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 Medicine is an ever-changing world, and the specialty of Female Pelvic 
Medicine and Reconstructive Surgery (FPMRS) is a product of that world. 
Practice as we know it now is developing rapidly in ways we never imagined. 
Value-based care delivery and optimization of a patient’s throughput are 
clearly the center pieces of the new health system, and all the while quality of 
care and patient-centered outcomes are more important considerations than 
ever. Thus, the timeliness of this book is so signifi cant. 

 Dr. Firoozi has put together an outstanding list of authors and contributors 
to this book who truly believe in this new-age philosophy of collaborative 
innovation and practice state-of-the-art Female Pelvic Medicine and 
Reconstructive Surgery. Our continued evolving understanding of female 
pelvic health disorders and of available new management techniques is high-
lighted in this book. Furthermore, there is tremendous balance in the recom-
mendations made herein, as there are always pros and cons in surgical and 
interventional therapies. One of the more striking attributes of this book is 
that it details some areas that are not as commonly discussed and offers tre-
mendous insight into subjects such as neovaginas and complex reconstructive 
surgery of the female lower urinary tract. 

 This book should serve as a valuable reference for the practicing pelvic 
surgeon and aid in dealing with the increasingly complex patient whom one 
sees in practice. It should serve as a model for the continued cross- 
collaboration of the disciplines of urogynecology and female urology as the 
team concept continues to evolve on behalf of all of our patients and their 
improved quality of lives.  

  Cleveland, OH     Sandip     P.     Vasavada, M.D.     

   Foreword   
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 The subspecialty of female pelvic medicine and reconstructive surgery, while 
still in its infancy, has grown in leaps and bounds over the last decade. There 
have been signifi cant innovations in the fi elds of research and treatment of 
female pelvic fl oor disorders. This growth has been due in large part to the 
collaboration of urologists and gynecologists. 

 Technology and regulatory requirements are constantly evolving; thus, 
this book was envisaged to provide a compendium of information for the 
practicing urologist, gynecologist, female urology specialist, and urogyne-
cologist. It draws from all these areas of medicine, with experts from varied 
training backgrounds, and truly represents a collaborative effort. The goals of 
this book are twofold: to report an updated account of the current literature 
and to provide the basic and advanced surgical techniques for the manage-
ment of common and uncommon diseases within the domain of female pelvic 
medicine and reconstructive surgery. 

 It is my hope that the internationally recognized contributors to this book 
have created a text that is both accessible and integral to the readers. I genu-
inely believe that this book is a signifi cant and valuable addition to the library 
of those who practice in or aspire to enter the fi eld of female pelvic medicine 
and reconstructive surgery.  

  Lake Success, NY     Farzeen     Firoozi, M.D., F.A.C.S.      

  Pref ace   
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           Introduction 

 The following chapter will give the reader a 
 fundamental understanding of female pelvic and 
anterior abdominal wall anatomy, including the 
relationships between the genital, urinary, 
colorectal, and musculoskeletal systems. In 
 addition, we will describe the vascular and ner-
vous supply to each organ and explore the 
 interrelationships and function between the 
 pelvic organs and their support mechanisms.  

    Abdominal Wall Musculature 

    Embrology (Fig.  1.1 ) 

    By the third week of gestation, the epiblastic 
layer of the bilaminar embryonic disc transforms 
into three layers. The middle layer is composed 
of mesoblastic cells that give rise to the embry-

onic mesoderm. The embryonic mesoderm 
divides into the paraxial mesoderm, the interme-
diate mesoderm, and the lateral plate mesoderm. 
The lateral plate mesoderm forms into the 
somatic mesoderm and the splanchnic meso-
derm. The somatic mesoderm becomes the lateral 
and ventral body wall.  

    Anatomy 

 The fi rst layer encountered just deep to the skin 
and subcutaneous tissues of the anterior abdomi-
nal wall is a fascial plane consisting of two lay-
ers: a fatty superfi cial layer which is called 
Camper’s Fascia and a deeper membranous layer, 
Scarpa’s Fascia. Scarpa’s Fascia runs inferiorly 
to attach to the thigh laterally and fuses medially 
with the perineal membrane as the inferior border 
of the superfi cial perineal pouch through which 
the urethra passes. 

 Deep to the superfi cial fascia lies the antero-
lateral muscles, which run in three separate direc-
tions, creating a strong latticework of muscle 
fi bers. The most superfi cial of these muscle 
groups is the external oblique muscle, which runs 
caudal and medially from the lower eight ribs to 
the pelvis. The inferior border of the external 
oblique forms the inguinal ligament. A defect in 
the inguinal ligament, the superfi cial inguinal 
ring, affords passage of the round ligament from 
the abdomen to the pelvis. Deep to the external 
oblique, the internal oblique muscle fi bers run 

        Y.   Larish ,  M.D.      
     Department of Urology ,  Lenox Hill Hospital , 
  New York ,  NY ,  USA   
 e-mail: ylarish@nshs.edu   
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cranially and laterally from the lower six costal 
cartilages to the pelvis, where they fuse with the 
muscle layer deep to it, the transversus 
 abdominus, forming the conjoint tendon. 

 Medially, the rectus abdominus muscle origi-
nates at the pubic bone and runs superiorly to 
insert in the fi fth, sixth, and seventh costal carti-
lages and the xiphoid process. It is encircled by 
the rectus sheath, which varies in composition 
depending on its location. Superiorly, the internal 
oblique splits to cover the rectus muscle both 
anteriorly and posteriorly. These layers are rein-
forced by the external oblique anteriorly and the 
internal oblique posteriorly. Caudally, all three 
anterolateral muscle groups pass anteriorly to the 
rectus. Above the coastal margin, the external 
oblique covers the rectus along its costal cartilage 
insertion. Together, these muscle fi bers provide 
support for the abdominal organs. The ability to 
contract these muscles results in a rise in intraab-
dominal pressure, which aids processes of mictu-
rition and defecation.  

    Blood Supply 

 Running along the posterior aspect of the rectus 
sheath, the superior epigastric artery comes off 
of the internal mammary artery and anastomoses 
with the last fi ve intercostal arteries above, and 
the inferior epigastric artery below. It supplies 
the upper abdominal wall. The inferior epigas-
tric artery, a branch of the external iliac artery, 
comes through the abdominal inguinal ring, 
where it courses medially toward the superfi cial 
inguinal ring between the transversalis fascia 
and the peritoneum. This vessel passes through 
the transversalis fascia into the rectus muscle 
and meets the superior epigastric artery. The 
inferior epigastric artery supplies the lower 
abdominal wall. 

 Branches of the external iliac artery, mostly by 
way of the deep circumfl ex iliac artery, supply the 
lower abdominal wall. Traveling along the ante-
rior superior iliac spine between the transversus 
and the internal oblique muscles, it anastomoses 

  Fig. 1.1    Embryology of abdominal wall musculature       
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with the iliolumbar artery. The deep circumfl ex 
iliac artery also anastomoses with the inferior 
epigastric artery.  

    Nerves 

 The lower six thoracic nerves run between the 
internal oblique and the transversus muscles, 
penetrare the rectus sheath and muscle, and end 
as cutaneous branches. The 12th thoracic and 
fi rst lumbar nerves join to form the iliohypogas-
tric nerve, supplying the psoas and the quadratus 
lumborum before veering anteriorly to supply 
the transversus and the internal oblique muscles. 
The ilioinguinal nerve also comes off of the last 
thoracic and fi rst lumbar nerve and communi-
cates with the iliohypogastric nerve. The iliohy-
pogastric nerve divides into the iliac branch, 
which supplies the lower internal and external 
oblique muscles above the iliac crest, and the 
hypogastric branch, which supplies the inferior 
portions of the transversus and the internal 
oblique muscles, the external oblique aponeuro-
sis , the skin, and the symphysis pubis. This 
nerve then meets the ilioinguinal nerve near the 
anterior superior iliac spine.   

    Bony Pelvis 

    Embryology 

 The embryologic development of the bony and 
muscular pelvis is similar to that of the abdominal 
wall musculature. During the third week of gesta-
tion, the bilaminar embryonic disc transforms into 
the trilaminar embryonic disc,  composed of ecto-
derm, mesoderm, and endoderm. A thickening of 
cells forms at the caudal region (primitive streak) 
and migrates cephalad, creating a depression on 
the ventral aspect of the trilaminar disc. This area 
of cells is called the embryonic mesoderm. Three 
clusters of mesodermal cells form by the end of 
the third week of gestation. They are the paraxial 
mesoderm, the lateral plate mesoderm, and the 
intermediate mesoderm. The paraxial mesoderm 

gives rise to the axial skeleton. The lateral plate 
mesoderm becomes the lateral and ventral body 
wall as well as the gut. The intermediate meso-
derm will evolve into the urogenital ridge, and 
ultimately the reproductive and urinary tracts.  

    Anatomy 

 The pelvis can be separated into two compart-
ments separated by the iliopectineal line: the 
greater (false) pelvis and the lesser (true) pelvis 
(Fig.  1.2 ). The iliac fossa and the sacrum form 
the boundaries of the greater pelvis, which houses 
the sigmoid colon and segments of the small 
intestine. The lesser pelvis lies below the pelvic 
brim and contains the pelvic organs, including 
the bladder, reproductive organs, the rectum, and 
the anus. It is bordered by the sacrum and coccyx 
posteriorly, the pubic symphysis anteriorly, and 
the obturator internus laterally. The pelvic brim 
demarcates the roof of the lesser pelvis while the 
pelvic musculature constitutes its fl oor.

   The bony pelvis is composed of three bones: 
the ilium, the ischium, and the pubis (Fig.  1.3 ). 
The amalgam of these three bones is called the 
innominate bone. The ilium sits posteriorly, and 
articulates with the acetabulum, the ischium, and 
the pubis. The superior border of the ilium is 
called the crest, extending inferiorly, ending at 
the iliac spines. The components of the ischium 
include the body, the superior and inferior rami, 
and the tuberosity. The posterior border joins 
with the ilium to form the greater sciatic notch. 
The inferior ramus meets the pubis to form the 
ischiopubic arch. The pubis is made up of a body 
and two rami. The obturator sulcus is located 
inferior to the superior ramus. The symphysis is a 
synarthrodial joint within the pubic bone.

   The muscular attachments (Fig.  1.4a, b ) to the 
ilum, ischium, and pubis create the bowl of the 
pelvic fl oor. The external oblique, the internal 
oblique, the transversus abdominus, latissimus 
dorsi, quadratus lumborum, tensor fascia latae, 
and Sartorius muscles all attach to the ilium. The 
rectus femoris muscle connects to the iliac spine. 
The iliacus muscle sits in the iliac fossa, and the 

1 Anatomy of the Female Genitourinary Tract
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tendon of the psoas inserts between the iliac 
spine and the iliopectineal eminence. Both the 
gluteus maximus and minimus muscles attach to 
the ilium.

   The ischium gives rise to the obturator internus 
muscle. The coccygeus and levator ani muscles 
attach to the ischial spines deep in the pelvis. The 
transversus perinei muscle originates from the 
lower border of the ischium. Laterally, the  adductor 
magnus muscle connects to the ischial tuberosity. 

The obturator externus muscles and adductor 
longus muscles come off of the superior ramus of 
the pubis, while the obturator internus muscles and 
levator attach on the anterior surface. The rectus 
and pyrimidalis muscles attach on the superior 
border. The anterior surface of the inferior ramus 
attaches to the abductor brevis, magnus, and the 
obturator internus. See Fig.  1.5a, b .

   The sacrum is formed by the fusion of 5–6 
sacral vertebrae. The body of the sacrum 

Anterior
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Anterior
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iliac spine
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  Fig. 1.3    The bony pelvis is composed of three bones: the ilium, the ischium, and the pubis       
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  Fig. 1.2    The bony pelvis, divided into two compartments divided by the iliopectineal line: the greater (false) pelvis and 
the lesser (true) pelvis       
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 articulates with the fi fth lumbar vertebrae 
through a fi brocartilage disk, where it juts out 
anteriorly and is labeled the sacral promontory. 
The lamina and spines of the third, fourth, and 
fi fth sacral vertebrae are absent, leaving a wide 
space called the sacral hiatus. The coccyx is 
formed by 3–5 caudal vertebrae that fuse and 
join the sacrum at the sacrococcygeal joint. 
   Muscular attachments to the sacrum include the 
piriform muscle, sacrospinalis muscles, and the 
gluteus maximus muscle. Muscles that connect 
to the coccyx include the coccygeus and the ilio-
coccygeus musles. 

 The sacrospinalis ligament connects the lat-
eral border of the sacrum and the coccyx to the 
ischial spine. The sacrotuberous ligament extends 
from the sacral vertebrae to the tuberosities of the 
ilium. This is a deep posterior ligament with 
fi bers that connect to the hamstrings. The ilio-
lumbar ligament joins the iliac crest with L4-5. 
The iliofemoral ligament attaches the crest of the 
ilium to the acetabulum. See Fig.  1.6 .

       Blood Supply 

 The blood supply to the innominate bones comes 
from branches off of the iliolumbar, deep circum-
fl ex iliac, and obturator arteries, which all come 

off of the hypogastric (internal iliac) artery. The 
lower part of the bone receives nutrients from 
branches of the gluteal arteries, which also comes 
off of the hypogastric artery. 

 The sacrum receives its blood supply from the 
middle sacral artery, a branch of the aorta, and 
the lateral sacral arteries, which comes off of the 
hypogastric artery (internal iliac). These vessels 
anastomose with the lumbar arteries and the 
superior gluteal artery.  

    Nerve Supply 

 The innominate bones derive their nerve supply 
from the superior hypogastric plexus, which sits 
over the sacral promontory. It receives nerve 
fi bers from inferior mesenteric and lumbar sym-
pathetic ganglia. The superior hypogastric 
plexus gives rise to the middle hypogastric 
plexus and then divides into two lateral hypo-
gastric nerves. They travel in the uterosacral 
ligament into the rectum and the vagina. At this 
juncture, they are labeled the pelvic plexuses. 
The fi bers that make up the pelvic plexuses 
come from the S2-4 parasympathetic and sym-
pathetic trunks. As the nerves descend into the 
pelvis, they innervate the bones and ligaments 
through which they pass.   
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    Pelvic Muscles 

    Embryology (Fig.  1.7a, b ) 

    The pelvic diaphragm arises out of all three  layers 
of the embryonic tissue: the endoderm, the meso-
derm, and the ectoderm. The endoderm develops 
into the primitive gut, which gives rise to the 
 cloaca. At week 6 of gestation, the cloaca divides 

into the urogenital sinus and the anorectal canal. 
The mesoderm gives rise to the urogenital ridge, 
which becomes the urinary tract, the uterus and 
upper vagina, and the lateral plate mesoderm. The 
lateral plate mesoderm divides into the somatic 
and splanchnic mesoderm. The somatic mesoderm 
gives rise to the lateral and ventral walls, and the 
splanchnic mesoderm evolves into the visceral 
peritoneum. The  ectoderm gives rise to the skin of 
the external genitalia and the nervous system.  
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    Anatomy 

    Pelvic Floor Musculature 
 In addition to providing support to the pelvic and 
abdominal organs and ensuring that they stay in their 
proper anatomical locations, the pelvic fl oor 
apparatus aids in the evacuation of both urine and 
feces. Additionally, the female pelvic fl oor has a 
central role in the acts of conception and parturition. 

 The pelvic fl oor is comprised of two main 
components; a visceral fascial layer, the endo- 
pelvic fascia (comprised of connective tissue), 
and a muscular layer, collectively referred to as 
the levator ani and coccygeus muscles. The endo- 
pelvic fascia provides a passive support mecha-
nism when the genital hiatus is open, and provides 
an apical tethering point for the pelvic viscera. 
Conversely, the musculature provides an active 
support mechanism by contracting and closing 
the genital hiatus. 

 The pelvic diaphragm refers to the bowl of 
muscle that provides a supportive plate on which 
the bladder, uterus, and rectum sit. Perforated by 

the urethra, the vagina, and the rectum, these 
muscles serve as the support structures of the pel-
vic fl oor. The bony supports include the pubic 
bone anteriorly, the sacrum posteriorly, and 
the ischium bilaterally. The three main muscle 
groups that comprise the pelvic support include 
the levator ani, anteriorly and inferiorly, the obtu-
rator muscles laterally, and the coccygeus mus-
cle, posteriorly. 

 Divided into three parts, the levator ani muscle 
is comprised of the Iliococcygeus muscle, the 
pubococcygeus muscle, and the puborectalis mus-
cle. The iliococcygeus muscle arises laterally from 
the arcus tendineus it extends from the symphysis 
to the ischial spine, where it meets the obturator 
internus muscle. Medially it meets the pubococ-
cygeus, and posteriorly, it inserts into the coccyx. 
The pubococcygeus is a strap of muscle that runs 
anterior to posterior from the pubis to the coccyx 
where it meets the sacrococcygeal ligament, 
 forming a strong raphe over the sacrum. The 
puborectalis muscle creates a band of tissue around 
the rectum, which supports the posterior pelvis. 
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The levator ani muscles function to both contract 
around the urethra, vagina, and rectum, and to 
counteract intraabdominal and intrathoracic pres-
sures on the pelvic organs. See Fig.  1.8 .

   Arising from the pubic rami and the ischium, 
the obturator internus muscle connects the pelvis 
to the hip, where its fi bers insert into the trochan-
ter. The obturator vessels and nerves traverse the 
notch on the lateral aspect of the obturator 
 foramen. Intrinsic to the functioning of the inner 

thigh, the obturator muscle is involved in lateral 
rotation, abduction, and extension of the 
upper leg. 

 Not comprising many muscle fi bers, the coc-
cygeus appears more as an aponeurosis than as a 
muscle. It arises from the ischial spine and 
extends into the fourth and fi fth sacral vertebrae, 
as well as the coccyx. Besides supporting the pel-
vic organs, it helps with fl exing and abducting of 
the coccyx.  
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    Perineum and Structures from Below 
 From the perineal perspective, the fascial supports 
overlying the organs play a crucial role in both the 
pathophysiology of pelvic organ prolapse and the 
methods of repairing those defects. An extension 
of the transversus abdominus muscle, the endo-
pelvic fascia lays over the abdominal portion of 
the pelvic musculature. The levator ani muscles 
are covered from the perineal side by the same 
facial material but it is divided into three sections 
depending on what structures are being covered. 

 From the vaginal view, looking at the  anterior  
vaginal wall, the urethropelvic (also called the 
pubourethral) ligament creates a bridge extend-
ing from the inferior aspect of the pubic ramis 

from side to side, thus supporting the urethra. 
If there were any weakness or damage to this 
fascial layer, stress incontinence would be the 
end result. The pubocervical fascia (sometimes 
called the vesicocervical fascia) is the component 
of the sheet of support under the bladder. It is not 
discrete and cannot be visually separated from 
the urethropelvic ligament, except by determin-
ing the organ under which it sits. This fascial 
layer can be torn, causing a central defect, which 
results in a cystocele. Correcting central defects 
in the pubocervical fascia requires replacing that 
fascia support from below. See Fig.  1.9 .

   The urethropelvic fascia and the pubocervical 
fascia insert into the pelvic sidewall where the 
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levator ani muscles meet the obturator internus. 
From the view looking into the pelvis from above, 
the endopelvic fascia can be seen inserting into 
the same place. This condensation of both fascial 
layers into the same insertion point is called the 
arcus tendineus. An important support for the 
pelvic organs, the arcus tendineus can be dam-
aged in surgery, pregnancy, or childbirth, result-
ing in the pelvic organs sliding down the sidewall 
and causing a prolapse. See Fig.  1.10 .

   The posterior section of the support under the 
anterior vaginal wall is the cardinal ligament, 
which supports the uterus and the apex of the 
vagina. The cardinal ligament extends from the 
sciatic foramen, encircles the cervix, and fuses 
with the sacrouterine ligament posteriorly. The 
sacrouterine ligament is a non-discrete condensa-
tion of fi bers that originates from the second 
through fourth sacral vertebrae and merges with 
the pubocervical fascia at the vaginal apex. If the 

  Fig. 1.9    Fascial layers of the pelvic organs: vaginal view       

  Fig. 1.10    Ligaments of vaginal support       
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fi bers of the sacrouterine ligament are intact, they 
can be used to support a prolapse repair. Deep to 
the sacrouterine ligament is the sacrospinous lig-
ament, which runs from the sacrum to the ischial 
spine. It is a strong, fi brous  true  ligament, in that 
it joins two bony structures. 

 The posterior vaginal wall support structures 
include the rectovaginal septum, the pararectal 
fascia, and the perineal body. At the apex of the 
vaginal, the rectovaginal septum fuses with the 
cardinal ligament/sacrouterine ligament com-
plex. Disruption of the cardinal ligaments through 
surgery, pregnancy, or childbirth can lead to 
weakness of the septum and posterior apical pro-
lapse. The perineal body is a central point where 
the deep and superfi cial transverse perineal mus-
cles, the anal sphincter, the bulbocavernosus 
muscle, and the levator ani muscles all converge. 
Flexibility of the perineal body allows for absorp-
tion of pressure during valsalva, and contraction 
increases both vaginal compression and stability. 
See Fig.  1.11 .

        Blood Supply (Fig.  1.12 ) 

    The common iliac artery branches into the 
 internal (hypogastric) and external iliac arteries 
at the lumbosacral articulation. The internal iliac 
artery divides into three parts once it crosses 
through the psoas and piriformis muscles: the 
anterior branch, the posterior branch, and the vis-
ceral branch. Arising fi rst, the posterior branch 
gives rise to the iliolumbar, the lateral sacral, and 
the superior gluteal arteries. The anterior branch 
of the internal iliac artery (hypogastric artery) 
divides into three branches: the obturator, inferior 
gluteal, and the internal pudendal arteries. The 
visceral branch becomes the superior vesical, 
middle hemorrhoidal, the uterine, and the vaginal 
arteries. 

 Sometimes coming off of the external iliac 
artery, the obturator artery, which usually arises 
from the anterior branch of the internal iliac 
artery, terminates in iliac, vesical, pubic, ante-
rior, and posterior branches. These vessels 
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 supply the muscles and bones of the deep pelvis. 
These branches communicate with the inferior 
epigastric artery and other divisions of the exter-
nal iliac artery. The umbilical artery comes off of 
the inferior gluteal artery from the anterior 
branch of the internal iliac artery. It gives off 
branches to the bladder, including the middle 
vesical artery. 

 The visceral portion of the internal iliac artery 
includes the middle hemorrhoidal artery which 
anastomosis with the superior mesenteric artery 
through the superior hemorrhoidal artery. The 
uterine artery branches off early in the pelvis 
close to the common iliac artery. The vaginal 
artery has variable origins. It can arise from the 
hypogastric artery directly, the uterine artery, or 
the superior vesical artery.  

    Nerve Supply (Fig.  1.13 ) 

    Innervation of the pelvis arises from the second, 
third, and fourth sacral nerves that enter the pel-
vis through the greater sciatic foramen, between 

the piriformis and coccygeus muscles beneath 
the ischial spines. It enters the perineum through 
Alcock’s canal, where it branches into three 
parts, the inferior hemorrhoidal nerve, the peri-
neal nerve, and the dorsal nerve of the clitoris. 
The inferior hemorrhoidal nerve supplies the anal 
sphincter and peri-anal skin. The perineal nerve 
supplies the levator ani muscles before it enters 
through the urogenital diaphragm to innervate 
the ischiocavernosus and bulbocavernosus mus-
cles, and the urinary sphincter. A superfi cial 
branch of the perineal nerve supplies the labia 
major. The dorsal nerve of the clitoris enters 
through the urogenital diaphragm before heading 
toward the glans of the clitoris.   

    Embryology of the Urinary 
Tract (Fig.  1.14 ) 

    In utero, the kidneys mature through a successive 
and predictable series of phases prior to reaching 
maturity. The fi rst two stages, the pronephros 
and mesonephros, regress. The fi nal stage, the 
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metanephros, persists. The pronephros is 
 nonfunctional, appears late in the third week, and 
completely degenerates by the start of the fi fth 
week. The mesonephros serves as primitive 
excretory organ while the metanephros develops. 
The mesonephros regresses by the fourth month. 
Meanwhile, the metanephros forms near the 
sacrum as the ureteric buds and metanphros 
mesenchyme. 

 The ureteric buds and mesenchyme exert 
reciprocal biochemical effects on each other. The 
metanephric mesenchyme develops into the 
glomerulus, proximal tubule, loop of Henle, and 
distal tubule, while the ureteric bud forms the 
collecting ducts, calyces, pelvis, and ureter. 
Despite renal maturation continuing postnatally, 
the functioning elements of the kidney has fully 
developed by 32–34 weeks of gestation. 

 The terminal portion of the hindgut, the clo-
aca, is divided into the dorsal primitive rectum 
and ventral primitive urogenital sinus by the uro-
rectal septum. The urinary bladder and urethra 
are derived from the primitive urogenital sinus 
and the surrounding splanchnic mesenchyme. 
The urogenital sinus gives rise to the urinary 

bladder, which is continuous cranially with the 
allantois, and caudally with the urethra. The 
allantois is obliterated during fetal development 
and forms a fi brous cord, the urachus, which fol-
lowing birth becomes the median umbilical liga-
ment. The trigone of the bladder is formed in a 
complex process of Wollfi an duct involution, 
while the bladder wall is of endodermal origin. 
The smooth musculature of the bladder develops 
during the 12th week of gestation and is ulti-
mately coated on the inside by epithelial cells of 
endodermal origin.  

    The Kidneys 

    Anatomy 

 The kidneys are paired retroperitoneal organs 
approximately 10 cm long and weighing 135–
150 g. They lie opposite T12-L3 and the right 
kidney lies slightly lower than the left. The upper 
pole of the kidney is nearer to the midline than 
the lower pole, and the medial border of the kid-
ney faces slightly anterior. The right kidney is 
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bordered superiorly by the adrenal gland, 
 medially by the second portion of the duodenum, 
laterally by the posterior abdominal wall, and 
inferiorly by the mesocolon and small intestine. 
The left kidney is bordered by the spleen and 
stomach and adrenal superiorly, the descending 
colon laterally, the aorta medially, and the meso-
colon and small intestine inferiorly. The medial 

portion of the kidney is concave and houses the 
renal hilum. The renal hilum transmits the renal 
vein, renal artery, and ureter into the kidney 
(anteriorly to posteriorly). The kidneys and adre-
nals are surrounded (except inferiorly) by a peri-
nephric fat capsule, called Gerota’s fascia. The 
capsule invades the kidney medially to surround 
the structures of the renal hilum, and runs inferi-
orly over the course of the ureter.  

    Blood Supply (Fig.  1.15 ) 

    The renal arteries branch from the aorta below 
the superior mesenteric artery. The right renal 
artery is longer than the left, and usually courses 
beneath the inferior vena cava. At the renal hilum, 
the renal artery branches into several segmental 
branches, acting as the end-arterial supply to the 
various segments of the kidney. Small segmental 
veins coalesce to form the renal vein. The vein of 
the left is longer and, in addition to draining the 
kidney, drains the left adrenal and gonadal vein. 
The renal vein on the right is short, and drains 
only the kidney, while the adrenal and gonadal 
veins drain directly into the inferior vena cava.  

    Nerve Supply 

 The innervation of the kidneys includes sympa-
thetic, parasympathetic, and visceral afferent 
nerve fi bers. The sympathetic (originating in the 
sympathetic chain) and parasympathetics (origi-
nating from the vagus) nerves join to form an 
autonomic plexus which runs with the renal artery. 
The visceral afferents, conveying sensation of 
pain, travel along the path of the autonomic plexus 
to the spinal ganglia and spinal cord.   

    Ureters 

    Anatomy 

 The ureters start at the level of the ureteral pel-
vic junction where the renal pelvis tapers into a 
narrow tube within the renal hilum posterior to 
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the renal artery and vein. The lumen of the 
 ureter is lined by transitional epithelium. 
A layer of inner longitudinal and outer circular 
smooth muscle in turn covers the epithelial 
layer, and is responsible for the peristaltic 
movements necessary to propel urine toward 
the bladder. The ureters course inferiorly 
toward the bladder along the psoas muscle. The 
gonadal vessels cross the ureters anteriorly. As 
they enter the pelvis, the ureters cross anterior 
to the bifurcation of the common iliac artery. 
Upon entering the bladder, they take an oblique 
course through the bladder wall to form a tun-
nel, which aids in preventing refl ux of urine 
back to the kidney.  

    Blood Supply 

 The blood supply to the ureters varies along their 
course. The abdominal ureters receive their arterial 
supply from the renal, gonadal, and common iliac 

arteries and from the abdominal aorta, all of which 
run in a medial to lateral direction. After entering 
the pelvis, the ureters receive their blood supply 
from branches of the internal iliac artery, including 
the vesical, uterine, middle  rectal, and vaginal 
arteries, all of which run in a lateral to medial 
direction. The venous and lymphatic drainage of 
the ureter parallels the arterial supply.  

