really falls under an integrated 
trilogy of neurologic pathways, i.e. somatic, sympathetic and 
parasympathetic.

To review, the sympathetic nervous system in the pelvis 
allows for bladder muscle relaxation with simultaneous tonic 
contraction of the sphincters. This is mediated through the 
hypogastric nerve, and these signals originate from the spi-
nal cord at levels T10–L2. The parasympathetic system 
allows for bladder contraction and internal sphincter relax-
ation. This is mediated through the pelvic nerve, and these 
signals originate from the spinal cord levels at S2–S4. The 
somatic (voluntary) system allows for the control of the stri-
ated sphincter which is mediated through the pudendal nerve 
(S2–S4). All three of these systems are part of reflex path-
ways and are under the influence of higher centers (cerebrum 
and brainstem, pons micturition center). So, understanding 
the active presence of these three neurologic pathways 
underscores the preeminent position of detrusor stability 
in the maintenance of dryness and in turn socially 
acceptability.

The physiology of continence is under tonic sympathetic 
control but from a comprehensive perspective, it includes 
both sympathetic and somatic functions. The discussion of 
sympathetic control is in itself complex because it takes into 
account two (2) separate anatomic levels. These are: (1) the 
bladder muscle and (2) the bladder neck musculature. 
Sympathetic input to the bladder and the bladder neck mus-
culature (including the internal sphinchter) is mediated by 
adrenergic receptors. The majority of receptors here belong to 
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Fig. 17.4  (a, b) Physiology of continence
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the family of alpha receptors. However, this includes a super 
selective receptor subtype known as the alpha-1-a receptor. 
These alpha-1 adrenergic receptors at the bladder neck 
communicate via postganglionic fibers and utilize norepi-
nephrine as its transmitter which results in tonic muscular 
contraction of the internal sphinchter, allowing for bladder 
neck apposition with a mucosal seal and subsequent dryness. 
In addition, the sympathetic nervous system inhibits detrusor 
activity via stimulation of beta-3-adrenergic receptors with 
norepinephrine. The use of norepinephrine here versus epi-
nephrine has been confirmed in animal models. Finally, sym-
pathetic input to the LUT also has a role in the inhibition 
of parasympathetic input into the bladder, thus inhibiting 
stimulatory signals from reaching the detrusor which further 
stabilizes the detrusor muscle. So, to sum it all up, as the 
sympathetic system via the thoracolumbar cord fires, it sends 
stimuli out through the hypogastric nerve to their nerve end-
ings where norepinephrine will be released and stimulate 
three (3) separate receptor subtypes. These are, the beta 3 
receptor at the level of the bladder muscle to enhance stability 
and elasticity, the alpha-1-a receptor at the level of the blad-
der neck in an effort to maintain apposition and a mucosal 
seal, thirdly, norepinephrine will stimulate presynaptic para-
sympathetic nerve endings to prevent acetylcholine release 
which would stimulate bladder muscle contraction, which 
would be undesireable during the filling phase. It is the com-
bination of all these events that allow for the bladder muscle 
to act like the walls of a rubber balloon and enhance its role 
as a storage vesicle which is an integral role in the physiology 
of continence.

The last piece of the neuromuscular puzzle to review with 
respect to the physiology of continence is the somatic nervous 
system. Here, motor neurons originate from Onuf’s nucleus, 
located on the anterior horns of the sacral spinal cord at levels 
S2–S4, and send their axons into the pudendal nerve that stim-
ulate the striated muscle of the external sphincter to contract 
via the release of acetylcholine. This acetylcholine then binds 
to post-junctional nicotinic receptors, resulting in contraction 
of the external sphincter. Both alpha-receptors and serotonin 
5-HT2 receptors are located in Onuf’s nucleus and facilitate 
the storage reflex. So, in summation:

“The Physiology of Continence” that is the ability to store 
urine in a competent fashion is regulated by two separate 
storage reflexes—the (1) sympathetic (autonomic) reflex and 
the (2) somatic (guarding) reflex which is mediated by small 
myelinated A-delta fibers which are coordinated by the spi-
nobulbospinal pathway. Let’s look at the sympathetic path-
way first. This neurologic route begins with an impulse to 
store urine emanating from the periphery (bladder). Sensation 
from the bladder wall initiates afferent activity. This afferent 
activity travels in the pelvic nerves to the spinal cord via the 
S3 level at which time it is gated and sent up to the L1–L3 
level via either the tract of Lesseur or the lateral spinotha-

lamic tract. At that point, sympathetic activity is initiated and 
transmitted out from the “thoracolumbar cord” via the 
hypogastric nerve, which leads to a blockage of excitatory 
parasympathetic stimulation of the bladder. After this sympa-
thetic barrage is sent out, that afferent impulse continues up 
the spinal cord to the brainstem, specifically the micturition 
center located in the pons and then to higher centers in the 
cerebrum for assessment. During this time, more sympa-
thetic activity is generated which leads postganglionic 
neurons to release noradrenaline, which binds to beta-3-
adrenoreceptors in the detrusor, leading to detrusor stability 
and elasticity and most importantly prevention of parasym-
pathetic agonism.

The second storage reflex, the somatic storage (guarding) 
reflex occurs in response to certain variable stimuli including 
sudden increases in intra-abdominal pressure. In this reflex, 
afferent activity travels along the myelinated A-delta fibers 
in the pelvic nerve to the sacral spinal cord, where efferent 
somatic urethral motor neurons in Onuf’s nucleus are 
located. Afferent activity which has continued up the cord 
via the aforementioned ascending tracts is also relayed to the 
periaqueductal gray (PAG) via the pontine micturition center 
(PMC). The PMC sends impulses to motor neurons in Onuf’s 
nucleus, and axons from these neurons travel in the pudendal 
nerve and stimulate the rhabdosphincter to contract which 
would enhance the mucosal seal, increase outlet resistance, 
and maintain continence. Finally, what all of this means is 
that when these pathways operate appropriately, the patient 
remains socially acceptable and most importantly, DRY!!

�The Physiology of Continence (Peripheral 
NeuroControl)

The peripheral control of continence is a rapidly growing 
area within the arena of NeuroScience as a whole. There is 
so much work being done in this arena that you could almost 
dedicate an entire book just to this topic. Unfortunately, we 
do not have that luxury here, so I will ask the reader’s indul-
gence in my attempt to condense this very important piece of 
neuro-control in the pelvis as I do my best to highlight and 
adequately cover those most important aspects.

�Peripheral Control of Continence  
(The Urothelium)
It is very important for the clinician treating those patients 
with neuromuscular dysfunction in the lower urinary tract to 
understand the role of the dense neural network within the 
soft tissue which lies just below the bladder mucosa. Now 
this special area has been coined the “suburothelium.” This 
network is comprised of mostly afferent fibers which serve 
as mechanoreceptors from the bladder wall and transmit 
primarily sensory stimuli dealing with bladder fullness and 
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bladder pain to the sacral spinal cord. All this is accom-
plished via the utilization of two (2) major types of neurons. 
These are the A-Delta fibers and unmyelinated “C” fibers. 
The “C” fibers are charged primarily with the conduction of 
noxious feelings of pain and pressure. Therefore, the A-Delta 
fibers are the “primary” in the area and are predominant 
within “conditions of health.” So, in essence, it is these 
A-Delta fibers that carry sensations of bladder pressure and 
fullness that are not noxious.

�Peripheral Control of Continence (The Functional 
Syncytium)
It is important to remember here that the bladder wall func-
tions as a major sense organ within the anatomic pelvis. The 
moniker given to this sense organ is “The Functional 
Syncytium” and from a microscopic anatomic perspective, it 
consists of both the urothelium and the soft tissue lying just 
beneath, known as the “suburothelium.” This functional syn-
cytium works together through intercellular communications 
achieved with “neurotransmitters” to convey the feelings of 
pressure and temperature. Both acetylcholine (ACh) and ATP 
are utilized in abundance by the bladder wall urothelium as it 
distends during urine storage in an effort to facilitate conti-
nence. From a neurologic perspective, it is proposed that the 
Ach released from the urothelium during periods of bladder 
storage acts on muscarinic receptors in the suburothelium and 
the detrusor to stimulate and maintain bladder wall tone and a 
consistent level of compliance.

In addition, it speaks to a possible autocrine role for Ach 
released by the urothelium and accepted by suburothelial 
receptors. Once these suburothelial muscarinic receptors 
are activated by Ach from the urothelium, they release 
UDIF (urothelial derived inhibitory factor) which in turn 
decreases detrusor tone to provide that degree of muscular 
antagonism to allow for fine-tuning the degree of bladder 
wall tone to create a fluctuating level of detrusor compli-
ance as the bladder volume constantly changes during fill-
ing. Furthermore, Ach released by the urothelium activates 
two (2) nicotinic signaling pathways which work via a nega-
tive feedback mechanism. These pathways are mediated by 
Alpha-7 (α7, inhibitory) and Alpha-3 (α3, excitatory) nico-
tinic receptors, which facilitate urine storage and bladder 
emptying, respectively.

This “Functional Syncytium”, as an entity to help the 
bladder wall maintain its sensory role is as stated above not 
only dependent on Ach and its attendant muscarinic recep-
tors for functionality but also ATP. With respect to ATP as a 
sensory neurotransmitter, there are two (2) receptor lines that 
are important. One receptor is primary and the other is works 
in a facilitatory fashion. The primary purinergic receptor 
with a functional role in mechanosensation from the bladder 
wall is the P2X3 receptor which is an ATP gated purinergic 
receptor. Essentially, the cascade is as follows, ATP released 

from the urothelium will find and activate the P2X3 receptor 
in the suburothelium which in turn will send signals of 
stretch and fullness through the sacral spinal cord and then 
up to the brainstem. The second receptor works to facilitate 
the action of the P2X3 receptor. It also is purinergic in nature 
and its class was formerly known as a vanilloid receptor, 
specifically the VR1 receptor. Today it is known as Transient 
Receptor Potential Vanilloid 1 (TRPV-1). This receptor, 
when activated, mediates the activity of unmyelinated nerves 
(C-fibers) in the suburothelium and facilitates the activity of 
myelinated nerves in the same area below the urothelium. 
So, in sum, the activity of these TPRV-1 receptors facilitates 
the transmission of bladder filling via the P2X3 receptors 
relationship with myelinated A-Delta fibers. However, the 
activity of the TPRV-1 receptors via unmyelinated “C” fibers 
is enhanced dramatically as fullness takes on an uncomfort-
able nature. The final part of this “Functional Syncytium” is 
that there is a cell mediator in the suburothelium known as 
the “interstitial cell.” This cell aids with the sensations of 
bladder wall distention and fullness. Now, it is understood 
that this cell is actually a specialized type of myofibroblast 
and although not completely understood, it is integral in this 
entire cascade of purinergic neuromuscular sensory function 
from the pelvis.

�The Physiology of Voiding

The total amount of time that a human being spends voiding, 
that is, actually passing urine from the body, is a small frac-
tion of the total time that our bodies activate those neurologic 
pathways which allow for continence. So, it should not be 
surprising that the length of the section on “Voiding 
Physiology” reflects that natural tendency.

The voiding reflex involves the pontine micturition center 
(PMC) as well as other regions in the brain, including the 
hypothalamus and the cerebral cortex. So, if the reader can 
indulge another bit of oversimplification as we follow an 
impulse down the spinal cord through the sacral cord and to 
the bladder muscle, this is it. The efferent side begins with a 
bladder that is full or near full. At that time, the idea of vol-
untary control is initiated at higher centers in the cerebral 
cortex and hypothalamus. This neurologic data is transmitted 
back to the micturition center in the pons. The PMC orga-
nizes and distributes these neurologic impulses since the 
PMC controls the delegation of descending pathways. Once 
the neuro-stimulation from higher centers is organized in the 
pons, it is shipped out to the corticospinal tract which sends 
impulses downward via the corticospinal tract through the 
thoracolumbar cord to end up at the sacral cord. As the 
impulse travels down from the brainstem toward the sacrum, 
it passes through the thoracolumbar cord, which is one of the 
bastions for sympathetic outflow. As this descending signal 
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passes through this part of the cord, it suppresses sympa-
thetic outflow which destabilizes the detrusor muscle by 
withdrawing Beta-3 stimulation and prepares it for contrac-
tion while simultaneously relaxing the internal urinary 
sphinchter via withdraw of Alpha tone at the bladder neck 
which begins decreasing outlet resistance. Upon arrival of 
this impulse in the sacral cord, there are two (2) distributive 
pathways it may take, (1) somatic or (2) parasympathetic.

Firstly, with respect to the somatic component, as the 
impulse descends into the sacral cord, it is directed to the 
anterior horn of level (S2–S4) in the area of Onuf’s nucleus. 
The sacral roots of S2–S4 coalesce to form the pudendal 
nerve, which carries the impulse outward toward the external 
(voluntary striated) urethral sphincter (EUS). An initial 
somatic spike is immediately followed by withdrawal of 
somatic stimulation to the EUS which triggers the initiation 
of voiding via the second distributive pathway which is 
parasympathetic.

Secondly, the parasympathetic component of the impulse 
descends and utilizes the intermediolateral column of the 
sacral cord to send out the parasympathetic signal to the 
“pelvic ganglion.” This nerve cluster is parasympathetic in 
nature and collects and collates these impulses before they 
allow them to fire out via the pelvic nerve to the neuromus-
cular junction at the level of the detrusor muscle, thus releas-
ing Ach and allowing for detrusor contraction and bladder 
emptying.

�Site Specific Neurogenecity

�Spinal Cord Injury (SCI)

The ability to voluntarily initiate voiding involves a trigger 
type relaxation of the proximal urethral continence zone 
which is essentially the sphincter complex series of hetero-
geneous circular musculature which extends from the proxi-
mal urethra up through the bladder neck. This is followed 
almost simultaneously by an escalating detrusor contraction. 
This series of neuromuscular phenomena occurring in almost 
simultaneous sequence, as we have reviewed above, is known 
as the micturition reflex. Experimental studies in animals 
have shown that this voiding reflex is coordinated by spino-
bulbospinal pathway which passes through pontine micturi-
tion center (PMC) positioned in rostral brainstem. Spinal 
pathways connecting the PMC to the sacral cord have to be 
intact for this reciprocal response. Transection of the spinal 
cord disrupts this spinobulbospinal pathway communication 
with PMC, which eliminates voluntary control of voiding 
and the reciprocal bladder and sphincter response, resulting 
in an areflexic or hyporeflexic bladder during the period of 
“spinal shock” causing urinary retention. However, this pro-
cess is followed by slow re-initiation of the infantile sacral 

reflex pathways over a period of time, without any inhibitory 
control from higher centers, causing neurogenic detrusor 
overactivity or (NDO). It is important to remember that only 
sacral reflex activity is preserved and will return after the 
period of spinal shock.

Theory regarding neurogenic lower urinary tract dysfunc-
tion (NLUTD) in spinal cord injury classifies the disorder 
into four major types (and a special fifth classification):

	1.	 detrusor hyperreflexia in combination with hyper-
reflexive (spastic) sphincter, this condition is also known 
as detrusor sphincter dyssynergia (DSD)

	2.	 detrusor hyporeflexia in combination with a hyper-
reflexive (spastic) sphincter

	3.	 detrusor hyporeflexia (areflexia) in combination with a 
hyporeflexive (flaccid) sphincter

	4.	 detrusor hyperreflexia in combination with sphincter 
hypo-normoreflexia

	5.	 The non-neurogenic neurogenic bladder (variants of 
Hinman’s syndrome)
hypertonic pelvic floor muscle dysfunction

Type 1 dysfunction is most frequently seen in supraconal 
lesions. Type 2 is usually observed in conal lesions. Type 3 is 
seen in cauda equina lesions, while Type 4 is typically 
observed in suprapontine lesions. In incomplete suprasacral 
lesion, synergistic relaxation of the external sphincter may 
be preserved. Balanced voiding may occur but urgency and 
urge incontinence usually persist.

Micturition reflex is initiated by small myelinated affer-
ents (Aδ) and unmyelinated afferents (C-fibers). SCI at lower 
thoracic level (T8–T12) or suprasacral micturition center 
eliminates both reflexes, however, in weeks to months long 
latency C-fiber reflex reappears, and Aδ-fiber never recovers. 
It is the re-development of these C-fibers which causes auto-
matic micturition in paraplegic animals. This is the underly-
ing pathophysiology of NDO, and reflex bladder contractions 
in the experimental models.

The insufficient emptying of the bladder induces recurrent 
UTI, nephrolithiasis, hydronephrosis, and finally renal fail-
ure. Lower motor neuron lesions or injury to the sacral mictu-
rition center (S1–S4) results in the loss of parasympathetic 
control of the bladder detrusor and a somatic denervation of 
the external urethral sphincter, with associated loss of afferent 
pathways. In a complete lesion, conscious awareness of blad-
der fullness will be lost and the micturition reflex is absent. 
As a result one would experience stress incontinence and uri-
nary retention. Stress incontinence is a result of incompetent 
urinary sphincter with significant reduction of maximal ure-
thral pressure. However, in some patients paradoxic obstruc-
tion of the external urethral sphincter has been observed, 
secondary to a fibrotic degeneration of the muscle, and this is 
mainly because of a systemic disease. Also, in the lower 
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motor neuron SCI, due to some unknown reason it has been 
observed that the bladder neck remains open even during the 
filling phase, and further contributing to overflow and stress 
incontinence. Repeated studies have revealed that suprasacral 
lesions are associated with detrusor hyperreflexia and/or 
detrusor sphincter dyssynergia (DSD) in 94.9 %, and sacral 
lesions with detrusor areflexia in 85.7 % of cases.

�Brain Lesions

Voiding dysfunction is very prevalent in patients with history 
of stroke or other neurological disorders. Spinal cord lesions 
at certain levels may lead to impaired coordination of the 
bladder and with the outlet (i.e., the CZ and paraurethral 
musculature), while suprapontine lesions rather lead to uri-
nary urge incontinence due to detrusor hyperactivity (NDO).

Normal micturition reflex is coordinated by the PMC or 
the M-region, which are both located in the dorsal pontine 
tegmentum. The inhibitory input from the medial frontal 
lobe controls the excitability of the PMC. Therefore, a lesion 
above the PMC produces uninhibited bladder, resulting in 
detrusor overactivity. On the other hand, lesion between the 
PMC and the sacral cord produces spastic bladder. In an 
analysis 49 % of 39 patients with brainstem stroke suffered 
from lower urinary tract dysfunction, majority being noctur-
nal urinary frequency, voiding difficulty and urinary reten-
tion. These cases suggested lower urinary tract control is 
located in the dorsolateral pons area, including the pontine 
reticular nucleus and reticular formation, adjacent to the 
medial parabrachial nucleus and the locus coeruleus. In the 
most recent study 30 cases of brainstem infarctions were 
analyzed. In this subpopulation, 70 % of these patients had 
lower urinary tract symptoms, comprising of 46.7 % storage 
disorders and 23.3 % emptying disorder. Patients with emp-
tying disorders were more prevalent with medullary lesions 
(55.6 %) and storage disorder was common in patients with 
pontine lesions (61.9 %). To evaluate how the central ner-
vous system site impacts the lower urinary tract function, 
prospective study was conducted. This study included 60 
patients with cerebrovascular accidents, where 47 % pre-
sented with retention and overflow incontinence 40 % com-
plained of detrusor hyperreflexia, and 13 % had frequency 
and urgency despite normal urodynamic study. The cause of 
retention was due to detrusor hypoflexia in majority of the 
patients, and mainly it was due to cerebellar lesion. Detrusor 
hyperreflexia was seen in patients with lesions in basal gan-
glia, internal capsule, and cerebral cortex. Out of these 60 
patients, 40 had ischemic and 20 had hemorrhagic infarcts. 
The majority of patients with hemorrhagic infarcts presented 
with areflexic detrusor, on the other hand ischemic infarcts 
majority presented with detrusor hyperreflexia. It is impor-
tant to address that the urodynamic study in these individuals 

was done acutely after their CVA, as a result detrusor are-
flexia which was reported would be expected as a conse-
quence of neurogenic shock. This would be expected during 
this period. However, it is very important to note that detru-
sor hyporeflexia or areflexia would not be expected in mature 
lesions above the brainstem.

Of these 60 patients, 8 had frontoparietal lesions, out of 
which 6 presented with detrusor hyperreflexia. Inhibitory 
control of the motor area designated to the detrusor is on the 
superomedial area of the frontal lobe and the genu of the 
corpus callosum. Therefore, frontal and frontoparietal 
lesions would lead to loss of the normal cortical inhibitory 
influence resulting in detrusor hyperreflexia. The patients 
with lesions in internal capsule also showed detrusor hyper-
reflexia, and this is because various ascending and descend-
ing tracts pass from here, and thus lesion mimics frontoparietal 
lesion. Infarcts in cerebellar area show detrusor areflexia 
with no effect on the external urethral sphincter. The cerebel-
lum derives sensory input from the detrusor and pelvic floor 
musculature through spinocerebellar tracts, but it does not 
initiate contraction, but rather modulates the effect of cere-
bral cortex and the brain stem detrusor nuclei. The net effect 
of this modulation normally leads to suppression of reflex 
detrusor contraction, as a result one would expect to have 
hyperreflexic detrusor in response to cerebellar dysfunction, 
but rather opposite happens, and that relationship is not well 
understood.

�Systemic Diseases

�Parkinson’s Disease
Parkinson’s disease is a progressive degenerative neurologi-
cal movement disorder. Parkinson’s involves the malfunction 
and even death of vital nerve cells in the brain. The neurons 
which are primarily affected are neurons in an area of the 
brain called the substantia nigra. Many of these dying neu-
rons produce dopamine, a chemical that sends messages to 
the part of the brain that controls movement and coordina-
tion. As the disease progresses, the amount of dopamine pro-
duced in the brain decreases, leaving a person unable to 
control movement normally. The symptoms that patients 
typically express are motor features such as resting tremor, 
bradykinesia, cogwheel rigidity, and postural instability. 
Other non-motor symptoms include dysphagia, constipation, 
orthostatic hypotension, depression, sexual dysfunction, and 
lower urinary tract symptoms. In Parkinson’s disease bladder 
symptoms usually occur at advanced stages of the disease, 
however being an elderly patient, other conditions tend to 
influence continence and emptying, especially obstruction in 
older men being a common cause. In the PRIAMO study, 
which was conducted to assess the non-motor symptoms and 
their impact on quality of the patients, it was determined that 
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majority patients had symptoms in the psychiatric domain, but 
lower urinary tract symptoms were also very common in about 
57.3 %, which included urgency (35 %) and nocturia (35 %). 
Interestingly, urinary urge incontinence was less common 
but may be secondary to the tendency for this demographic 
to be older males which often have a component of outlet 
obstruction from BPH.

Under normal conditions, the net output from the basal 
ganglia inhibits the thalamus, and dopaminergic striatal 
activity induces selective disinhibition. It is believed that in 
Parkinson’s disease this disinhibition cannot be performed 
due to degeneration of nigrostriatal dopaminergic neurons 
resulting in non-selective motion such as “tremor.” In addi-
tion to that, Parkinson’s disease is associated with decreased 
input of sensory information to the cortex, as a result patients 
have reduced ability to integrate and separate sensory input 
as the disease progresses.

Some studies have shown that patients who received deep-
brain stimulation (DBS) of the subthalamic nucleus, sug-
gested that lower urinary tract symptoms are associated with 
cortical dysfunction in Parkinson’s disease. This implies that 
frontal cortical areas are unable to stimulate the pontine mic-
turition center which disrupts the integration of sensory input 
from the bladder. Also, basal ganglia have an inhibitory effect 
on micturition reflex, and detrusor overactivity develops after 
cell loss in the substantia nigra. some studies have shown that 
treatment with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP), can generate a neuromuscular situation that is con-
sistent with overactive bladder or detrusor overactivity. 
However, selective dopamine D1 receptor agonists have been 
successfully used to suppress detrusor overactivity.

�Multiple Sclerosis (MS)
Multiple sclerosis (MS) is a potentially disabling disease of 
the brain and spinal cord (central nervous system). In MS, 
the immune system attacks the protective sheath (myelin) 
that covers nerve fibers and causes communication problems 
between your brain and the rest of your body. Eventually, the 
disease can cause the nerves themselves to deteriorate or 
become permanently damaged. Multiple sclerosis (MS) is 
the most common progressive neurological disorder often 
affecting younger patients. MS is an autoimmune disease, 
where communication between the central nervous system 
and other parts of the body is affected. This communication 
defect is because of loss of myelin, causing disruption in the 
ability of the nerves to conduct electrical impulses and com-
municate. Just based on the shear numbers and volume of 
fibers involved, it is the inhibitor fibers that are most signifi-
cantly affected. This will create a disinhibited state, allowing 
for involuntary bladder muscle activity. Bladder dysfunction 
has been well recognized as an important physical disability 
in MS patients. Studies in past have shown that approxi-

mately 75 % of all patients with MS will develop urinary 
dysfunction during the course of their disease. The urinary 
dysfunction symptoms include frequency, urgency, and urge 
incontinence. These symptoms are a result of neurogenic 
detrusor overactivity (NDO), neurogenic detrusor underactivity, 
and/or detrusor sphincter dyssynergia (DSD) which tends to 
develop as a result of neurological change, most often from 
spinal cord involvement. Obstructive symptoms have been 
observed as well, resulting in urinary retention in 25 % of 
these cases. Lesions in particular region of the central ner-
vous system cause associated symptoms observed in these 
patients. If the lesion is confined to subcortical white-matter, 
detrusor overactivity will be much prevalent in those patients, 
on the other hand if the lesion involves spinal cord, one 
would see detrusor overactivity and detrusor sphincter dyss-
nergia (DSD).

�Multiple System Atrophy (MSA) and Detrusor 
Dysfunction
Multiple system atrophy (MSA), formerly known as The Shy 
Drager Syndrome is a neurodegenerative disorder and mani-
fests in the age group of 50–60 years. The clinical symptoms 
resemble very much like that of Parkinson’s disease. Patients 
often have autonomic failure (orthostatic hypotension, bowel 
and bladder disturbances, sexual dysfunction), parkinson-
ism, cerebellar ataxia, pyramidal tract signs. MSA is classi-
fied into two subtypes, based on their patient’s motor 
features, either MSA-P (parkinsonism) or MSA-C (cerebel-
lar). The majority of the MSA patients have lower urinary 
tract symptoms, although actual study percentages range 
from 45 % to 95 %. The nature of pelvic symptomatology 
centers around urgency, frequency, urge incontinence to 
large residual volume post micturition.

Urodynamic evaluation showed that patients with MSA 
often have detrusor over activity as the underlying cause of 
overactive bladder symptoms. This is mainly because of neu-
ronal loss in nigrostriatal dopaminergic system, cerebellum, 
pontomedullary raphe, and frontal cortex. Incomplete bladder 
emptying is also seen, but that usually happens with progres-
sion of the illness. One of the studies demonstrated increase 
in mean post void residual between the first and fifth years of 
the disease. Open bladder neck and weakness of urethral 
sphincter muscles also contribute to incontinence. Denervation 
of the striated sphincter results from a loss anterior horn cells 
in the Onuf’s nucleus of the sacral spinal cord.

�Detrusor Dysfunction in Diabetes
Normal bladder function is attained by proper communica-
tion between sensory and motor pathways present both in 
peripheral and central nervous system. Bladder dysfunction 
seen in diabetic patients caused by peripheral neuropathy is 
often urinary retention. This is because there is destruction of 
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primarily sensory nerves going to the bladder, which results 
in bladder distension often without sensation. This distension 
is because of lack of detrusor contraction, and patients 
develop overflow incontinence. Bladder dysfunction in 
diabetes can occur in varied ways, that is, diabetic cystopathy, 
detrusor overactivity, and urge urinary incontinence. Onset of 
bladder dysfunction in diabetics usually occurs in advanced 
stages of the disease. Patients usually remain asymptomatic 
during early stages. The initial lower urinary tract pathology 
to represent usually is impaired bladder sensation. Micturition 
reflexes are delayed due to decrease in bladder sensation, 
which results in increasing bladder capacity and urinary 
retention. Patients usually are asymptomatic at this stage, but 
one starts noticing frequent urinary tract infections due to 
urine retention, and slowly symptoms of straining, hesitation, 
and weak stream start to develop.

The prevalence rate of bladder dysfunction increases with 
the chronicity of the diabetes mellitus. Rate of bladder dys-
function is about 25 % after 10 years of diabetes, and >50 % 
after 45 years of diabetes.

�Spina Bifida Affect on Bladder Dysfunction
Spina bifida is a major congenital defect which occurs because 
of incomplete closure of the backbone and membranes during 
embryonic development. It affects multiple organ systems, 
including the urinary bladder. More than 90 % of affected indi-
viduals have neurogenic bladder. This is because the nerves in 
the spinal cord that control the bladder detrusor muscles do not 
form properly. Consistent urinary incontinence is seen in chil-
dren because of external sphincter function alteration from 
denervation. Detrusor sphincter dyssynergia leads to detrusor 
hypertrophy which causes obstruction, and affects the stor-
age capability of the bladder. This may facilitate a situation 
that can lead to recurrent urinary tract infections, which in 
turn may lead to kidney dysfunction. A study showed new-
borns with myelomeningocele, 55 % had detrusor sphincter 
dyssynergia, 18 % had synergy, and 27 % had absent 
activity.

�Treatment Options in Neurogenic Bladder

To discuss treatment options for patients with neurogenic 
bladder is a challenging task. In and of itself, this topic could 
account for an entire chapter or even more. Nevertheless, we 
will try to treat this topic in a concise fashion, yet as compre-
hensively as possible. The correct therapy or combination of 
therapies should be determined by assessing multiple fac-
tors. These would include clinical lower urinary tract symp-
toms (primarily incontinent vs primarily retentive), 
consideration must also be given to the type and extent of 
nerve damage associated with the underlying neurologic 
condition. Therapies for neurogenic bladder fall into six cat-

egories: (1) physical-psychological, (2) electrical-
stimulatory, (3) drug therapy, (4) CIC, (5) surgery, and (6) 
biologic neuromodulation using Botox.

�Physical-Psychological Therapy/Timed Voiding

Physical-psychological therapy is more commonly known as 
timed voiding. It combines “will power” and exercise. The 
patient is asked to keep a voiding diary, which is a daily 
record of the amount and time of fluid intake, times of urina-
tion, and episodes of leakage. The record creates a pattern 
that may initially allow patients to determine the times of the 
day they should be in close proximity to a bathroom. These 
are also the times when a patient should attempt to urinate. 
The intervals between voiding times are gradually extended 
as the patient gains control over voiding. This conditioning is 
often coupled with physical exercises, principally Kegel 
exercises, which strengthen the pelvic musculature. The 
Valsalva maneuver, an exertion used to pass stool, may also 
be sufficient to empty a bladder.

�Sacral Nerve Root Stimulation

As discussed in previous chapters, the lumbosacral plexus is 
the controlling factor with respect to bladder and pelvic floor 
musculature. Therefore, it is not surprising that trying to 
electro-physiologically manipulate the way that these roots 
process neurologic stimuli can have a profound effect on the 
neuromuscular functioning of the bladder and the pelvic 
floor. Again, this is discussed in detail in Chapter xyz. 
Nevertheless, it is easy to describe that small electrode rid-
den leads are placed under the skin over the lower back in 
close proximity to the S2–S4 nerve roots. Then, a test phase 
proceeds during the course of a 2- to 3-week period where 
neuromuscular responses are recorded. If those responses are 
favorable, then a small stimulator disc loaded with the appro-
priate software is implanted in a minor surgical procedure 
just beneath the skin at the convergence of the “lumbo-sacral 
and gluteal regions.” The stimulator delivers electrical 
impulses that mimic those that would normally be delivered 
by nerves if they were behaving normally. The device has 
been approved by the US Food and Drug Administration to 
treat urge incontinence, urgency-frequency syndromes, and 
urinary retention in patients in whom other therapies have 
failed.

�Drug Therapy

There are as yet no drugs that target specific muscles such as 
the detrusor or sphincteric complex and pelvic floor muscu-
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lature. However, there are classes of drugs that reduce invol-
untary bladder muscle spasm and other drugs that control 
pelvic floor muscle contractions. These agents are discussed 
at length in previous chapters so they will not be expounded 
upon here. It is important to note here that these drugs can 
sometimes be effective in appropriately selected neurogenic 
bladder conditions. Essentially, there are three (4) major 
classes of drugs used to treat neuromuscular bladder disorders. 
These are: (1) anticholinergic agents, (2) antimuscarinic 
agents, (3) tricyclic agents, and (4) sympathomimetic agents.

�Anticholinergic Agents

Anticholinergic drugs are agents that act at the level of the 
cholinergic ganglion, thus the name “anticholinergic.” They 
are widely considered to be first line medical therapy in 
women with urge incontinence. They work to inhibit invol-
untary bladder contractions and may be useful in treating 
lower urinary tract symptoms associated with sensory dys-
function. All anticholinergic drugs have similar perfor-
mance profiles and toxicity. Potential adverse effects of all 
anticholinergic agents include blurred vision, dry mouth, 
heart palpitations, drowsiness, and facial flushing. When 
anticholinergic drugs are used in excess, acute urinary reten-
tion in the bladder may occur.

–– Propantheline bromide (Pro Banthine)
Adult dosing is 15 mg PO tid/qid. Pediatric dosing, not 

established.
Propantheline bromide is a pregnancy category C drug.

–– Dicyclomine hydrochloride (Bentyl)
Adult dosing is 10–20 mg PO tid. Pediatric dosing, not 

established.
Dicyclomine hydrochloride is a pregnancy category B drug.

–– Hyoscyamine sulfate (Levsin/SL, Levsin, Levsinex)
Adult dosing is 0.125 mg PO q4h. Pediatric dosing, not 

established.
Hyoscyamine sulfate is a pregnancy category C drug.

�Antimuscarinic Agents

These agents are most commonly grouped together with the 
anticholinergic agents and technically they are. That is, these 
agents modulate receptors that are primarily parasympa-
thetic and utilize acetylcholine as their neurotransmitter. 
However, and most importantly, it is the preferential site of 
action that separates these two (2) groups of molecules. True 
anticholinergic agents primarily act at the level of the cholin-
ergic ganglion while antimuscarinic agents have a preferen-
tial affinity for the neuromuscular junction. Essentially, these 
are “musculotropic” agents that relax the smooth muscles of 

the end organ, in this case the urinary bladder by exerting a 

direct spasmolytic action on the smooth muscle of the blad-
der, these antispasmodic type drugs have been reported to 
increase bladder capacity and effectively decrease or 
eliminate urge incontinence. All of these agents are tertiary 
amines except for Trospium which is a quaternary amine. 
The quaternary structure makes this molecule very polar and 
hence does not cross membranes like the BBB very well. 
The adverse-effect profile of these drugs is similar to that of 
anticholinergic agents.

–– Oxybutynin chloride (Ditropan IR, Ditropan XL)
Ditropan XL achieves steady-state levels over a 24-h 

period and avoids first-pass metabolism. Medical stud-
ies have shown that oxybutynin chloride reduces 
incontinence episodes by 83–90 %. The total conti-
nence rate has been reported to be 41–50 %. In clinical 
trials, only 1 % stopped taking Ditropan XL because of 
dry mouth, and less than 1 % stopped taking Ditropan 
XL due to CNS adverse effects.

Dosing of Ditropan XL is 5–15 mg PO qd. Pediatric dos-
ing has not been established.

–– Tolterodine l-tartrate (Detrol LA)
Dosing of Detrol LA is 4 mg po qd. Pediatric dosing has 

not been established.
–– Trospium (Sanctura)

Adult dosing is 20 mg PO bid; In patients with a CrCl 
<30 mL/min, dosing is 20 mg po @ hs. Pediatric dos-
ing has not been established.

–– Fesoterodine (Toviaz)
Adult dosing is 4 mg PO qd; it may be increased to 8 mg/

qd. Pediatric dosing has not been established.
–– Solifenicen (Vesicare)

Adult dosing is 5 mg po qd; it may be increased to 10 mg/
qd. Pediatric dosing has not been established.

�Centrally Acting Agents, Tricyclic 
Antidepressant Drugs

Historically, these drugs were used to treat major depression; 
however, they have an additional use that is not FDA 
approved treatment of bladder dysfunction. They function to 
increase norepinephrine and serotonin levels. In addition, 
they exhibit anticholinergic and direct muscle relaxant 
effects on the urinary bladder.

–– Imipramine hydrochloride (Tofranil)
Adult dosing is 10–50  mg PO qd/tid; the range is 

25–100 mg qd.
Pediatric dosing has not been established

–– Amitriptyline hydrochloride (Elavil)
It increases circulating levels of norepinephrine and 
serotonin by blocking their reuptake at nerve endings 

and is ineffective for use in urge incontinence. 
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However, it is extremely effective in decreasing 
symptoms of urinary frequency in women with pelvic 
floor muscle dysfunction.
Adult dosing is 10 mg po @hs. Pediatric dosing has not 

been established.

�Sympathomimetic Agents (Beta III Agonists)

There is only a limited amount of historical data with these 
drugs because of its fairly recent FDA approval in July of 
2012. Currently, there is only one agent that is FDA approved. 
The drug goes to the chemical name of mirabegron and is 
traded as Myrbetriq and is approved by the FDA for the treat-
ment of bladder dysfunction. The mechanism of action is to 
functionally increase norepinephrine levels at the detrusor 
muscle. In addition, they do not exhibit any of the anticholin-
ergic side effects seen with agents in other classes.

–– Mirabegron, (Myrbetriq)
–– Adult dosing is 10–50  mg PO qd/tid; the range is 

25–100 mg qd.
–– Pediatric dosing has not been established.

�CIC

Catheterization is not infrequently employed to ensure com-
plete bladder drainage. It involves the insertion of a thin tube 
through the urethra and into the bladder. A number of patients 

can learn to insert the catheter themselves. The therapy is 
called clean intermittent catheterization (CIC). Exceptional 
sanitary procedures must be followed as the risk of urinary 
tract infection is significant with any type of catheterization. 
Another therapy, indwelling catheterization, places a cathe-
ter in the bladder for extended periods. These prevent blad-
der distension by continually draining urine into a bedside 
collector. Again, infection is a concern.

�Surgery

There are two broad categories of surgical procedures used 
in neurogenic bladder (NGB) today. These are the (1) the 
artificial urinary sphincter and (2) ilea urinary diversion.

The artificial urinary sphincter (AUS) (Fig.  17.5) is a 
mechanical prosthetic device. Essentially, they function to 
make the bladder neck and bladder outlet competent. The 
device consists of a cuff that fits around the bladder neck, a 
pressure regulating balloon, and a pump that inflates the cuff. 
The balloon is placed beneath the abdominal muscles. The 
pump is placed in the labia in women and in the scrotum for 
men. Other locations include placement beneath the skin of 
the abdominal wall or thigh. Activation of the pump diverts 
fluid from the cuff to the balloon allowing the sphincter mus-
cle to relax and urine to pass. The cuff automatically re-
inflates automatically in 3–5 min. It is very important to note 
here that patient selection is paramount in the neurogenic 
bladder arena. This is because the precise type of neurogenic 
bladder has to be elucidated. For example, if the patient has a 

Fig. 17.5  Artificial urinary sphincter. With permission from Pariser J, 
Cohen AJ, Rosen AM, Bales GT. Artificial Urinary Sphincter: Patient 
Selection and Surgical Technique. In: Sandhu JS, ed. Urinary Dysfunction 

in Prostate Cancer Springer, New York 2015; pp: 71–92; and Bauer RM, 
Hubner KW. Moderne operative Therapiemöglichkeiten der männlichen 
Belastungsinkontinenz. Der Urologe 2014;53(3):339–345
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Type IV NGB after CVA, the patient should be hyperreflexic 
and generate much higher bladder filling pressures, usually 
with significant involuntary detrusor muscle activity. 
Consequently, any attempt to increase outlet resistance or 
close the bladder neck against significant involuntary blad-
der muscle activity should be avoided. To that end, an AUS 
would not be a good choice. Moreover, it would not only not 
be a good choice, it should be considered “contraindicated” 
because an active AUS in this scenario would put the upper 
tracts (renal units) at risk. However, if the patient with the 
general diagnosis of NGB with urinary incontinence under-
went the appropriate diagnostic workup including electro-
physiologic testing such as urodynamic studies and pelvic 
floor muscle electromyography and revealed what would be 
considered a Type III NGB, that might be a good candidate 
for the AUS and would not put the kidneys at risk. In this 
case, the patient could have a normoreflexic or hyporeflexic 
detrusor with an incompetent bladder neck.

Some type of reconstructive urinary diversion has to be 
considered when all else fails with respect to therapy for 
NGB when one is left with a patient that is not only socially 
unacceptable but also may potentially have compromised 
upper tracts (renal units) as well as an excoriated and/or 
ulcerated perineum. There are many options in this regard 
(too many to discuss individually here), but ileal urinary 
diversion is the choice that is most often selected. Ileal uri-
nary diversion is a surgical technique that was developed 
near the end of the Second World War, in the mid-1940s. 
The physician who created this surgical technique is a man 
named Eugene M. Bricker. Consequently, the procedure was 
formerly referred to as the Bricker Pouch, after its inventor. 
Basically, it is a form of incontinent urostomy and even after 
all this time is still the most utilized technique for the diver-
sion of urine in patients with neurogenic bladder, or in 
patients who have had their bladder removed for malignancy. 
This may be, at least in part, due to its very low complication 
rate and high patient satisfaction level. To create an ileal con-
duit, one must identify an appropriate segment of ileum. The 
ileum is the longest segment of small intestine and as a whole 
is approximately 3.5  m or 350  cm in length. One should 
choose a segment that positioned at a location that would be 
able to easily be brought to the marked stomal site with mini-
mal effort and without tension. Usually, this would come 
from a healthy section of its midportion. Having said that, its 
initial 25 cm coming off of the jejunum is usually avoided as 
is the distal most 25  cm of terminal ileum because this is 
where excess bile salts are reabsorbed. Having said all of 
this, an approximately 30 cm segment of accessible ileum is 
selected for the pouch.

More than 30 cm of intestine is avoided because exces-
sive amounts of urea and nitrogen are absorbed back into the 
systemic circulation which can ultimately compromise renal 
function. This is even more significant when renal function 

begins at a compromised level. To that end, the most distal 
portion of the resected segment of ileum is then brought out 
through a marked opening (a stoma) in the marked position 
on the abdominal wall. The residual small bowel is reanasta-
mosed with the residual terminal ileum, usually seated infe-
rior relative to the anastomosis. Finally, in the creation of an 
ileal conduit, the ureters are resected as close to the uretero-
vesical junction as possible. Then the ureters are brought up 
into the wound and connected to the ileal pouch surgically in 
the most accessible and tension free fashion as possible. This 
portion of the procedure is known as the creation of the ure-
teroenteric anastomosis. Although many of these procedures 
may initially appear to create a burden, they have the purpose 
of preventing kidney damage. If left untreated, neurogenic 
bladder could lead to renal disease (kidney failure) which 
requires either a kidney transplant or dialysis to maintain 
life.

�Biologic Neuromodulation Using BoTox

As discussed in the previous sections, developing neuro-
genecity at the bladder muscle level can be a debilitating cir-
cumstance for any patient. The symptoms of neurogenic 
bladder (NGB) can range from detrusor underactivity to 
overactivity, depending on the site of neurologic insult. 
Certainly, the overactive detrusor would be more common, 
more cumbersome, and more complicated because its clini-
cal sequelae cuts to the quick of a “human being’s essence” 
with respect to their level of social acceptability, potentially 
even throwing them back to an infancy like situation requir-
ing the use of pads and diapers to try to contain urine leak-
age, one of our most intimate and basic functions. The 
appropriate therapy is predicated upon accurate diagnosis 
through a careful medical and voiding history together with 
a variety of clinical examinations. The bottom line is that 
these patients will often “run the table” as far as the treat-
ment ladder goes. Nevertheless, suffice to say that if these 
patients fail to reach clinical success with medication and 
behavioral therapy, the minimally invasive option of biologic 
neuromodulation using Botox is a good next step, before 
moving onto more major surgery.

Botulinum toxin (abbreviated either as BTX or BoTNA) is 
produced by Clostridium botulinum, a gram-positive anaero-
bic bacterium. The clinical syndrome of botulism leads to a 
painful paralysis leading to diaphragmatic dysfunction and 
eventual respiratory failure. Interestingly, medical science 
has been fascinated with this very deadly disease as well as 
the micro-organism which is responsible. Interestingly, the 
history of the use of botulinum toxin in medicine is circu-
itous, insightful as well as creative. So not surprisingly, some-
one who could combine the scientific discipline of medicine 
with the creativity associated with poetry. To that end, Justines 

D.A. Gordon et al.



253

Kerner (1786–1862) fit the bill, a physician and a poet who 
first floated the idea of using small aliquots of the toxin as a 
medical therapy. The historical timeline for the use of BTX in 
medicine is outlined below (Fig. 17.6).

�Historical Timeline for BoTox

•	 Approximately about 1860, Justines Kerner, proposed the 
idea of using the toxin for medical purposes.

•	 In 1870, Muller (another German physician) coined the 
name botulism. The Latin form is botulus, which means 
sausage.

•	 In 1895, Professor Emile Van Ermengem, of Belgium, 
first isolated the bacterium Clostridium botulinum.

•	 In 1946, Dr. Edward J Schantz succeeded in purifying 
BoNT-A in crystalline form—cultured Clostridium botu-
linum and isolated the toxin.

•	 In 1949, Dr. Burgen’s group discovered that botulinum 
toxin blocks neuromuscular transmission.

•	 About 1955, Dr. Vernon Brooks discovered that when 
BoNT-A is injected into a hyperactive muscle, it blocks 
the release of acetylcholine from motor nerve endings

•	 In 1973, Dr. Alan B.  Scott, of Smith-Kettlewell Eye 
Research Institute, used BoNT-A in monkey experiments; 
in 1980, he used BoNT-A for the first time in humans to 

treat strabismus.

•	 In December 1989, BoNT-A (BOTOX®) was approved by 
the US Food and Drug Administration (FDA) for the 
treatment of strabismus, blepharospasm, and hemifacial 
spasm in patients aged younger than 12 years.

•	 On December 21, 2000, BoNT-A received FDA approval 
for treatment of cervical dystonia.

•	 On July 21, 2011, the FDA approved incobotulinumtox-
inA (Xeomin) for temporary improvement in the appear-
ance of moderate-to-severe glabellar lines, or frown lines 
between the eyebrows, in adult patients.

•	 On August 24, 2011, the FDA approved onabotulinum-
toxinA (BOTOX®) injection for the treatment of urinary 
incontinence due to detrusor overactivity associated with 
a neurologic condition.

�Preparations

Botulism can occur following ingestion of contaminated 
food, if the bacteria has been present long enough, with col-
ony counts high enough, to make the toxin. There are seven 
different serological subtypes of botulinium toxin, (BTX). 
These are types A, B, C D, E, F, and G, which are antigeni-
cally and serologically distinct but structurally similar. 
Human botulism is caused mainly by types A, B, E. Types C 
and D cause toxicity only in animals. The different toxins all 

possess specific potencies, so, if multiple preparations are 
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diversion
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being used, then care is required to avoid technical errors. 
The approved preparations with indications are as follows:

–– Onabotulinum Toxin-A (BoTox)—Approved for cervical 
dystonia, blethorospasm, hyperhidrosis, neurogenic 
detrusor overactivity (NDO), cosmetic therapy

–– Abobotulinum Toxin-A (Dysport)—Cervical dystonia, 
moderate to severe glabellar lines.

–– Incobotulinum Toxin-A (Xeomin)—Cervical dystonia, 
blepharospasm, moderate to severe glabellar lines.

–– Rimabotulinum Toxin-B (Myobloc)—Cervical dystonia

�Mechanism of Action (Fig. 17.7)

The BoTox is a dual chained (150 kD) molecule connected 
with a disulfide bridge (image above). The heavy chain 
(~100  kD—amino acids 449–1280) provides cholinergic 
specificity at its “C” terminus and is responsible for binding 
the toxin to receptors at the presynaptic nerve ending. More 
importantly, it promotes the mechanism by which the light 
chain gets across the endosomal membrane and into the cyto-
sol of the cholinergic nerve ending. The light chain (~50 kD-
amino acids 1–448) acts as a zinc (Zn2+) endopeptidase 
similar to tetanus toxin with proteolytic activity located at the 

N-terminal end. The light chain is the functional portion of 
the BoTox molecule that acts as a chemical sword to facilitate 
cleavage. Before, we dive into the biochemical specifics, we 
should review the normal situation. Remember that the pre-
synaptic nerve terminal functions to release ACh into the cleft 
of the neuro-muscular junction. The neurotransmitter Ach is 
stored in vesicles which must attach to the inner membrane of 
the nerve ending to facilitate expulsion into the neuromuscu-
lar junction. Neuronal stimulation is the event that kicks off a 
cascade which will activate a series of proteins to aid in the 
attachment of the Ach vesicle to the presynaptic membrane. 
These proteins are known as the SNARE complex. Once 
the Ach is released into the synapse at the neuromuscular 
junction, it initiates a postsynaptic muscular contraction.

When Botox is injected into the neuromuscular junction, 
the dual chain molecule targets the presynaptic nerve ending. 
The “C” terminus of the heavy chain targets receptors on the 
outer membrane of the nerve terminal. After binding is com-
plete, the Botox molecule enters the cytosol of the nerve end-
ing via a process known as “receptor mediated endocytosis.” 
When this process is complete, the toxin is then floating 
within a receptor bubble, inside the cell. Soon after entry, the 
light chain of the Botox molecule is released into the cytosol 
of the nerve terminal where it seeks out and finds the SNARE 
complex of proteins (the SNARE complex functions in facili-
tating the release of Ach from the nerve terminal into the 
synapse). Specifically, this “sword like” light chain will 
cleave the SNARE protein known as SNAP 25. This will 
help prevent the release of Ach into the neuromuscular 
junction, thus inhibiting muscle contraction.

�Botox as Therapy for Neurogenic Detrusor 
Overactivity

Neurogenic detrusor overactivity (NDO) is a simple phrase 
for a complex issue. The site specific reasons have been out-
lined above and need not be reiterated here. However, it is 
worthwhile to note that the final common pathway to the 
source of neurogenicity at the level of the detrusor is the 
“loss of cortical inhibition” which allows for involuntary 
detrusor activity. It is this “cortical dysinhibition” that allows 
for the clinical sequelae of NDO, the most distressing of 
which is “urinary urge incontinence” (UUI). Essentially, 
UUI is unexpected urine loss which is associated with invol-
untary detrusor muscle contraction.

Botox has been used to treat urinary incontinence for 
many years. It acts to decrease involuntary muscular contrac-
tions of the bladder. This type of bladder muscle activity can 
arise from routine pelvic muscle overactivity, which com-
monly occurs in women with aging and estrogen deficiency. 
In addition, Botox can be used to treat more refractory 

Fig. 17.7  Molecular confirmation
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neurogenic detrusor overactivity in patients with underlying 
neurologic disease or injury.

Botox needs to be injected into the muscle of the bladder. 
This is done in the clinic or operating room. First the bladder 
is flushed with a local anesthesia, via a catheter, which is 
allowed to thoroughly numb the bladder. Then a scope is 
passed up the urethra (urine channel) into the bladder. A small 
needle is placed through the scope and several injections 
are made into the bladder designed to spread Botox 
throughout the muscle of the bladder. Most patients tolerate 
this procedure well.

Botox acts to decrease the strength of the bladder’s natu-
ral contraction. So, not surprisingly, one potential side effect 
of this is incomplete bladder emptying or if the BoTox effect 
is more significant, even complete urinary retention. In other 
words, if the Botox works to well and patients cannot void 
on their own. If this residual urine is high enough, or if the 
patient cannot void at all, then a catheter has to be placed 
permanently or periodically (CIC) in order to drain their 
bladder. This complication is rare in patients with overactive 
bladder, because we limit the amount of Botox we inject. 
There have been very few instances of Botox ever causing 
systemic weakness. This is a theoretical risk associated with 
Botox therapy, but extremely uncommon.

Botox is a well-tolerated treatment and the application of 
this therapy ranges from simple conditions like overactive 
bladder to treatment of severely spastic bladders from neuro-
logic disease. In many instances, Botox can be injected in a 
short procedure in our clinic. The therapy lasts for 6–8 
months and then is re-injected. There is no limitation to the 
duration of using this type of therapy.
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�Why Study Pain? What Is the Impact 
and Need to Understand the Pathology?

Complaints of pain are the most common reason for patient 
presentation to ambulatory medical settings [1], and account 
for about 35 million office visits annually [2]. In a majority 
of cases, the pain will respond to a simple treatment modal-
ity or, better yet, will spontaneously remit; however, in one-
fourth of cases, the symptoms become chronic [1]. Chronic 
pain is pervasive, and physicians from many different medi-
cal specialties will treat patients who suffer from chronic 
pain. Moreover, the fact that patients who suffer from chronic 
pain can present to a variety of different physicians makes 
the treatment of chronic pain particularly difficult.

Chronic pelvic pain is defined as pain of at least six 
months’ duration that occurs below the umbilicus and is 
severe enough to cause functional disability or require treat-
ment [3]. In the USA, this problem accounts for approxi-
mately 10 % of all ambulatory referrals to a gynecologist and 
is a common indication for diagnostic and therapeutic sur-
gery [4]. The frequency of the different causes of chronic 
pelvic pain is greatly influenced by local patient population, 
referral patterns, and specialty focus of the practice. The lit-
erature on the causes of pelvic pain is conflicting: one study 
found that gastrointestinal and urological problems were 
more common than gynecological conditions in women with 
chronic pelvic pain syndromes [5, 6], while another study 
found that two-thirds of causes of pelvic pain are related to 

endometriosis and adhesions [7]. Causing more difficulty in 
making a diagnosis of chronic pelvic pain, no correlation has 
been found between the intensity of pain and the amount of 
tissue damage observed. Research does consistently report 
that patients who suffer from chronic pain report physical 
functional loss, vegetative depression symptoms, and vary-
ing family dynamics [8]. Pelvic pain symptoms may be due 
to multiple factors and pain can be the result of several medi-
cal comorbid conditions. The specific cause of the chronic 
pain is often elusive, becoming a source of frustration for 
patients and health-care providers [9].

�What Is Pelvic Pain? How Do We Separate 
the Objective and Experiential?

As discussed, often there is not a direct correlation between 
the intensity of the pain experience and the amount of tissue 
damage observed. According to the International Association 
for the Study of Pain, pain is defined as “an unpleasant sen-
sory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such dam-
age” [10]. Thus, pain is a complex perception that incorpo-
rates emotional and psychological processes that do not 
detract from the fact that pain itself is also a sensory phe-
nomenon at the neurological level [11]. Pain is something 
that is interpreted in the brain, while nociception is the sen-
sory physiological response to noxious stimulation that can 
potentially generate pain perception. Thus, there is an impor-
tant distinction between neural responses to noxious stimu-
lation (which can occur in sensory nerves) and the perception 
of their activity (which can be interpreted by the brain as 
pain). We will discuss the complex neurophysiology of this 
process later in this chapter.

From a psychiatric perspective, in the past, there was a 
dualistic approach to diagnosing chronic pain—definable 
in its physical versus psychological origins. In the case of 
psychological pain, psychiatric labels were involved, i.e., 
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Psychogenic Pain Disorder from the DSM-III [12] or 
Somatoform Pain Disorder from the DSM-III-R [13]. 
Emotional distress and cognitive issues typically accompany 
physical pain. Moreover, there typically will be significant 
social and interpersonal difficulties in patients who suffer 
from chronic pain. Because of these factors, it is difficult for 
providers to distinguish “psychogenic” from “organic” pain. 
Psychogenic pain is defined as physical pain that is caused, 
increased, or prolonged by mental, emotional, or behavioral 
factors [14].

Thus, there was a change in the requirement for the exclu-
sion of a physical cause of the pain in the newer model of 
psychiatric diagnosing, which embraces the idea that there is a 
complex interplay between biological and psychological fac-
tors that contribute to the pain experience by precipitating, 
exacerbating, or maintaining pain. The DSM-IV-TR [15] 
acknowledges that pain can be associated with medical condi-
tions, psychological factors, or both. One commonality that is 
widespread in understanding the phenomenology of pain dis-
orders is that there are negative stereotypes associated with 
chronic pain, and there may be a suspicion by the physician 
that the patient is disingenuous, exaggerating, or faking.

When treating a patient who suffers from chronic pain, it is 
important to use a “bio-psycho-social” approach to evaluation. 
Rather than dichotomizing between physical and psychologi-
cal origins, the biopsychosocial approach maintains the focus 
on the patient’s experience. In chronic pain, patients are likely 
to experience fear and anxiety, as well as alarm about what the 
pain signifies, and concerns over being able to alleviate it. 
There is often a strong need for controlling the symptoms. 
Specifically in chronic pain patients, psychological and social 
factors play a role in the overall pain experience [16]. Patients 
may start to avoid or procrastinate certain activities because of 
fear that pain will be elicited. There may be a decline in the 
patient’s interests, social life, and interpersonal relationships. 
Psychological vulnerabilities can be a significant issue in this 
scenario.

�Pathophysiology of Pelvic Pain in Women

The pathophysiology of chronic pelvic pain syndromes is 
diverse, as there are many different etiologies. Common 
causes of chronic pelvic pain in women include gynecologic, 
urologic, gastrointestinal, musculoskeletal, neurological, 
immunological, and mental health pathology. The pathologi-
cal processes can also be divided into different categories 
based on mechanism including: inflammatory (infective), 
inflammatory (non-infective), mechanical, functional, neu-
ropathic, and musculoskeletal.

Gynecological etiology of pelvic pain syndromes is 
common. Endometriosis is the most common diagnosis 
made at the time of gynecological laparoscopy for the eval-

uation of chronic pelvic pain. Overall, about one-third of 
women who undergo laparoscopy because of these symp-
toms will ultimately be diagnosed with endometriosis [17]. 
Endometriosis is defined as the presence of endometrial 
glands and tissue in locations other than the uterine endo-
metrium. It is thought to be caused by retrograde dissemi-
nation of endometrial tissue fragments through fallopian 
tubes during menstruation, with implantation on the ovary 
or other peritoneal structures, or blood borne or lymphatic-
borne dissemination of endometrial fragments. It is charac-
teristically responsive to hormonal variations of the 
menstrual cycle. It occurs most often in the pelvic region, 
with the ovary being the most common site, followed by 
uterine ligaments, recto-vaginal septum, and pelvic perito-
neum. The clinical manifestation of endometriosis includes 
severe menstrual related pain [18].

Pelvic inflammatory disease (PID) is another common 
cause of pelvic pain in women. This is an acute infection of 
the upper genital tract structures, including any or all of the 
uterus, fallopian tubes, ovaries, and neighboring pelvic 
organs. This condition typically affects young, sexually 
active women. It is a community acquired infection, initiated 
by a sexually transmitted agent such as Neisseria gonor-
rhoeae and Chlamydia trachomatis [19]. The pathology of 
PID is related to disruption of the normal vaginal flora. 
Typically, the endo-cervical canal serves as a barrier protect-
ing the normally sterile upper genital tract from the organ-
isms of the vaginal ecosystem. Disturbance of this barrier 
allows the vaginal bacteria access to the upper genital organs, 
thus causing PID [20]. Some studies show that dense adhe-
sions may limit organ motility and thereby cause visceral 
pain in the pelvis [21]. This has also been found in laparo-
scopic studies [22].

Leiomyoma, or more commonly called fibroids, are the 
most common uterine tumor. Fibroids are a benign neoplasm 
with a very low risk of malignant transformation. 
Histologically, they are estrogen sensitive, and because of this 
they will often increase in size during pregnancy, and decrease 
in size during menopause. Clinically, women that suffer from 
fibroids will complain of menorrhagia (increased menstrual 
bleeding), prolonged bleeding, pelvic pressure and pain. They 
are the single most common reason for hysterectomy and are 
clinically apparent in up to 25 % of women [23].

Dysmenorrhea is the medical condition of pain during 
menstruation that interferes with daily activities. Two differ-
ent types characterize it: primary and secondary dysmenor-
rhea. Primary dysmenorrhea is diagnosed when the 
symptoms have been present since menarche, when the pain 
starts on the first day of the period and where identifiable 
pathology is absent. Secondary dysmenorrhea occurs later in 
menstrual life. In this case, pain can build up even before the 
onset of menstruation, and a specific pathology, such as 
endometriosis, is more common [18].
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Vulvar pain syndromes include the diagnosis of localized, 
provoked vulvodynia (formally known as vulvar vestibulitis). 
It is characterized by severe pain provoked by focal touch or 
pressure of the vulva, and the vulvar vestibule is the most 
common site of pain (commonly termed vestibulodynia) [24]. 
The exact pathogenesis for vulvodynia has not yet been 
established, and it is thought that various factors may play a 
role, including genetic, inflammation, allergy, pelvic floor dys-
function, and neurologic sensitization [25]. Figure 18.1 shows 
a depiction of one conceptualization of the various pathophysi-
ologic etiologies of vestibulodynia and dyspareunia.

Persistent genital arousal disorder (PGAD) is a clinical 
condition characterized by intense genital arousal occurring 
in the absence of subjective desire or interest. Typical suffer-
ers of PGAD are women who experience intrusive, unsolic-
ited, and spontaneous episodes of genital arousal that are not 
relieved by orgasms. These symptoms often prevent the 
women from functioning adequately in home or work-life, as 
the symptoms can last for hours or for days. The syndrome, 
first termed and characterized by Leiblum and Nathan [26] 
as Persistent Sexual Arousal Syndrome (PSAS), was then 
renamed to clarify that the disorder is a problem of genital, 
rather than sexual, arousal. Complaints by PGAD sufferers 
typically include clitoral tingling, irritation, vaginal conges-
tion, vaginal contractions, throbbing, pressure, pain, and in 
some cases, spontaneous orgasms [27]. Many women who 
suffer from this condition often feel shame and embarrass-
ment in discussing their symptoms with healthcare provid-
ers. Women that suffer from PGAD can be premenopausal, 
peri-menopausal, or post-menopausal. Furthermore, there is 

some similarity between PGAD and vulvodynia. In both 
conditions, there is little certainty about etiology. Women 
who suffer from PGAD or vulvodynia often suffer for long 
periods of time before seeking medical care, and in many 
cases, these women are told that their condition is “in their 
head.” Both conditions, like all pelvic pain disorders, are 
highly distressing and emotionally consuming [28]. It has 
recently been noticed that Tarlov cysts, which form on the 
genital sensory nerve roots, and are thought to contain aber-
rant genital sensory nerve fibers, may abrade the sacral bone 
and cause the symptoms of PGAD. This supports the theory 
of characterizing PGAD as a neurological condition. The 
most common symptoms caused by Tarlov cysts include 
pain in the perineum, vagina, penis, buttock, sacrum, and 
dyspareunia, proctalgia, bladder dysfunction, urinary dys-
function, and bowel dysfunction [29]. Figures 18.2 and 18.3 
show a sagittal view of sacral Tarlov cysts taken from MRI 
[29]. Figures 18.2 and 18.3 show a sagittal view of a sacral 
Tarlov cysts taken from MRI.

Other notable causes of pelvic pain originating from a 
gynecologic etiology include: pelvic congestion syndrome 
[30], adenomyosis, ovarian cancer, ovarian remnant and 
residual ovary syndrome, leiomyoma [31], dysmenorrhea, 
dyspareunia (discussed later in this chapter), or postsurgical 
neuropathy.

The urinary tract is another common system that is a 
source of pain in women who have chronic pelvic pain. 
Interstitial cystitis and painful bladder syndrome are known 
to be a common cause of chronic pelvic pain. The pathology 
of interstitial cystitis is well studied and is thought to be a 

Fig. 18.1  Introital dyspareunia and vulvar pain. A schematic diagram of different etiologies for vulvar pain, including vestibulodynia (previ-
ously known as vulvar vestibulitis syndrome), which is thought to be vulvodynia localized to the vestibule region. Modified from Andrew 
Goldstein, MD

18  Biology of Pain and Pathophysiology of Pelvic Pain Syndrome
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chronic inflammatory condition of the bladder that in turn 
causes pelvic pain, irritable bladder, urinary frequency, and 
exaggerated urge to void [32]. The literature seems to suggest 
that while the patient’s symptoms may overlap with those of 
urinary tract infection (UTI), many patients are culture 
negative [33]. The condition is also thought to be associated 
with central nervous system up-regulation, and patients will 
often exhibit bladder hyperalgesia and allodynia. Some lit-
erature suggests that in patients with interstitial cystitis, 
those who have a history of abuse tend to have greater pain 
intensity than non-abused patients. One theory proposes that 
this is linked to the hypothalamic–pituitary–adrenal axis 
abnormality that is reported in traumatized individuals [34]. 
Other common urinary tract etiologies for chronic pelvic pain 
in women include recurrent urinary tract infection, urethral 
diverticulum, and bladder neoplasia.