    Nerve Supply 

 Ureteral peristalsis originates in smooth muscle 
pacemaker nodes within the collecting system. 
The autonomic nervous system modulates this 
input; however, the mechanism is unclear. Pain 
fi bers are stimulated by distention and/or muco-
sal irritation within the ureter. The pain fi bers run 
with the sympathetic nerves corresponding to the 
segment of ureter affected. Therefore, the distri-
bution of pain varies, and can be referred to the 
fl ank, groin, or labia.   
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    The Bladder 

    Anatomy 

 The bladder is a compliant, distensible, hollow 
viscos, which allows for the storage of urine. 
When empty, it remains confi ned to the lesser 
pelvis, but can distend beyond the pelvic brim 
into the greater pelvis when full. The most supe-
rior segment of the bladder is covered by a refl ec-
tion of peritoneum, while the rest of the bladder 
lies inferior to the peritoneum. At its most supe-
rior point, the uterus drapes the bladder. Anterior 
to the bladder is a fat fi lled potential space, the 
space of Retzius, which protects the bladder from 
the pubic symphysis. The base of the bladder 
rests on the anterior aspect of the cervix and ante-
rior vaginal wall. See Fig.  1.16 .

   The wall of the bladder is composed of three 
muscle layers that run in different directions. The 
outer layer of muscles runs longitudinally, the 
middle layer’s fi bers run circularly, and the inner 

layer’s fi bers run longitudinally gain. This con-
fi guration aids in effective contraction of the 
bladder wall and full expulsion of urine. Deep to 
the muscular layers of the bladder wall lies the 
mucosal layer, which is composed of transitional 
epithelium which prevents the reabsorption of 
urine from the bladder into the body. At the pos-
terior–inferior aspect of the bladder is a raised 
crescent-shaped ribbon of muscle, the trigone, 
which is bordered on either side by the ureteral 
orifi ces.  

    Blood Supply 

 The arterial supply to the bladder is derived from 
the superior and inferior vesicle arteries as well 
as branches arising from the internal iliac artery. 
Because the branches are variable, the blood sup-
ply is thought of as lateral and posterior pedicles, 
which run along the cardinal and uterosacral liga-
ments. The venous drainage of the bladder forms 
a plexus, which drains into the external iliac vein.  

Peritoneum

Linea alba

Scarpa’s and
Camper’s fasciae

Transversalis fascia

Umbilical prevesical fascia

Urachus (median
umbilical ligament)

Body of uterus

of urinary
bladder

Dome
Apex

Ureteral orifice
Trigone

Neck

Pubic symphysis

Prevesical space of Retzius

Urethra

Vagina

Perineal body

Labium majus

Rectal sphincter

Rectum

Labium minus

Arcuate pubic ligament

Dorsal vein of clitoris

Transverse perineal ligament

Urethral sphincter muscle
and

deep transverse perineal muscle
in urogenital diaphragm

  Fig. 1.16    Relationship of bladder to neighboring organs       

 

Y. Larish and E. Kavaler



17

    Nerve Supply 

 The bladder derives most of its nerve supply from 
sacral nerves 2–4, with some contribution from 
the hypogastric plexus. Most of the innervation to 
the bladder base comes from the parasympathetic 
nervous system, while the bladder neck and tri-
gone are under sympathetic control from the 
hypogastric nerve (T10 to L2). Under somatic 
control from S2, the pudendal nerve innervates 
the external urinary sphincter.   

    The Urethra (Fig.  1.17 ) 

    The female urethra is 2.5 to 5 cm in length and 
runs under the pubic bone along the anterior vag-
inal wall. It is supported by the pubourethral liga-
ments (also called the urethropelvic ligament), 
which are contiguous with the pubocervical liga-
ments (vesicopelvic) that support the bladder. 
The three walls of the urethra include the mucosa, 
the submucosa, and the fi bromuscular layer, 
which contains spongy tissue and the cavernous 

veins. Skene’s glands enter into the urethra 
 cephalad to the external urinary sphincter. The 
distal third of the urethra is lined by squamous 
epithelium, while transitional cells line the proxi-
mal portion. The fi bromuscular layer is divided 
into a circular layer on the outside and a longitu-
dinal layer on the inside. Near the bladder neck, 
the muscle fi bers are interwoven with those of the 
bladder neck, creating a contiguous structure. In 
the middle and lower thirds of the urethra,  striated 
fi bers of the bulbocavernosus and ischiocaverno-
sus muscles encircle the urethra, creating the 
external urinary sphincter. 

    Blood Supply 

 The urethra shares its blood supply with the ante-
rior vaginal wall and the bladder. The uterine 
artery gives off the vaginal artery and the artery 
to the cervix. Branches from both arteries supply 
the urethra. The artery to the clitoris, from the 
internal pudendal artery, also gives off branches 
to the urethra as well.  
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  Fig. 1.17    Anatomy of the urethra       
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    Nerve Supply 

 The parasympathetic and sympathetic nerves to 
the urethra travel through the hypogastric plexus. 
The pudendal nerve controls the external urinary 
sphincter.   

    The Female Genital Tract 

    Vulva 

    Embryology (Fig.  1.18 ) 
    Sexual differential of the external genitalia occurs 
at the eighth week of gestation; however, it isn’t 
until three months that sexual differentiation can 
be recognized. In the fi rst 4 weeks, a small out-
growth at the external surface of the cloacal 
membrane appears in front of the genital tuber-
cle. On either side of the membrane are swellings 
that will eventually form either labia majora or 
scrotal sacs. By the end of the seventh week, the 
urogenital sinus forms a separate opening under 
the genital tubercle. By the eighth week, the geni-
tal tubercle begins to form the clitoris. The caudal 
portion of the urogenital sinus will form the vagi-
nal vestibule and the urethral folds remain sepa-
rate, becoming the labia minora. The genital 
swellings merge in front of the anus and form the 
labia majora.  

    Anatomy (Fig.  1.19 ) 
    The vulva includes the mons pubis, the labia 
minor and majora, the clitoris, and the glandular 
structures, including Batholin’s glands and 
Cowper’s glands. Pubic hair grows in an inverted 
triangle pattern, although 25 % of women will 
have hair that extends upward along the linea 
alba. The vestibule is the area that is bordered by 
the labia minora, laterally, the posterior commis-
sure at the perineum, and anteriorly, at the clitoris 
and urethra. The inferior border is the hymen. 
Skene’s glands open into the vagina from under 
the urethra. At the 5 and 7o’clock positions 
Bartholin’s glands ducts can be seen as small 
papillary swellings. During sexual activity, they 
secrete fl uid. By about age 30, they generally 

involute. The skin of the vestibule is made up of 
squamous cells. 

 Analogous to the scrotum, the labia majora 
are two thick, hair-bearing mounds of tissue that 
extend from the mons pubis to the perineum. 
They extend 7–9 cm in length and 2–4 cm in 
width. Three layers of the labia majora can be 
identifi ed. The most superfi cial layer is called the 
tunica dartos labialis whose fi bers run perpen-
dicular to the folds of the skin. The middle layer 
contains adipose tissue and areolar tissue as well 
as sweat glands. The deepest layer contains mus-
cle fi bers that are contiguous with the round 
ligament. 

 The labia minora measure 5 cm in length and 
only 1 cm in thickness. Fusing with the prepuce 
of the clitoris, they originate at the clitoris and 
fuse posteriorly with the labia majora. The skin is 
smooth, pigmented, and hairless. The glands of 
the labia minora are analogous to the glands of 
Littre in the male urethra. 

 The clitoris contains two cavernous bodies 
that join at the glans, which contains erectile 
 tissue. The suspensory ligament of the clitoris 
inserts into the inferior rami of the pubic sym-
physis. Inferiorly, the labia minora fuse to form a 
frenulum.  

    Blood Supply 
 The anterior branch of the internal iliac artery 
(hypogastric artery) gives rise to the internal 
pudendal artery. It courses through the lesser sci-
atic foramen where it joins the pudendal nerve 
and dives through Alcock’s canal and then 
branches into the arteries to the gluteal region, 
the inferior hemorrhoidal artery, the perineal 
artery, and the artery to the clitoris. The inferior 
hemorrhoidal artery supplies the anus, the anal 
canal, and the perineum. The perineal artery per-
forates the urogenital diaphragm and supplies the 
ishiocavernosus, bulbocavernosus, and trans-
verse perinei muscles. The termination of the 
perineal artery is in the labia. 

 The artery to the clitoris runs along the infe-
rior pubic rami where it branches into four parts: 
the artery of the bulb, the urethral artery, the 
deep artery of the clitoris, and the dorsal artery 
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of the clitoris. The artery of the bulb supplies the 
vestibule and Bartholin’s gland. The urethra 
artery supplies the urethra and anastomoses with 
the artery of the bulb. The deep artery of the cli-
toris supplies the corpus cavernosum. The super-
fi cial artery supplies the glans.  

    Nerve Supply 
 The vulva is highly innervated with nerves, origi-
nating from the lumbosacral region of the spinal 
cord. The main nervous supply to the region 
comes from the pudendal nerve, which combines 
branches from S2-4. It divides into three branches 
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after it exits Alcock’s canal, including the inferior 
hemorrhoidal nerve, the perineal nerve, and the 
deep nerve to the clitoris. The inferior hemorro-
hoidal nerve supplies the external anal sphincter 
and peri-anal skin. The perineal nerve divides 
into deep and superfi cial branches. The deep 
branch supplies the bulbocarvernosus and ischio-
cavernosus muscles. The superfi cial branches 
supply the labia. The deep nerve to the clitoris 
supplies the glans. 

 Many nerves supply the skin of the vulva. 
Arising from T12 to L1, the iliohypogastric nerve 
runs between the internal iliac and transversus 
muscles to the iliac crest, where it divides into an 
anterior and posterior portion. The anterior hypo-
gastric nerve runs superfi cially along the skin of 
the symphysis, and supplies the labia majora and 
the mons pubis. The posterior hypogastric nerve 
dives down into the gluteal area. The ilioinguinal 
nerve originates from L1 and supplies the labia 
majora as well. Also arising from L1-2, the geni-
tofemoral nerve runs along the psoas muscle and 
innervates the muscle fi bers within the labia 
majora. The femoral cutaneous nerve originates 
from posterior branches of S1-2 and the anterior 
branches of S2-3. It supplies the lateral aspect of 
the thigh and the labia majora.   

    Vagina 

    Embryology (Fig.  1.18 ) 
 Early in the embryonic stage, both genders form the 
Wolffi an (mesonephric) ducts and the Mullerian 
(mesonephric) ducts. The Wolffi an ducts eventu-
ally develop into the male ducts and the seminal 
vesicles. The Mullerian ducts become the fallopian 
tubes, the uterus, and the upper vagina. The mus-
cles and fascia that line these ducts are derived 
from mesoderm that is adjacent to the ducts. Both 
sets of ducts terminate in the cloaca, which is 
later separated by the urogenital ridge. 

 The upper vagina originates from primordial 
mesoderm that differentiates into the urogenital 
ridge, which forms the Mullerian duct. By the 
eighth week of gestation, the two caudal ends of 
the Mullerian duct fuse in the midline, and the 
septum between involutes, creating the uterovag-
inal canal. The epithelium of the vagina, the 
vestibular glands, and the hymen, comes from 
the urogenital sinus, which comes from the 
cloaca, a derivative of the endoderm.  

    Anatomy 
 The vagina is a muscular canal approximately 
7–8 cm in length that extends from the vestibule 

  Fig.1.19    Anatomy of the vulva       
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to the uterus. Laying parallel to the sacrum, it 
meets the cervix at a 45 °  angle. The anterior wall 
is slightly shorter than the posterior wall because 
of the insertion of the cervix. The apex of the 
vagina includes the anterior and posterior forni-
ces and the two lateral fornices. The distal end of 
the vagina traverses the urogenital diaphragm 
and is surrounded by the bulbocaversnosus mus-
cles and bodies, which can be voluntary con-
tracted during Kegel maneuvers. 

 Anteriorly, the urethra, ureters, and bladder 
lie on top of the vagina. The posterior aspect 
is covered by peritoneum, which forms the 
pouch of Douglas, or the rectovaginal pouch. 
Proximally, the vaginal sits on top of the rectum 
but the organs separate more distally as the rec-
tum dives posteriorly. This muscular space cre-
ates the perineal body. The lateral apex of the 
vaginal canal sits about 1 cm from where the 
uterine vessels cross the ureter. Distally, the vag-
inal abuts the levator ani muscles. The vaginal 
supports include the bulbocavernosus muscles at 
the introitus, the levator ani muscles (puborecta-
lis muscle) in the distal third, and the cardinal 
ligaments at the apex. Gartner ducts, vestiges of 
the Wolffi an ducts (mesonephric duct), are 
sometimes palpable on the lateral aspect of the 
vagina. 

 The vagina is lined by stratifi ed squamous 
epithelium, which is devoid of glands. Vaginal 
secretions are composed of cervical mucus, 
desquamated epithelium, and direct transudate. 
The mucosa is arranged in rugae on the anterior 
and posterior wall that can distend during parturi-
tion and intercourse. The submucosa contains a 
rich plexus of veins, as well as the lymphatics 
and nerves. The muscular component of the 
vagina is arranged in three layers, an outer longi-
tudinal layer, and middle and inner circumferen-
tial layers.  

    Blood Supply 
 Although it may arise from the hypogastric artery 
or the superior vesical artery, the main blood sup-
ply to the vagina usually comes from the uterine 
artery, which is a branch of the internal iliac 
(hypogastric) artery. Passing behind the ureter at 
the cephaled end of the canal, the vaginal artery 

anastomoses with branches of the uterine artery, 
creating a rich blood supply. The posterior aspect 
of the vaginal canal receives blood from the infe-
rior and middle hemorrhoidal arteries.  

    Nerve Supply 
 The vaginal receives somatic innervation from 
the pudendal nerve, which branches into the peri-
neal nerve as it comes through Alcock’s canal. 
The perineal nerve supplies the bulbocavernosus 
and ischiocavernosusm muscles that surround the 
vaginal canal. Both sympathetic and parasympa-
thetic nerves that emanate from the inferior hypo-
gastric plexus supply the vaginal mucosa.   

    The Uterus 

    Embryology (Fig.  1.18 ) 
 Even in the absence of ovaries, the mullerian 
ducts differentiate into the uterine tubes, the 
uterus, and the upper vagina in the female 
embryo. The intermediate mesoderm evolves 
into the urogenital ridge, by the fourth week of 
gestation. The urogenital ridge gives rise to the 
mesonephric (wolffi an) duct and the parameso-
nephric (mullerian) duct. The paramesonephric 
ducts become the uterine tubes and the uterovagi-
nal primordia. Between weeks 9 and 16, the 
uterus and upper part of the vagina form. The 
uterovaginal primordia join the urogenital sinus 
as it is separating from the cloaca. The septum 
between the fused paramesonephric ducts, now 
the uterovaginal primordia, degenerates, creating 
a single cavity. The fundus, body, and isthmus of 
the uterus, including the glands and endometrial 
epithelium, form from this structure. The endo-
metrial stroma and smooth muscle are derived 
from splanchnic mesenchyme. Developing over 
the entire gestation, the form of the uterus evolves 
in the fi rst trimester, the glands and muscle layers 
form in the second trimester, and the mucus pro-
ducing cells of the cervix form during the last 
trimester.  

    Anatomy 
 The uterus is a muscular organ that sits in the 
 pelvis between the bladder and the rectum. Divided 
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into two main portions, the body is connected to 
the cervix by the isthmus, a transverse constriction. 
The broad ligament, a fold of peritoneum, covers 
the body of the uterus. The fundus is the part of the 
uterus that sits above the axis of the tubes. The 
communication of the cervix into the body of 
the uterus is called the internal os and the opening 
of the cervix into the vagina is called the external 
os. In nulliparous women the external os is round, 
whereas it forms a slit in women who have borne 
children. The uterus changes size with age and 
parity. In adult women who have not had children, 
it measures 7 cm in length and 4–5 cm in diameter. 
It is larger in parous women. 

 Anteriorly, the bladder sits on the uterus sepa-
rated by the uterovesical pouch, which is a fold of 
peritoneum. On the posterior surface, the rectum 
separates the uterus by a deep fold of peritoneum 
that extends down to the upper vagina, creating 
the pouch of Douglas. The small intestine sits on 
the uterus and can extend into the pouch of 
Douglas if the walls are not fused. Laterally, the 
tubes, round ligament, ligament of the ovary, the 
uterine artery and vein, and the ureter all sit in 
close proximity. The ureters run parallel to the 
cervix as they enter the bladder. The uterine 

 vessels cross over the ureter 1.5 cm from the lat-
eral fornix of the vagina (water under the bridge). 

 The ligaments (Fig.  1.20 ) that support the 
uterus include the uterosacral ligaments, the cardi-
nal ligaments (also called the transverse ligaments 
of the cervix and the ligamentum transversum 
colli, and the ligament of Mackenrodt), the round 
ligaments, and the broad ligaments. Although the 
cervix is fi xed, the body and fundus of the uterus 
move freely with changes in the bladder and with 
pregnancy. The uterosacral ligaments are folds of 
peritoneum that coalesce at the cervix. Although 
they have some involvement in fi xing the cervix to 
the sidewall, they mostly carry sympathetic, para-
sympathetic, and C fi bers from the inferior hypo-
gastric nerve. Supporting the cervix, the cardinal 
ligaments fan out from the cervix to the lateral 
sidewall. They contain the uterine artery, vein, and 
nerves, which perforate the ligament at the inter-
nal os. The round ligament is a vestige of the 
gubernaculum and enters the inguinal ring with 
the ilioinguinal and the genitofemoral nerves. 
Providing no support, the broad ligament drapes 
over most of the uterus.

   The uterine wall consists of three layers: 
serous, muscular, and mucous. The serous layer 
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(parametrium) is the peritoneal covering over the 
uterus. The muscular layer (myometrium) is a 
thick layer of muscle that is continuous with the 
vaginal muscle layer, the muscle layer of the 
tubes, and with the round, ovarian, cardinal, and 
uterosacral ligaments. While the outer layer of 
muscle is weak, the inner layer contains strong 
multidirectional fi bers interspersed with a large 
venous plexus. The cervix has no smooth muscle 
layer beyond the internal os. The inner layer, the 
endometrium, is composed of soft, spongy con-
nective tissue containing multiple tubular glands 
lined by ciliated columnar epithelium.  

    Blood Supply (Fig.  1.21 ) 
    The blood supply to the uterus primarily comes 
from the ovarian artery, a branch of the aorta, and 
the uterine artery, a terminal branch of the inter-
nal iliac (hypogastric) artery. Giving off branches 

as it descends, the uterine artery runs laterally 
along the parametrium to the cervix, where it 
travels over the ureter about two centimeters lat-
eral to the cervix. Taking a tortuous course 
through the organ, the uterine artery gives off spi-
ral branches that provide nutrients to the placenta 
during pregnancy. Branches of the uterine artery 
encircle the cervix and anastomose with branches 
of the vaginal artery, which is a terminal branch 
of the hypogastric or superior vesical artery 
(a branch of the hypogastric artery as well). 
Cephalad, the uterine artery, becomes the tubal 
artery, where it supplies the mesosalpinx and 
anastomoses with the ovarian artery, a direct 
branch of the aorta.  

    Nerve Supply 
 The visceral organs of the pelvis are mainly 
innervated by the autonomic nervous system, 
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which carries both motor and sensory nerve 
fi bers. Divided into three groups, the innervation 
to the uterus is comprised of the superior hypo-
gastric plexus, the middle hypogastric plexus, 
and the inferior hypogastric plexus. Located 
below the inferior mesenteric artery over the 
middle sacral vessels at the level of L4- L5, 
the  superior hypogastric plexus connects with 
the inferior hypogastric plexus through intermes-
enteric nerves, which also receive branches from 
the lumbar sympathetic ganglia. Not always pres-
ent, the middle hypogastric plexus sits at the 
sacral promontory. The inferior mesenteric 
plexus, also known as the hypogastric nerves, 
derives innervation from S2-S4 (nervi  erigentes—
the parasympathetic component of the inferior 
mesenteric plexus), while it dives into the pelvis 
through the sacrouterine ligament into the upper 
vagina, where it becomes the pelvic plexus. 

 Located lateral to the uterus, the hypogastric 
ganglia supply nerves to the uterus through the 
internal os, the isthmus, and the broad ligament, 
where they enter the body of the uterus. Both 
myelinated and unmyelinated fi bers innervate the 
uterus and run along the same course as the blood 
vessels with a higher concentration of fi bers at 
the isthmus and a lower concentration at the 
 fundus. Vader–Pacini corpuscles (corpuscles 
lamellose) and Dogiel and Krause corpuscles are 
seen within nerve bundles in the region of 
the  endocervix, the broad ligament, and where 
the uterine artery meets the uterus. They induce 
uterine contractions during labor through modu-
lation of the stretch response.   

    The Oviducts (Fallopian Tubes) 

    Embryology (Fig.  1.18 ) 
 The oviducts arise from the unfused, cranial end 
of the paramesonephric duct. The ostium of the 
oviduct is formed from the open end of the 
same segment. The mesoderm gives rise to the 
urogenital ridge, which gives rise to the meso-
nephric (Wolffi an ducts) and paramesonephric 
(Mullerian) ducts. The mesonephric ducts give 
rise to the male genital ducts and the parameso-
nephric ducts give rise to the uterine tubes, the 
uterus, and the upper vagina.  

    Anatomy 
 Each oviduct is 7–14 cm long and is divided into 
three parts: the isthmus, the ampulla, and the 
infundibulum. Joined to the uterus, the isthmus is 
straight, with a long intramural segment. The 
ampulla is the longest part of the tube. It termi-
nates into the infundibulum, which extends into 
fi nger-like projections, called fi mbriae, the lon-
gest of which communicate with the ovary. The 
mouth of the infundibulum sits inside the 
peritoneum. 

 Each tube is covered by peritoneum on three 
sides, and the mesosalpynx on the fourth side. 
Blood vessesl and nerves run in the subserous 
layer of each tube. The muscle layer has smooth 
muscle fi bers arranged in an outer longitudinal 
and an inner circular layer. The mucosal layer is 
lined with ciliated columnar epithelium.  

    Blood Supply 
 Both the ovarian and the uterine artery supply the 
tubes. The blood supply coming off of the uterine 
artery runs on the inferior aspect of the tube up to 
the fi mbria where it meets branches of the ovar-
ian artery.  

    Nerve Supply 
 Both sympathetic and parasympathetic nerve 
fi bers originating in the pelvic plexus innervate 
the fallopian tubes. The ampulla receives inner-
vation from nerves of the ovarian plexus, while 
the uterovaginal plexus supplies the isthmus. The 
nerves enter the tubes through the mesosalpinx.   

    Ovaries 

    Embryology (Fig.  1.18 ) 
 Derived from the mesoderm, the urogenital ridge 
gives rise to the gonadal ridge, which differenti-
ates into the testis or the ovary at 8 to 10 weeks of 
gestation. In the absence of the Y chromosome, 
the embryo does not produce testis-determining 
factor, anti-mullerian hormone, or testosterone. 
Without these substances, the gonad will become 
an ovary by default. Although formation of the 
ovary forms by default, without two X chromo-
somes, the ovaries will not develop into functioning 
organs. Around the fourth week of gestation, the 
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germ cells migrate from the allantoic region to 
the urogenital ridge. 

 From weeks 9 to 10, the germ cells organize in 
the cortical region of the ovary, with interspersed 
epithelial and somatic cells. The primordial fol-
licles contain diplotene oocytes. The ovarian 
medulla is composed of mesenchymal cells, 
somatic cells, connective tissue, and blood 
 vessels. The mesovarian joins the ovary with the 
vestigial urogenital ridge.  

    Anatomy 
 Located immediately below the pelvic brim, the 
ovaries are 2.5–5 cm in length and weigh from 4 
to 8 g each. The anterior surface of each ovary is 
tethered to the mesovarian (a peritoneal covering 
that connects the ovary to the broad ligament) 
and the posterior aspect is free. The upper pole 
sits next to the ipsilateral tube and the lower pole 
abuts the uterus. The ovaries are covered by the 
small intestine. The blood vessels, lymphatics, 
and nerves that supply the ovaries enter through 
the mesovarian at the hilum. 

 The ligaments that support the ovaries are the 
mesovarian, the suspensory ligament of the ovary, 
the ovarian ligament and the infundibulopelvic 
ligament. The mesovarian is made up of a double 
layer of peritoneum, containing branches of the 
uterine and ovarian arteries, a nerve plexus, the 
pampiniform vein plexus, and the lateral end of 
the ovarian ligament. Crossing the iliac vessels, 
the suspensory ligament is a peritoneal attach-
ment at the lateral aspect of the ovary and con-
tains the ovarian vessels. The ovarian ligament 
attaches the ovary to the medial aspect of the 
uterus. The infundibulopelvic ligament attaches 
the ovary to the sidewall. It contains the ovarian 
artery, veins, and nerves as they pass through the 
mesovarian into the hilum of the ovary. 

 The ovary is divided into the cortex and the 
medulla. The cortex contains the ova, which 
mature at different rates. Follicles form around 
the developing ova and project onto the free sur-
face of the ovary. These are called graafi an folli-
cles. Fully mature ova within a follicle transform 
into corpus luteum. Once the ova is released or 
involutes, the corpus luteum becomes a corpus 

albicans, or scarred follicle. The medulla con-
tains connective tissue, which supports the blood 
supply, lymphatics, and nerves to the cortex.  

    Blood Supply 
 Emanating from the abdominal aorta, the ovarian 
blood vessels are the main blood supply to the 
ovary. The left ovarian artery often comes off of 
the left renal artery. After crossing the common 
iliac artery, they turn medially over the ureter and 
into the pelvis where they are covered by the 
folds of the suspensory ligament of the ovary and 
enter the hilum through the mesovarian. The 
ovarian branch of the uterine artery supplies the 
ovary from the medial aspect, creating an anasto-
mosis with the ovarian vessels.  

    Nerve Supply 
 The nerves run along the same course as the 
arteries. They originate from the lumbosacral 
sympathetic chain.       
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 Introduction

Vaginal surgery requires proper instrumentation 
for success. The following instruments represent 
only a sampling of all that are available but which 
we have found most useful for female pelvic sur-
gery. A picture as well as a brief description of 
each instrument has been provided. For a full list-
ing, see Table 2.1.

 Instruments Used  
for Open/Vaginal Surgery

 Uterine Tenaculum (Fig. 2.1)

Tenacula are useful instruments for grasping and 
holding tissue. The piercing hooks of a tenacu-
lum can be anchored onto areas such as the 
 cervix. The term tenaculum is derived from the 
Latin word “tenere” which means “to hold or 
grasp.” Uterine tenacula can be made of stainless 
steel, which makes them reusable after steriliza-
tion, or of plastic as disposable devices.

 Allis Forceps (Fig. 2.2)

Allis forceps are instruments designed to grasp 
and hold structures in atraumatic fashion. Their 
serrated jaws contain an atraumatic tooth-like 
structure, which enables the surgeon to hold on to 
delicate structures. Both self-locking and non-
self- locking forceps are available according to 
the surgeon’s preference.

 DeBakey Forceps (Fig. 2.3)

DeBakey forceps are atraumatic forceps meant to 
grasp delicate tissue. The inner aspect of the tips 
contains microscopic, atraumatic teeth while the 
outer side of the instrument is normally ridged 
providing a better grip while handling with deli-
cate structures. DeBakey forceps are normally 
straight with curved variants available for special 
utilization. Size can range up to 9.5 in.

 Metzenbaum Scissors (Fig. 2.4)

Metzenbaum scissors are named after the 
American surgeon who first designed the instru-
ment. Mostly known as dissecting scissor, it is an 
excellent tool to perform fine cuts. Models with 
tungsten carbide cutting edges are the most pre-
cise while cheaper models are made of stainless 
steel. Regardless if the blades are curved or 
straight, if small (4.5 in.) or large (14 in.), they 
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typically possess a long shank or handle with a 
blunt-tipped scissor sorter blades. Metzenbaum 
scissors should not be used to cut regular sutures 
as they can be dulled easily.

 Mayo Scissors (Fig. 2.5)

In contrast to the Metzenbaum scissor, the Mayo 
scissor, named after the Mayo Clinic where it was 
invented, is designed to cut tougher structures.  