Gastrointestinal causes of pelvic pain are also common. 
These include irritable bowel syndrome, inflammatory bowel 
disease, diverticular colitis, colon cancer, chronic intestinal 
pseudo-obstruction, chronic constipation, and celiac disease. 
Irritable bowel syndrome is a chronic or intermittent abdom-

inal pain syndrome associated with bowel functions, in the 
absence of any organic causes. Some studies report that irri-
table bowel syndrome is the most common diagnosis in pri-
mary care populations with chronic pelvic pain [9, 35]. 
Inflammatory bowel disease, i.e., Crohn’s disease, is charac-
terized by fatigue, diarrhea with cramping abdominal pain, 
with or without gross bleeding. Pathophysiology of this 
condition is marked by a transmural inflammatory process, 
leading to fibrotic strictures that then lead to obstructions. 
Ulcerative colitis, also an inflammatory bowel disease, has 
similar clinical manifestations; however, rectal bleeding is 
more common with ulcerative colitis than in Crohn’s dis-
ease. The pathology of diverticular colitis is linked to the 
histologic and endoscopic findings, which may vary from 
mild inflammation to chronic, active inflammation resem-
bling inflammatory bowel disease. The pathogenesis is not 
fully known.

Musculoskeletal pathology is linked to pelvic pain. Women 
with fibromyalgia often present to their primary care doctors 
or gynecologists with pelvic pain as the main complaint. 
Fibromyalgia is a common cause of chronic musculoskeletal 

Fig. 18.2  Sagittal views of Tarlov cysts: MRI image of a sacral Tarlov 
cyst. Tarlov (peri-neural) cysts occur on general dorsal nerve roots and 
produce paresthesias. They have been associated with persistant genital 
arousal disorder, which can present with genital discomfort and pain. 
With permission from Komisaruk BR and Lee H-J. Prevalence of sacral 
spinal (Tarlov) cysts in persistent genital arousal disorder. J Sex Med 
2012; 9:2047–2056 © Elsevier

Fig. 15.3  Sagittal views of Tarlov cysts: MRI image of a sacral Tarlov 
cyst. Tarlov (peri-neural) cysts occur on general dorsal nerve roots and 
produce paresthesias. They have been associated with persistant genital 
arousal disorder, which can present with genital discomfort and pain. 
With permission from Komisaruk BR and Lee H-J. Prevalence of sacral 
spinal (Tarlov) cysts in persistent genital arousal disorder. J Sex Med 
2012; 9:2047–2056 © Elsevier
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pain and it is one of a group of soft issue pain disorders. It is 
not associated with tissue inflammation and the exact etiology 
is unknown. Often, there are no obvious abnormalities on 
exam, and laboratory and radiologic studies are normal. For 
this reason, fibromyalgia has often been considered to be 
“psychogenic” or “psychosomatic” [36, 37]. Recent literature 
suggests that fibromyalgia may be a disorder of pain regula-
tion, or “central sensitization” (discussed later in this chapter). 
Fibromyalgia and irritable bowel syndrome share commonali-
ties in central nervous system pain processing characteristics 
[38]. Initially thought to be a muscle disease in origin, some 
experts now believe that the muscle pathology is secondary to 
pain-induced inactivity. There is evidence that these altera-
tions in central nervous system processing are responsible for 
many of the features of fibromyalgia, while genetic and envi-
ronmental factors interact to promote a state of chronic central 
and peripheral nervous system hyperirritability [39].

Other musculoskeletal causes of chronic pelvic pain 
include pelvic floor muscle myalgia (including coccydynia, 
piriformis/levator ani syndrome). Research shows that 
women with chronic pelvic pain have decreased thresholds 
to pain in the pelvic floor muscles, which suggests that pelvic 
floor tension myalgia may be a direct sequela of chronic pel-
vic pain due to other disorders like endometriosis or intersti-
tial cystitis [40]. Other causes include incorrect posture, 
chronic abdominal wall pain, or osteitis pubis. Chronic 
abdominal wall pain may be related to a muscular injury or 
strain or a nerve injury (iliohypogastric, ilioinguinal, genito-
femoral, lateral femoral cutaneous, pudendal). Pathology of 
the nerves can also cause pain that is referred to visceral 
organs [41]. Myofascial pelvic pain syndrome originates 
from trigger points in skeletal muscle. Referred pain and 
sometimes autonomic phenomena can occur when the hyper-
irritable spots are compressed [42]. Clinically, this diagnosis 
is described as a disorder in which pelvic pain is caused by 
short, tight, and tender pelvic floor muscles, usually with 
hypersensitive trigger points. The pain associated with this 
may occur in the pelvis, vagina, vulva, rectum or bladder, or 
even more distal areas including the thighs, buttocks, or 

lower abdomen. Other common symptoms include a sense of 
achiness, heaviness, burning, as well as overactive bladder, 
constipation, or dyspareunia. Table 18.1 indicates the sensory 
distribution of the nerves innervating the female genitalia. 
These nerves are important in conveying painful as well as 
pleasurable sensations. Many experts believe that most, if 
not all, women with chronic pelvic pain have some degree of 
myofascial pelvic pain syndrome [43].

�Sexual Pain Disorder

Sexual pain disorders refer to conditions of genital pain that 
interfere with intercourse. The diagnosis of dyspareunia 
refers to painful sexual intercourse, due to medical or psy-
chological causes. This type of pelvic pain is much more 
common in women than in men. In most cases, there is an 
original physical origin for the disorder. In some cases, the 
patient’s pelvic floor musculature can contract involuntarily, 
and this is termed vaginismus. Approximately 15 % of 
women have chronic dyspareunia that is poorly understood, 
infrequently cured, and rarely discussed in the healthcare 
setting [44, 45]. There is increasing evidence for the role of 
neuropathic pain mechanisms in the pathophysiology of 
sexual pain, and some experts argue for both vaginismus and 
dyspareunia to be classified as pain disorders. These prob-
lems can affect women of any age, and depending on the 
healthcare provider that is visited, the patient may receive a 
conflicting diagnosis, further complicating the treatment of 
chronic pelvic pain. A description of the treatment variabilities 
for vulvar pain has been published elsewhere [46]. The most 
recent reiteration of the Diagnostic and Statistical Manual of 
Mental Disorders (the DSM-5) [47] has notably combined 
dyspareunia and vaginismus into a new diagnosis: genito-
pelvic pain/penetration disorder. There has been debate 
about whether these pain conditions are better served as pain 
disorders or sex disorders and there is a strong case for the 
removal of dyspareunia from the DSM altogether, arguing 
that the chronicity and the partial response to tricyclic anti-
depressants support that conclusion that chronic dyspareunia 
is an example of chronic pain [48].

�The Role of Mental Health and Pain: 
Depression, Trauma, and Anxiety

The psychological and mental health role that pain plays in 
patients who suffer from chronic pelvic pain is significant. 
Patients with chronic pain have a relatively high incidence of 
physical or sexual abuse. It has been reported that up to 47 % 
of women with chronic pelvic pain disclose a history of phys-
ical or sexual abuse [49–51]. One study assessed the history 
of physical and sexual abuse in childhood and adulthood in 

Table 18.1  Sensory fields of the genital nerves in women

Genital structure Sensory nerve

Clitoris Pudendal nerve

Perigenital skin Pudendal nerve, pelvic nerve

Vagina Pelvic nerve

Cervix Pelvic nerve, hypogastric nerve, vagus nerve

Uterus Hypogastric nerve, vagus nerve

The female genital tract is innervated by a rich nerve supply. Genital 
sensation is thought to be distributed among the hypogastric, pelvic, 
pudendal, and vagus nerves. The sensory field itself is the part of the geni-
tal system that is supplied by the nerves that innervate it, and there is 
overlap among the genital organs. These nerves are important in convey-
ing painful as well as pleasurable sensations from the female genitals: 
whether it is childbirth, or orgasm. Courtesy of B. R. Komisaruk
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women with chronic pelvic pain, women with chronic pain in 
other locations, and a control group of women. The study 
found that 39 % of women with chronic pelvic pain had been 
physically abused during childhood, and that this percentage 
was significantly higher than that observed in women with 
other chronic pain conditions (18.4 % or controls: 9.4 %). The 
prevalence of childhood sexual abuse (as distinct from physi-
cal abuse) did not differ among the groups studied. Thus, the 
literature suggests that pelvic pain itself is unlikely to be spe-
cifically and psychodynamically related to sexual abuse, but 
that the pernicious and unpredictable nature of abuse may 
promote the chronic nature of the pain symptoms [49]. We 
also know that depression seems to occur more frequently in 
women with chronic pelvic pain [52], and though it is not 
clear if depression and chronic pelvic pain are causally 
related, some researchers believe that some cases of chronic 
pelvic pain may be a variant type of depression [53]. Other 
leading experts hold that stressful life experiences, such as 
childhood sexual abuse, could cause the symptoms of chronic 
pelvic pain and depression [54]. In a study of 25 women with 
chronic pelvic pain and a control group, the patients with 
chronic pelvic pain showed a significantly higher prevalence 
of major depression, substance abuse, adult sexual dysfunc-
tion, somatization, and history of childhood and adult sexual 
abuse than the control group [54]. Another school of thought 
reports that depression may increase the risk that a trauma 
leads to chronic pelvic pain [55].

�Pelvic Pain in Men: A Brief Overview

In men, the pathophysiological basis for chronic pelvic pain 
has been largely linked to the prostate (thus, the term chronic 
“prostatitis”), and as in women, in many instances the etiol-
ogy is unknown. Bacterial infection is often suspected, 
particularly in the inflammatory subset of chronic prostatitis, 
yet a bacterial etiology has not been consistently identified. 
In men, many cases of chronic pelvic pain are thought to be 
related to an imbalance toward increased pro-inflammatory, 
and decreased anti-inflammatory, cytokines. Moreover, it 
seems that autoimmune process may be involved and experi-
mental evidence indicates that this may be under hormonal 
influence. Also similar to this condition in women, psycho-
logical stress may produce measurable biochemical changes 
and influence the pain process as a whole [56].

�What Is the Biology of Pain?

Now that we have addressed the most common clinical con-
ditions that are characterized by chronic pelvic pain, let’s 
discuss in more detail the biology and neuroscientific basis 
of pain perception. As discussed earlier in this chapter, pain 

describes the unwelcome sensory or emotional experience 
associated with actual or potential tissue damage. Pain is 
unlike many other somatic, sensory modalities in that it has 
an urgent and primitive quality, possessing both affective and 
emotional components. As we learned in this chapter, the 
way that the human body manifests chronic pain is diverse, 
and people who suffer from pain can present to their health-
care providers in a variety of ways. Chronic pain, in many 
respects, may be a disease of the nervous system, not merely 
a symptom of some other disease process.

The perception of pain is subjective and is influenced by 
many factors; two people can be faced with identical stimuli 
and have very different responses. We see this clinically in 
that one woman may have severe menstrual pain and bleed-
ing secondary to uterine fibroids, and another may not have 
such a severe response. As we have mentioned, pain is not 
the direct expression of a sensory event but rather the prod-
uct of elaborate processing in the central nervous system. 

This, the psychological or “psychogenic” aspect of pain, and 
how this is characterized in clinical medicine becomes sig-
nificant. Pain, by its nature, is a subjective experience [57]. 
Persistent pain can be characterized as either nociceptive or 
neuropathic. Nociceptive pain results from the activation of 
nociceptors in response to tissue injury, and is usually 
accompanied by inflammation. Neuropathic pain results 
from direct injury to nerves in the peripheral or central ner-
vous system.

There is a general pathway that is activated when a human 
being experienced something that could be painful. It begins 
with a noxious stimulus activating a nociceptor. Nociceptors 
are free nerve endings of primary sensory neurons, and they 
function in the periphery of the human body, including the 
skin, joints, and muscles. Signals from the nociceptors are 
then conveyed to neurons in the dorsal horn of the spinal 
cord. There are several types of nociceptors, including ther-
mal (sensing extreme temperatures), mechanical (activated 
by intense pressure), and polymodal nociceptors. A fourth 
class, called silent nociceptors is found in the viscera, and is 
activated by inflammation, contributing to the pain conditions 
of hyperalgesia and central sensitization (discussed later in 
this chapter). After the nociceptor receives a stimulus, it sends 
a receptor potential, which then triggers an afferent (sensory) 
action potential. There are four neurotransmitters that are 
thought to be important for generating this action potential: 
glutamate, substance P, glycine, and aspartate. There are dif-
ferent types of fibers that terminate on the dorsal horn of the 
spinal cord, carrying pain sensations from the nociceptors. 
The A delta group fibers respond primarily to sharp pressure 
or heat. These are fast acting, myelinated fibers. The C fiber 
group is slower, and responds to pressure, heat or cold, or 
noxious chemicals. This is a more long lasting, burning pain, 
like the type one feels with a sunburn. The A delta fibers 
carry the sharp burst of initial pain (also more localizable: 
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“epicritic” pain), while the C fibers carry the longer more 
burning (less localizable, “protopathic”) pain.

These C fibers have also been found to convey pain-
blocking effects. Vaginal stimulation activates the pelvic 
nerve [58], which consists of predominantly C fibers, and 
produces analgesia in women [59]. It was found that per-
manent destruction of the C fibers in the neonatal rat (with 
capsaicin) abolishes the analgesic effect of vaginal stimula-
tion when the rats mature [60].

As discussed above, the uncontrolled activation of these 
nociceptors is associated with some pathological condi-
tions: allodynia and hyperalgesia. People with allodynia 
feel pain in response to stimuli that are normally innocuous, 
e.g., the movement of joints in a patient with fibromyalgia, 
or sunburned skin. Patients with allodynia do not feel pain 
constantly; in the absence of a stimulus, there is not pain. By 
contrast, patients with hyperalgesia, which can be defined 
as an exaggerated response to noxious stimuli, report persis-
tent pain in the absence of stimuli. Allodynia and hyperalge-
sia may also be related to central sensitization, which is 
discussed below.

�The Ascending Pain Pathway

The ascending pain pathway relays neural impulses from 
the spinal cord to several brain structures, including the 
thalamus and cerebral cortex. The main pain pathway 
through which pain is transmitted from the body to the 
brain is the ventral spinothalamic tract. There are also as 
many as four other accessory pathways that can carry infor-
mation about pain from the spinal cord to the brain. 
Depending on the pathway, they produce different responses 
that one would typically associate with pain. Projections to 
the reticular formation of the midbrain produce arousal, 
projections to the amygdala are thought to produce the 
emotional responses associated with pain, and projections 
to the hypothalamus are thought to activate hormonal and 
cardiovascular responses. These pathways can be crossed 
and uncrossed while ascending up the spinal cord. Because 
there are multiple pathways by which the pain is generated 
and perceived and, it makes pain itself a difficult condition 
to treat [61].

As we discussed above, when the nerve fibers reach the 
dorsal horn of the spinal cord they synapse and the second 
order neurons cross over and ascend to the thalamus via the 
spinothalamic pathway, also known as the ventro-lateral 
pathway. There they synapse with the third order neurons 
that project to the sensory cortex. In the thalamus, the target 
nuclei are in the ventral posterior nuclear complex: the ven-
tral posterior medial nuclei (VPM) and the ventral posterior 
lateral nuclei (VPL).

Information about noxious and thermal stimulation of the 
face goes through a different sensory pathway, i.e., the spinal 
trigeminal tract. The first order axons originate from the 
trigeminal ganglion cells, which carry information from 
nociceptor and thermoreceptors from the face into the brain-
stem. The fibers enter the pons and descend to the medulla. 
They then synapse onto the spinal nucleus of the trigeminal 
complex in the caudal medulla, and then ascend via the 
trigeminal lemniscus through the middle medulla, mid-pons, 
and midbrain until they synapse at the contralateral thala-
mus. Information from the face is sent to the VPM, while 
information from the rest of the body is sent to the VPL. Once 
this pain pathway synapses in the thalamus, they project to 
the primary and secondary somatosensory cortex. The pri-
mary somatosensory cortex is thought to be responsible for 
sensory discrimination of pain, while the secondary somato-
sensory cortex is thought to be important for the recognition 
of pain and the memory of past pain. The cerebral cortex is 
important for processing the perception of pain, and bringing 
this sensation into conscious experience.

Moreover, as we have discussed, the experience of pain is 
neither a function of the magnitude of tissue damage nor the 
strength of the neural impulse. The experiential setting during 
with the injury occurs and the emotional components play a 
large role in the experience of pain. For example, the pain that 
one might experience during a generally accepted “emotion-
ally positive” experience such as childbirth is frequently con-
sidered much more tolerable than the pain experienced during 
a generally accepted “emotionally negative” experience, such 
as the traumatic pain associated with a car wreck. Thus, treat-
ing conditions that are associated with “Chronic Pain” 
requires an individualized approach, as no two patients will 
experience pain in the same fashion.

For more details on the mechanisms of action of neurotrans-
mitters and a detailed description of the sensory pathways, see 
Basbaum and Jessell’s Chap. 24 Pain in The Principles of 
Neural Science 5th edition by Kandel.

�The Descending Pain Pathway

There are also descending pain pathways that project from 
the brain to the spinal cord and then inhibit nociceptive activ-
ity. These descending pathways suppress the transmission of 
pain signals from the dorsal horn of the spinal cord to higher 
brain centers. The periaqueductal gray (PAG) surrounds the 
cerebral aqueduct, and is a major component of this system. 
Stimulation of PAG has been shown to produce analgesia, 
but no change in the ability to detect temperature, pressure, 
or touch. The neurons in the PAG end on cells in the medulla, 
including serotonergic cell bodies of the raphe nucleus. 
These serotonergic neurons descend to the spinal cord where 

18  Biology of Pain and Pathophysiology of Pelvic Pain Syndrome

http://dx.doi.org/10.1007/978-1-4939-6554-0_24


264

they inhibit nociceptive responses. Other cells in the PAG 
project to the locus coeruleus in the midbrain, which synthe-
sizes norepinephrine; these cells project down the spinal 
cord where they also inhibit nociception [57].

As we discussed, the perception of pain is controlled by 
cortical mechanisms: the cingulate gyrus and the insular cor-
tex both contain neurons that are activated strongly by noci-
ceptive somatosensory stimuli [57–61]. Researchers have 
found that no single area of the brain generates the sensation 
of pain. Instead, emotional and sensory components create 
the mosaic of activity that leads to pain. These findings are 
especially important to the concept of a biopsychosocial 
modality for treating chronic pain. Research has shown that 
when people are hypnotized so that the painful stimulus is 
not experienced as unpleasant, activity in only some areas of 
the brain is suppressed, suggesting that the stimulus is still 
experienced at the physiologic level, but it does not hurt.

The gate control theory of pain, proposed in the 1960s by 
Ronald Melzack and Patrick Wall is based on evidence that 
psychological as well as physical factors control our response 
to, and interpretation of, pain. They suggest there is a gating 
system in the dorsal horn of the spinal cord through which 
pain information passes on its way to the brain. The opening 
and closing of the gate can be affected by many factors, one 
of which is via the descending pathway. Information from 
the descending pathway from higher brain centers closes the 
gate by releasing serotonin and noradrenaline, which stimu-
lates inhibitory neurons in the dorsal horn, thus attenuating 
pain transmission. This is important in our understanding 
that the subjective experience of pain is dependent on an 
individual’s beliefs, behavioral skills, and coping strategies. 
These different mechanisms can contribute to the mainte-
nance, exacerbation, or attenuation of pain perception.

Central sensitization may play a role in increasing respon-
siveness of the CNS to input from receptors [62–64]. This 
view of chronic pelvic pain is thought to account for chronic 
pain in the absence of peripheral pathology [65] and the dis-
crepancy between the amount of tissue damage seen and 
severity of pain and disability experienced by patients who 
suffer from chronic pelvic pain syndromes [66]. There may 
be a hypersensitive state that leads to amplification of per-
ception of peripheral stimuli, painful perception of non-
noxious stimuli (allodynia) and increased sensitivity for 
painful stimuli (hyperalgesia) [67, 68].

�Are There Sex-Related Differences 
in Perception of Pain?

In terms of gender and the experience of pain, we know that 
men and women tend to cope differently with stress. Pain can 
be classified as a stressor, and coping with pain can be 
defined as an attempt to manage a stressful situation [69]. 

The literature seems to consistently support that, in general, 
men are more inclined to use active, problem-focused coping 
skills, while in contrast, women are more inclined to use 
emotion focused coping: expressing feelings, seeking social 
support, and blaming themselves [70]. Literature has shown 
that female chronic pain patients tend to engage in more cat-
astrophizing than male chronic pain patients [71]. This is an 
interesting phenomenon, especially given that we know 
women go through many “physiological” painful events in 
their life—including childbirth and menstruation.

Catastrophizing, which can be defined as a perceived lack 
of control, excessive worry about the future, and a tendency 
to view life as overwhelming, has been identified as an 
important variable in chronic pain. This behavioral tendency 
is a key factor in the relationship between chronic pain and 
negative affect [72]. The association between pain and mood, 
or affective response, is well documented in the literature. In 
the National Health and Nutrition Examination Survey, pain 
and depressive symptoms tended to be more evident in 
women reporting chronic pain than in men [73]. We know 
that catastrophizing is implicated in the severity of pain that 
is experienced by female endometriosis patients. For this 
reason, the way that healthcare providers approach patients 
who suffer from chronic pelvic pain is critical [74].

�Pelvic Pain in Sociocultural Context

The female pelvic region, because of its key role as a sexual 
and reproductive organ, is powerfully invested with personal, 
psychosocial, and cultural symbolism. Thus, when we con-
sider chronic pelvic pain in a clinical setting, we must con-
sider the cultural and societal constructs in which this 
condition exists. It is impossible to experience pelvic pain 
without also experiencing the psychosocial and cultural 
implications. Over history, female reproductive organs have 
been perceived by the medical profession and society in gen-
eral as troublesome and expendable [75]. In the context of 
chronic pelvic pain, this cultural ideal becomes quite impor-
tant; the USA has had the highest rate of hysterectomy in the 
world. There is an avid discourse in the field of women’s 
reproductive and sexual health discussing the role of “pathol-
ogizing” female reproductive and sexual organs [76]. Many 
women who suffer from chronic pelvic pain, whether it is 
endometriosis or Persistent Genital Arousal Disorder [77], 
face a double edged sword in that they are faced with a medi-
cal culture that is in many ways “pathologizing” areas of 
their body that have important roles (and what does that 
pathologizing imply for these womens’ body and self 
image?) while these women also face the pressures of their 
complaints being viewed by healthcare providers as “all 
being in their heads” or “exaggerating.” It is a difficult posi-
tion, and in the field of chronic pelvic pain, these issues are 
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significant [78]. The notion that one’s sexuality or 
reproductive machinery is “broken” or “inadequate” is 
deeply entrenched in the psychological schema of chronic 
pelvic pain. In this context, pleasure becomes important and 
can be immensely healing.

�What About Pleasure? Is It All 
About Avoiding Pain?

Jeremy Bentham stated: “Nature has placed mankind under 
the governance of two sovereign masters, pain and pleasure. 
It is for them alone to point out what we ought to do, as well 
as to determine what we shall do (1789). His statement seems 
to indicate that all good feelings are pleasures, and that “pain” 
could describe all that humankind sought to avoid, is poi-
gnant. In the medical field, pain (unlike pleasure) is the sub-
ject of a vast amount of neuroscientific and medical research. 
Pain research is primarily concerned with pain in relation to 
nociception. Functional brain imaging has been used in an 
attempt to objectively measure pain, and the most consistent 
brain regions to become activated are the insula, thalamus, 
and dorsal anterior cingulate cortex [79]. But what do we 
make of pleasure, especially in relation to women who suffer 
from pelvic pain? Research shows that vaginal stimulation 
can produce pleasure, pain, and analgesia [80]. Moreover, 
when women self-apply vaginal stimulation in a way that 
feels pleasurable, the magnitude of the analgesia increased 
[81]. We also know that vaginal stimulation can be painful, in 
the case of dyspareunia [82]. Stressors are not necessarily 
“unpleasurable”: there is an intense physiological stress 
response characterized by a doubling of the heart rate and 
blood pressure, indicating activation of the sympathetic divi-
sion of the autonomic nervous system, which typically occurs 
during orgasm [81], and is an example of a pleasurable stress 
response. Komisaruk and Whipple conclude that the pleasur-
able component of vaginal stimulation could be an adaptive 
mechanism [83]. They measured the effect of specifically 
pleasurable vaginal self-stimulation on the perception of 
pain. In these studies, pain thresholds were measured by 
gradually increasing compression applied to the fingertips; 
the pain detection threshold was defined by the force at which 
the women first stated that they felt pain. The women applied 
vaginal self-stimulation with a non-vibrating sterilized 
smooth plastic cylinder. The researchers found that when the 
women in the study applied steady pressure to the anterior 
vaginal wall, their pain thresholds increased significantly by 
a mean of over 40 %. When they were asked to apply the 
stimulus specifically in a way that felt pleasurable to them, 
their pain thresholds increased by over 80 %. Four out of the 
ten women in this study experienced orgasm at the time, at 
which point the pain threshold increased by over 100 %. 
There was no change in the tactile thresholds measured by 

von Frey fibers, indicating that the vaginal self-stimulation 
induced analgesia, rather than anesthesia. In more recent 
studies of women using fMRI, Komisaruk has found that the 
insular cortex and anterior cingulate cortex in the forebrain 
are activated during orgasm (see Fig. 18.4 for fMRI image of 
the high threshold activation during human orgasm) [84]. 
Other researchers have also reported that these cortical 
regions are activated during pain [85]. Thus, these findings 
suggest that there may be an active inhibitory component that 
occurs between orgasm and pain in the insula and anterior 
cingulate cortex, indicating that they are both important for 
pain and pleasure. Given the unique experience of women’s 
pelvic or genital pain, and the findings that genital stimulation 
and orgasm can attenuate pain perception, evidently there is a 
unique and important aspect in the biology of pain that is also 
tied to the biology of pleasure.

Women with pelvic pain suffer from a disturbance in their 
sexual life. A 2013 study assessing 182 patients with deep 
infiltrating endometriosis collected data on satisfaction, 
orgasm, desire, and pelvic pain interference with sex. The 
results of the study demonstrated that women with this type 
of pelvic pain have sexual function impairment, which is 
correlated with a decrease in the overall well-being score. 
They found that the presence of dyspareunia and vaginal 
endometriotic lesions seemed to be involved with sexual 
dysfunction [86]. This information is important when we 
treat patients who suffer from chronic pelvic pain, because 
the ability to experience pleasure affects our health.

Fig. 18.4  Intense activation sites during orgasm. fMRI (functional 
magnetic resonance imaging) is a useful technology to capture brain 
activity during human orgasm. The fMRI method is based on the 
increased blood flow that supplies neurons when they become active. 
This image, taken at Rutgers University—Newark Orgasm Laboratory, 
indicates high-threshold activation in the thalamus and amygdala (Red 
coloring) during human orgasm. Courtesy Rutgers University—
Newark Orgasm Laboratory, unpublished
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Many studies in recent years have shown that sexual 
activity has health benefits. These studies, while correlational, 
emphasize the important notion that women who experience 
pelvic pain have a need for sexual pleasure as well. One 
study suggests that women who reported past sexual enjoy-
ment lived longer than those who did not report sexual 
enjoyment [87]. This is in contrast to men, for whom the 
frequency of intercourse is the only significant positive pre-
dictor of longevity. There is also evidence that the incidence 
of heart attack in women was correlated with the inability to 
be aroused sexually, to experience orgasm, and with sexual 
dissatisfaction [88], while in men, more frequent ejaculations 
were reported to have a protective effect on general health 
[89] and reduced incidence of prostate cancer [90].

In summary, chronic pelvic pain is diverse medical condi-
tion that requires a sophisticated treatment approach by the 
healthcare provider. As we have discussed in this chapter, the 
pathophysiologic basis of chronic pelvic pain in women is 
broad and can encompass urologic, gynecologic, neurologic, 
musculoskeletal, or psychological etiologies. Because of the 
complex nature of chronic pain, it may be that there are mul-
tiple pain modalities presenting in one patient at the same 
time. Thus, it is of utmost importance to employ a Bio-
psycho-social modal to approaching diagnosis and therapy 
in these patients. Moreover, we have discussed the neurobi-
ology of chronic pain, and the neurologic pathways, from 
nociceptor, to spinal cord, to the thalamus, finally leading to 
transmission of neural impulses to the somatosensory cortex, 
and the perception of pain. Finally, we discussed the impor-
tance of pleasure and quality of sexual function for women 
who suffer from chronic pelvic pain.

�Key Points

•	 Pain is defined as “an unpleasant sensory and emotional 
experience associated with actual or potential tissue dam-
age, or described in terms of such damage.” Messages 
about tissue damage are perceived by receptors called 
nociceptors, and then transmitted to the spinal cord via 
small myelinated fibers and very small unmyelinated 
fibers. From the spinal cord, the neural messages are car-
ried to the brainstem, thalamus, and cerebral cortex and 
ultimately perceived as pain.

•	 A Bio-psycho-social response is needed when treating 
chronic pelvic pain as chronic pain presents in a heteroge-
neous fashion. The experiential setting during which the 
injury occurs and the emotional components play a large 
role in the experience of pain. Thus, treating chronic pain 
conditions requires an individualized approach, as no two 
patients’ experience of pain is quite the same.

•	 The conscious perception of pain happens in the brain, 
however, there is no one brain region that generates pain. 

The experience of pain is neither a function of the magnitude 
of tissue damage (at the level of nociception) nor the 
strength of the neural impulse, and chronic pain may be a 
disease of the nervous system, not merely a symptom of a 
disease process.

•	 Etiologies of chronic pelvic pain syndromes are diverse, 
including gynecologic, urologic, gastrointestinal, muscu-
loskeletal, and psychiatric.

•	 Chronic pain is a psychosocial stressor. Men and women 
tend to cope with it differently. Men typically take an active, 
problem-focused approach, while women utilize emotion 
focused coping, social support, and expressing feelings.

•	 People who suffer from chronic pain report physical func-
tional loss, vegetative depression symptoms, and varying 
family dynamics. Women with chronic pelvic pain have a 
higher incidence of depression, and there is also an asso-
ciation with trauma.

•	 The notion that one’s sexuality or reproductive machinery 
is “broken” or “inadequate” is deeply entrenched in the 
psychological schema of chronic pelvic pain. Women with 
chronic pelvic pain report difficulty experiencing sexual 
pleasure; yet, research indicates that sexual pleasure is 
associated with longevity in women. In this context, plea-
sure becomes important and can be immensely healing.
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�Introduction

When it comes to sources of chronic pelvic pain, the list is 
voluminous and comes from many angles. However, neuro-
inflammatory causes of pelvic pain are among the rarest. 
Nevertheless, if one examines the emerging disciplines that 
encompass neuromuscular pelvic floor disorders, then the 
painful clinical syndrome that evolves from inflammation 
along the course of the pudendal nerve is becoming very sig-
nificant and will be discussed at length below. Here, it is 
important to note that the precise etiology of pudendal neu-
ralgia is coming under question. Currently, mainstream 
thought is that this type of inflammation around a segment of 
the pudendal nerve (arguably the most important nerve 
coursing through the pelvis) is proposed to be a type of 
ischemic neuritis that can occur when compressed by a spas-
tic musculature that makes up the pelvic floor or along an 
anatomically tunneled segment. This tunneled segment is 
known as “Alcock’s canal.” Consequently, the pathology of 
this clinical scenario most often centers around compression 
or entrapment as it passes through this tunnel. Not surpris-
ingly, the syndrome is known as “Alcock’s syndrome” and 
“pudendal nerve entrapment” (PNE).

The word pudendal originates from Latin pudenda, which 
means the external genitals. It is essentially derived from 
pudendum, which literally means “parts to be ashamed of.” 
The pudendal nerve is the principal nerve of the muscular 

pelvis and perineum. It is a mixed nerve which is responsible 
for carrying both motor and sensory fibers to and from the 
pelvic area in both sexes. It carries sensory signals from the 
external genitalia, skin around the anus, and perineum in 
both males and females. In addition, it supplies motor inner-
vation to various pelvic muscles including the male or female 
external urethral sphincter as well as the external anal 
sphincter.

�Neuroanatomy of the Pudendal Nerve

The pudendal nerve is a paired nerve, which means that there 
are two of these nerves in the human pelvis, one the left side 
of the pelvis and one on the right side. On either side of the 
body, pudendal nerve is derived from the ventral rami of the 
second, third, and fourth sacral spinal nerves (Fig.  19.1), 
with fourth sacral spinal nerve being the chief contributor. 
The pudendal nerve forms as the three roots converge imme-
diately above the upper border of the sacrotuberous ligament 
and the coccygeus muscle (Fig. 19.1). The three roots trans-
form into two cords once the middle and the lower roots join 
to form the lower cord, and these in turn merge to form the 
proper pudendal nerve just proximal to the sacrospinous 
ligament (Fig. 19.1).

The pudendal nerve courses between the piriformis and the 
coccygeus muscles before it leaves the pelvis through the 
lower part of the greater sciatic foramen (Fig. 19.2). Next, it 
passes over the lateral part of the sacrospinous ligament 
(Fig. 19.1). It then reenters the pelvis through the lesser sciatic 
foramen (Fig. 19.2). Once the pudendal never reenters the pel-
vis, it is accompanied by the internal pudendal artery and the 
sheath of the obturator fascia. The sheath of the obturator fas-
cia containing the pudendal nerve and the internal pudendal 
vessels here is termed the pudendal canal. The pudendal canal 
is also recognized by its other well-known name “Alcock’s 
canal,” termed after the Irish anatomist Benjamin Alcock who 
first documented it in the year 1836.
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After entering the pudendal canal, the pudendal nerve 
divides into its terminal branches. It first gives off the 
inferior anal nerve (Fig.  19.1), then the perineal nerve 
(Fig. 19.1), before finally terminating as the dorsal nerve of 
the penis in males or the dorsal nerve of the clitoris in 
females (Fig. 19.1).

�Neurophysiology of the Pudendal Nerve

The pudendal nerve functionally is a mixed nerve that contains 
both motor and sensory fibers. Furthermore, it contains sym-
pathetic fibers but lacks parasympathetic fibers. The dorsal 

Fig. 19.1  Pudendal nerve 
anatomy. From: http://www.
pudendalhope.info/sites/
default/files/Health 
OrganisationforPudend 
ChronicPainBro1-2.jpg

Fig. 19.2  Possible pudendal 
nerve entrapment by the 
sacrospinous ligament/
sacroiliac joint complex. 
From: https://
jointpreservation.wordpress.
com/category/ligamenttendon/
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nerve of the penis/clitoris, which is a terminal branch of the 
pudendal nerve, carries the sensory information from the 
penis in males or the clitoris in females (Fig. 19.1). In addi-
tion, the posterior scrotal branch of the pudendal nerve in 
males or the posterior labial branch in females carries sen-
sory information from the posterior scrotum or the posterior 
labia, respectively. A branch of the pudendal nerve also carries 
sensory information from the anal canal via its sensory termi-
nal branches. Pudendal nerve is also responsible for the affer-
ent component of penile erection in males as well as clitoral 
erection in females. The pudendal nerve additionally plays a 
role in facilitating ejaculation via its sympathetic fibers.

The motor fibers in the pudendal nerve are responsible for 
innervating the muscles of the pelvic floor and the perineum 
including the bulbospongiosus, ischiocavernosus, levator 
ani muscle group, either pubourethralis in males or pubo-
vaginalis in females, the external anal sphincter, and the 
male or female external urethral sphincter. Since the puden-
dal nerve supplies motor fibers to the external urethral 
sphincter as well as the external anal sphincter in both males 
and females, it plays an integral part in the voluntary voiding 
as well as defecating mechanisms.

�Pathophysiology of Pudendal Neuralgia

Here, it is important to note that the precise etiology of 
pudendal neuralgia is coming under question. Currently, 
mainstream thought is that this type of inflammation around 
a segment of the pudendal nerve (arguably the most impor-
tant nerve coursing through the pelvis) is proposed to be a 
type of ischemic neuritis that can occur when compressed 
by either spastic pelvic floor muscles or along an anatomi-
cally tunneled segment. This tunneled segment is known as 
“Alcock’s canal.” Consequently, the pathology of this clini-
cal scenario most often centers around compression or 
entrapment as it passes through this tunnel. Not surpris-
ingly, the syndrome is known as “Alcock’s syndrome,” 
“pudendal nerve entrapment” or PNE. The two most impor-
tant narrow sites responsible for anatomic nerve entrapment 
are around the ischial spine between the sacrospinous and 
the sacrotuberous ligament (Fig. 19.1), and in the Alcock’s 
canal (Fig. 19.1).

Today, the term pudendal neuralgia (PN) is often used 
interchangeably with “pudendal nerve entrapment.” However, 
there is no evidence to support equating the presence of this 
syndrome with a diagnosis of pudendal nerve entrapment, 
meaning that it is possible to have all the symptoms of PNE 
without having any structural, static anatomic compression. 
This is supported by a 2009 literature review. Essentially, all 
of the symptoms of pudendal neuralgia are presumed to be 
absolutely secondary to an anatomic compression or entrap-
ment. Now there are many parameters that bring this line of 

pathophysiology into question. In addition, a 2015 study of 
13 normal female cadavers found that the pudendal nerve was 
attached or fixed to the sacrospinous ligament in all cadavers 
studied, suggesting that the diagnosis of pudendal nerve 
entrapment may be overestimated.

The pudendal nerve is implicated in a multitude of patho-
logical conditions. It is vulnerable to injury by being com-
pressed, entrapped, and overstretched resulting in temporary 
or irreversible nerve injury. All of these circumstances lead 
to inflammation around the “pudendal nerve,” essentially 
“pudendal neuritis.” It is this type of neural inflammation 
about the pudendal nerve that leads to the classic symptom 
complex usually associated with pudendal nerve entrapment, 
especially pain associated with prolonged sitting causing 
chronic compression of the pudendal nerve. Common activi-
ties that increase the risk of nerve entrapment include profes-
sional bicycling, horseback riding, long drives, and pelvic 
mass, notably sacrococcygeal teratoma.

On the other hand, stretch injury to the pudendal nerve 
may be caused by any condition that causes the pelvic floor to 
be overstretched, such as difficult childbirth or strenuous 
squatting exercise, and chronic straining during defecation 
with chronic constipation. Furthermore, systemic diseases 
like chronic diabetes mellitus and multiple sclerosis can dam-
age the pudendal nerve by causing demyelination leading to 
significant pudendal neuropathy. Clinical insults to pudendal 
nerve by any mechanism may also lead to significant urinary 
or fecal incontinence.

Pudendal neuralgia or “Alcock’s syndrome” is a rare cause 
of chronic pelvic pain in the primary care setting. Again, 
pudendal neuralgia has a multifactorial etiology. It may be 
secondary to being squeezed by spastic pelvic floor muscula-
ture, or by compression within a small anatomic canal or by 
either inflammatory or mechanical insult to the nerve and 
finally by an inflammatory cycle created by biochemically 
caustic sacral cysts (Tarlov’s cysts). The resultant pain is 
commonly positional and is exacerbated by prolonged sit-
ting. Other frequently reported clinical signs and symptoms 
include genital numbness, sexual dysfunction, pain with 
intercourse, fecal incontinence, and urinary incontinence. 
Furthermore, patients may describe their symptoms as a 
vague pain, stabbing pain, burning sensation, pin pricking, 
twisting pain, cold sensation, and pulling sensation. Other 
specific anatomical areas involved may include the rectum, 
anus, urethra, and the perineum. Gender specific symptoms 
in women may include pain in the vagina and vulva, the 
labia majora, and labia minora, and the clitoris. Similarly, in 
men these symptoms include pain in the penis and the scro-
tum. Paresthesia and pain symptoms may encompass other 
anatomical landmarks including the groin, inner part of the 
leg, buttocks, and the lower abdomen. Patients may perceive 
pain and paresthesia in only one of these areas, several areas, 
or in all of the above-mentioned areas. Patients may also 
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experience hyperesthesia and allodynia in the involved areas 
(hypersensitivity/extreme sensitivity to the slightest touch), 
which may prevent them from wearing certain clothing.

Furthermore, patients can present with voiding dysfunction, 
which may include hesitancy, extreme urgency, or frequency. 
Bowel dysfunction may also ensue and cause painful defeca-
tion, and chronic constipation. Sexual dysfunction in women 
specifically can include extreme pain with penetration and 
for men symptoms can include erectile dysfunction as well 
as pain with orgasm.

�Pathophysiology of Pudendal Neuralgia 
in Tarlov’s Cysts

Sacral cysts, first described by I.M. Tarlov in 1938 are occa-
sionally found incidentally in the course of radiological exam-
ination of the lumbosacral spine for various disorders. Review 
of the literature on Tarlov cysts, which develop at the distal 
limits of the dural sheath, a thinned extension of the dura 
mater, which encapsulates not only the brain and spinal cord, 
but also the dorsal and ventral nerve roots. This thinned dural 
sheath includes the epineurium and terminates near the dorsal 
root ganglia. At that point, the perineurium (contiguous with 
the pia/arachnoid) balloons out under pressure of the cerebro-
spinal fluid (CSF), perhaps in part because of the absence of 
constraint by the proximally overlying dura mater. The peri-
neurial wall contains spinal nerve root fibers and ganglion 
cells and the fibers may be present in the cyst cavity itself. It is 
described that the neck of this fluid-filled balloon structure is 
constricted, creating a one way “ball-valve” structure that 
allows CSF to enter, but not leave readily. As the volume of 
CSF changes in response to postural and positional changes, 
e.g., from supine to sitting, or in response to the Valsalva 
maneuver, sensory nerve root fibers in the cyst wall can stretch 
or compress against adjacent bone or the nerve roots, thereby 
producing abnormal sensations.

The S2 and S3 dorsal roots convey sensory phenomena 
along the course of the pelvic and pudendal nerves. These 
nerves innervate the external and internal genitalia which 
could generate the abnormal sensations. When these sensa-
tions are uncomfortable, they fall into the category classified 
as pain. When these sensations are stimulatory, they may 
initiate “persistent genital arousal disorder.”

Symptoms of Tarlov cysts include pain in perineum, 
vagina, penis, buttock, leg, lower back, sacrum, or coccyx, 
dyspareunia, proctalgia, bladder dysfunction, urinary incon-
tinence, micturition disorders, bowel incontinence, radicular 
pain (neuralgia), loss of sensibility, muscle weakness or 
paresis, and dysesthesias which are essentially abnormal 
sensations noted in the absence of appropriate or associated 
stimulation. Also, paresthesias can occur in the thigh or foot, 
most often described as burning sensations. Tarlov cysts less 
than 1.0 cm in diameter are often reported as asymptomatic 

and symptomatic cysts less than 2.0 cm are now frequently 
managed non-surgically with injections or sacral neuromod-
ulation (see Figs. 19.2 and 19.3). It seems plausible that 
despite differences in terminology, there is a degree of 
congruence between these two sets of symptomatology.

�Persistent Genital Arousal Disorder (PGAD)

It is important to remember that even involuntary genital 
arousal can be painful. PGAD is a complex pathology with 
multiple etiologies and with variably effective therapies. This 
syndrome is perplexing and characterized by high levels of 
genital arousal occurring in the absence of subjective interest 
or desire. PGAD sufferers are women who experience invol-
untary, intrusive, painful and seemingly spontaneous genital 
arousal that can be unrelenting. This arousal can persist for 
hours, days, or even longer, despite attempts to relieve it with 
sexual activity or orgasm, which at best provide only brief 
relief from the symptoms. Attempts to quell the genital arousal 
by engaging in masturbation or sexual activity may lead to 
brief relief, no relief, or even more arousal and activation.

�Neurodiagnostic Evaluation in Pudendal 
Neuralgia

Pudendal neuralgia is a diagnosis of exclusion. All other 
potential causes of pelvic pain and other related symptoms 
have to be ruled out before the definitive diagnosis of puden-
dal neuralgia is made. A detailed medical history and pertinent 
physical exam are considered the two most important diagnos-
tic tools in diagnosing pudendal neuralgia. Once the prelimi-
nary diagnosis of pudendal neuralgia is made via history and 
physical exam, it can be confirmed by utilizing a local nerve 
block. This technique can be used to simultaneously to con-
firm the diagnosis and initiate treatment, whereby the puden-
dal nerve is blocked by a local anesthetic to see if symptoms 
can be eliminated by numbing the nerve at specific sites.

Furthermore, pudendal nerve motor latency test can be uti-
lized to measure the pudendal nerve conduction velocity. 
During the pudendal motor latency test, electrodes are fixed in 
the muscles of the perineum and the rectum. Next, the puden-
dal nerve is stimulated with an electric probe. The average 
speed of the stimulus transmission is measured and recorded. 
The average stimulus transmission is often significantly 
slower in patients suffering from pudendal neuralgia.

�Treatment of Pudendal Neuralgia

When conservative measures such as avoidance of postures/
activities that exacerbate symptoms, physical therapy, and 
medical management fail to provide relief, a combined 
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anesthetic and steroid pudendal nerve block injection is used 
for both diagnosis and treatment. For instance, if the pain is 
relieved immediately following the injection, it suggests that 
the pudendal nerve is the likely source of symptoms. The 
hope is that if the inflammatory process is suppressed that 
that the threshold for neural depolarization will decrease and 
the sensory component of the nerve will begin to fire in a 
fashion which is more closely aligned to its normal equilib-
rium. This may take several injections so it is not surprising 
for symptoms to return when the anesthetic and steroids 
wear off initially, again highlighting the need for repeated 
nerve blocks. Patients may require two to three nerve blocks 
before sufficient symptomatic relief is achieved after reduc-
tion in inflammation.

�General Concepts of Neural Blockade

Neural blockade dates back to the late 1800s when Dr. Carl 
Koller injected cocaine during ophthalmic surgery. Plexus 
blocks and peripheral nerve blocks were subsequently per-
formed by Dr. William Halstead followed by subarachnoid 
and extradural cocaine injections by Drs. Leonard Corning 
and Heinrich Quincke. Eventually, safer anesthetic agents 
and techniques were developed. Intrathecal, epidural, plexus, 
sympathetic nerve and peripheral nerve blocks have now 
become routine in both anesthesia and in the treatment of 
acute and chronic pain syndromes.

Nerve blocks are performed for a variety of reasons. In 
the management of pelvic pain, nerve blocks can serve both 
diagnostic and therapeutic purposes. Diagnostic blocks can 
be performed for the purpose of localizing the pain generat-
ing neural pathways as well as determining if a patient may 
be a candidate for other neuroablative therapies. Therapeutic 
nerve blocks are performed in an attempt to disrupt the noci-
ceptive input from the periphery to the dorsal horn of the 
spinal cord. This nociceptive input has the potential of creat-
ing changes at the spinal cord level which can contribute to 
the development of chronic pain states. The wind-up phe-
nomena at the spinal cord level has been well described. 
Wind-up may underlie the continuation of pain sensation 
despite a reduction in the actual number of action potentials 
generated from the nociceptive C-fibers. These changes at 
the spinal cord can then lead to central sensitization. With 
central sensitization low frequency action potentials into the 
CNS by nociceptive neurons increase synaptic activity in the 
dorsal horn of the spinal cord. Changes in the central nervous 
system include synaptic plasticity, changes in microglia, 
astrocytes, involvement of N-methyl D-Aspartate (NMDA) 
activation, and gene transcription. Central sensitization in 
which the central nervous system alters and amplifies pain 
may act to uncouple the stimulus response relationship that 
defines nociceptive pain. Therefore, managing a chronic 

centralized pain syndrome by treating the peripheral tissues 

that initiated the original nociceptive input generally fails. 
Aggressive, early treatment of acute pain is necessary to help 
reduce the risk of development of these central nervous system 
changes, which lead to wind-up and central sensitization. 
Local anesthetics, by blocking the action potentials from 
C-fibers, may help “reset” the pain generating nociceptive 
fibers and, hopefully, reduce the probability of developing a 
chronic neuropathic pain syndrome from an acute pain 
syndrome. Diagnostic and therapeutic blocks are directed 
based upon the clinical presentation of the patient’s pain. 
Shows the anatomic structures and corresponding plexi or 
nerves which can be blocked to relieve pain.

�Anesthetic Properties in Neural Blockade

Local anesthetics have been used for over 100 years for neu-
ral blockade. Anesthetics are divided into amides and esters, 
although today the amides are used almost exclusively in 
clinical practice. Lidocaine and bupivacaine are by far the 
most common anesthetics used in neural blockade. The clini-
cal pharmacology of local anesthetics is beyond the scope of 
this chapter, but some basic concepts should be understood 
by the clinician performing nerve blocks. Briefly, the resting 
cell membrane has a selective permeability to potassium ions 
(K+) allowing for a net efflux of K+ outside the cell and with 
a positive charge relative to inside the axonal neuroplasm. 
This accounts for the negative resting potential of approxi-
mately −60 to −70  mV.  During depolarization of an axon 
there is a selective permeability to Na+ ions allowing for an 
influx of Na+ ions into the cell, causing an alteration in the 
inner cell potential. This allows for transmission of an 
impulse along the axon. Repolarization occurs as the force of 
Na+ influx diminishes and voltage dependent K+ channels 
open allowing an efflux of K+ ions outside the cell mem-
brane eventually restoring the cell to its resting state.

Local anesthetics prevent nerve conduction by blocking 
the influx of Na+ ions through the cell membrane, thereby 
blocking the change in the potential difference between the 
inside and outside of the cell membrane required to cause 
cell depolarization. Lidocaine tends to have a rapid onset of 
action and duration of between 1 and 2 h. Bupivacaine has a 
slower onset of action but a more prolonged duration between 
approximately 4–6  h. Bupivacaine also tends to have a 
greater differential between sensory and motor blockade. 
This can be beneficial in peripheral mixed somatic nerve 
blocks, particularly in an outpatient setting, by limiting 
motor block while obtaining adequate sensory nerve block-
ade. The therapeutic benefits of anesthetic agents, however, 
may not be limited to their ability to block neural impulse con-
duction. Local anesthetics may also have anti-inflammatory 
properties.

Systemic side effects need to be taken into consideration 
while performing nerve blocks. Inadvertent intravascular 
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injections can cause potentially serious side effects. A toxic 
dose of lidocaine is approximately 4.5 mg/kg although there 
are risks of side effects at a dose of 1.5 mg/kg. Symptoms of 
lidocaine toxicity include lightheadedness, dizziness, peri-
oral or tongue paresthesias, headaches and, at high concen-
trations, seizures. Cardiovascular effects, including 
dysrhythmias, are possible, but are less common than CNS 
effects. Bupivacaine has greater potential cardiovascular 
effects than does lidocaine. The toxic dose of bupivacaine is 
approximately 2.5 mg/kg. Inadvertent intravascular injection 
of bupivacaine has been known to cause significant cardio-
vascular side effects including hypotension and arrhythmias 
with cardiovascular collapse and death. The cardiovascular 
side effects of bupivacaine are due to its high affinity for the 
myocardial Na+ channel.

While local anesthetic toxicity is rare, these potentially 
serious side effects may be limited by using image guided, 
site specific, and low volume injections with fluoroscopic or 
ultrasound guidance. By injecting contrast under live fluoro-
scopic visualization prior to the injection of anesthetic one 
can reduce the risk of inadvertent direct vascular injection. 
Under ultrasound guidance the injection site can be directly 
visualized around the intended nerve or fascial plane. In 
addition, before injecting large doses of anesthetics or when 
performing multiple injections, the maximum dose of anes-
thetic based upon the patient’s weight should be considered.

�Somatic Nerve Blocks

Somatic nerve blocks are often utilized in chronic pelvic 
pain. Chronic pudendal neuralgia has been well docu-
mented. The pudendal nerve is a somatosensory nerve 
derived from the S2–S4 nerve roots. It provides sensory 
innervation to the anus, perineum, penis, or clitoris and pro-
vides motor supply to the pelvic floor musculature. The 
nerve can become irritated, and a painful neuropathy cre-
ated, if the nerve becomes entrapped at the attachment of 
the sacrospinous ligament to the ischial spine or in the 
pudendal canal. Irritation of the pudendal nerve can cause 
perineal pain involving the penis, scrotum, labia, perineum, 
and anorectal regions. A diagnostic criteria has been offered 
for pudendal neuralgia which includes pain in the territory 
of the pudendal nerve from the anus to the penis or clitoris; 
pain predominantly experienced while sitting; pain with no 
objective sensory impairment and, finally, pain relieved 
with a diagnostic pudendal nerve block.

Various techniques to block the pudendal nerve have been 
described including blind techniques, CT and fluoroscopi-
cally guided techniques and, more recently, ultrasound 
guided techniques. In the last decade, ultrasound has gained 
more popularity as it allows for soft tissue and nerve visual-
ization and limits patient and operator radiation exposure. 

Ultrasound allows for the direct visualization of the critical 
landmarks: the ischial spine, pudendal artery, sacrospinous 
ligament, sacrotuberous ligament, and the pudendal nerve. 
The target for the injection is between the sacrotuberous and 
sacrospinous ligaments. The pudendal nerve runs in close 
proximity to the sciatic nerve. Use of a peripheral nerve 
stimulator is suggested to reduce the chance of a sciatic 
nerve block. 4 ml of 0.25 % bupivacaine with or without ste-
roid can then be injected. A study by Bellingham et al. found 
no significant difference in outcomes between fluoroscopic 
and ultrasound guided injections. If patients with pudendal 
neuropathy benefit temporarily with diagnostic and/or thera-
peutic injections, pulsed radiofrequency neuroablation has 
been demonstrated to be of benefit. In addition, there has 
been a case report of successful treatment of urinary urgency 
and hesitancy accompanied by pain in the perineum in an 
elderly male after undergoing pulsed radiofrequency treat-
ment of the pudendal nerve.

The ilioinguinal, iliohypogastric, and genitofemoral 
nerves may contribute to chronic pelvic pain, particularly 
with pain after surgical procedures or trauma. The ilioingui-
nal, iliohypogastric, and genitofemoral nerves can all be 
blocked using ultrasound guidance. Blind techniques have 
been known to have a high failure rate. Typically, the ilioin-
guinal and iliohypogastric nerves are blocked together. 
Above the iliac crest the nerves travel from deep to superfi-
cial and pierce the transversus abdominis muscle to lie 
between the transversus abdominis and the internal oblique 
in 90 % of cases. Using ultrasound, the abdominal wall is 
scanned approximately 5 cm cranial to the anterior superior 
iliac spine. Generally, at this level, the ilioinguinal and ilio-
hypogastric nerves are reliably located between the transver-
sus abdominis and internal oblique. The external oblique is 
also visualized at this level. Color Doppler can be utilized to 
visualize the deep circumflex artery, which may be in the 
same fascial plane as the nerves. Generally, 6–8 ml of 0.25 % 
bupivacaine is adequate to block both nerves.

The genitofemoral nerve block has been well described 
by Soneji et al. and is performed by performing ultrasound 
scanning along the inguinal canal generally with the probe 
two fingerbreadths lateral to the pubic tubercle and the probe 
held perpendicular to the inguinal canal. The femoral artery 
is located and traced cephalad where it travels deep and tran-
sitions to the external iliac artery at which point the contents 
of the inguinal canal can be visualized. The nerve may be 
either within or outside the spermatic cord in males and, 
therefore, injection of approximately 4 ml of 0.25 % bupiva-
caine with or without steroid in injected both inside and out-
side the spermatic cord. In females a total of 5 ml of injection 
fluid is deposited within the inguinal canal around the round 
ligament. Cryoablation of the genitofemoral nerve after 
successful diagnostic block has also been described in the 
literature for chronic inguinal pain.

R. Singh et al.



275

�Trigger Point Therapy

Myofascial trigger points were first termed by Dr. Janet 
Travell in 1942, though similar phenomena have been 
described dating back to the sixteenth century. When first 
described myofascial trigger points (MTrPs) were defined 
as “being a focus of hyperirritability in a muscle or its fascia 
referring pain in a specific pattern.” Currently MTrPs are 
generally accepted to be discrete, focal, hyperirritable spots 
located in a taut band of skeletal muscle. In addition to local 
pain they may produce referred pain, motor dysfunction, or 
autonomic phenomena. MTrPs are grossly classified as 
being one of two types. An active MTrP is an actively symp-
tomatic trigger point; while a latent trigger point does not 
trigger pain without being stimulated, though it may restrict 
movement or cause muscle weakness. Active MTrPs are 
always tender, prevent muscle lengthening, may refer pain 
or autonomic reactions on direct compression, and create a 
local twitch response. On exam an LTR is a visible or pal-
pable contraction as the tense muscle fibers of the trigger 
point contract, these can be observed visually, recorded 
electromyographically, or visualized using diagnostic 
ultrasound.

Myofascial trigger points form the basis of myofascial 
pain syndrome, and can play a role in many other pain syn-
dromes as well. Myofascial pain syndrome is a chronic pain 
syndrome that is caused by multiple trigger points or fascial 
constriction which can occur in many distinct areas of the 
body and causing a variety of different symptoms.

Whether active or latent, MTrPs are thought to form 
through a multifactorial process. These mechanisms include 
trauma, joint, muscle, and postural dysfunction, sleep dis-
turbances, emotional and mental disturbances, and vitamin 
deficiency or insufficiencies. As with all tissues in the body, 
skeletal muscle contains nociceptors. These nociceptors are 
unique in that they require a large amount of stimulation 
before they fire which assures they will not relay painful 
signals during normal muscle contractions, stretches, or 
pressure. MTrPs typically cause painful signals secondary 
to their persistent noxious stimulation, leading to both spon-
taneous and referred pain. This pain may be related to nox-
ious stimuli arising from local elevations in inflammatory 
mediators and neuropeptides. Recent studies have shown 
that active MTrPs have increased calcitonin gene related 
peptide (CGrP), substance P, TNF-a, and IL-B, IL-6, and 
IL-8.

In clinical practice MTrPs are largely diagnosed by iden-
tifying taut bands and the local twitch response. Their pres-
ence or that of referred pain or reproduction of symptoms 
has been shown to increase the specificity of the diagnosis, 
and clinical outcomes are significantly improved when a 
local twitch response, LTR, is observed prior to intervention. 
In some practices EMG may be used to aid in trigger point 

diagnosis and management. Diagnostically, LTR contractions 
can be recorded as high amplitude polyphasic discharges. 
Surface EMG can also be used to assist in assessing muscle 
behavior at rest and performing functional tasks, as well as 
aid in muscle awareness and postural training.

There are many applications with respect to MTrPs in 
Pelvic Medicine. Myofascial trigger points often effect pos-
tural muscles including the back and pelvic girdle and can be 
associated with visceral organ dysfunction either through a 
viscero-somatic or somato-visceral reflex mechanism. 
MTrPs of the pelvic floor may be identified in as many as 
85 % of patients with urological, colorectal, or gynecologi-
cal pelvic pain syndromes with symptoms including bowel, 
bladder, and sexual dysfunction in addition to pain. Many 
urologic and gynecologic disease processes including inter-
stitial cystitis, bladder pain syndrome, vulvodynia, chronic 
prostatitis, and chronic pelvic pain syndrome include vague 
symptoms of pain which may be related to feedback cycles 
from MTrPs. Symptoms from these disease states may be 
related to MTrPs found in the abdominal wall or pelvic mus-
cles. Some suspect that these urologic syndromes are a part 
of a spectrum which progresses through years of self-
reinforcing chronically progressive myofascial and trigger 
point dysfunction.

The pain associated with these disease states may be 
propagated through a convergence of afferent C and A-delta 
fibers although it is usually heavily “C” weighted. This aber-
rant sensory phenomena emanate from the dysfunctional 
organ and pelvic floor musculature via second order neurons 
in the spinal cord. Ultimately, when enough of this unmy-
elinated painful aberrant sensory input barrages the sacral 
spinal cord, the normal electrophysiologic gating mecha-
nism can be over run and disrupted. This then can lead to an 
antidromic impulse, in which a nerve fires in a retrograde 
fashion may be propagated to the affected organ (bladder, 
prostate, vagina, etc.) through dorsal root reflexes, axon 
reflexes, or some yet unknown mechanism. Research on 
interstitial cystitis suggests inflammation found in this dis-
ease process may be related to a neurogenic origin in which 
antidromic propagation causes an increased number of noci-
ceptors, as well as the release of CGrP, substance P, and other 
inflammatory markers listed earlier leading to mast cell 
degranulation in the mucosa, which may be found in this 
disease. The urologic syndromes outlined may classically be 
difficult to treat as they are likely more multifactorial in 
cause, and although MTrPs may appear somewhat abstract 
they likely play an important role in the formation and 
propagation of these and other disease states.

�Treatment of MTrPs
The first line of management for MTrPs should be to treat 
underlying perpetuating factors to prevent the potential 
for recurrence. These factors include emotional and sleep 
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disturbances, physical and postural dysfunctions, and 
nutritional deficiency or insufficiencies. After correcting 
underlying factors nonpharmacologic treatments should then 
be explored, and can include behavior modification with 
transvaginal or transrectal biofeedback, bowel and bladder 
control, physical therapy, massage, heat and ice therapy, and 
transcutaneous electric nerve stimulator (TENS unit).

Trigger point injections and dry needling are reserved for 
physician treatment and are typically used as adjuvant ther-
apy to more conservative treatments outlined earlier. MTrP 
injection and dry needling are both options to treat symptom-
atic active trigger points. Although dry needling has been 
proven to be as effective as trigger point injections, injec-
tions are generally more commonly used as post injection 
soreness has been shown to be less intense and of a shorter 
duration when injected with local anesthetic. This supports 
the idea that the therapeutic effect is the actual mechanical 
disruption of the MTrP; breaking the positive feedback loop, 
diluting, and removing metabolites and nociceptive sub-
stances through the vasodilation effect of local anesthetic, 
and the release of endorphins.

The approach to MTrP assessment begins with a physical 
exam performed via rectum or vagina with the patient in the 
lithotomy or semi-prone Sim’s position. A manual exam 
using a sweeping motion from posterior to anterior should be 
performed to identify taut bands, LTRs, and radiation or 
reproduction of symptoms. Pelvic floor muscles commonly 
associated with MTrPs include the sphincter ani, levator ani, 
coccygeus, and on exam should be assessed in addition to the 
pubourethralis, vaginalis, rectalis, iliococcygeus, obturator 
internus, and piriformis muscles. Further examination can 
include adductor muscles of the medial thigh, lumbar para-
spinal muscles, and gluteal muscles. Reproduction of all or 
part of the patient’s pain, LTR, or palpation of a taut band can 
warrant treatment.

Prior to injecting a trigger point, the clinician should 
ensure they have all the necessary equipment to complete the 
procedure. Rubber gloves and alcohol will be needed to clean 
the skin at the entry site, as well as a 3–5  ml syringe and 
21–26 gauge needle of varying length depending on the mus-
cle to be injected. It is important to use a long enough needle, 
and avoid inserting to its hilt, which is the weakest part and 
may result in breaking off as a foreign body. For anesthetic 
agent, lidocaine or procaine can be used based on preference, 
though procaine has the distinction of being the least 
myotoxic of all local anesthetics.

In general, for MTrPs outside of the pelvic floor once a 
trigger point has been located it can be injected by isolating 
the point between the first and second digits and advancing 
the needle while warning the patient of potential reproduc-
tion of symptoms. After entering the point withdraw the 
plunger to confirm placement outside of a vessel, and inject 
a small amount of local anesthetic. Tension should be 

maintained on the skin and the clinician should move the 
needle in various directions to disrupt the MTrP, and remove 
the needle when the LTR or taut band is no longer palpable, 
or the symptoms resolve. Following the procedure the patient 
should be prompted to stretch the affected muscle to promote 
muscle elongation, and removal of inciting substances.