It can be used for dissecting but it is not as pre-
cise as Metzenbaum scissor. Mayo scissors can 
have either straight or curved blades, although 
they typically have semi-blunt ends. Straight- 
bladed Mayo scissors are also called “suture 
scissors” as they are amenable to cutting 
sutures since they do not dull as easily as other 
types of scissors. Curved Mayo scissors are 
usually used for cutting deeper thick tissue like 

Table 2.1 List of instruments and devices for female  
pelvic surgery

Open surgery Catheters
Diluted indigo carmine 
solution
Yellofin® Stirrups (Allen 
Medical Systems, 
Hill-Rom Company, 
Batesville, IN)
Cystoscope
Weighted vaginal 
speculum
Uterine tenaculum
Allis forceps
DeBakey forceps
Metzenbaum scissors
Mayo scissors
Deaver retractor
Vaginal handheld retractors
Self-retaining retractors
Stamey needle
Raz double-pronged needle
Heaney needle holder
Capio device
Phaneuf clamp
Surgical sutures
Vaginal packing

Laparoscopic surgery Veress needle
Laparoscopic trocars
Ligasure™ (Covidien, 
Dublin, Ireland)
Harmonic® scalpel 
(Ethicon Endo-Surgery, 
Inc., Johnson & Johnson, 
New Brunswick, NJ)
Laparoscopic forceps
Laparoscopic scissors

Robotic surgery (Da 
Vinci® Surgical System) 
(Intuitive Surgical, Inc., 
Sunnyvale, CA)

Monopolar scissors
Bipolar cautery
Dissectors
Forceps
Needle drivers

Fig. 2.1 Uterine tenaculum

Fig. 2.2 Allis forceps
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the uterus as they allow deeper penetration into 
the wound. Mayo scissors can be made of tita-
nium or stainless steel and normally range 
from 6 to 6 ¾ inches.

 Deaver Retractor (Fig. 2.6)

Deaver retractors are flat, thin devices with 
curved ends. Models can vary according to 
length, width, and angel of curvature. The edges 
of the Deaver retractor are smoothed to avoid 
harm to surrounding tissue.

Fig. 2.3 DeBakey forceps

Fig. 2.4 Metzenbaum scissors

Fig. 2.5 Mayo scissors

Fig. 2.6 Deaver retractors
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 Vaginal Handheld  
Retractors (Fig. 2.7a, b) 

Normally, vaginal retractors consist of a handle 
and a curved blade with varying lengths, widths, 
and angles. One of the most commonly used 
retractors is the Breisky–Navratil retractor, which 
has a ridged handle and a notch for good retrac-
tion and comfortable handling. Lighted vaginal 
retractors, like the Heaney–Simon or the 
Miyazaki retractors, have also been proposed for 
use in the deep pelvic surgery.

 Self-Retaining Retractors (Fig. 2.8)

The Scott retractor is a self-retaining retractor 
commonly used in vaginal surgery. Multiple 
piercing or non-piercing hooks can be used to 
optimize exposure of the surgical field. It can 
be  used in tandem with a weighted vaginal 
 speculum to maximize visualization during vagi-
nal surgery.

 Weighted Vaginal Speculum (Fig. 2.9)

A weighted vaginal speculum contains a weight 
at one end, utilizing gravity to help retract the 
posterior aspect of the vagina. Two main types of 
weighted specula exist: the traditional and the 
articulated device. Traditional specula have a 

Fig. 2.7 Vaginal handheld retractors

Fig. 2.8 Self-retaining retractor (Cooper surgical, 
Trumball, CT)
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rounded heavy end and a hollow groove which is 
positioned at a 90° angle to the blade of the 
retractor. Articulated specula can be adjusted by 
altering angles and lengths and can be made of 
plastic as well. There are several types of 
weighted specula, such as the Hardy-Duddy, 
Auvard, or Steiner variants.

 Stamey Needle

The Stamey needle is a reusable special nee-
dle, with which sutures can be pulled from a 
vaginal incision into the suprapubic area. This 
needle can be needed for bladder suspension 
surgery.

 Raz Double-Pronged  
Needle (Fig. 2.10)

This device is a double-pronged ligature carrier, 
which can be used for bladder neck suspension or 
sling placement. The tip of the needle is placed 

under finger guidance to the desired position. The 
inner segment of the device can be slid over the 
external support, extending the tip of the needle 
to place the suture in the desired position.

 Heaney Needle Holder (Fig. 2.11)

The Heaney needle holder is a curved needle 
holder, which can be useful in situations where 

Fig. 2.9 Weighted vaginal speculum

Fig. 2.10 Raz double-pronged needle

Fig. 2.11 Heaney needle holder
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the use of a straight needle holder is difficult due 
to nearby anatomic structures.

 Capio® Device (Fig. 2.12)

The Capio® (Bard Medical, Covingon, GA) 
device is designed to throw, catch, and retrieve 
sutures. It is supposed to extend the surgeon’s 
reach into deep areas while ensure precise suture 
placement in difficult-to-reach areas. It consists 
of a head that can be angled, a needle driver com-
ponent, as well as alignment indicator.

 Phaneuf Clamp (Fig. 2.13)

The Phaneuf clamp can either be straight or 
curved-bladed. With single teeth at its blunt tip 
and serrated inner blades, it represents a solid 
instrument to clamp bigger and thicker structures 
like the cardinal, uterosacral, and broad liga-
ments during hysterectomy.

 Cystoscope (Fig. 2.14)

Urethrocystoscopy is an endoscopic procedure of 
the urethra and the bladder performed with a cys-
toscope. Cystoscopy is a routinely performed 
diagnostic as well as therapeutic procedure and 
can be done with flexible or rigid devices. Most 
cystoscopes have one or two ports allowing deli-
cate instruments to be inserted like forceps or 
ureteral stents.

 Catheters (Fig. 2.15)

Indwelling urinary catheters are commonly used 
during surgery and in the perioperative period in 
order to guarantee emptying of the urinary blad-
der. Catheters can be made of many different 
types of material with silicone being most com-
mon. The size of catheters is measured in 
Charrière (in English speaking countries the term 
“French” is mostly used), with one Charrière 
being approximately 0.3 mm.

Fig. 2.12 Capio® device (Bard Medical, Covington, GA)

Fig. 2.13 Phaneuf clamp
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 Diluted Indigo Carmine Solution

Diluted indigo carmine solution is primarily 
excreted by the kidneys within a few minutes 
after intravenous injection. The blue color can be 
very useful during surgery either to evaluate the 
exact position of the orifices under cystoscopy or 
simply to ensure the integrity of the bladder.

 Surgical Sutures

Two main types of surgical sutures exist in terms 
of durability: absorbable and nonabsorbable. 
Surgical sutures may come in monofilament vs. 
braided (woven) forms. Suture sizes can range 
from 11-O to 7 as defined by the United States 
Pharmacopeia (USP).

 Yellofin® Stirrups (Fig. 2.16)

Yellofin® stirrups (Allen Medical Systems, Hill- 
Rom Company, Batesville, IN) are used to hold 

legs in position while surgery is performed. The fin 
design of the boot reduces the likelihood of pero-
neal nerve injury, which might occur otherwise if 
the patient is not positioned in a proper way.

 Vaginal Packing

Vaginal packing typically refers to cotton-woven 
gauze placed into the vagina to absorb bleeding 
and to provide pressure for tamponade.

Fig. 2.14 Cystoscope

Fig. 2.15 Catheter

Fig. 2.16 Yellofin® stirrup (Allen Medical Systems, 
Hill-Rom Company, Batesville, IN)
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 Instruments Used for Laparoscopic 
Procedures

 Veress Needle and Laparoscopic 
Trocars (Fig. 2.17)

Instruments for laparoscopy are introduced into 
the body via trocars. Although blunt trocars exist, 
most possess a sharp tip to penetrate tissue. Most 
trocars have two openings: a primary port for 
inserting devices into the body and a secondary 
gas port. Trocars come in different sizes (e.g., 5 
French for laparoscopic forceps, 10 or 12 French 
for cameras and larger instruments) and lengths. 
Trocars may be reusable or disposable.

It is possible to place the trocars under direct 
vision (Hassan technique) or blindly. If a blind 
technique is to be utilized, the desired surgical 
field should be first insufflated with gas. A Veress 
needle can be used to first penetrate the skin and 
underlying tissues to gain access to the desired 
surgical compartment. Gas is insufflated through 
the hollow core of the needle, after which the 
needle is removed and the trocar inserted.

 Ligasure™ (Fig. 2.18)

LigaSure™ (Covidien, Dublin, Ireland) is an elec-
trothermal bipolar tissue sealing system, which 
can be used for both open and laparoscopic pro-
cedures. It provides a combination of pressure 
and energy to seal and cauterize blood vessels 
and tissue. Vessels up to and including 7 mm in 
diameter as well as tissue bundles can be fused 
permanently without dissection or isolation. The 
seals can withstand up to three times normal sys-
tolic blood pressure. In contrast to ultrasonic 
devices, the LigaSure™ device is able to coagu-
late larger vessels and tissue structures but at the 
cost of a larger device size.

 Harmonic® Scalpel (Fig. 2.19)

In contrast to the Ligasure™ device, the so-called 
Harmonic® scalpel (Ethicon Endo-Surgery, Inc., 
Johnson & Johnson, New Brunswick, NJ) is a 
cutting and sealing instrument using ultrasound 
vibratory energy. It is often used in laparoscopic 
procedures, as it can be directed to either cut tissue 

Fig. 2.17 Laparoscopic trocars
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Fig. 2.18 Ligasure™ (Covidien, Dublin, Ireland)

Fig. 2.19 Harmonic® scalpel (Ethicon Endo-Surgery, Inc., Johnson & Johnson, New Brunswick, NJ)

(by vibrating in the range of 55.5 kHz) or to 
coagulate smaller vessels and tissue by sealing 
them through protein denaturization.

 Laparoscopic Maryland Forceps 
and Laparoscopic Scissors (Fig. 2.20)

The Maryland forceps has a 10 mm diameter and 
has a 33 cm length (with up to 45 cm available on 
request). With is serrated semi-blunt tip, which 
can be rotated by 360° at the handle, it can be used 
to grab and secure tissue. Additionally, tissue can 
be cauterized using electrocautery. As with lapa-
roscopic forceps, the laparoscopic scissors can 
also be rotated and used to cauterize tissue.

 Instruments Used for Robotic 
Surgery: Da Vinci® Surgical  
System (Figs. 2.21, 2.22, 2.23,  
2.24, and 2.25 a, b)

The da Vinci® Surgical System (Intuitive 
Surgical, Inc., Sunnyvale, CA) has been approved 
by the Food and Drug Administration (FDA) for 
gynecologic laparoscopic surgical procedures. 
The system consists of a patient-side cart with, 
depending on the model, three or four robotic 
arms, and an accompanying command console. 
While one robotic arm is utilized for the endo-
scopic camera, which enables full stereoscopic 
vision for the surgeon, the other arms are used to 
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Fig. 2.20 Laparoscopic scissors

Fig. 2.21 Da Vinci® robot (Intuitive Surgical, Inc., Sunnyvale, CA)

manipulate laparoscopic instruments. The robotic 
arms can be moved with hand controllers and 
foot pedals. One of the advantages of the Da 

Vinci® Surgical System is that it has been 
designed to maximize flexibility of movements 
and to minimize human tremor.
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Fig. 2.22 (a) Da Vinci® robot needle driver. (b) Tip of Da Vinci® robot needle driver (Intuitive Surgical, Inc., 
Sunnyvale, CA)

Fig. 2.23 (a) Da Vinci® robot precise bipolar forceps. (b) Tip of Da Vinci® robot precise bipolar forceps (Intuitive 
Surgical, Inc., Sunnyvale, CA)
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Fig. 2.24 (a). Da Vinci® robot prograsp forceps. (b) Tip of Da Vinci® robot prograsp forceps (Intuitive Surgical, Inc., 
Sunnyvale, CA)

Fig. 2.25 (a) Da Vinci® robot curved scissors. (b) Tip of Da Vinci® robot curved scissors (Intuitive Surgical, Inc., 
Sunnyvale, CA)

S. Seklehner et al.
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 Introduction

Stress urinary incontinence (SUI) has a reported 
prevalence between 12.8 and 46 % [1]. There is no 
doubt that SUI has been clearly shown to nega-
tively impact the everyday quality of life (QOL) of 
the women who suffer from this dysfunction [2]. 
The economic burden for the treatment of urinary 
incontinence have been estimated to be approxi-
mately 19 billion annually in the United States [3]. 
Risk factors for the development of UI include age, 
obesity, previous pelvic surgery, and childbirth [4].

Surgical management of SUI is the standard 
of care once conservative options, such as  behav-
ioral modification, pelvic floor exercises, fluid 
modification, and scheduled voiding, have been 
exhausted [5]. The surgical options have 
evolved over the last few decades to include the 
Burch colposuspension, periurethral bulking 
agents, pubovaginal slings, and the newest mul-
titude of approaches for midurethral synthetic 
slings [6]. The synthetic slings include retropubic, 

transobturator, and the newest additions which 
include the so-called single- incision slings. The 
aims of this chapter include the evaluation and 
management of SUI and review each of the sur-
gical techniques currently available to pelvic 
floor surgeons.

 Evaluation

 Surgical Options

 Burch Colposuspension
In 1961, Burch reported his series of retropubic 
uretropexies for the management of SUI [7]. 
The surgery today can be performed via lapa-
rotomy, laparoscopy, or Robotic assistance. 
Although the approaches have become more 
minimally invasive, the basic surgical tenets 
remain unchanged.

The surgical selection for the Burch colposus-
pension includes patients with genuine UI and 
hypermobility of the urethra. This specifically 
includes patients who have low leak point pres-
sures with urethral hypermobility as well as those 
with low urethral closure pressures. Patients with 
intrinsic sphincteric deficiency (ISD)—defined as 
SUI despite complete support of the urethra—are 
not good candidates for the Burch colposuspen-
sion. Nowadays, most pelvic surgeons would 
agree that the Burch colposuspension is a safe 
and effective surgical option for SUI, largely 
 considered for women undergoing a concomitant 
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open or laparoscopic procedure such as pelvic 
organ prolapse repair.

Surgical Technique
There have been some modifications to the tech-
niques of the Burch colposupension described in 
the literature since its inception in 1961. The 
majority of open Burch colposuspensions per-
formed today are closest in technique described 
by Tanagho [8]. The laparosopic/robotic Burch 
colposupensions adopt essentially all the same 
surgical steps but differ in that these are mini-
mally invasive options with equivalent outcomes.

Open
The patient is placed in a dorsal lithomtomy 
 position with legs in stirrups. A 16 Fr. Foley 
 catheter is placed at the beginning of the proce-
dure. A 5 cm transverse suprapubic incision is 
made to expose the rectus facsia. The rectus fas-
cia is then opened with a similar length incision. 
The fascia is then mobilized from underlying 
rectus muscle with electrocautery. The space of 
Retzius is then entered bluntly and dissected lat-
erally in both directions. A self-retaining retrac-
tor (e.g., mini- Bookwalter or Balfour retractor) 
is placed followed by entry into the dome of the 
bladder. The surgeon’s nondominant hand is 
placed into the vagina. Two No. 1 nonabsorb-
able sutures are placed on each side of the ure-
thra. The sutures are thrown with double bites, 
almost including full thickness of the vaginal 
wall. The initial suture is at the urethrovesical 
junction and the second suture is approxi-
mately 1 cm caudal. Care is taken to place these 
sutures at least 4 mm lateral to the urethra. The 
sutures are then placed through Cooper’s liga-
ment (Fig. 3.1). The interior of the bladder is 
then examined to rule out injury and bilateral 
efflux from the ureteral orifices is noted. A cotton 
swab test is performed, after the Foley catheter 
is removed, demonstrating a 0–10° angle to the 
horizon by loosening or elevating the sutures. 
Once this is established, the sutures are tied 
down. The bladder is then closed with 2-0 
absorbable suture in standard 2-layer fashion. 
A Foley catheter is left indwelling at the end of 
the procedure.

Laparoscopic/Robotic
The patient is placed in a dorsal lithomtomy posi-
tion with legs in stirrups. A 16 Fr. Foley catheter 
is placed at the beginning of the procedure. 
Monitors, typically two for the surgeon and assis-
tant surgeon, are placed at the patient’s feet. The 
two midline trocars are for both introduction and 
extraction of curved needles and passage of the 
laparoscope. The 5 mm trocars are placed later-
ally at the border of the rectus muscles, at the 
level of the suprapubic 12 mm trocar (the dis-
tance between the pubic symphysis and 5 mm 
trocars would be no less than 4 fingerbreadths). 
This distance allows for adequate access to the 
space of Retzius.

Once any concomitant procedures are com-
pleted (e.g., hysterectomy, prolapse repair) the 
space of Retzius is entered. Blunt and sharp dis-
section is used to expose the pubic symphysis 
and Cooper’s ligament. Also dissected out and 
exposed are the lateral pelvic sidewall, obturator 
neurovascular canal, ischial spine and arcus ten-
dinius, arcus of the levator ani, and the paravagi-
nal fascia. If indicated, a paravaginal repair can 
be performed if there is a lateral cystocele defect.

At this point, Ethibond No. 0 sutures are 
placed in the same fashion as described for the 
open approach. After the sutures are tied down, 
cystoscopy is performed after indigo carmine is 

Urethra

Cooper’s ligament

Fig. 3.1 Burch colposuspension: The initial suture is at 
the urethrovesical junction and the second suture is 
approximately 1 cm caudal. Care is taken to place these 
sutures at least 4 mm lateral to the urethra. The sutures are 
then placed through Cooper’s ligament
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injected intravenously to check for ureteral 
efflux, ruling out any obstruction. The 12 mm 
trocras are closed in standard fashion with 2-0 
absorbable suture. The 5 mm trocar facsia does 
not need to be closed. The patient may undergo a 
voiding trial in the recovery room according to 
individual surgeon preference.

Outcomes
The Burch colposuspension has been shown to 
outperform pharmacotherapy, conservative 
 management, needle suspensions, Marhsall–
Marchetti–Krantz procedure, and anterior 
colporraphy [9]. A recent Cochrane review of 
open Burch colposuspensions reported an overall 
success rate of 69–88 %. This same meta- analysis 
had separately reviewed 12 trials comparing open 
approach versus laparoscopic approach and 
found no statistically significant difference in 
patient-reported incontinence and the 1-year and 
5-year follow-up periods.

There have been studies that have evaluated 
the long-term success rates of the open Burch 
colposuspension. Sivaslioglu et al. reported an 
84 % success rate at 7 years in their series of 262 
patients [10]. The Burch colposuspension is a 
safe and effective surgical option for SUI, largely 
considered for women undergoing a concomitant 
open or laparoscopic procedure such as pelvic 
organ prolapse repair [11].

Complications
As any open or laparoscopic abdominal proce-
dure, there are common risks including bleeding, 
infection, erosion of materials involving the blad-
der, injury to abdominal organs, and hernias [12]. 
The main long-term issues at hand center around 
voiding dysfunction and pelvic organ prolapse 
postoperatively. These pelvic floor issues include 
detrusor overactivity, urinary retention, and for-
mation of enterocele/rectocle.

Detrusor Overactivity
Many studies have reported differing rates of de 
novo detrusor overactivity. The mechanism of the 
dysfunction is widely thought to be secondary to 
increased elevation of the vagina, and ostensibly 
the bladder trigone at urethropexy. This therapy 

further emphasizes the importance of stabiliza-
tion versus elevation as an important factor in the 
success of the Burch colposuspension. One of the 
earlier reports that came from Stanton et al., 
whose group reported postoperative urodynamic- 
proven de novo detrusor overactivity, demon-
strated a rate of de novo detrusor overactivity at 
18.5 % [13]. In Langer et al.’s 10-year follow-up 
study, the incidence of de novo detrusor overac-
tivity was 16.6 %. Voiding dysfunction appeared 
within the first year in 70.5 % of the patients ulti-
mately diagnosed with de novo detrusor overac-
tivity [14].

Urinary Retention
In reviewing the literature the on incidence of 
long- term urinary retention, the authors acknowl-
edge that there is not a great deal reported. 
Alcalay et al. reported four of the 366 patients 
who underwent the Burch colposuspension 
required urethrolysis postoperatively [15]. 
Although Feyeriesl reported a 16 % rate of resid-
ual >60 ml in their patient population at 5- to10-
year follow-up, the authors do not report on any 
patients with residuals greater than 150 ml. 
Suffice it to say, there is a risk of urinary reten-
tion in the Burch colposuspension technique, 
albeit most likely a low risk.

Enterocele/Rectocele Formation
As discussed in the technique section, the goal of 
Burch colposuspension is stabilization, not eleva-
tion. In early series, the risk of enterocele or rec-
tocele formation is widely thought to be 
secondary to over-elevation of the vaginal wall 
[16]. Keeping this in mind, more recent series 
have lower rates of this anatomic sequelae by 
avoiding excessive elevation.

Periurethral Bulking Agent
The first description of the injection of a periure-
thral agent for the management of stress urinary 
incontinence came from Murless in 1938. The 
substance used was sodium morrhuate. Following 
that, may others published experiences with a 
wide variety of injectables, including paraffin 
wax, sclerosing agents, polytetrafluoroethylene, 
collagen, autologous fat, silicone, and stem cells. 
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Despite the significant presence of injectable 
agents in urologic practice, there have been very 
few well-designed published studies evaluating 
the efficacy of this therapy.

The patient selection for this procedure 
 consists of patients with ISD and normal detrusor 
function. The urodynamic cutoff for Leak Point 
Pressure (LPP) is typically 60 cm H2O [17]. The 
success in ISD patients is thought to be second-
ary to the mechanism of action which is thought 
to be a result of increased area and pressure trans-
mission ratio. This would ostensibly prevent the 
bladder neck or proximal urethra from opening 
under stress. Patients may also have hypermobil-
ity of the urethra, and still have their ISD compo-
nent addressed with an injectable agent [18]. In 
this section, we will review the technique and 
outcomes of this therapeutic modality. In addi-
tion to these indications, urethral bulking agents 
are also indicated in patients who are young and 
desire more children, poor surgical candidates, 
persistent SUI after anti-incontinence procedure, 
and SUI with poor bladder emptying.

Surgical Technique
The most common environment for this proce-
dure is under local anesthesia in an outpatient 
basis. There are two main approaches—transure-
thral and periurethral. The agent is typically 
placed submucousally or into the lamina propria. 
The injectable can be placed at the bladder neck 
or the proximal urethra. The typical sites of 
implant are the 3 and 9 o’clock positions. The size 
of the needle is dependent on the injectable agent. 
The propose mechanism of action is to achieve 
coaptation of the urethra during the storage phase, 
with maintenance of this coaptation when there is 
an increase in abdominal pressure transmitted to 
the bladder with a valsalva maneuver.

Periurethral
The patient is placed in dorsal lithotomy posi-
tion. Local anesthesia is injected in the 3 and 9 
o’clock positions 3 mm lateral to the urethral 
meatus. A 30° cystoscope is introduced after 
local anesthesia is injected. The periurethral nee-
dle is then placed lateral to the urethral meatus 
(same site as local injection) and advanced to the 

bladder  neck/proximal urethra. The agent is 
injected in the 3 o’clock position on the right, 
followed by 9 o’clock position on the left. The 
goal is to create blebs that meet in the midline, 
akin to prostatic lateral lobes (Fig. 3.2). If there 
is any mucosal leakage of the injectable agent 
from a rent in the mucosa, which can be seen 
with a transurethral technique, the needle can be 
repositioned and agent reinjected. At this point, 
the patient is asked to valsalva to evaluate for 
SUI. If there is still SUI, more of the injectable 
agent may be injected. Once completed, the 
patient is asked to void and residual is checked. 
If in urinary retention, a small caliber catheter, 
8 or 10 Fr., is inserted. A theoretical benefit of 
the periurethral technique is the avoidance of 
mucosal leakage and local bleeding that may 
occur with transurethral needle injection.

Transurethral
The set up is quite similar to the periurethral 
approach. Local anesthesia may be instilled via 
the urethra. Needles specific to the injectable 
agent or generic needles may be used to inject 

Fig. 3.2 Bulking agent injection for SUI: The agent is 
injected in the 3 o’clock position on the right, followed by 
9 o’clock position on the left. The goal is to create blebs 
that meet in the midline, akin to prostatic lateral lobes
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transurethrally in the same locations described in 
the above section. A proposed advantage of this 
technique is better visualization of the injected 
material compared to the periurethral technique.

Outcomes
There have been many agents that have been used 
over the years as periurethral bulking materials. 
For the purposes of remaining current, the authors 
will review outcomes of bulking agents that are 
available at the time of publication of this text.

Macroplastique® (Uroplasty Inc, Minneapolis, 
MN) is a nonbiodegradable hydrogel com-
posed of vulcanized polydimethylsiloxane 
elastomer suspended in a water-soluble carrier 
gel  (polyvinylpyrrolidone). The agent does not 
require preadministration testing. The bulking 
agent can be administered with a 18 gauge endo-
scopic needle or a proprietary nonendoscopic 
transurethral injection device called the MIS 
(Macroplastique® Implantation System, 
Uroplasty Inc, Minneapolis, MN). The device is a 
mutichanneled needle positioning tool angled 
needle entry point with 6, 2, and 10 o’clock posi-
tion. The typical volumes of injection are 2.5 ml, 
1.5 ml, and 1.5 ml, respectively. There have been 
many studies reporting the success rates of 
Macroplastique. Most recently, there was a mul-
ticenter trial of 247 patients randomized to 
Macroplastique or Contigen® (collagen) (Bard 
Medical, Murray Hill, NJ). At 12 months follow-
 up, improved and dry/cure rates were 61.5 % and 
36.9 % in patients injected with Macroplastique 
versus 48 % and 24.8 % in patients injected with 
Contigen.

Durasphere® (Boston Scientific, Natick, MA) 
is made of pyrolytic carbon-coated zirconium 
beads suspended in a water-based carrier gel 
composed of 2.8 % glucan. Due to concern for 
the potential of migration, Durasphere was 
designed with large-caliber particles (>80 m) in 
order to obviate this issue. There are 1 ml and 
3 ml formulation. That having been said, there 
have been reports published on local periurethral 
and local lymphatic migration [19]. The first gen-
eration of Durasphere was plagued by issues of 
difficulty with injection using a proprietary 18 
gauge needle with standard endoscopic instru-

ments. Dusrasphere EXP was developed, which 
included a reformulated carbon bead size and 
carrier gel to be injected with a customized, side- 
firing 18-gauge or 20-gauge needle. One of the 
larger randomized trials of 355 women compared 
Durasphere to bovine collagen. The study showed 
no significant difference in outcomes: 80.3 % 
treated with Durasphere and 69 % treated with 
collagen were improved by one or more conti-
nence grade at 12 months [20].

Coaptite® (Boston Scientific, Natick, MA) is 
composed of particles of calcium hydroxylapatite 
ranging in diameter from 75 to 125 μ suspended 
in an aqueous gel carrier composed of sodium 
carboxymethylcellulose and glycerin. There is a 
1 ml formulation. The injection can be performed 
with standard endoscopic instruments with a sup-
plied 21-gauge rigid injection needle, available in 
end-firing and side-firing capability. One of the 
largest multicenter randomized trials compared 
Coaptite to cross-linked collagen in 296 women. 
Patients treated with Coaptite had 63.4 %, versus 
57 % of those treated with collagen, rate of 
improvement of 1 Stamey incontinence grade or 
more; this was statistically significant. The study 
also demonstrated that fewer patients treated with 
Coaptite required repeat injections compared to 
collagen patients, 62 % versus 74 % [21].

Complications
Complications have been reported in all injec-
tion agents currently available in the US market. 
Macroplastique adverse events have included 
dysuria (short-lived, self-limited), frequency, 
and hematuria in many patients. Urinary reten-
tion has been reported in 6–10 % of patients 
injected with Macroplastique [22]. In addition to 
the common adverse events listed above for 
Macroplatique, Dursaphsere has been shown to 
result in noninfectious periuerthral abscess for-
mation and urethral prolapsed [23]. There have 
also been case reports of urethral prolapsed after 
Coaptite injection [24].

Pubovaginal Sling
First introduced at the beginning of the twentieth 
century, the pubovaginal sling procedure has 
remained an excellent, viable option for the 
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management of SUI. The materials used include 
both synthetic and biologic options. A common 
synthetic described in the literature is polypro-
pylene. Biologic have included autografts (rectus 
fascia, fascia lata, and vaginal wall), allografts 
(fascia, dermis, and dura mater), and xeongrafts 
(procine or bovine). Although there are many 
published studies evaluating all of these options, 
autologous rectus fascia is the most commonly 
used approach and represents the greatest body 
of literature (this will be the focus of this sec-
tion). Before the widespread application of the 
synthetic midurethral sling, pubovaginal slings 
were largely considered the gold standard of care 
for the management of SUI.