There are three basic approaches described to address 
pelvic floor MTrPs. These include vaginal, subgluteal, and 
perineal approaches outlined in Fig. 19.1. The first approach 
is the subgluteal approach and follows a path inferior and 
medial to the ischial tuberosities, similar to a perineal nerve 
block, but directed towards a finger palpating and stabilizing 
the MTrP rectally or vaginally. The second approach is a 
perineal approach in which the needle is directed through the 
perineum and towards the MTrP palpated and held in place 
either by a palpating finger in the vagina or rectum. The final 
approach is transvaginal, in which the needle is inserted 
through the vagina towards an MTrP palpated and held in 
place through a palpating finger in the rectum. This final 
transvaginal approach has the added benefit of being closer 
and allowing easier access to deeper musculature. As with all 
MTrPs, despite method of approach the same protocol should 
be followed including withdrawal of plunger to assure proper 
placement outside of a vessel, followed by injection of a 
small amount of local anesthetic after which the point should 
be mechanically disrupted. This process should be repeated 
until no further MTrPs are elicited, and may treat 5–10 points 
if needed, and making sure to stretch or manipulate the area 
following the procedure to promote muscle elongation, and 
removal of inciting substances.

Although myofascial trigger point injections are relatively 
benign, there are some contraindications that should be con-
sidered. Although there are only a few considerations that 
must be made before injecting a patient, again, one should be 
familiar with the relative contraindications. These relative 
contraindications include patients with a history of bleeding 
disorder or on anticoagulation, some practitioners may choose 
to hold aspirin prior to the procedure though these appear to 
be preference. True contraindications would include a patient 
with a current infection, or if their MTrP is secondary to acute 
trauma, in which case the patient should be monitored for 
recovery, and if the MTrP still exists should be treated at that 
point. A patient with an allergy to a particular injection agent 
should be assessed for possible alternative use, or treated 
alternatively with dry needling technique. Generally patients 
should be given at least 3–5 days for treatment to work and 
should not be retreated within this time frame. In addition 
to this if the patient has failed three successive treatments 
alternative pathologies and alternative treatments should be 
considered.

Post injection complications are relatively rare and shared 
with other similar injection type procedures. These include 
infection, needle breakage, and hematoma formation. 
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These can be avoided by maintaining proper aseptic technique, 
and to apply pressure briefly post injection to stop any local 
bleeding which may be present. More serious complications 
include intravascular injection of anesthetic agents leading 
to systemic toxicity, seizure, arrhythmia, or nerve damage if 
injected intraneurally. These complications highlight the 
importance of making sure of correct placement of needle 
before injecting agents.

�Summary

MTrPs have been identified with nearly every musculoskel-
etal pain problem including pelvic pain and other urologic 
syndromes. Classically MTrPs are defined as taut bands of 
muscle referring pain, and producing a local twitch response 
on examination. Although originally described by Dr. Janet 
Travell in 1942 trigger points have been undergoing an 
increasing amount of research, including studies on urologic 
manifestations. Many urologic pathologies may be interre-
lated with myofascial trigger points, either being created, or 
compounded by MTrPs.

Treatment for MTrP should include identifying and treat-
ing the underlying pathologic lesions that are responsible for 
the MTrP formation and activation. The MTrP should be 
managed conservatively first through physical therapy 
modalities, failing that more aggressive therapy should be 
started including trigger point injections.
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�Pelvic Organ Prolapse in the Older Woman

Pelvic organ prolapse (POP) is a common condition with a 
significant deleterious impact on quality of life. This condi-
tion is more commonly seen in the elderly population, affect-
ing 37 % of women over the age of 80 [1]. There are several 
factors involved in the aetiopathogenesis. Age related vascu-
lar changes impair circulation to tissue and combined with 
the decreased elasticity of collagen with age, the older 
woman is at increased risk of POP [2]. Loss of vaginal rugae 
becomes apparent 2–3 years after the menopause. This 
occurs secondary to increased collagen breakdown which is 
considered to be a factor in the aetiology of POP [3–6]. 
Respiratory function steadily declines from 25 years of age 
and the strength of pulmonary muscle decreases significantly 
impairing effective cough. Due to the reduced ability to clear 
ones’ airway, coughs may become more frequent and stron-
ger in order to achieve expectoration. This increases intra-
abdominal pressure worsening prolapse and also raising 
concerns regarding prolonged surgery and anaesthetic mor-
bidity [7]. Disability, social isolation and poor nutrition may 
lead to poorer mobility, increased constipation and delayed 
presentation before help is sought.

The lifetime risk of undergoing surgery to treat POP is 
11 % [8]. Currently 33 % of neonates survive until the age of 
80 years. It has been predicted this will rise to 50 % by 2050 
[9]. As the life expectancy of women is greater than that of 
men, the proportion of women in the elderly population will 
increase even further. Surgery for POP accounts for approxi-
mately 20 % of elective major gynaecological surgery and 
this increases to 59 % in elderly women [10]. By 2030, there 
will be approximately 39.9 million women in this age group, 

with a rate of growth almost double that of the general 
population. Overall, individuals aged 65 years and older will 
represent 19 % of the population by 2030, compared with 
12.4 % of the population in 2000. In addition, women more 
than 80 years of age are the fastest growing segment of soci-
ety. As both the incidence and prevalence of prolapse surgery 
increase with age, pelvic organ prolapse (POP) becomes an 
increasingly bothersome disorder in this patient population.

The management of POP is symptom driven, therefore, if 
POP does not cause significant bother it rarely needs active 
intervention. Exceptions obviously exist, for example, if a 
prolapse has become ulcerated, management is required to 
prevent infections and severe sequelae. A procidentia can 
cause renal dysfunction secondary to kinking off the ureters. 
Review by a specialist with the aid of a validated quality of 
life questionnaire such as the International Consultation on 
Incontinence Questionnaire—Vaginal Symptoms (ICIQ-VS) 
is essential. These assessment tools will help assess bother, 
as well as the frequency and severity of urinary, bowel and 
sexual symptoms [11]. Common presentations of POP are 
outlined in Table 20.1. A detailed history should be taken to 
enquire about all of these symptoms.

After a relevant history, it is essential to perform a thor-
ough examination. Pelvic examination should be carried out 
at maximum Valsalva with an empty bladder whilst the 
woman is both supine and standing to fully assess the extent 
of any prolapse and the compartments affected [12–14]. 
There are many grading systems to document urogenital 
prolapse. The most popular amongst general gynaecologists 
is the severity assessment of mild, moderate and severe 
[15]. The International Urogynecological Association and 
International Continence Society have recommended the 
pelvic organ prolapse quantification (POP-Q) system as it 
has been shown to be reproducible and reliable [16].

There are a number of investigations which may need to 
be carried out in a woman with POP.  If co-existing lower 
urinary symptoms are highlighted during the initial history, 
a mid-stream urine (MSU) sample should be tested, and if 
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surgery is contemplated, urodynamics (UDS) should be per-
formed. The MSU is useful to screen for infection, calculi or 
cancer. A simple bladder scan to assess post void residual is 
an important part of the investigations. A significant residual, 
usually over 100 ml, can predispose a woman to recurrent 
urinary tract infections. Most will improve with treatment of 
the prolapse but in some cases clean intermittent self-
catheterisation (CISC) may be indicated [10]. Pre-operative 
UDS is useful to rule out concomitant voiding dysfunction, 
stress urinary incontinence, and detrusor overactivity. 
Imaging is beneficial to exclude a pelvic mass as a cause of 
prolapse and to assess the integrity of renal tract when con-
servative management is considered. Where symptoms of 
obstructed defaecation are noted, investigations of bowel 
function may also be warranted such as defecatory proctog-
raphy and anorectal physiology studies.

The main aim of treatment is to improve the woman’s 
quality of life. Not only should surgery relieve symptoms of 
prolapse such as the awareness of a vaginal bulge, but ideally 
restore or maintain bladder, bowel and sexual function [17]. 
Management is individualised depending upon presenting 
symptoms and lifestyle. Treatment options may be incor-
rectly limited in the elderly with the misconception that sur-
gery should be avoided. A woman’s age should not be a 
factor for avoidance of surgical treatment. Her current state 
of health and expectations are most important and realistic 
counselling which addresses these is essential.

The first line of management in POP is conservative life-
style modifications. POP is exacerbated by increased intra-
abdominal pressure with studies confirming that chronic 
cough, constipation, lifting weights and obesity all increase 
the risk [18–22]. Therefore, lifestyle modifications to reduce 
these such as weight loss strategies and smoking cessation 

classes can improve the situation and reduce the chance of 
worsening prolapse. Anaemia, benign joint hypermobility 
syndrome, vitamin D deficiency and incidence of fractures 
have all been found to be associated with an increased risk of 
POP [23–25]. It has been proposed that the suboptimal col-
lagen status associated with POP may similarly involve bone 
collagen thus increase the risk of fractures. Although it is 
difficult to prove a causal relationship between vitamin D 
deficiency and POP, it may be worth considering treating this 
deficiency as a primary care preventative measure which 
may also reduce the risk of worsening POP.

Other than lifestyle modifications, pelvic floor muscle 
training (PFMT) can play an important role in the manage-
ment of POP. Women with moderate prolapse have been found 
to have significantly lower PFM contraction strength [26]. 
PFMT directed by a specialist physiotherapist has been shown 
objectively to improve POP by one stage on average [27] and 
subjectively significantly reduce symptom frequency and 
bother of POP. This is thought to be secondary to the statisti-
cally significant change in resting position of the bladder and 
rectum in those who have undertaken PFMT [28].

The use of oestrogen in the treatment of POP remains 
controversial. Studies have shown that POP in postmeno-
pausal women has been associated with lower oestrogen lev-
els and an increase in oestrogen receptors in the uterosacral 
and cardinal ligaments [29]. This may imply that the sup-
portive structures of the uterus are affected by the lack of 
oestrogen and therefore upregulate production of receptors 
rendering the tissue more sensitive to oestrogen replacement. 
This theory is further reinforced by some limited evidence 
that systemic oestrogen replacement reduces risk of prolapse 
and may improve POPQ scores [30]. Low dose vaginal 
oestrogen has been found to be a very effective treatment of 
postmenopausal atrophic vaginitis [31, 32]. Vaginal 
oestrogen mainly has a local effect and results in minimal 
systemic absorption which reduces the incidence of systemic 
side effects including endometrial stimulation. As a result of 
this, adjuvant progestogen are not required. This reduces the 
risk of thrombosis.

Few studies have investigated the impact of local vaginal 
oestrogen supplementation with regard to breast cancer 
recurrence. It has been shown to increase serum E2/E3 and 
decrease LH and FSH [33, 34], but not associated with 
increased risk of recurrence of breast cancer [35]. Both the 
largest trials assessing the safety of hormone replacement 
therapy (HRT) in women after breast cancer, ‘Stockholm’ 
and ‘HRT After Breast Cancer- Is It Safe?’ (HABIT), 
regarded use of LDVO only as part of the non-treatment 
arms [36, 37]. Table 20.2 describes different LDVO prepara-
tions which are currently available.

The final conservative management tool is a pessary. A 
pessary mechanically supports the prolapsing organ and limits 
its descent into the vagina. By relieving the pressure on the 

Table 20.1  Common presentations of pelvic organ prolapse

1.	 Bulge/pressure symptoms (worse at the end of the day, better on 
lying down)

 � a. Something coming down the vagina

 � b. Lump/bulge seen or felt in the vagina

 � c. Lower backache

 � d. Lower abdominal dragging sensation

2.	 Bladder symptoms

 � a. Recurrent UTI

 � b. Urinary incontinence

 � c. Voiding dysfunction

3.	 Bowel symptoms

 � a. Tenesmus

 � b. Need to digitate to defecate

4.	 Symptoms related to sexual function

 � a. Dyspareunia

5.	 Others

 � a. Vaginal discharge

 � b. Rarely vaginal bleeding
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supporting structures and the pelvic organs, symptoms of 
POP are improved. Pessaries and surgery have been shown 
to be equally effective at relieving symptoms of POP. The 
demographics of the women choosing either option may be 
different however. Those choosing pessaries tend to be 
slightly older and suffer less bothersome symptoms related 
to bowel emptying, sexual function and quality of life [38]. 
Pessaries are more ideal for women who are awaiting, are 
unfit for, or do not wish to undergo surgery. There is limited 
evidence available to aid decision making with regard to 
which pessary is best. A randomised crossover trial compar-
ing the gelhorn and ring pessary found both equally effective 
in improving symptoms and impact of prolapse [39]. Sexual 
function can be grossly affected by prolapse and the loss of 
sexuality is not an inevitable aspect of aging. The majority of 
healthy people remain sexually active on a regular basis until 
advanced old age [40]. Sexuality of the older women is more 
dependent on basic conditions like general well-being, phys-
ical and mental health, quality of relationship, or life situa-
tion [41]. Age increases the chances of the woman suffering 
poorer health secondary to age related diseases and thus may 
decrease desire but is not an independent factor for decreased 
sexuality. Menopause does decrease desire but may have an 
adverse impact because of discomfort. Women who are sex-
ually active have been found on examination to have less 
evidence of vaginal atrophy [42]. If POP does not cause 
problems during intercourse, sexual function can be main-
tained whilst using a pessary if the patient uses a ring pessary 
or one which she can remove before intercourse. Sexuality 
has an important role in older women’s lives and if POP does 
cause discomfort to either party during intercourse, surgical 
treatment may well be indicated.

Surgery remains the definitive treatment of POP. Age 
itself is not a contraindication to any type of anaesthesia. The 
sensitivity to drugs increases with age whilst metabolism 
and clearance of drugs decreases with age. The effect of 
aging on the cardiovascular, respiratory, immune and clot-
ting systems increases the risks of intra- and post-operative 
morbidity. The mean overall complication rate for POP sur-
gery is 3.8 % with cardiovascular events the most common 
[43]. Almost 6 % of women suffer short-term urinary reten-
tion requiring catheterisation [44]. Catheterisation may 
increase the likelihood of decreased mobility, venous throm-

boembolism and urinary tract infection (UTI). UTIs are a 
common cause of temporospatial disorientation which 
occurs in 4.6 % of older women post POP surgery. The objec-
tive success rate in women over 75 years of age was 87.6 %, 
however highlighting the viability of surgery for POP in the 
elderly [43]. There was no difference in POP treatment fail-
ure rates in women who were 65 years of age or more when 
compared to women under 65 [45]. Administration of low 
dose vaginal oestrogen after POP surgery via an estradiol-
releasing ring is feasible and results in improved markers of 
tissue quality postoperatively compared to placebo and con-
trols [46]. At Kings College Hospital NHS Foundation Trust, 
we routinely recommend either the topical cream or oestra-
diol vaginal tablets.

Surgical repair of POP depends on the compartment 
which is affected. The exact operation which is performed is 
determined by a number of factors (Table 20.3). The com-
monest route used to repair POP is transvaginal. Other routes 
include transanal/perineal, abdominal, laparoscopic and 
robotic. There are no high quality clinical trials to guide the 
operating surgeon regarding the best operation.

In patients with recurrent prolapse, one may consider 
repeat surgery with native tissue, repeat surgery with mesh 
augmentation or colpocleisis. Both the latter require a fully 
informed detailed consultation with the patient in view of the 
increased risks or cessation of sexual activity, respectively. 
POP repair with mesh augmentation compared to using 
native tissue only has been shown to reduce the recurrence of 
POP by up to 30 % but has a significantly higher serious 
complication rate. (Cochrane) Complications include promi-
nence, exposure or extrusion of the mesh, alongside the for-
mation of fistulous tracts. This can lead to vaginal bleeding, 
vaginal discomfort, dyspareunia, lower urinary tract or even 
bowel symptoms. Colpocleisis is the surgical closure of the 
vagina up to the introitus. This relieves symptoms of prolapse 
but precludes sexual intercourse.

Patients suffering from stress incontinence together with 
POP may consider the benefits of concomitant insertion of a 
mid-urethral sling such as the tension free vaginal tape 
(TVT) at the same time as the POP repair. There has been a 
large body of evidence supporting this practice [47–49]. For 
some women, reduction of the prolapse may expose underly-
ing ‘occult’ stress incontinence. Pre-operative urodynamics 

Table 20.2  Low dose vaginal oestrogen preparations

Type of oestrogen Mode of administration Trade name

Oestriol Cream 0.01 % Gynest

Cream 0.1 % Ovestin

Pessary 0.5 mg OrthoGynest

Oestradiol Tablet 10 mcg Vagifem

Tablet 25 mcg Vagifem

Ring Estring

Table 20.3  Factors affecting surgical management of prolapse

1.	 Patient preference

2.	 Sexual activity

3.	 Isolated vault prolapse

4.	 Multiple previous surgeries

5.	 Concomitant intra-abdominal pathology

6.	 Co-existing Lower urinary tract symptoms

7.	 Planned staged procedure
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may highlight this and as long as the patient is fully coun-
selled, they may wish to be managed with either an interval 
or concomitant procedure.

�Conclusion

POP in the elderly is becoming increasingly prevalent as the 
population ages. The modern older woman expects to remain 
active and maintain a good quality of life and as there have 
been few studies of prolapse management specifically in the 
elderly more are required. Neither surgery nor anaesthesia is 
contraindicated in the elderly and studies suggest that the 
results of surgery are the same in older women as they are in 
younger women. Regardless of age, each patient should be 
assessed individually with a holistic multi-compartment 
approach and the risk benefit ratios of every treatment 
considered.

�Key Points

•	 Pelvic organ prolapse is more common in elderly patients.
•	 The commonest symptom is vaginal bulge (bulge sensa-

tion or the sensation of something coming down through 
the vaginal introitus).

•	 Diagnosis can be confirmed with vaginal examination to 
identify the presence, compartments affected, extent and 
potential complications of POP

•	 Different treatment options are available, including obser-
vation, lifestyle management, physiotherapy and use of 
pessaries, as well as surgical options

•	 Management should be tailored on an individual basis, 
based on symptoms, desire for treatment and 
comorbidity

•	 Pessaries and colpocleisis are the treatment options used 
more often in elderly patients than in the general 
population.
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�Introduction

The rapid advancement of technology over the past 100 
years, especially when we contemplate it in the context of 
man’s historical footprint is staggering. It is even more awe 
inspiring, when we look at the past 30 years. This exponen-
tial growth of technology has transformed myth and some-
times even fantasy into the realities of daily life. Ancient 
civilizations could only dream of having automated devices 
at their disposal and now, we almost take them for granted. 
The rise of the computer has enabled spectacular progress in 
almost every aspect of modern society. To say nothing about 
the fact that computing power doubles every 18 months. 
Cellular phones and inexpensive computers bring the inter-
net to even the most rural areas of under-developed countries 
with the implication of putting “real time data” at the finger-
tips of almost every human being on the planet. Still, what 
this means with respect to the spread of education around the 
world via the ability to learn at a distance is almost unfath-
omable. The microchip, the emergence of genetic engineer-
ing and biotechnology must also be considered revolutionary 
developments, occurring in the second half of this last cen-
tury. However, in the wake of all of this comes a series of 
possibilities that link art and science like never before, and at 
the forefront of this convergence is the science of “robotics.” 
Android robots can fluctuate from feats of great strength and 
endurance, to being able to mimic the finest and most subtle 

motions of human activity. Having said all of this, it is 
important to remember that no single civilization, culture, or 
era can be credited for modern robotics as many cultures, 
sciences, and artistic endeavors inspired imaginations that 
made the dreams of fiction into possibility.

�Historical Evolution

Mechanical humanoid figurines, created for entertainment in 
ancient China go back to almost 1000 bc. Subsequently, hun-
dreds of years later, the Greek inventor Archytas Armentum 
(circa 400 bc) designed a mechanical bird made of wood that 
could fly up to 200 m on its own, propelling itself with what 
would be considered a type of a steam engine. Although in 
and of itself, the wooden bird is an isolated event, it stirred 
the spirit of creativity in men who were so inclined and 
paved the way for an Arabic inventor, Ismail al Jazari. Al 
Jazari (1136–1206) is best known for writing the Arabic text 
The Book of Knowledge of Ingenious Mechanical Devices 
written in 1206. Here he was able to create designs for the 
construction of several automated machines and invented 
the first programmable robot for entertainment purposes by 
designing a band with automated humanoid sounds, put in 
the form of music.

Any serious discussion of robotics cannot begin without 
an examination of Leonardo da Vinci who has appropriately 
been attributed with inspiring modern robotics for so many 
reasons that they would be too numerous to address indi-
vidually here. However, because of his artistic insight which 
went far beyond his years, superimposed on the jealousy that 
he engendered among his contemporaries, he almost never 
made it.

Leonardo was born on April 15, 1452, in a farmhouse 
nestled amid the rolling hills of Tuscany. Born out of wed-
lock to respected Florentine notary Ser Piero and a young 
peasant woman named Caterina. The bond was doomed to 
failure before it started. Consequently, to attain any chance 
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of survival, let alone, success, he had to be raised by his 
father’s family in nearby Vinci, the Tuscan town from which 
his surname is derived. Hence, he became known in perpetuity 
as Leonardo da Vinci.

The science of robotics actually begins with the motto 
that Leonardo wrote for himself as a guide. “A good artist 
must be a thinker and must have two sacred missions: firstly, 
to study the intricacies of the human body and secondly, to 
attempt to understand the human soul.” “The former is easy, 
the latter hard, for it must be expressed by gestures and the 
movement of the limbs.” This latter could be construed as 
the earliest attempt to grasp the science of robotics. To accu-
rately depict gestures and movements of the human being. 
Not an easy task, but to this end, da Vinci began to seriously 
study anatomy. Actually, his anatomic studies yielded some 
of the most accurate anatomic drawings, still useable today. 
Leonardo’s obsession with human anatomy pushed him to 
critically dissect human bodies during the 1480s. His draw-
ings of a fetus in utero, the heart and vascular system, sex 
organs, bony tissue, and other muscular structures are some 
of the first on human record. These dissections paved the 
way for him to design the first mechanical, (robotic) knight 
and his most famous treatise on Anatomy and Proportions 
with the “Vitruvian Man.”

Leonardo passed in 1519 but his works, writings and 
ideas paved the way for others to follow his path. By the 
1540s the works of da Vinci had become familiar to an Italian 
clockmaker of both Italian and Spanish descent named 
Gianello Torriano. The ideas of da Vinci inspired Torriano to 
create what was called at that time, automatons and were the 
first machines to mimic human movements. The most suc-
cessful automaton was created in the late 1550s and named 
the Lute Player Lady. This device is 44 cm in height and can 
strum the lute while turning her head and walking forward. 
She has survived all these centuries and is now displayed in 
the Kunstkammer museum in Vienna.

Some consider Pierre Jaquet-Droz to be one of the forefa-
thers of the personal computer. He was born to a family of 
wealthy Swiss watchmakers and was sent to the University 
of Basel to study philosophy and theology. His family had 
hopes that he would enter the priesthood but Pierre had a 
natural affinity for the physical sciences and soon switched 
his course direction to math and physics where he was able 
to study under the famous Daniel Bernoulli. Bernoulli felt 
Pierre to have an affinity for what would be considered 
“mechanical physics.” Nevertheless, after graduation Pierre 
returned to the family business where he was asked to work 
on their line of “pendulum clocks.” He did not really feel that 
this was where his expertise lied and so he moved to “auto-
mation mechanics” and developed a line of time pieces that 
was highly technical and very attractive to some of their 
“higher end” customers. Not surprisingly, in 1759 Pierre 
undertook a journey to Spain to present to the Court of King 

Ferdinand VI of Spain where he first demonstrated his 
automata. Included in his presentation was a clock with a 
shepherd playing on a flute, and a dog guarding a basket of 
apples. When King Ferdinand tried to take one of the apples, 
the mechanical dog began barking so naturally, that one of 
the King’s own dogs began to bark back in response. At that 
time, everyone in the room believed that the entire event was 
an act of witch craft and ran out of the room, all of them 
quickly making the “sign of the cross” as they left. The 
Minister of Marine was the only one that stayed, and asked 
the shepherd what time it was, but did not receive an answer. 
Jaquet-Droz remarked that he probably did not understand 
Spanish and suggested that he be addressed in French. The 
question was repeated and the shepherd replied immediately. 
At that point, the frightened Minister hurried away. Jaquet-
Droz became concerned about getting arrested by the 
Inquisition as a sorcerer. Consequently, he immediately 
invited the Grand Inquisitor to come and reassess the situa-
tion and revealed the inner mechanism of his devices. He 
demonstrated that the mechanism was moved entirely by 
natural means. Jaquet-Droz’s so-called Shepherd’s Clock is 
still on display in one of the King of Spain’s palace muse-
ums. Subsequently, he created an eerily capable robot in 
1772 called “The Writer” that contained a robot capable of 
writing whatever the user desired by using interchangeable 
cams, one with each letter of the alphabet. The android, 
made of 6000 pieces, is sitting on a Louis-XV-style stool, 
holding a quill (goose feather) that dips into the inkwell, and 
then he shakes it slightly before beginning to draw letters on 
paper with the pen. Additional androids were developed by 
Jaquet-Droz and his son Henri-Louis capable of drawing and 
playing musical pieces.

The astonishing automated mechanisms of Jaquet-Droz 
fascinated the world’s most important people: the royal fam-
ilies of Europe, China, India, and Japan. The automata were 
initially exposed in Chaux-de-Fonds, attracting an important 
crowd (writers of the day reported that people flocked from 
all over the country to see such extraordinary works of 
whimsy and technical skill), but the dedication will come 
with the road show: Geneva (1774), Paris (1775), then 
Brussels, London, Russia and Madrid, where the automats 
will be sold to a collector in 1787.

Up to this point, these devices were called by various 
names, including android or humanoid. The term robot was 
not really used routinely until the nineteenth century and 
comes from the Czech word robota meaning forced labor 
and is derived from the term rab, meaning slave. The use of 
the term robota first appears in “Rossum’s Universal Robot,” 
a play by Karel Capek that describes artificial people who 
are created to perform mundane tasks to allow real people 
more leisure time until people use them for malice. These 
characters warn of modernization and rapid growth of the 
world that will eventually lead to robots with increasing 
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capabilities that will eventually revolt against their human 
makers. This fear is a common theme in television and 
movies today such as The Matrix and Terminator, in which 
machines become self-aware and realize that their human 
creators are the problem and should be eliminated to save the 
world. As we create more advanced technologies these fic-
tional depictions ask an important question: will our own 
curiosity and hubris be the downfall of man? Is there such a 
thing as science fiction, or simply scientific eventuality?

In 1942, Isaac Asimov used the term robotics to denote 
this field of study and outlined the three (3) Rules of Robotics 
as a safeguard against robotic rebellion against their masters. 
(1) A robot may not injure a human being, or, through inac-
tion, allow one to come to harm. (2) A robot must obey all 
orders given to it from humans, except where such orders 
would contradict the First Law. (3) A robot must protect its 
own existence, except when to do so would contradict the 
First Law or the Second Law. These laws continue to pertain 
to robots used in surgery and the concept of non-maleficence. 
The robot remained a concept of fiction outside the realm of 
entertainment until 1951 when Raymond Goertz designed 
the first tele-operational master–slave manipulator in order 
to handle hazardous radioactive materials. This initiated the 
development of other robots for tasks deemed too hazardous 
for human workers [1–3].

The concept of telepresence is important in the historical 
development of robotics. Telepresence is the sensation that a 
person is in one location while being in another. The use of 
robotics in manufacturing allowed hazardous or unwanted 
tasks to be performed in a more accurate method.

The scientific definition of a robot is a reprogrammable, 
computer-controlled mechanical device equipped with sen-
sors and actuators. The first robot used to replace a human 
worker was the Unimate in 1961. This machine was able to 
store commands with six degrees of freedom and was able to 
handle molten die casting and perform spot welding. General 
Motors realized the significance of this development and uti-
lized these robots on the car assembly. Manufacturers now 
had the ability to replace human workers with machines that 
had no fatigue and the ability to perform tasks with repetitive 
precision. In 1978, the Programmable Universal Machine for 
Assembly (PUMA) was invented and utilized electronic 
motors [4, 5]. This was a smaller version of the Unimate 
robot with multitasking abilities and more variable usage. 
The robot was then more utilized in fields outside of large 
manufacturers including medicine. Unlike manufacturing, 
robots utilized in medicine have never been automated but 
rather are used as telemanipulators that obey orders through 
the voice or hand of the surgeon.

The advancements in surgery in the 1980s allowed for a 
successful minimally invasive approach. The concept of surgery 
changed with smaller elongated instruments as extensions of 
the surgeon’s hands becoming normal. Minimally invasive 

surgery reduced the external trauma of a large access inci-
sion leading to faster recovery times. Laparoscopic instru-
ments have limitations without wrist articulation, limited 
haptic feedback, two dimensional views, and poor ergonom-
ics. Robotic surgery has been developed to overcome these 
limitations to make minimally invasive surgery to be visu-
ally and technically equivalent to open surgery.

The PUMA system was used for surgical purposes for the 
first time in 1985. Neurosurgeons had been looking for a pre-
cise method of brain tumor excision. PUMA was used for a 
CT-guided brain biopsy with an accuracy of 0.05 mm. The 
success of this biopsy led to a resection of an astrocytoma of 
the thalamus. The PUMA system was used in the UK for uro-
logic procedures including transurethral resection of the pros-
tate that was succeeded with the surgeon-assistant robot for 
prostatectomy or SARP [2]. In the late 1980s the PROBOT 
used a computer generated 3D model of the prostate to outline 
area of resection and a 40,000-rpm rotating blade with four 
axes of movement. The orthopedic surgeons had already been 
using the Arthrobot in 1983 to assist with orthopedic proce-
dures. This technology advanced to the ROBODOC in 1988 
that used the robot to precisely drill the femoral head and 
insert the hip replacement prosthesis in total hip arthroplasty 
with 24,000 procedures performed by 2007.

The Automated Endoscopic System for Optimal Positioning 
(AESOP) was the next breakthrough in robotic surgery in 
1994 [6, 7]. This was the first laparoscopic camera holder 
approved by the FDA with later generations adding voice con-
trol and seven degrees of freedom to mimic the human hand 
with the AESOP 3000 in 1998. This device allowed a more 
stable camera platform than a surgical assistant with no 
increase in operative time. The next advancement was seen 
with the ZEUS system (Computer Motion, Santa Barbara, 
CA, USA) in 1998 with the idea of telerobotics or telepresence 
to robotic surgery using a console with a surgeon (master) at a 
distance from the robot (slave) that operates on the patient. 
This system has fame for successful first full endoscopic pro-
cedure of fallopian tube reanastomosis. This robotic system 
used three arms with a 3D endoscope viewed and controlled 
through the surgeon console. In the same year the da Vinci 
system performed a robot-assisted heart bypass. Telerobotics 
was research funded by the US Department of Defense to 
allow for remote surgeries using mobile operating facilities 
and surgeons able to perform from a distance. In 2000, the da 
Vinci® robot was FDA approved for use in laparoscopic proce-
dures. Intuitive Surgical, Inc. purchased Computer Motion, 
Inc. in 2003 and is currently the sole company marketing 
robotic surgical devices [2].

Intuitive Surgical, Inc. has made impressive and rapid 
advancements in technology despite less competition. The 
da Vinci® robot technology consisted of 3D vision, 
EndoWrist® instrumentation with 7 degrees of freedom, 
Intuitive motion, ergonomic superiority, and surgical 
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precision. In 2003, a fourth robotic arm was added to the da 
Vinci® system allowing for greater control of retraction. 
In 2006, the da Vinci® S system was released with enhanced 
vision and multi-image display. In 2009 the da Vinci® Si sys-
tem allowed for dual console capability allowing for collab-
orative operations and improved training as well as the use of 
the Single-Site® system. The newest version is the da Vinci® 
Xi surgical System (2014) has been developed based on sur-
geon feedback and enhanced engineering. Overhead instru-
ment arm architecture facilitates anatomical access. The 
endoscope has been designed more compact with improved 
visual definition and clarity and can now be changed to any 
arm. The arms have been made smaller and thinner with 
improved joints for greater range of motion. Longer instru-
ment shafts allow for longer operative reach. This system is 
designed for easy transitioning to multi-quadrant cases that 
previously required complicated docking, repositioning and 
in most cases additional trocars. The system has also been 
designed compatible with the Firefly® Fluorescence Imaging 
System. The da Vinci® Sp single port robot-assisted surgical 
system has been developed to allow multiple flexible instru-
ments and flexible endoscope through a single incision and 
was designed for urologic procedures.

�Single-Site Robotic Surgery

The future of robotic surgery seems limited only to our own 
imaginations. Minimally invasive surgery has progressed rap-
idly with the invention of laparoscopy and robotic-assisted 
surgery. Single-Site® robotic surgery was designed to reduce 
body wall trauma and improve cosmetic outcomes in patients 
[8, 9]. Operations through a single incision in the umbilicus to 
remove the gallbladder or the uterus result in virtually scarless 
surgery. The single incision was also intended to reduce post-
operative pain although this has not been proven compared to 
multiport laparoscopy. Single-incision laparoscopic surgery 
had the same intentions but has been criticized for the loss of 
triangulation and ergonomic difficulties. Single-Site® surgery 
has permitted more precision and freedom of movement with 
the robotic system restoring intuitive correlation handedness 
of the instruments through curved cannulas.

The Single-Site® system is compatible with the da Vinci® 
Si surgical system. It utilizes a single flexible port consisting 
of five lumens that provide access for the 8.5 mm 3D high 
definition endoscope, two 5  mm instruments a 5/10  mm 
accessory port, and the insufflation adapter. The pliable 
architecture of the port allows for positioning within a 
2.0–2.5 cm incision in the fascia at the umbilicus. The port is 
marked for accurate placement to ensure remote center. The 
instrument cannulae are curved to allow crossing within the 
port to optimize triangulation toward the target anatomy and 

provide an unobstructed view of the surgical field without 
camera collisions. The rigid curved cannulae allow for pas-
sage of semi-rigid instruments with the flexibility to pass 
while maintaining enough rigidity for tissue retraction. The 
software of the robotic system detects and re-associates the 
user’s hands with the instrument tips to create movement and 
restore handedness. Single-incision laparoscopic surgery 
that utilizes curved cannulae forces the surgeon to use coun-
terintuitive ergonomics or crossed hands that are resolved 
with the robotic system [10, 11].

Single-Site® robotic surgery was initially intended for 
cholecystectomy, removal of the gallbladder. This platform 
allows for perfect triangulation to display Calot’s triangle 
with a stable three-dimensional high definition view. The 
robotic system allows for restored dexterity, ease, safety, and 
precision that is equivalent to the traditional four-trocar lapa-
roscopic cholecystectomy. This technique has also been 
shown to be significantly faster than single-incision laparo-
scopic cholecystectomy [12, 13]. No significant difference 
has been shown in the pain scores between the four-port cho-
lecystectomy and single-incision cholecystectomy [14].

The introduction of Firefly® technology that utilizes infra-
red fluorescent vision may be able to improve safety of the 
operation. This system using the Single-Site® platform uses 
an intravenous injection of indocyanine green preoperatively 
that is excreted via the biliary system. The surgeon is able to 
quickly transition between standard high definition 3D view 
and fluorescence view to obtain a dynamic fluorescent chol-
angiogram to identify biliary structures. This prevents the 
need for undocking and the additional equipment and time 
needed for traditional injected contrast cholangiogram. 
Studies have shown this to be safe, economical, and equiva-
lent to standard cholangiogram. With larger sample size, this 
may even be more effective in correctly identifying biliary 
structures [15, 16].

Although current literature includes only small series of 
patients who have undergone single-site robotic cholecystec-
tomy, the quantity of procedures that have been performed is 
rapidly increasing. Konstantinidis et al. reported the largest 
published experience so far with da Vinci® Single-Site cho-
lecystectomy with 45 patients without conversion to open 
although in three cases a second trocar was used. 
Intraoperative blood loss was negligible. Our institution has 
a series of over 200 patients with no conversion to open or 
multiport surgery including majority of non-elective cases, 
most with acute cholecystitis. Most patients were discharged 
within 24 h of surgery with no major complications and an 
umbilical hernia rate of 2 % at follow-up.

The possible uses have increased to include gynecologic 
and colonic surgery. The Single-Site® system has been FDA 
approved for hysterectomy and cholecystectomy with good 
feasibility and safety outcomes. Studies have looked at using 
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this technique in low risk endometrial cancer and found it 
technically feasible [17]. Cases have been performed includ-
ing appendectomy and right hemicolectomy although these 
are currently not approved [18].

The advancement of instrumentation to restore instrument 
flexion with EndoWrist technology and increased degrees of 
freedom that was initially lost, the single-site system will be 
able to assist in procedures reserved for multiport cases. 
Single-Site surgery will expand to additional indications in 
the years to come.

�Robotic-Assisted Abdominal Sacrocolpopexy

Pelvic organ prolapse (POP) is common condition among the 
female population with resulting symptoms often requiring 
intervention. In a review of over 10 million women between 
2007 and 2011, the lifetime risk of surgery for POP was 12.6 % 
by the age of 80. The evolution of the management of POP is 
significant with an increase in minimally invasive techniques 
coming to the forefront over the last 10 years.

Abdominal sacrocolpopexy has been considered the gold 
standard for apical prolapse correction [19, 20]. One of the 
largest group of patients that require some type of apical pro-
lapse correction are the patients who have significant vaginal 
vault prolapse (Fig. 21.1), even progressing toward complete 
vaginal eversion.

�Robotic-Assisted Abdominal Sacrocolpopexy

Though this is an invasive technique, long-term follow-up 
has demonstrated a failure rate, or recurrent apical prolapse, 
to be only 5 %. Vaginal techniques for POP correction also 
exist, however, dyspareunia and other long-term complications 

are lower for sacrocolpopexy [21]. Minimally invasive 
techniques were therefore introduced to improve the mor-
bidity, visualization, and postoperative results of this well-
established and durable procedure [22–35]. Laparoscopic or 
robotic-assisted laparoscopic sacrocolpopexy (RASCP) has 
the advantage of decreased recovery time, decreased length 
of stay, decreased blood loss, and equal outcomes to open 
sacrocolpopexy.

�Technique Considerations

In recent years, there has been an expanding use of robot 
technology. After its FDA approval in 1999, Robotic surgery 
was formally introduced in the USA. The da Vinci® surgical 
system was the preferred modality and since its inception at 
about the same time, it has gained great popularity. The basic 
principles of laparoscopic surgery apply and the setup is 
similar. Trocar placement must meet the technical require-
ments of the da Vinci® itself. Essentially, a 12-mm telescope 
port is placed midline just superior to the umbilicus at a dis-
tance 15 cm from the pubic symphysis. Two 8-mm working 
arms are placed bilaterally along an imaginary line from the 
camera port to the anterior superior iliac spine. These ports 
are placed caudally and should be approximately 8 cm away 
from the camera trocar to prevent the da Vinci® working 
arms from colliding.

A fifth port can be placed on the left side in the same 
fashion if needed for retraction. Typically, the surgeon 
stands on the patient’s left. Newer models have three 
working surgical arms and a fourth arm for the telescope. 
Dissection is performed with monopolar scissors and bipolar 
cautery.

A graft material is selected (e.g., polypropylene mesh) 
and trimmed to size. A Y-shaped graft is fashioned from two 
pieces; a long arm placed anteriorly and a shorter posterior 
arm. The arms are fixed to each other using 2-0 nonabsorb-
able monofilament suture. The anterior arm is fixed using 
nonabsorbable 2-0 monofilament sutures through the pores 
of the mesh and into the vaginal muscularis using robotic 
needle drivers. One to two are placed at the most distal aspect 
of the graft and one to two at the most distal aspect of the 
anterior vaginal cuff. The sutures are placed deep through 
the muscularis but should not penetrate through the vaginal 
mucosa itself. Three to four sutures are then placed posteri-
orly in a similar fashion. Alternatively, bone anchoring 
devices are available to fix the mesh to the sacral promon-
tory. The third working arm can be set up on the left side and 
placed approximately 8–9 cm away from the other working 
port. It should be 5  cm cranial and medial to the anterior 
superior iliac spine.

Fig. 21.1  Vaginal vault prolapse
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�Conclusions

Improvements in robotic technology have allowed surgeons 
without advanced laparoscopic skills to perform minimally 
invasive surgical techniques. The sacrocolpopexy which 
requires a significant amount of suturing and dissection 
within the pelvis highlights some of the benefits of robotic 
technology which include three-dimensional visualization 
and improved operative dexterity. The addition of robotics 
has allowed for a time tested open surgical procedure to be 
duplicated in the laparoscopic format.

Two important pitfalls regarding the robotic sacrocolpo-
pexy have been operative time and cost. Operative time is 
significantly affected by surgeon experience and case vol-
ume. Intracorporal suturing and knot-tying along with sacral 
promontory dissection have been identified as critical time-
consuming steps for robotic sacrocolpopexy procedures. In 
an analysis of operative step times as well as overall time for 
RASCP, it was shown that a significant improvement was 
seen after 20–60 cases. With this in mind, the idea of robotic 
training to improve technical skills is highlighted with the 
overall goal to improve operative efficiency and thus decrease 
operative time and cost. Simulation training has, therefore, 
become a focus of many residency training programs. An 
additional consideration for operative time must include the 
inclusion of concomitant procedures as more than one third 
of patients also undergo anti-incontinence procedures. A 
well-known benefit of any robotic surgery is the opportunity 
for decreased length of stay. At our institution, robotic sacro-
colpopexy has transitioned to an outpatient minimally inva-
sive procedure in many cases. Elliott et  al. performed a 
cost-analysis proving that a robotic approach can be equally 
or less costly than open if there is sufficient volume and con-
sistent shorter length of stays for patients.

Although the minimally invasive approach to sacrocol-
popexy has proven to be beneficial for patients, controver-
sies exist regarding certain aspects of the procedure. 
Certainly, the controversy regarding the use of mesh has 
been driven by the Food and Drug Administration’s public 
health notice. Retroperitonealization of the mesh helps to 
prevent complications that involve mesh interaction with 
intraabdominal organs. The primary concern regarding 
mesh has become erosion. Supracervical hysterectomy, 
after exclusion of cervical disease, has reduced the risk of 
this to a minimum. In a comparison of patients who under-
went sacrocolpopexy with concomitant supracervical or 
total hysterectomy, erosion rates were found to be 0 vs 14 %, 
respectively. Often, patients request uterine preservation. 
This is a reasonable option with proper informed consent 
preoperative evaluation. Various articles have described 
techniques for hysteropexy. Hysteropexy is certainly an 
alternative for women with a normal uterus desiring uterine 
preservation.

With the first series of patients undergoing a robotic-
assisted laparoscopic sacrocolpopexy reported in 2004 by Di 
Marco et al., significant advancement has been made in this 
procedure by critical analysis of many patient series. Review 
of this procedure offers a good example of how robotics has 
been incorporated to take an effective procedure and allow 
improvements to now offer this as an outpatient intervention. 
Future advances will likely be related to robotic technology 
to continue to improve operative efficiency and materials to 
continue to decrease operative complications.
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�Historical Perspective

Genito-urinary fistulas are abnormal connections between 
the urinary tract and the vagina which allows for a continu-
ous involuntary drainage of urine into the perineum and 
excoriating the perineal skin. In addition, the medical com-
plications associated with these fistulae, often have a more 
profound effect on the patient’s emotional well being. The 
surgical intervention of genito-urinary fistulas is often cred-
ited as a modern phenomena, however, in actuality, physi-
cians have been trying to deal with this problem for thousands 
of years, perhaps as long as women have been baring chil-
dren. Nevertheless, understanding all of this, it is somewhat 
surprising that the medical literature is so sparse regarding  
this clinical issue, relatively speaking.

The earliest evidence that vesicovaginal fistula (VVF) has 
been a universal plight of women who have had the virtuous 
opportunity to procreate was actually not uncovered until the 
twentieth century. It was about 1923 when a medical and 
archeological tour headed by Dr. Derry uncovered a large 
VVF in the mummy of Henhenit, who was genealogically 
traced back to the 11th dynasty of Egypt where she reined as a 
queen. She lived circa 2050 bc and is the earliest documented 
case of such a fistulous connection. More importantly, this _

discovery started the quest for a “historical roadmap of VVF” 
through the ages. The scientific realization of this medical 
entity as a clinical complication was not written for another 
500 years until circa 1550 bc when it was found on an Egyptian 
papyrus. However, it was not until Avicenna, a Persian physi-
cian, almost 2500 years later in 1037 ad, when the connection 
between VVF and obstructed labor was formally made in his 
document “A History of Obstetric VVF.”

The first collection of surgical principles outlined for the 
repair of VVF were described in 1663 by Hedrik von 
Roonhuyse. Here he talks about specific fundamental maneu-
vers to be practiced which would give the patient the best 
chances for clinical cure. In his manuscript he stressed four 
components. These were (1) placement of the patient in the 
“dorsolithotomy” position (a novel idea at that time), (2) the 
use of a vaginal introital spreading apparatus (a speculum) to 
enhance operative exposure and visualization, (3) surgical 
scraping for denudation of the anomalous “bladder–vaginal 
connection,” and (4) finally mechanical re-approximation of 
the edges of the fistulous tract with “freshly cleansed swan 
quills.” Twelve years later, in 1675, Johann Fatio utilized the 
above 4 principles that were put forth by von Roonhuyse to 
perform and document the first successful surgical repair of 
a VVF.  Nevertheless, as innovative and successful as this 
repair was, the surgical treatment for the correction of VVFs 
did not become even moderately common until the nine-
teenth century with the notoriety of Dr. James Marion Sims.

Sims was American, born and raised in rural South 
Carolina, where he spent time with his father often caring for 
their livestock in a surgical fashion. After entrance into an 
undergraduate program at the South Carolina College in 
Columbia, a well-known local surgeon, Dr. Churchill Jones 
took young Sims under his wing and pushed him to formally 
study medicine at the Medical College in Charlestown South 
Carolina. There he became concerned that he would not get 
the surgical exposure which he longed for, so he transferred 
to the Jefferson Medical College in Philadelphia Pennsylvania 
where he graduated in 1835.
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After graduation Sims immersed himself into the arena of 
“female pelvic surgery” in Montgomery, Alabama where he 
experimented on captive slave women who were outcasts 
because they suffered from intractable urinary incontinence 
secondary to large vesicovaginal fistulas. Over the course of 
the next 5–10 years he successfully repaired fistulas in both 
slave and Caucasian women. These experiments allowed 
Sims to perfect his technique as well as develop his instru-
mentation. Specifically, he devised the Sims' speculum to 
gain proper exposure, perfected the “rectal position” where a 
patient is on the left side with the right knee flexed against 
the abdomen and the left knee slightly flexed is also named 
after him as “Sims’ position.” He focused on cleanliness 
which later gave way to the “concept of sterility” and finally 
insisted on using “monofilament silver-wire sutures” which 
he felt decreased his infectious risk and ultimately led to suc-
cessful repair of the fistula. This was all reported and docu-
mented in his 1852 manuscript. The next year (1853), Sims 
moved north to New York City and was determined to focus 
on diseases of women. Three years later, in 1855, he founded 
the first hospital for women in America, The Woman’s 
Hospital of New York City. It was here that he performed 
operations on indigent women, often in a theater so that oth-
ers could view it. Interestingly, in 1871, after quarreling with 
the board of the Woman's Hospital over the admission of 
cancer patients, Sims went on to found a new hospital, the 
Memorial Center for Cancer and Allied Diseases, which 
would later evolve and became The Memorial Sloan–
Kettering Cancer Center. The final chapter of his life was 
spent trying to develop physician organizations in the USA 
and to that end, he served as president of the upstart American 
Medical Association from 1876–1877. The remainder of the 
nineteenth century was studded with names like 
Trendelenberg, Maisonneuve, and Mackenrodt who were all 
involved in understanding the subtleties of the pathophysiol-
ogy of VVF and developing newer techniques to enhance 
repair. Of these, separating the layers of the fistula and clos-
ing each one individually.

At the turn of the twentieth century several additional 
techniques were developed to improve outcomes in the repair 
of VVFs. Kelly advocated the use of ureteral catheters to 
help decrease the risk of ureteral injury. Latzko proposed the 
technique of partial colpocleisis to repair post hysterectomy 
VVFs where he promoted the resection of scarred vaginal.

At the turn of the twentieth century several additional 
techniques were developed to improve outcomes in the repair 
of VVFs. Kelly advocated the use of ureteral catheters to 
help decrease the risk of ureteral injury. Latzko proposed the 
technique of partial colpocleisis to repair post hysterectomy 
VVFs where he promoted the resection of scarred vaginal 
mucosa and finish with a layered closure in a horizontal fash-
ion. Latzko’s procedure has been cited in many different 
series’ to have success rates that approach 95–100 %. By the 
midpoint of the century, O’Conor et al. began to popularize a 

transabdominal approach, which was ideal in patients who 
had fistulas that were high up in the vagina. In addition, he 
went on to study smaller VVFs. Specifically, he looked at 
those less than 4 mm. Here he proposed scraping the tract to 
attempt to “de-epithelialize” it and then superimposing elec-
trocoagulation at the site, with success rates that range from 
70 to 80 %.

The latter half of the twentieth century was spent research-
ing complimentary procedures to enhance fistula closure, 
more specifically the development of vascularized pedicles 
or flaps to interpose between individual layers during clo-
sure. This list includes Garlock who proposed the Gracilis 
Muscle Flap with maintenance of its vascular pedicle, 
Ingelman-Sundberg who proposed utilizing the closet mus-
cle to the fistulous tract where the pedicle can be maintained. 
His suggestions were to use either the pubococcygeus, bul-
bocavernosus, gracilis or finally the distal aspects of the rec-
tus abdominis. Kiricuta and Goldstein popularized the use of 
an Omental Flap based on the pedicle of the right gastroepi-
ploic artery. Finally, and possibly most importantly in these 
cases are the reconstructive repairs which were proposed by 
Dr. Martius. He suggested the use of the “sublabial sub-
stance.” This sublabial substance could be the superficial 
“fat pad” and its associated vascular pedicle, or if necessary 
using the associated vascular pedicle and the underlying bul-
bocavernosus muscle.

The collective discussions regarding the pathology, surgical 
treatment, and emotional overlay with respect to urogenital 
fistulae are difficult at best. Many would argue that they are 
among the most challenging topics that fall within the realm 
of “Pelvic Surgery.” Not only are they difficult to deal with 
from a clinical perspective, there is a tremendous amount of 
associated psycho-social and emotional overlay. The techni-
cal breakthroughs that have occurred in this arena have often 
allowed for suffering females who had been cast out of soci-
ety to be reaccepted. In a final summation, it is important to 
note that the above historical litany of those who have pushed 
the reconstructive envelope in this area is by no means com-
plete. As much as it is our desire to be comprehensive, it 
would be impossible to list all the names of those many 
creative surgeons who have helped understand, advance, 
and raise the level of awareness about all aspects of this very 
difficult problem.

�Introduction

Vesicovaginal fistulae stem from two distinct and diverse 
types of etiology. The first would be neglected obstetrical 
labor and the second, complications in gynecologic surgery. 
These are the main etiologic factors for vesicovaginal fistula. 
Globally, most fistulae are secondary to neglected obstetrical 
issues surrounding labor. This is especially prominent in sub-

Saharan Africa where the numbers are so high that the true 
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incidence is unknown. Some report an incidence of 1 or 2 per 
1000 deliveries [1] but recent presentations and discussions at 
an international fistula meeting at Johns Hopkins in August of 
2005 suggest that all estimates are wildly inaccurate such as 
the estimate of 5 million per year [2].

Interestingly, obstetrically related fistulae have been prac-
tically eradicated in more well-developed countries such as 
the USA, Scandinavia, and Western Europe. The incidence 
of obstetrical fistulas in these countries has almost hit zero. 
Today most fistulas seen in the USA are from gynecologic 
surgery, in particular abdominal hysterectomy [3]. Fistulas 
from gynecologic malignancy and/or radiation therapy are 
now more uncommon. The prevalence of obstetrical fistulae 
still remains a problem in Africa and less developed regions 
of Asia and Oceania [4]. Until there are improvements in 
obstetrical care, especially with respect to prolonged 
obstructed labor, this problem will persist.

We will discuss the gynecologic and obstetric fistula sep-
arately as their cause and cure are a bit different. Obstetrical 
injuries are a “field” injury, often with associated ischemic 
changes to the bladder and vagina ultimately leading to tis-
sue breakdown from the prolonged pressure of an impacted 
fetal head against the tissues [5–7]. Finally, it is important to 
note here that most gynecologic injuries except those related 
to radiation are a local injury with minimal changes in the 
adjacent tissues.

�Gynecologic Fistulae

�Etiology

In modern well-developed countries such as the USA, vesi-
covaginal fistulae (VVFs) are most commonly associated 

with hysterectomy. For example, approximately 82 % of VVFs 
seen in the USA are associated with hysterectomy [6]. 
Urologic procedures account for another 6 % while pelvic 
irradiation, trauma, and malignant disease account for 
approximately 4 % of cases [5]. Gynecologic VVF 
(Fig. 22.1) are usually secondary to poorly developed dis-
section planes between the bladder and the cervix in the 
lower uterine segment. This faulty dissection plane is usu-
ally the result of distortion of tissues. Conditions which may 
predispose to this type of distortion include uterine leio-
myoma, previous cesareans, and other pelvic conditions 
leading to loss of surgical plains such as endometriosis and 
pelvic inflammatory disease. Tissue trauma leads to local 
breakdown of tissue. Electrocautery, infection, smoking, 
radiation, and diabetes contribute to local tissue breakdown 
and poor wound healing.

It is important to note some of the specifics with respect 
to wound healing and VVF. Wound healing has 4 phases: 
(1) coagulation, (2) inflammation, (3) fibroplasia, and (4) 
remodeling. With respect to gynecologic VVF in the USA, it 
is during the fibroplasia phase where most of the predisposi-
tion toward VVF occurs. Fibroplastic collagen formation 
peaks at day 7 and continues for 2–3 weeks. It is this time 
period when hypoxia, ischemia, malnutrition, radiation, or 
chemotherapy will lead to tissue breakdown. However, 
Meeks [6] suggests that inadvertent suture in the bladder 
may or may not contribute to fistula formation. Interestingly, 
it is the blunt trauma of utilizing a sponge stick to force the 
dissection of the bladder off the lower uterine segment may 
also be associated with fistula etiology. In fact, 70–80 % of 
bladder injuries during gynecologic surgery go unrecognized 
[7]. Radiation fistulae occur with endarteritis and tissue isch-
emia with necrosis and fibrosis. The lesion may present 
months to years after radiation treatment [8]. Urologic injury 
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Fig. 22.1  Gynecologic 
vesicovaginal fistula
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is a well-known complication of laparoscopic surgery, and 
with the increasing use of laparoscopy in gynecologic surgery, 
such complications will be seen more often. Minimizing the 
risk of injury at the time of surgery is the goal of the surgeon 
(Table 22.1).

�Presentation

Urinary incontinence is the most common presenting symp-
tom following fistulous injury to the bladder. The loss of 
urine can be traced to the vagina, not the urethra and although 
frequently worse with stress or increased Valsalva, it is con-
stant and persistent throughout the voiding cycle. Patients 
may complain of such symptoms immediately following the 
procedure once the urethral catheter is removed if there is a 
gross defect. More commonly the leakage starts in 2–4 
weeks after surgery. Other symptoms may include transient 
hematuria, or fever and chills preceding loss of urine fol-
lowed by defervescence of fever. Abdominal flank pain may 
also be present but this association is more common for ure-
teral vaginal fistula. In most cases, however, patients may 
remain relatively symptom free and complain of only occa-
sional abnormal vaginal discharge followed by gross leakage. 
It has been estimated that up to 50 % of post-surgical fistulas 
may present after 10 days [8]. Signs of peritonitis and ileus 
may accompany intraperitoneal leakage of urine.

�Management

The initial management of heavy leakage of urine from the 
vagina should be prompted by a high index of suspicion for 
a vesicovaginal fistula. The fistula may be visualized with a 
vaginal speculum but very small or high fistulas may be dif-
ficult to visualize. Diagnosis will be aided by instilling meth-
ylene blue dye into the bladder. If the blue is not seen 
vaginally, the placement of a tampon may help visualize the 
small fistula. If still not visualized, an ureterovaginal fistula 

must be considered. Either indigo carmine intravenous or 
phenazopyridine (Pyridium®) orally may be given to determine 
if the leakage is from an ureterovaginal fistula. Again placing 
a tampon in the vagina will help to determine if the leakage 
is from an ureterovaginal fistula. This will also help to distin-
guish the leakage from intrinsic sphincter deficiency, which 
may also give continuous leakage. If still unclear, intrave-
nous pyelogram should be performed, especially if suspicion 
of a compound fistula including the bladder and ureter. If the 
uterus is still present and the Indigo Carmine test is negative, 
cystoscopy with retrograde cannulation and injection of a 
defect may be necessary to rule out a vesicouterine/vesico-
cervical fistula [9]. Many times there is relative stenosis of 
the endocervical canal making this diagnosis difficult as 
urine may spill differentially into the abdominal cavity 
through the fallopian tubes. The patency of the ureters can 
also be confirmed by giving the patient intravenous indigo 
carmine dye just before the cystoscopy. Contrast cystogra-
phy can also be used as a diagnostic test; however, it is not as 
sensitive and has a higher false negative rate than other tests. 
The status of the upper urinary tracts should be investigated 
with intravenous pyelogram if there is a suspicion of upper 
tract involvement.

Urinalysis with culture and sensitivity should be per-
formed so that any urinary infection can be aggressively 
treated. At the time of cystoscopy any foreign bodies such as 
suture material should be removed from the area of the fis-
tula in order to facilitate clearing inflammation of the area 
prior to repair.

�Treatment

Non-surgical
A small but unknown percentage of vesicovaginal fistulae may 
heal spontaneously with conservative management involving 
prolonged bladder drainage using a suprapubic or urethral 
catheter. While such bladder drainage may increase the risk of 
infection, very small fistulas involving the poster wall may 
heal this way. Foley drainage may lessen the perineal irrita-

Table 22.1  Surgical techniques for minimizing lower urinary tract injuries during gynecologic surgery

1.	 Proper positioning of the patient to allow abdominal and vaginal access

2.	 Provide adequate exposure and lighting of the surgical field

3.	 The surgeon must be familiar with the anatomy of the space being entered

4.	 Performance of blunt and sharp dissection where appropriate. Blunt dissection is appropriate along certain established spaces in the pelvis (i.e., 
pubo-cervical space) but sharp dissection is needed to enter the space. When unsure, always use sharp dissection

5.	 Always be aware of the course of the ureter and protect from injury

6.	 When encountering bleeding, pressure should be applied while setting up for identifying the source without wild attempts to stop bleeding 
with a clamp without adequate visualization. Pressure, adequate suction, a deep breath, and then attempt to identify the source of bleeding

7.	 Avoid large pedicles

8.	 Continuous bladder drainage for abdominal cases

9.	 Intraoperative cystoscopy for all hysterectomy and pelvic reconstructive surgery to insure the integrity of the lower urinary tract system10

10.	Minimize the use of extensive electrocautery in the area of the bladder in proximity to the vaginal cuff
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tion while waiting for the inflammatory reaction to resolve. 
The use of a Foley catheter connected to a birth control 
diaphragm may also lessen the perineal irritation by diverting 
the urine flow. Large complicated fistulas will inevitably need 
to be addressed surgically.

Surgical
Traditionally, an interval of at least 3–6 months was advised 
before the surgical repair of the vesicovaginal fistula is 
undertaken. This author only waits for the inflammation to 
resolve and this has not led to failures of the Latsko colpo-
cleisis procedure in uncomplicated patients who were never 
radiated has been reported by others. Fistulae associated 
with radiation therapy should not be immediately repaired as 
the radiation scarring will continue to affect the tissues for a 
much longer time. The use of a Foley catheter once the fis-
tula has been diagnosed will allow any associated tissue 
edema or inflammation to subside and in rare cases will per-
mit spontaneous closure. Prolonged urinary leakage past 2–3 
months can be associated with more significant emotional 
overlay.

Several surgical techniques have been described for clo-
sure of VVF. Regardless, any repair must be performed with 
strict adherence to basic surgical principles in order to maxi-
mize the chances of a successful repair. Meticulous tissue dis-
section should be performed in order to adequately expose 
the fistula site and all layers of closure should be tension free, 
watertight, and non-opposing. If deemed necessary, the use of 
a tissue interposition flaps (Martius) should be employed in 
order to enhance blood supply and healing and minimize the 
chances of breakdown. The surgical repair may be approached 
trans-vaginally or trans-abdominally. Most urogynecological 
surgeons favor the transvaginal route, with the transabdomi-
nal route reserved for fistula involving the ureter or other 
organs including bowel or a vesicouterine fistula with preser-
vation of the uterus or contraindications to vaginal hysterec-
tomy. The use of specialty vaginal retractors such as the 
Lonestar® (www.lsmp.com) and/or the use of a generous epi-
siotomy will allow adequate access to most fistulas, including 
most “high” fistulas. Dr Jack Robertson, considered the father 
of Urogynecology in the USA, felt that the repair of a vesico-
vaginal fistula by the abdominal approach was like removing 
your tonsils through the side of your neck.

Techniques
Latzko Partial Colpocleisis
Latzko’s method of partial colpocleisis has been used suc-
cessfully in the repair of vesicovaginal fistula [11]. It has the 
advantage of minimal tissue dissection as well as avoiding 
incision of the bladder. After patient positioning and expo-
sure of the operative site with proper retractors the fistula is 
again visualized, using methylene blue dye if necessary 
(Fig. 22.2). Repeat cystoscopy may refresh in the surgeon’s 

mind the location of the fistula in its bladder, especially its 
relationship to the ureteral orifices. After locating the fistula 
either the Lonestar retractor or stay sutures are placed 
between 3 and 4 cm from the fistula at four quadrants at 2, 5, 
8, and 11 to delineate the area of epithelium to remove. The 
principle of the Latzko repair is the colpocleisis of the upper 
vagina to close the fistula without actually removing the fis-
tula. The removal of the vaginal epithelium allows the under-
lying fibromuscularis to be sutured from anterior to posterior 
closing the tissue. All vaginal epithelium must be removed to 
prevent epithelial inclusion cyst formation or failure of the 
fibromuscularis tissues to scar together. A generous amount 
of epithelium removal will increase the success rate of this 
procedure. The incision is closed in 2 or 3 layers with inter-
rupted 3.0 or 4.0 polyglactin sutures anterior to posterior. If 
the procedure is a repeat procedure or the tissues are not vas-
cular and you have minimal bleeding, consider the use of a 
Martius flap to increase vascularity for healing of the closed 
fistula. The Martius flap utilizes the fat pad overlying the 
bulbocavernosus muscle. The fat pad is mobilized, usually 
leaving the posterior pedicle attached and is brought into the 
vaginal incision though a sub-epithelial tunnel and is sutured 
to the fibromuscularis prior to closing the vaginal epithe-
lium. Post-operative drainage should be from 10 to 30 days 
either by indwelling Foley or suprapubic catheter. The 
method of drainage and length should be individualized to 
the surgeon’s comfort with his/her quality of the closure and 
the vascularity of the tissues.

Transvaginal Repair of VVF (Excisional Type)
Sometimes the amount of scarring precludes a standard 
Latzko approach and the fistula tract may be excised 
(Fig. 22.3). This procedure is also utilized in most obstetric 
fistula to be discussed later. The fistula is exposed as in the 
Latzko repair and the fistula tract is excised. If significant 
scarring Potts scissors with a sharp point are helpful in the 
dissection. The vaginal epithelium is mobilized away from 
the underlying fibromuscularis. The fistula is then excised. 
The margins of the defect in the bladder mucosa and muscu-
laris are identified, insuring they may be closed under no ten-
sion. The bladder is closed with 3.0 or 4.0 polyglactin sutures 
in two layers. Pubo-cervical fibromuscularis is then used to 
interpose between the bladder and vaginal mucosa if suffi-
cient amount is present. The vaginal mucosa is closed in 
similar fashion with the same suture. In instances where 
there is poor tissue quality, or if concerns exist regarding 
blood supply, a Martius flap can be harvested beneath the 
labia majora, tunneled beneath the vaginal mucosa, and 
interposed between the bladder and the vaginal closure. Such 
a flap does not add any considerable time to the operation 
and is relatively easy to perform. It should be considered in 
cases where the risk of breakdown is relatively high. Bladder 
drainage post-operatively is as described above.

22  Genito-Urinary Fistulae: Vesicovaginal, Ureterovaginal, and Other Urinary Fistula
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Transabdominal Repair
This approach may have been more common in past years 
(Fig. 22.4). Today, most surgeons reserve the transabdominal 
route for cases of VVF complicated by ureteral injury or 
radiation, especially when rectovaginal fistulas are involved 
requiring colonic diversion. It is contraindicated and those 
cases where uterine preservation is needed. The transabdom-
inal approach affords better access to the retropubic area.

Transvesical Approach
Here the incision is usually made at the anterior bladder wall 
exposing and identifying the fistula location (Fig.  22.5). 
Indigo carmine can be given intravenously to help identify 
the ureteral orifices. However, to be perfectly safe, ureteral 
catheters should be placed. The fistula is excised and the 
bladder muscle is dissected off of the anterior vaginal wall, 
separating both structures. The bladder and vaginal defects 

A B

C D

Fig. 22.2  Latzko partial colpocleisis
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are closed in non-opposing fashion using 3.0 or 4.0 absorbable 
sutures. This approach may be hampered by limited surgical 
access to the fistula site.

A posterior bladder wall incision offers greater field of 
view through an incision over the bladder dome extended 
down to the fistula site. The fistula is excised followed by 

dissection of the bladder off the vagina, and the defects in 
the vaginal wall and bladder wall are usually closed with 
sutures separately.

Tissue interposition may be done using an omental flap 
and placing it between the bladder and vagina. The use of 
peritoneal flaps has been described with good results. 

A B

C D

Fig. 22.3  Transvaginal repair of VVF (Excisional Type)
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Omentum is particularly suitable because it has excellent 
lymphatic drainage and blood supply and also has an intrinsic 
ability to prevent the spread of inflammation.

Other Techniques
Today the technique that is gaining tremendous popularity is 
the combined extraperitoneal transvesical/vaginal procedure. 
Here, two experienced surgeons with VVF repair operate 
together and are able to separate the layers expediently and 
efficiently. One surgeon operates from above, utilizing the 
transvesical approach while the other operates from below at 

the same time. In that way, after the layers are separated each 
individual surgeon closes their specific layers. Again, if 
more, good, well vascularized tissue is needed, a Martius 
flap or Martius fat pad is easy to mobilize from below 
(remember, the flap includes the bulbocavernosus muscle, 
while the fat pad does not). The advantage of this technique 
is that it can dramatically decrease anesthesia time and since 
the case is done in an entirely “extraperitoneal” fashion, it 
has minimal associated morbidity.

Various surgeons have reported differing success rates 
using solutions such as the injection of fibrin sealant into the 
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Fig. 22.5  Transvesical 
approach
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fistula track to occlude it [12, 13]. Fulguration of the track 
has also been described [14] but deep fulguration will more 
likely devitalize tissue and complicate future closure because 
of tissue destruction of tissue. While these have not under-
gone rigorous scrutiny, it is not unreasonable to attempt them 
in well-selected individual cases.

�Complications
Success rates as high as 98 % have been reported following 
surgery for simple VVF repair [6]. Heavy cigarette smoking, 
poor tissue quality, and chronic vascular disease with tissue 
ischemia, malignancy, and fibrosis following radiation treat-
ment are some factors that can increase the risk of failure and 
complications.

Radiation-induced fistulae and cancer related fistulas 
pose a special problem. These can be difficult to repair and 
are in general associated with a higher recurrence and com-
plication rate. Complications include recurrence of the fis-
tula, infection, tissue breakdown, bladder dysfunction 

following prolonged catheterization with urinary urgency 
especially if large portions of the bladder had to be resected. 
Other complications include stress urinary incontinence, de 
novo urge incontinence, and dyspareunia. Fortunately such 
complications are uncommon and successful closure with 
resolution of symptoms is the norm when surgical repair is 
properly performed.

�Obstetric Fistula

Obstetrical fistulas are an ancient problem of childbirth. In 
our introduction we discussed the early work of Sims in the 
USA. Unfortunately the developing world has medical care 
centuries behind the developed world. Figure 22.6 shows a 
fistula treatment algorithm.

In many countries of the developing world, especially 
sub-Saharan Africa women have a very low socio-economic 
status. They have few choices in their life. Most have little 

Low socio-economic status of women

Limited social rolesMalnutrition

Relatively large fetus 
or malpresentation

Early marriage

Childbearing before pelvic growth is complete

Cephalopelvic dispropotion

Lack of emergency obstetric services

Obstructed labor

Urinary incontinence

Stigmatization
Isolation and loss of social support

Divorce or separation
Worsening poverty

Worsening malnutrition
Suffering, illness, and premature death

Fecal incontinence
Fetal Death
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Complex urologic injury

Vaginal scarring and steaosis
Secondary infertility

Musculoskeletal injury
Footdrop

Chronic skin irritation
Offensive odor

“Obstructed Labor Injury Complex”

Harmful traditional practices

Illiteracy and lack of
formal education

Fig. 22.6  Fistula treatment 
algorithm
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education and are forced to stop school when they are given 
in marriage at a young age. Childbearing occurs before pelvic 
growth is completed and there are almost no medical facili-
ties available. Labors are frequently in the hut of the parents 
or the father for good luck and it is only after 1 or 2 days of 
second stage that an effort may be made to transport the 
laboring patient to the nearest facility, usually a day away 
on a wagon. Help from lay midwives include gishiri, the 
cutting of the vagina in hope of more space, many times 
causing the fistula. The stillbirth rate exceeds 75 % and the 
maternal mortality approaches 1 %. The fistula rate is prob-
ably 1 % but good statistics are still unknown. The injury to 
the pelvic floor depends on where the head impacted in its 
descent, causing ischemia of the tissues. Bladder base, tri-
gone, urethra, and rectovaginal tissues will breakdown from 
ischemia and adjacent tissues will have ischemic changes 
leading to surgical failure from poor healing. The loss of 
urine is a constant dribble. Poor nutrition, chronic anemia, 
infections make maintaining hygiene difficult due to a lack 
of clean water and supplies, accelerating the deterioration of 
the lesion. The vulva and perineum become constantly 
exposed to the stream of urine, with subsequent excoriation 
and maceration of the tissues. Additionally many have a 
foot drop that has an unclear etiology. Finally, the worst 
injury is the social isolation of these patients. Most are 
divorced and even rejected by their family [7, 15, 16]. They 
have no resources with resultant malnutrition, illness, and 
premature death.

�Epidemiology

The socio-economic conditions of these countries are the 
main etiology of these fistulas. Most patients with fistula are 
less than 150 cm tall and less than 44 kg in weight. They are 
poorly educated and most are divorced prior to their arrival. 
Most had been in labor for at least 2 days prior to being 
transported for care. Most had no resources (Sanda et  al. 
Epidemiology and consequences of obstetric fistulas in 
Niger. Unpublished data). The author has worked with Dr 
Sanda in Niamey, Niger on obstetrical fistula and has used 
some of his statistics on his patient population. Dr Sanda also 
concludes that education will be the key to eradication of the 
obstetrical fistula in the developing world.

�Classification of Fistulae

No universally accepted classification system for VVF is 
currently in use. The use of size and or location all have limi-
tations regarding the outcomes. Old classifications systems 
such as the Hamlin’s, which refer to an easy fistula or a dif-
ficult fistula are not helpful to most surgeons who have not 

done thousands of fistulas [17]. Elkins described a classifica-
tion according to location but again this is not helpful in pre-
diction of the outcome of repair (Table 22.2) [18]. Waaldijk 
based his classification system on the involvement of the 
closure mechanism and was able to relate advancing stage to 
poorer results (Table 22.3) [19].

Roenneburg and Wheeless presented a classification 
including size and involvement of the closing mechanism 
that had some correlation to success (International Fistula 
Conference, July 2005 Johns Hopkins, unpublished data) 
(Table 22.4). They looked at the statistics of the International 
Organization for Women and Development, Inc. mission 
trips to Niamey, Niger since 2003. Table 22.5 shows a sum-
mary of their success rates including closure of the fistula 
and incontinence rates.

Arrowsmith on 229 patients in Jos, Nigeria presented a 
scoring system that predicted success of repair (International 
Fistula Conference, July 2005 Johns Hopkins). After analy-

sis of all factors he found that the amount of scarring and the 
degree of involvement of the urethral closure mechanism 
was predictive of success of being dry after surgical repair 
(Table 22.6).

Table 22.2  Elkins classification based on anatomic location

A Vesicocervical

B Juxtacervical

C Midvaginal vesicovaginal fistula (VVF)

D Suburethral VVF

E Urethrovaginal

Table 22.3  Waaldijk classification

Type I Not involving urethral closure mechanism

Type II Involving the urethral closure mechanism

A: Without (sub)total urethral involvement

1. Without circumferential defect

2. With circumferential defect

B: With (sub)total urethral involvement

1. Without circumferential defect

2. With circumferential defect

Type III Miscellaneous-ureter/ other fistulas

Table 22.4  Wheeless—based on size of lesion and relation to the 
bladder trigone

Stage Description

I <2 cm size fistula, above the trigone

Not involving the urethra, trigone, ureteric ridge

II 2–4 cm size fistula, above the trigone

III 4–6 cm size fistula, above the trigone

Or

Any size fistula involving the continence mechanism of 
the proximal urethra, urethrovesical junction, trigone, or 
ureteric ridge

IV ≥6 cm size fistula
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The problem with previous classification systems was they 
were not effective in the prediction of “success.” Success must 
also be defined in that fistula closure is not a “success” if the 
patient has intrinsic sphincter or intractable urge incontinence. 
Staging of fistula should probably be a surgical staging. There 
may be just a pinpoint opening in the vaginal epithelium but 
once in surgery there may be no viable tissue for repair until 
the dissection defines the true size of the fistula. There is a 
need for an internationally agreed upon classification system. 
This will allow surgeons to compare their data and help to 
determine the best approach to the repair.

�Perioperative Considerations

�Evaluation for other Lesions

The presence and anatomic extent of multiple fistulaes must 
be investigated, understanding that the surgical staging may 
reveal further lesions.

�Nutritional Status

Many patients in sub-Saharan Africa with VVF will have 
chronic nutritional deprivation. Many will decrease their 

fluid intake to minimize the drainage. For this reason, 
nutritional buildup prior to surgery is frequently necessary. 
This should commence in the weeks before surgery, with 
nutritional supplements [rich in protein, vitamins, and iron] 
and in some cases, blood transfusion. They must also 
increase their hydration as this will be important in their 
surgical care [20].

�HIV

The incidence of HIV infection is highest in sub-Saharan 
Africa compared to the rest of the world and may affect the 
success because of chronic immunosuppression.

�Timing of Surgery

Controversy currently exists regarding the optimum time at 
which to operate on patients with VVF. The surgery should 
be delayed until there is no active infection or necrotic tissue 
present. Nutritional status may also need to be evaluated 
prior to surgical repair. A trial of conservative management 
with catheter drainage of the bladder for small lesions maybe 
tried but will be unsuccessful in larger fistula. Recent studies 
have suggested that early repair will have an equal success 
rate [4, 21–23].

�Surgical Route

Most obstetrical fistula may be closed by the transvaginal 
approach. The need to reimplant a ureter or bowel diversion 
for a large rectovaginal fistula may require a dual approach. 
Severe retropubic scarring may also require an abdominal 
approach for surgical access.

�Tissue Flap Interposition

The use of Martius flap (Fig. 22.3) is frequently used in the 
repair of VVF with poor vascularization of the tissue. An alter-
native flap is a gracilis muscle flap separating the gracilis mus-
cle from the femoral attachment and then rotating it towards 
the repair site bringing in vascularity and extra tissue. Limb 
function is usually not significantly affected. On abdominal 
cases the use of an omental graft may be utilized.

�Ureteral Stent Placement

Ureteral stents are helpful when the trigone is involved in the 
fistula. The ureter is easy to recognize when the patient is 
well hydrated or if available indigo carmine. The catheters 

Table 22.5  Staged success of closure and dry—Roenneburg

Stage I (13 patients) 57 % dry

33 % incontinence

10 % persistent fistula

Stage II (13 patients) 54 % dry

23 % incontinence

23 % persistent fistula

Stage III (32 patients) 75 % dry

10 % incontinence

15 % persistent fistula

Stage IV (14 patients) 50 % dry

29 % incontinence

21 % persistent fistula

Table 22.6  Arrowsmith fistula scoring system

Scarring

None 0

Mild 1

Moderate 2

Severe 3

Status of urethra

Intact 0

Partial damage 2

Complete destruction 3

A score of 3 or less had an 85 % DRY; A score of 4 or more had an 
41 % DRY
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are brought out per urethra as cystoscopy equipment is 
frequently not available. The stent will help the surgeon to 
preserve the ureteral opening during surgery.

�Stress Urinary Incontinence

Stress incontinence frequently complicates vesicovaginal 
fistula, especially when the urethral closure mechanism is 
compromised. It is unclear whether to place a sling at the time 
of a urethral reconstruction or after healing. Anecdotically we 
found in Niamey, Niger that the use of the synthetic mid-
urethral slings was not successful and we used fascia lata or 
abdominal fascia.

�Urodynamics
The availability of urodynamic equipment is lacking in most of 
the developing world. Many of these patients probably addi-
tionally have an urge component. Clinically we helped with 
urge incontinence but the long-term availability of medications 
is very limited. Fistula centers are now just beginning to per-
form urodynamics and data may soon be available.

�Antibiotics

The use of antibiotics in vesicovaginal patients varies among 
surgeons. While prophylactic antibiotics are common in the 
developed world, they may not be available in the developing 
world and may be replaced by aggressive hydration [22]. 
Prolonged courses of antibiotics should probably be reserved 
for complicated cases, especially when bowel surgery has 
also been performed.

�Anesthesia

Spinal anesthesia is commonly used in environments where lim-
ited facilities exist. Equipment for general anesthesia is often 
very old with poor reliability. Intubation is frequently blind with-
out proper lighting and should be avoided when possible. 
Epidural anesthesia would be an improvement but epidural cath-
eters are generally not available. Complex fistula involving both 
rectovaginal and vesicovaginal fistula may need to be staged 
because of the duration of spinal anesthesia, 3–4 h at most.

�Treatment

�Non-surgical

While Foley catheter drainage may cure gynecologic fistula, 
it may also be successful in obstetrical fistula [4, 23] in up to 
15 % in one study and should be tried initially.

�Surgical

Most vesicovaginal fistulae are repaired by the transvaginal 
approach with the excision of the fistulous tract as described 
earlier. The use of the Latzko repair (Fig. 22.2) is associated 
with a higher failure rate and should be avoided in the repair 
of obstetric fistula [21].

	1.	 Optimization of the patient’s medical and psychological 
condition prior to surgery.

	2.	 Good exposure of the surgical site.
	3.	 Meticulous tissue dissection along any natural tissue 

planes, taking care to avoid the ureters.
	4.	 Excision of scarred, fibrotic or non-viable tissue, as well 

as complete excision of the fistula track.
	5.	 Tension free re-approximation of the vaginal and bladder 

defects.
	6.	 The use of tissue flaps to improve blood supply when 

necessary.
	7.	 Careful surgical closure of the bladder defect in order to 

obtain a watertight closure with bladder drainage 
post-operatively.

	8.	 A staged procedure may be necessary in order to achieve 
optimal results. Anesthetic time may limit the ability to 
do all of a complex fistula.

	9.	 The first repair offers the best chance of cure. Subsequent 
repairs have traditionally been associated with lower 
success rates.

�Surgical Techniques

Simple Closure of Obstetrical VVF
The lithotomy position is favored by most, and affords excel-
lent exposure of the vagina when the lower extremities are 
well flexed on the hip. The knee-chest position can also be 
used with good perineal exposure and access to the subpubic 
area, but is uncomfortable to the patient and usually requires 
general anesthesia.

Excisional transvaginal repair of vesicovaginal fistula as 
described earlier is used for most obstetric fistula. Once the 
patient has been properly positioned and the operative site 
prepped, the bladder may be catheterized with a urethral cath-
eter if sufficient urethra is present. Ureteral stents are placed 
if the ureteric ridge is involved. The authors prefer to use a 
Lone Star™ retractor with self-retaining hooks for tissue 
retraction and exposure. The Lonestar hooks can bring the 
fistula to the introital opening as shown by attaching to the 
cervix, improving exposure. The vaginal epithelium is dis-
sected from the underlying fibromuscularis and the fistula 
tract is excised until there is fibromuscularis and bladder 
muscularis tissue that is not scarred. The dissection of the epi-
thelium may extend into the retropubic space in order to 
allow for a tension free closure of the bladder. Vaginal epi-

thelium may require supplementation from vulva tissue to 
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allow closure. The bladder defect is closed with 3.0 or 4.0 
polyglactin suture with either a small RB or SH needle. 
Access may also dictate the use of a strongly curved needle 
like a UR needle. It is important to have a tension free clo-
sure. Instilling dilute methylene blue dye through the urethral 
catheter into the bladder tests the integrity of the bladder clo-
sure. If possible an addition layer may be used. If the repair 
has poor vascularity, a Martius flap should be performed as 
described earlier to improve the chance of healing.

Complex Repairs
Urethral involvement will necessitate the reconstruction of 
the urethra sometimes with a neourethra sometimes being 
needed. A flap of anterior or posterior bladder wall may be 
used as well as vaginal/vulva tissue to reconstruct the ure-
thra. Many of the reconstructed urethras will require an addi-
tional sling after the initial surgery is healed to treat the stress 
incontinence from intrinsic sphincter deficiency. If the repair 
has poor vascularity, a Martius flap should be performed as 
described earlier to improve the chance of healing.

Reconstruction of the urethra may require longer drainage 
than the standard 10–14 days. These neourethrae tend to scar 
with resultant stenosis and may doom the repair to failure if 
the urethra is not held open with prolonged drainage.

There is occasional retropubic scarring that extends  
well into the retropubic space that might be helped by a  
dual abdominal and vaginal approach. A second team oper-
ating from above may be necessary to maximize anesthesia 
time.

�Post-operative Care

The post-operative care of the vesicovaginal fistula patient is 
just as important as the surgical repair. The main principles 
of post-operative care include:

	 1.	 Maximum bladder drainage post-operatively. This can 
be at least 14 days. However, a longer period of drainage 
up to 21 days and even through 28 days may be required 
taking into account certain technical difficulties and the 
complexity of the repair. Ureteric stents may be removed 
the following day if a re-implantation is not involved.

	 2.	 Adequate hydration of the patient is necessary in order 
to maintain a good urine output and keep the urinary 
catheters patterned. Oral fluids can suffice. This may 
eliminate the need for antibiotics [4]

	 3.	 Perineal hygiene is vital. Sitz baths help to provide 
cleansing and ease discomfort but facilities are fre-
quently inadequate for adequate care.

	 4.	 The avoidance of sexual activity or other vaginal manip-
ulation should be strictly observed until satisfactory 
healing has taken place.

	 5.	 Repeat vaginal exams may be performed periodically 
for at least the first 3 months in order to detect and man-
age any tissue breakdown, infection, or recurrent vaginal 
stenosis. Gentile dilation may help to maintain some 
caliber to the vaginal opening. Some patients may 
require reconstruction of their vagina.

	 6.	 Recurrent fistulas should be given time to heal spontane-
ously with continuous bladder drainage if they are small. 
If drainage does not work, consider reoperation when 
inflammation has resolved.

	 7.	 Urge incontinence should be treated with anticholiner-
gics if available. If the bladder capacity is inadequate 
because of scarring, an augmentation may be required.

	 8.	 Nutritional status post-operatively should continue to be 
optimized and anemia should be addressed with oral 
supplements or in severe cases, blood transfusion.

	 9.	 Lower limb neuropathy (foot drop) can be better man-
aged with physical therapy if available. Most neuropa-
thies associated with vesicovaginal fistula at least 
partially resolve spontaneously with time [22].

	10.	 Education, training, and counseling is necessary to help 
to introduce these patients back into society. Most are 
divorced and without skills necessary to cope in 
society.

�The Incurable Patient and Urinary Diversion

There are a number of patients with multiple failures of 
repair or scarring or the vagina with inadequate tissue to 
reconstruct that may be a candidate for urinary diversion. 
Ureterosigmoidostomy with extramural serous-lined ure-
terointestinal anastomosis (Mainz type II) has been used 
[23]. The ureterosigmoid repair is technically very feasible, 
even in third world countries. It requires little reconstruction 
and takes advantage of the intact continence mechanism on 
the posterior side. It would probably NOT be first choice in a 
well-developed nation because of other issues. These include 
serious severe and recurrent episodes of pyelonephritis with 
its attendant urosepsis. These episodes are decreased when a 
very competent ureterointestinal anastomosis is created. 
However, even this does not eradicate the risk. Also, mixing 
of the fecal and urinary streams can generate a synthetic 
mechanism that perpetuates the creation of aggressive, inva-
sive “nitrosamines” that lead to malignant degeneration at 
the anastomotic site. The incidence of this type of degenera-
tion is high and most commonly associated with adenocarci-
noma. Wheeless presented his series at an International 
Fistula Conference at Johns Hopkins July 2004 based on his 
Niger experience utilizing a Koch pouch using a small bowel 
reservoir connected to the sigmoid. Surgical complications 
are common even in developed countries [24]. All of these 
diversions are associated with metabolic disturbances and 
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need medical follow-up. Furthermore, malabsorption may 
lead to electrolyte and vitamins [25]. Pyelonephritis without 
medical care may be fatal. The place of continent diversions 
is still controversial in the developing world. Post-operative 
follow-up is difficult and results are unsure. Diversion to the 
abdominal wall is unsatisfactory because of the lack of 
access to disposable stoma appliances, especially in the 
under-developed areas.

�Other Fistulas

Other types of fistula may mimic vesicovaginal fistulae or 
may co-exist with vesicovaginal fistulae. The evaluation of a 
vesicovaginal fistula must also insure that there is not a coex-
isting ureterovaginal, vesicocervical, or vesicouterine fistula. 
Rectovaginal and colovaginal fistulae may also be present as 
well as enterovesical and colovesical fistulae.

�Ureterovaginal Fistulas (UVFs)

Ureterovaginal fistulae occur almost exclusively following 
injury to the ureters during gynecologic surgery. The inci-
dence is believed to be around 0.5–2.0 % following a simple 
hysterectomy [26]. Radical hysterectomy is associated with 
a higher rate, as much as 10–20 % depending on the radical-
ity of the procedure [27]. Recognizing and repairing at the 
time of the initial repair but the authors believe that prospec-
tive cystoscopy is necessary because of up to 1.7 % unrecog-
nized injury rate at the time of hysterectomy [10]. Stenting 
the ureter at time of injury may prevent the need to reimplant 
the ureter at a later time. Many patients present in the post-
operative period with leakage of urine from the vagina. 
Actually, these may be the fortunate patients because many 
of these ureteral injuries are not discovered until much later, 
often as an incidental finding of a non-functioning kidney. 
Symptoms of damage may be few with some flank discom-
fort and possible fever and chills. Urosepsis occurs less fre-
quently. If checked, there is usually a small increase of 0.3 in 
the serum creatinine. The diagnosis is made when there is 
leakage of urine from the vagina. The most appropriate ini-
tial investigation is intravenous pyelography. At the time of 
initial evaluation, an immediate attempt should be made to 
pass a stent, either retrograde through cystoscopy or ante-
grade through a percutaneous nephrostomy. If stenting is 
accomplished, the fistula may close without further surgery 
[28]. If unable to stent the ureter, a nephrostomy will pre-
serve kidney function until surgical repair. Timing of repair 
is controversial with suggestions of repair within 4 weeks 
[29–31] to 6 months [29]. Delay in surgical repair will 
increase the probability of medico-legal issues but attempts 
prior to resolution of inflammation from the initial surgery 

may compromise the repair.

The preferred repair is a ureteroneocystostomy some-
times attaching the bladder to the psoas muscle to insure a 
tension free re-implantation. Alternatively a Boari [31] flap 
may be used to insure the tension free re-implantation. A 
Boari flap is a graft of “full thickness” detrusor which is 
tubularized and used to bridge defects that are usually 
between 3–5 cm in length. If the injury is above the pelvic 
brim, it may be necessary to perform an end-to-end anasto-
mosis of the ureter. The use of an end-to-end anastomosis as 
well as just stenting the injury must be reevaluated later for 
ureteral strictures. Transureteroureterostomy is a last resort 
procedure and is rarely used today.

�Vesicouterine and Vesicocervical Fistulae

First described by Youssef in 1957 [30], vesicouterine and 
vesicocervical fistulae were always considered as very rare 
phenomena. Now, however, especially in first world coun-
tries, they are becoming more common with the increasing 
cesarean delivery rate [31]. It typically occurs as a complica-
tion of cesarean section, following the inadvertent placement 
of sutures in a scarred poorly developed bladder flap or from 
post cesarean infection. The patient may have symptoms of 
menouria or urine leakage from the vagina. Because of dif-
ferential leakage of urine intra-abdominal methylene blue 
may not be appreciated on vaginal exam. Diagnosis may be 
confirmed by hysterogram or retrograde injection at the time 
of cystoscopy [9]. If childbearing is complete hysterectomy 
at time of repair will facilitate repair. If preservation of the 
uterus is desired it might be easier to perform surgery from a 
transabdominal approach, especially if the reason for  
the cesarean delivery was an inadequate pelvic capacity 
healing.

�Urethrovaginal Fistulae

Urethrovaginal fistulae are relatively uncommon in modern 
gynecologic practice [32]. They usually occur following sur-
gical procedures such as diverticulectomy, urethropexy, and 
suburethral sling procedures, as well as procedures involving 
extensive anterior vaginal wall dissection. Obstetric urethro-
vaginal fistulae are discussed above in the discussion on 
obstetrical fistula. The diagnosis may be less than obvious in 
the evaluation of complaints of incontinence. Distal lesions 
may have minimal symptoms with vaginal retention of urine 
that may dribble out on standing. Proximal lesions may have 
more symptoms, especially if there is funneling of the blad-
der neck. A zero degree urethroscope may be helpful in diag-
nosis as well as the use of a small probe passed per urethra. 
Surgery is usually necessary if symptomatic. Excision of the 
lesion and a layered closure are the standard therapy. A 

Martius should be considered for large fistulas and those 
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with poor vascularity. Small asymptomatic lesions may be 
ignored. Stenting with a urethral catheter for 1–2 weeks is 
the usual post-operative care. Complications include recur-
rence, stricture formation, and incontinence.

�Rectovaginal Fistulae (RVF) with VVF

Rectovaginal fistulae may also complicate VVFs, especially 
in obstetrical fistulae and radiation-induced fistulae. While 
distal rectovaginal fistula associate with obstetrical episiot-
omy and fourth degree extensions in the developed world 
may be closed primarily, large proximal fistula and those 
associated with radiation or Crohn’s disease may require 
fecal diversion to achieve closure [33]. In complex fistulae 
like this, where VVF is complicated with an RVF, the surgi-
cal treatment should be guaged in an appropriate fashion. To 
this end, the repair of the rectovaginal fistula should be done 
prior to surgical treatment of the vesicovaginal fistula.

�Enterovesical and Colovesical Fistulae

Fistulous connections between the small bowel or colon, and 
the urinary bladder are also rare, however it should be sus-
pected in patients with Crohn’s disease or diverticulitis who 
complain of dysuria, urinary frequency or urgency and pneu-
maturia [34–36]. It is generally more prevalent in males 
since the uterus provides a natural tissue interposition 
between the bowel and bladder. In a review, diverticulitis 
was the most common cause [41 %] followed by Crohn’s dis-
ease [17 %] and colorectal cancer [16 %] [36]. Positive urine 
cultures were obtained in 88 % of the patients, with E. coli as 
the most prevalent organism. Cystoscopy is the most effec-
tive diagnostic tool, but even at that, was confirmatory only 
67 % of the time in the series by Moss. A barium study was 
also useful, being generally abnormal 80 % of the time, how-
ever it identified the fistula in only 17 % of cases in which it 
was used. Flexible sigmoidoscopy and CT scan may also be 
used. The sigmoid colon is the most frequently (53 %) 
involved segment of the bowel in the series by Moss.

As in colovaginal fistulae, a one-stage procedure in 
patients without invasive malignancy is the current approach. 
A multi-stage procedure may be needed in the face of severe 
intra-abdominal disease. Surgery with resection of the 
affected bowel segment is probably the standard therapy.

�Conclusion

Genito-urinary fistulae are recognized complications of 
gynecologic surgery and neglected obstetrics. Prevention of 
these complications is a noble goal but will be difficult to 

realize. This is especially true in less developed regions any-
time in the near future. The care of this problem will con-
tinue to be a challenge to the disciplines of both urology and 
gynecology. So, at least for the foreseeable future, we can 
expect that GU fistulae will continue to be reported. However, 
in the final analysis, at least we can be proud to hang our hat 
on those principles developed over many years that have 
stood the test of time and changed, for the better, the lives of 
the afflicted, since the first successful vesicovaginal fistula 
repair, over a century and a half ago.
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�Introduction

Pelvic floor disorders are a challenging and poorly under-
stood clinical entity. These disorders are most commonly 
found among the elderly. Bharucha et al. demonstrated in a 
study known as the Women’s Health Initiative that nearly 
40 % of women 40 years or older suffer from defecatory dys-
function [1]. In fact, 1 out of 10 women by the age of 80 will 
require surgery for pelvic organ prolapse [1]. An understand-
ing about the treatment of these disorders is especially timely 
given our aging US population. The purpose of this chapter 
is to highlight the diagnosis and treatment of rectal prolapse 
with a focus on the elderly patient.

Rectal prolapse is commonly found in females with a 
female-to-male ratio that approaches 6:1 in adults. While the 
incidence of rectal prolapse increases with increasing age in 
females, males have an equal incidence per decade through-
out adult life. Women with rectal prolapse also have a higher 
incidence of other associated pelvic floor disorders including 
urinary incontinence, rectocele, cystocele, and enterocele. In 
a recent study of patients with pelvic floor disorders, rectal 
prolapse was found more commonly in those patients older 
than 70 than those younger than 70 (17 vs. 27 %, respec-
tively) [2]. Less common associated conditions include con-
nective tissue disorders such as Ehlers–Danlos syndrome, 
congenital hypothyroidism, and solitary rectal ulcer.

Rectal prolapse is a circumferential, full-thickness protru-
sion of the rectal wall through the anal orifice. It is often 
associated with other anatomical findings such as a redun-
dant sigmoid colon, deep pelvic cul-de-sac (pouch of 
Douglas), and pelvic laxity. There are three types of rectal 
prolapse: full-thickness rectal prolapse (procidentia), mucosal 

prolapse, and internal intussusception. The current theory of 
why rectal prolapse occurs relates to disorders of defecation 
that lead to excessive straining. Overtime, this will weaken 
the supportive structures of the pelvic floor and sphincter 
complex allowing for herniation of bowel, bladder, or uterus 
through the pelvic outlet. This weakening may be acceler-
ated as a result of pelvic floor nerve injuries associated with 
vaginal birth. Longitudinal radiographic studies have dem-
onstrated that the development of prolapse may be a gradual 
process which begins as internal rectal intussusception and 
progresses to frank prolapse.

�Presentation and Associated Findings

In most instances, patients present after the rectum is noted 
by a practitioner or the patient to protrude abnormally from 
the anus. The rectum may spontaneously reduce or require 
manual reduction. On rare occasions, the rectum may incar-
cerate requiring a laparotomy to reduce it to its normal loca-
tion. It is important to differentiate full-thickness prolapse 
from mucosal prolapse which is 4th degree hemorrhoids. The 
classic distinction between full-thickness rectal prolapse and 
mucosal prolapse is the presence on physical exam of circum-
ferential folds seen in full-thickness rectal prolapse and radial 
folds with mucosal prolapse. Internal prolapse is best seen 
on imaging studies and is often hard to fully appreciate on 
physical examination since the rectum does not protrude 
through the anus.

The symptoms commonly found with all types of rectal 
prolapse include tenesmus, rectal bleeding, a palpable mass, 
and fecal soiling. There are several functional pelvic floor 
disorders associated with rectal prolapse. The most common 
functional disorders are fecal incontinence and constipation. 
There is an increased incidence of rectal prolapse among 
individuals with colonic inertia and obstructed defecation 
secondary to non-relaxing puborectalis. Defecation occurs 
through a coordinated effort involving relaxation of the anal 
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sphincter complex as well as the puborectalis muscle. 
The puborectalis muscle acts like a sling to create an angle 
between the rectum and the anal canal. Relaxation of this 
sling obliterates the angle providing a direct passage of stool 
from the rectum through the anal canal. Paradoxical puborec-
talis muscle contraction during defecation maintains or 
exaggerates the anorectal angle resulting in a functional 
resistance to defecation.

Fecal incontinence occurs in the majority of patients with 
all types of rectal prolapse and the incidence increases with 
increasing age and duration of the prolapse. It is thought that 
fecal incontinence is the result of a combination of an 
increase in intra-rectal pressure as a result of the prolapse. 
The increase in the intra-rectal pressure minimizes the nor-
mal pressure difference which exists between the rectum and 
the anal canal resulting in incontinence. Stretch injury to the 
pudendal nerves may also accelerate symptoms of inconti-
nence. The pudendal nerves innervate the anal sphincter 
complex and can be injured over time as a result of excessive 
straining and recurrent herniation of the pelvic floor.

�Evaluation

All patients presenting with rectal prolapse should undergo a 
complete history and physical exam. Associated symptoms 
such as urinary incontinence, vaginal vault prolapse, fecal 
incontinence, and constipation should be ascertained. Careful 
assessment of risk factors for anesthesia and the functional 
status of the patient should be performed because this infor-
mation may affect the surgeon’s choice of procedure. The 
physical exam should include careful evaluation of the 
perineum and prolapsed rectum. With the patient in lithot-
omy position, the perineum should be inspected in the 
relaxed position as well as during straining. During straining, 
the prolapsed rectum can often be seen. If a laxity exists 
within the rectovaginal septum, a rectocele may be present. 
A digital rectal exam performed during straining can often 
demonstrate the lack of fixation of the rectum as well as the 
presence of internal intussusception. If the prolapse is not 
easily demonstrated, the use of an enema may help.

Additional investigations in patients with rectal prolapse 
should include a colonoscopy or barium enema. Both tests 
provide an evaluation of the colonic mucosa for a lead 
point causing intussusception or other abnormalities such 
as diverticular disease or solitary rectal ulcer which may 
influence the type of procedure performed. Since these 
patients can manifest with several associated pelvic floor 
abnormalities, an assessment of pelvic floor anatomy and 
physiology is required. Depending on associated symp-
toms, tests may include cinedefecography, pelvic floor 
dynamic magnetic resonance imaging (MRI), anorectal 

manometry, endorectal ultrasound, electromyography 
(EMG), and colon transit studies.

Cinedefecography and dynamic pelvic floor MRI are both 
useful tests in the evaluation of rectal prolapse. Importantly, 
these tests can identify associated pelvic floor abnormalities 
which occur comely with rectal prolapse. Cinedefecography 
is a test performed by the instillation of contrast into the rec-
tum, vagina, and bladder and allowing the patient to evacuate 
the contents in the normal sitting position while real time 
images are obtained. Cinedefecography can detect occult 
intussusception and rectal prolapse with a sensitivity of 
100 % and a specificity of 93 % [3]. Other abnormalities that 
may be detected include paradoxical puborectalis contrac-
tion and pelvic floor weakness such as rectocele, enterocele, 
and cystocele. In contrast, dynamic pelvic floor MR is per-
formed with the installation of contrast into the rectum and 
vagina, however, the patient must be kept in the supine posi-
tion. The patient is asked to bear down to the point of defeca-
tion while images are obtained. This test will identify a 
pelvic floor hernia.

Anorectal manometry and endorectal ultrasound is per-
formed when symptoms of fecal incontinence or obstructed 
defecation are identified along with internal or external rectal 
prolapse. Patients with lower resting and maximum squeeze 
pressures are less likely to recover sphincter control follow-
ing rectal prolapse repair. However, it is important to note 
that increasing age is associated with lower anal resting pres-
sure, higher rectal pressure and rectal gradient during simu-
lated evacuation, and a shorter balloon expulsion time in 
asymptomatic individuals [4]. The balloon expulsion test can 
be performed at the same time anorectal manometry is per-
formed. The balloon catheter used during this procedure is 
inflated with 50–100 cc of water and the patient is asked to 
expel the balloon. Patients without obstructed defecation 
should easily expel the balloon, whereas patients experienc-
ing obstructed defecation cannot expel the balloon. 
Endorectal ultrasound may be useful for evaluation of occult 
sphincter defects especially in older parous women.

Colonic transit studies such as colonic scintigraphy and 
Sitzmark studies may be necessary in patients with long-
standing constipation who have rectal prolapse. 
Scintigraphy utilizes nuclear medicine principles. This 
study utilizes 24 radiopaque markers which are ingested by 
the patient. Sequential daily plain abdominal films are per-
formed to demonstrate the movement of stool throughout 
the colon. Patients with total colonic inertia will retain at 
least 80 % of the markers equally distributed throughout the 
colon at 5 days. Patients with obstructed defecation will have 
markers concentrated near the rectosigmoid junction. Failure 
to recognize and treat a dysfunctional colon or obstructed 
defecation may result in continued straining and ultimately, 
recurrent prolapse.
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�Management Options

The goal of treatment is the restoration of normal anatomy 
and correction of any associated physiologic disorder. 
Successful treatment results in long-lasting symptom relief 
and is accomplished best by non-operative and operative 
techniques.

�Non-operative Management

Non-operative therapy should be initiated in all patients with 
disorders of defecation. Initial treatment should include 
dietary and lifestyle changes. A review of medications and 
dietary history will often guide this therapy. It is well known 
that a high fiber therapy with a total of 40 g of fiber should be 
consumed daily. Furthermore, patients are instructed to con-
sume more liquids that are not caffeinated. Daily exercise 
20 min a day is not only healthy for the cardiovascular system 
but also healthy for the gastrointestinal system. Biofeedback 
is the mainstay therapy for obstructed defecation secondary 
to paradoxical puborectalis contraction and internal intussus-
ception. Biofeedback training is aimed at suppressing the 
inappropriate contraction of the pelvic floor during defeca-
tion. This may result in a reduction in the time spent straining 
at defecation and prevent recurrence of prolapse.

�Operative Management

Operative repair is indicated for full-thickness prolapse and 
mucosal prolapse. There is a limited role for operative repair 
for internal intussusception and obstructed defecation. 
Several types of repairs for rectal prolapse exist and the indi-
cation for each type as well as the recurrence rate is listed in 
Table  23.1. Reported outcomes following repair include 
recurrence of prolapse and persistent or new symptoms of 
constipation or fecal incontinence. In general, the literature 

supports the use of abdominal procedures rather than perineal 
procedures for rectal prolapse because of the associated 
decrease in recurrence rates. The goal of the abdominal 
approach, whether laparoscopic or open is mobilization and 
fixation of the anterior or posterior rectum to the presacral 
fascia. The goal of the perineal procedure is partial or com-
plete removal of the prolapsed rectum through the perineum 
with minimal operative risk to the patient. Therefore, if a 
patient’s physical condition does not allow for an abdominal 
procedure, then a perineal procedure is warranted. However, 
with the advances in anesthetic techniques, nowadays, the 
physical state of the patient should drive the operative 
approach. Perineal approaches in active patients are more 
prone to failure.

�Operative Indications

�Rectal Prolapse and Constipation
Up to 50 % of patients will present with rectal prolapse with-
out a long-standing history of constipation. Historically, 
patients who underwent a rectopexy alone for rectal prolapse 
had an increased rate of postoperative defecatory dysfunc-
tion. For this reason, rectopexy and resection was recom-
mended. However, after careful evaluation of the pelvic 
anatomy, it has been demonstrated that during mobilization 
of the lateral attachments of the rectum, several nerves 
important in rectal function can be injured. Recently, several 
studies have demonstrated that a rectopexy, posterior or ven-
tral, can be performed alone successfully if the lateral attach-
ments of the rectum are preserved preventing denervation of 
the rectum. Franceschilli et  al. demonstrated that in 100 
patients with both constipation/obstructed defecation and 
internal prolapse who underwent a ventral rectopexy, the 
recurrence rate was 14 % and improvement in constipation 
occurred in 92 % of patients [4]. Careful evaluation of the 
patients who did recur demonstrated that severe constipation 
that persisted following repair was most often associated 

Table 23.1  Indications and recurrence rates for perineal vs. abdominal vs. abdominal procedures for full- procedures for full-thickness rectal 
prolapse

Procedure Indication Recurrence (%)

Anal encirclement Low functional status, high surgical risk 0–60

Delorme Low functional status, high surgical risk 5–21

Perineal rectosigmoidectomy High surgical risk 0–44

Ripstein rectopexy (mesh) Prolapse without constipation, 0–13

Wells rectopexy (mesh) Prolapse without constipation, 2–10

Suture rectopexy Prolapse without constipation 0–5

Resection rectopexy Prolapse WITH constipation, no fecal incontinence 0–6

Anterior resection Prolapse associated with severe solitary rectal ulcer syndrome 4–9

Ventral rectopexy (mesh) Internal or external prolapse with constipation or fecal incontinence 4–14
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with failure of the repair [4]. In the elderly patient with 
constipation and rectal prolapse, forgoing a sigmoid colon 
resection and maintaining the patient on a good bowel regimen 
decreases the morbidity of this procedure.

�Rectal Prolapse with Fecal Incontinence
Up to 70 % of patients may complain of some degree of fecal 
incontinence. In the presence of severe incontinence, ventral or 
posterior rectopexy alone should be considered because the 
combination of a resection and rectopexy may make the symp-
toms of incontinence worse. In the same study referenced above 
by Franceschilli et al., fecal incontinence improved in 86 % of 
patients [4]. In general, a combined approach for sphincter mus-
cle repair at the time of rectopexy is avoided since symptomatic 
incontinence will improve in most patients.

�Mucosal Prolapse
The surgical management of mucosal prolapse is best 
described by the treatment of hemorrhoids. The goal or repair 
for mucosal prolapse is to resuspend the mucosa within the 
anal canal. The surgical options for this repair include con-
ventional hemorrhoidectomy, stapled hemorrhoidectomy, or 
transhemorrhoidal dearterialization.

�Operative Techniques

For all abdominal and perineal procedures including rectopexy 
without resection, all patients should undergo mechanical 
bowel prep. Appropriate preoperative antibiotic coverage 
and anti-thrombotic therapy should be given. A decision 
regarding the use of a minimally invasive or an open proce-
dure is made based upon the patient’s previous surgical his-
tory, weight, and known contra-indications to minimally 
invasive surgery.

�Abdominal Approach

Positioning of the patient and port insertion during robotic 
or a laparoscopic procedure is often based on surgeon pref-
erence and is beyond the scope of this chapter. For both 
open and minimally invasive approaches, the patient is 
placed in lithotomy and reverse Trendelenburg positions 
throughout most of the procedure. For both the ventral and 
posterior rectopexy, the sigmoid colon and the rectum are 
mobilized so to free the retroperitoneal structures including 
the left ureter and the hypogastric nerves. The space between 
the fascia propria of the rectum and the presacral fascia is 
opened at the sacral promontory and to the level of the third 
sacral vertebrae. For the posterior rectopexy, this dissection 
is carried down beyond the coccyx to the levator ani muscle. 
Care must be taken to avoid mobilization of the lateral 

attachments of the rectum which includes the middle hem-
orrhoidal artery. Preservation of these lateral attachments 
will prevent injury to the innervation of the rectum and pre-
serve rectal function. For the ventral and posterior recto-
pexy, the anterior reflection of peritoneum within the pouch 
of Douglas is opened and the dissection in this pouch is car-
ried down to the level of the levator ani muscle. For the 
ventral rectopexy, the dissection is then complete and mesh 
can then be used for fixation of the rectum. The mesh in a 
ventral rectopexy is generally non-absorbable and attached 
to the lateral aspect of the rectum and the pelvic floor. There 
is a concern regarding mesh erosion into the rectum or 
vagina. Biological mesh has also been used with a low 
recurrence rate of 14 % at 2 years [5]. However, studies 
using non-absorbable synthetic mesh have reported minimal 
complications from the use of this mesh [6]. Once the mesh 
has been placed, the opposite end will then be attached to 
the sacrum. For a posterior rectopexy, mesh is attached to 
the sacrum and the lateral rectal attachments are sewn to the 
mesh (Wells procedure) using 4 rows of non-absorbable 
sutures. The peritoneum is then closed over any exposed 
mesh to limit the risk of adhesions.

�Perineal Approach
The perineal approaches used to repair rectal prolapse 
include the perineal rectosigmoidectomy (Altemeier proce-
dure) and the Delorme. The patient can be positioned in the 
lithotomy or prone-jackknife position. The perineal rectosig-
moidectomy is performed with the rectum fully prolapsed. 
Anal retracting sutures or the Lone Star retractor can be used 
to assist with exposure. A circumferential full-thickness inci-
sion is made 1 cm (handsewn) to 3 cm (stapled anastomosis) 
above the dentate line. The anterior wall of the hernia sac is 
identified and opened allowing the rectum to be circumferen-
tially freed from the hernia sac. Once the rectum is mobi-
lized, the mesenteric attachments are freed by careful 
division with ligation of major vessels. This maneuver will 
free up the rectum even more. Any laxity in the levator mus-
cles should then be repaired with placation to create a snug 
fit. Once the correct bowel orientation is confirmed, the 
redundant bowel is transected. A handsewn anastomosis can 
be performed reapproximating the proximal and distal ends. 
Alternatively, a stapled anastomosis can be performed with 
the use of end-end circular stapler.

The Delorme procedure is best described as a sleeve 
resection of only rectal mucosa that is removed from the pro-
lapsed rectum. This is facilitated by infiltrating the submucosa 
with lidocaine and epinephrine (1:100,000). The denuded 
rectal muscular wall is plicated in four quadrants like an 
accordion and the remaining mucosal rings are reapproxi-
mated. It is recommended that an absorbable suture such as 
2-0 Vicryl be used. Further sutures may be needed to com-
plete the mucosal anastomosis.
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�Surgical Outcomes for the Elderly
Historically, abdominal procedures for the treatment of rec-
tal prolapse were avoided due to high surgical risk. With 
advances in anesthesia and surgery, particularly the ventral 
rectopexy, studies have shown improvements in functional 
outcomes and recurrence rates for the elderly. With an 
increase in our aging population, these findings are particu-
larly timely. Gultekin et al., using a national database, com-
pared outcomes among patients younger and older than 70 
years following a ventral rectopexy for rectal prolapse [2]. 
The authors demonstrated that minor complications were 
more common in older patients and that the length of stay 
was one day longer. However, there was no difference in 
major complications or mortality in these two groups. The 
authors concluded that all things considered ventral recto-
pexy is safe in the elderly and that the increased risk was 
worth the improvements in quality of life associated with 
this procedure. This study was the first to incorporate a large 
number of patients from several centers.

�Conclusion

The problems of rectal prolapse remain challenging in the 
elderly. A key aspect of the care of these patients includes 
careful preoperative evaluation for identification of any 

associated functional disorders such as severe constipation 
that may lead to early failure. Although there are different 
approaches for these disorders, the best approach is the 
approach that is tailored to the specific patient.
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�Introduction

Fecal incontinence (FI), the involuntary passage of stool or 
the inability to control stool from expulsion, is a common 
gastrointestinal complaint in patients aged 65 years and 
older and has an incidental increase with progressive aging 
[1]. This increase has been shown to be an independent risk 
factor even after controlling for illness, activity level, and 
overall health and FI itself may predispose to a greater 
chance of institutionalization [2]. Prevalence estimates of FI 
vary widely from 2–36 % in the ambulatory setting to 
33–65 % in the nursing home setting. [1] Consequently, 
direct and indirect costs, patient morbidity, and psychosocial 
impact are high and it is recommended that a review of this 
symptom should be a part of any initial or ongoing evalua-
tion of an older patient in both the ambulatory and hospital-
ized setting. This chapter emphasizes specific age-related 
colorectal intervention options for FI, including medical, 
behavioral, and more invasive techniques emphasizing, 
when available, unique supportive data in the geriatric popu-
lation. As with any intervention, the patient care team must 
always be aware of the unique characteristics of the popula-
tion being treated including age-specific issues (including 
common diseases of the elderly that may impair continence/
functionality), functional status, patient preferences, expec-
tations and goals of therapy.

�Medical Therapy

Essential to any initial assessment and intervention of fecal 
incontinence includes appropriate characterization of the 
incontinence and a subsequent tiered approach to treatment. 
If possible, it is imperative to classify the underlying patho-
physiology of the patient’s fecal incontinence as this will 
direct treatment strategies and may predict outcomes. The 
differential diagnosis of fecal incontinence is vast and 
includes central and peripheral nervous system abnormali-
ties including dementia, stroke, and diabetes. Moreover, as 
the development of fecal incontinence is multifactorial, it is 
important that the clinician carefully tease out which patho-
physiologic factors are responsible for the incontinence, as 
improvement in any single factor may provide significant 
clinical improvements.

The four crucial components to maintaining continence 
include (a) sensory, (b) motor, (c) structural, and (d) cogni-
tive/behavioral mechanisms. Incontinence occurs when one 
or more of these components are disrupted to an extent that 
the other components cannot compensate. A practical exam-
ple would be that of a patient who has suffered from obstet-
ric trauma resulting in damage to the external anal sphincter 
and pudendal nerve in her early twenties, but did not experi-
ence incontinence until she developed advanced neuropathy 
related to poor glycemic control from her diabetes mellitus 
in her early sixties. While the sphincter defect and nerve 
injury are consistent with a disruption in sensory and struc-
tural mechanisms that are important for maintaining conti-
nence, the development of neuropathy of both sensory and 
motor nerves in addition to diarrhea attributed to her diabe-
tes results in further insult by altering continence control 
mechanisms. In this case, it is crucial that as soon as an 
appropriate workup has excluded a luminal, malignant, or 
infectious cause as the etiology of her diarrhea, antidiarrheal 
medications should be used to decrease symptoms. Changes 
in stool consistency coupled with sphincteric dysfunction 
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and rectal hyposensitivity as a result of diabetic neuropathy 
can predispose diabetics to FI [1, 3]. Until the diarrhea itself 
is diagnosed and treated, any intervention to restore an intact 
sphincter would be unlikely to provide significant relief from 
incontinence. This case emphasizes the key role that a thor-
ough clinical history and physical examination plays in the 
development of treatment strategies tailored to meet the spe-
cific needs of your incontinent patient. Common etiologies 
of diarrhea in the older population include adverse effects of 
medications, bile acid malabsorption (either after cholecys-
tectomy, small intestinal Crohn’s disease, or radiation enter-
opathy), tube feedings, gluten-sensitivity, microscopic 
colitis, ischemic colitis, radiation proctopathy, small intesti-
nal bacterial overgrowth, carbohydrate (lactose or fructose 
being the most common) intolerance, and diabetic-associated 
diarrhea. Further supporting the importance of identifying a 
possible underlying disordered bowel habit is a Veterans 
Affairs study of acutely ill patients which found that greater 

than 30 % of patients reported FI with increased age, illness 
severity, and liquid stool consistency identified as being the 
primary risk factors [1, 3]. Conversely, embarrassment or 
skepticism may lead the patient to focus solely on what they 
self-report as “diarrhea” as opposed to revelation of the 
symptom of incontinence. If the practitioner does not care-
fully ask questions specifically tailored to identify to FI, the 
fecal impacted patient suffering from overflow incontinence 
that they are terming “diarrhea” to their family/caregiver/cli-
nician may inadvertently be given more antidiarrheals with 
obvious risk. However, if the clinician is confident that the 
patient is suffering from true diarrhea contributing to FI, 
many medication interventions are available and are outlined 
below. Special care must be taken when using these medica-
tions in the elderly as they may have a higher risk for adverse 
effects, drug–drug interactions, increased sensitivity to side 
effects (i.e., anticholinergic effects), and impaired hepatic or 
renal clearance (Table 24.1).

Table 24.1  Guidelines for use of common antidiarrheal medications in fecal incontinence

Medication Precautions Adult dosing Adverse effects

Fiber supplementation May interfere with absorption of other 
medications, therefore very specific 
dosing guidelines must be outlined for 
patients
May reduce insulin requirement in 
diabetic patients

Begin 1–2 tablets of preferred 
formulation BID with sips of water 
only

Flatulence, bloating, abdominal 
pain, anorexia, asthma reactions, 
esophageal/intestinal obstruction

Loperamide Use cautiously in patients with active 
inflammatory disease of the colon or 
with infectious diarrhea

Begin prophylactically at 2 mg PO 
BID
Okay to titrate to 4 mg PO QID as 
needed
If larger doses are needed (as they 
often are in patients with IBS-D, 
titrate up slowly)
May increase resting anal sphincter 
tone

CNS depression, paralytic ileus, 
rash, dizziness, fatigue, cramping, 
constipation, dry mouth, nausea 
and vomiting

Diphenoxylate/atropine Use cautiously in patients with active 
inflammatory disease of the colon or 
with infectious diarrhea

Begin at dose of diphenoxylate 
2.5 mg PO daily
Titrate up slowly to a maximum 
dose diphenoxylate 5 mg PO every 
6 h then reduce dose to lowest level 
needed to maintain solid stool/avoid 
diarrhea

Toxic megacolon, CNS effects
Atropine may cause 
anticholinergic effects (dry 
mouth, blurred vision), 
drowsiness, tachycardia, 
abdominal pain, pruritis, and 
urinary retention

Alosetron HCL Reintroduced/approved by the FDA as 
unlabeled investigational agent for 
managing diarrhea in women with 
severe IBS-D

Prescribing limited to physicians 
enrolled in Prometheus® prescribing 
program
Begin 0.5 mg PO daily; may be 
increased slowly up to 1 mg PO BID
Discontinue if no improvement at 
1 mg BID for 4 weeks

Constipation, ischemic colitis 
severe enough to be fatal
Severe drug–drug interactions 
detailed in package insert

Clonidine Use cautiously in patients with 
coronary artery disease or 
cerebrovascular disease, patients on 
other anti-hypertensive agents, 
impaired liver or renal function

Begin 0.1 mg PO BID
May increase to 0.3 mg PO 
BID. Wean off of medication slowly 
if ineffective

Severe rebound hypertension, dry 
mouth, drowsiness, CNS effects, 
constipation, sedation, orthostatic 
hypotension, headache, rash, 
nausea, anorexia, joint pain, 
impotence, leg cramps, edema, 
dry eyes

(continued)
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As noted above, a disordered bowel habit such as diarrhea 
may be the culprit underlying a patient’s complaint of incon-
tinence. Constipation, which is also extremely common in 
the elderly, may also be a contributing factor to FI. Common 
etiologies of constipation include IBS, lack of dietary fiber, 
immobility (sedentary lifestyle), medications, neurological 
disorders (i.e., Parkinson’s disease), metabolic disorders, 

and pelvic floor dysfunction related to pelvic floor laxity. 
Constipation may precipitate fecal incontinence by causing 
fecal impaction with subsequent overflow incontinence. 
Diminished rectal sensations and increased rectosigmoid 
compliance can reduce the ability of the rectum to perform 
its reservoir function and reduce the patient’s perception of 
stool or flatus within the rectum. Altered sensation, coupled 

Table 24.1  (continued)

Medication Precautions Adult dosing Adverse effects

Cholestyramine May result in Vitamin K (fat soluble 
vitamin)/folic acid deficiency
May interfere with absorption of other 
medications, therefore very specific 
dosing guidelines must be outlined for 
patients
Contraindicated in patients with 
biliary obstruction

Begin 4 g PO daily
Practical dosing is usually 4 g PO 
BID, however, maximum daily 
dosing is 24 g

Flatulence, nausea, dyspepsia, 
abdominal pain, anorexia, sour 
taste, headache, rash, hematuria, 
fatigue, bleeding of gums, weight 
loss

Colestipol May interfere with fat soluble vitamin 
absorption
May interfere with absorption of other 
medications, therefore very specific 
dosing guidelines must be outlined for 
patients

Begin 2 g (1 g tablets) PO daily
Increase to BID or 2–4 g PO every 
1–2 months to a maximum of 16 g/
day given in divided doses

GI bleeding, abdominal pain, 
bloating, flatulence, dyspepsia, 
liver dysfunction, musculoskeletal 
pain, rash, chest pain, headache, 
anorexia, dry skin

Probiotics Avoid using in immuno compromised 
or septic patients
Formulations are highly variable and 
are not subject to FDA approval

Variable; usually dose is titrated to 
number of stools patient is having 
per day
Formulations containing 
Bifidobacterium have been shown to 
be clinically useful in IBS

None currently known

Tincture of opium Use cautiously in the elderly, patients 
with seizure disorder, head injury, 
increased intracranial pressure, 
asthma, COPD, biliary disease, 
urethral stricture, prostatic 
hypertrophy, impaired renal/liver 
function, Addison’s disease and in 
patients with substance abuse history
Care must be taken when prescribing 
opium tincture as it is 25 times more 
concentrated than paregoric 
(anhydrous morphine). The Institute 
for Safe Medications Practices 
includes this medication among its list 
of drugs which have a heightened risk 
of causing significant patient harm 
when used in error

Begin 1–2 drops PO BID
Slowly titrate up to a maximum dose 
of 10 drops PO BID (0.5 ml PO 
BID)

Lightheadedness, dizziness, 
sedation, nausea, vomiting, 
sweating, dry mouth, anorexia, 
urinary hesitancy/retention, 
weakness, flushing, pruritus, 
headache, rash, CNS effects/
depression, hypotension, 
bradycardia, syncope, shock, 
cardiac arrest, increased 
intracranial pressure, seizures, 
respiratory depression, abuse/
dependency, withdrawal if abrupt 
discontinuation, dysphoria/
euphoria, biliary spasm, 
anaphylactoid reaction

Amitriptyline Contraindicated with MAO inhibitor 
use within past 14 days, recent MI
Use caution in the elderly, patients 
with coronary artery disease, GU 
obstruction, urinary retention, 
prostatic hypertrophy, narrow-angle 
glaucoma, increased intraocular 
pressure, seizure disorder, thyroid 
disease, diabetes mellitus, asthma, 
Parkinson’s disease, impaired liver 
function, schizophrenia, bipolar 
disorder, history of alcohol abuse or 
suicide risk

Begin 10 mg PO QHS
May increase by 10 mg increments 
nightly every 7 days if tolerated to a 
maximum nightly does of 50 mg
May give in divided doses

Sedation, nausea, vomiting, 
increased appetite, weight gain, 
orthostatic hypotension, 
hypertension, syncope, severe 
cardiac effects, CNS effects, 
increased intraocular pressure, 
hematologic effects, suicidality, 
angioedema, anticholinergic 
effects (dry mouth, blurred 
vision), urinary retention/
frequency, pruritus, libido 
changes, gynecomastia, 
galactorrhea, tremor, impotence

Adapted from Scarlett Y. Medical management of fecal incontinence [4]
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with sphincter dysfunction, may result in anal incontinence. 
As noted above, treatment of the altered bowel habit is cru-
cial to providing symptomatic relief.

Compared to diarrhea, constipation may be more difficult 
to define but is best divided into three subtypes (a) normal-
transit constipation (functional constipation or IBS), (b) 
slow-transit constipation, and (c) pelvic floor dyssynergia 
(PFD) [4, 5]. Slow-transit or PFD may precipitate incomplete 
evacuation, megarectum, and/or decreased rectal sensation. 
Most cases of fecal incontinence with underlying constipa-
tion involve patients who suffer from chronic constipation as 
opposed to transient bouts of constipation that can be attrib-
uted to decreased mobility, decreased fiber or fluid intake, or 
use of medications such as narcotic analgesics. Constipation 
is generally defined as three or less bowel movements per 
week; however, patients may use the term “constipation” to 
refer to difficult or ineffective defecation. Chronic constipa-
tion may predispose a patient to increased rectal capacity and 
decreased rectal sensitivity, thereby placing the patient at risk 
for overflow incontinence. As noted above, a patient may 
actually report that they have diarrhea due to frequent liquid 
bowel movements and liquid overflow incontinence. It is 
important for the practitioner to clarify the volume and con-
sistency of incontinent episodes, as overflow incontinence 
will most likely be associated with small volume, liquid or 
soft stool loss without a preceding normal bowel movement. 
This is in opposition to fecal seepage, which usually follows 
a normal bowel movement although it can certainly also 
occur in the setting of an abnormal bowel habit. Importantly, 
constipation may predispose the patient to hemorrhoids or 
rectal prolapse, which may result in soiling of undergarments 
with mucus or blood instead of true incontinence; however, 
the patient may report the staining of undergarments as incon-
tinence. Once constipation has been identified as the underly-
ing etiology for the patient’s incontinence, a workup should 
ensue to define the subtype of constipation. The workup may 
include endoscopic evaluation, anorectal manometry, defe-
cography, dynamic pelvic floor MRI, and/or a colonic transit 
studies. Results from the diagnostic evaluation should help 
guide appropriate intervention strategies. Once the subtype of 
constipation has been determined, appropriate treatments can 
be initiated [5]. Dosing guidelines for common pharmaco-
logic therapies used in constipation are outlined below. As 
with diarrhea, dietary fiber is the first line of therapy in con-
stipation associated with fecal incontinence. However, in 
patients suffering from constipation or desiccated stool, an 
adequate water ingestion of at least 64 ounces per day is 
encouraged. This much water intake may be difficult for 
patients with urinary frequency/incontinence and limited 
mobility. Again, caution is advised when initiating fiber ther-
apy in patients who suffer with IBS as abdominal bloating 
and discomfort may prevent successful use of the supple-
ment. Fiber should always be initiated in low doses and 

titrated up to 10–15 g of fiber supplementation per day as tol-
erated. This supplementation is an adjunct to the usual 
10–15 g of soluble and insoluble fiber contained in the aver-
age Western diet. Pharmacologic agents should be reserved 
for patients that do not respond to or do not tolerate conserva-
tive interventions. However, when using certain laxatives, the 
practitioner must be careful not to precipitate excess gas pro-
duction and subsequent incontinence of flatus. Nonabsorbable 
sugars (lactulose, sorbitol, and glycerin) draw water osmoti-
cally into the intestinal lumen, stimulate colonic motility, and 
may cause initial abdominal discomfort, distention, or flatu-
lence within the first 48 h. These aggravating symptoms usu-
ally abate with ongoing treatment. Alternatives to laxatives 
include pharmacological therapies outlined in Table 24.2.

�Patients with Fecal Incontinence and 
Disordered Defecation with Incomplete 
Evacuation

The mainstay of treatment in patients who report symptoms 
of dyssynergic defecation (significant straining, sensation of 
incomplete evacuation, “want to but can’t,” excessive toilet 
time) is pelvic floor rehabilitation with biofeedback therapy 
and counsel by a skilled professional. Biofeedback therapy 
(for both pelvic floor dyssynergia and fecal incontinence) 
will be discussed below. If biofeedback is not indicated or 
further relief in addition to biofeedback is desired, instruc-
tion in clearing the rectal vault of its contents during sched-
uled intervals may also prove beneficial. Methods for 
keeping the rectal vault clear include suppositories, retro-
grade enemas, and the pharmacologic therapies used in 
chronic constipation. Rectally administered therapies are 
usually preferred in dyssynergic patients as oral laxation can 
be both unpredictable and create unwanted abdominal 
cramping and loose stools with faster colonic transit. 
Glycerin suppositories are composed of a trihydroxy alco-
hol, which when placed in direct contact with rectal mucosa, 
promotes water movement into the distal bowel, stimulates 
peristalsis, and generally results in a bowel movement within 
an hour. Tap water enemas are also a very safe alternative, as 
they contain no irritant chemicals that may result in rectal 
discomfort, burning, or bleeding. These agents should be 
used by the dyssynergic patient after an unsatisfactory bowel 
movement or at scheduled times every day or every other 
day. For those patients who fail these standard therapies, fur-
ther evaluation for rare internal hernias with dynamic pelvic 
floor MRI or referral to a surgeon skilled in the techniques of 
puborectalis intramuscular injection of botulinum toxin may 
be necessary. However, most patients will have a marked 
improvement with instruction in ways to stimulate defeca-
tion at scheduled intervals to keep the rectum clear and 
biofeedback behavioral treatment [6].
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�Patients with Fecal Seepage

Fecal seepage is distinctly different from fecal incontinence 
in that it usually involves the loss of small liquid or soft stool 
after a normal bowel movement [7, 8]. However, patients 
may report an abnormal bowel habit or may report symp-
toms more consistent with anal sphincter dysfunction which 
is not appreciated as a physiologic abnormality on objective 
anorectal testing. Interestingly, fecal seepage is more preva-
lent in men and in those patients with preserved anal sphinc-
ter function and rectal reservoir capacity. Like patients with 
disordered defecation, patients with fecal seepage have been 
shown to demonstrate dyssynergia with impaired balloon 
expulsion during anorectal manometry testing when com-
pared with other incontinent patients. Similar to patients 
with dyssynergia, administration of rectal agents and bowel 
hygiene training (perhaps as a counseling component of bio-
feedback) are the mainstay of treatment. However, in patients 
with fecal seepage, clearance of the rectal vault should be 
performed at a scheduled time each day, regardless of urge to 
defecate. Ideally, the designated time should be within 
30  min after a meal to take advantage of the gastrocolic 
reflex although any time that the patient has specifically set 
aside for defecation is likely to be beneficial.