Surgical Technique
The patient is placed in a dorsal lithotomy posi-
tion and the abdomen and vagina are prepped 
and draped in standard fashion. A transverse 
lower abdominal incision is made 2 cm above 
the pubic symphysis approximately 7 cm in 
length. Dissection is carried down to the rectus 
fascia, which is cleared of overlying fat. 
A 2 × 8 cm portion of the fascia is marked. The 
fascia is then harvested with either sharp or elec-
trocautery dissection (Fig. 3.3a, b). Once the fas-
cia is harvested, the defect is closed with 0 
delayed absorbable suture. With a Foley catheter 
in place, the bladder neck is identified. A mid-
line, vertical incision is made after the anterior 
vaginal wall is hydrodissected with a mixture 
of 1 % lidocaine with 1:200,000 epinephrine 

solution. A tunnel is then created to the retropubic 
space using sharp and blunt dissection. The dis-
section is carried to the level of the posterior rec-
tus abdominis facsia. Pereyra needles are then 
passed suprapubically 2 cm on either side of the 
midline into the vaginal incision. A cystoscopy 
is performed with both 30 and 70° lenses to rule 
out injury to the urethra or bladder.

The harvested fascia is then prepared for 
implantation. 0 prolene sutures are placed on 
either side. The sutures are then placed through 
the eyelet of the Pereyra needles and brought 
through the abdominal wall bilaterally (Fig. 3.4a, 
b, c). The sutures are then tied over the abdomi-
nal wall (on top of one finger to avoid overten-
sioning). The anterior abdominal subcutaneous 
layer is closed with 2-0 absorbable suture and 
skin with 4-0 absorbable suture. The vaginal wall 
is closed with 2-0 absorbable suture. A vaginal 
packing is placed along with a 16 Fr. Foley catheter. 
The patient will have a voiding trial in 5–7 days. 
If there are elevated residuals (>150 ml), the 
patient will perform intermittent straight cathe-
terization until her residuals return to normal.

Outcomes
The SISTeR trial was the largest randomized 
control trial reported in the literature evaluating 
the efficacy of autologous rectus fascia pubovagi-
nal sling. The Urinary Incontinence Treatment 
Network (UITN) designed and executed this 
multicenter trial. The study, which consisted of 
655 women, compared outcomes of patients 

Fig. 3.3 Pubovaginal sling: A 2 × 8 cm portion of the fascia is marked (a). The fascia is then harvested with either sharp 
or electrocautery dissection (b)
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randomized to autologous rectus fascial pubo-
vaginal sling and Burch colposuspension. The 
success rates, defined as no self-reported symp-
toms of SUI, was higher in the pubovaginal sling 
group than the Burch colposuspension group, 
66 % and 49 % respectively. This reached statisti-
cal  significance with a P < 000.1. The same group 
went on to publish their 5-year follow-up data on 
482 patients. The authors found that there were 
significant declines in continence in both groups.
However, there were higher continence rates in 
the pubovaginal sling group compared to the 
Burch colposuspension group, 30.8 % and 24 % 
respectively (P = 0.002). Although patient satis-
faction decreased for both groups, rates of patient 
satisfaction were still higher in the pubovaginal 
sling group compared to the Burch colposuspen-
sion group after 5 years, 83 % and 73 % respec-
tively (P = 0.03) [25].

There are 14 other published RCTs looking at 
pubovaginal slings, a majority utilizing autolo-
gous rectus fascia. All consistently demonstrated 
the efficacy of the pubovaginal sling in the man-
agement of SUI. The pubovaginal sling has also 
seen another indication in light of recent compli-
cations noted with midurethral synthetic slings, 
namely lower urinary tract erosion [26]. In addi-
tion, pubovaginal slings have become the trans-
vaginal anti-incontinence procedure of choice for 

concomitant repairs of urethral diverticula and 
urethrovaginal fistulas [27].

Complications
There are known complications related to pubo-
vaginal slings. Some common adverse events 
include urinary tract infections (UTI) (48 %), 
voiding dysfunction (14 %), and postoperative 
urge incontinence requiring treatment (27 %) 
[25]. Of note, adverse events were more common 
in studies which used synthetic material for 
pubovaginal slings.

Midurethral Synthetic Slings
In 1995, Ulmsten first introduced the synthetic 
midurethral sling procedure [28]. In the last 3 
decades, this procedure has become the most 
commonly employed for the treatment of SUI 
[29]. Proponents of this surgical option would 
argue the reason for this overwhelming popular-
ity is due to short learning curve, brevity of the 
procedure, and low morbidity. In addition, there 
have been many studies that have demonstrated 
the excellent long-term durability and success 
rate of the procedure.

The first iteration of the technique was retro-
pubic placement. This approach was based on 
the integral theory proposed by Ulmsten and 
Petros [30]. The theory postulates that there are 

a b
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Urethera
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Fascial
sling

c

Fig. 3.4 Pubovaginal sling: the anterior vaginal wall dis-
section is performed (a). 0 prolene sutures are placed on 
either side (b). The sutures are then placed through the 

eylelet of the Pereyra needles and brought through the 
abdominal wall bilaterally (c)

3 Surgical Management of Stress Urinary Incontinence



46

three structures (the pubourethral ligament, the 
suburethral vaginal hammock, and the pubococ-
cygeus muscles) that, as a group, control the 
opening and closing of the bladder neck and ure-
thra (Fig. 3.5). The goal of the was to retropubic 
placement of a synthetic sling was to reconsti-
tute the suburethral vaginal support and the 
pubourethral ligament. A top- down and bottom-up 
approach has been described, which will be 
discussed in the next section.

The transobturator approach was introduced 
in 2001 in an attempt to reduce the risk of blad-
der, bowel, and vascular injury experienced with 
the retropubic approach. The mechanism of 
action of the procedure is based on Delancy’s 
“hammock theory” of SUI. The hammock theory 
postulates that a combination of urethral support 
and constriction are necessary for continence. It 
is the layers of facsia, muscles and vaginal wall 
that comprise this support and construction, 
according to the theory (Fig. 3.6). The transobtu-
rator synthetic sling placed in a horizontal plane 
provides the same support for the urethra during 
moments of increased abdominal pressure, 
thereby preventing incontinence. An out-in and 
in-out technique has been designed and utilized 
for the transobturator synthetic sling, also 
described in the following section.

Retropubic
Surgical Technique
Top-Down
Some examples of the top-down retropubic slings 
available in the United States include the Lynx® 
(Boston Scientific, Natick, MA) and SPARC® 
(American Medical Systems, Minnetonka, MN). 
The technique below applies for all top-down 
approaches, regardless of specific brand.

The patient is placed in a dorsal lithotomy posi-
tion with legs in stirrups. The abdomen and vagina 
are prepped and draped in standard  fashion. A 16 
Fr. Foley catheter is placed and the bladder is 
drained. The anterior vaginal wall over the midure-
thral complex is hydrodissected using 1 % lido-
caine diluted with 1:200,000 epinephrine. A 2 cm 
vertical midline incision is made in the anterior 
vaginal wall, approximately 1 cm from the ure-
thral meatus. Suburethral pockets are created with 
sharp and blunt dissection, carried to the retropu-
bic space. The trocars are placed bilaterally 
through stab incisions directly above the pubic 
symphysis, each one fingerbreadth lateral to the 
midline. The trocars are advanced into the vaginal 
incision (Fig. 3.7). The vaginal wall is evaluated 
for any perforation by the trocar. The Foley cathe-
ter is removed and a rigid cystoscopy is performed 
with 30 and 70° lenses. Once injury is ruled out, 
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Fig. 3.5 Integral theory
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the 16 Fr. Foley catheter is replaced. The mesh is 
then attached to the trocars and the mesh is placed 
under the midurethral complex which is covered 

by a Kelly clamp. This prevents any tension while 
placing the mesh. Excess mesh is then excised. 
The stab incisions may be closed with a skin adhe-
sive or 4-0 absorbable suture. The vaginal wall is 
then closed using 2-0  absorbable suture. A vaginal 
packing is placed. The patient can undergo a 
voiding trial in the recovery room.

Bottom-Up
Some examples of the bottom-up retropubic 
slings available in the US market include the 
TVT and TVT Advantage (Boston Scientific, 
Natick, MA). The technique below applies for all 
bottom-up approaches, regardless of specific 
brand.

The patient is placed in a dorsal lithotomy 
position with legs in stirrups. The abdomen and 
vagina are prepped and draped in standard 
fashion. A 16 Fr. Foley catheter is placed and 
the bladder is drained. The anterior vaginal wall 
over the midurethral complex is hydrodissected 
using 1 % lidocaine diluted with 1:200,000 
epinephrine. A 1 cm vertical midline incision is 
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Fig. 3.6 Hammock theory

Fig. 3.7 Retropubic sling: top-down
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made in the anterior vaginal wall, approximately 
1 cm from the urethral meatus. Metzenbaum 
 scissors are used to sharply dissect a tract in the 
direction of the retropubic space. Stab inci-
sions are made 2.5 cm on either side of the mid-
line at the level of the pubic symphysis (some 
surgeons will choose to hydrodissect through 
these  incisions to aide with trocar placement). 
The Foley catheter is replaced with the catheter 
guide in the direction of the contraletral side to 
where the trocar will be placed. The trocars are 
placed one at a time through the vaginal incision 
into the suprapubic stab incision. The trocar is 
aimed towards the patient’s ipsilateral shoulder 
(Fig. 3.8). The vaginal wall is evaluated for any 
perforation by the trocar. The Foley catheter is 
removed and a rigid cystoscopy is performed 
with 30 and 70° lenses. Once injury is ruled out, 
the 16 Fr. Foley catheter is replaced. The mesh 
is then placed under the midurethral complex 
which is covered by a Kelly clamp. This pre-

vents any tension while placing the mesh. 
Excess mesh is then excised. The stab incisions 
may be closed with a skin adhesive or 4-0 
absorbable suture. The vaginal wall is then 
closed using 2-0 absorbable suture. A vaginal 
packing is placed. The patient can undergo a 
voiding trial in the recovery room.

Transobturator
Surgical Techniques
Out-In
Some examples of the out-in transobturator slings 
available in the US market include the Monarc® 
(American Medical Systems, Minnetonka, MN) 
and Aris® (Coloplast, Humblebaek, Denmark). 
The technique below applies for all out-in 
approaches, regardless of specific brand.

The patient is placed in a dorsal lithotomy 
position, legs in stirrups. The lower abdomen 
and  vagina are prepped and draped in standard 
fashion. The anterior vaginal wall over the 

Fig. 3.8 Retropubic sling: bottom-up
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midurethral complex is hydrodissected with 1 % 
lidocaine diluted with 1:200,000 epinephrine. 
A vertical midline incision is made 1 cm from 
the urethral meatus 2 cm in length. Suburethral 
pockets are created with sharp and blunt dissec-
tion carried to the level of the obturator internus. 
Stab incisions are made in the inguinal groin 
crease at the level of the clitoral hood (two 
 fingerbreadths inferior to the adductor longus 
tendon). The helical trocars are placed through 
the stab incision and advanced to the vaginal 
incision on both sides (Fig. 3.9). The vagina is 
inspected for any sign of perforation. The Foley 
catheter is removed and a rigid cystoscopy is 
performed with 30 and 70° lenses to rule out any 
injuries. The Foley catheter is then replaced, and 
the mesh is then attached and placed under the 
midurethra. A  Kelly clamp is placed between 
the urethra and mesh to prevent tension. Excess 
mesh is excised. The stab incisions are closed 
with a skin adhesive or 4-0 absorbable suture. 
The vaginal wall is closed with 2-0 absorbable 
suture. A vaginal packing is placed. The patient 
undergoes a voiding trial in the recovery room.

In-Out

Some examples of the in-out transobturator slings 
available in the US market include the TVT-O 
and Abbrevo® (Ethicon, Blue Ash, OH). The 
technique below applies for all in-out approaches, 
regardless of specific brand.

The patient is placed in a dorsal lithotomy 
position, legs in stirrups. The lower abdomen and 
vagina are prepped and draped in standard fash-
ion. The anterior vaginal wall over the midure-
thral complex is hydrodissected with 1 % 
lidocaine diluted with 1:200,000 epinephrine. 
A vertical midline incision is made 1 cm from the 
urethral meatus 1 cm in length. Stab incisions are 
made 2 cm lateral to the inguinal groin crease and 
2 cm superior to the level of the clitoral hood. 
The helical trocars with mesh attached are placed 
with a guide and advanced to the groin incisions 
on both sides (Fig. 3.10). The vagina is inspected 
for any sign of perforation. The Foley catheter is 
removed and a rigid cystoscopy is performed 
with 30 and 70° lenses to rule out any injuries. 
The Foley catheter is then replaced, and the mesh 
positioned under the midurethra. A Kelly clamp 

Fig. 3.9 Transobturator 
sling: out-in (Reprinted 
with permission, Cleveland 
Clinic Center for Medical 
Art & Photography © 
2005–2014. All Rights 
Reserved)
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is placed between the urethra and mesh to prevent 
tension. Excess mesh is excised. The stab inci-
sions are closed with a skin adhesive or 4-0 
absorbable suture. The vaginal wall is closed 
with 2-0 absorbable suture. A vaginal packing is 
placed. The patient undergoes a voiding trial in 
the recovery room.

Outcomes
There have been many meta-analyses and 
 systematic reviews reported in the literature eval-
uating outcomes of the different synthetic 
midurethral slings. In 2010, Novara et al. per-
formed a systematic review and meta-analysis of 
the comparative data on Burch colpopsuspen-
sions, pubovaginal slings, and midurethral syn-
thetic slings. They found that patients with 
retropubic slings had higher continence rates 
compared to those treated with Burch colposus-
pensions. Retropubic slings and pubovaginal 
slings were similarly effective. Although objec-

tive cure rates were higher in retropubic slings 
compared to transobturator slings, there was no 
difference in subjective cure rates between the 
two [31].

Another meta-analysis conducted by Ogah 
et al. in 2009 reviewed 62 trials involving 7,101 
patients who underwent synthetic midurethral 
sling for SUI. A subanalysis of eight RCTs com-
paring pubovaginal slings to synthetic midure-
thral slings demonstrated an equivalent 
subjective cure rate at 12 months follow-up (RR 
1.03, 095 % CI 0.94–1.13). Six trials evaluated 
in this meta-analysis compared laparoscopic 
Burch colposuspensions to synthetic midure-
thral slings and found no difference in subjec-
tive cure rates at 12 months follow-up (80 % vs. 
74 %) [4].

In terms of comparing retropubic versus tran-
sobturator, there have also been meta-analyses 
describing the outcomes based on these two dif-
ferent approaches. Novara et al. discovered that 

Fig. 3.10 Transobturator 
sling: in-out (Reprinted 
with permission, Cleveland 
Clinic Center for Medical 
Art & Photography © 
2005–2014. All Rights 
Reserved)
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retropubic synthetic slings were associated with 
a higher objective cure rate when compared to 
transobturator synthetic slings (OR 0.8, 95 % CI 
0.65–0.99) [31]. Although, the same analysis 
found that the subjective cure rates were equiva-
lent in both approaches. Ogah et al. also com-
pared retropubic and transobturator slings and 
reported that subjective cure rates in both 
approaches were 83 %. In addition, even though 
the objective cure rates were statistically 
 significantly greater in the retropubic versus tran-
sobturator groups, 88 % and 84 % respectively, 
the clinical significance could be argued [4].

There have also been RCTs comparing retro-
pubic synthetic slings and transobturator slings. 
Richter et al. published their RCT of 587 women 
randomized to retropubic or transobturator syn-
thetic sling for SUI. The retropubic group did 
demonstrate higher subjective performance com-
pared to the transobturator group at 12 months 
follow-up. In addition, the objective success rate 
for the retropubic group was 80.8 % compared to 
77.7 % in the transobturator group (3 % differ-
ence, 95 % CI 3.6–9.6).

The author continued this study with a 5-year 
Longitudinal follow up and found that long-term 
treatment success and satisfaction with retopub-
lic and transobturator midurethral slings declined 
over time. They also reported that complications 
continued to rise. They demonstrated that women 
who underwent transobturator midurethral slings 
had more sustained improvement in urinary 
symptoms, quality of life and sexual function 
despite lower treatment success rates [32].

Taken in aggregate, the data suggest that retro-
pubic synthetic slings have a slight edge on tran-
sobturator synthetic slings in terms of success 
rates. Of course, the complications do differ as 
will be discussed in the next section.

Complications
Complications stemming from placement of syn-
thetic midurethral slings range from minor to 
major. Similar to vaginal mesh for prolapsed 
complications, these issues are typically codified 
to timing of complication: intraopertaive, early 
postoperative, or delayed postoperative.

Intraoperative complications include injury to 
the urethra, bladder, bowel, vascular structures, 
or vagina. Urethral injuries have been shown to 
be equivalent in retropubic and transobturator 
synthetic slings, 0.88 % and 1.09 % respectively 
[33]. Bladder injuries have been reported as more 
common in retropubic synthetic slings compared 
to transobturator synthetic slings. In terms of 
bowel and vascular injury, no differences have 
been reported between retropubic and transobtu-
rator slings [4].

Early postoperative complications include 
voiding dysfunction, UTI, groin pain, and urinary 
retention. Retropubic synthetic slings have been 
shown to have higher rates of voding dysfunction 
and urinary retention compared to transobturator 
synthetic slings. Voiding dysfunction requiring 
surgical intervention has also been reported 
greater in retropubic versus transobturator syn-
thetic slings, 2.7 % and 0 %, respectively. Groin 
pain is a complication more common in 
 transobturator synthetic slings, reported as high 
as 8.2 % in some studies. Although suprapubic 
pain is more common in retropubic synthetic 
slings, the rates are low (1.7 %) [4].

Late postoperative complications include de 
novo voiding dysfunction and mesh extrusion/

Fig. 3.11 Single-incision sling: Trocar with sling 
(MiniArc™ ; Used with permission of American Medical 
Systems, Minnetonka, MN, USA)
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erosion. Similar to early voiding dysfunction, 
late de novo voiding dysfunction has also been 
reported to be more common in retropubic syn-
thetic slings. Mesh extrusion/erosion rates have 
been equivalent for retropubic and synthetic 
slings [31].

Single Incision
Single-incision slings, or sometimes referred to 
as mini-slings, were introduced into the market 
with the purpose of minimizing morbidity and 
anesthetic requirements. There has been a  paucity 
of literature on outcomes of this procedure. Some 
of the initial publications reported on devices that 
are no longer available in the market [34]. The 
basic tenet of the procedure involves use of no 
external trocar, with the sling deployed with 
transvaginal trocar (Fig. 3.11). This section will 
discuss the current available devices and out-
comes published on these currently practiced 
procedures.

Surgical Technique
Some examples of the SISs available in the US 
market include the MiniArc™ (American Medical 
Systems, Minnetonka, MN), Altis® (Coloplast, 
Humlebaek, Denmark), and Ajust® (Bard 
Medical, Covington, GA). The technique below 
applies for all SIS approaches, regardless of spe-
cific brand.

The patient is placed in a dorsal lithotomy 
position, legs in stirrups. The lower abdomen and 
vagina are prepped and draped in standard fash-
ion. The anterior vaginal wall over the midure-
thral complex is hydrodissected with 1 % 
lidocaine diluted with 1:200,000 epinephrine. 
A  vertical midline incision is made 1 cm from 
the urethral meatus 1.5 cm in length. Suburethral 
pockets are created with sharp dissection carried 
to the level of the obturator internus. Push the 
first slip tip onto the curved needle. Advance 
the  needle at a 45° angle on one side. Advance  the 
needle into the obturator internus until the mid-
line of the sling is over the midline of the urethra. 
Release the sling tip and remove the  needle. 
Perform the same maneuver to place the other 

end of the sling into the contralateral obturator 
internus. Tension appropriately. (Some devices 
do differ with respect to method and device- 
specific aspects for this portion of the procedure.) 
Check both vaginal sulci to rule out mesh perfo-
ration. The Foley catheter is removed and a rigid 
cystoscopy is performed with 30 and 70° lenses 
to rule out any injuries. The vaginal wall is then 
closed with 2-0 absorbable suture.

Outcomes
There have been varying results reported for 
single- incision slings. Although the TVT-Secure 
(Gynecare) were among the first published, due 
to the fact that it is no longer available in the mar-
ket, we will not discuss outcomes. The MiniArc™ 
(American Medical Systems, Minnetonka, MN) 
has had success rates reported between 77.8 % 
and 94 % at 12 months follow-up. A recent meta- 
analysis published by Abdel-Fattah in 2011 com-
pared SIS to standard synthetic slings. A total of 
nine RCTs with 758 women were reviewed. In 
this review, although operative times and pain 
scores were significantly lower in the SIS group, 
the subjective and objective success rates were 
significantly lower when compared to standard 
synthetic slings (RR 0.83, 95 % CI 0.70–0.99 and 
RR 0.85, 95 % CI 0.74–0.97, respectively). There 
were also significantly higher rate of repeat con-
tinence surgery in the SIS group (RR 6.72, 95 % 
CI 2.39–18.89). Even though the SIS were found 
safe and somewhat efficacious, the conclusion 
was that they were inferior to standard synthetic 
slings.

Complications
The same approach to evaluation of complica-
tions that applies to standard slings applies to 
SIS. Adverse events include UTI (4.3 %), uri-
nary retention (3.2 %), dyspareunia (2.1 %), and 
vaginal extrusion (1.6 %) [35]. Despite the fact 
that complication rates for SIS have been com-
parable to standard slings, the FDA has 
requested postmarketing surveillance data from 
manufacturers of these devises to ensure safety 
and efficacy.
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 Conclusion

The surgical management of SUI options has 
evolved over the past few decades. The modern 
era of SUI management started with Burch col-
posuspensions and have slowly followed a path 
of less invasive options including periurethral 
bulking agents, pubovaginal slings, and the new-
est multitude of approaches for midurethral syn-
thetic slings. The synthetic slings include retro-
pubic, transobturator, and the newest additions 
which include so-called single-incision slings. 
As a result of this evolution, there are now many 
surgical procedures in the armamentarium of 
 pelvic floor surgeons for treating SUI.
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          Background 

 Millions of men and women throughout the 
world are bothered by urinary incontinence and 
voiding dysfunction. A recent economic study 
estimated the disease specifi c costs of overactive 
bladder (OAB) in the United States to be $24.9 
billion affecting approximately 18.6 % or 42.2 
million adults [ 1 ]. First and second line treat-
ments include behavioral therapies, dietary 
changes, pelvic fl oor muscle training, and anti- 
muscarinic medications. A signifi cant number of 
patients discontinue medical therapy secondary 
to side effects or costs. In a large study of the 
California Medicaid population, Yu et al. found 
that only 10 % of patients continued taking a pre-
scription medication for management of their 
OAB after 1 year, with the median time to dis-
continuation of 50 days [ 2 ]. After initial therapies 
have failed, either secondary to suboptimal 

 control of symptoms, or poor toleration by 
patients, other treatment options such as sacral 
neuromodulation (SNM) should be considered in 
 appropriate patients as recommended in the AUA 
guidelines [ 3 ]. This chapter describes indications 
for use, patient evaluation, surgical techniques, 
and outcomes for sacral neuromodulation and 
percutaneous tibial nerve stimulation (PTNS).  

   Sacral Neuromodulation 
Mechanism of Action 

 SNM is proposed to exert its affects through dif-
ferent mechanisms of action. Neural pathways 
exist that result in amplifi cation, coordination, 
and timing that are needed for normal micturition 
[ 4 ]. The micturition refl ex is initiated through 
signaling to the brain that the bladder is full from 
bladder afferent nerves, which are composed of 
myelinated Aδ fi bers and unmyelinated C fi bers 
[ 4 ]. The brain then sends signals through spinal 
pathways to turn off the guarding refl ex, relax the 
external sphincter, and contract the detrusor, 
resulting in voluntary voiding of urine [ 5 ]. 
Bladder overactivity and voiding dysfunction are 
likely the result of an imbalance of the refl exes 
between the bladder, pelvic fl oor, and urethral 
sphincter. SNM appears to restore this balance 
that is needed for normal voiding function. One 
possible explanation is that SNM exerts its effect 
by stimulating afferent axons in the spinal roots 
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modulating the refl ex pathways. Areas where 
SNM may affect micturition include:
•    Inhibition of post-ganglionic nerve terminals  
•   Presynaptic inhibition of primary afferents  
•   Affecting pudendal afferents that transmit 

somatic and visceral neurochemical signaling  
•   Inhibition of spinal tract neurons involved in 

micturition refl ex  
•   Suppression of guarding refl exes through 

turning off bladder afferent input to internal 
sphincter or external sphincter interneurons  

•   Activation of bladder efferents to stimulate 
voiding while simultaneously turning off 
excitatory pathway to urethra [ 5 ].    
 In the case of OAB, bladder preganglionic 

neurons or interneuronal transmission may be 
inhibited in the afferent micturition refl ex. In 
the case of incomplete emptying, SNM may 
improve non-obstructive urinary retention 
through suppression of guarding refl exes [ 4 ,  5 ]. 

 Initial work demonstrating the possible clini-
cal value of SNM was conducted by Tanagho and 
Schmidt. The therapy, commercially marketed as 
InterStim™ (Medtronic, Inc., Minneapolis, MN), 
was fi rst approved by the US Food and Drug 
Administration (FDA) for treatment of urinary 
urge incontinence in 1997 followed by approval 
for treatment of urinary urgency, urinary fre-
quency, and non-obstructive urinary retention in 
1999. More recently in 2011, SNM was also 
approved for fecal incontinence [ 6 ]. 

 Over time, SNM has evolved with technologi-
cal improvements, including the development of 
the percutaneous tined lead, decreased size of the 
implantable neurostimulator (INS), and use of 
fl uoroscopy during offi ce stimulation procedures 
(percutaneous nerve evaluation or PNE). Initial 
non-tined leads required fascial or bone anchor-
ing, resulting in the need for larger incisions and 
general anesthesia for placement. In 2002, the 
tined lead, initially described by Spinelli et al. 
[ 7 ], was FDA approved allowing for placement 
under conscious sedation combined with local 
anesthesia, which increased the ability to use 
patient sensory information during chronic lead 
placement [ 8 ]. Anchoring within the surrounding 
subcutaneous tissue and muscle is accomplished 
with four sets of tines proximal to the electrodes 

decreasing the possibility of lead migration [ 7 ]. 
A recent publication reporting long-term 
 outcomes for SNM found the revision rate 
decreased from 50 to 31 % using the tined lead 
[ 9 ]. The rate of revision noted in the InSite Study 
was 12.9 % in the fi rst year after implantation of 
the device [ 10 ]. In 2006, the InterStim II INS was 
introduced, which is 50 % smaller than the previ-
ous model, resulting in less discomfort and 
improved patient acceptance. However, this 
change was made at the expense of a shorter 
average battery life (3–5 years compared to 7–10 
years) [ 8 ]. The use of fl uoroscopy during PNE 
allows for improved temporary lead placement, 
potentially resulting in a greater sensitivity of the 
offi ce trial, decreasing the need for a staged pro-
cedure performed in the operating room [ 7 ].  

   Evaluation/Work-Up 

   Indications and Patient Selection 

   Overactive Bladder 
 The International Continence Society defi nes 
OAB as “urgency with or without urge inconti-
nence usually with frequency and nocturia in the 
absence of an underlying metabolic or pathologi-
cal condition [ 11 ].” Patients should be evaluated 
with a thorough history and physical exam to 
evaluate their voiding complaints. In history tak-
ing, one may identify that voiding symptoms 
developed after an inciting event such as pelvic 
surgery, trauma, or back injury. During the 
 history and physical exam, patients should be 
evaluated for possible neurologic causes of their 
symptoms. During pelvic exam, the patient 
should be evaluated for evidence of pelvic fl oor 
muscle dysfunction as a cause of their symptoms, 
which can be managed successfully with pelvic 
fl oor physical therapy. It is important to evaluate 
for incomplete bladder emptying by obtaining a 
post-void residual, and also to rule out urinary 
tract infection as the source of symptoms with a 
urinalysis and possible urine culture. A cystos-
copy should be considered if patient has risk fac-
tors for bladder pathology such as, but not limited 
to, hematuria, tobacco use, or prior pelvic  surgery. 
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Urodynamic evaluation (UDS) should be 
 considered, especially in patients with mixed 
incontinence, evidence of incomplete bladder 
emptying, or in patients with possible neurologic 
causes of their voiding complaints. A UDS may 
or may not show uninhibited detrusor contrac-
tions [ 5 ]. A voiding diary documenting number 
of daily voids, episodes of urgency, episodes of 
incontinence, voided volume, and fl uid intake 
should be obtained. This information is para-
mount in not only demonstrating severity of 
voiding dysfunction but also gives a baseline to 
compare to the posttreatment voiding diary to 
assess for objective improvement. Patients with 
symptoms of an overactive bladder that have not 
had successful management with conservative 
therapies are candidates for SNM. Success of 
SNM in patients with OAB is reported at 59–85 % 
with average follow-up ranging from 29 months 
to 5 years [ 9 ,  12 – 14 ].  