�Biofeedback and Cognitive Behavioral 
Therapy

Biofeedback therapy is a form of operant conditioning or 
instrumental learning in which information about a physio-
logical process which would otherwise be unconscious is 
presented to a subject with the aim of having the subject 
modify that process consciously. For patients with fecal 
incontinence the process involves brisk external anal sphinc-
ter contraction in response to rectal distention, while for 
patients with dyssynergic defecation, the process focuses on 
improvement in abdominopelvic coordination. Biofeedback 
has long been advocated as first-line therapy for patients 
whose symptoms are mild to moderate due to its safety, 
affordability, and perceived efficacy. Although often playing 
a pivotal role in the treatment of fecal incontinence, the 
Cochrane systematic review of controlled clinical trials on 
biofeedback has indicated that the combination of a limited 
number of identified trials and methodological weaknesses 
would not allow for reliable assessment of the role of bio-
feedback therapy in the management of patients with fecal 
incontinence [7, 9–15]. Moreover, a study conducted by 
leaders in the field suggested that patient–therapist interac-
tion and patient coping strategies may be more important in 

Table 24.2  Guidelines for use of medications for constipation in fecal incontinence

Medication Precaution Adult Dosing Adverse effects

Fiber supplementation May interfere with absorption of 
other medications, therefore very 
specific dosing guidelines must be 
outlined for patients
May reduce insulin requirement in 
diabetic patients

Begin 4 g of preferred preparation daily
Titrate up to BID dosing slowly for an 
optimal daily dose of 16 g of 
supplemented fiber per day
Emphasis on adequate fluid intake is 
paramount for success of treatment

Flatulence, bloating, 
abdominal pain, anorexia

Nonabsorbable sugars 
(lactulose, sorbitol)

Use cautiously in patients with 
diabetes mellitus, galactosemia

15–30 cc PO daily
Maximum dose: 60 cc/daily

Lactic acidosis, hypernatremia, 
flatulence, bloating, abdominal 
pain, anorexia, nausea, 
vomiting, electrolyte disorders

Saline laxatives (sodium 
phosphate, magnesium 
sulfate, magnesium citrate, 
and magnesium hydroxide)

Use cautiously in the elderly
Contraindicated in patients with 
congestive heart failure or renal 
dysfunction

Variable Flatulence, bloating, 
abdominal pain, anorexia, 
nausea, vomiting, electrolyte 
disorders

Enemas Use cautiously in patients with 
known inflammatory conditions of 
the rectum

Variable Hematochezia, rectal burning 
or stinging

Suppositories (glycerin or 
bisacodyl)

Use cautiously in patients with 
known inflammatory conditions of 
the rectum

Variable Hematochezia, rectal burning 
or stinging

Lubiprostone Use cautiously in pregnant 
patients or a history of 
gastrointestinal obstruction

8–24 mcg po BID Nausea, diarrhea, headache, 
abdominal pain, flatulence, 
vomiting, dizziness, fatigue

Linaclotide Use cautiously in patients with 
known or suspected mechanical 
gastrointestinal obstruction

145–290 mcg daily Diarrhea, abdominal pain, 
flatulence, abdominal 
distension

Adapted from Scarlett Y. Medical management of fecal incontinence [4]
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improving symptoms than performing exercises or receiving 
physiological feedback on sphincter function [12]. Despite 
the lack of sound experimental methodology, appropriate 
control groups and validated outcome measures, reports 
from centers experienced with the technique suggest that in 
60–70 % of a select group of patients, biofeedback may elim-
inate symptoms in up to one half of patients and decrease 
symptoms and improve quality of life in up to two thirds. 
Excellent results can be anticipated if the correct subsets of 
patients are chosen for treatment. Although there is insuffi-
cient evidence with which to select patients suitable for ano-
rectal biofeedback training, most experts agree that the 
appropriate patient for referral should have physiological 
evidence of anal dysfunction, be able to cooperate, be well 
motivated and possess some degree of perception of rectal 
distention and the ability to contract the external anal sphinc-
ter [16]. The presence of severe fecal incontinence, pudendal 
neuropathy, and underlying neurologic problems has been 
associated with a suboptimal prognosis. This may be an 
issue in the elderly population where critical factors for suc-
cess of biofeedback may be compromised. These factors 
include cognitive status, vision, gait, and any comorbidity 
that may limit mobility [1]. Interestingly however, studies 
with predominantly elderly population have supported the 
use of biofeedback with a skilled practitioner, particularly 
for female patients, more severe FI and the absence of a pro-
longed history of constipation as noted above [17, 18].

Cognitive behavioral therapy (CBT) is an action-oriented 
form of psychosocial therapy that assumes that maladaptive, 
or faulty, thinking patterns evoke maladaptive behavior and 
negative emotions. Maladaptive behavior is defined as 
behavior that is counter-productive or interferes with every-
day living. CBT focuses on redirecting an individual’s mal-
adaptive or negative thoughts (cognitive patterns) in order to 
change his or her behavior and emotional state. Although 
CBT has less systematic support than biofeedback therapy, 
some leaders in the field believe that it may improve out-
comes [19]. Its use is based on evidence that it is helpful in 
patients who suffer from functional gastrointestinal disor-
ders such as IBS, rumination syndrome, and functional fecal 
incontinence. Currently, there are no recommendations as to 
which patients would most benefit from CBT. The success of 
CBT is highly dependent upon the availability of CBT ther-
apy and the patient’s openness to therapy. Patients who are 
candidates for CBT should be referred to a certified special-
ist in this area [16].

�Types of Biofeedback Therapy

The goals of all types of biofeedback therapy are essentially 
the same and include: (a) improvement in anal sphincter mus-
cle strength, (b) improvement in abdominopelvic coordination 

during voluntary squeeze and following rectal perception, 
and (c) improvement of anorectal sensory discrimination. 
However, despite these common goals, each individual treat-
ment protocol should be customized for each patient based 
upon the underlying pathophysiological mechanism(s) of 
their incontinence. In order to achieve the goal of continence, 
two main modalities of biofeedback therapy have been 
described: (a) use of an intra-anal electromyographic (EMG) 
sensor, a probe to measure intra-anal pressure, or perianal 
surface EMG electrodes to teach the patient how to exercise 
the anal sphincter, and (b) use of a rectal balloon with mano-
metric sensors in the anal canal for sensory discrimination 
training, usually with the aim of enabling the patient to dis-
criminate and respond to smaller rectal volumes. Manometric 
probes are also used to teach Kegel exercises aimed at 
increasing anal muscle strength. These modalities utilize 
immediate visual and auditory cues to provide feedback for 
subconscious body processes and to evaluate the level of 

performance and verbal reinforcement is simultaneously 
provided by the therapist during each session. The therapist 
also plays a crucial role in a biofeedback program by review-
ing symptom diaries and questionnaires, providing patient 
education in lifestyle modification and current medical regi-
mens, providing emotional support and reassurance and 
instruction in practical management of incontinence, anal 
sphincter exercises and instruction in clinic or home-based 
biofeedback units [7, 16].

�Elements of Biofeedback Therapy

Aside from the pivotal role of the therapist, the remaining 
elements of biofeedback therapy for each of the modalities 
outlined above are as follows:

	1.	 Biofeedback methods utilize an intra-anal EMG sensor, 
perianal surface EMG sensors, or anal manometry probes. 
All use auditory and visual cues to assist in instructing the 
patient in how to correctly perform Kegel exercises with 
the objective of improving anal sphincter strength. While 
some practitioners use this method to instruct the patient 
in correct technique to facilitate home exercises and to 
monitor progress, some have used this method to show 
correct isolation and use of anal squeeze in response to 
rectal filling. Although early studies tended to focus on 
the maximum squeeze increment (mmHg), more recent 
study results have suggested that the strength and endur-
ance of the squeeze is more important in maintaining con-
tinence [16].

	2.	 In most labs, sensory discrimination training is usually 
performed along with strengthening methods. Sensory 
discrimination training involves the use of a rectal bal-
loon to retrain the rectal sensory threshold. The initial 
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distention is usually high and is progressively decreased 
to diminishing volumes in an effort to teach incontinent 
patients to respond quickly to lower volumes of stool that 
present to the rectal vault with the same intensity as they 
had felt earlier with a higher volume. Appropriate exter-
nal sphincter contraction in response to rectal distention 
is rewarded verbally during each repeated effort. As per-
ception and response improve, the audio or visual cue is 
gradually eliminated in order to assess the threshold for 
conscious perception (of a once subconscious behavior) 
of rectal distention [7, 15].

�Invasive Therapy

Several intervention options are available to patients who 
suffer with FI.  These procedures depend on the anatomic 
defect documented after judicious testing with anal manom-
etry, anal ultrasound by an experienced practitioner and, if 
indicated, endoscopic and radiographic evaluation. Surgical 
treatments and implantation of associated devices should be 
reserved for those with medically refractory FI [1].

�Perianal Injectable Bulking Agents

The majority of resting continence is maintained by the 
internal anal sphincter [20]. This sphincter is often not 
repairable by surgical means. One intervention that has 
shown some promise in the improvement of passive fecal 
incontinence due to sphincter dysfunction is the use of inject-
able bulking agents to improve continence. These agents 
have been studied since the 1990s as an alternative to their 
use for urinary incontinence and have included a varying 
number of different substances [21]. The theory behind the 
injectable agents is to increase the pressure inside the anal 
canal to prevent fecal incontinence by bulking the tissue 
around the anal canal, specifically the anal cushions, with 
material injected into the space between the two anal sphinc-
ters (Fig. 24.1) [22, 23]. Over the last 20 years, some of the 
materials used include autologous fat, Teflon, carbon-coated 
zirconium oxide beads (Duraphere®), cross-linked collagen 
(Contigen®), porcine dermal collagen (Permacol®), synthetic 
calcium microspheres in aqueous based gel carrier 
(Coaptite®), silicon biomaterial (PTQ™), and dextranomer 
microspheres in non-animal stabilized sodium hyaluronate 
(Solesta®) [22, 23]. Some substances have worked better 
than others with varying complication rates. The materials 
are usually injected under endoanal ultrasound or digital 
(finger) guidance [22]. There has been some evidence that 
the use of an ultrasound may lead to a greater efficacy of the 
intervention [22]. The approach taken to inject varies from 
intersphincteric, trans-sphincteric, or transanal with some 

data showing the intersphincteric approach leading to a 
lower complication rate [23]. All of the procedures can take 
place under local, regional, or general anesthesia after some 
form of a bowel preparation [23]. Most studies shows the proce-
dure could be done in an outpatient setting, even in the elderly 
population, except in the setting of a complication [21].

Currently the only FDA approved agent for fecal inconti-
nence, outside of a research setting, is Solesta® which was 
approved in 2011 for the treatment of fecal incontinence in 
patients 18 years and older who have failed conservative 
therapy (Fig. 24.2).

However, a systematic review completed in 2010 deter-
mined that a definitive conclusion could not be drawn regard-
ing the effectiveness of perianal injection of bulking agents 
for fecal incontinence due to the lack of trials that have 
occurred up to that time. [22] In addition, they also deter-
mined that there was no reliable evidence for the effective-
ness of one substance over another although there may be a 
safety benefit in the use of silicon over carbon-coated zirco-
nium oxide beads [22]. There have been several trials since 
that time, including many randomized trials for Solesta®, 
suggesting there be a re-evaluation of the use of injectable 

Fig. 24.1  Injection of bulking agent with visible bulge. With permis-
sion from Watson NF, Koshy A, Sagar PM. Anal bulking agents for 
faecal incontinence. Colorectal Dis 2012 Dec;14(3):29–33. © 2012 
John Wiley and Sons [23]
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bulking agents outside of a research setting. Much of the 
long-term data for up to 2 years after injection has shown 
that there could be a quality of life improvement for those 
patients with mild–moderate symptoms, who experienced at 
least a 50–75 % reduction in their fecal incontinence epi-
sodes, although re-treatment may be needed to obtain this 
improvement and long-term efficacy has yet to be defined 
[21, 23]. The most common adverse side effects seen with 
most of the injectable material are slight pain or discomfort, 
urgency, diarrhea, tenderness all of which usually resolve 
within 1 week. Expulsion of the bulking agent via the insertion 
needle tract can also be seen [23]. During the first 3 months, a 
small number of patients may experience mild pain or discom-
fort with defecation from time to time or the feeling of obstruc-
tion at defecation [21]. There have been reports of sepsis in the 
form of perianal abscess up to years later but it seems to be a 
rare occurrence [23, 24]. The current consensus is that inject-
able therapy seems to be safe and with the available data, effi-
cacious for patients with non-severe fecal incontinence 
symptoms [23]. Current studies with older patients specifi-
cally demonstrate acceptable safety profiles [1, 25]. Hopefully, 
these interventions will become more widely available and 
affordable in the near future.

�Sacral Nerve Stimulation

Sacral nerve stimulation for fecal incontinence has been 
approved in Europe since 1994, and in the USA since 1997 
and is considered the first-line surgical therapy for FI [26]. 

Sacral nerve stimulation is considered minimally invasive 
and completely reversible. Sacral nerve stimulation has a 
low mortality rate and a high efficacy rate [27]. It is recom-
mended in patients with idiopathic fecal incontinence, neu-
rogenic incontinence, small anal sphincter defects, and those 
with history of complicated vaginal delivery. Women with 
fecal incontinence tend to have a more complex etiology, 
making them good candidates for sacral nerve stimulation. 
Those with history of complicated childbirth likely have a 
combination of a structural defect of the anal sphincter, rec-
tal hypersensitivity, and sphincter weakness [28]. Sacral 
nerve stimulation works on the lower bowel and pelvic floor, 
resulting in an increase in the function of the external anal 
sphincter. Function of the internal anal sphincter and rectal 
sensation has been reported as well, but less consistently. In 
addition, sacral nerve stimulation does not affect gastric 
emptying or colonic transit time [29].

Prior to the procedure, the physiology of the pelvic floor 
is evaluated by several modalities including manometry 
with assessment of anal sphincter function (strength) by 
pull-back technique and rectal sensation to volumetric dis-
tension, endoanal ultrasonography, pudendal nerve termi-
nal motor latency, and defecating proctography or dynamic 
pelvic floor MRI.

Prior to any permanent forms of stimulation patients 
undergo peripheral nerve evaluation. A stimulating electrode 
is inserted percutaneously into the sacral foramen in the 
bilateral S3 foramina under general or local anesthesia, and 
positioning is confirmed by fluoroscopy and observation of 
motor responses. The side with best response is chosen and 

The beads provide a framework for fibrin and collagen deposition,
eventually forming durable, tissue-like formations in the anal canal2

At time of injection Postinjection

Fig. 24.2  Solesta bulking agent. Courtesy of Salix Pharmaceuticals, downloaded from http://www.solestainfo.com/hcp/about_solesta.aspx on 
05/27/2013, with permission

T.N. Lunsford et al.
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subsequently connected to an external pulse generator. 
Parameters are usually set at 210 μs pulse width, 15 Hz fre-
quency, and subsensory amplitude ranging between 0.5 and 
10 V with the amplitude being patient controlled. Perineal 
sensation is documented throughout the test period. The tem-
porary implant will be left in place for 14 days. The electrode 
is removed in the outpatient setting. If the patient has a 50 % 
reduction in episodes of fecal incontinence, this is consid-
ered a successful result, and the patient can then be offered 
permanent stimulation [30].

The therapeutic effects of sacral nerve stimulation are 
mediated through sensory pathways rather than motor path-
ways. Peripheral neuromodulation has been showed to have 
direct effect on the cerebral cortex. A study by Griffin et al. 
evaluated the effect of sacral nerve stimulation on the pri-
mary somatosensory cortex in rats. Polysialylated neural cell 
adhesion molecules (PSA-NCAM) in the cerebral cortex 
were measured to indicate neuroplasticity. PSA-NCAM is a 
molecular marker of plasticity. Anal canal stimulation leads 
to an increase in density of PSA-NCAM cells in the somato-
sensory cortex. This study also showed no involvement of 
C-fibers or change in blood pressure or respiratory rate, indi-
cating that nocioception was not affected by sacral nerve 
stimulation [31].

For those who elect to pursue permanent stimulation, a 
unilateral tined lead and pulse generator are implanted under 
general anesthesia. The same sacral foramen originally cho-
sen for the trial period is preferred for permanent usage. The 
pulse generator is placed into the subcutaneous pocket of the 
ipsilateral buttock of the implanted electrode. Similar stimu-
lation parameters are set at a subsensory threshold [30].

Device and therapy related adverse events included 
implant site pain, paresthesias, change in sensation, infec-
tion, urinary incontinence, neurostimulator battery deple-
tion, diarrhea, pain in extremity, buttock pain, and migration 
of implant. Most of these were able to be alleviated noninva-
sively with medication or reprogramming. In a study by Hull 
et  al., 47 out of 120 patients had to have at least 1 device 
revision, replacement, or explant [32]. Other interventions, 
while not ideal, included formation of colostomy, explanta-
tion or cessation of use of the stimulator, conservative man-
agement (although not defined), reprogramming, sphincter 
repair, change to bilateral stimulation, revision of the 
implant, and injection of silicone biomaterial [33]. One note-
worthy case report demonstrated a severe complication 
leading to explantation of a sacral nerve stimulator. A patient 
that required MRI to evaluate lumbar pain required electrode 
removal prior to the imaging study. The tine electrode was 
subsequently removed under general anesthesia through the 
third sacral foramen. During the removal by gentle traction, 
sudden hemorrhage was observed through the anterior part 
of the sacral foramen. The original surgery turned into a 

more complex procedure, requiring enlargement of the 
wound to enable compression of the bleeding. The patient 
ultimately required hospitalization for over 1 month, includ-
ing ICU level of care for hemorrhagic shock. The patient 
required several units of blood transfusion and vasopressors. 
The hospitalization was also complicated by infection requir-
ing a 14-day course of antibiotics [34].

Since sacral nerve stimulation was first approved in 
Europe, most of the studies on cost effectiveness of sacral 
nerve stimulation were not analyzed in American dollars. In 
a study by Hetzer et al., sacral nerve stimulation was shown 
to be most effective in the short term. The patient selection 
process, which requires an initial 2-week trial period prior 
to the implantation of a permanent implant also rules out 
patients who are less likely to find relief from sacral nerve 
stimulation. The procedure is even less expensive in an out-
patient setting and without the aid of general anesthesia. 
Other more invasive measures usually require an inpatient 
hospitalization of about a week, thus incurring more cost for 
the patient. In addition, less complications mean less 
expense for the patient [28]. Pain as a complication may 
mean more cost for the patient, but newer models such as 
Interstim II by Medtronic are associated with decreased 
pain for the patient [35].

A meta-analysis by Tan et al. in 2011 examined a total of 
34 studies on outcome measures of sacral nerve stimulation 
showed that the procedure increased the quality of life. 
Patients had an increase in both anal resting and squeeze 
pressure. Increase in muscle hypertrophy and recruitment of 
atrophic muscle units could also play a role. The studies in 
the meta-analysis also showed that rectal sensation improved. 
It was noted that patients had a decreased threshold for bal-
loon distension (improved sensory discrimination) in addi-
tion to decreased urge and maximal tolerable volumes 
(improved ability to defer defecation). Improved sensation 
would indicate that the patient would sense rectal content 
earlier, and therefore defer defecation and decrease episodes 
of incontinence. Overall patients reported increased quality 
of life, decreased depression and embarrassment [36]. The 
majority of patients who underwent sacral nerve stimulation 
reported improvement of their fecal incontinence after 5 
years. Improvement of symptoms was defined as at least 
50 % decrease in episodes of incontinent episodes. Using the 
Fecal Incontinence Quality of Life (FIQOL) and the Fecal 
Incontinence Severity Index (FISI) questionnaires to evalu-
ate quality of life, sacral nerve stimulation seemed to have a 
statistically significant impact. FIQOL measures the patient’s 
perception of their own quality of life, whereas the FISI 
score rates both patient and physician perception of fecal 
incontinence severity. Patients also notably reported 
decreased use of protective undergarments such as pads or 
pantiliners [32].

24  Fecal Incontinence
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In Figs. 24.3 and 24.4, the Wexner study demonstrated 
a high efficacy rate of sacral nerve stimulation. In 
Fig.  24.4, 40 % of patients had 100 % improvement in 
weekly incontinence episodes, while 37 % had a 75 % 
improvement 36 months after implantation. Sacral nerve 
stimulation had similar quality of life scores compared to 
mechanical barriers such as artificial bowel sphincter and 
graciloplasty. Being non-mechanical, it also is less likely 
to worsen antecedent constipation. The Wexner study 
showed that sacral nerve stimulation had a high efficacy 

rate with low complication rate, and is completely revers-
ible, making it more appealing to patients [26]. Moreover, 
a recent trial of 23 patients over the age of 65 showed 
promising and comparable results to those outcomes 
found with SNS in younger patients. The number of FI epi-
sodes per 2-week period decreased from baseline to an end 
follow-up of almost 4 years leading to the conclusion that 
this may be of benefit in the elderly. Of note in this popula-
tion, SNS may hold most promise for those who do not 
respond to biofeedback [37].
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�Radiofrequency Energy

The use of radio frequency energy has been investigated in 
multiple areas of medicine including gastroenterology. It is a 
well-established treatment in the use of LES dysfunction in 
the esophagus but has more recently been under investiga-
tion, since its first use in 1999, as a treatment for anal sphinc-
ter dysfunction causing moderate fecal incontinence in the 
form of SECCA procedure (Fig. 24.5a, b) [20, 38]. This pro-
cedure is usually reserved for patients who have failed con-
servative management [38]. During this minimally invasive 
procedure, temperature-controlled radio frequency energy is 
delivered to the anal canal muscle. The premise is that the 
heat from the energy causes collagen contraction, focal 
wound healing, remodeling, and tissue compliance reduction 
improving the function of the sphincter [20, 39]. The proce-
dure takes around 30–40 min in an outpatient setting after a 
form of bowel prep with sedation and local anesthesia [38]. 
Complications include minimal bleeding, pain, and rarely 
diarrhea or constipation. Some patients have reported 

improvement in quality of life up to 1–2 years afterwards, or 
longer, with some improvement in fecal severity scores as 
well, although this has been mostly in younger patients with 
a shorter mean duration of fecal incontinence which may not 
translate to improved FI scores in the elderly population 
[38–41]. Long-term studies are still underway and required 
to ascertain the long-term effects of radiofrequency ablation 
in the use of moderate fecal incontinence [20].

�Artificial Bowel Sphincter

The artificial bowel sphincter was first used in 1996 for 
patients with fecal incontinence after being modified from an 
artificial sphincter being used at the time for urinary inconti-
nence. Since then, over 500 have been implanted for patients 
with severe fecal incontinence who have failed conservative 
therapy, with varying results [42]. The name of the current 
device in use is the Action™ Neosphincter (Fig.  24.6a, b) 
and is solid silicone with three parts: an occlusive anal cuff, 

Fig. 24.5  SECCA procedure. (a) SECCA probe; (b) schematic design of the probe in the anal canal. With permission from Mederi Therapeutics
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a pressure regulating balloon, and a control pump. The cuff 
is implanted around the anal canal and uses pressure to 
occlude the anal canal. The balloon is placed into the space 
of Retzius with the control pump in either the labia or scro-
tum [20]. The patient will deflate the cuff using the control 
pump, which leads to evacuation of the rectum and then the 
cuff will passively refill over the next few minutes [20]. 
Many patients go from being completely incontinent to both 
liquid and solid stool to only minor seepage and have 
improvement in the fecal continence and quality of life. 
Unfortunately, some evidence have shown a failure rate as 
high as 30 % with a high complication rate [20]. The proce-
dure would require a form of bowel prep, general anesthesia, 
and possible hospital stay. Complications vary from infec-
tions, surgical revision, and erosion of the cuff and/or pump, 
pain with activation, constipation, or fecal impaction. After 
prolonged wear and tear some cuffs may begin to leak and 
require repair or re-implantation. Up to a third of patients 
eventually have their device removed or re-implanted due to 
complications leading to a recent systematic review deeming 
it experimental. One study cited a risk for revision at 1 year 
at around 7 % and up to 88 % after 10 years [42]. Despite this 
information, the device still remains a non-surgical option 
for severe fecal incontinence when nerve stimulation has 
failed or not an option [20, 42].

New research is underway is new types of artificial bowel 
sphincters that will not require manipulation by the patient to 
evacuate including one powered by a hydraulic-electric mech-
anism [43]. These technologies are not in use yet but may be 
the wave of the future for artificial bowel sphincters.

�Magnetic Bowel Sphincter

A novel non-surgical approach to severe fecal incontinence 
that has failed conservative therapy is the magnetic bowel 
sphincter. The magnetic sphincter uses magnetic forces to 

augment the native anal sphincter (Fig. 24.7) [42]. An advan-
tage of this technology is that once it has been implanted it, 
there is usually no need for further augmentation [42]. 

Fig. 24.6  (a) Action™ 
Neosphincter. (b) Action™ 
Neosphincter in a female. With 
permission from American Medical 
Systems

Fig. 24.7  Magnetic bowel sphincter. Courtesy of Torax Medical, 
Shoreview, MN

T.N. Lunsford et al.
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The beads have magnetic cores and form a flexible ring that 
rests around the external anal sphincter in a circular fashion. 
The length of the magnetic strand can be altered to fit the size 
of the native sphincter. Prior to the procedure, patients must 
undergo a form of bowel preparation and will require general 
anesthesia with possible need for hospital admission. 
Complications include mild rectal bleeding, and passing of 
the device out the rectum. Most patients have some improve-
ment in fecal incontinence scores as well as quality of life 
despite anal manometry evidence that there is not an increase 
in anal pressure with the magnetic sphincter. Some data 
show this may not have the same efficacy as the artificial 
bowel sphincter but given the ease of insertion, the need for 
no further manipulation and low complication rates, this 
could be considered therapy for severe fecal incontinence in 
patients who have failed conservative therapy but do not 
desire surgical intervention [42].

�Overlapping Sphincteroplasty

The use of overlapping sphincteroplasty (Fig.  24.8) for 
sphincter injury dates back to the 1970s when it was first 
used to repair any obstetric sphincter injury. It has been a 
cornerstone for moderate to severe fecal incontinence due to 
sphincter injury since that time [44–46]. It is universally 
available and deemed a possible intervention in the elderly 
population, making it an option when electrical stimulation, 
injectable bulking agents, or other interventions are not 
available or when patients are not candidates for these other 
interventions. Short-term data shows improvement for most 

patients in regard to their quality of life as well as a reduction 
in the frequency of fecal incontinence, however, most of the 
long-term data about the efficacy of the procedure to decrease 
fecal incontinent episodes have not been encouraging [45, 
46]. One review article showed that by 10 years post-
procedure many patients had substantial decline in their fecal 
continence even if some maintain an improvement in quality 
of life [46]. There are multiple techniques and approaches 
(bulk repair vs. repair of individual muscles with or without 
levatorplasty) but there does not seem to be a general consen-
sus as to the preferred technique and how this relates to out-
comes. In the past few years there has also been research into 
the use of biological grafts in sphincter augmentation to 
increase reinforcement to the native tissue after the proce-
dure [46]. The most recent data shows this may increase 
patient satisfaction and time until decline in fecal continence 
post-procedure but more long-term data is needed to assess 
the true benefit of using the grafts [46]. Side effects include 
many commonly seen in any surgical procedure such as 
wound infection or hematoma development [47]. Until a 
minimally invasive procedure is available to improve fecal 
continence in patients with severe symptoms, overlapping 
sphincteroplasty will continue to be cornerstone in the treat-
ment of these patients [46].

�Dynamic Graciloplasty

Graciloplasty presents as a surgical option for severe fecal 
incontinence. A neosphincter is created around the anal canal 
with the gracilis muscle (Fig.  24.9) [48, 49]. The gracilis 

Fig. 24.8  Schematic drawing for overlapping sphincteroplasty. (a) The 
external sphincter is identified and grasped with the Allis clamp; (b) The 
external sphincter is overlapped and sutured into place. With permission 

from Alves-Ferreira PC, Gurland B. Anal sphincteroplasty. In: Goldman 
HB.  Complications of Female Incontinence and Pelvic Reconstructive 
Surgery. Springer, New York 2013; pp:189–195. © 2013 Springer [54]
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muscle was chosen due to its constant innervation by the 
obturator nerve and vascular supply from the profunda femo-
ris [50]. Initially the results of graciloplasty were unfavor-
able, as the muscle was not able to sustain a contraction. The 
gracilis muscle contains mostly type II muscle fibers, leading 
to earlier muscle fatigue and therefore only enabling short 
bursts of muscle contraction. The procedure was improved 
with electrical stimulation; the implantation of electrodes 
and a pulse generator enables a sustained contraction. Type 
II muscle fibers are turned into type I fatigue-resistant fibers. 
With the assistance of a stimulator, the gracilis can function 
as a neosphincter.

Resting manometry pressures after nonstimulated gracilo-
plasty increased by 4.1 mmHg and with stimulation increased 
by 20.9 mmHg in a 2001 multicenter study by Wexner et al. 
However neither of these was statistically significant. In the 
same study, enema retention time was improved after 
dynamic graciloplasty, however again was not statistically 
significant. Despite the lack of statistical significance in the 
above measurements, quality of life had improved signifi-
cantly for these patients. In addition, the manometry results 
could be utilized to adjust the stimulator [50].

�Malone Antegrade Continence Enema

Since 1989, antegrade continence enemas have been used in 
pediatric patients with a history of neurological abnormality 
or structural defect, such as spina bifida or imperforate anus, 
respectively. These pathologies have led to an increased like-
lihood of fecal incontinence. Malone developed a procedure 
where a stoma is creating using the appendix implanted into 
the cecum, creating a non-refluxing channel to enable the use 
of antegrade washouts to clear the colon and therefore pre-
vent episodes of fecal incontinence. This method was uti-
lized as the last-line attempt at treating fecal incontinence 
before colostomy was considered. The antegrade continence 

enema was a more aesthetic option than the formation of a 
permanent colostomy [51].

The Malone antegrade continence enema has been shown 
to be effective in children, however not as ideal in the adult 
population. The patient is required to have time, be highly 
motivated, and physically able to perform the enemas. The 
enemas require a high compliance rate in order to be effec-
tive. The procedure in adults is more ideal for those with 
neurogenic disorders rather than structural abnormalities. 
Even those with neurogenic disorders can lack the ability to 
relax their anal sphincter, making it difficult to perform the 
enema. Adult anatomy tends to be more complex and is lon-
ger than children’s anatomy, making the antegrade enemas 
more difficult in the adult population. Overall the antegrade 
enema is more psychologically and physically difficult for 
the adult patient to cope with the long-term usage [52].

�Colostomy

If patients have failed the above option, colostomy formation 
remains an option. However, it is aesthetically less appealing to 
most patients. It would be considered curative and less likely to 
fail in regard to fecal incontinence [7]. Colostomy does require 
more day-to-day care than the other options and could present 
some of the same issues for patients as fecal incontinence. 
For example, patients may still experience anxiety regarding 
the nearest bathroom or fear of accidents. Overall, patients who 
undergo colostomy formation for fecal incontinence experi-
ence improved quality of life [53]. For patients who are immo-
bile, colostomy is ideal as it would function as a diversion of 
fecal matter to prevent skin breakdown and further medical 
complications [7]. Specifically, it is an option in the elderly 
because it would offer a more scheduled bowel care regimen 
for caregivers as well as an overall ease of defecation for the 
elderly patient who may be at high risk for complications 
from poor stool hygiene (Table 24.3) [1].

Stimulator unit with
stimulating electrodes

Gracilis

Ischial
tuberosity

Fig. 24.9  Configuration of 
the anal dynamic 
graciloplasty. Showing the 
transposed gracilis muscle, 
the electrodes, the 
neurostimulator, and the 
external magnet
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�Key Points

•	 Fecal incontinence (FI) is a common complaint among older 
patients that is frequently not addressed by clinicians

•	 Patients with FI may inaccurately report diarrhea as the 
presenting problem

•	 Evaluation of older patients in both ambulatory and inpatient 
care settings should prompt review of any FI symptoms

•	 In addition to behavioral changes, empiric symptomatic 
treatment of a disordered bowel habit (diarrhea or consti-
pation) is often helpful in treating FI

•	 Biofeedback with skilled practitioners may be an appro-
priate initial therapy for some patients with FI who have 

Table 24.3  Comparison of invasive treatments for fecal incontinence

Type of intervention Indications Advantages Disadvantages Contraindications/Precautions

Injectable bulking 
agents

Mild–moderate FI Outpatient procedure, 
ease of administration, 
lack of general 
anesthesia

Expensive, considered 
experimental, infection risk, 
need of repeat procedure to 
maintain effect

Children, patients who currently have a 
rectal infection or bleeding, anal 
fissures, hemorrhoids, IBD, HIV/AIDS, 
undergoing chemotherapy or organ 
transplant, previous pelvic radiation, or 
current anal device in place, allergy to 
agent [Solesta® insert]

Sacral nerve 
stimulation

Mod–Severe Minimally invasive, can 
be done outpatient, 
reversible

Expensive, risk of infection, 
failure of stim device

Diathermy, patients who failed initial 
temporary testing, patients who are 
unable to operate device

MACE Severe Good for pediatric 
patients and those with 
neurogenic bowel

Requires general anesthesia, 
not ideal for adults

Not typically intended for the adult 
population

Radiofrequency 
ablation

Mild–moderate FI Outpatient procedure, 
low risk procedure, lack 
of general anesthesia

No long-term data on 
efficacy

Children, patients who currently have 
rectal infection or bleeding, anal 
fissures/fistulas, chronic constipation, 
abnormal blood coagulation or use of 
anticoagulant other than aspirin, 
collagen vascular disease, IBD, 
previous pelvic radiation, pregnancy, 
history of laxative abuse or unstable 
psychiatric disorder [Mederi Therap.]

Artificial bowel 
sphincter

Moderate–severe 
FI

Low risk procedure Need of general anesthesia, 
inpatient procedure, variable 
success rates, decline in 
efficacy over years, patient 
manipulation required

Children, IBD, pelvic sepsis, pregnancy, 
or patients who practice anal-receptive 
intercourse [42], poor candidate for a 
surgical procedure or anesthesia, 
irreversible obstructed bowel [American 
medical systems insert]

Magnetic bowel 
sphincter

Moderate–severe 
FI

No need for patient 
manipulation after fitted, 
low risk procedure

Need of general anesthesia, 
inpatient procedure, variable 
success rates

IBD, pelvic sepsis, previous rectal 
surgery, poor candidate for a surgical 
procedure or anesthesia, anal fistula, 
current rectal or vaginal prolapse, 
previous pelvic radiation, recent colon 
cancer, nearby metallic implants, 
pregnancy, patients who practice 
anal-receptive intercourse [42]

Overlapping 
sphincteroplasty

Severe FI Short-term improvement 
for severe FI, widely 
available with long-term 
success data available

Need of general anesthesia, 
inpatient procedure with 
recovery time, infection risk, 
decline in efficacy after 5–10 
years

Pelvic sepsis, poor candidate for a 
surgical procedure or anesthesia, IBD 
[46]

Stimulated 
graciloplasty

Severe FI Good for patients with 
structural abnormality, 
controlled by the patient

Major surgery requiring 
general anesthesia and 
inpatient admission, risk of 
requiring revision, expensive

Not ideal for poor surgical candidates

Colostomy Severe FI Preferred in patients that 
are bed-bound or at high 
risk for decubitus ulcers

Aesthetically displeasing, 
requires daily care, major 
surgery requiring general 
anesthesia and inpatient 
admission, expensive

Not ideal for poor surgical candidates

FI fecal incontinence
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failed conservative treatment and who are motivated and 
ambulatory

•	 Referral for more invasive interventions should be based 
on objective testing and demonstration of promising 
results in older patients.
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�Introduction

Chronic constipation is a common disorder in adults older 
than 60 years, and is a frequent reason for their seeking med-
ical care. Clinically, constipation may be defined as unsatis-
factory defecation resulting from infrequent stools, difficult 
stool passage, hardness of stool, or feeling of incomplete 
evacuation [1]. Although constipation is rarely a life-
threatening disorder, it can impair quality of life and carries 
a significant economic burden [2]. Treatment is usually 
empiric, using dietary changes and laxatives. Only if conser-
vative measures fail should specialized testing be considered 
to define pathophysiologic subgroups, as this will influence 
treatment [3].

�Definition and Classification

Although physicians frequently define constipation on the 
basis of frequency alone (less than 3 stools per week), 
patients are more likely to complain of unsatisfactory defe-
cation and this is often influenced by cultural and social cus-
toms [4]. Symptoms include the type of stool (hard/lumpy), 
and subjective feelings such as excessive straining, feeling 
of incomplete evacuation, sense of difficulty passing stool, 
and the need for manual maneuvers during defecation [1, 3]. 
Chronic constipation is clinically distinguished from acute 
or intermittent constipation by the presence of symptoms for 
greater than 3 months [1]. The Rome Criteria have been used 

to attempt to identify homogeneous groups of patients for 
clinical trials investigating treatments for constipation 
(Table 25.1) but are less suitable for routine clinical use [5]. 
Constipation predominant IBS (IBS-C) should be consid-
ered in constipated patients with significant abdominal dis-
comfort or pain although there is an overlap with functional 
constipation in clinical practice (Table  25.1). Potentially 
treatable conditions which cause or exacerbate constipation 
should be considered in all patients with chronic constipa-
tion (Table 25.2).

Classifying chronic constipation into three major groups 
(normal transit constipation, pelvic floor dysfunction, and 
slow transit constipation) is clinically useful for patients who 
do not respond to conservative measures and empiric laxa-
tives. Pelvic floor dysfunction, also called functional defeca-
tion disorder, may be associated with inadequate propulsive 
forces and/or increased resistance to evacuation caused by 
incoordination of abdominal, rectal, and anal muscles result-
ing in inadequate or difficult emptying of rectum (Table 25.3) 
[6]. Dyssynergic defecation, for example, is associated with 
inappropriate contraction of the puborectalis muscle and the 
external anal sphincter (Type 1) or incomplete relaxation of 
the anal canal (Type 2) during defecation attempts [6, 7]. 
This disorder may occur with normal or slow colonic transit. 
Pelvic floor dysfunction can result in secondary delayed 
colon transit which reverses with successful treatment of the 
defecatory disorder. The term slow transit constipation 
should be reserved for patients with slow transit of the colon 
and normal rectal evacuation, a distinction which is of con-
siderable clinical importance.

�Epidemiology

As many as one-fifth of all persons will experience chronic 
constipation during their lifetime [2, 8]. Prevalence and inci-
dence data vary according to survey methods; for example, 
rates of self-reported constipation are higher compared to 
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rates assessed using Rome Criteria. Worldwide, the 
prevalence of constipation in adults approximates 16 % with 
some differences among countries [9]. Constipation is more 
prevalent in elderly populations in all surveys [9]. Persons 
older than age 60  in community based populations are 1.4 
times more likely to report constipation than adults less than 
29 years old [10]. Of these, 24 % fulfill criteria for functional 
constipation and 21 % for outlet delay defined as structural or 
pelvic floor muscle abnormalities resulting in difficulties 

Table 25.1  Definitions of constipation by various gastroenterology society and groups

Constipation Constipation predominant IBS

AGA [3] Syndrome of bowel symptoms including difficult or infrequent passage 
of stool, hardness of stool, or a feeling of incomplete evacuation that may 
occur either in isolation or secondary to another underlying disorder 
(e.g., Parkinson’s disease)

Abdominal discomfort that is temporally 
associated with 2 of the following 3 
symptoms: relief of discomfort after 
defecation, hard stools, or less frequent stools

ACG [1] Difficult stool passage that includes straining, a sense of difficulty passing 
stool, incomplete evacuation, hard/lumpy stools, prolonged time to stool, or 
need for manual maneuvers to pass stool. Chronic constipation is defined as 
the presence of these symptoms for at least 3 months

Abdominal pain or discomfort that occurs in 
association with altered bowel habits over a 
period of at least 3 months

Rome III [5] 1.	 Must include two or more of the following:
(a)	Straining during at least 25 % of defecations,
(b)	Lumpy or hard stools at least 25 % of defecations
(c)	Sensation of incomplete evacuation at least 25 % of defecations
(d)	Sensation of anorectal obstruction/blockage at least 25 % of defecations
(e)	Manual maneuvers to facilitate at least 25 % of defecations (e.g., 

digital evacuation, support of the pelvic floor)
(f)	 Fewer than 3 defecations per week

2.	 Loose stools are rarely present without the use of laxatives
3.	 Insufficient criteria for IBS
4.	 Symptoms present for 6 months

1.	 Recurrent abdominal pain or discomfort  
at least 3 days per month in the past 3 
months associated with 2 or more of the 
following:
(a)	Improvement with defecation
(b)	Onset associated with change in 

frequency of stool
(c)	Onset associated with change in form 

(appearance) of stool
2.	 Hard or lumpy stools 25 % and loose 

(mushy) or watery stools <25 % of bowel 
movements

Table 25.2  Secondary causes of constipation in the elderly

Mechanical

Colorectal cancer

Anal fissure

Rectal/anal stricture

Rectocele (some)

Pseudo obstruction

Megacolon

Neurologic disease

Spinal cord lesion

Stroke

Parkinson’s disease

Multiple sclerosis

Metabolic disturbances

Hypercalcemia

Hypokalemia

Hypomagnesemia

Hypothyroidism

Uremia

Medications

Opiates

Anticholinergics

Calcium channel blockers

Anticonvulsants

Antidepressants

Antispasmodics

Antihistamines Non-steroidal anti-inflammatory drugs

Miscellaneous

Amyloidosis

Scleroderma

Heavy metal poisoning

Table 25.3  Functional defecation disorder definitions [7]

Functional defecation disorders

1.	 The patient must satisfy diagnostic criteria for functional 
constipation (Table 25.1)

2.	 During repeated attempts to defecate must have at least 2 of the 
following:

(a)	Evidence of impaired evacuation, based on balloon expulsion 
test or imaging

(b)	Inappropriate contraction of the pelvic floor muscles (i.e., anal 
sphincter or puborectalis) or less than 20 % relaxation of basal 
resting sphincter pressure by manometry, imaging, or EMG

(c)	 Inadequate propulsive forces assessed by manometry or imaging

3.	 Criteria fulfilled for the last 3 months with symptom onset at 
least 6 months prior to diagnosis

Dyssynergic defecation

Inappropriate contraction of the pelvic floor or less than 20 % 
relaxation of basal resting sphincter pressure with adequate 
propulsive forces during attempted defecation

Inadequate defecatory propulsion

Inadequate propulsive forces with or without inappropriate 
contraction or less than 20 % relaxation of the anal sphincter during 
attempted defecation

E.N. Roberson and A. Wald



339

with defecation [11]. Older patients are more likely to 
associate constipation with difficulty passing stools and hard 
stools and are more likely to use laxatives [12, 13]. Among 
nursing home residents, the prevalence of constipation is as 
high as 70 % [14].

Chronic constipation is twice as prevalent in women as 
men, although this difference is somewhat attenuated as age 
increases [8, 15]. Dyssynergic defecation is more common in 
women, who also are more likely to have slow transit consti-
pation in addition to dyssynergic defecation [16]. Other fac-
tors reported to be associated with constipation include 
nonwhite race, low income, low education, and physical 
inactivity [17].

�Burden of Disease

Constipation has a negative impact on quality of life [18]. 
Patients with constipation are more likely to visit their health 
care provider, have more emergency room visits, are more 
likely to miss work, and are less productive at work [19]. 
From 2001–2004, there were almost 8 million ambulatory 
visits for constipation in the USA, with an estimated 1.12 
million visits to a gastroenterologist [3, 20]. The annual 
direct cost of constipation per patient was calculated to be 
$7522, with average out of pocket expenses of $390; the fig-
ures were based on administrative claims from patients seen 
in primary care and gastroenterology clinics in a health 
maintenance organization [21]. Colonoscopy is responsible 
for more than one-third of the cost of evaluating constipation 
[6]. More than $800 million dollars is spent on laxatives 
annually in the USA, although an exact estimate is difficult 
as many patients use over-the-counter laxatives [4].

�Physiology of Colonic Transit and Defecation

The primary function of the colon is to absorb water and 
electrolytes, store fecal waste until defecation, and periodi-
cally propel contents toward the anus. Segmental and retro-
grade propulsive contractions slow movement of stool and 
enhance absorption. High amplitude propagated contractions 
(HAPCs) are migrating motor complexes that propel large 
quantities of fecal matter into the sigmoid colon and rectum. 
Colonic motility has a circadian rhythm with maximum 
activity occurring upon awakening and minimal activity dur-
ing sleep. Eating results in increased colonic motility for sev-
eral hours, the magnitude of which varies with the amount 
and composition of food. Colonic transit is also controlled 
by the vagus and pelvic nerves, which carry parasympathetic 
innervations while the sympathetic innervation comes from 
the superior and inferior mesenteric ganglia. Intrinsic motor 
activity is regulated by the enteric nervous system located in 

the myenteric (Auerbach) and submucosal (Meissner) plex-
uses [22].

Normal defecation involves neuromuscular coordination of 
the muscles of the pelvic floor and anal sphincters. The former 
consist of the levator ani and puborectalis muscles (Fig. 25.1) 
whereas the latter include the internal (involuntary) and exter-
nal (voluntary) anal sphincters. A mechanical barrier to stool 
movement is created by the anorectal angulation created by 
the puborectalis which receives innervation through the 
pudendal and perineal nerves; the pudendal nerve alone inner-
vates the external anal sphincter. When defecation is initiated, 
intraabdominal pressures increase while the anal sphincters 
and puborectalis muscle relax. Consequently, the anorectal 
angle widens, the perineum descends, and anal canal pressure 
decreases to allow expulsion of stool [23].

�Pathophysiology of Constipation

Since patients with constipation are frequently treated empir-
ically with conservative measures and over-the counter laxa-
tives and do not undergo diagnostic testing, the precise 
pathophysiology of functional constipation in most patients 
is unknown. However, patients who are refractory to such 
measures should be evaluated for a pelvic floor disorder or 
slow transit constipation. Patients with pelvic floor disorders 
are a diverse group with a common final pathway: they are 
unable to generate sufficient propulsive forces to overcome 
the resistance of the anorectal complex (Table 25.3). In addi-
tion and importantly, such patients may also have slow colon 
transit, either secondary to and/or in addition to a pelvic floor 
disorder. These distinctions become important for manage-
ment because biofeedback retraining is highly effective for 
pelvic floor disorders such as dyssynergic defecation.

Slow transit constipation is defined as chronic constipa-
tion associated with prolonged stool transit through the 
colon as established with diagnostic testing [6]. Some 
patients with slow transit constipation have altered colon 
motility which impedes propulsive movement. Colectomy 
specimens from patients with slow transit constipation have 
revealed decreased interstitial cells of Cajal, the pacemaker 
cells electrically coupled to smooth muscles that generate 
and propagate slow waves in the colon. In the absence of 
these cells, contractile activity of the colon is reduced, 
resulting in decreased intestinal transit [24, 25]. Colonic 
manometry shows few or absent HAPCs in patients with 
slow transit constipation although this is not a universal 
finding. These patients frequently have a decreased response 
to a meal or to pharmacologic stimuli such as bisacodyl or 
neostigmine [26].

Although colon response to feeding and colonic motility 
is not affected by healthy aging, there may be physiologic 
changes affecting colonic physiology and anorectal function 
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in the elderly that may predispose to the development of 
constipation in this population [27]. Additional contributors 
to constipation in an elderly population include impaired 
mobility, poor oral intake, cognitive disorders such as 
dementia, neurologic disorders including Parkinson’s dis-
ease and stroke, and medications. Medications associated 
with constipation and frequently used by elderly persons 
include anticholinergic drugs, calcium supplements, calcium 
channel blockers, non-steroidal anti-inflammatory drugs 
(NSAIDs), and opioid analgesics [2, 17].

�Clinical Aspects

�History and Physical Exam

Duration of symptoms, frequency of stools, and consistency 
of stools should be documented, as well as excessive strain-
ing, feeling of incomplete evacuation, sense of difficulty 
passing stool, and the need for manual maneuvers during 
defecation. The Bristol Stool Scale (Fig.  25.2) is a useful 

Resting

Normal defecation

Pubic symphysis

EAS

IAS

Puborectalis

Muscles of
mechanical

barrier

• Sensory perception of stool
• Rectal distension
• Contract diaphragm, abdomen,

and rectal muscles
• Relax EAS (decreased sphincter

pressure)
• Relax puborectalis muscle

Fig. 25.1  At rest, the 
anorectal mechanics function 
to store fecal waste by the 
angle created by the 
puborectalis muscles and 
contraction of the anal 
sphincters. During defecation, 
the angle decreases and 
puborectalis muscle relaxes 
allowing expulsion of stool 
[23]
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visual representation of stool forms and correlates well with 
colon transit [28]. Other important clinical information 
includes calorie and fiber intake, exercise, onset during child-
hood, and obstetric events. Prior and current use of over-the-
counter and prescription laxatives should be assessed [3].

Clinical evaluation should also focus on excluding 
organic causes (Table  25.2) and the presence of so-called 
alarm symptoms. Alarm symptoms include hematochezia, 
sudden change in bowel habits, unexpected weight loss, 
family history of colon cancer or inflammatory bowel dis-
ease, anemia, and positive fecal occult blood test (Table 25.4). 
Pelvic floor disorders do not respond well to empiric laxa-
tives and thus are important to identify. Excessive straining 
even with soft stools or use of an enema is a symptom that 
may indicate a pelvic floor disorder. Use of perineal or vagi-
nal digital pressure may also suggest a pelvic floor disorder 
or a clinically significant rectocele. Although such history 
can indicate pathophysiology, absence of these symptoms 
does not exclude a pelvic floor disorder [1].

A digital rectal exam (DRE) including simulation of evac-
uation is a key component of the physical examination, 
although it is underutilized in clinical practice because of 
inadequate training and little confidence in performing the 
exam by health care providers [29]. Although a normal exam 

does not exclude dyssynergic defecation, the positive predictive 

value of a DRE in identifying dyssynergic defecation in 
patients with chronic constipation was reported to be 97 % 
by experienced examiners [30]. A DRE is usually, but not 
necessarily, performed in the left lateral position. Inspection 
of the perianal area should evaluate for skin tags, fissures, 
fistulas, hemorrhoids, or anal cancers. Stricture, mass, ten-
derness, blood, or fecal impaction may be noted as the exam-
ining finger enters the anal canal. After resting tone is noted, 
the patient should be asked to bear down. Relaxation of the 
external anal sphincter and puborectalis muscle (above the 
anal canal) in conjunction with the descent of the perineum 

is normal [23].

Fig. 25.2  Bristol stool scale

Table 25.4  Alarm symptoms for chronic constipation

History & physical

Hematochezia

Unexpected weight loss >10 lb

Sudden change in bowel habits after the age of 50

Family history

Colon cancer

Inflammatory bowel disease

Evaluation

Positive fecal occult blood test

Iron deficiency anemia
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�Diagnostic Testing

Patients who present with constipation without alarm symp-
toms may be treated empirically with limited diagnostic 
evaluation. Recent guidelines recommend obtaining a com-
plete blood cell count whereas thyroid-stimulating hormone, 
glucose, creatinine, and calcium should be obtained selec-
tively in patients with a relevant history or physical findings 
[3]. Diagnostic colonoscopy should be performed only in 
patients who require colorectal cancer screening and/or any 
patient with alarm symptoms (see Chap. 12 on colonoscopy 
for details). This recommendation is endorsed by all three of 
the major GI societies and is based, in part, on data that the 
prevalence of colon cancer or polyps is no higher in persons 
with chronic constipation than in those without constipation 
[1, 3, 31].

A pelvic floor disorder should be suspected when consti-
pation responds poorly to laxatives, with reports of excessive 

straining even with soft stools, if digital pressure is routinely 

employed to facilitate evacuation, and/or when DRE is 
suggestive (Fig. 25.3). In this situation, a balloon expulsion 
test in conjunction with anorectal manometry should be 
obtained in a center experienced with these studies. Balloon 
expulsion assesses the ability to expel a balloon filled with 
50 mL warm water or air while the subject is sitting on a 
commode in a private setting; the balloon should be expelled 
within 1 min according to most studies [32]. In one study, 
this simple test had a negative predictive value of 97 %, with 
a sensitivity of 88 % and specificity of 89 % [33]. However, 
balloon expulsion by itself cannot be used to confirm or 
refute a defecation disorder. Therefore, anorectal manometry 
should be performed in conjunction with balloon expulsion 
[34]. During manometry, a small catheter is positioned in the 
rectum and anal canal to measure pressure changes at rest 
and during simulated defecation; other important parameters 
are rectal sensation, rectal pressure volume ratios, and recto-
anal reflexes [35]. New high-resolution catheters have evenly 

distributed sensors that straddle the anal canal allowing 

Fig. 25.3  Algorithm for management of constipation
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pressures to be topographically mapped along a time 
continuum in much greater detail (Fig. 25.4). Patients with 
dyssynergia are unable to generate sufficient propulsive 
force in concert with relaxation of sphincter and puborectalis 
muscle; several patterns have been identified [35].

Defecography is a technique in which contrast thick-
ened to simulate soft stool is injected into the rectum and 
the patient is asked to expel the contrast while sitting on a 
commode. It can suggest dyssynergic defecation using 
various criteria if findings on manometry and balloon 
expulsion are inconsistent. It is also useful to detect struc-
tural causes of defecation difficulty such as a rectocele or 
enterocele which are not identified by other tests. 
Disadvantages of defecography include radiation exposure 
and the performance of the test in a public venue; this may 
be particularly problematic in women and lead to inhibited 
defecation [34, 36].

If dyssynergic defecation is excluded as a cause of chronic 
constipation, radiopaque markers, wireless capsule, or scin-
tigraphy can be used to assess colon transit. These studies 
may be useful to educate and reassure patients about their 
symptoms and occasionally to assess response to therapy [3]. 
A marker study is a non-invasive way to measure colonic 

transit. Patients swallow a capsule containing 24 radiopaque 
markers (Sitzmarks, Konsyl Pharmaceuticals, Fort Worth, 
TX) and a plain abdominal X-ray (110 keV) is obtained five 
days (120 h) later. Normally, greater than 80 % of markers 
will pass by day 5; greater than 6 markers on the X-ray can 
indicate slow transit. A more sophisticated approach is to 
have a patient swallow a Sitzmarks capsule on days 1, 2, and 
3. A plain abdominal X-ray is obtained on day 4 and (if 
greater than 35 markers are present) on day 7. More than 68 
markers on both X-rays (number of markers on day 4 X-ray 
plus number of markers on the day 7 X-ray) indicate slow 
transit [37]. However, since more than half of patients with 
dyssynergic defecation have slow transit that improves with 
correction of the defecation disorder, slow transit constipa-
tion can be diagnosed only in the absence (and successful 
treatment if present) of dyssynergia. Because the presence of 
slow transit does not avoid the need for anorectal manome-
try/balloon expulsion, treatment of pelvic floor disorders is 
with pelvic floor retraining, and initial treatment for slow 
transit constipation is no different than normal transit consti-
pation (i.e., laxatives), recent guidelines recommend that 
anorectal manometry and/or balloon expulsion be performed 
before a colon transit study [6].

Fig. 25.4  Examples of high-resolution manometry in an asymptomatic 
woman (upper panel) and woman with dyssynergic defecation (lower 
panel). The lower panel shows a higher resting pressure, higher squeeze 
pressure, and higher anal pressure during simulated evacuation before 
rectal distension. Rectal sensory thresholds for first sensation (1), 

urgency (2), and maximum discomfort (3) were recorded during rectal 
balloon distention up to 60 ml (upper panel) and 90 ml (lower panel). 
Asymptomatic older women compared to younger women may have 
lower anal resting pressure, shorter high-pressure zone was shorter, but 
maintained squeeze response [57]
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A wireless pH motility capsule (SmartPill, Given, 
Yoqneam, Israel) can provide a radiation-free estimate of 
colonic transit time, gastric emptying, and small bowel 
transit in addition to pH and pressure along the gastroin-
testinal tract. Although approved by the Food and Drug 
Administration to evaluate patients for chronic constipation, 
it may be most appropriate to investigate whole gut transit in 
patients with suspected diffuse motility issues [38, 39]. 
Alternatively, colonic transit scintigraphy can be used to 
assess colonic transit as well as gastric emptying and small 
bowel transit. This technique is commonly used in clinical 
trials to assess responsiveness of medications, but is not 
widely available clinically [35].

Magnetic resonance imaging (MRI) defecography is a 
novel method to assess global pelvic floor anatomy and 
dynamic motion without radiation exposure. If available, 
images should be obtained with the patient in a sitting posi-
tion using an open-configuration MRI to be more physio-

logic. MRI is limited by high cost and lack of availability 
and therefore has a role primarily in identifying structural 
abnormalities [40].

�Special Considerations in the Elderly

Special considerations arise in the elderly with medical ill-
nesses. Although these situations are not unique to the 
elderly, they are more common in older individuals. The 
elderly have more illnesses that can affect bowel function 
directly or indirectly though medications, immobility, and/or 
institutionalization [1]. Limited mobilization and constipat-
ing medications can lead to fecal impaction. Fecal impaction 
is defined as a large mass of stool in the rectum that develops 
in the setting of chronic constipation. In addition to obstipa-
tion, it may present with overflow pseudodiarrhea and fecal 
incontinence. Because of this contradictory presentation, 
fecal impaction is often overlooked and under diagnosed, 
although it is a significant source of morbidity, especially in 
hospitalized elderly patients. Fecal impaction should be 
suspected in elderly patients with a history of chronic consti-
pation who present with abdominal pain, nausea, poor appe-
tite, and even weight loss. Abdominal exam may show a 
tubular mass indicating stool in the rectosigmoid; hard stool 
may be palpable with rectal exam. Fecal impaction can be 
easily diagnosed on a plain abdominal X-ray once the diag-
nosis is considered [41].

Chronic megacolon and megarectum refer to dilation of 
the colon and rectum, respectfully and are usually associated 
with enteric abnormalities and weakening of the connective 
tissue elements of the bowel leading to dilation and thinning 
of the circular smooth muscle of the colon. Megacolon can 
occur chronically in patients with a long history of constipa-
tion. Acquired chronic megacolon may be seen in patients 

with chronic neurologic disorders (spine injury, myotonic 
dystrophy, Parkinson’s disease) and systemic diseases 
including amyloidosis, dermatomyositis, lupus, and sclero-
derma. Patients usually present with increasing constipation 
or fecal impaction. Abdominal X-rays confirm diffuse 
colonic distension with feces or air throughout the colon. 
Megacolon can predispose to a volvulus, or twisting of the 
colon at the mesenteric attachment, producing acute intesti-
nal obstruction. A volvulus most often occurs in the sigmoid 
colon or cecum and can often be diagnosed on abdominal 
X-ray (Fig. 25.5). Sigmoid volvulus is initially treated with 
endoscopic decompression, although more than 80 % will 
recur and will require surgery; cecal volvulus is treated ini-
tially with surgery [42].

�Treatment

In elderly patients who are healthy, constipation should be 
treated in a manner similar to the general population. 
Specifically, after appropriate tests are done, and if pelvic 
dyssynergia is not suspected based on clinical presentation 
or exam, an empiric and conservative approach should be 
taken. These empiric measures are safe and recommended 
by experts [43]. Management should begin with discontinu-
ation of constipating medications if possible, exercise, estab-
lishment of a bowel routine, and a gradual increase in dietary 
or supplemental fiber. Patients should be advised to heed the 

Fig. 25.5  Abdominal X-ray of volvulus
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call to stool, especially in the morning, and set a routine time 
each day to have a bowel movement [2, 23]. Except in the 
case of dehydration, there is no merit to increasing fluid 
intake beyond normal requirements, as it will serve only to 
increase urination [6]. An osmotic laxative such as polyeth-
ylene glycol (17 g daily, adjusted as needed) is an effective, 
inexpensive addition. If needed, a stimulant laxative or sup-
pository (bisacodyl) can be added several times a week or 
daily. Newer, more expensive prescription agents (lubipros-
tone, linaclotide) could be considered if response to non-
prescription agents is unsatisfactory. Treatment failure 
should lead to consideration of a defecation disorder and 
obtaining appropriate diagnostic tests (see above).

Treatment of fecal impaction entails manual disimpac-
tion, enemas, and perhaps oral laxatives, usually polyethyl-
ene glycol. In contrast to chronic constipation, treatment of 
chronic megacolon includes a low fiber diet in addition to 
aggressive laxative use to prevent fecal impactions. If symp-
toms of megacolon are intractable and disabling, if sigmoid 
volvulus is not responsive to attempts to untwist the bowel or 
recurs, or if there is a cecal volvulus, surgery should be per-
formed. If anal sphincter function is intact, this entails a sub 
subtotal colectomy with ileorectal anastomosis; alternatively, 
a Hartmann’s pouch could be performed.

�Medical Treatment of Functional Constipation

�Bulking Agents

Bulking agents are organic polymers that increase stool bulk 
and consistency, thereby increasing colon motility and short-
ening colon transit time. Included in this category are natural 
soluble fiber (psyllium, ispaghula), insoluble fiber (bran), 
and synthetic fibers such as methylcellulose and calcium 
polycarbophil. Fiber-rich foods include fruits, vegetables, 
nuts, bran, and beans. Published studies of fiber in chronic 
constipation have generally been small, poorly designed, 
assessed for relatively short periods of time, and have not 
used rigorous definitions such as Rome criteria to select 
patients. However, fiber is recommended as a first line ther-
apy for constipation because of its good safety profile, low 
cost, and other potential health benefits [1]. Prunes (50  g 
prunes/6 g fiber once to twice daily), which improve stool 
frequency and consistency and decrease straining, are a good 
alternative to fiber for those who like them [36, 44]. Common 
side effects include bloating and flatulence, which occur 
more often with insoluble fiber and may be less common 
with synthetic fiber. Bowel obstruction occurs rarely [1]. The 
effect of fiber supplementation is gradual and may take sev-
eral weeks. Patients should also be warned about the side 
effects of increased bloating and flatulence although these 
may subside after several days to weeks; alternatively, 

patients can try a different fiber supplement. To minimize 
side effects, fiber should be increased slowly, about 5 g daily 
every 1–2 weeks according to tolerance and improved symp-
toms [2]. Bulking agents are ineffective in patients with slow 
transit constipation and dyssynergic defecation and often 
make symptoms worse.

�Stool Softeners and Probiotics

Stool softeners (docusate) act as detergents to allow water to 
permeate stool, thereby softening it. Although FDA approved 
for treatment of occasional constipation, there is insufficient 
evidence for use in chronic constipation [1]. Preliminary 
data suggest that Bifidobacterium lactis, Lactobacillus casei, 
and Escherichia coli Nissle may improve stool frequency 
and consistency in constipation, but data and safety profiles 
are limited and probiotics should be considered investiga-
tional at the present time [45].

�Stimulant Laxatives

Stimulant laxatives increase intestinal motility by inhibiting 
water absorption and stimulating the myenteric plexus. 
Bisacodyl is included in this category, as are castor oil and 
anthraquinones (senna, cascara sagrada, rhubarb, frangula, 
and aloe). Sodium picosulfate is a diphenylmethane laxative 
closely related to bisacodyl. It is available in the USA only in 
a combined form with magnesium oxide marketed as a colo-
noscopy prep (Prepopik, Ferring Pharmaceuticals Inc., 
Parsippany, NJ) and is currently available only in Europe. 
Although older studies were poorly designed by today’s stan-
dards, several high quality recent clinical trials of bisacodyl 
and picosulfate have demonstrated improved stool frequency 
and quality of life [46, 47]. Stimulant laxatives may be used 
up to but not more than once daily, in addition to or instead of 
a daily osmotic laxative [48]. Side effects of stimulant laxa-
tives include abdominal cramps, diarrhea, and, very infre-
quently, electrolyte abnormalities. Hepatotoxicity has been 
reported with senna and cascara sagrada, although this may 
be dose related [49, 50]. Melanosis coli is a dark brown pig-
mentation of the colon mucosa seen in patients who chroni-
cally use anthraquinones, and is more prominent in the 
proximal colon. Colonic bacteria convert these laxatives to 
compounds that induce apoptosis of colon epithelial cells. 
Macrophages ingest and convert the compound to a black 
pigment called lipofuscin. Melanosis coli is functionally 
inconsequential; it occurs after months of use and may take 
months to resolve after discontinuation. It is not associated 
with the development of colon cancer. There is no evidence 
that stimulant laxatives cause permanent damage to either the 
colonic musculature or enteric nervous system [48].
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�Osmotic Laxatives

Osmotic laxatives contain poorly absorbed compounds that 
retain luminal water and result in increased stool water con-
tent, softer stools, and enhanced propulsion of stool through 
the colon. This class includes sorbitol, magnesium salts, 
lactulose, and polyethylene glycol (PEG) [10]. The efficacy 
and safety of PEG is extensively documented in the literature 
and it is available without prescription [43]. Side effects of 
all osmotic laxatives include abdominal cramping, nausea, 
bloating, and flatulence. High doses of PEG in elderly nurs-
ing home patients have been associated with diarrhea and 
excessive stool frequency but this is easily modulated with 
dose adjustments. Lactulose is also effective but is not as 
well tolerated, as it causes gas and is more expensive than 
PEG. Electrolyte abnormalities (hypermagnesemia, hyper-
phosphatemia, hypercalcemia, hyponatremia, hypokalemia) 
are more likely to occur with magnesium compounds, which 
should be used cautiously in older persons who often have 
renal impairment [1].

�Intestinal Secretagogues

When constipation is refractory to non-prescription laxa-
tives, newer prescription-based pharmacologic agents should 
be considered. Lubiprostone is a selective chloride channel-2 
activator which stimulates active secretion of chloride into 
the intestinal lumen followed by passive diffusion of sodium 
and water, thus accelerating small intestine and colon transit 
and facilitating defecation [6]. Lubiprostone 24 mcg twice 
daily improves stool frequency in short-term studies of 
chronic constipation [51, 52] and is also approved for IBS-C 
at a dose of 8 μg twice daily. Commonly reported side effects 
include nausea, diarrhea, and headache. Interestingly, fewer 
side effects have been reported in patients older than 65 years 
[2]. Linaclotide is a gut-selective guanylate cyclase-C recep-
tor agonist which also increases chloride secretion in the 
intestinal lumen using the CFTR channel. Studies showed 
linaclotide improves stool frequency and consistency and 
also quality of life in patients with constipation. Diarrhea is 
the predominant side effect. Linaclotide has recently been 
approved and is now available for both IBS-C and chronic 
constipation (dosage: 290 μg and 145 μg, respectively) [23].

�Treatment of Defecation Disorders

Pelvic floor retraining using biofeedback is the treatment of 
choice in patients with disordered defecation. Biofeedback 
therapy trains patients to use their abdominal muscles to make 
a propulsive force while simultaneously relaxing the pelvic 
floor muscles, thus promoting defecation. This is done with 

electromyographic sensors or pressure transducers in conjunc-
tion with visual or auditory feedback to retrain these muscles. 
Rectal sensory retraining can also be performed, which 
improves patient recognition of rectal filling. In many patients 
with dyssynergic defecation and slow colon transit, correction 
of dyssynergia is associated with improved colon transit, sug-
gesting that colon dysmotility was not the primary reason for 
slow transit. Clinical trials have shown improved symptoms of 
defecation in more than 70 % of patients who fulfill diagnostic 
criteria for a defecation disorder [53, 54]. Biofeedback has 
been shown to be more effective than sham biofeedback or 
PEG and has minimal side effects [55]. A typical training pro-
gram consists of 6 training sessions lasting 30–60 min every 
1–2 weeks. Crucial to the success of biofeedback is the 
patient’s cognition, receptiveness and motivation to the ther-
apy, as well as the therapist’s experience [6]. Cognitive distur-
bances, such as may be found in elderly or institutionalized 
individuals, limit usefulness of biofeedback in these popula-
tions. Biofeedback therapy at home may be an effective and 
alternative option. This consists of patients placing a dispos-
able two-sensor probe that is attached to a display box into the 
rectum and gives visual input regarding patient’s performance. 
Cost may limit use, as home biofeedback is not currently cov-
ered by insurance plans [23].

�Treatment of Slow Transit Constipation

In a very selective patient population with slow transit con-
stipation, a subtotal colectomy with ileorectal anastomosis 
may be an effective alternative. Critical to success are nor-
mal continence mechanisms. Patients must have failed 
aggressive therapy of laxative agents. Dyssynergic defeca-
tion should be absent or, if present, treated successfully. 
Additionally, a more diffuse motility disorder should be 
ruled out with gastric and small intestine motility studies. 
Patient’s expectations should include improvement of consti-
pation only, because bloating and abdominal pain are often 
not improved [6]. Given these strict criteria, it is unusual to 
pursue a subtotal colectomy in elderly patients. An alterna-
tive medical management would include misoprostol in 
addition to polyethylene glycol. Misoprostol should be dosed 
once a day to minimize side effects of cramping [56, 57].

�Key Points

•	 Constipation is defined as unsatisfactory defecation 
consisting of a variable combination of infrequent stools 
(less than 3 per week), hard or lumpy stools, and symp-
toms such as excessive straining, feeling of incomplete evac-
uation, sense of difficulty passing stool, or the need for 
manual maneuvers during defecation.
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•	 Chronic constipation is defined as constipation for more 
than 3 months and may be distinguished from constipa-
tion predominant IBS (IBS – C) by the lack of significant 
abdominal discomfort or pain.

•	 Constipation is common in patients older than 65 years, 
especially in nursing home settings, and is twice as com-
mon in women as men.

•	 A defecation disorder may result from inadequate propul-
sive forces and/or increased resistance to evacuation 
caused by incoordination of abdominal, rectal, and anal 
muscles; it is best treated with pelvic floor retraining 
using biofeedback.

•	 Defecation disorders frequently cause secondary slow 
transit, and need to be ruled out or adequately treated 
before a diagnosis of slow transit constipation is made.

•	 All patients with chronic constipation should have a com-
plete blood cell count, but further laboratory evaluation is 
needed only if clinical suspicion exists.

•	 Colonoscopy should be performed in individuals needing 
colon cancer screening or manifesting “alarm symptoms.”

•	 Although not unique to the elderly, constipating medica-
tions, immobility, and medical conditions should be con-
sidered in evaluating and treating elderly patients.

•	 Constipation in otherwise healthy elderly patients should 
be treated with empiric conservative measures including 
discontinuation of constipating medications if possible, 
exercise, bowel routine, and gradual increase in dietary or 
supplemental fiber; an osmotic laxative such as polyeth-
ylene glycol or a stimulant may be added as necessary.
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�Introduction

Surgeons create an ostomy as a means to connect a patient’s 
internal organ to the skin surface [1]. The terms ostomy and 
stoma are frequently used interchangeably, but the two terms 
originate from unique terms. Ostomy is derived from the 
Latin word ostium, meaning mouth or opening. Stoma origi-
nates from the Greek word denoting mouth [1]. In abdominal 
surgery, ostomies are usually constructed from the small or 
large bowel. Jejunostomy refers to an ostomy created using 
the jejunum, ileostomy from the ileum, and colostomy from 
the colon. Other intestinal sites such as the appendix and 
cecum have limited indications, and will not be discussed in 
this chapter [2]. Colostomies and ileostomies are the most 
common intestinal stomas and will be the focus of this 
chapter [2].

�Preoperative Preparation

It is essential that patients be counseled preoperatively about 
the potential creation of an ostomy. For many patients, hav-
ing an ostomy can initially be a traumatic experience, and 
ample preparation and education can improve the experi-
ence. If available, patients who might have an ostomy cre-
ated should meet with an enterostomal therapist or ostomy 
nurse in advance of the procedure [1]. This meeting should 
include basic information as well as selection of a site on the 

skin for the stoma. The decision to create a stoma should not 
be taken lightly, and including the patient in the decision 
making process is important to their future adjustment to the 
stoma [3, 4].

�Indications for Ostomies

Indications for ostomy creation are varied. General indica-
tions for ostomies are to bypass an area of obstruction, con-
trol severe incontinence or dysmotility, or protect an 
anastomosis or area of the bowel distal to the ostomy [5]. 
Ostomies are created as part of the surgical treatment of a 
wide range of diseases including GI trauma, diverticulitis, 
perforation, fecal incontinence, constipation, intestinal 
obstruction, infectious colitis, ischemic colitis, radiation 
colitis, colorectal cancer, fistulas, abscesses, or inflammatory 
bowel disease (Crohn’s disease and ulcerative colitis) all 
may require the creation of an ostomy (Table 26.1).

The definition of pelvic floor disorders varies but generally 
refers to urinary or anal incontinence, symptoms of prolapse, 
constipation, obstructed defecation, and any type of vaginal or 
bladder repair [8, 9]. Pelvic floor disorders are associated with 
the female gender, advancing age and parity [8, 9]. Overall 
prevalence of pelvic floor dysfunction among women ranges 
from 37 to 67.7 % whereas among men the rate has been 
reported as only 11.1 % [8–10]. The leading indications for a 
stoma related to pelvic floor dysfunction are constipation, 
fecal incontinence, or general pelvic floor dysfunction.

Fecal incontinence is a common problem for elderly 
patients affecting 3–21 % of community dwelling elderly, 
with increased prevalence in hospitalized elderly patients 
[11]. Creating an ostomy should not always be looked at as 
the last resort or a failure for fecal incontinence patients [12]. 
Patients with fecal incontinence fear that a stoma will lead to 
deterioration in their quality of life but are frequently pleasantly 
surprised with the improvement in lifestyle post-surgery 
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[13]. A colostomy for incontinence helps create a manage-
able abdominal stoma in the place of a previously unman-
ageable perineal stoma [14]. On average after surgery, 
patients report high social function, and higher scores in cop-
ing, embarrassment, lifestyle and depression scales than 
those living with fecal incontinence. The quality of the stoma 
is the most important indicator of patient satisfaction after 
surgery [11, 13, 14].

�Temporary vs. Permanent

A stoma can be constructed under the pretense of being either 
temporary or permanent. The surgical indication drives the 
decision as to whether the stoma should be permanent or not. 
A temporary stoma is typically created to divert the fecal 
stream in order to protect a distal anastomosis while it heals 
and prevent fecal contamination in the event of an anastomotic 
leak. In considering a de-functioning ostomy, the benefits of 
stoma formation (and risk of anastomotic leak from the pri-
mary anastomosis) must be weighed against the risk of addi-
tional surgery for ostomy closure. Anastomotic leakage from a 
primary colorectal anastomosis varies depending on the loca-
tion of the anastomosis and the surgical indication, but has 
been reported for low anastomosis to range between 2.6 and 
26.2 % [15, 16]. Diversion of the fecal stream in high-risk 
patients will prevent fecal contamination and peritonitis in the 
event of anastomotic leak [16–19]. The morbidity rate of elec-
tive stoma closure is up to 36.5 % and carries a mortality rate 
of 1–4 % [16, 20]. Preoperatively, it is important to counsel 
patients that temporary ostomies may become permanent. At 
least 15 % of temporary ostomies are not closed [21, 22].

A permanent stoma may be necessary when there is no 
distal intestine to restore bowel continuity, for example in 
abdominoperineal resections where the anorectum is 
removed due to cancer. A permanent stoma may also be indi-
cated to treat severe fecal incontinence. Complications of the 
underlying disease state or treatments may prevent restora-
tion of intestinal continuity [1]. In general, permanent sto-
mas are created as end ostomies, and temporary ostomies are 
created as loop ostomies [23].

�Fecal Diversion: Loop Colostomy vs. Loop 
Ileostomy

A loop colostomy or a loop ileostomy may be used for the 
creation of a de-functioning temporary stoma. In general, 
loop ileostomies are preferred over loop colostomies. 
Typically, loop ileostomies are easier to care for due to their 
accessibility and smaller size [17]. Ileostomies have fewer 
stoma management problems and require less appliance 
changes [24]. Loop ileostomies have a lower risk of sepsis 
and stoma prolapse, and the procedure is associated with a 
lower wound infection and incisional hernia rate [18, 25]. 
For the most part, reversal of a loop ileostomy is more 
straightforward, and associated with a shorter length of stay 
and lower rate of postoperative morbidity [6, 26, 27].

�Ostomy Site Selection

It is important to determine the optimal site for a stoma prior to 
surgery. Site selection is best done with the ostomy nurse or 
enterostomal therapist, surgeon, and patient. The site should be 
assessed with the patient sitting, standing, and lying down. 
First, it is essential to find a spot that is flat and where there are 
few skin folds to allow the appliance adhesive to fix properly to 
the abdominal wall [28]. Second, the patient must be able to see 
and manipulate the stoma. Some patients prefer the stoma to be 
located below the beltline, if possible, to conceal the stoma and 
bag. Finding a good site can be particularly challenging in 
patients who are obese, have excess abdominal skin, or a his-
tory of multiple abdominal surgeries/scars. In obese or wheel-
chair bound patients, stoma placement in the upper abdominal 
quadrants is an option to allow for better visualization and self-
care. Ostomies are usually placed overlying the right or left 
rectus muscle—generally ileostomies are on the right side and 
colostomies are on the left side [2, 6, 22, 28, 29]. Poor site 
selection can have a devastating impact on patient quality of 
life with failure of the appliance to adhere leading to excessive 
leakage and skin excoriation. Studies have demonstrated an asso-
ciation of failure to have a patient preoperatively marked for a 
stoma and an increase in stoma related complications, particu-
larly skin excoriation (Fig. 26.1) [28–30].

Table 26.1  Indications for ostomy construction [5–7]

•	 Fecal Incontinence—aging, central or peripheral nerve damage, 
internal and external sphincter damage, weak sphincter muscles, 
changes in rectal capacity or sensation

•	 Constipation or obstructed defecation

•	 Diverticular disease

•	 Obstruction

•	 Abdominal or perineal trauma

•	 Rectal injury

•	 Perforation

•	 Infectious or infectious colitis

•	 Radiation enteritis

•	 Colorectal cancer resections

•	 Inflammatory bowel disease—ulcerative colitis, Crohn’s disease

•	 Motility or functional disorders—idiopathic megarectum and 
megacolon

•	 Congenital disorders—imperforate anus, Hirschsprungs, 
necrotizing enterocolitis, intestinal atresias

•	 Complex anorectal disease

•	 Fecal stream diversion—protecting a low colorectal or ileoanal 
anastomosis, complex fistula, abscess, treatment of anastomotic leak
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�Operative Approach

�Creation of Stoma Aperture

Ostomy creation is usually done at the end of an operation. 
The operative principles of ostomy creation are similar in 
laparoscopic and open cases. The appropriate segment of 
bowel is identified and adequately mobilized to allow it to 
reach the anterior abdominal wall without any tension on the 
mesentery. Then a circular skin incision (2–4 cm in diame-
ter) is made at the site of the preoperative marking and the 
disc of skin is excised. Although there is variation in surgeon 
practice, leaving some of the subcutaneous fat behind may 
help prevent stoma retraction. The anterior rectus sheath is 
then identified and a vertical or cruciate incision is made 
(surgeon preference). The underlying rectus muscle is split 

in the direction of the muscle fibers with simple retraction or 
the tips of heavy scissors. Electrocautery is used to divide the 
posterior fascia and peritoneum with care to protect the 
abdominal viscera. A general rule is the fascial defect should 
be two fingerbreadths width to prevent a functional narrow-
ing in the ostomy (Fig. 26.2) [2, 6, 31].

A Babcock clamp is passed through the skin opening into 
the peritoneal cavity and placed on a segment of bowel. In an 
end ostomy, the bowel is gently brought through the fascial 
opening with a Babcock. With a loop stoma, a Penrose drain or 
umbilical tape is placed through the mesentery below the site 
of the planned ostomy opening. The drain or tape is grasped 
with the Babcock and the bowel is gently brought through the 
abdominal wall. The bowel should protrude 2–5 cm above the 
skin once passed through the skin opening. Once the bowel has 
been passed through the fascial defect, the primary abdominal 

Fig. 26.1  Head depicted towards the right in above images (a–c). (a) 
Laparotomy incision and colostomy site. Note the incision is taken to 
patient’s right around the umbilicus, away from the colostomy. (b) End 
colostomy. (c) Loop colostomy. Head depicted towards the left in above 
images (d–f). (d) Laparotomy incision and ileostomy site. Note the 

incision is taken to patient’s left around the umbilicus, away from the 
ileostomy. (e) End ileostomy. (f) Loop ileostomy. Illustration from John 
L. Cameron and Corinne Sandone, Atlas of Gastrointestinal Surgery, 
2nd edition, Vol. II; used with permission from People’s Medical 
Publishing House—USA, Shelton, CT
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incision is closed to prevent contamination from opening the 
bowel while maturing the ostomy [2, 6, 31].

�Maturation of the Stoma

Maturing the ostomy involves everting the edges of the 
bowel to create a spout to direct the ostomy output into the 
appliance and allow the appliance to seal around the stoma 
edge. Eversion also prevents stricture formation. In end osto-
mies, the previous staple line is excised. For an end colos-
tomy, the bowel should protrude about 2–3  cm above the 
abdominal skin while an end ileostomy should protrude 
about 5 cm above the skin. The exteriorized bowel is then 
everted. With eversion, an end colostomy should protrude 
1–1.5  cm, and an end ileostomy should protrude about 
2.5 cm to ensure a sufficient spout for the output to drain into 
the pouch without causing leakage onto the skin. Four inter-
rupted absorbable sutures are placed in each quadrant to 
mature an end stoma. These are full-thickness bites at the end 
of the colon, then a seromuscular bite of the emerging colon 
at the skin layer, and lastly a bite through the subepidermal 
layer of the skin opening. In between the four sutures are 
interrupted sutures that are full-thickness bites of the end of 

the colon and subepidermal bites of the skin edge (Figs. 26.3 
and 26.4) [2, 6, 31].

In loop colostomies, a transverse incision is made in the 
apex of the bowel loop on the anti-mesenteric side. The 
Penrose drain or umbilical tape is replaced with a bridge or 
rod to support the loop at the level of the skin. The cut edges 
of the bowel are everted, and sutured to the skin with full-
thickness bites through the colon and subepidermal bites of 
the skin. In creating a loop ileostomy, a semilunar incision in 
the distal limb of the ileal loop is made, preserving the mes-
entery. The cut edge in the proximal limb of the bowel loop 
is everted to create a spout. Absorbable sutures take bites 
through the cut edge of the ileum and the subepidermal skin 
layer. On the proximal limb side some sutures also should 
take bites through the serosa of the emerging ileum at skin 
level. The distal limb is sutured flush to the skin level 
(Figs. 26.5 and 26.6) [2, 6, 31].

�Ostomy Management

Patient education on ostomy management starts preopera-
tively once the decision for surgery has been made. 
Education before surgery helps to reduce anxiety and 

Fig. 26.2  Opening of the 
abdominal wall. (a) Disc of 
skin and fatty tissue excised. 
(b) Rectus muscle, posterior 
fascia, and peritoneum incised 
longitudinally. (c) Widening  
of the fascial defect to 
approximately two 
fingerbreadths. Illustration 
from John L. Cameron and 
Corinne Sandone, Atlas of 
Gastrointestinal Surgery, 2nd 
edition, Vol. II; used with 
permission from People’s 
Medical Publishing House—
USA, Shelton, CT
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Fig. 26.3  Maturation of an 
end colostomy. (a) Excision 
of the staple line. (b) Eversion 
of the bowel and suturing of 
the everted mucosa to the 
skin. Head is depicted 
towards the left in  
above images. Illustration 
from John L. Cameron and 
Corinne Sandone, Atlas of 
Gastrointestinal Surgery, 2nd 
edition, Vol. II; used with 
permission from People’s 
Medical Publishing House—
USA, Shelton, CT

Fig. 26.4  Maturation of an 
end ileostomy. (a) Babcock 
clamp used to guide the bowel 
through the abdominal defect. 
(b–c) Eversion of the bowel 
and suturing of the everted 
mucosa to the skin. Head is 
depicted towards the right in 
above images. Illustration 
from John L. Cameron and 
Corinne Sandone, Atlas of 
Gastrointestinal Surgery, 2nd 
edition, Vol. II; used with 
permission from People’s 
Medical Publishing House—
USA, Shelton, CT
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Fig. 26.5  Maturation of a 
loop colostomy. (a) Umbilical 
tape or Penrose drain used to 
guide the bowel loop through 
the abdominal defect. (b) 
Umbilical tape or Penrose 
drain replaced with a support 
bridge or rod under bowel 
loop. Incision in the apex of 
the bowel loop. (c) Eversion 
of the bowel and suturing of 
the everted bowel to the skin. 
Illustration from John 
L. Cameron and Corinne 
Sandone, Atlas of 
Gastrointestinal Surgery, 2nd 
edition, Vol. II; used with 
permission from People’s 
Medical Publishing House—
USA, Shelton, CT

Fig. 26.6  Maturation of a 
loop ileostomy. (a) Umbilical 
tape or Penrose drain used to 
guide the loop of bowel 
through the abdominal defect. 
(b) Umbilical tape or Penrose 
drain replaced with a support 
bridge or rod under bowel 
loop. Incision in  
the apex of the bowel loop. 
(c) Eversion of the bowel and 
suturing of the everted 
mucosa  
to the skin. Head is depicted 
to the right in above images. 
Illustration from John 
L. Cameron and Corinne 
Sandone, Atlas of 
Gastrointestinal Surgery, 2nd 
edition, Vol. II; used with 
permission from People’s 
Medical Publishing House—
USA, Shelton, CT
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stress related to a new ostomy, and eases the postoperative 
recovery process [5]. Following surgery, it is best practice 
for an enterostomal nurse to educate patients on appliance 
use, emptying and changing pouches, and caring for the 
peristomal skin. This should be done prior to hospital dis-
charge [22].

�Stoma Appearance

In the operating room, a clear pouch is usually applied to 
the peristomal skin to allow for visualization of the stoma 
and the ostomy output. The stoma tissue will appear pink 
or red and moist. A stoma should be watched carefully, if 
it appears brown, black, grey or flaccid, all signs concern-
ing for ischemia [5]. Most stomas will be edematous after 
surgery having a taut, shiny appearance. The stoma typi-
cally shrinks over the next 6–8 weeks—the changing 
stoma size will require refitting of the ostomy appliance 
[5, 32]. Some minor bleeding may occur with the stoma 
during cleaning or trauma to the stoma, this is usually self-
limited [32].

�Appliance Products

Pouching systems provide a secure sealed system to collect 
ostomy output and protect the peristomal skin. In addition to 
the pouching system itself, many products are used to ensure 
a well-sealed system including sealants, barriers, cleansers, 
and adhesives [32]. Pouches are available in one- or two-
piece systems and may be reusable or disposable. One-piece 
pouches have an attached adhesive skin barrier, whereas 
two-piece pouches must be snapped onto a separate adhesive 
skin barrier [32]. Two-piece pouches allow the pouch portion 
to be changed independently of the adhesive skin barrier 
portion. Most pouches require patients to measure the size of 
their stoma in order to cut the skin barrier opening to appro-
priately fit the stoma with a 2–3 mm margin [1]. Given the 
vast variety of pouching systems and ostomy products 
available, the enterostomal nurse and patient should discuss 
the best option for the patient’s needs [32].

�Ostomy Output

Ostomy output varies depending on the location of the stoma 
in the intestine. The more proximal the stoma, the less sur-
face area available for water and electrolyte absorption, 
therefore proximal stomas have a more liquid ostomy output. 
Ileostomy output in the immediate postoperative period 
tends to be liquid bilious green that thickens over the week 
following surgery to a more yellow-brown watery porridge 

consistency. Right-sided colostomies have a high volume 
output that is malodorous from the colonic bacteria—these 
ostomies should be avoided whenever possible. In contrast, 
left sided colostomies have formed output similar to the stool 
passed from the anorectum and are very manageable [6].

Patients with long-term ileostomies usually have about 
500 ml of effluent per day, but this can increase to 1000–
1500  ml/day depending on dietary intake and underlying 
conditions. In the postoperative period, an ileostomy usually 
produces a higher volume of up to 1000–3000 ml a day. In 
this case, the risk of dehydration is greater [6, 33]. Ileostomy 
output peaks on postoperative day 4 and then, in most cases, 
the output will thicken and have lower total daily volume 
[34]. Due to the liquid nature of ileostomy output, typically 
500  ml of water is lost daily along with an average of 
60 mmol of sodium per day, 2–3 times the normal amount of 
fecal sodium. Therefore, ileostomy patients are in a state of 
chronic sodium depletion, dehydration, and hyperaldoste-
ronism. Most patients are able to drink sufficient fluid to 
compensate for their extra loses. In the immediate postopera-
tive period when the output is higher, this may not be possi-
ble despite the use of antidiarrheal medications like Imodium, 
loperamide, and dilute tincture of opium. Ideally the patient 
will not be discharged until the ileostomy output is less than 
1000  ml/day. Dehydration is a leading cause of hospital 
readmission in ileostomy patients. Evidence is emerging that 
increased education and aggressive use of antidiarrheal med-
ications may help avoid readmission in this patient group. In 
the event that the patient’s ostomy output is refractory to 
medicinal and dietary management, consideration should be 
made for placement of an intravenous line to be used at home 
for resuscitative fluid therapy [23, 26].

It is increasingly recognized that Clostridium difficile 
infection can be a cause of high output ileostomies. Evidence 
suggests that C. difficile can act pathologically similar in the 
small bowel as in the colon causing pseudomembranous enter-
itis and may be responsible for some high output ileostomies 
[35]. Ileostomy output cultures for C. difficile toxins, PCR 
assays, or enzyme immunoassay should be performed to eval-
uate for C. difficile infection, especially in the setting of recent 
antibiotic therapy, recent hospitalization, gastrointestinal 
manipulation, or older age [36–38]. Delaying diagnosis due to 
the rarity Clostridium difficile enteritis should be avoided, as 
delaying treatment is largely responsible for the high mortality 
rate in these high output ileostomy patients [35].

�Postoperative Complications

Stomal-related complications are fairly common and can neg-
atively impact a patient’s ability to adapt to their ostomy [39]. 
The complication rate for ostomies has been reported any-
where between 21 and 70 % depending on ostomy type. In 
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end colostomies up to 51 % of patients developed complica-
tions [40]. Among ileostomy patients, reported complication 
rates vary by surgical indication—in ulcerative colitis com-
plication rates approach 76 % whereas in Crohn’s disease the 
incidence of complications is about 59 % [26, 41, 42]. Many 
patient related factors such as advancing patient age, body-
mass index greater than 30 kg/m2, diabetes, ASA class, emer-
gency procedures, and musculoskeletal co-morbidities are 
associated with increased incidence of stoma related compli-
cations. An association between stoma complications and 
mortality has been identified [30, 39, 43–46]. Although not all 
risk factors are modifiable, preoperative counseling regarding 
stomal-related risks and a visit with an enterostomal therapist 
may prevent some postoperative complications. The majority 
of complications can be treated conservatively [44, 47]. The 
first choice in operative treatment of stomal complications is 
to restore intestinal continuity, if feasible.

�Vascular Compromise

It is essential that ostomies have excellent vascular supply. In 
the event that the vascular supply is compromised, anything 
from mild ischemia to frank necrosis may occur. During sur-
gery damage to the mucosa or mesentery may either disrupt 
the blood supply or result in vasospasm, which could com-
promise the blood supply and cause the stoma to turn dusky 
or dark. If this happens, the mucosa will slough off with 
time, and stenosis and/or retraction may occur. Tension on 
the mesentery or poor collateral arterial supply may also 
compromise stoma viability and lead to necrosis. Especially 
in obese patients with thick abdominal walls, it is essential to 
have excellent mobility on the bowel to prevent devascular-
ization. If the mesentery is fatty, the stoma orifice in the fas-
cia and skin may need to be enlarged [28]. A needle may be 
used to scratch the serosa, if the serosa bleeds that is an 
encouraging sign that the vascular supple is sufficient. 
Ischemia noted in the operating room should be immediately 
revised. If it is noted postoperatively, superficial necrosis can 
be watched as it often improves on its own, but if the necrosis 
extends into the abdominal cavity, then urgent reoperation is 
necessary to prevent intraperitoneal contamination [28].

�Retraction

Stoma retraction is defined as the stoma sitting half a centi-
meter or more below the skin surface within 6 weeks of sur-
gery and requires surgical intervention [23]. Retraction may 
occur when there is too much tension on the bowel or mesen-
tery from insufficient mobilization. Risk factors for retrac-
tion are compromised wound healing (diabetic or 

malnourished patients) and obesity. Acute retraction with 
mucocutaneous separation can cause subcutaneous or sub-
fascial contamination, peritonitis, and sepsis—necessitating 
immediate laparotomy. Retraction without mucocutaneous 
separation makes appliance fitting challenging, which in turn 
leads to fecal leakage and skin irritation. Definitive treatment 
for retraction is stoma revision. In some cases, minor issues 
may be addressed by revising the stoma with a small incision 
around the orifice, but frequently revision requires a laparot-
omy incision and complete revision of the ostomy [26, 28].

�Prolapse

Stoma prolapse occurs when the proximal bowel intussus-
cepts and the full thickness of the bowel protrudes through 
the stomal opening increasing the length of the stoma [23, 
26, 43]. Prolapse results from redundancy in the bowel near 
the stoma, and/or failure of the bowel to adhere to the abdom-
inal wall close to the stoma site. Prolapse is most common in 
patients with loop colostomies but prolapse may occur with 
all stoma types. Usually patients with stoma prolapse have 
discomfort or difficulty fitting their appliance. If a patient 
has symptoms of obstruction, incarceration, or strangulation, 
these are absolute indications for repair. A higher incidence 
of prolapse is seen in patients with obesity, bowel obstruction 
at the time of stoma construction, no preoperative stoma site 
marking by an enterostomal nurse, and older patients [26].

In the acute setting of a prolapsed stoma, granulated sugar 
can be applied topically to the edematous stoma to decrease 
the mucosal edema and allow for manual reduction. If there 
is any change in the color of the stoma, signs of ischemia, or 
gangrene surgical consultation should be sought. Surgical 
options are resection, revision, or relocation. Resection is 
normally used with end ostomies where the redundant bowel 
segment is resected followed by rematuration of the stoma. A 
loop stoma may be revised into an end or end-loop stoma. 
Stoma relocation is also an option, especially a consideration 
in cases with poor stoma location or a concurrent parastomal 
hernia. When bowel continuity can be restored that is the 
best treatment option [2, 23, 26].

�Parastomal Herniation

A parastomal hernia is defined as an incisional hernia associ-
ated with the incision for the stoma opening [48]. Hernias 
often become more apparent with increased intra-abdominal 
pressure (Valsalva maneuver) [26]. The hernia rate after 
colostomy construction is higher than following ileostomy 
construction [49]. The location of where to the mature the 
stoma and its relation to herniation risk remains debated. 
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Traditionally, it has been recommended to bring the stoma 
through the body of the abdominis rectus muscle, although 
reports are conflicting on the relationship between the tran-
srectus approach and the risk of herniation [41, 49]. The size 
of the fascial abdominal opening is crucial as making the 
aperture too small can constrict the bowel or obstruct blood 
flow whereas an aperture too large may allow for extra bowel 
loops to pass through resulting in a parastomal hernia. It is 
best to create the smallest opening possible for a stoma with-
out causing ischemia [26, 28, 48]. Increasing aperture size is 
predictive of hernia development with each 1-millimeter 
increase there is a 10 % increase in the risk of developing a 
hernia [26]. Also with increasing age, the risk of hernia 
development increases 4 % per each additional year. Obesity, 
postoperative weight gain, poor nutritional status, immuno-
suppressive medications, emergent creation, wound sepsis, 
disseminated malignancy, and chronic elevation of intra-
abdominal pressure, like chronic obstructive pulmonary dis-
ease, all are associated with increased likelihood of a hernia 
[23, 26, 34, 49].

Most parastomal hernias are asymptomatic for patients. 
These patients can be managed with reassurance, use of an 
abdominal support belt, and avoidance of heavy lifting. 
About 10–30 % of patients are symptomatic enough to seek 
surgical management, such as those patients with symptoms 
of incarceration, strangulation, obstruction, pain, complaints 
related to cosmesis, and poor appliance fitting. Also when 
the hernia occurs simultaneously with other stomal compli-
cations requiring operative repair, it may be sensible to repair 
the hernia as well [26, 48, 50]. Surgical management options 
are: primary fascial defect repair, stoma relocation, and mesh 
repairs. Local suture repair of the fascial defect is attractive 
as it avoids the risks of laparotomy, but the risk of hernia 
recurrence is high [26, 48]. Stomal relocation is another 
option with lower recurrence rate than local repair, yet still 
carries the risk of a high re-herniation rate along with the 
potential need for re-laparotomy. Better results are seen with 
re-siting the stoma to the contralateral side of the abdomen 
[26, 48, 51]. Prosthetic mesh hernia repair has a lower rate of 
hernia recurrence, although using mesh for hernia repair 
adds complications related to the mesh including adhesions, 
infection, erosion, and fistulization. Intraperitoneal, preperi-
toneal, and on lay mesh repair techniques have all been 
described with a recurrence rate of 7–33 % [23]. A laparo-
scopic approach for mesh repair has also been reported with 
varying success of 8–44 % recurrence rates [52, 53].

�Stricture/Stenosis

Stoma stenosis is a rare complication resulting from postop-
erative ischemia or infection [26]. Inadequate blood supply 

to the stoma edges can cause retraction and circumferential 
scar formation around the stoma [54]. Stenosis usually devel-
ops within 5 years of stoma formation [40, 41]. It may also 
occur in the acute postoperative period if the surgical open-
ing in the skin or fascia is too tight, thereby constricting the 
bowel. This usually resolves with time as the edema 
decreases. Strictures can result in periods of low ostomy out-
put followed by high volume output and loud flatus, which 
for patients can be particularly bothersome [23, 26]. In 
Crohn’s disease patients, stenosis occurs more frequently 
due to the thickened foreshortened mesentery. When a patient 
presents with symptoms of stenosis, all potential causes 
should be investigated including recurrent Crohn’s disease, 
malignancy, ischemic necrosis, or tension. Treatment of ste-
nosis depends on the cause. Initially, dilatation can be tried. 
Local revision with excision of the stenotic stoma and remat-
uration is often adequate. Laparotomy may be required when 
tension, poor blood supply, or Crohn’s disease are the under-

lying cause [22, 23, 26, 34].

�Peristomal Skin Irritation

Peristomal skin irritation is a common early complication 
reported in up to 42 % of patients [54]. It can range from 
peristomal dermatitis to necrosis and ulceration. Skin irrita-
tion is usually from improper stoma placement, poor appli-
ance fit, or stoma neglect. Chemical dermatitis from stoma 
leakage occurs more often with ileostomies due to the more 
liquid caustic nature of the bilious output compared to the 
more formed colostomy output, which contains less bile 
acid. Proper stoma appliance fitting is crucial to prevent 
leakage and irritation. The proper fit of an appliance should 
be measured to fit the stoma diameter without any skin 
exposed between the mucocutaneous junction of the stoma 
and the appliance. Normally appliances should be changed 
every 3–7 days, but in retracted or skin level stomas more 
frequent appliance changes may be needed. Frequent appli-
ance changes can exacerbate skin irritation by causing des-
quamation. It becomes difficult to treat irritation as ointments 
and anti-inflammatory creams make adhesion of appliance 
products difficult leading to more leakage, ultimately wors-
ening irritation. Any signs of irritation should be aggres-
sively treated to prevent a cycle of irritation from developing 
[23, 26, 28, 54].

Contact dermatitis from allergies to stoma appliance 
products can cause symptoms from mild erythema and itch-
ing to skin breakdown with blisters, burning, and pain. A key 
in diagnosing contact dermatitis is the pattern of irritation 
which will resemble the shape and size of the stoma appli-
ance products. It is best treated with identifying the 
appliance product causing the allergy and stopping use of 
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that product. Topical steroids and oral antihistamines may be 
used to supplement the treatment [26]. Commonly Candida 
albicans can cause fungal infection of the peristomal skin 
due to the warm, moist environment. Miconazole nitrate 2 % 
anti-fungal powder can help to treat the infection [26, 28]. 
Peristomal pyoderma gangrenosum can also affect ostomy 
patients, most often in those with inflammatory bowel dis-
ease. After surgery, time to onset of pyoderma gangrenosum 
ranges from 2 months to 25 years. In patients with active 
inflammatory bowel disease, treatment should be targeted 
with systemic therapy for the underlying disease as well as 
local topical corticosteroids while those with inactive dis-
ease may try local therapy first [26, 55]. Patient education on 
stoma management is imperative to the prevention and treat-
ment of skin complications.

�Small Bowel Obstruction

Obstruction related to stoma surgery is possible from many 
causes. Volvulus or internal herniation around the bowel 
exiting through the stoma can be devastating, and if there is 
concern early operation should be considered. Intra-
abdominal adhesions from past operations, stomal stenosis, 
parastomal hernias, and recurrent disease may all also lead to 
obstruction and management decisions are dependent on the 
underlying cause of obstruction and the condition of the 
patient [2, 34].

�Peristomal Abscess, Infection, and Fistula

Acutely peristomal abscesses may occur with stomal recon-
struction or revision from preoperative colonization of the 
peristomal skin or from perioperative seeding of the stoma 
site. Also, an infected suture granuloma or hematoma can 
lead to an abscess. In mature stomas, an abscess may form as 
a consequence of folliculitis or recurrent inflammatory bowel 
disease. With a colostomy, a paracolostomy abscess may 
result from colon perforation, often the result of an incarcer-
ated parastomal hernia. Fistulas may be seen if fascial-
seromuscular sutures used to tack the stoma to the anterior 
abdominal wall erode or enter the bowel lumen. A fistula 
in a Crohn’s disease patient may indicate recurrent disease 
[28, 34, 54].

�Quality of Life

Stomas can have a considerably impact on a patient’s life-
style and patients have many concerns related to their stoma. 
The majority of patients reported a change in their lifestyle 
after stoma surgery; about 40 % of patients have a hard time 

adjusting to their stoma and many significant others also 
struggle with adjusting. About half of patients commented 
that their ostomy changed how they felt about themselves 
and their self-image. Most patients report their ostomy care 
is apart of their normal daily toilet, but some patients feel 
their ostomy care takes too much time [3, 56–58].

Sexuality is a major area of concern for patients in the 
long term. Patients have reported that intercourse is physi-
cally and psychologically more difficult with a stoma. 
Many patients feel less sexually desirable and many of 
their concerns about sexual intercourse are related to an 
altered body image [59]. Despite concerns related to sex-
ual intercourse, a third of females of childbearing age with 
a stoma were able to become pregnant and have normal 
deliveries [58].

Although ostomy patients report many changes in their 
lives after surgery, the majority of patients are able to return 
to their previous work. Most patients reported an increase in 
their physical and mental health, and their social lives 
improved following their stoma construction. Most patients 
are able to return to a normal diet without restrictions while 
those that have some restrictions are only minor like avoid-
ing popcorn or certain high fiber fruits and vegetables. About 
half of ostomy patients reported their lives improved after 
surgery while the other half of patients felt their surgery did 
not change their lives [3, 56–58].

Adapting to a new life with a stoma can be difficult, but 
patients tend to adapt more easily if they do not have prob-
lems related to their stoma care. Ostomy symptoms are a 
negative predictor of quality of life [60]. Patients with prob-
lematic stomas have more domestic problems and increased 
psychological distress. Many report anxiety and shame 
related to their ostomy, largely due to ostomy leakage and 
improper sealing of ostomy appliances [39, 57]. Poor psy-
chosocial adaption to stomas correlates to depression and is 
a predictor of death later on [4]. Counseling and educating 
patients throughout the entire process is the best care we can 
provide for patients to help them continue to have happy and 
productive lives.

�Key Points

•	 Understand the general indications for ostomy 
construction.

•	 Preoperative planning for ostomy creation.
•	 Overview of the operative technique for constructing 

colostomies and ileostomies.
•	 Summary of the daily care and management of ostomies.
•	 Assessment and management of postoperative stomal-

related complications.
•	 Appreciation of the quality of life concerns for patients 

with ostomies.
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�Introduction

Pelvic hernias are relatively rare among all hernias. They are 
more commonly seen in older patients. They present both 
diagnostic and therapeutic dilemma due to their relative 
infrequency as well as their location deep in the pelvis. The 
three major hernias which come under this heading are obtu-
rator, perineal, and sciatic hernia.

�Obturator Hernia

�Anatomy

Obturator hernia constitutes only 0.05–1.4 % of all hernias 
but remains the most frequently encountered pelvic hernias 
[1, 2]. This hernia passes through the obturator canal, an 
opening in the superior part of the obturator foramen. The 
obturator foramen is formed by the union of the pubic bone 
and ischium and is covered by the obturator membrane 
(Fig. 27.1). The defect is usually located anterior and medial 
to the obturator neurovascular bundle [3]. The hernia sac is 
deep within the thigh between the pectineus and adductor 
longus muscles.

�Development

Developmentally an obturator hernia goes through three 
stages [4]. The first stage is characterized by the entry of pre-
peritoneal fat into the obturator canal. This is followed by the 
formation of a true sac containing the peritoneal lining. 
Subsequent progress leads to herniation of the viscera into the 
sac (Fig. 27.2). This stage is characterized by clinical symp-
toms. The contents of the sac could include small intestine, 
bladder, uterus, or adnexa. According to cadaveric studies, 
obturator hernias are anatomically divided into three types [5]. 
Type 1 or anterior branch type hernia, the sac passes along the 
anterior division of the obturator nerve. In type 2 or posterior 
branch type, the sac passes along the posterior branch of the 
obturator nerve. The more rare type 3, the sac passes in the 
space between the internal and external obturator membranes. 
More recently, Karasaki et al. have used multi-detector-row 
CT examination of patients with obturator hernias to confirm 
the anatomical types (type 1 and 2) [6].

�Clinical Features

These hernias have a female predisposition (6-9:1) due to their 
larger and wider pelvis and horizontally oriented triangular obtu-
rator openings. Other predisposing factors include advanced age, 
weight loss causing loss of preperitoneal fat, multiparity, and 
increased intra-abdominal pressure from conditions such as 
chronic constipation, COPD, ascites, and kyphoscoliosis.

Obturator hernias characteristically occur on the right side 
as presence of sigmoid colon usually prevents left sided her-
nias. However, they can still occur bilaterally or in associa-
tion with another hernia, most often a femoral hernia [3]. 
Preoperative diagnosis is difficult due to the small incidence, 
vague, nonspecific symptoms and hence high index of 
suspicion is required. The hernia is often found at laparotomy 
performed for obstruction or peritonitis.
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�Symptoms and Signs

The classic symptom attributed to this hernia is groin pain 
radiating down the medial aspect of the thigh to the knee in 
the distribution of the obturator nerve. Howship–Romberg 
sign is present in 37–50 % of patients and is described ipsi-
lateral pain along the inner thigh exacerbated by extension, 

adduction, or medial rotation of the hip, and relieved by flex-
ion [7]. It is considered to be pathognomonic of an obturator 
hernia but the sensitivity of the test is low and specificity 
varies considerably [8–10]. Both the symptoms of pain in the 
groin and HR sign could be misinterpreted in this elderly 
patient population as being osteoarthritis. The Hannington–
Kiff sign is the absence of the adductor reflex of the thigh 
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tubercle

Interpubic fibro
cartilaginous
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Fig. 27.1  Anatomy of the 
pelvis showing the obturator 
canal in the superior aspect of 
the obturator foramen. This 
area is not covered by the 
obturator membrane and is 
the potential site for obturator 
hernia

Fig. 27.2  CT scan of the 
pelvis showing an obturator 
hernia in the left side. Source: 
With permission from Sze Li 
S, Kenneth Kher Ti V. Two 
Different Surgical Approaches 
for Strangulated Obturator 
Hernias. Malays J Med Sci. 
2012 Jan-Mar;19(1):69–72. 
Copyright © Penerbit 
Universiti Sains Malaysia, 
2012
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with an intact patellar tendon reflex and is more specific than 
the Howship–Romberg [11]. This sign is elicited by per-
cussing on the index finger placed on the adductor muscle 
above the knee. The contraction of the muscle either seen or 
felt rules out an obturator hernia. Comparison with the oppo-
site side is helpful to discern this reflex. Palpationof a mass 
in the upper medial thigh is difficult as the hernia is covered by 
the pectineus however, a tender mass may be palpable on vagi-
nal or rectal exam. A recent correlation of the clinical signs 
with CT scan showed that the HR sign was seen more often in 
type 1 OH and Hannington–Kiff sign in type 2 OH [6].

�Investigations and Diagnosis

Up to 90 % of cases present as intestinal obstruction (Fig. 27.3) 
and strangulation, usually involving the small bowel, which is 
an indication for operative management [12]. When acutely 
incarcerated, mortality rates for obturator hernias can reach 
70 % [13]. However, if the clinical status of the patient allows, 
imaging modalities have become crucial in the management 
of obturator hernias and have been suggested to be the stan-
dard of care. CT scan has been used to aid diagnosis and has 
been reported to reduce the rate of intestinal resection and sur-
gical mortality and hence a recent review advocates early 
imaging with CT (Fig. 27.3) [1, 14]. Diagnostic accuracy can 
be improved up to 90 % with the use of CT in suspected 
patients [2]. Other investigative modalities that have been 
used are ultrasound scan and MRI [8, 15]. Patients with 
chronic pain after inguinal surgery should also have obturator 
hernia on their list of differential diagnoses, after ruling out 
other causes such as recurrent inguinal hernias, nerve 
entrapment, or meshoma [12].

�Surgical Repair

The high rate of intestinal obstruction and bowel strangula-
tion as the presenting symptom of an obturator hernia means 
that midline laparotomy and primary repair remains the most 
common approach, with up to 50 % of cases requiring bowel 
resection [2]. In the absence of acute and complete intestinal 
obstruction, it has been advocated that laparoscopy 
(Fig. 27.3) may serve as a method of diagnosis and treatment 
of obturator hernias. Other operative approaches include an 
extraperitoneal technique using an inguinal or thigh incision 
but these can only be used in elective situations where preop-
erative diagnosis has been made and bowel resection is not 
required. Reduction of the hernia may require incision of 
the obturator membrane posteromedially and parallel to the 
neurovascular bundle with care to avoid its injury.

Mesh based repairs are particularly beneficial in circum-
stances where the boundaries of the hernia are rigid and dif-
ficult to approximate. The preferred repair technique consists 
of placing a large flat synthetic mesh in the preperitoneal 
space to cover the obturator orifice, femoral, and inguinal 
areas. Therefore, a thorough examination for coexisting groin 
hernias with concurrent repair if possible is recommended 
[2]. In the case of strangulation, the abdominal approach is 
favored, with entry into the parietal peritoneum. A biologic 
mesh, periosteal flap, bladder wall, uterine fundus, or liga-
ments may be mobilized and used in cases of gross contami-
nation, where use of synthetic mesh may be precluded.

The totally extraperitoneal approach (TEP) to hernia repair 
has been employed for obturator hernias and is not different 
from the direct, indirect, or femoral repair [16]. The obturator 
space is exposed by sweeping away the preperitoneal fat 
overlying the Cooper ligament, visualizing the obturator 

Fig. 27.3  Laparoscopic 
appearance of an incarcerated 
obturator hernia. (A) Small 
bowel loop and omentum 
incarcerated in hernia. (B) 
Distended proximal bowel 
loop. (C) collapsed distal 
bowel. With permission from 
Lynch NP, Corrigan MA, 
Kearney DE, Andrews 
EJ. Successful laparoscopic 
management of an 
incarcerated obturator hernia. 
J Surg Case Rep. 2013 July; 
2013(7): rjt050. doi:10.1093/
jscr/rjt050. © Oxford 
University Press
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artery and vein leading to the obturator fossa along with the 
nerve. The endopelvic fascia and obturator defect are exposed 
by retracting the bladder medially [16]. Recurrence is rare, 
possibly because most patients with obturator hernias are 
elderly and die of unrelated causes before their hernias might 
otherwise have recurred. As in lumbar hernias, long-term 
studies comparing the different techniques of repair for dura-
bility are absent in the literature. The usual philosophy of 
tension-free hernia repair applies in these cases. Peritoneal 
closure of the defect and patching the defect with adjacent 
structures such as ovary, round ligament, or uterus seem to be 
viable options in the face of peritonitis. The use of prosthetic 
materials overcomes the lack of suitable local tissue, which is 
relatively immobile in an obturator hernia, constituting a rigid 
membrane spanning most of the bony obturator foramen. 
A larger prosthesis can also encompass multiple defects if 
they are present. Even elective single-incision laparoscopic 
hernioplasty has been successfully performed [17].

�Sciatic Hernia

Sciatic hernias are the most infrequent of hernias of the pel-
vic floor, occurring through either the greater or lesser sciatic 
foramen A recent review of the literature on sciatic hernia 
over the last century reveals the rarity of this entity, with a 
total of 99 patients reported [18].

�Anatomy

Sciatic hernias can be classified into two varieties depending 
on the anatomic spaces they arise from, i.e. the greater or 
lesser sciatic foramen (Fig.  27.4). The piriformis muscle 

divides the greater sciatic foramen further into the suprapiri-
form and infrapiriform spaces (Fig. 27.5). The lesser sciatic 
foramen hernia lies between the sacrospinous and sacrotu-
berous ligaments or the spinotuberous space (Fig.  27.5). 
Sciatic hernias are difficult to identify clinically until they 
are large as they are typically covered by the gluteus maxi-
mus muscle (Fig. 27.5).

�Clinical Features

The review by Losanoff et al. noted that 46 % of patients had 
significant comorbidities or predisposing conditions such as 
neoplasms, coexisting hernias, congenital anomalies, disor-
ders of the pelvic bones, metabolic problems, multiparity or 
pregnancy (female predominance), and malnutrition. Other 
factor that has been recognized from several reports has been 
the attenuation or atrophy of the piriformis muscle [18].

�Symptoms and Diagnosis

Similar to other pelvic hernias the onset of symptoms is 
insidious with abdominal pain being the presenting symptom 
in around 50 % of patients [18]. Others present with urinary 
infection, gluteal sepsis, or mass. In a series of 20 women, 
chronic pelvic pain was the presenting symptom and diag-
nostic laparoscopy facilitated the diagnosis [19]. The com-
mon clinical signs of sciatic hernia pertain to intestinal 
obstruction. A less frequent presentation is of sciatica type 
pain due to sciatic nerve compression. A recent case report 
described a chronic sciatic hernia with nerve entrapment that 
resulted in atrophy of the gluteal muscles [20]. Digital rectal 

or vaginal examination may reveal a mass in the sciatic 
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Fig. 27.4  Anatomy of the 
pelvis demonstrating the 
greater and lesser sciatic 
foramina, the sites for sciatic 
hernia
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region but other diagnoses like a gluteal lipoma, gluteal 
artery aneurysm, and an abscess need to be ruled out [21].

An unusual variant of the sciatic hernia is the ureterosci-
atic hernia. The urinary bladder or the ureter is involved in 
the hernia causing symptoms of obstructive uropathy. 
Patient could present with intermittent crampy abdominal 
pain, chronic renal insufficiency, hydronephrosis, hydro-
ureter, or rarely pyonephrosis [22]. Diagnosis of this vari-
ant can be made by the retrograde pyelogram, classically 
showing the pathognomonic “curlicue ureter” [23] or with 
contrast-enhanced CT.

The contents of the hernial sac in sciatic hernia vary and 
include ovary, ureter, small intestine, colon, neoplasm, 
omentum, or urinary bladder [18]. Resection has been rarely 
needed but has included small bowel, ureter, or a neoplasm 
in the retroperitoneum contained in the hernia. However, 
hernias involving retroperitoneal structures have no perito-
neal sac [24].

A palpable mass in the gluteal region with associated 
symptoms such as pain or obstruction is diagnostic of a sci-
atic hernia but because of the rarity of these hernias and the 
wide spectrum of presentation, preoperative clinical diagno-
sis is difficult. A CT scan can reliably diagnose the hernia 
emerging through the sciatic foramen, with the sac beneath 
the gluteus maximus muscle, as well as diagnose coexistent 
hernias, if present. MRI and MR neurography may be 
adjunctive tool in preoperative evaluation of patients pre-
senting with sciatica to best evaluate the location of the nerve 
to prevent iatrogenic injury [20].

�Surgical Repair

Several approaches to repair the sciatic hernia have been 
described. Of these, the trans-peritoneal approach has been 
the most frequently used. In the trans-peritoneal approach, 
the hernia defect is identified posterolateral to the rectum in 
men and in the ovarian fossa in women [18]. After reduction 
of the contents the defect may be repaired by positioning the 
mesh in the extraperitoneal space, anchoring to the perios-
teum of the inner side of the pubis and posteriorly to the 
periosteum of the sacrum. Large or recurrent hernias need 
extensive reconstruction of the pelvic floor using mesh while 
allowing for the rectum, iliac vessels, and ureters to descend 
alongside the prosthesis to the pelvis.

The transgluteal approach can be used in elective cases 
where preoperative diagnosis is made and there is no bowel 
compromise in the hernia. The gluteal approach involves 
splitting the gluteus maximus muscle along a line that con-
nects the greater trochanter and the middle portion of the 
sacrum, corresponding to the course of the piriformis muscle 
[18]. In a large hernia where there is an increased risk of 
neurovascular injury a combined abdomino-gluteal approach 
may be more useful. A preperitoneal approach may be used 
if the diagnosis of ureteric sciatic hernia is established pre-
operatively. More recent studies have shown successful 
treatment of uretero-sciatic hernia by stent placement or per-
cutaneous reduction [25, 26].

Laparoscopic techniques have also been used to repair 
these hernias. Bernard et al. described a laparoscopic plug 
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and patch extraperitoneal repair which aimed at reducing the 
risk of injury to neurovascular structures [21]. The authors 
note that the techniques required for laparoscopic sciatic her-
nia repair are the same as a laparoscopic extraperitoneal 
inguinal hernia repair. Various methods of repair have been 
reported to include a variety of endogenous tissue and pros-
thetic meshes. More recently, robot assisted laparoscopic 
repair of sciatic hernia has been reported [27]. A recurrence 
rate of 4 % is reported but absence of long-term follow-up 
and the very small number of patients precludes any accurate 
assessment of true recurrence.

�Perineal Hernia

�Anatomy

Weakness of endopelvic fascia and muscles that form the 

pelvic diaphragm may result in a perineal hernia. The levator 
ani, consisting of the puborectalis, iliococcygeus and pubo-
coccygeus muscles and the coccygeus muscles make up the 
pelvic diaphragm (Fig. 27.6). These hernias are rare and can 
be further classified according to their location into anterior 

and posterior varieties. Anterior hernias are seen in women 
only, present as a mass in the labium majus and are due to 
protrusion through the urogenital diaphragm. On the other 
hand, posterior hernias are seen in both men and women and 
present as a mass below the lower margin of the gluteus 
maximus or protruding through the lateral part of the levator 
ani (between ischial tuberosities).

�Clinical Features

According to clinical presentation, perineal hernias can be 
classified into congenital or acquired. Acquired perineal her-
nias are further classified into primary and secondary types. 
The primary acquired variety is attributed to increased intra-
abdominal pressure, such as vaginal birth, aging, obesity, or 
chronic constipation. Neurogenic atrophy of the pelvic floor 
is another plausible etiology of some of the cases of primary 

perineal hernia [28].
To date only nine cases of congenital perineal hernias 

have been reported in the literature [29]. Primary acquired 
perineal hernias are also rare, with 100 reported cases [3].

Pelvic exenteration and abdominoperineal excision of 
rectum result in secondary acquired hernias in 3 % and 0.6 % 
patients, respectively [29]. A recent case series of 245 
patients treated with abdominoperineal excision for T3-4 
rectal cancer showed a symptomatic perineal hernia rate of 
11.8 % (29/245) [30]. There is renewed interest as well as 
increased incidence of perineal hernias after the advent of 
extralevator abdominoperineal excision for low rectal can-
cer. This procedure leads to greater tissue loss and bigger 
cavity when compared to traditional APR.  Primary recon-
struction of the perineum is performed either with autolo-
gous tissue or biological mesh [31]. Other surgical procedures 
associated with postoperative hernias are coccygectomy and 
sacrectomy, perineal prostatectomy, and cystoureterectomy 
[32]. Pelvic irradiation, non-healing perineal wounds, 
tobacco use, and hysterectomy may increase the risk of her-
nia development [32, 33]. These hernias usually present with 
symptoms within 1 year or the original surgery and are 4 times 
more common in women than men attributable to the larger 
female pelvic outlet. The contents of the hernia are usually 
bowel and omentum but leiomyoma and bladder diverticu-
lum have been reported [34].

�Symptoms and Diagnosis

Swellings in the perineum need to be differentiated from 
other conditions that present similarly, such as Bartholin 
cysts, lipoma, epidermoid cysts, and sciatic hernias [35]. 
Common symptoms from perineal hernia include discomfort 

Fig. 27.6  Laparoscopic repair of perineal hernia. Source: Rayhanabad 
J, Sassani P, Abbas MA. Laparoscopic repair of perineal hernia. Pelvic 
floor musculature with potential spaces for perineal herniae. JSLS. 
2009 Apr-Jun;13(2):237–41. Copyright © 2009 by JSLS, Journal of the 
Society of Laparoendoscopic Surgeons. This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/3.0/), which permits for non-commercial use, distri-
bution, and reproduction in any medium, provided the original work is 
properly cited and is not altered in any way
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and pain, difficulty with micturition from bladder herniation or 
ulceration and ischemic changes of the sac. Due to the laxity 
of the surrounding tissues symptoms of bowel obstruction 
are unusual. Overall prevalence may be higher than reported 
numbers due to the rarity of symptoms.

Dynamic mode of imaging may enhance the ability for 
clinicians to diagnose pelvic floor disorders and thus impact 
treatment planning (Fig. 27.7). Araki et al. reported the use 
of fluoroscopic cystocolpoproctography in 46 consecutive 
women with the primary complaint of sensation of perineal 
prolapse and were able to diagnose coexisting female pelvic 
organ prolapse [36].

�Surgical Repair

Surgical repair of pelvic hernias can be performed through 
the perineal, abdominal, or a combined abdominoperineal 
approach. The abdominal repair can be performed either 
open or laparoscopically (Fig.  27.8a–c). Congenital pelvic 
hernias and symptomatic acquired hernias are the indication 
for surgical repair [29]. Primary repair with native tissues 
can be performed in congenital cases due to the proximity of 
pelvic organs [28]. Pelvic floor reconstruction has been 
achieved with the mobilization of the uterus [37] or bladder, 
for reconstruction with muscle flaps of the fascia lata, gracilis, 

Fig. 27.7  CT scan 
appearances of a perineal 
hernia after abdominoperineal 
excision of rectum. Source: 
Rayhanabad J, Sassani P, Abbas 
MA. Laparoscopic repair of 
perineal hernia. Pelvic floor 
musculature with potential 
spaces for perineal herniae. 
JSLS. 2009 Apr–
Jun;13(2):237–41. This is an 
Open Access article distributed 
under the terms of the Creative 
Commons Attribution 
Non-Commercial No 
Derivatives License (http://
creativecommons.org/licenses/
by-nc-nd/3.0/), which permits 
for non-commercial use, 
distribution, and reproduction 
in any medium, provided the 
original work is properly cited 
and is not altered in any way

Fig. 27.8  (a) Perineal hernia following Abdominoperineal excision of 
rectum. (b) Pelvic view of the perineal hernia after the small bowel 
loops have been dissected free. (c) Mesh repair of the hernia defect with 
Strattice™ mesh (biological). Source: Fallis SA, Taylor LH, 
Tiramularaju RM.  Biological mesh repair of a strangulated perineal 
hernia following abdominoperineal resection. J Surg Case Rep. 2013 
Apr 8;2013(4). Copyright Published by Oxford University Press and 

JSCR Publishing Ltd. All rights reserved. © The Author 2013. This is 
an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/
by-nc/3.0/), which permits non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly 
cited. For commercial re-use, please contact journals.permissions@
oup.com
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rectus abdominis, and gluteus maximus [38]. Use of synthetic 
material may be necessitated in postoperative hernia that is 
particularly large. However, there are no direct comparative 
studies confirming superiority of either the synthetic or 
biologic meshes.

The transabdominal approach through a lower midline 
incision provides excellent exposure of pelvic structures for 
safe reconstruction of the pelvic floor. Trendelenburg posi-
tioning allows for structures to fall out of the pelvis for opti-
mal visualization. After the sac is ligated and excised, native 
tissue like uterosacral ligaments can be re-approximated in 
women. Alternatively, the sac may be eliminated by suturing 
the posterior wall of the cervix to the anterior wall of the 
rectum. More commonly composite or biological mesh or 
autologous tissue such as muscle flaps can be used to fill the 
defect (Fig. 27.8a–c) [28, 39].

The perineal approach affords less exposure as compared 
to the transabdominal technique but is less morbid. This pro-
cedure can be performed with patient in Lloyd Davis posi-
tion or prone jackknife position. The sac is opened, the 
contents reduced, the sac excised, and the hernia ring closed. 
Although this approach may be attractive for its limited inva-
siveness and avoidance of entering the abdominal cavity, 
limited exposure may pose difficulties for mesh fixation. 
Earlier studies showed good results with simple closure or 
mesh repair (13/19) in most cases but overall recurrence rate 
was 16 % [40]. A recent study showed that perineal repair 
with absorbable and composite meshes (PTFE, Vypro) led to 
100 % (eight cases) recurrence whereas high-tension repair 
using a non-absorbable mesh resulted in very low recurrence 
rates of 5 % (1/21) [30]. A further pooled analysis of cases 
published in 2010 showed that perineal approach to repair 
was more successful if mesh or muscle flap was used rather 
than primary closure [41].

The combined approach is advantageous of being able to 
reconstruct the pelvic floor from both aspects, however there 
is higher morbidity. A successful combined laparoscopic and 
perineal approach to repair a symptomatic post-APR peri-
neal hernia was reported [42].

Variable techniques in managing these hernias have 
recently been reported. Hultman et al. reported on 70 patients 
who underwent pelvic floor reconstruction after APR or 
pelvic exenteration and found that omental flaps used as a 
primary flap or in concert with a myocutaneous flap decreased 
postoperative pelvic complications such as abscess, urinoma, 
DVT, flap dehiscence, hernia, bowel obstruction, or fistula 
[43]. A subsequent recent study has shown that perineal her-
nia occurred in 21 % of patients who had primary reconstruc-
tion with gluteal flap but 0 % recurrence in those that 
underwent reconstruction with biological mesh [44]. 
However, a pooled analysis of data from studies has shown 
no major difference in pelvic hernias after flap reconstruc-
tion or biologic mesh repair [31]. Laparoscopic repair, as in 

other hernias, has been successfully performed on small 
series of patients to repair postoperative hernias with the use 
of synthetic mesh to cover the defect in the pelvic outlet [38]. 
Other novel techniques to repair perineal hernias have 
been reported and include using a de-epithelialized graci-
lis myocutaneous flap and insertion of tissue expander in 
the pelvis [45, 46].

�Key Points

•	 Pelvic hernias are unusual and are seen predominantly in 
elderly patients. The clinical diagnosis of these herniae is 
difficult due to their location

•	 CT scan and MRI of the pelvis are useful investigations in 
the diagnosis of these herniae

•	 Obturator hernias are the most common variety of pelvic 
hernia and can be primarily repaired after reduction of 
contents

•	 Sciatic hernias are very rare and can present with chronic 
pelvic pain

•	 The most common cause of secondary acquired perineal 
hernias are extralevator abdominoperineal excision 
(ELAPE), abdominoperineal excision (APER), and 
pelvic exenteration

•	 The incidence of perineal herniae secondary to ELAPE 
for low rectal cancer is on the rise with renewed interest 
in primary perineal reconstruction as well as repair of 
recurrent herniae

•	 Mesh repair (biological/ synthetic) of perineal is superior 
to primary repair by approximation of tissues
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�Definition and Classification

Rectovaginal fistulas are abnormal communications between 
the rectum and the vagina (Fig. 28.1). The communication 
allows for the passage of rectal contents, including stool, 
gas, and in some cases pus, into the vagina. In addition to 
severely compromising the quality of life of affected patients, 
rectovaginal fistulas can also cause serious infectious mor-
bidities of the vagina and urinary tract.