   Non-obstructive Urinary Retention 
 Patients with urinary retention or incomplete 
bladder emptying must be evaluated for obstruc-
tive causes, which can be evaluated with a 
UDS. A voiding diary should be completed prior 
to test stimulation that includes daily number of 
catheterizations, voided volume, and catheter-
ized volume. A repeat voiding diary should then 
be obtained during the test stimulation phase to 
determine success. SNM is not indicated in 
patients with evidence of an obstructive etiology 
of their voiding complaints. Success (defi ned as 
minimum of 50 % decrease in catheterized vol-
umes and number of daily catheterizations) at 18 
months is reported at 70–83 % [ 14 ,  15 ] with lon-
ger follow-up ranging from mean of 51 months 
to 5 years showing success in 71–88 % of 
patients [ 9 ,  13 ].  

   Pelvic Pain/Bladder Pain Syndrome 
 Pelvic pain and bladder pain syndrome are cur-
rently not FDA approved indications for SNM; 
however, patients with these conditions often 
have coexisting voiding complaints such as uri-
nary urgency or frequency, which would make 
them candidates for this therapy. As discussed 
above, it is important to evaluate for pelvic fl oor 
muscle dysfunction on physical exam as pelvic 

fl oor physical therapy should be considered as an 
initial therapy when appropriate. In patients 
where conservative therapies have failed, a trial 
of SNM is an excellent potential option. Studies 
have shown the therapy to provide some benefi t 
in patients with bladder pain syndrome and pel-
vic pain. However, it is important to educate the 
patient that their pain may not improve with 
SNM. One of the treatment’s potential benefi ts is 
that a minimal risk trial is conducted to assess 
how the therapy will affect their symptoms. 
Multiple studies have shown that SNM results in 
improvement of pain parameters, with long-term 
success ranging from 60 to 77 % with median 
follow-up of 19–61.5 months [ 16 – 18 ]. Gajewski 
and Al-Zahrani found that the presence of 
urgency at baseline was a positive predictor of 
long-term success [ 17 ]. One study found that 
patients with bladder pain syndrome required 
more programming visits [ 19 ] following implant, 
while another group found that the rate of explant 
was highest in the bladder pain syndrome patients 
compared to those with OAB or urinary retention 
[ 9 ]. A study of patients with refractory interstitial 
cystitis showed a 36 % reduction in the mean 
dose of daily opiate use after implant compared 
to baseline, with 22 % of patients able to stop 
their use completely [ 20 ].  

   Other Indications 
 Fecal incontinence can be a devastating symp-
tom, affecting 1–2 % of the population [ 21 ]. 
Initial management includes dietary changes, 
biofeedback, and medical therapy. The FDA has 
also approved the use of SNM for patients with 
chronic fecal incontinence. One-, two-, and three- 
year therapeutic success is reported at 83 %, 
85 %, and 86 %, respectively, with complete con-
tinence in 40 % of patients at 3-year follow-up. 
Success was defi ned as at least a 50 % reduction 
of incontinent episodes per week compared with 
baseline and to be included in the study; patients 
were required to have more than two incontinent 
episodes per week on average and symptoms 
present greater than 6 months [ 21 ,  22 ]. This 
 specifi c indication for the use of SNM will be 
discussed further in Chap.   16    . 

 Another indication for SNM, although not 
FDA approved, is childhood dysfunctional 
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 elimination syndrome that is refractory to 
medical management and behavioral therapies. 
At median follow-up of 27 months, one group 
reported improvement or resolution of inconti-
nence, urgency, frequency, nocturnal enuresis, 
and constipation in 88 %, 69 %, 89 %, 69 %, and 
71 %, respectively [ 23 ].    

   Procedures 

 Two different types of trials exist for patients to 
undergo test stimulation with SNM, including the 
PNE and staged lead implantation. A PNE 
involves placement of a temporary monopolar 
lead that is removed at the end of a 3–10 day trial 
period. Advantages to the PNE are that it can be 
performed in the offi ce with local anesthesia, and 
there is easy removal of the temporary leads. A 
disadvantage is the potential for migration of the 
leads, thereby decreasing the accuracy of the trial 
in determining whether a patient will benefi t 
from the therapy. During the staged trial, a quad-
ripolar tined lead is positioned as the fi rst stage 
with placement of the INS as a second stage if 
successful. The advantages of a staged trial are 
decreased risk of lead migration, increased pro-
gramming options during the trial due to the lead 
confi guration, and ability for a longer test period. 
A disadvantage of the staged procedure is the 
need for two procedures using monitored anes-
thesia care (MAC) in the operating room. One’s 
choice to perform a PNE versus a staged proce-
dure may depend on the patient and the surgeon’s 
access to equipment. A PNE may be performed 
using fl uoroscopy, which is the author’s prefer-
ence, or using anatomic landmarks to determine 
placement of the temporary leads. One may pre-
fer to perform staged procedures if access to fl uo-
roscopy is not available in the offi ce. The author 
uses both types of test stimulation based on the 
patient’s preference and condition, and both tech-
niques will be described. Since “frequent” fecal 
incontinence may only happen once per week, a 
staged trial has been thought to be more likely to 
capture the benefi t, though we have often noted 
changes during a PNE trial. 

   Percutaneous Nerve Evaluation 

   Patient Positioning and Preparation 
 Prior to the procedure, the patient should 
 complete a baseline voiding diary that documents 
their specifi c voiding complaints and any inconti-
nence if present. Diaries should include the intake 
volume, frequency of urination, volume voided, 
degree of urgency, number and severity of incon-
tinent episodes, and type and number of pads 
used. If the patient establishes their baseline dia-
ries using anticholinergic mediations, the trial is 
also conducted using the medication, since the 
intention is to measure the effect of only one vari-
able. If the patient has urinary retention, they 
should also record the number of daily catheter-
izations and catheterized volumes. If the trial is 
being conducted for fecal incontinence, details of 
these episodes along with consistency of stool 
and number of daily bowel movements should 
also be recorded. It is important to discuss the 
procedure with the patient, so they know what to 
expect during the procedure and help reduce 
patient anxiety since it will be performed without 
sedation. 

 The patient is placed on a table that will 
accommodate the fl uoroscopic c-arm in the 
prone position with pillows placed under the 
patient’s head, hips, and shins. It is important to 
insure that the patient’s hips are positioned 
where the c-arm unit can be passed under the 
table to allow for viewing of the sacrum during 
the procedure. The buttocks and feet need to be 
uncovered to watch for motor responses during 
the procedure. The patient’s lower back and but-
tocks are prepped with an antiseptic solution and 
the operative fi eld is draped with towels and/or 
small adhesive drapes provided in the Test 
Stimulation Lead Kit (Medtronic, Minneapolis, 
MN) (Fig.  4.1a, b ). A grounding pad is placed on 
the patient’s heel or foot if there is deep callous, 
and the red connector of the Test Stimulation 
Cable is connected to the grounding pad. The 
black connector of the Test Stimulation Cable is 
attached to the Patient Cable. The Test 
Stimulation Cable is attached to the test stimula-
tion box (Fig.  4.2 ).
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       Selecting the Appropriate 
Foramen Using Fluoroscopy 
 S3 is the ideal target for lead placement and we 
attempt to place bilateral leads at this level during 

the PNE. Rarely, S4 is adequate or preferable, but 
S2 is not appropriate for chronic stimulation due 
to the activation of lower extremity motor effer-
ents. Fluoroscopy is used to visualize the sacrum 
in an anteroposterior (AP) view to identify the 
medial edge of the sacral foramen on one side, 
which is marked on the skin with a marking pen 
(Fig.  4.3a, b ). The contralateral foramen location 
can be approximated by moving two fi nger-
breadths over and once verifi ed with fl uoroscopy, 
the skin is marked. The skin may be marked or 
one can visualize an imaginary vertical line par-
allel to the spine at the medial edge of the fora-
men to help stay lined up when accessing the 
foramen from a superior point on the skin. A 
cross-table fl uoroscopic view is then obtained to 
locate the S3 foramen laterally. Only a few min-
utes total is spent using the AP projection, with 
the major portion of the procedure performed in 
the lateral view. S2 is readily identifi ed as the 
point where the sacroiliac joint fuses, forming a 
characteristic shadow. The fi rst anterior protru-
sion or “hillock” from the anterior surface of the 
sacrum below this shadow is typically S3. In 
order to determine the skin entry point of the 
foramen needle, the skin is marked with a hemo-
stat while looking at skin surface and the sacrum 
together in a lateral plane (Fig.  4.4 ). The point of 
entry is found along the line marking the medial 
edge of the sacral foramen (previously made 
while in the AP view), with a line drawn in the 
mind’s eye starting at the skin mark,  paralleling 

  Fig. 4.1    PNE components. ( a ) Prep kit which includes drapes and prepping materials. ( b ) Test stimulation kit: foramen 
needles, syringe, and needle for local anesthetic, test stimulation lead, marking pen, hemostat, and forceps       

  Fig. 4.2    The grounding pad is attached to the patient’s 
foot with the red connector of the Test Stimulation Cable 
attached. The black connector of the Test Stimulation Cable 
is attached to the Patient Cable and the Test Stimulation 
Cable is attached to the test stimulation box as shown       
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the fusion plain between the sacral vertebra, and 
targeting a point approximately 1 cm above the 
S3 hillock. This line is in a cephalocaudal direc-
tion at an approximately 60-degree angle. The 
use of fl uoroscopy allows the correct angle to be 
determined for any body habitus.

       Positioning the Needle in the S3 
Foramen and Placement 
of the Temporary Lead 
 The location of the needle entry point on the skin 
should be anesthetized with 0.25 % bupivacaine, 
1 % lidocaine, or a combination to create a dime- 
sized wheal. The subcutaneous tissue does not 
need to be infi ltrated with the local anesthetic but 
the sacral periosteum may require some of the 
anesthetic if the patient experiences discomfort 
as the foramen needle touches the bone. Once the 
bone is touched, a spot lateral fl uoroscopy view is 
obtained to determine if the insertion point is 
 correct, and whether the needle must be aimed in 
more cephalic or caudal angle. Once the orienta-
tion is correct, the needle is “walked” up or down 
along the line of the medial edge of the foramina 
until the needle drops off into the foramen 
(Fig.  4.5 ). It is important to pull the needle back 
before changing positions while trying to locate 
the foramen to avoid torqueing or bending the 
needle. For larger patients, a 5 in. needle is 
 available. We typically refer to this as “the other” 
needle in order to minimize patient anxiety.

   Since the patient is not sedated during the 
PNE, it can cause discomfort to reposition the 

  Fig. 4.3    Identifying the medial edge of the sacral foramina using fl uoroscopy with ( a ) showing the clamp on the 
patient’s skin and ( b ) showing the AP X-ray       

  Fig. 4.4    Identifying S3 on lateral view [ 24 ]       
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needle during the procedure, and we often will 
keep the initial foramen placement if responses 
are consistent with positioning along S3. During 
placement of the tined chronic lead, one should 
re-direct the foramen needle as needed to get the 
best positioning along the course of the S3 
nerve root. The needle is then stimulated using 
the patient cable that is attached to the test stimu-
lation device and the patient is observed for sacral 
root responses (Table  4.1 ). Responses that corre-
spond to simulation of S3 are bellows (levator 
contraction resulting in rolling inward and deep-
ening of the intergluteal fold), dorsifl exion of the 
ipsilateral great toe, and sensation of the stimula-
tion in the genital, perineal, or anal region.

   If responses are not consistent with S3 and the 
patient will tolerate further needle manipulation, 
the skin entry point is re-approximated using 
 lateral fl uoroscopy to aim for the next foramen, 
either above or below the initial point of 

 stimulation. Once appropriate responses are 
 elicited  confi rming position in S3, the needle sty-
let is removed and the Test Stimulation Lead 
(Medtronic) is passed through the needle to the 
marking on the lead that corresponds to the 
 needle size used (3 or 5 in.). A fl uoroscopic image 
is obtained to gauge the depth of the lead. It is 
better to err on being slightly deeper rather than 
too shallow as the lead will likely migrate during 
the testing period. The foramen needle is removed 
along with the lead, while maintaining its depth 
and keeping the stylet in place, and then it is 
stimulated to assess responses. The PNE lead can 
be pulled back under fl uoroscopy and/or while 
being stimulated, to gain better positioning. 
Finally, the lead stylet is removed leaving only 
the test lead in place. The procedure is then 
repeated on the contralateral side. 

 To decrease the potential for lead migration 
during the testing phase, the author prefers to 
tunnel the leads using a spinal needle (Fig.  4.6a, b ). 
The leads are then secured in place using a 
gauze and Tegaderm dressing. Lastly, the leads 
are attached to Test Stimulation Cables, which 
are in turn attached to the external stimulation 
device during sub-chronic stimulation. Patients 
are then instructed on device use and will com-
plete voiding diaries during a 3–10 day length of 
trial to evaluate the therapy. During the testing 
period, they will trial both leads individually. At 
the end of the trial period, the leads are extracted 
in the offi ce by removing the dressing and sim-
ply pulling gently on each lead. Success is 
determined through comparing the voiding 
diary obtained during test stimulation to the 
baseline diaries, and also by asking the patient 
subjectively how they feel their symptoms were 
managed during the trial. If trial is successful, 
defi ned as >50 % improvement in symptoms, 
the patient is offered implantation with place-
ment of the tined lead and INS during a single 
procedure. If therapy did not result in at least a 
50 % improvement in symptoms, the patient can 
choose to undergo a staged trial, especially if 
there were any concerns regarding lead migra-
tion or lead placement that may have affected 
the outcome.

  Fig. 4.5    Foramen needle placed superior to the hillock 
of S3       

   Table 4.1    Sacral root responses   

 Sacral 
level  Motor response 

 Sensory 
response 

 S2  Bellows, clamp, dorsifl exion 
foot, heel rotation, calf 
cramping 

 Genital 

 S3  Bellows, dorsifl exion great 
toe, dorsifl exion foot 

 Genital, 
perineal, anal 

 S4  Bellows  Anal 
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       Staged Lead Implantation 
as Initial Trial  

   Patient Positioning and Preparation 
 A staged trial involves placement of the tined 
quadripolar lead connected to a lead extension 
that is externalized for a prolonged test stimula-
tion trial. As with the PNE and discussed above, 
the patient must complete a baseline voiding 
diary prior to the procedure. The procedure is per-
formed with a combination of conscious sedation 
or MAC with local anesthesia and therefore the 
patient does require medical clearance to undergo 
anesthesia. It is preferable to perform the proce-
dure under MAC rather than general anesthesia to 
allow the patient to give sensory feedback during 
lead placement. On rare occasion, a patient is not 
an appropriate candidate for MAC based on other 
comorbidities and requires general anesthesia. 
It is important in these situations that the surgeon 
has good communication with the anesthesia 
team about the medications given as only a short-
acting paralyzing agent should be used to avoid 
blocking pelvic fl oor muscle responses during 
intraoperative stimulation. A preoperative dose of 
an antibiotic with coverage against skin fl ora such 
as cephazolin (Ancef) or vancomycin, if there is 
concern for MRSA, is administered prior to the 
procedure.    A Hibiclens wash the night before, 
and morning of surgery, and pre-op skin wipe 
down with a sage cloth are also measures, which 
may reduce the potential for infection. 

 The patient is placed in prone position on a 
table that will accommodate fl uoroscopy with the 

hips positioned on the table where the c-arm unit 
will pass beneath the table allowing the surgeon 
to view the sacrum on both AP and lateral views. 
Two chest rolls are placed to assist with respira-
tion and pillows are placed under the hips and 
shins to pad pressure points. The feet remain 
uncovered to allow observation of motor 
responses during intraoperative stimulation. The 
lower back and buttocks are fi rst wiped with alco-
hol, and then, after drying, prepped with an anti-
septic solution such as Dura Prep (3M) solution. 
After the prepping solution has dried, towels are 
placed at the bottom of the buttocks, on the sides 
lateral to where an INS would be positioned, and 
above the estimated location of L5–S1. An Ioban 
sheet (3M) is placed smoothly over the entire 
remaining area of exposed, prepped skin, and the 
buttocks are gently pulled apart and then released 
to allow the Ioban to attach/insert itself into the 
intergluteal fold. Taping apart of the buttocks is 
not needed in order to see the bellows response, 
and is discouraged due to the potential for creat-
ing patient anxiety and muscle tension. The com-
ponents of the lead kit are shown in Fig.  4.7 . As 
with the PNE discussed previously, a grounding 
pad is placed and Test Stimulation Cable and 
Patient Cable are connected to the external stimu-
lation device (Fig.  4.2 ).

      Selecting the Appropriate Foramen 
and Positioning the Needle 
 The process of using fl uoroscopy to identify the 
medial edge of the S3 foramen and identifying 
S3 on lateral views is the same as described 

  Fig. 4.6    ( a ) PNE leads after placement. ( b ) Tunneling of the leads to decrease migration during the trial       
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for the PNE. One difference in placement of the 
tined lead is that only a single lead is placed 
rather than performing bilateral placement. Either 
side can be chosen for placement but if the patient 
has a lateralizing pain component, it is preferred 
to place the lead on that side. Identifying the skin 
entry point, administration of local anesthesia to 
the skin, and placement of the foramen needle is 
also the same as the PNE. The foramen needle 
should follow a cephalocaudal path, paralleling 
the fusion plane between the sacral vertebrae, 
passing through the sacrum approximately 1 cm 
superior to the tip of the hillock. The foramen 
needle is tested only with the tip just anterior to 
the anterior surface of the sacrum. It is at this 
point where the “opening threshold” is measured. 
As opposed to the PNE, it is vital to reposition 
the needle as necessary to get the most robust 
responses. We usually aim for this threshold to be 
at or below 1 V. If it is higher than 2 V, reorienta-
tion of the foramen needle is needed, making 
sure that it is as medial as possible related to the 
edge of the bone, and also as high as possible 
related to the hillock. For example, if the tip of 
the foramen needle is at or below the hillock just 
as it enters the pelvis, it is nearly always 

 incorrectly placed, and does not need to be tested 
before repositioning. Also, it is important to note 
the order in which motor responses are seen at 
this point. Bellows should come fi rst, and then 
toe fl exion. An opening threshold at or below 
1.5 V, with the appropriate pattern of motor and 
sensory responses, should be obtained before 
attempting to deploy the tined lead.  

   Placement of the Introducer Sheath 
and the Tined Lead 
 Once the needle has been positioned, a small skin 
nick is made alongside the needle making sure 
the needle moves freely within the small incision. 
The skin nick must be through the skin into fat, 
and long enough (0.5–1.0 cm) to allow eventual 
tined lead placement without causing it to be 
trapped superfi cially. The inner stylet of the nee-
dle is removed and the directional wire guide is 
passed to the mark corresponding to the needle 
length (3 or 5 in.). The foramen needle is removed 
leaving the directional wire guide in place. The 
lead introducer sheath is then passed over 
the  directional guide under fl uoroscopy until the 
radiopaque marker present at the tip of the sheath 
is located approximately 1/2–2/3 through the 

  Fig. 4.7    Components of lead introducer and lead kits: 
tunneling device, straight stylet, lead with ball tip stylet in 
place, directional wire guide, introducer and sheath, two 

3 in. foramen needles, torque wrench, plastic covering/
boot, and lead extension wire       
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bone table (Fig.  4.8a, b ). This step is emphasized 
as it is critical to the reproducibly successful 
positioning of the tined lead. Once the sheath has 
been placed at the proper depth, the introducer 
stylet and directional guide are removed.

   Prior to passing the lead, the authors suggest 
exchanging the straight and stiffer stylet, the lead 
comes packaged with, to the ball-tipped (curved) 
stylet, which is provided in the lead kit. This is 
because it is softer than the straight stylet, and 
allows for attachment to the lead. The lead/stylet 
assembly becomes more fl exible and steerable, 
allowing it to more precisely approximate the 
course of the sacral nerve as it enters the pelvis. 
The lead is passed through the introducer under 
fl uoroscopy with care not to deploy the lead. 
Accidental deployment can be avoided easily by 
keeping the introducer tip 1/2–2/3 of the way 
through the bone table, and making sure that con-
tact points 2 and 3 of the tined lead straddle the 
bone table. The lead has two marks on the upper 
half of the lead and if the most proximal (upper) 
marking passes into the sheath, the lead will be 
deployed as the tines will be located outside of 
the sheath. The lead should point slightly cau-
dally and laterally (“down and out”) as it passes 
anterior to the sacrum. When viewing on a lateral 
X-ray, one can assess for whether the lead curves 

outward or laterally by looking at the distance 
between the lead contact points. The distal con-
tact points (0 and 1) will appear to be spaced 
closer together in the lateral view if the distal lead 
points away from its initial entry point anterior to 
the sacrum (Fig.  4.9a, b ). On the AP view (usu-
ally taken after fi nal deployment) the proximal 
contact spacing (between points 3 and 2) should 
appear closer than the distal (1 and 0) since the 
lead is coming towards and then moving away 
from the viewer. If the lead is not pointing in a 
“down and out” position, it should be reposi-
tioned by pulling the lead back under fl uoroscopy 
until the distal tip is within the introducer sheath 
before adjusting/turning and re-advancing to help 
pass it along a different path, which can be con-
fi rmed on fl uoroscopy.

   Once positioned, the lead is tested by stimu-
lating at each of the four contact points (0–3) 
starting at the most distal contact (0) and observ-
ing for the threshold at which appropriate 
responses are fi rst visualized or sensed by the 
patient. If the response is elicited at a low thresh-
old, this supports that the lead is parallel to the 
nerve. Ideally, low thresholds should be obtained 
with stimulation at all four of the contact points, 
which will allow for longer battery life and maxi-
mal programming options. Also, the pattern of 

  Fig. 4.8    ( a ) Lead introducer and sheath in place. ( b ) Lead introducer in place during a lead revision. Note the different 
angles of entry and position with respect to the S3 hillock       
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responses will help to indicate which way the 
lead trajectory must be altered. For example, if 
there is mostly foot response, or foot fi rst and bel-
lows second (favoring S2), the lead course needs 
to be more downward. If there is all bellows and 
no toe (favoring S4), the lead must be made to 
course more upward. If appropriate responses are 
not seen at a low threshold at each point, the lead 
should be repositioned as described above. 
Moving the introducer sheath deeper or shal-
lower within the boney canal changes the “launch 
point” of the lead, which can help adjust the path 
the lead takes if needed. The launch point can be 

retracted simply by pulling back the introducer 
sheath under fl uoroscopic control, but it should 
only be advanced while the sheath is cannulated 
by the lead or the introducer stylet and directional 
guide. It should never be advanced beyond the 
anterior sacral surface. Even if this happens by 
mistake, it can interfere with the ideal course of 
placement due to creating a “false passage.” If 
after several attempts to reposition the lead, ideal 
responses are not elicited, it may be necessary to 
start again with the foramen needle to obtain a 
different path for the lead. Also, one should con-
sider switching to the contralateral side if unable 

  Fig. 4.9    ( a ) Deployed lead on lateral view. ( b ) Deployed lead on AP view       
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to get appropriate positioning of the lead. Since 
the vast majority of patients undergoing lead 
placement are anatomically and neurologically 
normal, the main cause for not getting all four 
contacts yielding appropriate responses at simi-
larly low thresholds is related to technique or 
lack of persistence, and not patient factors. Once 
the ideal position is obtained, the tines are 
deployed by pulling back the introducer sheath 
under fl uoroscopy. During this step, since all four 
responses are nearly equal, indicating the lead is 
placed along the nerve, we will slightly advance 
the lead to the point where contact 3 is just ante-
rior to the bone table. This allows more fl exibility 
in using contact 3 in programming. After fi nal 
retesting to confi rm positioning, the lead stylet 
should be removed.  

   Connecting the Lead 
to the Lead Extension 
 If the patient is undergoing a full implant follow-
ing a successful PNE with placement of the lead 
and INS during a single procedure, this section 
can be skipped. The authors prefer to place the 
lead connection at the future site of the INS. To 
identify this site, the lateral edge of the sacrum is 
palpated and marked along with the posterior 
superior iliac crest. The site of the future INS 
should be marked in a slight diagonal plane 
overlying an area of fat away from the marked 
bony landmarks in the upper buttock. Before 
making the incision, make sure the lead will eas-
ily reach this area once tunneled. After adminis-
tering the local anesthetic to the lateral aspect of 
the marked incision, a 1–2 cm incision is made 
through the lateral portion of the marked area 
extending through the skin into the subcutaneous 
layer of fat. 

 The length of the plastic sheath surrounding 
the provided tunneling device can be used to 
measure the furthest possible site on the contra-
lateral side of the patient’s back where the lead 
connection will be externalized. The local anes-
thetic should be applied to the skin in that area in 
a quarter sized wheel. The tunneling device is 
then passed from the incision, through the subcu-
taneous fat, to the anesthetized area on the con-
tralateral side. It is important that the path of the 

tunneling device is superior to the sacral incision 
where the lead was placed. The sharp end of the 
tunneler is externalized and the metal portion is 
removed leaving the plastic sheath in place. The 
distal end of the lead extension is passed through 
the sheath until it exits the skin and the plastic 
sheath is then removed. If there is a hang-up 
while passing the lead extension, the directional 
guide can be used to help push the extension 
completely through the tunneling sheath. 

 Two methods can be used to pass the lead 
from the sacral incision to the incision in the but-
tock where it will be connected to the lead exten-
sion wire. One method that can be used if the 
distance is short is using the lead introducer 
sheath. This technique is more often useful when 
placing the lead and INS at the same time. The 
other method is using the tunneling device. The 
tunneling device may be curved if needed to 
decrease the amount of excess lead present within 
the buttock incision. It is important to pass which-
ever device is chosen deep within the fat so that it 
does not lie superfi cially beneath the skin. It is 
also important that the pre-sacral incision is big 
enough to allow the tunneling device to be passed 
without damaging the lead with the tunneling 
device, or leaving the lead trapped superfi cially 
within the incision as mentioned earlier. The lead 
is in turn connected to the lead extension wire 
and the four screws are tightened using the pro-
vided torque wrench, turning a quarter turn past 
the click. The plastic covering or boot is placed 
over the connection hub and secured in place 
with a prolene tie. A straight clamp is used to 
grasp gently the plastic sleeve covering the proxi-
mal aspect of the lead extension wire, with care 
taken to avoid damage to the wires, and used to 
pass the connection along the path of the lead 
extension until the connection hub lies within the 
subcutaneous fat just medial to the incision. This 
allows easy identifi cation of this connection at 
the time of the completion procedure or during 
removal. If there is redundant lead present, this 
should be looped in the subcutaneous fat inferior 
to the incision so it will not bunch up within the 
small incision preventing optimal healing and be 
out of the way when the incision is reopened for 
the next stage. The wounds are irrigated with 
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antibiotic solution and the subcutaneous fat 
 anterior to the lead and lead extension is closed 
with 2-0 vicryl suture. The skin of both the but-
tock incision and pre-sacral incision are closed 
with a subcuticular 4-0 vicryl suture. Skin glue is 
placed over both incisions after closure. 

 Finally, the externalized portion of the lead 
extension is connected to the lead extension cable, 
which in turn is to be attached to the test stimula-
tion device for the trial. The connection between 
the extension and cable is secured to the patient’s 
back with a Telfa and Tegaderm dressing.   

   Implantation of the INS (Stage 2) 

 A completion phase procedure is scheduled 2–4 
weeks after the fi rst stage where the INS will be 
implanted if the trial is successful, or removal of 
the lead and lead extension if unsuccessful. If 
there has been signifi cant improvement (>50 %) 
in the target symptoms based on voiding diary 
and subjective changes noted by the patient, 
implantation of the permanent INS is supported. 
This step is also performed using a combination 
of MAC and local anesthesia. 

 Perioperative anesthesia and skin preparation 
are the same as for the lead implant. The area of 
the buttock where the prior connecting incision 
was made is prepped and draped leaving the area 
where the lead extension wire is externalized out-
side of the prepped fi eld to decrease contamina-
tion. The buttock incision from the fi rst stage is 
marked and extended medially in the direction of 
the tunneled lead so that it will be just long 
enough to accommodate the INS. The skin in this 
area is infi ltrated with the local anesthetic and 
after incision is made, electrocautery is used to 
maintain hemostasis. The subcutaneous fat is 
opened overlying the connection hub. The lead 
extension wire is cut distal to the plastic sleeve 
covering adjacent to the connection. The hub is 
usually left on the lead to protect it until creation 
of the pocket is complete. The remaining lead 
extension wire is removed by pulling on the 
externalized portion, which should be performed 
by someone outside of the sterile fi eld, usually 
after the case has been completed and the drapes 
are being removed. 

 A subcutaneous pocket is then created using 
cautery and blunt dissection extending 2–3 cm 
beneath and parallel to the skin staying anterior 
to fascia of the muscle. This should be just large 
enough to allow the INS to be placed assuring 
that it lies fl at and parallel to the skin without 
excess room to avoid the device “fl ipping” within 
the pocket. The prolene tie and plastic boot over 
the lead connection are cut and removed. The 
lead is separated from the remaining portion of 
the lead extension and the wound is irrigated with 
antibiotic solution. The lead is attached to the 
INS, which is then placed in the pocket tucking 
any excess length posterior to the device to pre-
vent lead injury during any future revision sur-
gery that may be needed. The overlying fat 
should come together without tension if the 
pocket size is optimal. The subcutaneous tissue is 
closed with absorbable suture, the skin is closed 
with a subcuticular absorbable stitch such as 
Vicryl, and skin glue is placed over the incision.  