“Rectovaginal fistula” is a term that is frequently used to 
describe any fistulous communication between the rectum 
and the vagina. However, a more precise classification based 
on the anatomic location, size, or etiology of the defect 
allows for greater accuracy when describing fistulas which is 
required for selection of appropriate medical and surgical 
interventions [1]. Fistulas that manifest themselves between 
the vagina and the rectum proximal to the dentate line are 
considered true rectovaginal fistulas. In contrast, fistulas that 
occur within the first 3 cm of the anus below the dentate line 
are classified as “anovaginal fistulas,” while fistulas that 
occur between the colon and the vagina are classified as 
“colovaginal fistulas.” This distinction is important because 
anovaginal fistulas almost always involve the sphincter com-
plex. In addition, the location of the fistula in the vagina—
low if close to the vaginal introitus, high if close to the 
cervix, and intermediate anywhere in between—is also 
important. The size of fistulas may be described as small 
(<0.5 cm), medium (0.5–2.5 cm), and large (>2.5 cm), and 

classification as it relates to etiology is frequently divided 
into congenital, traumatic, inflammatory bowel disease, 
infectious, radiation damage, or neoplastic.

A more commonly used classification, and one that takes 
all of the above factors into account, is to divide fistulas as 
either “simple” or “complex.” Simple fistulas are benign, 
located in the low- or mid-vaginal septum, measure less than 
2.5  cm in diameter, and secondary to trauma or infection. 
Complex fistulas are greater than 2.5 cm in diameter, persist 
after one or more attempts at repair, and are caused by other 
factors such as Crohn’s disease, radiation damage, or malig-
nancy [2]. The surgical approach to simple versus complex 
fistulas is different, so this method of classification becomes 
important for operative planning.

�Epidemiology and Etiology

Rectovaginal fistulas, which can be congenital or acquired, 
account for approximately 5 % of all anorectal fistulas [3]. 
Although rectovaginal fistulas are relatively infrequent com-
plication of vaginal delivery (the incidence is approximately 
0.1 % of all vaginal births [4]), nearly 90 % of all rectovagi-
nal fistula occur as a result of obstetric trauma [5]. The 
stretching and laceration of the perineum and rectovaginal 
septum during childbirth can result in an unwanted open 
tract between the vagina and rectum [6]. In developed coun-
tries, this is most commonly seen after the unsuccessful or 
unrecognized need for repair of perineal lacerations, or as a 
complication of episiotomy infection. Inflammatory bowel 
disease (specifically Crohn’s disease), radiation injury, oper-
ative trauma (specifically hysterectomies, low anterior resec-
tions, hemorrhoidectomy, and pelvic floor surgery), and 
infection are generally considered to account for the remain-
ing 10–15 % of cases [7]. In elderly patients, the etiology of 
rectovaginal fistulas is somewhat different because obstetric 
trauma is a nonissue. The most common causes of rectovagi-
nal fistulas in this population are diverticulitis causing a 
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colovaginal fistula, colon cancer, radiation injury, fecal 
impaction causing necrosis of the rectovaginal septum, or 
cryptoglandular disease resulting in an anovaginal fistula.

�Clinical Presentation and Evaluation

�Initial Presentation

Women with rectovaginal fistulas may be asymptomatic in 
cases with small defects, but generally present with a pri-
mary complaint of discharge and malodorous gas from the 
vagina. The quantity of discharge increases with soft or liq-
uid bowel movement, thereby worsening symptoms. Vaginal 
flatus and recurrent vaginitis are common, and such com-
plaints should be raise immediate suspicion for an enteric-
vaginal fistulous connection.

When examining a patient for suspected rectovaginal fis-
tula, a careful history is important to identify possible etiolo-
gies of the disease. Physical examination should include 
both digital rectal and vaginal examinations, which may 
reveal defects in the rectovaginal septum ranging from a 
small pit to an obvious open tract. Three quarters of recto-
vaginal fistulas arise within 1 cm of the dentate line [8], so it 
is important to take particular notice of this area. In contrast 
to the discomfort associated with fistula-in-ano, manual pal-
pation of a rectovaginal fistula is generally painless, and 
patients tend to tolerate digital examination well.

When examining a patient with suspected rectovaginal 
fistula, it is imperative that a clinician also examines her anal 
sphincter mechanism. This is particularly true when the rec-
tovaginal defect occurs within 3 cm of the dentate line, which 
is the normal length of the sphincter complex. Concomitant 

anal sphincter injury has been reported in as many as one 
third of women with rectovaginal fistulas [9, 10], and may 
frequently contribute to symptoms of incontinence. Failure 
to recognize the presence of a coexisting sphincter injury 
may lead to continued complaints of incontinence and dis-
charge following successful fistula repair.

�Advanced Examination

In addition to physical examination, visualization with a 
sigmoidoscope or speculum may be helpful to localize and 
characterize larger rectovaginal defects. Probing the tract 
with lacrimal duct or silver wire probes can be used to pin-
point the location of a fistula tract and assess its course from 
the rectum through the vagina.

In cases where the presence of a rectovaginal fistula is in 
question, a methylene blue dye test can be used. To perform 
this test, the patient is asked to insert a tampon into her 
vagina, and an enema with a few drops of methylene blue 
dye is introduced into the rectum via a genitourinary syringe. 
The anus is plugged for 15–20 min, after which the tampon 
is removed and inspected. The presence of blue dye on the 
tampon indicates a positive test confirming a fistula. Specula 
examination can allow for visualization of the tract by look-
ing for dye extravasation. If a peroxidase solution is used, 
tissue staining can be minimized making the tract easier to 
identify.

Alternatively, a patient can be taken to the operating room 
for an examination under anesthesia. After positioning in 
lithotomy, the vagina should be filled with water until the 
posterior wall is completely covered. The rectum is gently 
insufflated with air, and the water covering the vaginal wall 
is observed for the presence of bubbles, indicating the pres-
ence of a rectovaginal fistula. Lacrimal duct or silver wire 
probes can also be used in this setting for more extensive 
probing of the defect. In general, an intra-operative examina-
tion is reserved for cases with severe symptoms but incon-
clusive physical examination and imaging findings, and for 
instances where surgical intervention is being considered 
and precise mapping of the defect is necessary for operative 
planning. When sepsis is identified, drainage with seton 
placement is performed to allow for resolution of any cavi-
ties and fibrosis of the tract.

�Radiographic Imaging

Traditional imaging modalities to visualize fistulas have 
become mostly obsolete in favor of an extensive physical exam, 
with or without use of magnetic resonance imaging (MRI). 
Defecography, which visualizes the anatomy and mechanics of 
a patient defecating in real-time using fluoroscopy, is unreliable 

Fig. 28.1  Rectovaginal fistula. Rectovaginal fistulas are abnormal 
communications between the rectum and the vagina that allows for the 
passage of rectal contents, including stool, gas, and in some cases pus, 
into the vagina
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because the fistula tract is often collapsed; thus, the sensitivity 
of the study is low at 34 % [11, 12]. Vaginography has been 
shown to be more effective at diagnosing vaginal fistulas (sen-
sitivity approximately 78 % [13]), but is a poor examination for 
low fistulas that may be tamponaded by the balloon used to 
occlude the vaginal opening. In addition, vaginography does 
not allow for evaluation of the anal sphincters, which is impor-
tant when planning surgical interventions. Fistulography, which 
was once standard-of-care for diagnosing all fistulas, has 
become obsolete in the diagnosis of rectovaginal fistula; its 
sensitivity for low anal fistula is only 16 %, making any nega-
tive test unhelpful in making a diagnosis [14].

MRI is becoming increasingly popular for diagnosing and 
mapping out rectovaginal fistulas. The efficacy of high-
resolution imaging can be variable due to the thin-walled 
nature of the tracts; they are often much shorter, collapsed, 
and without chronic inflammation, making diagnosis based 
on the presence of fluid or edema and stranding unreliable. 
However, the presence of gas in the rectovaginal septum as 
seen on MRI is an important positive predictive finding [15]. 
The sensitivity of MRI performed with an endoluminal coil 
has been reported to be as high as 92 % when evaluating the 
presence of a rectovaginal fistula [16]. Endoluminal ultra-
sound is similarly sensitive, and both modalities can be used 
to successfully identify concomitant sphincter injuries [16–18]. 
Endoluminal imaging in general is useful because it allows 
for evaluation and diagnosis not only of the rectovaginal fis-
tula in question, but also for additional abnormalities includ-
ing sphincter damage, abscesses within the rectovaginal 
septum, and secondary perianal fistula tracts, which may be 
identified in as many of 35 % of cases. Therefore depending 
on a patient’s fistula etiology, severity of symptoms, and the 
operative approaches under consideration, proceeding with 
pre-operative endoluminal imaging may or may not be a 
helpful component in the workup of a rectovaginal fistula.

In patients with suspected concomitant fecal incontinence 
and sphincter disruption, incontinence assessment tools such 
as the Fecal Incontinence Severity Index (FISI) [19], the 
Fecal Incontinence Quality of Life (FIQL) [20], or the 
Cleveland Clinic Fecal Incontinence Score [21] may be help-
ful in establishing a patient’s pre-operative baseline conti-
nence score so that improvements (or lack therefore) after 
surgical repair can be objectively assessed [22]. Anal 
manometry may also provide objective evidence of decreased 
sphincter function those patients suspected of have fecal 
incontinence.

�Medical Management

Rectovaginal fistulas rarely heal with medical management 
alone [23], but symptoms can be significantly improved 
with some simple lifestyle and dietary modifications.  

This is particularly relevant in elderly patients who may not 
be amenable to operative repair, and in patients who for a 
variety of reasons require a delay in their repair. Patients 
should be advised to use Sitz baths at least daily to keep the 
vaginal area clean and to bulk the stool to prevent leakage. 
This can be accomplished with fiber supplementation and 
loperamide if diarrhea or stool frequency is in excess. 
Bulking is often beneficial in colovaginal fistulas, as the 
defects tend to be small. These same interventions also help 
improve overall continence in patients with concomitant 
sphincter dysfunction.

In fistulas induced by inflammatory bowel disease, opti-
mization of medical therapy to alleviate proctitis and attempt 
to induce healing of the fistula is required. It is essential that 
all inflammation be resolved prior to attempting surgical 
repair. Conventional therapy with antimetabolites (i.e., azo-
thiaprine, 6-mercaptopurine) and infliximab are first-line 
approaches after induction therapy with oral or topical ste-
roids. In a post-hoc analysis of data from the landmark 
ACCENT II study, a randomized controlled trial evaluating 
the efficacy of infliximab maintenance therapy in 306 adult 
patients with fistulizing Crohn’s disease [24], 44.9 % of 
women with rectovaginal fistulas achieved closure of their 
fistula within 14 weeks of induction infliximab treatment 
(5 mg/kg infliximab given intravenously at weeks 0, 2, and 6) 
[25]. Infliximab maintenance therapy (infliximab 5  mg/kg 
given intravenously every 8 weeks) also prolonged fistula 
exposure better than placebo among the initial responders. 
Unfortunately, cessation of treatment is associated with a 
recurrence rate of more than 50 % [26]. The incidence of 
abscess development was not increased with increasing inf-
liximab exposure in the ACCENT II study [27], refuting the 
concern that infliximab treatment may be associated with 
abscess formation due to early closure of the external portion 
of the fistula tract [28]. There is some evidence that oral 
tacrolimus may also provide symptomatic relief in some 
patients when conventional therapy fails [29], although data 
from randomized controlled trials on this subject is currently 
lacking.

�Surgical Management

While surgical repair is often required to definitively heal 
most rectovaginal fistulas, success rates vary. Most medical 
interventions can help to minimize symptoms and improve 
quality of life, but once a communicating tract between the 
rectum and vagina is formed the most effective way to close 
it is to do so mechanically. Surgical repairs of rectovaginal 
fistulas vary, with techniques including local, muscle inter-
position, and transabdominal approaches. The majority of 
data available in the literature consists of case reports and 
case series, so the “best” way to treat any given patient is 
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based on the surgeon’s discretion. The intervention of choice 
is largely patient-dependent, and the decision of which 
approach to use should involve consideration of disease 
severity, location of the defect, sphincter involvement, etiol-
ogy of disease, patient comorbidities, and patient preference. 
Benign fistulas can often be managed with local procedures, 
whereas those caused by radiation damage or malignancy 
may require more extensive intervention. All patients who 
have a history of a prior malignancy in the area of the fistula 
or who have findings on physical exam or imaging suspi-
cious for malignancy require biopsy of the fistula. If cancer 
is documented, then appropriate management with possible 
neoadjuvant therapy and surgical resection is required.

No matter what approach is used, there are four major 
principles that are essential to achieving successful surgical 
repair of a rectovaginal fistula. These include:

	1.	 Appropriate timing of repair
	2.	 Wide mobilization of tissue planes adjacent to the fistula 

tract
	3.	 Complete excision of the fistula tract
	4.	 A tension-free, multilayered closure

�Timing of Surgery

Rectovaginal fistula repairs should be delayed until any 
infection, acute inflammation, induration, or cellulitis is 
cleared. Patients with evidence of infection, including pustu-
lar discharge and/or the presence of abscess, should undergo 
incision and drainage, aggressive use of Sitz baths, and a 10- 
to 14-day course of broad-spectrum oral antibiotics. A seton 
may be placed and repair delayed until the infection and 
inflammation has completely resolved. In acutely inflamed 
tracks, the tissues should be allowed to heal for at least 6 
weeks before operative intervention is attempted; however, 
longer periods of time are often needed.

�Pre-Operative Management

A mechanical bowel preparation regimen is appropriate in 
patients undergoing both local and transabdominal rectovag-
inal fistula repairs. Starting 48  h prior to surgery, patients 
should be restricted to a clear liquid diet and magnesium 
citrate or Golytely should be prescribed to achieve clear rec-
tal output. A fleet or tap water enema should be given imme-
diately before surgery to complete the cleanse. The goal of 
this pre-operative prep is to prevent continuous fecal seeding 
of the fistula tract during repair, thereby theoretically reduc-
ing the risk of postoperative infection, complication, and fis-
tula recurrence. In addition, peri-operative antibiotics (e.g., 
cefotetan, or clindamycin and gentamycin in patients with 

penicillin allergies) should be given 30 min prior to surgery, 
but are not indicated post-operatively unless there is evi-
dence of infection.

�Local Repairs

�Simple Fistulotomy
Small, simple rectovaginal fistulas can be repaired by simple 
fistulotomy via either a transvaginal or transrectal approach. 
Simple fistulotomy involves division of the tissue above the 
fistulous tract. This procedure is usually reserved for simple 
subcutaneous fistulas with minimal muscle involvement. 
Great care is taken not to divide a significant portion of the 
perineal body as this procedure allows for secondary healing 
of the fistula tract.

Simple fistulotomy should be reserved for low rectovagi-
nal fistulas that are completely free of sphincteric involve-
ment. Partial or total fecal incontinence is a frequent 
complication, and thus should be avoided in patients with 
any pre-operative incontinence or suspected sphincter 
disruption.

�Transsphincteric and Transperineal Repairs
Transsphincteric repairs involve wide mobilization of the 
posterior vaginal wall followed by a multilayer closure.  
A midline perineal incision is made and the rectovaginal 
septum is mobilized, crossing the fistula. The defect in the 
posterior vaginal wall is closed with a multilayered closure 
similar to that used for chronic third- or fourth-degree peri-
neal tears. Sphincteroplasty is performed during the repair if 
a sphincter defect is present. The sphincter is often used as a 
muscle bridge. This approach is indicated in patients with 
low rectovaginal or anovaginal fistulas resulting from obstet-
ric trauma, most of who have both anal sphincter and peri-
neal body damage.

A transperineal repair consists of separating the rectum 
from the vagina through a transverse perineal incision, fol-
lowed by reinforcement of the rectovaginal septum and mul-
tilayer closure. This technique is indicated in patients with 
intact anal sphincters, as the approach allows the surgeon to 
dissect between the rectum and posterior vaginal wall while 
avoiding the sphincter complex [30]. Following mobiliza-
tion, the fistula tract is fully excised and then the rectal 
mucosa, perirectal fascia, vaginal mucosa, and perineal body 
are each closed longitudinally to avoid shortening of the anal 
canal and narrowing of the vaginal introitus. Alternatively, 
the rectal wall layers can be closed transversely and the vagi-
nal layers longitudinally to avoid overlapping suture lines. 
No matter whether a parallel or perpendicular closure tech-
nique is utilized, closure of the defect must be multilayered 
to ensure obliteration of all potential space; a 4-layered 
approach is ideal. Depending on the etiology and the number 
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of previous repairs, the addition of a Martius or gracilis flap 
is easily accommodated with this approach.

Success rates of the transsphincteric and transperineal 
approaches are varied and range from 35 to 100 % [31–33]. 
The main disadvantage of these techniques is the creation of 
a perineal incision, which can be prone to infection and poor 
wound healing. These risks are of particular concern in 
patients who are immunocompromised, malnourished, or 
have poor tissue quality to begin with. In elderly women, the 
transsphincteric and transperineal techniques should be 
approached with caution.

�Transvaginal Approaches
Transvaginal approaches are generally avoided in rectovagi-
nal fistula repair, largely because there is minimal data on the 
outcomes, and the pressure difference between the rectum 
and the vagina makes vaginal repairs prone to failure. 
Occasionally, gynecologists will perform local advancement 
flaps via a transvaginal approach, and combined laparoscopic-
transvaginal repairs have been described [34, 35]. Infreq
uently a transvaginal inversion repair, which involves 
primary repair of the vaginal opening of the fistula tract via 
purse-string inversion of the vaginal mucosa, may be 
employed [36]. However, this approach is only appropriate 
in patients with small, low fistulas in the setting of surround-
ing healthy tissue, and thus would rarely be indicated in an 
elderly patient no matter size or location of her fistula.

�Setons, Fibrin Glue, and Fistula Plugs
Use of a seton in the management of a rectovaginal fistula is 
really a temporizing measure before more definitive treat-
ment can be performed [37]. Seton placement is appropriate 
in patients with actively draining fistulas and/or frank 
abscesses, who would likely experience failure with defini-
tive repair but who require more than medical management 
alone for symptom control. Similarly, fibrin glue and fistula 
plugs have been used with some success [38, 39], although 
results have varied and the techniques are not well docu-
mented for rectovaginal fistulas.

�Endorectal Advancement Flap
The most commonly utilized approach for rectovaginal fis-
tula repair is an endorectal advancement flap, which has a 
reported success rate ranging anywhere from 43 to 100 %  
[2, 8, 40–44]. The technique involves the interposition of 
local tissue—with or without circular muscle depending on 
surgeon preference—between the rectal and vaginal walls. 
Using local, regional, or general anesthesia, patients are 
positioned in the prone position and the buttocks separated 
and secured with tape or a retractor to ensure adequate expo-
sure (Fig. 28.2A, B). Once the fistula is located, usually via 
anoscopy, it is gently curetted to remove any epithelial tissue 
that may prevent closure of the tract. Local epinephrine-

containing anesthesia is injected to help raise the flap and 

minimize bleeding, and a flamed-shaped flap consisting of 
mucosa, submucosa, and sometimes circular muscle adja-
cent to the fistula is created (Fig.  28.2C). The flap is then 
advanced over the tract opening and sutured in place with 
simple interrupted absorbable sutures (Fig.  28.2D). This 
closes off the rectal end of the tract, forcing drainage of the 
fistula exclusively into the vagina. In theory, the high pres-
sure within the rectum helps to secure the flap against the 
defect, and is the reason why transvaginal repairs are infre-
quently used amongst colorectal specialists [37].

In general, we recommend use of the endorectal advance-
ment flap technique as the first-line approach to managing 
simple rectovaginal fistulas (Fig. 28.3). The use of concomi-
tant sphincteroplasty will depend on the presence of a 
sphincter deficit. Endorectal advancement repairs that are 
performed with concomitant sphincteroplasty appear to 
demonstrate a trend toward better overall outcomes [2, 8], 
although available data on the subject is limited. Endorectal 
advancement flaps are not recommended in patients with 
complex or recurrent rectovaginal fistulas due to a risk of 
recurrence [45, 46]. The use of a rectal advancement flap is 
technically difficult in those patients in whom the technique 
has been performed previously. When the patient has under-
gone a prior repair, it is often difficult to mobilize a repeat 
flap without significant tension on the flap, setting the proce-
dure up for failure. The key to a successful endorectal flap is 
a wide-based, well-vascularized flap that is tension-free 
when secured to the anal musculature.

�Muscle Interposition

Rectovaginal fistula repair with muscle interposition most 
commonly involves use of the gracilis, rectus abdominus, or 
bulbocavernosus muscle (also known as the Martius graft). 
Muscle interposition is most appropriate in patients with large 
fistulas or fistulas located in the middle to upper third of the 
vaginal vault, where the local tissue supply may not sufficient 
to cover the defect. It is also appropriate in patients with fistu-
lous etiologies of inflammatory bowel disease and radiation 
injury, and patient with previous failed surgical repairs.

�Gracilis Interposition
Gracilis interposition is probably the most commonly used 
pedicled muscular flap in cases of complex and recurrent 
rectovaginal fistulas. Success rates range between 75 and 
92 % [47, 48], including both Crohn’s disease and non-
Crohn’s disease patients. The success of the procedure is 
thought to be a reflection of improved healing of the excised 
fistula tract in the setting of the healthy, well-vascularized 
tissue that is provided from the flap. However, fistula 
recurrence rates may be as high as 20 % in non-Crohn’s 
patients and 66 % in Crohn’s patients [37], so success of the 

procedure is by no means perfect.
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The fistula is usually approached through a perineal 
incision as described above. When the fistula has been 
divided and repaired, the gracilis muscle is mobilized 
through several small incisions on the medial aspect of the 
thigh (Fig.  28.4). During mobilization the neurovascular 
bundle, which is located at the junction between the proxi-
mal and middle thirds of the muscle, should be identified and 
carefully preserved. The muscle is then released from its 
insertion on the tibial tuberosity, and the flap is carefully 
rotated through a subcutaneous tunnel connecting the thigh 
to the perineal incision. At this point care must be taken to 
identify and avoid twisting (and thereby obstructing) the 
gracilis vascular pedicle. Once properly oriented in the peri-
neal wound, the flap should be sutured in place to the apex of 
the mobilized rectovaginal dissection plane on the vaginal 
side [49]. It may be helpful to place the securing suture prior 
to rotating the flap in order to facilitate optimal positioning 

of the muscle over the defect. The perineum is then closed in 
a multilayer fashion in the same manner as is used for a 
transperineal repair.

�Martius Graft
A modified Martius graft involves transposition of healthy 
vascularized tissue from the bulbocavernosus muscle or 
labial fat pad to the rectovaginal fistula repair site (Fig. 28.5a) 
[50]. An incision is made over the labia majora (Fig. 28.5b), 
and the graft is mobilized with sharp dissection to maintain 
adequate blood supply via a vascular pedicle (Fig. 28.5c, d). 
The graft is rotated medially around this pedicle (Fig. 28.5e) 
and then tunneled beneath the vaginal mucosa and labia 
minor to cover the excised fistula tract (Fig. 28.5f). Similar to 
the gracilis interposition graft, the Martius graft promotes 
neovascularization and improved granulation by providing 
strong blood supply and healthy surrounding tissue.  

Fig. 28.2  Endorectal advancement flap. With the patient in a prone 
position, the fistula is identified (Panel a) and exposed (Panel b). 
Following injection of local epinephrine-containing anesthesia, a 
flamed-shaped flap consisting of mucosa, submucosa, and sometimes 

circular muscle adjacent to the fistula is created (Panel c). The flap is 
then advanced over the tract opening and sutured in place with simple 
interrupted absorbable sutures to close off the rectal end of the tract 
(Panel d)
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The graft also helps obliterate any dead space, thereby 
preventing early tract recurrence. This technique is gaining 
popularity due to its reported success among patients with 
recurrent rectovaginal fistulas [51] and less invasive nature 
compared to the gracilis interposition procedure.

�Bioprosthetic Repairs
Bioprosthetic interposition grafts (Fig. 28.6) have been used 
with promising results in certain cases where muscular inter-
position was not possible [39]. Existing literature consists 
only of case reports, and success rates vary between 0 and 
100 % [7]. The use of bioprosthetic materials in a potentially 

dirty field carries a real risk of infectious complications, but 
more experience is necessary before the risks and benefits of 
this technique can be fully ascertained.

�Transabdominal Approaches

High rectovaginal fistulas near the apex of the vaginal vault 
are often not amenable to local or transrectal repair 
approaches due to poor visualization and access. Commonly 
affected patients include those with inflammatory bowel dis-
ease, malignancy- or radiation injury-related fistulas, and 
fistulas with diverticular etiology. Elderly patients will often 
fall into this category, as episodic diverticulitis is frequently 
the cause of rectovaginal fistulas in the older population.  
In these cases, a transabdominal approach, either through 

laparotomy or laparoscopy, may be necessary [52]. 
Transabdominal repair options include an omental J-flap, 
rectus abdominus interposition, proctectomy, abdominal 
perineal resection, and colpocleisis [37].

The omental J-flap technique involves dissection of the 
omentum off the transverse colon and creation of a J-shaped 
incision 4 cm inside the lateral border that extends from adja-
cent to the stomach past the distal termination of the mesen-
teric vessels. The resulting omental flap is then rotated down to 
the excised fistula site, where it is secured in place to provide 
reinforcement between the posterior vaginal wall and the ante-
rior rectum. Initial experiences with this technique have dem-

onstrated positive results, but long-term data is lacking [53].
Rectus abdominus interposition follows a similar principle; 

the rectus muscle is mobilized at its distal end, and the result-
ing flap is rotated around a well-vascularized pedicle down 
toward the fistula site (Fig. 28.7). The muscle graft is trans-
posed between the rectum and vagina and serves as a course of 
blood supply and healthy host tissue that promotes wound 
healing and provides reinforcement of the fistula repair. This 
technique has been employed successfully in a small series of 
patients with both Crohn’s disease and recurrent rectovaginal 
fistula with minimal postoperative morbidity [54].

Colpocleisis, which is an obliterative procedure that 
closes off the vaginal canal completely, is a more extreme 
alternative approach to fistula repair [55]. It is appropriately 
offered to patients who cannot tolerate extensive transab-
dominal surgery, or who have severe pelvic organ prolapse in 

Fig. 28.3  Muscle 
interposition. After 
identification and exposure of 
the rectovaginal fistula (Panel 
a), a muscular flap (in this 
case, the gracilis muscle) can 
be mobilized at its distal end 
and rotated around a 
well-vascularized pedicle 
down toward the fistula site 
(Panel b). The muscle graft is 
transposed between the 
rectum and vagina where the 
local tissue supply may not be 
sufficient to cover the defect, 
and then the defect is closed 
using a 4-layered closure 
(Panel c)
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addition to their rectovaginal fistula. Although many elderly 
women may fall into this category, it is important to com-
municate that sexual intercourse will no longer be possible 
following colpocleisis. Thus this option is not to be recom-
mended lightly, and should be reserved for patients with 
extreme symptomatic complaints and no desire to preserve 
coital function. It is rarely used in 2013.

�Diversion

The utility of a diverting stoma for treating rectovaginal fis-
tulas is controversial. In general, there is little data to support 
routine use of this approach. Fistula recurrence rates in 
patients with diverting stomas may be as high as 49 %, and 
have been shown to be comparable to those in patients with 
bowel continuity [37, 46, 56–61]. However, diversion may 

be indicated in specific groups of patients, such as those with 

rectovaginal fistulas caused by radiation injury, defects 
greater than 4  cm in diameter, and recurrent fistulas in 
patients with poorly controlled inflammatory bowel disease 
[62]. In instances where a diverting stoma is employed, 
definitive repair of the fistula should be delayed until any 
peri-fistular tissue inflammation resolves (approximately 
8–12 weeks). Ostomy reversal should be delayed until 
approximately 3–4 months following fistula repair.

�Special Considerations

�Crohn’s Disease

Surgical failure rates following rectovaginal fistula repair 
have been reported to be twice as high in Crohn’s patients as 
compared to non-Crohn’s patients (50 % versus 24 %) [63]. 
Even in studies with slightly better overall success rates, 

Fig. 28.4  Gracilis interposition. For a gracilis interposition flap, the 
gracilis muscle is mobilized through several small incisions on the 
medial aspect of the thigh (Panel a) and then released from its insertion 
on the tibial tuberosity (Panel b). The flap is then carefully rotated 
through a subcutaneous tunnel connecting the thigh to the perineal inci-

sion and sutured in place to the apex of the mobilized rectovaginal dis-
section plane on the vaginal side (Panel c, d). Mobilization of the 
muscle should occur after the fistula has been divided and repaired 
through a perineal incision
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Crohn’s disease is associated with high rates of fistula 
recurrence [48, 56]. Successful repair of rectovaginal fistulas 
in patients with Crohn’s disease is completely dependent on 
disease control and operative timing, which ideally should be 
in a period of remission, if possible (Fig. 28.8). Patients with 
active rectal disease should not undergo operative repair 
because of a high risk of tract recurrence and/or new tract 
formation. Patients using steroids and with a history of ciga-
rette use are also at high risk for operative failure [57]. 
Transabdominal repairs should be avoided to prevent unnec-
essary adhesion formation, since Crohn’s patients are highly 
likely to require laparotomy at some point in their disease 
course. Instead, a transperineal or Martius graft approach 

should be utilized. The transperineal technique is appropriate 
because the likelihood of sphincteric involvement in patients 
with inflammatory bowel disease is rare. The Martius graft is 
promoted because it can be used to fill in the large defects 
that may result from resection of the extensive fistula tracts 
that are common in this population.

�Radiation Injury

The appropriate management for complex rectovaginal fistu-
las is complicated (Fig. 28.9). Rectovaginal fistulas caused 
by radiation injury are frequently large, located high on the 

Fig. 28.5  Martius graft. A modified Martius graft involves transposi-
tion of healthy vascularized tissue from the bulbocavernosus muscle or 
labial fat pad (Panel a) to the rectovaginal fistula repair site. An incision 
is made over the labia majora (Panel b), and the graft is mobilized with 

sharp dissection to maintain adequate blood supply via a vascular pedi-
cle (Panels c, d). The graft is rotated medially around this pedicle 
(Panel e) and then tunneled beneath the vaginal mucosa and labia minor 
to cover the excised fistula tract (Panel f)
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posterior vaginal wall, and associated with extensive fibrosis 
of surrounding tissues. Patients will often have concomitant 
rectal strictures as a result of tissue scarring as well, leading 
to increased intrarectal pressures that make any surgical 
repair of a rectovaginal fistula more tenuous. As mentioned 
previously, a diverting stoma may be appropriate in many of 
these cases. Radiation-related fistulas may heal spontane-
ously with diversion alone in 17 % of cases [62]. Alternatively, 
the Martius flap with temporary diversion has been described 

with some success in a small series of ten patients [64], 
although recurrence rates tend to be high [65]. In cases of 
extensive radiation injury, laparotomy with extensive exci-
sion of both scar and fistula tract may be the best approach, 
since it allows for complete resection of the involved rectum. 
If appropriate with respect to comorbidities, an abdominal 
approach with proctectomy and coloanal anastomosis and 
proximal diversion is the best approach for fistulas second-
ary to radiation therapy.

Fig. 28.6  Bioprosthetic interposition grafts. Bioprosthetic materials to 
close a rectovaginal fistula have been used with promising results in 
certain cases where muscular interposition was not possible, but may 

increase the risk of infectious complications. In panel a, a biologic 
implant is shown sutured over the fistula defect (arrow). In panel b, an 
Alloderm implant is used for a similar purpose (arrow)

Fig. 28.7  Rectus abdominus interposition. After identification and 
exposure of rectovaginal fistula (panel a), the rectus abdominus muscle 
is mobilized at its distal end and rotated around a well-vascularized 
pedicle down toward the fistula site (panel b). The muscle flap is trans-

posed between the rectum and vagina where the local tissue supply may 
not be sufficient to cover the defect, and then the defect is closed using 
a 4-layered closure (panel c)
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Fig. 28.8  Algorithm for 
surgical management of 
rectovaginal fistulas in 
Crohn’s disease

Fig. 28.9  Algorithm for 
surgical management of 
complex rectovaginal fistulas 
associated with radiation 
injury or malignancy
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�Malignancy

The majority of malignancy-associated rectovaginal fistulas 
occur as a result of radiation-induced injury, and should be 
approached as outline above. Repair of rectovaginal fistulas 
associated with a current malignancy should be deferred until 
after appropriate treatment of the malignancy (Fig.  28.9). 
Seton drainage or other temporizing procedures can be used 
for symptomatic control in the interim time period. Rectal 
and gynecologic cancers are the most common malignancies 
associated with rectovaginal fistulas [66], both of which may 
require treatment with chemoradiation therapy before or after 
surgical resection. In patients with a new malignancy, a com-
plete R0 resection of the disease should involve en bloc resec-
tion of the offending fistula tract along with the primary 
specimen [67]. In patients with recurrent malignancy, radia-
tion therapy is common and thus fistula repair should be 
delayed until the resulting tissue inflammation resolves. 
Delaying surgical repair in these patients will also allow for 
identification of any new fistula tracts that might form as a 
result of radiation injury, thereby allowing for multiple repairs 
during a single trip to the operating room.

R0 resection of these cancers often requires an abdomino-
perineal resection with posterior vaginal wall resection. 
Filling the perineal defect requires rotation of a myocutane-
ous flap into the space. These flaps can be used to close the 
defect and reconstruct the vagina. The rectus abdominus flap 
is most commonly used. Bilateral gracilis muscles flaps may 
also be used, but do not provide adequate tissue bulk for 
many of the defects created. An alternative that has been 
recently described is the free anterolateral thigh flap, which 
has adequate tissue bulk for large reconstructions [68, 69]. 
The decision to use a myocutaneous flap in elderly patients 
should be based on the patient’s underlying medical condi-
tion and not age. The procedures are extensive and at times 
can be associated with significant blood loss, so those 
patients with multiple comorbid medical conditions may not 
be good candidates for resection.

�Recurrence

Unfortunately, fistula recurrence following surgical repair is 
common. Traditionally it was thought that patient age, body 
mass index, diabetes, steroid use, and immunosuppression 
were associated with worse surgical outcomes following rec-
tovaginal fistula repair. However, recent studies suggest that 
there is no significant association between these factors and 
postoperative failure or recurrence rates [37, 70]. Likewise, 
the size and duration of the fistula and the presence of a con-
comitant sphincter injury are not associated with worse 
outcomes [70]. The only demographic factor that has been 
shown to reliably predict fistula recurrence is cigarette use [37]. 

The pathophysiology of this association is thought to be 
decreased tissue perfusion resulting from catecholamine-
induced vasoconstriction and microvascular occlusion from 
increased platelet adhesiveness [71–73]. The lack of consis-
tent demographic risk factors other than cigarettes suggests 
that rectovaginal fistula repairs can and should be attempted 
in elderly women with defects that are appropriate for sur-
gery, provided of course that their other comorbidities and 
overall health allows for operative intervention.

In addition to cigarette use, prior failed attempts at recto-
vaginal repair are also associated with progressively worse 
outcomes; there appears to be a correlation between the 
number of prior surgical attempts and failure rates [2, 37, 63]. 
Extending the amount of time between repairs may improve 
outcomes, with one study demonstrating an improvement 
from 45 % success to 71 % success after implementing a time 
interval of at least 3 months between repairs [63]. Although 
this benchmark was chosen based on mostly arbitrary crite-
ria, it allows for resolution of inflammation and should be 
considered a guideline for operative planning.

�Summary and Recommendations

Rectovaginal fistulas are relatively rare epithelial-lined 
defects involving a communicating tract between the vagina 
and rectum. Patients’ main presenting complaints are usually 
malodorous vaginal discharge and gas, with fecal inconti-
nence in cases with concomitant anal sphincter injury. 
Although most rectovaginal fistulas are formed as complica-
tions following obstetric trauma, alternative etiologies such 
as diverticular disease, malignancy, radiation injury, fecal 
impaction, inflammatory bowel disease, and surgical trauma 
are more common in the elderly population.

The diagnosis of a rectovaginal fistula is based primarily 
on physical exam, either in the office or in the operating as an 
exam under anesthesia. High-resolution imaging with endo-
luminal MRI can be helpful in diagnosing concomitant anal 
sphincter defects, which are common, as well as other asso-
ciated abnormalities.

Medical management is rarely effective for the definitive 
management of rectovaginal fistulas, but should serve as a 
first-line approach for symptom control. This is particularly 
true in patients with inflammatory bowel disease, who should 
delay surgery until a period of disease remission, and in 
patients suffering from radiation therapy, who may experi-
ence limited success with surgical repair.

The surgical options for repair of a rectovaginal fistula 
are varied and range from local procedures to muscle flaps 
to transabdominal approaches. There is no single “right” 
way to approach a rectovaginal fistula; rather, operative 
technique should be based on a combination of the fistula’s 
characteristics, patient factors, and patient preferences. 
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Endorectal advancement flaps are the mainstay of treatment 
for simple fistulas, and are associated with success rates 
ranging from 43 to 100 %. Gracilis interposition and the 
Martius graft appear to be the most effective treatments for 
complex or recurrent fistulas, with success rates ranging 
from 75 to 92 %. Other approaches including simple fistu-
lotomy, seton placement, transsphincteric and transperineal 
repairs, bioprosthetic repairs, and transabdominal tech-
niques have been utilized with success in specific patient 
groups. In particular, special considerations need to be made 
in patients with inflammatory bowel disease, radiation 
injury, and malignancy.

Despite medical optimization and targeted surgical inter-
vention, fistula recurrence is common and largely unpredict-
able. Cigarette smoking, prior fistula repairs, and inflammatory 
bowel disease are associated with increased failure rates, but 
no other patient or fistula-specific characteristics have been 
reliably shown to predict recurrence. Elderly patients appear 
to have outcomes that are just as good as those of younger 
patients, so age alone should not be a deterrent to surgical 
repair. However, patient comorbidities and overall health 
should be taken into consideration before surgical interven-
tion is recommended.

�Key Points

•	 Rectovaginal fistulas are relatively rare epithelial-lined 
tracts between the vagina and rectum

•	 Patients’ main presenting complaints are vaginal dis-
charge and passage of flatus per vagina with or without 
fecal incontinence

•	 Most rectovaginal fistulas result from obstetric trauma, 
but inflammatory bowel disease, radiation injury, malig-
nancy, surgical trauma, and diverticular disease are more 
common etiologies in the elderly population

•	 Surgical repair is the mainstay of treatment; medical man-
agement is rarely effective

•	 The techniques of choice for single and complex/recurrent 
rectovaginal fistulas are the endorectal advancement flap 
and gracilis interposition, respectively

•	 Patients with inflammatory bowel disease, radiation 
injury, or malignancy require special consideration, and 
may benefit from a diverting stoma

•	 Fistula recurrence is common, especially among patients 
with a history of cigarette use and among those with prior 
failed attempts at fistula repair

•	 Surgical outcomes are similar in elderly and younger 
patients, so age alone should not be a deterrent to surgical 
repair
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�Pruritis Ani

�Epidemiology and Classification

Pruritus ani is a dermatologic condition characterized by 
intense chronic itching affecting the perianal region. It affects 
1–5 % of the general population, and is most common 
between the fourth and sixth decades of life. Men are more 
commonly affected than women by a 4:1 ratio [1, 2]. Pruritus 
ani is classified into primary and secondary. The primary 
form, also known as idiopathic pruritus ani, has no demon-
strable cause and accounts for 50–90 % of cases [2]. 
Secondary pruritis ani results from an identifiable co-existing 
pathology. The spectrum of causes of secondary pruritis ani 
varies widely and can be divided into several broad catego-
ries as shown in Table 29.1.

�Etiology and Management

The Latin term pruritus ani simply means itchy anus. Itch is 
a phenomenon mediated by pain fibers. Because itch recep-
tors are superficially located, even innocuous and light 
mechanical stimuli can induce the symptom. The elderly 
may have a lower threshold for the perception of itch due to 
decreased skin hydration and increased awareness due to 
inactivity [3, 4]. Causes of pruritis ani can be divided into 
five categories: Infectious, dermatologic, systemic disease 
and psychological factors, anorectal causes, and neoplasm.

�Infectious
Infectious sources are rarely the cause of pruritus ani. 
Perianal infection can be bacterial, fungal, viral, or parasitic 
in origin. Non-sexually transmitted bacterial causes include 
Beta-hemolytic streptococci, Staphylococcus aureus, and 
Corynebacterium minutissimum [1, 5–7]. The typical pre-
sentation is a moist, well-defined, erythematous rash without 
satellite lesions, often long-standing, which fails to respond 
to topical steroids. Treatment of pruritis ani due to these bac-
terial infections is with topical erythromycin, clindamycin, 
or dicloxacillin [5, 8, 9]. Although rare, perianal tuberculosis 
can also cause pruritus. Perianal tuberculosis can present as 
an ulcer with a grayish, granular base, or as extensive perianal 
inflammation. Diagnosis is proven with acid-fast organisms in 
scrapings from the lesion [10]. Exudates from the chancre or 
condyloma latum of perineal Treponema pallidum (syphilis) 
infection can also lead to pruritis ani [2].

Large, scaly, patches of skin, initially pink in color and 
subsequently turning brown, characterize erythrasma, caused 
by C. minutissimum. It accounts for 1–18 % of cases of pru-
ritis ani and classically affects additional intertriginous areas 
of the body [11–14].

Fungal infections account for 10–15 % of pruritus ani [1, 2]. 
Although Candida albicans is commonly cultured from the 
perianal region, it is commensal, only becoming pathogenic 
in patients who are diabetic, immunosuppressed, or exposed 
to prolonged antibiotics [1]. Dodi et al. found that only 26 % 
of patients whom cultured positive for C. albicans were 
affected by pruritus ani [15]. Lesions of C. albicans appear 
moist, red, and macerated, with poorly defined margins and 
satellite lesions. Mycelian forms and spores can be seen 
under microscope examination of the scrapings. Treatment 
includes nystatin powder or ointment in addition to eliminat-
ing the precipitating cause [10]. In contrast to C. albicans, 
dermatophytes (Epidermophyton floccosum, Trichophyton 
mentagrophytes, and Trichophyton rubrum) are always asso-
ciated with pruritus, and should be considered pathogenic [15]. 
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Dermatophyte lesions appear as erythematous patches with 
central clearing, giving a ringworm appearance. Diagnosis is 
made by potassium hydroxide examination of scales scraped 
from the lesion, which will show the characteristic seg-
mented hyphae and arthrospores. Treatment consists of fun-
gicidal preparations such as tolnaftate topical or topical 
imidazoles [10].

Several viral infections can present with pruritus ani, 
including condyloma acuminatum, herpes simplex virus, and 
herpes zoster. Parasitic infections can also be the cause of 
pruritus ani. Some common parasites are Enterobius vermic-
ularis (pinworms), Sarcoptes scabiei (scabies), and 
Pediculosis pubis (pubic lice) [2].

�Dermatologic
Dermatologic conditions associated with pruritus ani include 
psoriasis, seborrheic dermatitis, contact dermatitis, lichen 
planus, lichen sclerosis, and lichen simplex chronicus. Many 
of these conditions do not show the classic appearance in the 
perianal region; therefore, when dermatologic condition is 
suspected, the patient’s entire body must be examined [2].

Psoriasis is found in 5–55 % of patients with pruritus ani 
[1]. The clinical presentation of well-demarcated, erythema-
tous lesions with thick silvery scales over the scalp and 
extensor surfaces is diagnostic. Lesions in the perianal area 
do not share this typical appearance, due to the moisture in 
the intergluteal region. Rather, poorly demarcated, paler, and 
nonscaling lesions are seen. Psoriasis is not curable, but 
symptoms can be controlled with topical therapies, such as 
1 % hydrocortisone cream, fluocinolone acetonide 0.025 % 
cream, flurandrenolide, or fluocinolone cream in a coal tar 
base [2, 16].

Perianal seborrheic dermatitis is characterized by mois-
ture and erythema. A thorough examination of the scalp, 
chest, ears, suprapubic area, and beard will help make the 

diagnosis. The treatment is 2 % sulfur with 1 % hydrocortisone 
or miconazole lotion [2].

Contact dermatitis results in erythematous, macerated 
skin with vesicle formation (Fig. 29.1). Many inciting agents 
can be found in cleansing and therapeutic preparations, such 
as lanolin, neomycin, parabens, topical anesthetics, topical 
antihistamines, and moistened toilet paper containing meth-
yldibromoglutaronitrile [10, 17]. Certain medications, such 
as quinidine, colchicine, mineral oil, and antibiotics can also 
irritate the skin [18]. Treatment is with avoidance of local 
irritants, tight clothing, and perianal moisture. Warm sitz 
baths and emollient creams should be used to cleanse the 
skin. Topical steroids such as 1 % hydrocortisone or 0.05 % 
flurandrenolide lotion may also be useful unless secondary 
infection is present [2, 10].

Lichen planus begins on the genitals and perianal region 
and eventually spreads to other regions. This condition may 
have an immunologic basis. Lesions are characterized by 
shiny, flat-topped papules that are more darkly pigmented 
than the surrounding skin. Plaques are often found on the 
volar aspects of the wrists and forearms. Wickham’s striae, 
small intersecting gray lines that can be seen when mineral 
oil is applied to the plaques, can help establish the diagnosis. 
This is a self-limited disease that resolves within 8–12 
months. Symptoms are treated with low potency topical 
steroids. Severe eruptions can be treated with short courses 
of systemic steroids [10].

Lichen sclerosis is a lymphocyte-mediated skin condition 
that can affect any part of the body, but is most commonly 
found in the anogenital region of both sexes. This condition 
is more common in women, especially postmenopausal 
women, than men with a ratio of 5:1 [19]. Patients present 

Table 29.1  Etiologies of pruritus ani

Primary Idiopathic

Secondary Infectious Bacterial, fungal, viral, parasitic

Dermatologic Psoriasis, lichen planus, lichen 
simplex chronicus, lichen sclerosis, 
contact dermatitis, atopic 
dermatitis, local malignancy 
(Bowen’s disease, extramammary 
Paget’s)

Systemic and 
psychological 
factors

Diabetes, leukemia, lymphoma, 
hepatic diseases, thyroid disorders, 
chronic renal failure, polycythemia 
vera, psychogenic, anxiety, stress, 
neuropathy

Colorectal and 
anal causes

Prolapse, anal fistula, fissures, 
diarrhea, skin tags, deep gluteal 
clefts, hirsutism

Neoplasm Paget’s disease, Bowen’s disease

Fig. 29.1  Pruritis ani due to contact dermatitis
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with ivory-colored, atrophic papules that eventually break 
down, leaving a raw edematous surface that can be extremely 
pruritic and painful. As the area heals, the edema is replaced 
by sclerosis and chronic inflammation. The white patches 
around the vulva and anus are commonly described as hav-
ing a “figure-of-8” appearance. Diagnosis is made via skin 
biopsy. Lichen sclerosis is associated with a risk of invasive 
squamous cell carcinoma; therefore, all patients should be 
monitored closely for any suspicious skin changes [1]. There 
is no known effective cure. Symptoms can be controlled with 
topical corticosteroids, pimecrolimus, or tacrolimus [19–21]. 
In severe, nonresponsive cases, systemic therapies such as 
retinoids, cyclosporine, stanozolol, hydroxychloroquine, 
potassium aminobenzoate, and calcitriol have been used. 
Surgery may be required for the release of scarring and 
fusion, most commonly to relieve urinary obstruction in the 
geriatric population [20].

Lichen simplex chronicus, or neurodermatitis, is a local-
ized variant of atopic dermatitis. This condition develops 
when repetitive mechanical trauma, such as from frequent 
and vigorous cleansing or scratching, leads to lichenifica-
tion. Lichenification is a thickening and scaling of the epi-
dermis. The itch-scratch-itch cycle leads to a well-demarcated, 
erythematous, thickened lesion. Diagnosis is confirmed by 
skin biopsy. Symptom can be controlled with topical steroids 
and antihistamines [2].

�Systemic Disease and Psychological Factors
Several systemic diseases are associated with pruritus ani, 
including diabetes mellitus, liver disease, lymphoma, leuke-
mia, pellagra, vitamin A and D deficiencies, renal failure, 
iron-deficiency anemia, and hyperthyroidism. Psychological 
disturbances, including depression, anxiety, and stress, can 
exacerbate the symptoms of pruritus ani [2, 3, 22].

�Anorectal Causes
Prolonged perianal moisture and fecal contact can cause 
local skin irritation and pruritus [1, 23, 24]. This can be espe-
cially troublesome in the elderly, in whom anal sphincter 
muscle weakness is common. Anorectal problems that can 
cause excessive moisture and fecal contamination in the 
perianal region include hemorrhoids, anal fissures, anal fistu-
lae, rectal prolapse, chronic diarrhea, fecal incontinence, and 
polyps/cancer [2]. Correcting the underlying pathology is 
crucial in the management of pruritus ani [25].

�Neoplasm
More than half of patients with perianal Paget’s disease and 
Bowen’s disease experience pruritus ani [1]. Extramammary 
Paget’s disease (cutaneous adenocarcinoma in situ) is rare 
and typically occurs in the seventh decade of life [2]. Bowen’s 
disease (intraepithelial squamous cell carcinoma in situ) is 
also most common in the elderly. Extragenital lesions have a 

3–5 % risk of progression into invasive squamous carcinoma, 
while genital lesions have an approximately 10 % risk. Wide 
local excision to negative margins is the treatment of choice 
for both diseases [10].

�Diagnosis

A thorough search for causes of secondary pruritis ani should 
be undertaken before classifying the disease as primary or 
idiopathic.

�History and Physical Examination
During the first initial visit, it is important to take a detailed 
history including frequency and consistency of bowel move-
ments, anal hygiene, and any co-existing skin diseases. 
Inquiries about allergic conditions, previous patch testing, 
history of over-the-counter topical therapy usage, along with 
a detailed past medical history to look for systemic diseases 
that can cause pruritus are essential.

In addition to a careful anorectal examination, the physi-
cal exam should also survey the entire skin [2]. Skin lesions 
with sharp, distinct borders usually suggest tinea, psoriasis, 
or neoplastic changes. Hyperpigmentation in intertriginous 
areas indicates chronic inflammatory conditions, such as 
infection or chronic discharge. Erythema is often seen with 
chronic steroid use, whereas bright erythema suggests peri-
anal candidiasis. Idiopathic inflammation has borders that 
are indistinct and nondescript. Groin adenopathy points to 
neoplasia and infection [1].

�Laboratory Examination
Cultures and histology can aid in the diagnosis of infectious 
or dermatologic causes. Fungal and bacterial specimens 
should be placed in the appropriate bacterial transport 
medium and refrigerated, while anaerobic specimens should 
be placed in a specific anaerobic medium and stored at room 
temperature. Vesicles should be unroofed and exudates 
placed in a viral culture medium. Skin scraping can be sent 
for fungal culture and microscopy. Skin biopsies should 
include an area of adjacent normal skin. Swabs should be 
taken before internal examination since conventional water-
soluble lubricant is bactericidal [1, 10].

�Treatment

The management of pruritus ani includes identifying and 
treating specific causes and reestablishing clean, dry, and 
intact perianal skin. Three facets of treatment are: Elimination 
of irritants, general control measures, and active treatment 
measures. Irritants such as soaps, perfumes, lotions, baby 
wipes, witch hazel products, dyes in clothes, and certain 
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foods must be eliminated. Foods that have been associated 
with pruritus ani are coffee, tea, chocolate, beer, citrus fruits, 
alcohol, dairy products, and tomatoes [1, 22].

General control measures that help relieve symptoms 
include the use of detachable showerheads for cleansing the 
perianal region and eliminating soap residues, followed by 
hair dryers to eliminate moisture without abrading the tissue. 
Application of a barrier cream, such as calmoseptine or butt 
paste, will protect the perianal skin from local irritants [10]. 
Wearing loose-fitting clothing allows air circulation and pro-
motes dryness. Acute itch may indicate fecal seepage, and 
immediate cleansing is advisable. If washing is not immedi-
ately available, oil-based preparations (Balneol) or aqueous 
creams can be squeezed onto cotton tissue and used to gently 
cleanse the perianal area. Burow’s solution is another useful 
cleanser. Fecal seepage can be reduced by adding fiber to the 
diet, avoiding excessive fluid intake, and employing antidiar-
rheal agents judiciously.

Patients with mild to moderate symptoms and minimal 
skin changes can be treated with a weak topical steroid, such 
as 1 % hydrocortisone cream. This can be combined with 
topical antibiotics or antifungals. Once symptoms improve, 
the frequency of application should be reduced with the goal 
of substituting to a barrier cream. Patients with severe symp-
toms respond well to a short duration (less than 8 weeks) of 
a high potency steroid, such as 0.05 % betamethasone dipro-
pionate or 0.05 % clobetasol propionate [1]. The prolonged 
use of potent steroids can cause skin atrophy, systemic 
absorption with adrenal suppression, allergic contact derma-
titis, and rebound worsening after withdrawal.

Topical capsaicin produces a short, intense, burning sen-
sation, which often eliminates the urge to scratch. A random-
ized, cross-over study showed topical capsaicin to be superior 
to placebo in a group of patients with chronic pruritus ani 
[26]. For intractable pruritus ani, intradermal injection of 
methylene blue has shown good results in some studies [1, 
27].

�Hemorrhoids

�Anatomy

The term “hemorrhoids” refers to the normal submucosal 
cushions of highly vascular tissue within the anal canal. 
These anal cushions contain blood vessels, smooth muscle, 
and elastic connective tissue [28]. They are located from the 
dentate line to the anorectal ring, and are classically found in 
the right anterior, right posterior, and left lateral positions. 
Hemorrhoids are thought to contribute to anal continence by 
providing complete closure of the anus. They may also act as 
a compressible lining that protects the underlying anal 
sphincters [27].

The superior hemorrhoidal artery provides the main blood 
supply to hemorrhoids, with branches of the middle hemor-
rhoidal arteries also contributing. Venous drainage is via the 
superior, middle, and inferior hemorrhoidal veins, which 
connect the portal and systemic circulations in the region of 
the dentate line [10].

�Etiology

Factors thought to contribute to hemorrhoidal disease include 
constipation, pregnancy, chronic straining, diarrhea, obstruc-
tion of venous return due to increased intraabdominal pres-
sure, and aging [10, 29]. The muscular fibers within the anal 
cushions arise from both the internal sphincter and the con-
joined longitudinal muscle. These help maintain adherence 
of the hemorrhoidal tissues to the underlying internal sphinc-
ter. With aging, the supporting muscular fibers can deterio-
rate or weaken, leading to distal displacement of the vascular 
cushions. Thomson’s theory of the “sliding anal cushion” is 
the most widely accepted.

�Epidemiology

The true prevalence of symptomatic hemorrhoids is almost 
impossible to assess due to patients’ tendency to self-
medicate rather than seek proper medical care [30]. In addi-
tion, patients often attribute other anorectal problems such as 
pruritus ani, anal fissures, fistulas, and skin tags to hemor-
rhoids. According to the National Center for Health Statistics, 
the reported prevalence of hemorrhoids in the USA is 4.4 % 
[31]. The peak incidence of the disease occurs in between the 
ages of 45 and 65, and its presence prior to the age of 20 is 
unusual [30, 31].

�Classification

Hemorrhoids are classified based on their location and 
degree of prolapse. Internal hemorrhoids are located proxi-
mal to the dentate line, and are covered by columnar epithe-
lium. The overlying tissue is viscerally innervated, and 
therefore is not sensitive to touch, pain, or temperature. 
Internal hemorrhoids are further divided into categories 
based on appearance and degree of prolapse (Table  29.2). 
Grade 1 internal hemorrhoids contain anal cushions that 
bleed but do not prolapse. Grade 2 internal hemorrhoids are 
those that prolapse past the dentate line and can be seen at 
the anal verge during straining, but reduce spontaneously. 
Grade 3 internal hemorrhoids protrude beyond the anal verge 
and require manual reduction. Grade 4 internal hemorrhoids 
lie permanently outside the anal verge and are irreducible. 
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External hemorrhoids are located distal to the dentate line, 
and are covered by modified squamous epithelium. They are 
somatically innervated and are sensitive to touch, pain, 
stretch, and temperature. Mixed hemorrhoids consist of both 
internal and external hemorrhoids [32].

�Diagnosis and Examination

Bright red, painless rectal bleeding occurring at the end of 
defecation is the classic symptom of internal hemorrhoids. 
Bleeding can also be occult, which may result in guaiac-
positive stools or anemia. Other causes of anemia must be 
ruled out prior to attributing it to hemorrhoids, especially in 
the elderly population. The prolapsing columnar epithelial 
tissue of internal hemorrhoids can lead to mucous deposition 
on the perianal skin, which can cause itching and irritation 
[30]. In addition, the prolapsed cushions can prevent a tight 
seal of the anal verge, causing fecal seepage. This is particu-
larly troublesome in the elderly population, in whom 
decreased sphincter tone often causes concomitant fecal 
incontinence [33]. Internal hemorrhoids rarely cause pain, 
unless they become incarcerated or strangulated. Symptoms 
from external hemorrhoids usually stem from acute throm-
bosis. Thrombosed external hemorrhoids are characterized 
by severe pain; bleeding may also occur due to pressure 
necrosis. External skin tags at the anal verge may be the end 
result of thrombosed external hemorrhoids.

The definitive diagnosis of hemorrhoids relies on a pre-
cise history and careful physical examination. Rectal pro-
lapse, anorectal cancer, anal fissure, and cryptoglandular 
disease are in the differential diagnosis of hemorrhoids [10]. 
History should include characterization of pain, bleeding, 
protrusion, and bowel patterns, along with assessment of 
preexisting bleeding disorders or liver disease with portal 
hypertension. The perianal area should be inspected for skin 

tags, external hemorrhoids, protrusion of rectal tissue (both 
at rest and with Valsalva), perianal dermatitis, anal fistula, 
and anal fissure. Digital examination should be performed to 
rule out low-lying anorectal neoplasms and to assess sphinc-
ter tone. Anoscopy is often used to assess the extent of dis-
ease, including hemorrhoid size, location, and presence of 
bleeding. At a minimum, patients with bright red rectal 
bleeding should be evaluated with both anoscopy and flexi-
ble sigmoidoscopy. In the elderly population, full colonos-
copy is indicated due to the significant risk for colonic 
neoplasia. Colonoscopy should also be performed in patients 
with unusual symptoms and in those with a strong family 
history of colorectal cancer [10].

�Treatment

Treatment of symptomatic hemorrhoids ranges from dietary 
and lifestyle modification to hemorrhoidectomy, depending 
on the severity of the symptoms. In general, grade 1 and 2 
hemorrhoids can be treated with nonoperative management, 
while grade 3 and 4 hemorrhoids often require operative 
intervention (Table 29.2).

�Nonoperative Treatment
The goal of dietary and lifestyle modification is to minimize 
straining during defecation. Increasing intake of fiber, fluid, 
and adding psyllium may resolve symptoms [32]. Lifestyle 
modification can be used for treatment and also as a preven-
tative measure. Patients are advised to exercise regularly, 
improve anal hygiene, avoid straining and reading on the toi-
let, and reduce consumption of fat [30].

Oral flavonoids are used for the treatment of hemorrhoids, 
particularly in Europe and Asia. These compounds appear to 
work by increasing vascular tone, reducing venous capacity, 
decreasing capillary permeability, and facilitating lymphatic 
drainage [34]. Oral calcium dobesilate is also used to treat 
the acute symptoms of hemorrhoids. The beneficial effects 
relate to its ability to decrease capillary permeability, inhibit 
platelet aggregation, and improve blood viscosity; therefore 
reducing tissue edema [35]. Topical medications lack the rig-
orous levels of evidence to support their efficacy.

�Minor Office Procedures

Rubber Band Ligation
The goals of nonsurgical hemorrhoid treatments are to 
decrease hemorrhoid vascularity, reduce redundant tissue, 
and promote hemorrhoid fixation to the rectal wall. Rubber 
band ligation (RBL) is a quick and effective means of treat-
ing grade 1 and 2 and selected cases of grade 3 hemorrhoids 
[36, 37]. RBL causes ischemic necrosis of the banded 
mucosa, which in turn induces an inflammatory reaction, 

Table 29.2  Classification and management of internal hemorrhoids

Grading Findings Treatments

Grade 1 Anal cushions bulge into 
lumen of anal canal with 
painless bleeding

Dietary and lifestyle 
modification, medical 
treatment, RBL

Grade 2 Cushions protrude past 
dentate line during straining, 
but can reduce 
spontaneously

Dietary and lifestyle 
modification, medical 
treatment, RBL, 
sclerotherapy, IRC

Grade 3 Cushions protrude beyond 
anal verge spontaneously or 
with straining, and require 
manual reduction

Dietary and lifestyle 
modification, RBL, 
sclerotherapy, IRC, PPH, 
hemorrhoidectomy

Grade 4 Cushions are permanently 
prolapsed and irreducible

Dietary and lifestyle 
modification, PPH, 
hemorrhoidectomy

RBL rubber band ligation, IRC infrared coagulation, PPH procedure for 
prolapse and hemorrhoids
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which fixes the tissues to the underlying anal sphincter [30]. 
This technique has been widely used for the outpatient treat-
ment of hemorrhoids. Short-term success rate of RBL ranges 
from 80 to 89 %; however, recurrence rate can be as high as 
68 % within 4–5 years follow-up [38]. The complication rate 
is low, ranging from <1 to 3 %. Minor complications include 
pain, bleeding, vasovagal symptoms, band slippage, mucosal 
ulceration, and priapism. Bat et al. studied 512 patients who 
underwent hemorrhoid banding. Major complications 
occurred in 2.5 % of patients [39]. These included massive 
hemorrhage, severe pain, urinary retention, and perianal sep-
sis [30, 39, 40]. Even though pelvic sepsis is rare, it requires 
immediate medical attention. The classic triad of symptoms 
that indicates perianal infection is fever, worsening pain, and 
urinary dysfunction. RBL is not recommended in immuno-
compromised patients due to risk of necrotizing infection 
[32, 41].

Sclerotherapy
Sclerotherapy is another office procedure that works best for 
first and second-degree hemorrhoids. It involves injection of 
chemical agents into hemorrhoids, creating fibrosis, scar-
ring, shrinkage, and fixation. Sclerotherapy can be used for 
patients on anticoagulation. It is not recommended for 
patients with anorectal infection or with prolapsed throm-
bosed hemorrhoids [27].

Infrared Coagulation, Bipolar Diathermy,  
Direct-Current Electrotherapy
The infrared coagulator causes inflammation, scarring, and 
fixation of hemorrhoidal tissue using infrared radiation. It has 
been reported to cause less pain than RBL. It is useful in treat-
ing small bleeding hemorrhoids (grade 1 or 2), but is not 
effective in larger, bulkier hemorrhoids that require tissue 
destruction. Complications are infrequent and maximal dis-
comfort usually occurs during the procedure [27].

Bipolar diathermy devices generate heat to coagulate tissue. 
Success rates for grade 1–3 hemorrhoids have been reported to 
be in the range of 88–100 %. Complications include pain, bleed-
ing, fissure, and sphincter spasm [38]. Jutabha et al. showed that 
bipolar coagulation required more treatment sessions and had 
more failures than rubber band ligation [42].

Direct-current electrotherapy causes tissue destruction by 
producing sodium hydroxide at the negative electrode of the 
device. This technique is not widely used due to lengthy 
treatment time required and poor control of higher-degree 
hemorrhoids [38].

�Operative Treatment
Only 5–10 % of patients require surgical hemorrhoidectomy. 
Surgical options for the treatment of hemorrhoids are typi-
cally reserved for grade 3 hemorrhoids unresponsive to other 

less invasive approaches, grade 4 hemorrhoids, large external 
hemorrhoids, mixed hemorrhoids, and concomitant anorec-
tal pathology [32].

Hemorrhoidectomy
Excisional hemorrhoidectomy is highly effective with low 
recurrence rates. The operation can be performed using scis-
sors, diathermy, or vascular-sealing device such as Ligasure 
or Harmonic scalpel. The aim of surgical hemorrhoidectomy 
is to restore the anal canal to normal or near normal function 
and anatomic status. The Milligan-Morgan (open) and 
Ferguson (closed) hemorrhoidectomy techniques are com-
monly used worldwide [43]. The major drawbacks of hemor-
rhoidectomy are significant postoperative pain and prolonged 
recovery period. Other postoperative complications include 
acute urinary retention (2–36 %), bleeding (0.03–6 %), bac-
teremia and septic complications (0.5–5.5 %), anal stenosis 
(0–6 %), and fecal incontinence (2–12 %) [30]. A majority of 

the randomized prospective studies comparing open versus 
closed hemorrhoidectomy did not show any significant dif-
ference in pain, analgesic use, hospital stay, and complica-
tions [38].

Stapled Hemorrhoidectomy
To minimize postoperative pain, Longo proposed stapled 
hemorrhoidopexy, also known as procedure for prolapse and 
hemorrhoids (PPH), to treat hemorrhoids [44]. This tech-
nique involves the use of a circular stapling device to per-
form a circumferential resection of distal rectal mucosa. A 
systemic review by Chen et al. comparing PPH to conven-
tional hemorrhoidectomy showed that PPH had shorter oper-
ation time, less postoperative pain, less postoperative urinary 
retention, and a quicker return to normal activity. However, 
serious complications have been reported, including rectal 
perforation, pelvic sepsis, rectovaginal fistula, intraabdominal 
bleeding, and Fournier’s gangrene [45]. Further, PPH does 
not address external hemorrhoids or skin tags.

�Special Cases

�Thrombosed External Hemorrhoids
Thrombosed external hemorrhoids typically present as an 
abrupt onset of a painful perianal mass. Pain peaks between 
48 and 72 h and subsides after the fourth day as the thrombus 
shrinks and dissolves within the next few weeks. Since the 
disease is self-limited, therapy is guided by the severity and 
duration of symptoms. Excision is recommended if the 
patient presents early in the disease course with intense pain. 
Otherwise, treatment is nonoperative, and includes sitz baths, 
stool softeners, non-constipating analgesics, and proper anal 
hygiene [32].
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�Strangulated Hemorrhoids
A hemorrhoidal crisis occurs when prolapsed grade 3 or 4 
hemorrhoids become strangulated. Urgent excisional hemor-
rhoidectomy is required. The open technique should be per-
formed in cases where necrotic tissues are present. Another 
method of treatment is reduction after perianal block, with 
deferred, less invasive therapy.

�Anorectal Abscess and Fistula-in-Ano

Anorectal abscess and anal fistula are different stages of the 
same disease process. Abscess is the acute manifestation, 
while fistula represents the chronic condition. The majority 
of anorectal abscesses are due to cryptoglandular infection. 
Other causes include Crohn’s disease, tuberculosis, actino-
mycosis, malignancy, trauma, and radiation. The disease is 
most common between the ages of 20–60, with a 2:1 male to 
female ratio [46].

�Anatomy and Classification of Anorectal 
Abscess

Anorectal abscesses are classified based on their location: 
perianal, ischioanal, intersphincteric, and supralevator 
(Fig. 29.2) [47]. The anal glands are concentrated in the pos-
terior anal canal and empty into crypts located at the level of 
the dentate line. When these become obstructed, infection 
and abscess develop. Perianal abscesses located close to the 
anal verge are most common. Supralevator abscesses are 
least common and most difficult to identify. Infection can 
also spread circumferentially through the intersphincteric, 
ischiorectal, or ischioanal spaces, resulting in a horseshoe 
abscess.

�Diagnosis

The classic symptoms of an anorectal abscess are pain, swell-
ing, and fever. Physical exam reveals a tender, erythematous, 
fluctuant mass at the anal verge (Fig. 29.3). Intersphincteric 
abscesses can present as severe rectal pain and urinary symp-
toms, without any external findings. Supralevator abscesses 
often present with less dramatic cutaneous findings. Placing 
the patient under anesthesia for a thorough examination is 
advisable in these latter two scenarios. Endorectal ultrasound 
and MRI can also be used to locate hidden abscesses.

�Treatment

Abscesses in the perineum share the same treatment princi-
ple as abscesses in other parts of the body; that is, they must 
be adequately drained. Many perianal and ischiorectal 
abscesses can be drained under local anesthesia in the outpa-
tient setting. An elliptical or cruciate incision, excising the 
skin edges, is recommended to allow for free drainage. 
Packing is avoided as it impedes the drainage of pus and 
causes more pain for the patient [46]. Suspicion of an inter-
sphincteric abscess should be high for patients presenting 
with pain out of proportion to the physical findings. When 
the diagnosis is confirmed by physical examination, the 
treatment consists of dividing the fibers of the internal 
sphincter along the length of the abscess cavity. When a 
supralevator abscess is found, it is important to determine its 
origin, as this will dictate drainage technique [48]. Adequate 
drainage of a horseshoe abscess requires a posterior midline 
incision between the coccyx and anus, separating the superficial 

Fig. 29.2  Classification of anorectal abscesses Fig. 29.3  Acute anorectal abscess
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external sphincter muscle, to drain the deep postanal space, 
as well as counter-incisions over each ischioanal fossa to 
drain the anterior extensions of the abscess.

Abscesses resolve after drainage alone in the majority of 
the patients. The use of adjunctive antibiotics may be indi-
cated in patients who have rheumatic or acquired valvular 
heart disease, immunosuppression, extensive cellulitis, dia-
betes, or prosthetic devices [46]. Recurrence of disease may 
occur due to missed infection in adjacent spaces, incomplete 
drainage, and undiagnosed fistula.

Postoperative care includes sitz baths, stool softeners, and 
analgesics. Follow-up examination is required to ensure 
complete healing.

�Fistula-in-Ano

A fistula-in-ano is an abnormal cavity communicating with 
the rectum or anal canal. Anal fistula occurs after 34–66 % of 
all anorectal abscesses [49]. Drainage for more than 2–3 
months after abscess drainage should raise suspicion of an 
anal fistula.

�Classification

Fistulae are classified based on their relation to the sphincter 
complex. Parks and Thomson provided a classification sys-
tem of anorectal fistulae that is widely used today. Parks 
divided anal fistulae into the following: intersphincteric, 
transsphincteric, suprasphincteric, and extrasphincteric [50]. 
Approximately 45 % of fistulae are intersphincteric, 30 % 
transsphincteric, 20 % suprasphincteric, and 5 % extrasphinc-
teric [47]. An intersphincteric fistula results from a perianal 
abscess that has tracked within the intersphincteric plane. 
Ischioanal abscesses that tract through both the internal and 
external sphincters result in transsphincteric fistulae. 
Suprasphincteric fistulae occur after supralevator abscesses. 
The tract originates at the dentate line, extends above the 
puborectalis, then curves downward lateral to the external 
sphincter to the perianal skin. Extrasphincteric fistulae trans-
verse through the levator ani and ischioanal fossa to reach 
the perianal skin [47]. They result from trauma, Crohn’s dis-
ease, and carcinoma.

�Diagnosis

Fistula-in-ano typically presents as cyclical pain, swelling, 
and purulent drainage. A thorough history often reveals a 
prior anal abscess that was drained either surgically or spon-
taneously. On examination, the external opening may be 
seen as an elevation of granulation tissue with purulent dis-

charge on compression. The further away the external open-
ing is from the anal verge, the higher the likelihood of a 

complicated tract. The fistula tract can be palpated as a cord-
like structure connecting the external opening and the anal 
canal. In most cases, the internal opening may not be appar-
ent. Goodsall’s rule states that posteriorly located external 
openings curve to enter the anorectum in the posterior mid-
line, while anteriorly located external openings tract radially 
to the nearest crypt (Fig. 29.4) [48].

�Treatment

The main objective of fistula surgery is to eliminate the fistula 
while preserving anal sphincter function. Spontaneous heal-
ing of fistula-in-ano is rare, so the presence of a symptomatic 
anal fistula is an indication for surgery. Anoscopy and proc-
toscopy will help locate the internal opening and exclude 
underlying pathology, such as neoplasia.

Colonoscopy is indicated in patients with symptoms of 
inflammatory bowel disease, and in patients with multiple or 
recurrent fistulae. Anal manometry may be useful in plan-
ning the operative approach, especially in the elderly, in 
whom incontinence is more prevalent. Endoanal ultrasound 
and MRI are useful tools for the preoperative evaluation of 
complicated or recurrent fistulae.

Traditionally, intersphincteric and low-lying transsphinc-
teric fistulae are treated with simple fistulotomy, which 
involves laying open the fistula tract in its entirety [49]. 
Sphincter-sparing procedures are often employed for ante-
rior fistulae, especially in women, and for fistulae that tra-
verse longer distances of the anal sphincter, such as high 
transsphincteric and suprasphincteric fistulae. They should 
also be considered in the elderly, in whom division of any 
portion of the sphincter mechanism may result in worsened 
incontinence. Correcting their underlying etiology treats 
extrasphincteric fistulae.

Fig. 29.4  Goodsall’s rule
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�Operative Techniques
The use of synthetic biological “fillers” is an attractive, non-
cutting option. However, despite promising early results, 
repeated studies evaluating a variety of fibrin-based glues 
and bioprosthetic plugs demonstrated low success rates of 
only 14–40 % [49] and 30–50 % [46, 49], respectively. For 
patients with complex fistulae, the endorectal advancement 
flap is a useful technique for eliminating the fistula while 
preserving fecal continence. This procedure involves elevat-
ing a flap of mucosa, submucosa, and some internal sphinc-
ter muscle, to cover the internal fistula opening [49]. A 
meta-analysis of 35 studies by Soltani and Kaiser showed a 
healing rate of >80 % for fistulas of cryptoglandular origin, 
and an incontinence rate of 13 % [51]. Endorectal advance-
ment flaps are relatively contraindicated in patients with anal 
stenosis, active proctitis, and Crohn’s disease due to high 
complication and failure rates. The most recently developed 
surgical treatment for anal fistulae is the ligation of the inter-
nal fistula tract (LIFT) procedure, originally described by 
Rojanasakul et al. [52]. In this technique, all infected crypto-
glandular tissue in the intersphincteric plane is removed and 
the internal fistula opening is sutured closed. A recent retro-
spective study reported a healing rate of 62 % at 12 months 
with no reports of incontinence [53]. Staging repairs of 
complex fistulae by employing setons, loops of nonabsorb-
able suture material which promote drainage and fibrosis, 
for 6–8 weeks prior to definitive repair results in higher 
rates of success [54].

�Postoperative Care

After fistula repair, patients are placed on bulking agents and 
non-codeine analgesics. Frequent sitz baths aid with perianal 
hygiene. Regular evaluations are recommended to ensure 
adequate wound healing. For patients’ status post fistula plug 
placement, rigorous activity should be avoided to minimize 
the risk of plug dislodgement.

�Anal Fissure

�Etiology and Pathophysiology

Anal fissure is a longitudinal tear in the anoderm distal to the 
dentate line. It can be classified as acute or chronic. The 
majority of acute fissures heal spontaneously or with conser-
vative management within 4–6 weeks. If symptoms persist 
beyond 6 weeks and secondary changes develop, the condi-
tion is considered chronic. Features of chronic anal fissure 
include indurated edges, hypertrophied anal papilla, distal 
sentinel pile, and exposed transverse internal sphincter fibers 
at the fissure base (Fig.  29.5) [55]. About 74 % of anal 

fissures are found in the posterior midline and 16 % in the 
anterior midline [56]. Fissures located off midline or syn-
chronous fissures should raise suspicion for disease pro-
cesses such as Crohn’s disease, HIV, syphilis, herpes, 
tuberculosis, or anal cancer [55].

The exact etiology of anal fissure remains unknown. The 
initiating factor is thought to be trauma from the passage of 
a hard and painful bowel movement; however, some patients 
do not report constipation or may even have watery diarrhea 
[57]. Studies from the 1970s and 1980s suggested internal 
sphincter hypertonia as the cause. By performing postmor-
tem angiography of the inferior rectal artery, Klosterhalfen 
et al. demonstrated that the posterior commissure of the anal 
canal is poorly perfused compared to the other portion of the 
anal canal in 85 % of the cases [58]. This finding implicated 
the role of ischemia in the pathogenesis of anal fissure. Using 
Doppler laser flowmetry, Schouten et  al. showed higher 
mean maximum anal resting pressure and lower anodermal 
blood flow at the fissure site compared to the posterior com-
missure of the controls [59]. These authors were able to dem-
onstrate that internal sphincterotomy decreases internal 
sphincter pressures and improves anodermal blood flow at 
the posterior midline.

�Epidemiology

Anal fissure is one of the most common anorectal problems. 
It can occur at any age, but is most common in younger and 
middle-aged adults. Both genders are affected equally. 
Anterior fissures are more common in women than in men 
[56, 60].

Fig. 29.5  Chronic anal fissure
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�Diagnosis

The hallmark symptom of anal fissure is anal pain during and 
after defecation. Rectal bleeding is common. Blood is bright 
red in appearance and usually scant in amount. Patients 
describe fissure pain as sharp and cutting, with discomfort 
lasting from a few minutes to several hours. A detailed his-
tory may reveal constipation, dysuria, and sometimes dyspa-
reunia as accompanying symptoms. Usually, the diagnosis 
can be made by careful inspection after gentle separation of 
the buttocks. Further evaluation with digital and endoscopic 
examination is not necessary and should be avoided, as it is 
associated severe pain. Nonhealing fissures should be biop-
sied. The differential diagnosis of anal fissure includes ano-
rectal abscess in particular intersphincteric abscess, anal 
fistula, pruritus ani, Crohn’s disease, sexually transmitted 
disease, tuberculosis, leukemia, and anal cancer [27].

�Treatment

�Conservative Management
Initial therapy for acute anal fissure is with conservative 
measures, including warm sitz baths, increased fluid intake, 
and fiber supplementation. Warm baths help relieve sphinc-
ter spasm via a somatoanal reflex that results in relaxation of 
the internal anal sphincter. Bulk-forming foods may be help-
ful as large bulky stool may result in physiologic dilatation 
of the sphincter mechanism [55].

�Medical Management
The aim of medical therapy for nonhealing fissures is to 
reduce sphincter tone without permanent sphincter injury. 
The conventional pharmacologic therapy involves the use of 
topical muscle relaxants, including nitrates, glyceryl trini-
trate (GTN), calcium channel blockers, and botulinum toxin. 
Cholinergic agonists, muscarinic agonists, and adrenergic 
antagonists have been used to a lesser degree.

In a Cochrane Review of 75 randomized controlled trials 
of nonsurgical therapies, GTN was found to be better than 
placebo in healing anal fissures; however, late recurrence 
rate was about 50 %. Topical calcium channel blockers were 
equally effective with fewer side effects [61]. The major 
drawback of GTN is the side effect of headache, which has 
been reported at a rate of 29–72 % [62, 63].

Botulinum toxin, produced by the bacterium Clostridium 
botulinum, binds to the presynaptic nerve terminal and pre-
vents the release of acetylcholine, resulting in relaxation of 
both internal and external anal sphincters [55]. In a double-
blinded study of botulinum toxin versus placebo in the treat-
ment of chronic anal fissure, botulinum toxin injection led to 
higher healing rates at 2-month follow-up [64]. A meta-
analysis of 180 patients comparing botulinum toxin injection 

with GTN showed that both methods shared equal healing 
rates; however, GTN had higher side effects [65]. The main 
complaint of botulinum toxin is mild incontinence with fla-
tus and stool lasting up to 3 weeks. When compared to lateral 
internal sphincterotomy, botulinum toxin injection has lower 
healing rates and higher recurrence, but a lower chance of 
long-term incontinence [66].

�Operative Treatment
Surgical intervention is indicated in nonhealing fissures after 
failure of medical treatment. The primary goal of surgical 
treatment for chronic anal fissure is to decrease the maxi-
mum resting anal pressures. The primary operative tech-
niques used to treat chronic anal fissure are lateral internal 
sphincterotomy and advancement flap anoplasty.

Lateral internal sphincterotomy was first described by 
Eisenhammer in 1951 for the management of anal fissure [67]. 
This technique involves a radial incision through the distal 
internal sphincter muscle, classically the same length as the 
fissure itself. A lateral incision avoids the keyhole deformity 
often seen after posterior internal sphincterotomy.

Complications after lateral internal sphincterotomy 
include hematoma, wound infection, perianal abscess, anal 
fistula, prolapsed hemorrhoids, and incontinence. Recurrence 
rates range from 0 to 3.3 % [68]. Sphincterotomy should gen-
erally be avoided in individuals with inflammatory bowel 
disease, anterior fissures, in women with obstetric injuries, 
and in the elderly, as these patients are at high risk for 
incontinence. Anorectal manometry and endoanal ultrasound 
may be beneficial in planning the surgical approach.

Advancement flap anoplasty is used to treat low-pressure 
fissures. This procedure involves using a subcutaneous flap 
to cover the fissure site [69]. More recent studies showed 
healing rates up to 98 % for the treatment of chronic anal fis-
sure [55, 70].

�Sexually Transmitted Diseases

Persons aged 50 or older account for approximately 15 % of 
new HIV/AIDS diagnoses and 24 % of persons living with 
HIV/AIDS [71]. A recent study out of the UK revealed that 
in the past 10 years, many common sexually transmitted 
infections have more than doubled in 50- to 90-year-olds 
[72]. Postmenopausal physiologic changes, such as thinning 
of the vaginal mucosa and decreased lubrication, may lead to 
minor genital injuries and microabrasions that facilitate the 
entry of pathogens in older women [73]. Jena et al. showed 
that men who use erectile dysfunction drugs have higher 
rates of sexually transmitted diseases (STD), particularly 
HIV infection [74]. The increasing availability of these med-
ications may be contributing to the rising rate of STD among 
seniors. STD has a wide range of clinical presentations, 
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including involvement of the anorectal region. Although 
infection of the anal canal and perianal skin often results 
from anal receptive intercourse, contiguous spread from the 
infected genital region can also occur.

�Epidemiology

Among the most common STDs in the USA, human papilloma-
virus (HPV) accounts for the majority of new cases, followed 
by chlamydia, trichomoniasis, gonorrhea, herpes simplex virus 
type 2 (HSV-2), syphilis, HIV, and hepatitis B [75].

�Diagnosis

A detailed history, including a sexual history, is important 
for successful treatment. Patients may present with proctitis 
or perianal ulceration. Perianal ulceration can be seen in 
syphilis, HSV, HIV, chancroid, and granuloma inguinale. 
Proctitis is associated with anal pain and discharge, and is 
often caused by Neisseria gonorrhoeae, Chlamydia tracho-
matis, Treponema pallidum, and herpes virus [76].

A thorough physical examination along with diagnostic 
tools such as anoscopy, proctoscopy, serologic tests, biopsy, 
and culture will aid in narrowing down the correct diagno-
sis. Patients should be advised that partners must also be 
examined.

�Etiology and Management

�Bacterial Pathogens

Neisseria Gonorrhea
Gonorrhea is caused by Neisseria gonorrhoeae, a gram-
negative diplococcus. The organism can cause urogenital, 
anorectal, conjunctival, and pharyngeal infections. It is the 
second most commonly reported notifiable disease in the 
USA [77]. Gonococcal proctitis occurs as a result of anal 
receptive intercourse with a partner inflicted with urethral 
gonorrhea. Patients often report mucopurulent discharge, 
tenesmus, pruritus, and anal pain. Systemic spread may 
cause unilateral migratory suppurative arthritis, perihepati-
tis, pericarditis, endocarditis, and meningitis [78]. On ano-
scopic examination, the mucosa of the anal canal and lower 
rectum is reddened and friable. Gentle pressure on the anal 
crypts will produce purulent discharge. Diagnosis is con-
firmed by Gram’s stain of the discharge or culture on Thayer-
Martin or Stuart’s media [79]. Rectal gonorrhea is more 
resistant to treatment than at other sites due to the presence 
of antibiotic-activating enzymes in the rectal flora. The current 
treatment consists of a single dose of ceftriaxone 250 mg IM. 

Given the frequency of co-infection with Chlamydia tracho-
matis, empiric treatment with doxycycline, 100  mg orally 
twice a day for 7 days is also recommended.

Chlamydia Trachomatis
Chlamydial species are obligate intracellular parasites that 
cause a similar clinical presentation as N. gonorrhoeae. 
There are 15 immunotypes. Serotypes D through K are 
responsible for most cases of proctitis. Serotypes L1, L2, and 
L3 cause lymphogranuloma venereum (LGV), a more severe 
disease form [76, 80]. Chlamydia is the most commonly 
reported notifiable disease in the USA [77]. Anorectal chla-
mydial infection is transmitted through anoreceptive inter-
course. Symptoms include rectal pain, bleeding, mucus 
discharge, and diarrhea. Inguinal lymph nodes may be 
enlarged and matted. Proctoscopy reveals friable, erythema-
tous, and edematous mucosa. Diagnosis is made via tissue 
culture of biopsies from the anal lesions. Chlamydia proctitis 
can be treated with doxycycline 100 mg twice a day for 7 
days, or erythromycin 500  mg four times a day for 1–2 
weeks. LGV proctitis is treated with a 3-week course of dox-
ycycline. Empiric treatment of gonorrhea is recommended 
due to high rates of co-infection [76].

Syphilis
The causative organism of syphilis is the spirochete Treponema 
pallidum. The disease is spread by anal receptive intercourse 
and oral–anal contact. Primary anal syphilis appears within 
2–10 weeks of infection with lymphadenopathy, proctitis, and 
chancre at the anal verge. Over time, the chancre becomes 
ulcerated and causes significant pain. Anal ulcers may be mul-
tiple, irregular, and eccentrically located. Untreated syphilis 
will progress to a secondary stage, which appears about 2–3 
months after initial infection. Symptoms of secondary syphilis 
include a maculopapular rash over the trunk and extremities, 
lymphadenopathy, and condyloma lata in the perianal region. 
Approximately one third of untreated patients will have spon-
taneous cure, one third will remain latent, and one third will 
progress to tertiary syphilis [10]. Tertiary syphilis manifests 
with neurologic, cardiovascular, renal, hepatic, and ocular 
symptoms. Diagnosis can be made by dark field microscopic 
examination of scrapings from the chancre or biopsy speci-
mens from the anal ulcer. Treponemal and non-treponemal 
serologic tests are used to evaluate for prior infection and to 
follow response to treatment, respectively [27]. Treatment of 
primary or secondary syphilis consists of a single intramuscu-
lar injection of 2.4 million U of benzathine penicillin. 
Penicillin-allergic patients are treated with doxycycline 
100 mg twice a day for 14 days. Tertiary syphilis is treated 
with 2.4 million U of benzathine penicillin given IM weekly 
over 3 consecutive weeks. Penicillin-allergic patients are 
given doxycycline for 28 days [76]. Follow-up serology 
should be used to monitor patients after treatment [27].
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�Viral Pathogens

Herpes Simplex Virus
Herpes simplex virus is a DNA virus that belongs to the 
Herpesviridae family. Its transmission is through mucosal 
surfaces or breaks in the skin. The majority of anogenital 
infection is due to HSV-2, acquired through anorectal inter-
course [79]. Infection is life-long and shedding can occur at 
any time. Further, is not isolated to symptomatic outbreaks. 
Primary infection is characterized by fever, malaise, and 
lymphadenopathy. Subsequent infections manifest with local 
symptoms, including anal pain, pruritus, tenesmus, rectal 
discharge. Perianal lesions range from small vesicles to large 
ruptured vesicles that ulcerate and eventually coalesce into 
an aphthous ulcer. Herpetic proctitis is usually limited to the 
distal 10  cm of the rectum [76]. Anoscopy reveals friable 
mucosa, diffuse ulcerations, vesicles, and pustules. Cultures 
from ulcer scrapings, rectal swabs, or biopsies confirm the 
diagnosis. Tzank prep can reveal multinucleated giant cells, 
but it is less sensitive than viral culture. There is no cure for 
herpetic infections; therefore, treatment is directed towards 
symptom relief. Acute anorectal symptoms are managed 
with analgesics, sitz baths, and stool softeners as needed. 
Herpes proctitis responds to acyclovir 400 mg, given orally 5 
times a day for 10 days [76, 81]. Other treatment options 
include famciclovir, valacyclovir, and foscarnet [82, 83]. If 
left untreated, herpetic proctitis is self-limited and usually 
resolves within 3 weeks.

Human Immunodeficiency Virus
The colon, rectum, and anus are the most common sites 
requiring surgery in HIV patients [84]. A major concern in 
treating common anorectal disorders, such as anal fissures, 
symptomatic hemorrhoids, and perianal abscesses in HIV 
patients is poor wound healing [85]. Management principles 
include utilizing conservative measures whenever possible, 
avoidance of large wounds, and more liberal use of antibiot-
ics in this patient population.

Anal ulcers occur in HIV patients and must be distin-
guished from idiopathic anal fissure. HIV-related ulcers are 
typically deeper, wider, and more proximal. They may occur 
anywhere within the anal canal, are sometimes multiple, and 
are often associated with anal hypotonia. Biopsies should be 
obtained to rule out other pathologies. Surgical debridement 
and intralesional steroid injection can be performed [79].

Human Papillomavirus
HPV is the most prevalent STD in the USA. Besides having 
a strong association with cervical cancer, there is a growing 
body of evidence linking HPV with anogenital cancers. Over 
100 different HPV genotypes have been characterized and 
about 40 of them can infect the anogenital tract [86, 87]. 
HPV genotypes 6, 11, 42, 43, and 44 are associated with 
anogenital condylomata and low-grade dysplasia, whereas 

HPV-16, 18, 31, 35, 58 are linked with high-grade dysplasia 
and carcinoma [76]. The virus is acquired through sexual 
intercourse with an infected partner. The majority of HPV 
infections are asymptomatic and 90 % regress within 2 years 
[88]. Anogenital warts or condyloma acuminata are the most 
common clinical manifestation of HPV.  These lesions are 
located in the perianal region, the anal canal, and the uro-
genital area. Patients often complain of pruritis, pain, bleed-
ing, and malodorous discharge.

Diagnosis can be made by gross appearance alone. Upon 
inspection, fleshy cauliflower-like masses are seen surround-
ing the anal verge (Fig. 29.6). Anoscopy is required for the 
detection of intraanal lesions. The differential diagnosis 
includes skin tags, condyloma lata, molluscum contagiosum, 
and carcinoma.

The goals of treatment are the removal of gross disease 
and the amelioration of symptoms. Treatment does not eradi-
cate the underlying HPV infection. Current therapy includes 
topical application of caustic agents and physical ablation. 
Topical agents such as podophyllin, bichloroacetic acid 
(BCA), trichloroacetic acid (TCA), 5-fluorouracil (5-FU), 
and imiquimod are useful for mild to moderate disease. 
Ablative therapies including cryotherapy, surgical excision, 
electrocautery, and laser treatment have the highest success 
and lowest recurrence rates [89]. These are used to treat 
moderate to severe disease and recurrences. BCA, TCA, and 
all of the ablative methods can be used inside the anal canal.

�Conclusions

Benign anorectal disorders are common in the geriatric 
population. Treatment in this patient group is unique due to 
higher rates of fecal incontinence and soilage. Neoplastic 
conditions must always be ruled out. Finally, sexually 

Fig. 29.6  Anal condyloma
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transmitted diseases are on the rise in older Americans and 
therefore, care providers must maintain a high index of 
suspicion for these conditions.

�Key Points

•	 Patients at high risk for fecal incontinence should be eval-
uated with anorectal manometry prior to offering surgery.

•	 At a minimum, anoscopy and flexible sigmoidoscopy 
should be performed for bright red rectal bleeding. Full 
colonoscopy is recommended for geriatric patients.

•	 Pruritis ani is typically idiopathic. Once specific causes 
are ruled out treatment is aimed at eliminating irritants 
and reestablishing clean, dry, and intact perianal skin.

•	 Initial efforts in treating anal fissures should concentrate 
on conservative measures such as sitz baths, fiber supple-
mentation, and increased fluid intake.

•	 Obliteration of the internal opening is key to the success-
ful resolution of an anal fistula.

•	 Sphincter-sparing methods should be the first line of 
treatment for fistula-in-ano patients with fecal 
incontinence.

•	 Anorectal abscesses are treated with drainage with adju-
vant antibiotic therapy reserved for immunocompromised 
patients or patients with indwelling hardware.

•	 For herpes simplex virus and human papillomavirus, 
infectivity is not isolated to symptomatic outbreaks.
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Central sensitization, 261, 262, 264, 273
Central tendon of perineum, 35
Cephalo-caudal direction, 4
Cerebral cortex, 263
Cerebrospinal fluid (CSF), 272
C-fibers, 230, 262, 273
Charged species, 73
Childbearing, 304, 308
Childhood sexual abuse, 262
Childhood-onset progeroid disease, 45
Chlamydia proctitis, 397
Chlamydia trachomatis, 258, 397
Cholangiogram, 290
Cholecystectomy, 290
Cholinergic agonists, 396
Chronic abdominal wall pain, 261
Chronic anal fissure, 395
Chronic bladder outlet obstruction, 129
Chronic constipation, 31, 260, 272, 346, 361

bulking agents, 345
burden of disease, 339
chronic megacolon and megarectum, 344
colonic transit and defecation, 339
definition and classification, 337
diagnostic testing, 342–344
epidemiology, 337–339
fecal impaction, 344
history and physical exam, 340–341
intestinal secretagogues, 346
life-threatening disorder, 337
osmotic laxatives, 346
pathophysiology, 339–340

sigmoid volvulus, 344
stimulant laxatives, 345
stool softeners and probiotics, 345
treatment, 337, 344–345

defecation disorders, 346
slow transit constipation, 346

Chronic dyspareunia, 261
Chronic inflammation, 389
Chronic intestinal pseudo-obstruction, 260
Chronic lung disease, 41
Chronic pain, 257, 258, 261, 262, 266
Chronic pelvic pain (CPP), 33, 69, 131, 230, 234, 257–259, 261, 264, 

266, 274
Chronic pelvic pain syndrome, 275
Chronic prostatitis (CP), 230, 262, 275
Chronic pyelonephritis, 83
Chronic renal insufficiency, 365
Chronicity, 74
Cimetidine, 231
Cinedefecography, 314
Clean intermittent catheterization (CIC), 251
Clean intermittent self-catheterisation (CISC), 282
Cleveland Clinic Fecal Incontinence Score, 373
Clinical features

obturator hernia, 361
perineal hernia, 366
sciatic hernia, 364

Closed balloon system, 143
Clostridium botulinum, 252, 396
Coccydynia, 261
Coccygeal nerve, 25
Coccygectomy, 366
Coccygeus, 35
Coccygeus muscle, 15, 16, 269
Coccygodynia, 230
Coccyx, 7–9, 27
Cochrane review, 74
Cockayne’s syndrome (CS), 45
Cockayne’s Syndrome A (CSA), 45
Cockayne’s Syndrome B (CSB), 45
COCKTAILS, 226
Coenzyme Q10, 44
Coexisting hernias, 364
Cognitive behavioral therapy (CBT), 324
Colchicine, 388
Colectomy, 60
Colle’s fascia, 19
Coloanal anastomosis, 380
Colon cancer, 260
Colon transit studies, 314
Colonic scintigraphy, 314
Colonic transit, 314
Colonization, 77, 81–83 (see also Urinary tract infection (UTI))
Colonoscopy, 314, 391, 394, 399

analyses, 177
bowel preparation issues, 177
completion rates, 176–177
complications and adverse events, 176
diagnostic colonoscopy, 178–179
elderly patients, 175
equipment and logistical issues, 177
lower gastrointestinal symptoms, 175
screening, 177–178
therapeutic colonoscopy, 179
yield, 175–176

Colony-forming units (CFU), 77
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Color Doppler, 274
Colorectal cancer (CRC), 175
Colorectal pelvic pain syndrome, 275
Colostomy, 332–333
Colovaginal fistulas, 371
Colpocleisis, 283, 284, 377
Colposuspension, 189
Common iliac lymph node chain, 22
Complex fistulas, 306, 371
Complex repairs, 307
Complications,gynecologic fistulae, 303
Compound muscle action potential (CMAP), 234
Computer Motion, Inc., 289
Concept of sterility, 296
Congenital anomalies, 364
Congenital hypothyroidism, 313
Connective tissue disorders, 313
Connective, scar and fascial tissue restriction, 114
Conservative management, 396
Constipation, 31, 33–35

and fecal incontinence (FI), 143
pathophysiological subtypes, 151
prevalence, 143

Contact dermatitis, 388
Contemporary treatment, 195–207
Continence zone (CZ), 36, 37
Conventional hemorrhoidectomy, 316
Conventional pharmacologic therapy, 396
Cooking with IC, 73
Coping with pain, 264
Coronary disease, 40
Cortical Inhibition, 238
Cortical mechanisms, 263
Corynebacterium minutissimum, 387
Costs, 70

health care, 69
hospital care, 74

Cough leak point pressure, 130
Cough reflex, 30, 33
Cough-stress UPP, 131
C-reactive protein, 74, 75
Crohn’s disease, 260, 309, 371, 373, 375, 377, 378, 381, 393–396
Cross-hair fluoroscopic technique, 203
Cryoablation, 274
Cryotherapy, 398
Cryptoglandular disease, 391
Cul-de-sac, 18
Cutaneous-anal reflex, 30
Cyclosporine, 389
Cystitis

acute, 83, 84
antimicrobial agents, 84
and catheter-associated infections, 81
diagnosing acute uncomplicated, 83
diet rules for infectious, inflammatory, and interstitial, 71–74

beginning IC diet, 72, 73
elimination technique, 73, 74
to eat or not to eat with IC, 72

emphysematous, 83
microbes, 79
microbial factors, 80
postmenopausal women, 78
pyelonephritis, 86
recurrent, 85
reinfections, 80
Staphylococcus saprophyticus, 82

symptomatic perspective, 71
symptoms, 83
tubercular, 129
UTI, 78

Cystocele, 169, 314
Cystometric capacity, 127, 128
Cystometrogram, 200
Cystoplasty, 231
Cystoscopy, 231, 299, 309
Cystoureterectomy, 366
Cystourethroscopy, 201

D
Dairy products, 73
da Vinci® robot, 289
da Vinci® Si surgical system, 290
da Vinci® Sp single port robot-assisted surgical system, 290
da Vinci® S system, 290
da Vinci® Xi surgical System, 290
Declining Exponential Approximation of Life Expectancy  

(DEALE), 178
Deep pelvic floor muscles, 27
Deep perineum, 14
Deep vein thrombosis (DVT), 57
Deep-brain stimulation (DBS), 248
De-epithelialize, 296
De-epithelialized gracilis myocutaneous flap, 368
Defecatory disorders, 156–158
Defecatory proctography, 282
Defecography, 31, 34–35, 372
Dehydration, 198
Delorme procedure, 316
Dementia, 46
Depression, 261–262
Dermatologic conditions, 388
Dermatophyte lesions, 388
Descending pain pathway, 263, 264
Detrusor, 36

contractility, 135
contraction, 37, 123
function, 125
overactivity, 132, 139, 140
response to bladder filling, 132, 133

Detrusor areflexia, 201
Detrusor Dysfunction, diabetes, 248–249
Detrusor hyperreflexia with impaired contractile function (DHIC), 139
Detrusor myomectomy, 229
Detrusor overactivity, 231
Detrusor pressure (Pdet), 126, 128, 129, 132, 134–136, 139
Detrusor sphincter dyssynergia (DSD), 201, 246, 247
Detrusor-striated sphincter dyssynergia, 133, 134, 136
Development, obturator hernia, 361
Development/genetic theories, 42
Diagnosis

anal fissure, 396
anorectal abscess, 393
fistula-in-ano, 394
hemorrhoids, 391
pruritus ani

history and physical examination, 389
laboratory examination, 389

sexually transmitted diseases, 397
Diagnostic and Statistical Manual of Mental Disorders (the DSM-5), 261
Diagnostic blocks, 273
Diagnostic ultrasound, 275
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Diet rules for infectious, inflammatory, and interstitial cystitis, 71–74
beginning IC diet, 72, 73
elimination technique, 73, 74
to eat or not to eat with IC, 72

Dietary modifications, 72, 391
elimination technique for IC, 73, 74
for calcium oxalate urolithiasis, 69–71

Dietary restriction, 41, 50
Digital rectal exam (DRE), 144, 145, 314, 341
Dimethyl sulfoxide (DMSO), 225, 231
Direct-current electrotherapy, 392
Disc problems, 133
Distal lesions, 308
Diuresis, 70
Diversion, 378
Diverticular colitis, 260
Diverticular disease, 314
Diverticulectomy, 308
Diverticulitis, 309
DNA damage response (DDR), 44
DNA damage theory of aging, 44–45

somatic mutation, DNA repair, error catastrophe, 44–45
DNA double-strand break (DSB), 41, 48
DNA helicases, 45
DNA repair theory, 44–45
Doctor-patient relationship, 72
Domino effect, 69
Donut configuration, 28
Doppler laser flowmetry, 395
Dorsal genital nerve, 205, 206
Dorsal nerve of clitoris, 270
Dorsal nerve of penis, 270
Down’s syndrome, 45, 46
Doxycycline, 397
Dry needling, 116
Dynamic cystocolpoproctography (DCP), 170
Dynamic functional testing (defecography), 34, 35
Dynamic graciloplasty, 331, 332
Dynamic pelvic floor MRI, 155, 162, 169, 314
Dysesthesias, 230, 272
Dysfunctional metabolic processes, 70
Dyskeratosis congenital (DC), 46
Dyskerin gene, 46
Dysmenorrhea, 258, 259
Dyspareunia, 259, 261, 265, 283, 291
Dysrhythmias, 274
Dyssynergic defecation, 143, 151, 337, 339, 341, 343, 346

E
Echocardiogram and dobutamine stress testing, 57
Economic impact of OAB, 196
Egyptian mummies, 69
Egyptian papyrus, 295
Ehlers–Danlos syndrome, 313
Either indigo carmine intravenous, 298
Elderly, 195–207, 313–317, 387, 389, 391, 394, 396
Elective single-incision laparoscopic hernioplasty, 364
Electrical stimulation, 199
Electrical stimulation for storage disorders, 200, 201

patient selection, 200, 201
predictors of success, 201

Electrocautery, 297
Electromyography (EMG), 200, 201
Electrophysiologic dysfunction, 73

Electrophysiologic gating mechanism, 275
Elimination Diet, 73
Elimination technique for IC dietary modification,  

73, 74
Elkins classification based on anatomic location, 304
Elmiron, 223–224
Emergency surgery, 58, 59
Emotional distress, 257
Emphysematous infections, 79
Emphysematous pyelonephritis and emphysematous pyelitis, 83
Emphysematous urinary tract infections, 78
en bloc chest wall resection, 55
End stage renal disease (ESRD), 227
Endo-anal ultrasound, 34, 394, 396
Endochondral ossification of ilium, 4
Endoluminal MRI, 382
Endoluminal ultrasound, 373
Endometriosis, 131, 257, 258, 261, 264, 265
Endopelvic fascia, 18, 364, 366
Endorectal advancement flap, 375, 376, 383
Endorectal ultrasound, 314, 393
EndoWrist technology, 291
EndoWrist® instrumentation, 289
Energy production, 44
Enteral nutrition (EN), 69, 75
Enterobacteriaceae, 84
Enterobius vermicularis, 388
Enteroceles, 159, 167, 168, 314
Enterocystoplasty, 201, 229
Enterovesical and colovesical fistulae, 309
Enzymes, over expression, 43
Epicritic pain, 262
Epidemiology, 304
Epidermal growth factor (EGF), 221
Epidermoid cysts, 366
Epidermophyton floccosum, 387
Epidural anesthesia, 306
Epigallocatechin gallate (EGCG), 50
ERAS (Enhanced Recovery After Surgery), 74
ERCC6, 45
ERCC8, 45
Error catastrophe theory, 44–45
Erythrasma, 387
ESBL. See Extended-spectrum beta-lactamase (ESBL)
Escherichia coli, 82, 345
Esophagectomy, 61
Excision, 392
Excisional hemorrhoidectomy, 392
Extended release (ER) formulation, 198
Extended-spectrum beta-lactamase (ESBL), 85
External (voluntary striated) urethral sphincter (EUS), 246
External anal sphincter (EAS), 18, 27, 28, 271
External hemorrhoids, 391
External iliac arteries, 20
External iliac lymph node chain, 22
External ligamentous support of pelvis, 8, 10
External pelvic floor, 115
External pelvic floor musculature, 115
External sphincter continence reflex, 29
External urethral ligament (EUL), 11
External urinary sphincter (EUS), 36, 271
Extralevator abdominoperineal excision (ELAPE), 368
Extraperitoneal fashion, 302
Extraperitoneal technique, 363
Extrasphincteric fistulae, 394
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F
Fallopian tube reanastomosis, 289
False pelvis, 14
FANC proteins, 46
Fanconi’s anemia (FA), 46
Fasting, 41
Fat pad, 296, 299, 302
Fecal contact, 389
Fecal continence, 150
Fecal diversion and ostomies

jejunostomy, 349
maturation, stoma, 352
ostomy management

appliance products, 355
ostomy output, 355
stoma appearance, 355

postoperative complications
Crohn’s disease, 356
parastomal herniation, 356–357
peristomal abscess, infection and fistula, 358
peristomal skin irritation, 357
prolapse, 356
retraction, 356
small bowel obstruction, 358
stomal-related complications, 355
stricture/stenosis, 357
vascular compromise, 356

preoperative preparation, 349
quality of life, 358
stoma aperture, 351–352

Fecal incontinence (FI), 31, 33–35, 271, 314, 316
and disordered defecation, 322
fecal seepage, 323
medical therapy, 319–322

Fecal Incontinence Quality of Life (FIQOL), 327, 373
Fecal Incontinence Severity Index (FISI), 327, 373
Fecal seepage, 390
Fecal urge incontinence (FUI), 31
Female bony pelvis, 7
Female pelvic surgery, 296
Female pelvis, 7

ligaments, 14
prostatic plexus, 23

Female specific anatomy, 11, 12
Female urogenital triangle, 20
Femoral artery, 274
Ferguson hemorrhoidectomy, 392
Fibers, 262
Fibrin glue, 375
Fibrin sealant, 302
Fibroareolar ligaments, 12
Fibroblasts, 46–48
Fibroids, 258
Fibromuscularis, 299
Fibromyalgia, 260, 263
Fibroplastic collagen formation, 297
Fibrosis, 297
Field injury, 297
Fifth line therapies, 226
Figure-of-8 appearance, 389
Filling cystometrogram, 125–133, 140

and VPFS, 137, 138
bladder wall compliance, 128, 129
cystometric capacity, 127, 128
detrusor response to bladder filling, 132, 133

DHIC, 139
interpretation, 127
low bladder wall compliance, 129
sensations of bladder filling, 131, 132
urethral sphincter competence, 129–131

Filling cystometry, 123, 126, 137
Firefly® Fluorescence Imaging System, 290
Firefly® technology, 290
First line treatment, 231
First state lead placement (FSLP), 232, 233
First-line therapies

diet, 222
dietary supplements, calcium glycerol phosphate (prelief), 222, 223
patient education, 222

First-line treatments, 198
Fistula plugs, 375
Fistulae classification, 304–305
Fistula-in-ano, 393–395

anorectal abscess and, 393–394
anatomy and classification, 393
diagnosis, 393
treatment, 393–394

classification, 394
diagnosis, 394
postoperative care, 395
treatment, 394–395

operative techniques, 395
Fistulas, 297–299, 308–309

centers, 306
high, 299
rate, 304
treatment, 306–307

algorithm, 303
non-surgical, 306
Surgical, 306, 307

Fistulography, 373
Fistulotomy, 383
Flap reconstruction repair, 368
Flexible sigmoidoscopy, 399
Flip side, 69
Flow determinant zone, 123
Fluid intake, 72
Fluid shifts, 74, 75
Fluoroscopic cystocolpoproctography, 367
Fluoroscopic guidance a directional guidewire, 232
Fluoroscopy, 203, 232, 234, 372
5-fluorouracil (5-FU), 398
Flurandrenolide lotion, 388
fMRI (functional magnetic resonance imaging), 265
Focus of hyperirritability, 275
Foley catheter drainage, 306
Foley drainage, 298
Foods

exacerbate symptoms with IC, 72
group, 73
high-oxalate, 70
high-protein, 75
oxalate, 70
plain basic, 73
trigger, 72

Fosfomycin trometamol, 84
Fournier’s gangrene, 392
Fourth line therapies, 226
Fourth line treatment, 231
Fowler’s syndrome, 201, 206
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Framingham Heart Study, 40
Free radical/oxidative stress, 42, 43
Freshly cleansed swan quills, 295
Fulguration, 303
Full colonoscopy, 391, 399
Full thickness detrusor, 308
Full-thickness prolapse, 315
Full-thickness rectal prolapse, 313, 315
Functional anorectal imaging

anorectum, 170
cystocele, 169
defecation, 164–165
defecatory disorders, 156–158
dyspareunia and prior hysterectomy, 156, 157
dyssynergic defecation, 165
enteroceles, 167, 168
genital prolapse, 169
levator ani, 170
lower abdominal and pelvic pain, 156
MRI and DCP, 155
pelvic diaphragm, 155
pelvic floor dysfunction, 155
pelvic supportive tissues and endopelvic fascia, 169
PFD, 155
rectal intussusceptions and SRUS, 166–167
rectal motor complexes, 156
rectocele, 165–166
rectum, 155
sigmoidocele, 168

Functional capacity, 127
Functional constipation, 31
Functional defecation disorders, 151, 337
Functional Syncytium, 245
Fundiform ligament, 12
Fungal infections, 387
Funguria, 79, 82, 83

G
Gallaudet’s fascia, 19
Gamma-112AX, 41
Gastrectomy, 58, 60
Gastroesophageal reflux disease, 54
Gate control theory of pain, 264
Gating system, 264
Gauze vaginal pack, 131
General Motors, 289
Genital numbness, 271
Genital sensation, 261
Genitofemoral nerve block, 274
Genito-urinary fistulae, 295, 309
Geriatric Pelvic Medicine, 39
Geriatric population, 389, 398
Geriatric surgery, 53–55, 57–60, 62, 63

attention to detail, 59
bete noire, 59
clinical presentation

biliary disease, complications, 54
biliary tract disease, 54
bilirubin, 53
cholangitis, 54
gastroesophageal reflux disease, 54
head and neck disease, 54
peptic ulcer disease, 54
rebound tenderness, 53
sinusitis, 54
symptoms of appendicitis, 53, 55

emergency surgery, 58–59
herniorrhaphy, 53
lack of reserve, 55–56
patient’s age

abdominal aortic aneurysm surgery, 60
ageism, 60
aggressive chemotherapy and surgery, 60
aortic stenosis, 60
colectomy, 60
gastrectomy, 60
hepatectomy, 60
octogenarians, 62
octogenarians and nonagenarians, 59
prejudice, 59, 60, 63
screening mammograms, 60
tamoxifen, 60

postoperative complications, octogenarians, 59, 60
predictive factors, operative mortality, 59
preoperative preparation

albumin level and postoperative complications, 58
biliary surgery, complications, 58
blood hemoglobin, 57
cardiac function, 57
coronary and carotid artery disease, 57
echocardiogram and dobutamine stress testing, 57
gastrectomy, 58
nosocomial infection, 58
nosocomial pneumonia, 58
PACE, 57, 58
prophylaxis, 57
pulmonary problems, 57
respiratory muscle strength, 57
thoracic cancer surgery, 57
thoracotomy patients, 57

principles, 53, 54
Geriatrics, 39
Global genomic (GG) repair proteins, 45
Glomerular filtration rate, 41
Glomerulation, 220
Glutamine, 75
Gluteal approach, 365
Gluteal artery aneurysm, 365
Gluteal lipoma, 365
Gluteal sepsis, 364
Glyceryl trinitrate (GTN), 396
Glycogenolysis, 75
Glycosaminoglycans (GAGs), 216, 217, 237
Gonococcal proctitis, 397
Goodsall’s rule, 394
Gracilis flap, 375
Gracilis interposition, 375–378, 383
Gracilis Muscle Flap, 296
Grade 1 internal hemorrhoids, 390
Grade 2 internal hemorrhoids, 390
Grade 3 internal hemorrhoids, 390
Grade 4 internal hemorrhoids, 390
Groin adenopathy, 389
Guarding reflex, 230
Gynecologic cancer, 382
Gynecologic fistulae

etiology, 297, 298
management, 298–300, 302, 303

complications, 303
treatment, 298, 299, 301–303

presentation, 298
Gynecologic vesicovaginal fistula, 297
Gynecological etiology of pelvic pain, 258
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Gynecological laparoscopy, 258
Gynecological pelvic pain syndrome, 275

H
Handsewn anastomosis, 316
Hannington–Kiff sign, 362, 363
Harmonic scalpel, 392
Head and neck disease, 54
Health care costs, 69
Healthcare Infection Control Practices Advisory Committee 

(HICPAC), 93
Healthcare-associated infection (HAI), 91
Heat and ice therapy, 276
Hematopoietic stem cells (HSC), 49
Hemodialysis, 229
Hemorrhoidal crisis, 393
Hemorrhoidectomy, 392
Hemorrhoids

anatomy, 390
classification, 390, 391
diagnosis and examination, 391
epidemiology, 390
etiology, 390
special cases, 392–393
treatment, 391–392

minor office procedures, 391, 392
nonoperative treatment, 391
operative treatment, 392

Hemostasis, 59
Heparin, 225, 231
Hepatectomy, 60, 62
Hepatic tyrosine aminotransferase activity, 41
Hernia

obturator, 361, 363, 364
pelvic (see Pelvic hernias)
perineal, 366–368
sciatic, 364–366

Herpes, 395
Herpes simplex virus, 398, 399
Herpes virus, 397
Herpetic proctitis, 398
High resolution anorectal pressure topography (HRAPT), 144
High resolution manometric patterns, 146
High-protein foods, 75
High-sodium diets, 70
Hinman’s syndrome, 30, 246
Hirschsprung’s disease, 30
Historical evolution, 287–290
Historical perspective, 295–296
Historical roadmap of VVF, 295
Homeostasis, 41
Hormone replacement therapy (HRT), 282
Horseshoe abscess, 393
Host defense mechanisms, 69
Howship–Romberg sign, 362
Human immunodeficiency virus (HIV), 305, 398
Human papillomavirus (HPV), 398, 399
Humanoid, 288
Hunner’s lesions, 231
Huntington’s Chorea, 43
Hutchinson–Gilford Progeria Syndrome (HGPS), 45
Hutchinson–Gilford syndrome, 45, 47
Hyaline cartilage models, 5
Hydration, 70
Hydraulic bladder distension, 220
Hydrocortisone, 388

Hydrogen peroxide, 42
Hydronephrosis, 365
Hydroureter, 365
Hydroxazine, 225
Hydroxychloroquine, 389
Hydroxyzine, 231
Hyperalgesia, 260, 262–264
Hyperesthesia, 230, 272
Hyperglycemia, 74
Hyperoxaluria, 70
Hyperparathyroidism, 54
Hyperpigmentation, 389
Hypertension, 45
Hypertonic pelvic floor dysfunction (HPFD)

antifungals, 107
blood flow and glandular behavior, 109
bowel function, 109
client satisfaction, 108
evaluation and treatment, 108
physical therapy, 109
sensitive issues, 108
sexual abuse, 110
sexual function, 109
urinary tract symptoms, 110

Hypertonic pelvic floor muscle dysfunction. See Neurogenic bladder
Hypertonicity, skeletal muscle, 114–115
Hypothalamic–pituitary–adrenal axis abnormality, 260
Hypovolemia, 58
Hysterectomy, 206, 258, 290, 366
Hysteropexy, 292

I
ICS nomogram, 136, 139
Idiopathic detrusor overactivity (IDO), 199
Idiopathic inflammation, 389
Idiopathic pruritus ani, 387
Idiopathic urinary retention, 206
IIGPS, 45
IL-8 receptor (IL8R), 81
Ileal urinary diversion, 252, 253
Ileus, 298
Iliac crest, 5
Iliacus muscle, 14, 15
Iliococcygeus, 15, 35
Iliolumbar ligaments, 10
Ilio-sacral connector, 4
Ilium, 4

ala of, 4
endochondral ossification, 4
fusion, 4
posterior portion, 5

Imiquimod, 398
Immediate release (IR) formulation, 198
Immuno-nutrition, 75
Implantable pulse generator (IPG), 202
Incomplete bladder evacuation, 133
Incontinence, 31
Increased sensations of bladder filling, 132
Incurable patient and urinary diversion, 307–308
Indigo Carmine test, 298
Indwelling bladder catheters, 79
Indwelling urinary catheters

biofilms, 96, 97
bladder instability/bladder outlet obstruction, 100
CAUTI, 94
closed-catheter collection system, 100
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Indwelling urinary catheters (cont.)
complications, 98
constipation, 100
indications, 98
LTC facility, 91
multidrug-resistant organisms, 99
placement goals, 95
prevalence, 91
UTI, 96

Infectious and inflammatory cystitis, diet rules for,  
71–74

beginning IC diet, 72, 73
elimination technique, 73, 74
to eat or not to eat with IC, 72

Infectious Diseases Society of America (IDSA), 95
Inferior anal nerve, 270
Inferior epigastric artery, 20
Inferior hypogastric plexus, 28
Inflammatory bladder disorders, 69
Inflammatory bowel disease, 260, 373, 377, 382, 383, 394
Infliximab maintenance therapy, 373
Infrared coagulation, 392
Inner stratum, 17
Innervation injury, 33
Innervation of pelvis, 24
Innervation of posterior pelvic floor, 29
Inspired imaginations, 287
Insulin growth factor (IGF-1), 42
Intense activation sites during orgasm, 265
Interleukin-6, 75
Intermediate pubourethral ligament, 12
Intermediate stratum, 17
Intermittent crampy abdominal pain, 365
Internal anal sphincter (IAS), 27, 28
Internal hemorrhoids, 390, 391

classification and management, 391
Internal iliac arteries, 20, 21
Internal iliac lymph node chain, 22
Internal iliac vasculature, 21
Internal ligamentous structures of female pelvis, 11
Internal ligamentous support of pelvis, 10
Internal pelvic floor assessment and treatment, 118
Internal pelvic floor muscles, 118
Internal prolapse, 313
Internal pudendal artery, 269
Internal sphincter hypertonia, 395
Internal urinary sphincter (IUS), 35
International Association for the Study of Pain, 257
International Consultation on Incontinence Questionnaire—Vaginal 

Symptoms (ICIQ-VS), 281
International Continence Society (ICS), 123, 126, 199, 212, 281
International Urogynecological Association, 281
Interpretation, 123, 127
Intersphincteric abscesses, 393
Intersphincteric fistulae, 394
InterStim, 229
Interstim Lead, 202
InterStim system, 205
Interstitial cell, 245
Interstitial cells of Cajal (ICC), 27
Interstitial cystitis, 259–261, 275
Interstitial cystitis (IC)

allergic patient, 216
antibiotic/antiviral agent, 211
autoimmune syndromes, 216
clinical parameters, 214

diet rules for
beginning IC diet, 72, 73
elimination technique, 73, 74
to eat or not to eat with IC, 72

epidemiology, 213–214
final common pathway, 216–219
genetics, 219
historical evolution, 212–213
ICDB, 215
light microscopic analysis, 217, 218
mastocytosis, 216
micro-organism adherence, 217
molecular pathway, 217, 218
neurogenic patient, 215
neuropeptides, 216
noninfectious inflammatory cystitis, 211
OAB and UTI, 212
pathogenesis and etiology, 215
physiologically inactive, compressed GAG and physiologically 

active, hydrated GAG, 218, 219
QoL, 214
reconstructive bladder surgery, 211
requirements, 215
subepithelial neurotransmitters, 217
transmural inflammatory reaction, 211
ulceration, 216
Uro-Epithelial Dysfunction, 215

Interstitial Cystitis Association (ICA), 222, 227
Interstitial Cystitis Collaborative Research Network, 224
Interstitial Cystitis Data Base (ICDB) Study, 215
Interstitial Cystitis Symptom and Problem Index score, 233
Interstitial cystitis/bladder pain syndrome (IC/BPS), 230

diagnosis and treatment algorithm, 231
etiology, 230
patient education, 231
sacral neuromodulation, 233

Inter-strand cross-links (ICL), 46
Intraabdominal bleeding, 392
Intra-abdominal pressure worsening prolapse, 281
Intracorporal suturing, 292
Intradetrusor botulinum toxin-A, 198
Intra-rectal pressure, 314
Intravesical pressure (Pves), 125, 131
Intravesical therapy, 231
Introital colonization, 80
Introital dyspareunia, 259
Intuitive Surgical, Inc., 289
Intussusception, 314, 315
Invasive therapy

artificial bowel sphincter, 329–330
colostomy, 332–333
dynamic graciloplasty, 331, 332
magnetic bowel sphincter, 330–331
Malone antegrade continence enema, 332
overlapping sphincteroplasty, 331
perianal injectable bulking agents, 325–326
radiofrequency energy, 329
sacral nerve stimulation (SNS), 326–328

Investigations and diagnosis, obturator hernia, 363
Irritable bowel syndrome (IBS), 30, 143, 230, 260
Irritants, 389
Ischemia, 304
Ischemic compression, 116
Ischemic neuritis, 271
Ischial ramus, 7
Ischial spine, 5
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Ischial tuberosities, 366
Ischial tuberosity, 7
Ischioanal abscesses, 394
Ischiocavernosus muscle, 271
Ischiorectal abscesses, 393
Ischium, 4, 5, 7
Itch, 387
Itch-scratch-itch cycle, 389

J
Jaquet-Droz, Pierre, 288
J-flap technique, 377
Joint responsibility, 72

K
Kidney stones, 69, 70
Kings Health Questionnaire (KHQ), 187
Kyphoscoliosis, 361

L
L1-Fraumeri syndrome, 47
Labia majora, 271
Labia minora, 271
Lactobacilli, 79
Lactobacillus casei, 345
Laparoscopic instruments, 289
Laparoscopic repair, 366, 368
Laparoscopic techniques, 365
Laparotomy, 379, 380
Larger prostatic venous plexus, 22
l-arginine, 75
Lateral crests, 8
Lateral internal sphincterotomy, 396
Lateral puboprostatic ligaments, 12
Lateral true ligaments, 12
Lateral umbilical folds, 18
Latzko partial colpocleisis, 299, 300
Latzko repair, 306
Latzko’s procedure, 296
Leiomyoma, 258, 259
Lesions, 388
Lesser sciatic foramen, 269
Lesser sciatic notch, 7
Leukocyte esterase, 84
Levator ani, 15, 16, 159
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micturition cycle, 240
physiology of continence, 241–245
physiology of voiding, 245–246
social interaction, 241

Lower urinary tract dysfunction, 136, 140
Lower urinary tract pain, 131
Lower urinary tract physiology, 35, 36
Lower urinary tract symptoms (LUTS), 195, 196, 223, 283
Low-grade dysplasia, 398
Low-pressure hydrodistention, 231
Lumbar hernias, 364
Lumbar sympathetic relaxation, 230
Lumbopelvic alignment, 112
Lymphadenopathy, 397
Lymphatic drainage of pelvis, 22
Lymphogranuloma venereum (LGV), 397

M
Magnetic bowel sphincter, 330–331
Magnetic resonance (MR) imaging, 202
Magnetic resonance imaging (MRI), 155, 344, 372, 373, 382
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clinical diagnosis, 196, 197
diagnostic modalities, 197, 198
economic impact, 196
epidemiology, 195–196
physical examination, 197
putative MOA of sacral neuromodulation, 200
quality of life, 196
treatment

first-line, 198
second-line, 198
third-line, 198, 199

workup/evaluation, 196–198
Overactive bladder syndrome, 131
Overlapping sphincteroplasty, 331
Oxalate foods, 70
Oxidative DNA damage, 45
Oxygen-derived species, 42

P
p16INK4a gene, 41
p16NK4a gene, 50
PACE. See Preoperative assessment in elderly cancer patient (PACE)
Paget’s disease, 389
Pain

biology of, 262, 263
copying, 264
gate control theory, 264
pathology, 257
pathway

ascending, 263
descending, 263, 264

pleasure, 264–266
role of mental health and, 261, 262
sex-related differences in perception, 264

Pain levels, 73
Pain-blocking effects, 262
Painful bladder syndrome (PBS), 131, 212, 229
Painful defecation, 272
Pancreaticoduodenectomy, 60
Paradoxical puborectalis muscle, 314
Parallel intermediate crests, 8
Parasitic infections, 388
Parasympathetic fibers, 25, 270
Parasympathetic innervation, 27, 28
Parasympathetic stimulation, 36
Parenteral nutrition (PN), 69, 75
Paresis, 272
Paresthesia, 271
Paresthesias, 272
Parkinson’s disease, 133, 201, 247–248
Party balloon test, 146–147
Pathognomonic curlicue ureter, 365
Pathologizing female reproductive and sexual organs, 264
Pathophysiology of pudendal neuralgia

in Tarlov’s cysts, 272
Patient education, 231

Pattern recognition, 128
Pectin pubis, 7
Pectineal line, 7
Pediculosis pubis, 388
Pelvic asymmetry, 114
Pelvic congestion syndrome, 259
Pelvic examination, 197, 281
Pelvic exenteration, 368
Pelvic fascia, 17
Pelvic fascial layers, 17
Pelvic floor, 3
Pelvic floor biofeedback, 201
Pelvic floor descent (PFD), 155

medical history, 108–110
Pelvic floor disorders, 143, 313

definition, 349
fecal incontinence, 349
loop colostomy vs. loop ileostomy, 350
ostomies, 349
ostomy site selection, 350–351
temporary vs. permanent, 350

Pelvic floor dynamic magnetic resonance imaging (MRI), 314
Pelvic floor dysfunctions (PFD), 30, 321, 367
Pelvic floor EMG, 134
Pelvic floor imaging, 34

anal sphincters, 160
AR disorders, 160
artificial environment, 158
endoanal coils, 160
endoanal ultrasound, 161
endovaginal coil, 160
enteroceles, 159
functional imaging, 158
functional position, 159
levator ani, 159
MR defecography, 159
MRI, 159
neuromuscular function, 161
pelvic floor dysfunction, 160
prolapse, 161
pubococcygeal line (PCL), 161
rectal enema, 161
rectocele, 159, 160
superior contrast resolution, 160
tamponade enteroceles/sigmoidoceles, 161

Pelvic floor muscle electromyography, 240
Pelvic Floor Muscle Electromyography (PFM EMG), 34, 125, 134
Pelvic floor muscle myalgia, 261
Pelvic floor muscle training (PFMT), 188, 282
Pelvic floor muscles, 276
Pelvic floor musculature (PFM), 35

medical history, 108
Pelvic floor physical therapists, 117
Pelvic floor physiology

anterior
lower urinary tract, 35, 36
pelvic floor and urinary sphincters, 35
urinary continence, 36, 37
voiding, 36

pelvic floor dysfunction, 31
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Perioperative monitoring, 59
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Pudendal nerves, 314
Pudendal neuralgia

neurodiagnostic evaluation, 272
pathophysiology

in Tarlov’s cysts, 272
treatment

anesthetic properties in neural blockade, 273, 274
neural blockade general concepts, 273
somatic nerve blocks, 274
trigger point therapy, 275–277

Pudendal neuritis, 271
Pudendal neuromodulation (PNM),  

233–235
Pull-through technique, 33
Pulmonary lobectomy, 55
Purse-string arrangement, 28
Putative mechanism of action (MOA) of sacral neuromodulation

in OAB, 200
in urinary retention, 200

Pyelonephritis
acute complicated, 78
associated symptoms, 86
chronic, 83
cystitis, 86
diagnosis, 83
emphysematous, 83, 85
Escherichia coli, 79
lymphatic system, 80
recurrent, 78, 80
risk factors, 79
treatment, 84
UTI, 78

Pyonephrosis, 365
Pyuria

acute cystitis/pyelonephritis, 83
leukocytes, 84
microscopic, 77
urinalysis, 83

Q
Q-tip® test, 118
Quadratus femoris muscle, 16
Quadripolar tined lead, 202
Quality of life (QoL), 62, 214
Quercetin, 50
Quinidine, 388

R
Radiation injury, 379–381, 383
Radiation-induced fistulae, 303
Radicular pain, 272
RAND IC Epidemiology Study (RICE), 213
Reactive hydroxyl radical (OH), 42
Reactive oxygen species (ROS), 42–44, 46, 47, 49
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