   Initial Device Programming 

 Following placement of the tined lead, the device 
is programmed in the postoperative recovery 
area. It is important to discuss the use of the 
brown box (placement of lead only) or ICon 
Patient Programmer (INS placement) prior to the 
procedure with the patient as sedation may affect 
their retention of the information given postop-
eratively. If possible, it is useful to also have a 
family member or friend present during educa-
tion for device use. 

 When only the tined lead is placed, the brown 
box is set using the Electrode Select switches 
with one contact set as the negative electrode and 
one contact set as the positive electrode. The box 
is then turned on and amplitude is increased until 
the patient feels the stimulation. If stimulation is 
not felt comfortably in an appropriate area or the 
amplitude reaches 10 V, a different combination 
of positive and negative electrodes should be 
used. The initial program tried is typically con-
tact 0 set as the negative electrode and contact 3 
set as the positive electrode. During the trial, the 
patient is contacted periodically to assess symp-
tom control and change the program as needed. 
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 If both the tined lead and the INS are 
implanted, programming is done using the 
N’Vision Clinician Programmer and the ICon 
Patient Programmer. An impedance check is per-
formed to assess the lead and the connection of 
the lead to the INS using the N’Vision Clinician 
Programmer. As with the brown box, one contact 
point is set as the negative electrode while a sec-
ond contact point is set as the positive electrode. 
Four programs can be set in the ICon Patient 
Programmer with initial programming set as: 
  Program 1    Negative 0, Positive 3   
  Program 2    Negative 1, Positive 3   
  Program 3    Negative 2, Positive 0   
  Program 4    Negative 3, Positive 0   

   The patient is able to adjust the amplitude and 
switch between the programs as needed using the 
ICon patient programmer.  

   Removal of the Tined Lead 

 If during the trial the target symptoms are not suf-
fi ciently controlled, the tined lead should be 
removed along with the lead extension. This can 
be performed in the offi ce using local anesthesia 
or in the operating room using sedation (MAC) 
and local anesthesia. After prepping the skin, the 
local anesthetic is administered to the area of the 
buttock incision overlying the lead connection. 
The incision and subcutaneous tissue are opened, 
exposing the connection hub medially. The hub is 
pulled up into the incision, and the lead extension 
wire is cut distal to the plastic sleeve. Later, the 
remaining extension wire is removed from the 
skin. Traction is then applied to the tined lead 
until it is removed. If there is signifi cant resis-
tance and the lead begins to elongate, it may frac-
ture during removal. This would rarely if ever 
occur after only a staged trial. If this is the case, 
consideration should be given to opening the 
sacral incision to remove the lead from that loca-
tion. The lead can usually be removed without 
opening the sacral incision after the trial period 
but when the lead has been in place more perma-
nently, the site of the sacral incision usually needs 
to be opened. Once removed, the wound is irri-
gated and closed with absorbable suture.   

   Complications 

 Potential complications include wound infection, 
pain related to stimulation or at implantation site, 
loss of effi cacy, or need for magnetic resonance 
imaging (MRI). If a wound infection develops, 
all components of the device must be removed. 
The authors recommend also removing the cap-
sule that forms around the INS. The wound 
should be irrigated copiously and should usually 
be left to close by secondary intention by packing 
the wound. It is important that suffi cient time 
between wound healing and reimplantation occur 
to try to prevent recurrent infection. The rate of 
infection noted in a recent trial (InSite) involving 
implantation in 272 patients was 3.3 % [ 10 ]. The 
infection rate noted in two studies with long-term 
follow-up as 5 % [ 9 ,  25 ]. In the case of painful 
stimulation, the fi rst step should be reprogram-
ming to try to get a more comfortable stimulation 
setting. Pain at the INS site can often be limited 
by using a bipolar setting. If pain is associated 
with palpation over the lead site in the pre-sacral 
area or over the INS, a revision is sometimes nec-
essary. If the lead is too superfi cial under the 
skin, it can be uncomfortable and require revision 
surgery to pass the lead deeper in the subcutane-
ous tissue. If too small of a pre-sacral incision has 
been made during lead placement, it can lead to a 
palpable knuckle of the lead in the pre-sacral 
skin, or to anterior migration of the lead. This is 
particularly true in thin patients. Initially making 
a larger incision, or using an absorbable suture to 
lay the lead fl at against the fascia, can be helpful 
to prevent this. One group reported pain at the 
lead site in 5.4 % and pain at the INS site in 
15.3 % of patients with long-term follow-up [ 14 ]. 
Another study reported pain with any of the 
device components in 6.8 % of patients with use 
of the tined lead [ 25 ]. The INS can cause discom-
fort if placed too superfi cially, not parallel to the 
skin, or in too large of a pocket, causing it to 
move or “fl ip” within the pocket. It can also cause 
pain if it sits against a bony prominence. In 
these  instances, the site may need to be revised 
or the INS may need to be moved to a different 
location. If the INS is moved to a new incision 
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site, the capsule should be removed from the 
abandoned implantation site. If it is to be placed 
deeper or more parallel within the same pocket, 
the old capsule can serve as a sub-layer, under 
which the new pocket may be created, and then 
the capsule can be largely obliterated by using it 
as a separate closure layer over the newly posi-
tioned device. 

 If the lead is placed ideally along the course of 
the nerve, allowing all four contact points to have 
appropriate responses at low stimulation thresh-
olds, it should increase the fl exibility in program-
ming by allowing for more potential options. 
It  should also increase the battery life. In gen-
eral, the average length of battery life for an 
implanter is a good indication of the quality of 
lead placements. We frequently have InterStim 2 
devices lasting beyond the 5 year mark. When a 
battery depletes on the short end of its life expec-
tancy, a problem related to lead position is clearly 
implied. If the patient loses benefi t with the ther-
apy, the fi rst step is to evaluate the device in terms 
of confi rming the device is turned on, that the 
patient is using it properly, estimating remaining 
battery life, and performing an impedance check. 
If all of these are normal, the device should be 
reprogrammed. After reprogramming fails to 
manage the patient’s symptoms suffi ciently, con-
sideration may be given to performing a lead 
revision, especially if the patient previously had 
good success with the therapy. During a lead 
revision, a new lead should be placed with 
removal of the old lead. With development of the 
tined lead, the rate of lead revision surgery has 
decreased as discussed earlier. The decision for 
simultaneous replacement of the INS depends on 
the estimated remaining battery life. 

 There are occasions where an MRI may be 
warranted in a patient with an implanted device. 
It has been shown that MRI of the head using an 
open 1.5 T machine with RF transmit/receive 
head coil only can be safely obtained in patients 
with the InterStim device (Medtronic, 
Minneapolis, MN) [ 26 ]. The device should be 
turned off during the study and the patient should 
not be sedated, so they can signal any discomfort 
that may develop during the scan. In patients 
where an MRI of other areas such as the pelvis or 

back is required and no other imaging studies are 
adequate for evaluation of the patient’s condition, 
the device would need to be removed completely 
with care taken to remove the entire lead. It is 
important to avoid implantation initially in 
patients with a medical condition that will require 
the routine use of MRI.  

   Percutaneous Tibial Nerve 
Stimulation 

 PTNS is another form of neuromodulation that 
can be offered to patients with OAB. 
Neuromodulation is achieved by accessing the 
posterior tibial nerve above the ankle sending 
stimulation to the sacral plexus (S2–S4) modulat-
ing bladder innervation. Urgent PC is an FDA 
approved neuromodulation system providing this 
retrograde stimulation as an offi ce based therapy. 
The induction therapy consists of 30 min sessions 
given weekly for 12 weeks and for those that ben-
efi t; therapy is maintained with a session every 
3–4 weeks thereafter. The Overactive Bladder 
Innovative Therapy (OrBIT) trial was a random-
ized control trial performed in patients with uri-
nary frequency comparing PTNS to tolterodine. 
The patients’ subjective improvement with the 
initial 12 weeks of therapy was 79.5 % in PTNS 
group compared to 54.8 % in tolterodine group 
with objective measures similarly improved in 
the two groups [ 27 ]. A second phase of the trial 
was performed evaluating the durability of PTNS 
by extending therapy to 1 year for a group of 
patients. Sustained improvement was noted in 
those that initially received benefi t from the 
 therapy at 6 and 12 months in 94 % and 96 %, 
respectively [ 28 ]. 

   Procedure 

 With the patient seated or supine in a comfortable 
position, the needle electrode insertion site is 
identifi ed three fi ngerbreadths superior to the 
medial malleolus and one fi ngerbreadth posterior 
to the tibia. An alcohol pad is used to prep the 
skin at the insertion site, and the sterile needle 
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electrode (34 Gauge) is placed at a 60° angle to 
the skin with the tip pointed cephalad. The stop 
plug is removed and the needle electrode is 
tapped to pierce the skin and then the guide tube 
around the needle is removed. The needle elec-
trode is advanced using a twisting motion until 
approximately 2 cm is inserted. Once the needle 
electrode has been placed, the grounding pad or 
surface electrode is attached to medial aspect of 
the ipsilateral foot and the attached hook is con-
nected to the needle. The lead wire is connected 
to the stimulator, which is then used to administer 
30 min of stimulation. After 30 min, the needle 
electrode is removed along with the grounding 
pad/surface electrode. This procedure is repeated 
for each therapy session. All of the described 
components are available in the Urgent PC Lead 
Set (Uroplasty) [ 29 ].   

   Conclusion 

 OAB affects millions of people worldwide and 
when conservative therapies have failed to pro-
vide adequate management of voiding symp-
toms, SNM should be considered as the next step 
in the treatment algorithm. Neuromodulation can 
be offered in the form of SNS or PTNS. Other 
indications where SNS is an appropriate treat-
ment option are non-obstructive urinary reten-
tion, chronic pelvic pain, fecal incontinence, and 
childhood dysfunctional elimination syndrome. 
For SNS, there are two trial methods that may 
be  offered to patients: (1) PNE, (2) Staged 
Implantation. On multiple long-term follow-up 
studies, SNS has been shown to be effective and 
safe. Technological advances such as the tined 
lead and smaller INS have improved the therapy 
over time.     
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          Introduction 

 Transvaginal pelvic fl oor reconstruction can be 
divided by compartment: anterior repair, posterior 
repair, and apical repair. Approaches can be restor-
ative, compensatory, and obliterative. Restorative 
repairs utilize native tissue to fi x defects, while 
compensatory repairs utilize biologic or synthetic 
graft material to fi x defects. It is critical to recog-
nize that the presence of prolapse alone is not an 
indication for treatment. Up to half of women who 
have had a vaginal delivery will have prolapse to 
the hymen. Many, especially as they get older, will 
have prolapse beyond the hymen [ 1 ]. For a signifi -
cant proportion of these patients the prolapse is 
asymptomatic and does not require intervention. 
 Only symptomatic patients should be treated.   

   Anterior Repair 

   Background 

 Anterior compartment prolapse is herniation of 
pelvic organs into the anterior vaginal wall, 
including urethrocele (herniation of the urethra), 

cystocele (herniation of the bladder), and anterior 
enterocele (herniation of the small bowel) [ 2 ]. 
The prevalence and incidence of anterior com-
partment prolapse is not well described. In the 
Women’s Health Initiative, the prevalence of 
 cystocele was 34 % in women age 50–79 
years [ 3 ]. Risk factors for anterior compartment 
prolapse include increasing age, body mass 
index, and number of vaginal deliveries. Other 
possible risk factors include pregnancy, forceps 
delivery, young age at fi rst delivery, prolonged 
labor, high infant birth weight, smoking, elevated 
intra- abdominal pressure (due to constipation, 
chronic cough, or occupations requiring heavy 
lifting), estrogen defi ciency, previous hysterec-
tomy, connective tissue disorders (e.g., Ehlers–
Danlos syndrome, Marfan’s syndrome), muscular 
disorders (e.g., multiple sclerosis, muscular dys-
trophy), low socioeconomic status, ethnicity, 
family history, and history of prior prolapse 
repair [ 2 – 4 ]. The strongest risk factor is vaginal 
delivery with one study noting a 2.2 (1.8–2.7) 
times increased risk of cystocele after a single 
childbirth compared to nulliparity [ 3 ].  

   Evaluation 

 The fi rst and most important step in evaluation of 
anterior compartment prolapse is a history and 
physical examination. Women with symptomatic 
anterior compartment prolapse may complain 
of  a sensation of a vaginal bulge, pressure, or 
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heaviness. They may visualize the protrusion. 
Urinary symptoms may include incontinence, 
frequency, urgency, obstructive voiding symp-
toms, or the need to manually reduce the prolapse 
to void. Patients may also complain of dyspareu-
nia [ 3 ]. General symptoms can include low back 
pain, generalized pelvic pain, or bloody discharge 
due to ulceration of the prolapsed vaginal skin 
[ 2 ]. The history should thus elucidate the pres-
ence of risk factors and symptoms as listed above. 

 Physical examination is standardized by uti-
lizing the Pelvic Organ Prolapse Quantifi cation 
(POPQ) system, which involves the measure-
ment of 9 points (Fig.  5.1 ):
    Aa—anterior vaginal wall 3 cm proximal to the 

hymen  
  Ba—most distal position of the remaining upper 

anterior vaginal wall  
  C—most distal edge of cervix or vaginal cuff scar  
  D—posterior fornix (not applicable if 

post-hysterectomy)  
  Ap—posterior vaginal wall 3 cm proximal to the 

hymen  
  Bp—most distal position of the remaining upper 

posterior vaginal wall  
  Genital hiatus (gh)—middle of external urethral 

meatus to posterior midline hymen  

  Perineal body (pb)—posterior margin of gh to 
middle of anus  

  Total vaginal length (tvl)—depth of vagina with 
prolapse reduced    

 The POPQ can be categorized into stages:
   Stage 0—No prolapse  
  Stage 1—The most distal point of the prolapse is 

at least 1 cm above the level of the hymen  
  Stage 2—The most distal point of the prolapse is 

between 1 cm proximal and 1 cm distal to the 
level of the hymen  

  Stage 3—The most distal point of the prolapse is 
between 1 cm distal to the level of the hymen 
and 2 cm less than the tvl  

  Stage 4—The most distal point of the prolapse is 
equal to or beyond 2 cm less than the tvl, from 
the level of the hymen    
 Some clinicians simplify the POPQ exam and 

do not routinely measure Aa or Ap. 
 Other staging systems generally utilize the 

relationship of the leading edge of the prolapse to 
the hymenal ring or introitus. 

 Imaging is not routinely used in the evaluation 
of pelvic organ prolapse. However, it has been 
argued that clinical examination assesses surface 
anatomy and is more limited in assessing 

3 cm

Aa

Ba
C

D

Ap

Bp

tvl

pb

gh

  Fig. 5.1    POP-Q exam. 
 Aa  point A anterior,  Ap  
point A posterior,  Ba  point 
B anterior,  Bp  point B 
posterior,  C  cervix or 
vaginal cuff,  D  posterior 
fornix (if cervix is present), 
 gh  genital hiatus,  pb  
perineal body,  tvl  total 
vaginal length       
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 structural abnormalities [ 5 ]. Underestimation or 
misdiagnosis of the compartment that is  prolapsed 
can occur in 45–90 % of cases [ 6 ]. What appears 
to be a cystocele could in rare cases be a urethral 
diverticulum, Gartner duct cyst, or anterior 
enterocele [ 5 ]. Thus, in ambiguous cases, transla-
bial ultrasound or dynamic MR imaging can be 
utilized. However, this is not routine, requires 
trained personnel to interpret the imaging, and 
may be cost-prohibitive.  

   Surgical Repair 

 The patient is placed in the dorsal lithotomy 
 position. The external genitalia is prepped and 
draped in the usual sterile fashion. Some choose to 
shave the perineum but it is not required. One dose 
of intravenous antibiotics is administered for pro-
phylaxis prior to incision. As per the 2011 
American Urological Association Guidelines on 
Antibiotic Prophylaxis, the antibiotics of choice 
for vaginal surgery are a fi rst/second generation 
Cephalosporin or an Aminoglycoside (Aztreonam 
if the patient has renal insuffi ciency) plus 
Metronidazole or Clindamycin. Alternative 
 antibiotics are Ampicillin/Sulbactam or 
Flouroquinolone [ 7 ]. A foley catheter is placed to 
drain the bladder. A weighted speculum is placed 
in the vagina. A Scott retractor or translabial 
sutures are used to retract and expose the  prolapse. 
The anterior compartment prolapse repair is then 
performed using one of the following techniques: 
traditional anterior colporrhaphy, mesh-aug-
mented colporrhaphy, or paravaginal defect repair. 

   Traditional Anterior Colporrhaphy 
     1.    An Allis clamp is placed 1 cm distal to the 

vaginal cuff or cervix. A second Allis clamp is 
placed just proximal to the bladder neck.   

   2.    While pulling the anterior vaginal wall out-
ward with the Allis clamps, the vaginal wall is 
infi ltrated superfi cially with a dilute solution 
of lidocaine mixed with epinephrine (Fig.  5.2 ).

       3.    A midline incision is made between the two 
Allis clamps (Fig.  5.3 ).

       4.    Allis clamps are placed on the edges of the 
vaginal skin on both sides of the incision.   

   5.    While retracting the Allis clamp outward, the 
assistant should provide countertraction on 
the pubocervical fascia thus delineating the 
plane between the vaginal skin and pubocervi-
cal fascia. (Note, the more appropriate term is 
vaginal muscularis and not pubocervical 
 fascia, since there is no actual fascial layer.) 
A  combination of sharp and blunt dissection 
is used to dissect the vaginal skin off the 
underlying pubocervical fascia (Fig.  5.4 ).

       6.    The pubocervical fascia is then plicated in the 
midline with 2-0 absorbable interrupted 
sutures (Fig.  5.5 ).

       7.    Many surgeons perform a cystoscopy at this 
point to evaluate for ureteral effl ux ensuring 
that they have not caused ureteral obstruction, 
and to verify there are no sutures in the 
bladder.   

   8.    Excess vaginal skin is excised and the incision 
is closed with a running, locking absorbable 

  Fig. 5.2    Hydrodissection with a dilute solution of lido-
caine mixed with epinephrine. (Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art and 
Photography © 2002–2013. All Rights Reserved.)       
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suture—it is important not to overtrim the 
vaginal skin.   

   9.    If a concomitant mid-urethral sling is being 
placed, it should be done after the cystocele 
repair through a separate more distal incision.      

   Mesh-Augmented Colporrhaphy 
 Mesh placement for mesh-augmented anterior 
colporrhaphy can be performed using self- 
tailored biologic or synthetic mesh, a transobtu-
rator and/or transgluteal trocar-guided synthetic 
mesh kit, or a non-trocar synthetic mesh kit. (The 
objective outcome data is better for macroporous 
polypropylene synthetic mesh compared to 
 biologic mesh. See section on Recent Randomized 
Trials on Outcomes)
    1.    An Allis clamp is placed 1 cm distal to the 

vaginal cuff or cervix. A second Allis clamp is 
placed 1–2 cm proximal to the bladder neck.   

   2.    While pulling the anterior vaginal wall out-
ward with the Allis clamps, the vaginal wall is 
infi ltrated  deeply  and hydrodissected with a 

dilute solution of lidocaine mixed with epi-
nephrine, thus developing a plane between the 
pubocervical fascia and the bladder adventitia.   

   3.    A midline incision is made between the two 
Allis clamps.   

   4.    Allis clamps are placed on the edges of the 
vaginal skin on both sides of the incision.   

   5.    A combination of sharp and blunt dissection 
is used to dissect the vaginal skin with the 
underlying pubocervical fascia off the blad-
der adventitia, thus developing the vesico-
vaginal space. The dissection to achieve this 
plane is very different from the traditional 
colporrhaphy dissection. The correct plane 
for mesh placement is critical to ensure that 
mesh extrusion does not occur.   

   6.    The mesh is placed loosely to allow for pos-
sible scarring and tightening of the mesh.   

   7.    The mesh is secured to the arcus tendineus 
fascia pelvis (ATFP), iliococcygeus muscle, 
or sacrospinous ligament depending on the 
technique used (Fig.  5.6 ).

  Fig. 5.3    Midline incision for anterior colporrhaphy. 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art and Photography © 2002–2013. All Rights 
Reserved.)       

  Fig. 5.4    Dissection between vaginal skin and pubocervi-
cal fascia. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art and Photography © 2002–2013. 
All Rights Reserved.)       
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       8.    Cystoscopy is performed to verify there are 
no sutures or mesh in the bladder.   

   9.    The vaginal skin is not trimmed and is closed 
with a running absorbable suture [ 8 ].   

   10.    A vaginal pack is left in place overnight      

   Paravaginal Defect Repair 
     1.    The pubocervical fascia is exposed in the 

same manner as detailed above for traditional 
anterior colporrhaphy. However, the dissec-
tion is extended further so that the anterior 
border of the developed space is the ischiopu-
bic rami, the medial border is the pubic 
 symphysis, and the lateral border is the ischial 
spine.   

   2.    The pubocervical fascia is then plicated in the 
midline with 2-0 absorbable interrupted 
sutures.   

   3.    The lateral defect is then repaired by placing 
nonabsorbable suture through the avulsed 

 lateral edge of the pubocervical fascia, ATFP, 
and muscularis of the lateral vaginal wall. 
Transvaginally the exposure and suture place-
ment on the arcus tendineous can be challeng-
ing but is made easier by use of a device that 
allows for suture placement based on palpa-
tion (Capio ® , Boston Scientifi c Company). 
A series of four to six stitches are placed along 
the ATFP from the ischial spine toward the 
level of the urethrovesical junction.   

   4.    The same is performed on the contralateral 
side.   

   5.    The sutures are tied sequentially from one 
side to the other starting from the urethrovesi-
cal junction heading toward the ischial spine. 
This technique can also be performed trans-
abdominally. Transabdominal paravaginal 
defect repair is currently often performed 
with a minimally invasive laparoscopic or 
robotic approach.   

  Fig. 5.5    Plication of pubocervical fascia for anterior col-
porrhaphy. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art and Photography © 2002–2013. 
All Rights Reserved.)       

  Fig. 5.6    Biologic mesh-augmented anterior colporrhaphy. 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art and Photography © 2002–2013. All Rights 
Reserved.)       
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   6.    Cystoscopy is performed to evaluate for 
 ureteral effl ux and to verify there are no 
sutures in the bladder.   

   7.    Excess vaginal skin is excised and the incision 
is then closed with a running, locking absorb-
able suture.       

   Recent Randomized Trials 
on Outcomes [ 9 ] 

 Several prospective trials have compared 
 outcomes between these approaches. The fi rst 
randomized trial comparing anterior colporrha-
phy techniques was published by Weber et al. in 
2001 [ 10 ]. Chmielewski et al. reanalyzed the data 
using a more clinically relevant defi nition of suc-
cess, which included no prolapse beyond the 
hymen, absence of prolapse symptoms, and 
absence of retreatment. One hundred fourteen 
women were randomized to standard anterior 
colporrhaphy, ultralateral colporrhaphy, or ante-
rior colporrhaphy with (absorbable) mesh, and 
were followed at 6 months, 1 year, and 2 years 
after repair. Eighty-eight percent of women with 
suffi cient follow-up data at 1 year met the defi ni-
tion of surgical success. There was no difference 
between repair groups. The authors concluded 
that standard anterior colporrhaphy is appropriate 
for primary cystocele repair at 2 years follow-up 
[ 11 ]. Some have criticized this study as a reanaly-
sis years after the original with changing defi ni-
tions and relatively short follow-up given the 
length of time from the original study [ 12 ]. 

 Several more recent randomized, controlled 
trials have compared anterior colporrhaphy with 
mesh-augmented colporrhaphy. Anatomical 
 success rates for anterior colporrhaphy were 
41–72 % versus 81–91 % for self-tailored syn-
thetic mesh-augmented colporrhaphy and 
87–91 % for synthetic mesh-kit-augmented col-
porrhaphy at 1 year follow-up. Vaginal mesh 
extrusion rates were 4–7 %. Rates of de novo 
dyspareunia were not signifi cantly different 
between groups [ 13 – 16 ]. 

 The randomized, controlled study with the 
longest follow-up, 3 years, reported 59 % ana-
tomical success in the traditional colporrhaphy 

group versus 87 % in the synthetic mesh- 
augmented colporrhaphy group ( p  < 0.0001). 
Symptomatic outcomes and rates of de novo dys-
pareunia were similar in both groups. The mesh 
extrusion rate was 19 % [ 17 ]. 

 The largest randomized controlled trial com-
pared 389 women who underwent trocar-guided, 
transvaginal polypropylene-mesh repair 
(Gynecare Prolift™ Anterior Pelvic Floor Repair 
System kit, Ethicon) to women who underwent 
traditional colporrhaphy. The primary outcome 
was a composite of anatomic and symptomatic 
success. At 1-year follow-up, 60.8 % of women 
treated with transvaginal mesh had no prolapse or 
vaginal bulge symptoms compared to 34.5 % of 
women who underwent traditional colporrhaphy 
( p  < 0.001). The rate of reoperation for mesh 
exposure was 3.2 %. The mesh repair group also 
experienced more surgical complications such as 
longer operating time, increased blood loss, blad-
der injury, and mesh-related complications [ 18 ]. 

 A criticism of several studies has been that 
anterior colporrhaphy has had worse anatomic 
outcomes compared to mesh-augmented colpor-
rhaphy due to not addressing concomitant apical 
prolapse. Nguyen et al. performed a randomized 
trial comparing anterior colporrhaphy with syn-
thetic mesh-augmented colporrhaphy. The major-
ity of these women underwent uterosacral vault 
suspension. At 1-year follow-up, anatomic suc-
cess (no stage 2 or greater anterior prolapse) was 
55 % and 87 % in the traditional and synthetic 
mesh-augmented groups, thus demonstrating the 
superiority of mesh-augmented repairs even after 
addressing apical prolapse in both groups [ 15 ]. 

 Given the risk of extrusion with synthetic 
mesh, three randomized trials have compared tra-
ditional colporrhaphy with biologic graft- 
augmented colporrhaphy. Meschia et al. utilized 
Pelvicol in their study of women with primary 
stage 2 or greater cystocele. At 2 years follow-up, 
the failure rate in the traditional group was 23 % 
versus 11 % in the Pelvicol group (RR 2.08, 95 % 
CI 1.08–4.01). One woman underwent graft 
removal due to “rejection.” Subjective outcomes 
at 2 years were not reported [ 19 ]. Dahlgren et al. 
performed a similar study utilizing Pelvicol ®  
(Bard Medical) for women with recurrent 
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 cystocele. Recurrence rates at 3 years follow-up 
were 57 % without versus 62 % with Pelvicol 
(not signifi cant). Symptomatic improvement and 
sexual function were similar in both groups [ 20 ]. 
The third randomized trial utilized cadaveric fas-
cial lata (Tutoplast ® , Davol) in women with pri-
mary or recurrent cystocele. At 13 months 
follow-up, there was no difference in objective 
and subjective outcomes [ 19 ]. Thus, it seems 
there is no functional or symptomatic advantage 
with the use of a biologic graft for colporrhaphy. 

 A randomized controlled trial comparing tradi-
tional colporrhaphy, xenograft-augmented, and 
synthetic mesh-augmented colporrhaphy has been 
conducted with 2 year follow-up. Anatomic fail-
ure rate was 58 %, 46 %, and 18 % in each respec-
tive group ( p  < 0.05). Symptomatic failure rates 
were not statistically different between groups. 
The mesh extrusion rate was 14 %. The authors 
concluded that synthetic mesh- augmented repair 
had the best anatomic outcome but symptomatic 
outcomes were similar between all groups [ 21 ]. 

 Finally, a recent Cochrane review has noted 
that there are better outcomes for anterior repair 
with mesh augmentation than anterior colporrha-
phy alone and that synthetic mesh does better 
than biologic mesh [ 19 ]. 

 See Table  5.1 .

      Summary 

 The randomized controlled trials comparing col-
porrhaphy with and without mesh are heteroge-
neous. However, the consensus seems to be that 
mesh repair provides superior anatomic outcome 
but equivalent symptomatic outcome. While sub-
jective outcomes appear similar in the short run, 
one cannot know at this point if that will remain 
so in the long run. Specifi cally, will those patients 
with asymptomatic anatomic recurrences now 
become those that have symptomatic recurrences 
in the future? Rates of de novo dyspareunia are 
not signifi cantly increased with mesh repair, but 
mesh exposure rates and the increased surgical 
complication rates are not negligible. Given the 
risk of mesh extrusion, the FDA safety update on 
transvaginal mesh for pelvic organ prolapse [ 22 ], 
and after a recent $5.5 million settlement against 

the manufacturers of Avaulta mesh,  surgeons 
must use caution when utilizing transvaginal 
mesh [ 23 ]. Does that mean there is no role for the 
use of synthetic mesh in transvaginal cystocele 
repair? The reality is that a percentage of women 
will fail primary traditional colporrhaphy and 
women with Stage 3 or higher prolapse are more 
likely to recur [ 24 ]. We thus recommend a prag-
matic approach to the use of transvaginal mesh 
for prolapse repair [ 25 ], by carefully selecting 
women at high risk for recurrence and having an 
informed discussion of the postoperative risks 
and complications of synthetic mesh-augmented 
colporrhaphy. In addition, some women with sig-
nifi cant apical prolapse with concomitant ante-
rior vaginal wall prolapse may do well with an 
abdominal sacrocolpopexy. This is discussed fur-
ther in the section on apical prolapse.  

     Table 5.1    Success rates for pelvic organ prolapse repair   

 Objective 
success (%) 

 Subjective 
success (%) a  

 Anterior repair 
  Traditional  41–89  81–100 
  Paravaginal  83  93 
   Synthetic mesh 

augmented 
 81–96  81–91 

   Biologic mesh 
augmented 

 54–82 

 Posterior repair 

  Traditional  75–91  80–93 
  Site-specifi c  78  88 
   Synthetic mesh 

augmented 
 78–96  79–96 

   Biologic mesh 
augmented 

 54–88  97 

 Apical repair 

  USVS  86–97  94 
  SSLF  69  91 
   Transvaginal mesh 

augmented 
 43  79 

  Open ASC  76–94  94 
  Laparoscopic ASC  77–91  87 
  Robotic ASC  88–94 
  Uterine sparing ASC  68 
   Hysterectomy and A–P 

repair 
 87 

  Colpocleisis  85–100 

   a Subjective outcomes not reported as a percentage for 
robotic ASC, uterine sparing ASC, hysterectomy and A–P 
repair, and colpocleisis, and thus not listed  
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   Key Points 

•     Anatomic cure after traditional colporrhaphy 
is as high as 72 % compared to as high as 91 % 
after synthetic mesh-augmented  colporrhaphy, 
even after addressing apical prolapse.  

•   Biologic graft-augmented colporrhaphy is not 
superior to traditional colporrhaphy.  

•   Early subjective outcomes and rates of de 
novo dyspareunia are similar for all types of 
colporrhaphy.  

•   Synthetic mesh extrusion rates are 4–19 %.  
•   Long-term anatomic durability and subjective 

outcomes are unknown.  
•   Women with recurrent cystocele or Stage 3 or 

higher prolapse may benefi t from a synthetic 
mesh-augmented repair if appropriately 
counseled.      

   Posterior Repair 
and Perineorrhaphy 

   Background 

 Posterior compartment prolapse is herniation of 
pelvic organs into the posterior vaginal wall, 
including rectocele (herniation of the rectum) 
and posterior enterocele (herniation of the small 
bowel) [ 2 ]. The prevalence and incidence of pos-
terior compartment prolapse is also not well 
described. In the Women’s Health Initiative, the 
prevalence of rectocele was 19 % in women age 
50–79 years [ 3 ]. Risk factors for posterior com-
partment prolapse are similar to those for anterior 
compartment prolapse (see above). The strongest 
risk factor is vaginal delivery with one study 
 noting a 1.9 (1.7–2.2) times increased risk of rec-
tocele after a single childbirth compared to nul-
liparity [ 3 ].  

   Evaluation 

 The fi rst step in evaluation of posterior com-
partment prolapse is a history and physical 
 examination. Women with symptomatic poste-
rior  compartment prolapse may complain of a 

sensation of a vaginal bulge, pressure, or 
 heaviness. They may visualize the protrusion. 
Bowel symptoms may include incontinence of 
fl atus or stool, feeling of incomplete emptying, 
straining to defecate, fecal urgency, digital 
evacuation of stool from rectum, splinting or 
manual reduction of prolapse to defecate, and 
feeling of obstruction during defecation. 
Patients may also complain of dyspareunia [ 3 ]. 
General symptoms can include low back pain, 
generalized pelvic pain, or bloody discharge 
due to ulceration of the prolapsed vaginal skin 
[ 2 ]. The history should thus elucidate the pres-
ence of risk factors and symptoms as previously 
described. 

 Physical examination is standardized by 
 utilizing the POPQ system as detailed in the 
 previous section. 

 Imaging is not routinely used in the evaluation 
of pelvic organ prolapse. However, transperineal 
ultrasound or MR defecography can differentiate 
a rectocele from an enterocele.  

   Surgical Repair 

 The patient is placed in the dorsal lithotomy 
position. The external genitalia is prepped and 
draped in the usual sterile fashion. One dose of 
intravenous antibiotics is administered for pro-
phylaxis prior to incision. As per the 2011 
American Urological Association Guidelines on 
Antibiotic Prophylaxis, the antibiotics of choice 
for vaginal surgery are a fi rst/second generation 
Cephalosporin or an Aminoglycoside 
(Aztreonam if the patient has renal insuffi ciency) 
plus Metronidazole or Clindamycin. Alternative 
 antibiotics are Ampicillin/Sulbactam or 
Flouroquinolone [ 7 ]. A foley catheter is placed 
to drain the bladder. A weighted speculum is 
placed in the vagina. A Scott retractor or transla-
bial sutures are used to retract and expose the 
prolapse. The posterior compartment prolapse 
repair is then performed using one of the 
 following techniques: traditional posterior col-
porrhaphy, site-specifi c posterior repair, or 
 graft-augmented posterior colporrhaphy. 
Perineorrhaphy is often performed at the same 
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time. The goals of posterior compartment 
 prolapse repair are plication of the prerectal and 
pararectal fascia, narrowing of the levator hiatus, 
and repair of the perineal body [ 26 ]. 

   Traditional Posterior Colporrhaphy 
     1.    The posterior vaginal wall is infi ltrated super-

fi cially with a dilute solution of lidocaine and 
epinephrine.   

   2.    A transverse incision is made at the hymen 
and a midline incision made extending towards 
the cervix, creating an inverted T (some prefer 
a triangle instead).   

   3.    The vaginal skin is carefully dissected off the 
rectovaginal fascia using sharp and blunt dis-
section. (Note, the more appropriate term is 
vaginal muscularis and not rectovaginal fas-
cia, since there is no actual fascial layer.)   

   4.    The lateral rectovaginal fascia is plicated 
together in the midline with interrupted 2-0 
absorbable stitches, starting proximally and 
progressing distally towards the perineal body 
(Fig.  5.7 ).

       5.    A perineorrhaphy is typically performed by 
placing deep plication sutures in the puborec-
talis muscle.   

   6.    Excess vaginal skin is excised after which 
the posterior vaginal wall is closed with 
running locking absorbable suture. It is 
important to not over plicate the perineum 
and to leave adequate skin so the incisions 
are not closed under tension. Too much nar-
rowing of the vagina can lead to dyspareu-
nia. It is the author’s practice to leave the 
introitus large enough to accommodate 
three fi ngers (Fig.  5.8 ).

          Site-Specifi c Posterior Colporrhaphy 
     1.    The posterior vaginal wall is not hydrodis-

sected in order to better identify defects in the 
rectovaginal septum.   

   2.    A transverse incision is made at the hymen 
and a midline incision made extending towards 
the cervix, creating an inverted T (some prefer 
a triangle instead).   

   3.    The vaginal skin is carefully dissected off the 
rectovaginal fascia using sharp and blunt 
dissection.   

   4.    A fi nger from the non-dominant hand is placed 
in the rectum and pushed upward to identify 
fascial defects, which are then repaired with 
interrupted stitches (Fig.  5.9 ).

       5.    Excess vaginal skin is excised, a perineorrha-
phy is performed if needed, and the vaginal 
skin is then closed.      

   Graft-Augmented Posterior 
Colporrhaphy 
     1.    A plane deep to the rectovaginal fascia is devel-

oped (usually after copious hydrodissection).   
   2.    The mesh is sutured proximally to the cervix, 

uterosacral ligaments, or sacrospinous liga-
ments, distally to the perineal body or distal 
rectovaginal septum, and in some techniques 
laterally to the pelvic sidewall. Alternatively, if 
a smaller patch of the mesh is used, it is sutured 
laterally to the pararectal fascia and proximally 
and distally to the rectovaginal fascia.   

   3.    The vaginal skin is not trimmed and is 
 subsequently closed over the mesh.       

  Fig. 5.7    Plication of rectovaginal fascia for posterior col-
porrhaphy. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art and Photography © 2002–2013. 
All Rights Reserved.)       
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  Fig. 5.8    Closure for 
posterior colporrhaphy. 
(Reprinted with 
permission, Cleveland 
Clinic Center for Medical 
Art and Photography 
© 2002–2013. All Rights 
Reserved.)       

  Fig. 5.9    Site-specifi c posterior colporrhaphy. (Reprinted with permission, Cleveland Clinic Center for Medical Art and 
Photography © 2002–2013. All Rights Reserved.)       
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   Recent Randomized Trials 
on Outcomes [ 9 ] 

 There are two randomized controlled trials 
 specifi cally studying transvaginal rectocele repair 
[ 27 ,  28 ]. Paraiso et al. randomized women to pos-
terior colporrhaphy ( n  = 37), site-specifi c recto-
cele repair ( n  = 37), or site-specifi c rectocele 
repair augmented with a porcine 4 × 8 cm 
Fortagen graft (Organogenesis Inc, Canton, MA; 
 n  = 32). Anatomic cure was defi ned as POP-Q 
point Bp less than or equal to −2 at 12 months 
follow-up. Patients also completed validated 
questionnaires to assess subjective outcomes. 
At  1-year follow-up, the rate of anatomic cure 
was 86 % in the posterior colporrhaphy group, 
78 % in the site-specifi c group, and 54 % in the 
porcine graft-augmented group. There was no 
signifi cant difference in subjective outcomes or 
rates of de novo dyspareunia between the three 
groups. The authors concluded that porcine graft 
did not improve anatomic outcomes for posterior 
colporrhaphy and that all three methods provided 
symptomatic and quality of life improvement 
[ 28 ]. One criticism of this study is that the graft 
used may not be as durable as other commonly 
used biologic grafts, and thus may not have func-
tioned as well. However, clearly the traditional 
colporrhaphy group did very well. 

 Sung et al. conducted a randomized controlled 
trial comparing native tissue rectocele repair 
and  porcine subintestinal submucosal graft- 
augmented rectocele repair in 160 women with 
stage 2 or greater rectocele. Women in the control 
group underwent either midline plication of the 
rectovaginal connective tissue or site-specifi c 
repair at the discretion of the surgeon, whereas 
women in the study group similarly underwent 
midline plication or site-specifi c repair, aug-
mented with a 4 × 7 cm porcine graft. Anatomic 
failure was defi ned as points Ap or Bp greater 
than or equal to −1 on POP-Q. Subjective symp-
toms were based on items taken from the Pelvic 
Floor Distress Inventory questionnaire. At 12 
months follow-up, the rate of anatomic failure 
was 8.6 % in the native tissue repair group and 
12 % in the graft-augmented repair group. There 

was no statistically signifi cant difference between 
the groups regarding subjective symptoms or 
dyspareunia. The authors concluded that aug-
mentation of posterior colporrhaphy with porcine 
graft did not provide any objective or subjective 
benefi t over native tissue repair [ 27 ]. 

 There are no randomized controlled studies 
solely comparing traditional posterior colporrha-
phy with synthetic-mesh-augmented posterior 
repair. Two trials included outcomes on the pos-
terior compartment [ 29 ,  30 ]. Sokol et al. com-
pared traditional anterior–posterior repair and 
uterosacral ligament suspension with vaginal 
colpopexy using the Prolift ®  (Ethicon, 
Somerville, NJ) synthetic mesh. Overall objec-
tive recurrence was 69.7 % in the traditional 
repair group versus 62.5 % in the mesh repair 
group. Posterior compartment recurrence was 
18.2 % in the traditional repair group versus 
21.9 % in the mesh repair group (not signifi cant). 
The mesh extrusion rate was 15.6 % [ 30 ]. This 
study has been criticized for the low number of 
patients enrolled, the few procedures performed 
per surgeon, and the short follow-up rate. 
Withagen et al. compared traditional vaginal 
prolapse repair with trocar-guided mesh repair. 
The posterior compartment recurrence rate was 
24.5 % in the traditional repair group versus 
4.1 % in the mesh repair group ( p  = 0.003). The 
mesh extrusion rate was 16.9 % [ 29 ]. 

 There are two randomized trials comparing 
transvaginal and transanal rectocele repair[ 19 ]. 
Transvaginal repair was superior to transanal 
repair subjectively (RR 0.36, 95 % CI 0.13–1) and 
objectively (RR 0.24, 95 % CI 0.09–0.64) [ 19 ]. 

 See Table  5.1 .  

   Summary 

 Transvaginal repair is preferred over transanal 
repair of rectocele. Given the risk of mesh extru-
sion and the overall similar objective and subjec-
tive outcomes for mesh-augmented versus 
traditional repair noted in most studies, posterior 
compartment repair with native tissue is currently 
the gold standard [ 31 ].  
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   Key Point 

•     The gold standard for rectocele repair is trans-
vaginal traditional posterior colporrhaphy.      

   Apical Repair 

   Background 

 Apical compartment prolapse is herniation of the 
cervix, uterus, or vaginal cuff into the apical vag-
inal wall [ 2 ]. In the Women’s Health Initiative, 
the prevalence of uterine prolapse was 14 % in 
women age 50–79 years [ 3 ]. Risk factors for api-
cal compartment prolapsed are similar to those 
for anterior compartment prolapse (see above). 
The strongest risk factor is vaginal delivery with 
one study noting a 2.1 (1.7–2.7) times increased 
risk of uterine prolapse after a single childbirth 
compared to nulliparity [ 3 ].  

   Evaluation 

 The fi rst step in evaluation of apical compartment 
prolapse is a history and physical examination. 
Women with symptomatic apical compartment 
prolapse may complain of a sensation of a vagi-
nal bulge, pressure, or heaviness. They may visu-
alize the protrusion. They may report urinary and 
bowel symptoms as detailed previously. Patients 
may also complain of dyspareunia [ 3 ]. General 
symptoms can include low back pain, general-
ized pelvic pain, or bloody discharge due to 
ulceration of the prolapsed vaginal skin [ 2 ]. The 
history should thus elucidate the presence of risk 
factors and symptoms previously described. 

 Physical examination is standardized by uti-
lizing the POPQ system as detailed previously. 

 Imaging is not routinely used in the evaluation 
of pelvic organ prolapse. Transperineal ultrasound 
is least useful in the apical compartment [ 5 ,  6 ].  

   Surgical Repair 

 The options for transvaginal apical repair can 
be  divided into restorative, compensatory, and 

obliterative procedures. The restorative techniques 
include transvaginal sacrospinous ligament fi xa-
tion (SSLF), transvaginal iliococcygeus suspen-
sion, or transvaginal uterosacral suspension. 

 The patient is placed in the dorsal lithotomy 
position. The external genitalia is prepped and 
draped in the usual sterile fashion. One dose of 
intravenous antibiotics is administered for pro-
phylaxis prior to incision. As per the 2011 
American Urological Association Guidelines on 
Antibiotic Prophylaxis, the antibiotics of choice 
for vaginal surgery are a fi rst/second generation 
Cephalosporin or an Aminoglycoside (Aztreonam 
if the patient has renal insuffi ciency) plus 
Metronidazole or Clindamycin. Alternative antibi-
otics are Ampicillin/Sulbactam or Flouroquinolone 
[ 7 ]. A foley catheter is placed to drain the bladder. 
A weighted speculum is placed in the vagina. 
A Scott retractor or translabial sutures are used to 
retract and expose the prolapse. 

   Restorative Apical Prolapse Repair 
   Transvaginal Sacrospinous Ligament 
Fixation 
 SSLF can be performed unilaterally or bilater-
ally, using an anterior or posterior approach. 
SSLF is preferred if there is coexistent posterior 
prolapse. However, anterior prolapse can be 
exacerbated by SSLF.

  Posterior Approach 
   1.    If the patient has previously undergone hyster-

ectomy, the location on the apex of the vagina 
that will be secured to the sacrospinous liga-
ment is marked with a stitch. Otherwise the 
cervix is secured to the sacrospinous ligament.   

   2.    The posterior vaginal wall is infi ltrated with a 
dilute solution of lidocaine and epinephrine.   

   3.    A midline incision is made extending towards 
the apex/cervix.   

   4.    The right pararectal space is bluntly dissected 
to reach the right sacrospinous ligament 
(Fig.  5.10 ).

       5.    Three Breisky–Navratil retractors are used to 
expose the sacrospinous ligament, one retracting 
the rectum medially, another retracting the vagi-
nal wall upward, and the third retracting laterally 
thus exposing the ligament. The full extent of the 
ligament is exposed such that the ischial spine 
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and sacrum are palpable. A Kittner can be used 
to bluntly expose and clean off any tissue overly-
ing the sacrospinous ligament.   

   6.    Two adjacent stitches, using permanent or 
delayed absorbable suture, are placed through 
the sacrospinous ligament under direct visuali-
zation using the Deschamps needle driver 2 cm 
medial to the ischial spine to avoid the pudendal 
neurovascular complex. Alterna-tively, a Miya 
hook or automatic suture-capturing device like 
the Capio ®  device (Boston Scientifi c, Natick, 
MA) can be used to pass the suture through the 
ligament. A 1 × 1 cm segment of macroporous 
polypropylene mesh can be placed through the 
suture and placed on top of the ligament to aid 
in apical scarring (Fig.  5.11 ).

       7.    The posterior vaginal wall is then closed.   
   8.    If the sacrospinous ligament is attenuated or if 

the vagina is foreshortened and the apex cannot 
reach the sacrospinous ligament, the sutures 
can be placed through the right  iliococcygeus 
muscle. When performing an iliococcygeus 
suspension bilateral sutures are often placed.      

  Fig. 5.10    Anatomical location of sacrospinous ligament. (Reprinted with permission, Cleveland Clinic Center for 
Medical Art and Photography © 2002–2013. All Rights Reserved.)       

  Fig. 5.11    Pathway for placement of suture in transvagi-
nal sacrospinous ligament fi xation. (Reprinted with per-
mission, Cleveland Clinic Center for Medical Art and 
Photography © 2002–2013. All Rights Reserved.)       
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   Transvaginal Uterosacral Ligament 
Suspension 
 Transvaginal uterosacral ligament suspension is 
preferred if concomitant hysterectomy is being 
performed and the vaginal cuff is open since 
uterosacral ligament suspension is best per-
formed intraperitoneally. This may also be the 
preferred technique post-hysterectomy in the 
presence of a signifi cant enterocele.
    1.    After the hysterectomy is performed, pack the 

bowel away with a moistened laparotomy 
sponge and lift the bowel upward with a 
Deaver,    Heaney, or Breisky–Navratil retractor 
to expose the uterosacral ligaments (USL). In 
the post-hysterectomy patient it is helpful to 
place a suture at each USL dimple at the apex 
after which the peritoneum can be entered via 
a diamond-shaped incision and with tension 
on the sutures the USL can be palpated.   

   2.    Palpate the ischial spines and sacrospinous 
ligaments bilaterally. An Allis clamp is placed 
on the distal uterosacral ligament and placed 
on traction to allow palpation of the uterosac-
ral ligament. The USL approaches the sacro-
spinous ligament and then takes a medial 
course to insert into the sacrum.   

   3.    The more cephalad the sutures are placed on 
the USL, the more medial the sutures will be 
thus minimizing ureteral injury. Two or three 
permanent or delayed absorbable sutures are 

placed through the proximal uterosacral liga-
ments and vaginal apex bilaterally. Note the 
suture through the USL should not be too deep 
so as to avoid injury to sacral nerve roots 
(Fig.  5.12 ).

       4.    If an anterior colporrhaphy is required, it 
should be performed at this time. The anterior 
vaginal wall incision and vaginal cuff should 
be closed.   

   5.    Indigo carmine should be administered intra-
venously. It is the authors’ practice to place 
the uterosacral ligament fi xation sutures on 
traction and then perform cystoscopy to ensure 
effl ux from both ureteral orifi ces, thus con-
fi rming patency. The sutures are tied down 
and cystoscopy is performed again. If there is 
no effl ux all the sutures on that side are 
removed and replaced.       

   Compensatory Apical Prolapse Repair 
 Compensatory techniques for apical repair entail 
the utilization of mesh to augment the repair. 
Mesh can be used via a transvaginal or transab-
dominal approach. Hysterectomy can be per-
formed concomitantly or the procedure can be 
uterine-sparing. 

 There are several transvaginal mesh kits for 
apical repair including: Gynecare Anterior Prolift ®  
(Ethicon, Inc. Somerville, NJ), the American 
Medical Systems Perigree (Minnetonka, MN), 
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  Fig. 5.12    Anatomical 
location of uterosacral 
ligament and proximity 
of sacral nerves       
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Boston Scientifi c Pinnacle and Uphold, AMS 
Elevate, and Ethicon Prosima. The mesh kits uti-
lize delivery of mesh arms via transobturator tro-
cars (Prolift, Perigee), fi xation to SSL and/or 
ATFP with a Capio ®  (Boston Scientifi c, Natick, 
MA) needle driver (Uphold™, Pinnacle), with 
another anchoring system (Elevate ® , AMS), or 
fi xation utilizing a vaginal support device 
(Prosima™, Ethicon) [ 32 ]. For a number of rea-
sons the Prolift and Pinnacle devices are no longer 
being manufactured or marketed. 

 Sacral colpopexy is performed transabdomi-
nally in women who have undergone hysterec-
tomy. Two strips of polypropylene mesh or a 
preformed Y-shaped mesh is secured to the ante-
rior and posterior vaginal wall with permanent or 
delayed absorbable sutures. The cranial ends are 
secured to the anterior spinous ligament on the 
sacral promontory. If uterine sparing is desired, 
only a posterior mesh strip is utilized or a 
Y-shaped strip of mesh is tunneled through the 
broad ligament bilaterally and secured anterior to 
the uterus. Abdominal sacral colpopexy (ASC) or 
hysteropexy can be performed open or more 
commonly today via a laparoscopic or robotic 
approach. These procedures are described in fur-
ther detail in Chaps.   7     and   8    .  

   Obliterative Apical Prolapse Repair 
 For women who are not sexually active or who 
have multiple comorbidities warranting a less 
complicated procedure, colpocleisis is a simple 
obliterative procedure that can be utilized for sig-
nifi cant apical prolapse (anterior and posterior 
prolapse is needed as well to technically perform 
colpocleisis). Success rates are 85–100 % [ 26 ]. 
These procedures will be discussed in Chap.   6    .   

   Recent Randomized Trials 
on Outcomes [ 9 ] (Table  5.1 ) 

   Transvaginal Repair with Versus 
Without Mesh 
 There is only one randomized controlled trial 
comparing transvaginal native tissue apical repair 
with mesh-augmented apical repair. Lopes et al. 

randomized 32 women to SSLF or mesh repair 
with Nazca R, Promedon (Cordoba, Argentina). 
After 1-year follow-up the rate of anatomic cure 
and quality of life measures were similar in both 
groups. However, there were fi ve cases of mesh 
extrusion (35.7 %). This study is limited by its 
small sample size and use of a transvaginal mesh 
kit that is not commonly available [ 33 ].  

   Transvaginal Versus Transabdominal 
Approach 
 There are several randomized controlled trials 
comparing transvaginal to transabdominal 
approaches for apical repair. Maher et al. pub-
lished an updated summary version Cochrane 
review of all the available studies up to 2010 [ 19 ]. 
The rate of recurrent vault prolapse was lower for 
ASC compared to vaginal SSLF (RR 0.23, 95 % 
CI 0.07–0.77). The risk of postoperative dyspa-
reunia was also lower for ASC (RR 0.39, 95 % CI 
0.18–0.86). However, operative time was longer 
for ASC (mean difference 21 min, 95 % CI 
12–30), and ASC was more expensive (mean dif-
ference US$1,334, 95 % CI 1,027–1,641). 

 Of the studies included in the Cochrane 
review, the most recent was published in 2004 
[ 34 ]. Ninety-fi ve women were randomized to 
ASC or vaginal sacrospinous colpopexy and fol-
lowed for 2 years. The subjective success rates 
were 94 % and 91 % ( p  = 0.19), objective success 
rates 76 % and 69 % ( p  = 0.48), and satisfaction 
rates 85 % and 81 % ( p  = 0.78) for ASC and 
sacrospinous colpopexy, respectively. There was 
no difference in sexual function and similar 
improvement in bladder and quality of life scales 
between the two groups. Postoperative anterior 
vaginal wall and vault prolapse (grade 2 or more) 
were signifi cantly less (13 % versus 45 %) with 
the abdominal approach ( p  = 0.01). However, 
operative time and return to routine activities was 
longer for the abdominal approach. The authors 
concluded that abdominal sacrocolpopexy and 
sacrospinous colpopexy were equally effective 
for pelvic organ prolapse. However women with 
predominantly anterior and vault prolapse may 
benefi t more from an abdominal sacrocolpopexy, 
whereas women with predominantly posterior 
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and vault prolapse may benefi t from vaginal 
sacrospinous colpopexy repair [ 34 ]. 

 Maher et al. also performed a randomized trial 
comparing LSC versus total vaginal mesh (TVM) 
using Total Prolift ®  (Gynecare, Ethicon). 108 
women were randomized with the primary 
 outcome being objective success using POP-Q 
measurements. Secondary outcomes were periop-
erative outcomes, patient satisfaction, quality of 
life, complications, and reoperations. At 2 years 
follow-up the objective success rate (no vaginal 
prolapse ≥ grade 2 at any site) was 77 % for LSC 
versus 43 % for TVM ( p  < 0.001). Operative time 
was longer in the LSC group, but inpatient stay 
and time to return to activities was shorter. The 
reoperation rate was 22 % in the TVM group com-
pared to 5 % in the LSC group ( p  = 0.006). There 
was no difference in symptomatic prolapse 
between the groups; however, patient satisfaction 
was higher in the LSC group ( p  = 0.002). Maher 
et al. concluded that LSC was superior to TVM 
based on higher objective success and satisfaction, 
and lower perioperative morbidity and rate of 
reoperation [ 35 ]. In the authors’ experience many 
of the mesh procedures that are designed to repair 
anterior vaginal wall prolapse are not as successful 
at reducing apical prolapse and when apical pro-
lapse is present a concomitant sacrospinous or 
uterosacral suspension may be important to pre-
vent apical recurrence.   

   Summary 

 There are many options for apical repair includ-
ing restorative, compensatory, or obliterative, 
transvaginal versus transabdominal, concomitant 
hysterectomy versus uterine sparing, and open 
versus endoscopic repairs. The literature demon-
strates that abdominal sacrocolpopexy has better 
anatomic results than vaginal sacrospinous liga-
ment fi xation. However, subjective success rates 
are similar. Robotic and laparoscopic ASC is 
gaining popularity as patients seek minimally 
invasive surgery. Women with predominantly 
anterior and vault prolapse may benefi t more 
from an abdominal sacrocolpopexy, whereas 
women with predominantly posterior and vault 
prolapse may benefi t from vaginal sacrospinous 

or uterosacral colpopexy. For elderly women 
who no longer desire to be sexually active, colpo-
cleisis is a suitable repair option. There is no gold 
standard repair; the surgical approach must be 
customized to each patient.  

   Key Points 

•     The procedures for apical repair are restor-
ative, compensatory, or obliterative.  

•   Rate of recurrent anatomic vault prolapse is 
lower for abdominal sacrocolpopexy com-
pared to vaginal sacrospinous ligament fi xa-
tion, but symptomatic outcomes are similar.  

•   Colpocleisis is the least invasive repair option 
and has an 85–100 % cure rate, but is only fea-
sible for women who no longer desire to be 
sexually active and have very signifi cant 
prolapse.      

   Conclusion 

 Transvaginal prolapse repair should be tailored to 
the individual patient, making sure to factor in 
the degree of prolapse, risk for recurrence, and 
patient expectations. More prospective, random-
ized trials with longer follow-up are needed to 
determine the gold standard of care.     
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 Background

Pelvic organ prolapse (POP) is a common 
 condition among women, and its prevalence 
increases with age [1–3]. Approximately 4.1 % of 
women age 80 years or older have symptomatic 
POP [3], and an estimated 11.1 % of women will 
undergo at least one surgery for POP repair or 
stress urinary incontinence by 80 years of age [4].

As the population of older women expands, 
there will be increasing numbers of patients suf-
fering from and seeking care for POP. U.S. Census 
Bureau estimates indicate that starting in 2056, 
the population, age 65 and over, will outnumber 
the population under age 18 [5]. Additionally, 
Census calculations project that the population 
age 65 and older will double between 2012 and 
2060, from 43.1 million to 92.0 million [5]. 
Using population projections and age-specific 
prevalence of POP, Wu et al. [6] estimated that 
between 2010 and 2050 the number of women 
with POP will increase 46 % from 3.3 to 4.9 mil-
lion. In a second study, Wu et al. predict that 
between 2010 and 2050 there will be a 47 % 
increase in women undergoing procedures for 
POP (166,000 in 2010 and 245,970 in 2050) [7].

Surgical repair of POP is challenging and has 
been fraught with a high reoperation rate of up to 
29 % [4]. Pelvic tissues that are either weakened 
or damaged are thought to predispose some 
women to failure. The mean time to first reopera-
tion for recurrent prolapse after primary surgical 
correction has been reported to be between 3 and 
4 years [8, 9]. Each additional repair appears to 
be less successful, with the time between surger-
ies decreasing with each successive repair [4]. 
Johnson et al. looked at patient reported out-
comes and found a high rate of early recurrence 
with 35.4 % of patients experiencing recurrent 
prolapse within 3 months of a primary surgical 
repair. Furthermore, they found a much higher 
overall recurrence rate of 64.6 %, with 30 % of 
patients not reporting recurrences to their pri-
mary surgeon [10]. This low reporting rate could 
account for an underestimation of failure rates in 
any given physician’s practice.

Colpocleisis is simply a closure of the vagina 
with reduction of the prolapse back into the pel-
vis. Replacement of the pelvic organs into their 
anatomic position allows for the relief of the 
symptoms caused by POP. Closure of the vagina 
is permanent and it precludes future vaginal 
intercourse, a point which should be stressed to 
the patient. Obliteration may be performed in the 
setting of a prior hysterectomy or with the uterus 
left intact. The LeFort modification of the proce-
dure is utilized when leaving the uterus in situ. 
Additionally, hysterectomy may be performed 
concurrently with colpocleisis in those patients 
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that require removal of the uterus and/or cervix. 
Removal of the vaginal epithelium followed by 
apposition of the anterior and posterior 
 fibromuscularis layers achieves obliteration of 
the vaginal space.

Colpocleisis is an effective and durable proce-
dure for the treatment of POP. Anatomical suc-
cess rates range from 97 to 100 % in most series 
[11–18]. Patients with symptomatic POP com-
monly experience other pelvic floor symptoms 
including lower urinary tract symptoms, incom-
plete bladder emptying, and various bowel com-
plaints. Significant improvements have been seen 
in these additional domains in several studies.

Hullfish et al. looked at symptom relief via 
postsurgical attainment of patient goals that were 
set preoperatively. In this format, 91 % of patients 
reported improvement of urinary urgency and 
frequency following colpocleisis [19]. In a series 
of 324 women who underwent colpocleisis, 
Zebede et al. reported preoperative urgency 
symptoms in 54 % of patients. Following surgical 
repair, there was a statistically significant reduc-
tion in these urgency symptoms by 50 % 
(p < 0.001) [18].

Again, looking at postoperative attainment of 
patient goals, Hullfish et al. found a 76.4 % sub-
jective improvement in bladder emptying follow-
ing colpocleisis [19]. In a cohort of women with 
POP and a postvoid residual (PVR) greater than 
100 cm3, Fitzgerald et al. reported 89 % resolu-
tion of incomplete bladder emptying after surgi-
cal prolapse repair [20]. Similarly, in a series of 
64 women who underwent colpocleisis, 36 % had 
an elevated preoperative PVR volumes all of 
which normalized postoperatively [15].

The resolution of bowel symptoms is equally 
encouraging. In a prospective study by Gutman 
et al, bothersome bowel symptoms resolved in 
the majority of patients after colpocleisis. 
Specifically, all obstructive symptoms (digital 
assistance, straining, incomplete emptying) and 
the majority of incontinence symptoms [anal 
(fecal) incontinence with stress and urge, anal 
incontinence of flatus and liquid stool] were sig-
nificantly decreased 1 year after surgery [21]. 
Likewise, in their large case series, Zebede et al. 
found a significant resolution of bowel symptoms 

including: constipation, obstructed defecation, 
and fecal incontinence [18].

Patients report a high rate of satisfaction after 
colpocleisis ranging from 90.3 to 100 % [12, 14, 
17, 18, 22–24]. Barber et al. reported that patients 
had significant improvements in multiple quality 
of life measures including: bodily pain, vitality, 
social functioning, and mental health measures [22]. 
Also, in this study of women 65 or older with 
stage 3 or 4 prolapse, there were no differences 
found between the reconstructive and obliterative 
groups as both demonstrated significant improve-
ments in health-related quality of life [22]. 
Correspondingly, Murphy et al. also found that 
quality of life and patient satisfaction was similar 
between groups of women who had reconstruc-
tive versus obliterative prolapse repairs [25].

Rates of regret following colpocleisis are low 
typically ranging from 3 to 9 % [19, 26, 27]. In a 
series by von Pechmann et al. a higher rate of 
regret (12.9 %) was reported; however, half of 
those patients also stated that they would have the 
surgery again. There are concerns that closure of 
the vagina may negatively affect a patient’s body 
image, but most patients report improved body 
image following surgery [17, 19, 28]. In their 
series of 40 patients with self-created goals, 
Hullfish et al. found a 96.9 % improvement in 
self-image after surgery [19]. Utilizing questions 
regarding body image and perception, Koski 
et al. found that 50 % of patients felt their body 
looked better after colpocleisis and 82 % reported 
their body felt better after the procedure [17].

In the carefully selected patient, these results 
demonstrate that an obliterative procedure 
remains a particularly good option following a 
thorough informed discussion.

 Evaluation/Work-Up

Preoperative evaluation for colpocleisis should 
include a thorough history of the prolapse com-
plaint including prior reconstructive procedures 
and associated pelvic floor symptoms. Details 
should be obtained regarding pain and pressure 
symptoms, urinary incontinence, voiding dys-
function, fecal incontinence, and defecatory 

K. Soules et al.



93

 dysfunction. A detailed vaginal exam, both 
bimanual and speculum, is required with evalua-
tion of all compartments. A quantitative scoring 
of the prolapse, assessment of uterine size when 
applicable, measurement of postvoid residual, 
and assessment of urine for infection and hema-
turia should be included. Colpocleisis is most 
easily completed in patients with Stage 3 or 
greater prolapse (Fig. 6.1). In patients with less 
severe support defects the dissection required 
may be more challenging.

Some type of preoperative evaluation for 
stress urinary incontinence (SUI), even in patients 
that report continence, is recommended due to 
the high rate of occult SUI in women with 
POP. The rate of occult stress urinary inconti-
nence in the setting of Stage 2 prolapse or greater 
ranges from 33.5 to 67.9 % [18, 29–32]. A simple 
cough stress test with a full bladder and the pro-
lapse reduced is often sufficient in patients with 
uncomplicated, demonstrable SUI. Patients with 
voiding dysfunction, mixed incontinence, incom-
plete bladder emptying, or prior urologic surgery 

should undergo a more thorough investigation 
with urodynamics.

The data is varied and the true predictive value 
of preoperative urodynamics remains unclear. 
Reena et al. studied women both before and after 
they underwent prolapse repairs without anti- 
incontinence procedures and found that 64.2 % 
of patients with documented occult SUI also 
demonstrated SUI postop [30]. In a small series 
of patients, Chaikin et al. reported that no patients 
with negative preoperative testing developed 
postoperative SUI [29]. Similarly, Hafidh et al. 
found a very low rate of postoperative SUI (4 %) 
in patients with no SUI demonstrated on preop-
erative urodynamics [33]. In contrast, studies by 
Wei and Al-Mandeel found a high incidence of 
postoperative SUI, 38 % and 42 % respectively, 
in patients with preoperative testing that was neg-
ative for SUI [32, 34]. What is clear, however, is 
that it is reasonable to place a midurethral sling at 
the time of prolapse repair in women with clini-
cal SUI or documented occult SUI. In a 100 
women with occult SUI who underwent TVT, 
Croutz et al. report a 83 % success rate for 
absence of postoperative SUI and only 2 % of 
patients with persistent SUI were symptomatic 
[35]. Meschia et al. also reported high rates of 
postoperative continence (objective 92 %, sub-
jective 96 %) in patients who underwent TVT 
placement for occult SUI [36].

It remains controversial whether to place a 
sling in patients without clinical SUI or docu-
mented occult stress incontinence. The large, ran-
domized CARE trial looked at women who were 
stress continent preoperatively and found 
decreased rates of postoperative SUI in women 
who underwent prophylactic Burch procedure at 
the time of sacrocolpopexy versus those who 
did not (32 % versus 45.2 %) [37]. However, 
midurethral slings are the most common anti- 
incontinence procedures performed, and it is 
unclear if this data can be extrapolated to colpo-
cleisis and midurethral slings. In another large, 
randomized trial Wei et al. also looked at stress 
continent women undergoing prolapse repair and 
randomized patients to sling versus no sling. 
They also found a significantly lower rate of 
 urinary incontinence in the sling patients  

Fig. 6.1 Stage 4 vaginal vault prolapse
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(27.3 % versus 43 %), but at the expense of 
increased adverse advents including bladder per-
foration, urinary tract infection, major bleeding 
complications, and incomplete bladder emptying 
[32]. Another argument for prophylactic sling 
placement at the time of colpocleisis is the issue 
of access to the suburethral area. Successful col-
pocleisis is dependent on aggressive closure of 
the genital hiatus with levator placation [43]. 
Depending on the degree of closure, this can 
make it very challenging to access the midurethra 
for future placement of a sling.

 Management of the Uterus

In women with a uterus it is prudent to confirm 
that there is no cervical or endometrial pathology 
which would be a contraindication to leaving the 
uterus in situ. Closure of the vagina will severely 
limit the ability to perform future surveillance via 
the traditional routes (pap smear, endometrial 
biopsy). A complete history should be taken 
regarding any history of abnormal pap smears as 
well as any episodes of postmenopausal bleed-
ing. Benign cervical cytology should be docu-
mented in a patient with a history of any abnormal 
pap smears or a previous treatment for cervical 
intraepithelial neoplasia (CIN). The most recent 
guidelines from the American College of 
Obstetricians and Gynecologists (ACOG) recom-
mend that women with a history of CIN2, CIN3, 
or adenocarcinoma in situ should have 20 years 
of negative screening following treatment prior to 
discontinuation of cervical cancer screening [38]. 
Therefore, it is recommended that any woman 
who would need continued surveillance based on 
her history should have a hysterectomy at the 
time of colpocleisis.

Women with a history of endometrial hyper-
plasia or any episodes of postmenopausal bleed-
ing should have a preoperative assessment of the 
endometrium. This can be accomplished with 
endometrial sampling via endometrial biopsy or 
dilation and curettage of the uterus. Alternatively, 
the least invasive approach is to evaluate the 
endometrial thickness via transvaginal ultra-
sound. In women with postmenopausal bleeding, 
endometrial sampling is not required if an 

 endometrial thickness of less than or equal to 
4 mm is found on transvaginal ultrasound [39]. 
The decision to screen asymptomatic women 
with transvaginal ultrasound for assessment of 
the endometrial thickness may be left to the dis-
cretion of the surgeon. As reported by ACOG, the 
significance of an endometrial thickness greater 
than 4 mm in a postmenopausal woman without 
bleeding has not been established and does not 
routinely need evaluation in the absence of risk 
factors [39]. Concurrent hysterectomy is recom-
mended for women with the finding of endome-
trial hyperplasia. Patients with the diagnosis of 
atypical endometrial hyperplasia should be 
referred to a gynecologic oncologist for surgical 
management due to the high rate (42.6 % [40]) of 
concurrent carcinoma.

It is important to note that hysterectomy with 
concurrent colpocleisis does not improve success 
rates over colpocleisis alone [14, 41], and the 
combination of procedures may significantly 
increased blood loss and patient transfusion 
requirements [14]. Due to this increased morbid-
ity, exceptions to the above recommendations 
may be reasonable in patients who are of 
advanced age or debilitated and should be a joint 
decision between the patient and the surgeon.

Because colpocleisis eliminates the possibility 
of future vaginal intercourse, preoperative coun-
seling is extremely important and patient selec-
tion is key. There is no identified minimum age 
requirement for consideration of the procedure. 
With colpocleisis, as in all cases of prolapse 
repair and reconstruction, the treatment plan 
must be individualized for each patient. 
Preoperative counseling should be specific and 
thorough including information on potential pes-
sary management, alternative options for repair, 
possibility of postoperative urinary incontinence, 
and recurrence risk.

The option for concurrent midurethral sling 
placement should also be discussed with patients. 
Specifically, in the situation of demonstrated SUI 
in the setting of incomplete bladder emptying as 
well as patients with no preoperative urinary 
 incontinence. The addition of a midurethral sling 
does not appear to cause a high risk of urinary 
 retention and preoperative incomplete bladder 
emptying seems to resolve in most patients [31, 42].  
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In a series of 38 women who underwent colpocleisis 
and midurethral sling placement, Abbasy et al. 
reported a 2 % rate of elevated PVR postopera-
tively. Additionally, they saw a 90 % postopera-
tive resolution of preoperative incomplete bladder 
emptying (defined as PVR greater than 100 ml) 
[42]. In a much larger series of 210 women, 
Smith et al. found a de novo voiding dysfunction 
rate of 1.9 % in women who underwent colpo-
cleisis and midurethral sling. Similarly, they 
found a 91 % resolution of preoperative incom-
plete emptying [31]. An alternative, nonperma-
nent approach is to offer periurethral bulking 
injections to patients for whom the risk of reten-
tion is thought to be particularly high.

The decision whether to offer a midurethral 
sling to continent patients at the time of 
 colpocleisis remains controversial. As detailed 
previously, the risk for de novo SUI may be quite 
significant; however, midurethral slings are not 
without complications or sequela. A large ran-
domized controlled trial by Wei et al. specifically 
addressed this question by randomizing women 
without SUI who were undergoing vaginal pro-
lapse repair to either have a midurethral sling or 
sham sling incisions. The sling group had signifi-
cantly decreased rates of urinary incontinence at 
both 3 [23.6 % versus 49.4 % (p < 0.001)] and 12 
months [27.3 % versus 43.0 % (p = 0.002)] [32]. 
However, the sling group did have significantly 
higher rates of complications including: bladder 
perforation, urinary tract infection, major bleed-
ing complications, and incomplete bladder emp-
tying for up to 6 weeks following surgery. Also of 
note, 5 % of patients in the sham group had a 
sling placement within the first year after surgery, 
but only 2.4 % of patients in the sling group 
required sling revision for voiding dysfunction. 
A detailed discussion of all the possible risks and 
benefits should be carried out with patients when 
making the determination of whether to place a 
sling in this population.

 Surgical Procedures

All patients receive a preoperative prophylactic 
broad-spectrum antibiotic. Additionally, all 
patients have DVT prophylaxis; our standard is 

to use compression stockings and sequential 
 compression devices on the lower extremities. 
Table 6.1

For a patient in whom the uterus is to remain 
in situ, a LeFort colpocleisis is performed 
(Fig. 6.2a–e). To begin, outward traction is placed 
on the cervix using a tenaculum or Allis clamp. 
Two rectangles (anterior and posterior) are out-
lined with a surgical marker starting approxi-
mately 2 cm distal to the cervix and extending to 
the bladder neck anteriorally and mirroring this 
posteriorly. This will aid in maintaining orienta-
tion during removal of the vaginal epithelium. 
Laterally, there should be at least 2 cm of epithe-
lium separating anterior from posterior rectan-
gles in order to allow adequate tissue for creation 
of the drainage channels. Starting with the poste-
rior wall 1 % lidocaine with a 1:200,000 dilution 
of epinephrine is infiltrated in to the subepithelial 
space to aid in hemostasis and hydrodissection. 
The demarcated areas are circumscribed with 
knife and sharp dissection is performed to start 
the removal of the vaginal epithelium from the 
underlying fibromuscularis layer. We use a num-
ber 10 blade to make the initial incisions. 
Dissection is initiated with tenotomy scissors for 
precision in finding the appropriate plane and 
then is completed with curved mayo scissors 
which are safer for combined blunt and sharp dis-
section. It can be helpful to refrain from making 
all incisions initially but rather to proceed in a 
systematic fashion (posterior to anterior) in order 
to decrease blood loss and improve visualization 
during dissection. Typically, a combination of 
sharp and blunt finger dissection with a sponge 
can be employed to facilitate removal of the epi-
thelium once the appropriate plane is achieved. 
Hemostasis is maintained with meticulous use of 
monopolar cautery throughout the dissection. 
With the LeFort procedure only the areas of ante-
rior and posterior rectangles are denuded.

To continue the LeFort procedure, channels are 
created after the removal of the epithelium and 
prior to starting closure of the vagina. Absorbable 
suture is used to tubularize the lateral strips of epi-
thelium by suturing the epithelial edges together, 
superior to inferior. This may be done with an 
interrupted or running stitch. Our preference is to 
use 2-0 polyglycolic acid suture on a CT2 needle 
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and run this closure towards the cervix, thus 
allowing the surgeon to sew towards him/herself. 
These channels will allow the drainage of cervical 
and uterine secretions. Care should be taken to 
continue to identify the location of the channels 
throughout the rest of the procedure in order to 
avoid inadvertently suturing them closed.

Following creation of the channels, imbricat-
ing sutures using 2-0 polyglycolic acid on CT-2 
needle are placed in the fibromuscularis to begin 
reduction of the prolapse. Successive anterior to 
posterior imbricating sutures (Fig. 6.3a, b) in 
either an interrupted or figure-of-eight fashion 
are the most effective when reducing the epitheli-
alized cervix. Once the cervix has been fully 
reduced, it is usually most straightforward to 
continue with anterior to posterior imbrication 
until the prolapse has been reduced to the level of 
the levator plate. Cystoscopy is then carried out 

following administration of Indigo Carmine to 
ensure ureteral efflux. From this point onward the 
procedure is completed with a levator plication 
and perineorrhaphy, using 2-0 and 3-0 polygly-
colic acid, respectively, in the same fashion as a 
complete colpocleisis is performed without the 
uterus in situ.

As addressed already, concomitant hysterec-
tomy should be performed for patients with a 
contraindication to retention of the uterus. This 
combined procedure can have increased morbid-
ity due to inherent risk of entry into the peritoneal 
cavity, increased operative time, and increased 
blood loss. Following vaginal hysterectomy, the 
cuff should be closed to protect the intraperito-
neal structures at which point removal of the epi-
thelium is then started.

In the patient with a prior hysterectomy, a 
complete colpocleisis requires removal of the 

Table 6.1 Risk classification for venous thromboembolism

Level of risk Definition Prevention strategies

Low Surgery less than 30 min in patients 
younger than 40 years with no additional 
risk factors

No specific prophylaxis, early mobilization

Moderate Surgery lasting less than 30 min in 
patients with additional risk factors

Low-dose unfractionated heparin: (5,000 units every 12 h)
OR
Low molecular weight heparin: (2,500 units dalteparin or 
40 mg enoxaparin daily)
OR
Graduated compression stockings
OR
Intermittent pneumatic compression device

Surgery lasting less than 30 min in 
patients aged 40–60 years with no 
additional risk factors
Major surgery in patients younger than 
40 years with no additional risk factors

High Surgery lasting less than 30 min in 
patients older than 60 years or with 
additional risk factors

Low-dose unfractionated heparin: (5,000 units every 8 h)
OR
Low molecular weight heparin: (5,000 units dalteparin or 
40 mg enoxaparin daily)
OR
Intermittent pneumatic compression device

Major surgery in patients older than  
40 years or with additional risk factors

Highest Major surgery in patients older than  
60 years plus prior venous 
thromboembolism, cancer, or molecular 
hypercoagulable state

Low-dose unfractionated heparin: (5,000 units every 8 h)
OR
Low molecular weight heparin: (5,000 units dalteparin or 
40 mg enoxaparin daily)
OR
Intermittent pneumatic compression device/graduated 
compression stockings + low-dose unfractionated heparin 
or low molecular weight heparin
Consider continuing prophylaxis for 2–4 weeks postop

Data from: American College of Obstetricians and Gynecologists Committee on Practice Bulletins—Gynecology. 
ACOG Practice Bulletin Number 84: Prevention of Deep Vein Thrombosis and Pulmonary Embolism. Obstet Gynecol. 
2007 Aug;110(2Pt1):429–40; and from Geerts WH, Pineo GR, Heit JA, et al. Prevention of venous thromboembolism: 
the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest 2004;126(suppl):338 s–400 s
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Fig. 6.2 LeFort colpocleisis. (a) Removal of the anterior 
rectangle of vaginal epithelium. (b) After removal of the 
posterior rectangle at least 2 cm of epithelium should 
remain laterally separating the denuded anterior and pos-
terior rectangles. (c) Creation of the drainage channels: an 

interrupted or running stitch is used to tubularize the 
remaining, lateral strips of epithelium. (d) Anterior to pos-
terior imbricating sutures to reduce the epithelialized cer-
vix. (e) Further reduction of the uterus with continued 
anterior to posterior imbrications
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entire vaginal epithelium. A surgical marker is 
used to outline the lateral borders of dissection 
along the perineum, vaginal sidewalls, and ante-
rior vaginal wall proximal to the urethra. This 
may be further demarcated into quadrants in order 
to aid in maintaining orientation, which can be 
easily lost, during dissection with severe POP 
(Figs. 6.4 and 6.5). Injection of 1 % lidocaine 
with a 1:200,000 dilution of epinephrine into the 
subepithelial space may be utilized to aid in 
hemostasis and hydrodissection. The demarcated 
areas are circumscribed with a knife and sharp 
dissection is used to initiate removal of the vagi-
nal epithelium from the underlying fibromuscu-
laris. Similar to the Lefort, it is best to proceed in 
a  systematic fashion in order to maintain orienta-

tion, decrease blood loss, and preserve visualiza-
tion. The authors would recommend posterior to 
anterior (Fig. 6.6). Again, once the appropriate 
plane is entered, a combination of sharp and blunt 

Fig. 6.3 (a) Placement of stitch for anterior to posterior imbrications. (b) Reduction of the prolapse after performing 
several anterior to posterior imbricating sutures

Fig. 6.4 Demarcated quadrants for dissection

Fig. 6.5 Boundaries of perineal dissection

Fig. 6.6 Posterior dissection of vaginal epithelium from 
fibromuscularis

K. Soules et al.
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dissection can be used to separate the epithelium 
from the fibromuscularis layer (Fig. 6.7a–c). 
Attention should be given to maintaining hemo-
stasis throughout the dissection with judicious 
use of the monopolar cautery. Significant blood 
loss can be encountered when performing exten-
sive dissection on severe POP, so all efforts 
towards hemostasis will help to decrease the need 
for transfusion.

It is not uncommon to encounter an enterocele 
during removal of the vaginal epithelium. An 
attempt should be made to avoid entering the 
enterocele. However, these dissections can be 
challenging and with some severe defects there 
may be peritoneum directly abutting vaginal 
 epithelium. If an enterocele is entered, the sac 
should be meticulously mobilized circumferen-
tially from the surrounding tissue with special 
care taken to avoid small bowel injury. The 
enterocele sac should then be tied off using 3-0 

polyglycolic acid on a SH needle and a circular 
purse-string stitch. For large defects in the perito-
neum, 2–3 full purse-string sutures are required 
to ensure adequate closure. If there is an exces-
sive amount of redundant, prolapsing enterocele 
sac, the peritoneum can be trimmed circumferen-
tially for a more proximal and effective closure.

Following removal of the vaginal epithelium, 
reduction of the prolapse can be performed with 
one of two techniques or a combination of both. 
One option is to use successive anterior to poste-
rior imbricating sutures in either an interrupted or 
figure-of-eight fashion. Alternatively, sequential, 
circular purse-string stitches are an effective 
technique for reduction of the prolapse (Fig. 6.8). 
The authors favor using 2-0 polyglycolic acid 
suture on a CT2.

Several centimeters of vaginal epithelium 
should be retained on the distal, anterior vaginal 
wall underneath the urethra. This is recommended 

Fig. 6.7 (a–c) Dissection and removal of vaginal epithelium

6 Obliterative Vaginal Procedures
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for all patients whether they are having a 
 concomitant sling placement or not. Maintenance 
of this distal epithelium prevents excessive traction 
on the urethra, which can predispose the patient to 
postoperative incontinence and leaves room for 
immediate or future sling placement. Placement of 
a midurethral sling is most easily achieved after 
the prolapse has been reduced to or above the leva-
tor plate and before levator plication.

Cystoscopy with IV indigo carmine adminis-
tration is performed at this point to rule out blad-
der injury and ureteral obstruction. If ureteral 
obstruction is diagnosed on cystoscopy, a prudent 
first step is to remove the anterolateral sutures as 
this is often the location where the ureters are 
encountered. Cystoscopy is then repeated.

Next a levator plication is performed close to 
the genital hiatus and buttress the repair. Using 
2-0 polyglycolic acid suture on a CT 2, inter-
rupted or figure-of-eight sutures are performed 
pulling the muscles together in the midline 
(Fig. 6.9). Initially, excessively lateral bites of tis-
sue can cause undue tension and may make it dif-
ficult to achieve approximation in the midline. 
Following levator plication, the perineorrhaphy 
should include reapproximation of the transverse 
perineal and bulbocavernosus muscles at the 
introitus. This is also most easily achieved using 
2-0 polyglycolic acid on CT-2 needle so that 
large, secure bites can be taken. Finally, the vagi-
nal epithelium is reapproximated with 3-0 polyg-
lycolic acid on a SH needle in 1–2 layers with a 
subcutaneous and a subcuticular stitch or a run-
ning through-and-through stitch (Fig. 6.10).

 Summary

Colpocleisis is a successful operation with few 
complications and little regret for patients 
 postoperatively [43]. SUI should be evaluated 
 preoperatively, but may warrant postoperative 
reassessment based on patient symptoms. Urgency 
urinary incontinence after these surgeries can be 
problematic and may require additional medical 
treatment. Overall, the procedure is a very attrac-
tive option in the properly selected patient.
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 Introduction

Pelvic organ prolapse (POP) is a common 
 condition with an estimated 19 % lifetime risk for 
undergoing a surgical procedure for treatment. 
Although transvaginal and minimally invasive 
techniques have been developed, transabdominal 
sacrocolpopexy (ASC) is the gold standard for 
treatment of apical prolapse. Surgical preparation 
for ASC begins with a thorough history and 
physical examination culminating in an earnest 
discussion between the patient and surgeon 
regarding treatment options and goals of therapy. 
Open ASC requires the pelvic surgeon to have 
technical prowess in abdominal surgery, a famil-
iarity with pelvic anatomy, and synthetic graft 
materials. Long-term surgical outcomes for ASC 
are durable and efficacious with acceptably low 
rates of complications and recurrence. Although 
ASC has been around since the 1960s in its mod-
ern form, the technique has continued to evolve 
and controversies such as concomitant anti- 
incontinence procedures are addressed.

 Background

POP affects nearly 50 % of parous women and is 
a common finding on pelvic examination [1, 2]. 
Despite its high anatomic prevalence, a 3 % 
symptomatic prevalence was noted in the 
 2005–2006 National Health and Nutrition 
Examination Survey and other studied popula-
tions demonstrate an 11–19 % lifetime risk of 
undergoing surgery for treatment of POP [3–5]. 
Traditionally, management of the patient with 
POP depends on several different factors includ-
ing the patient’s preferences, comorbidities, and 
the surgeon’s expertise. Treatment options vary 
from pelvic floor physical therapy to pessary 
usage to surgical correction. Surgical treatment 
options depend on the compartment which has 
prolapsed. Regarding apical prolapse, surgical 
treatment consists of either an obliterative or 
restorative approach. Patients who are no longer 
sexually active are candidates for an obliterative 
approach with a colpocleisis. For those who pre-
fer a restorative approach, the gold standard for 
apical POP after hysterectomy is transabdominal 
sacrocolpopexy (ASC) [6].

 History

Treatment of POP has been described since the 
time of antiquity. Succession was described by 
Hippocrates with the intent of reducing prolapse 
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by hanging women upside down [7]. Pessary 
usage has been described since the middle ages 
with dipping linen and other materials into differ-
ent concoctions [7]. While there are various tech-
niques for the surgical management of apical 
prolapse, the gold standard of ASC was devel-
oped as a counterpart to the transvaginal tech-
niques for addressing apical vault prolapse. 
Huguier and Scalin in 1958 and Lane in 1962 
described using a graft to attach the vaginal cuff 
to the sacrum [8–10]. The S3–S4 graft placement 
was subsequently described by Birnbaum but 
was later revised to the S1–S2 level by Sutton 
after hemorrhage [11, 12]. Although different 
biologic and artificial grafts have been used in 
surgical correction/augmentation of POP repair, 
ASC continues to be the gold standard.

 Patient Evaluation

All patients referred for POP undergo a complete 
history and physical examination at their initial 
visit. Quality of life and baseline symptoms are 
documented with various questionnaires such as 
the Urinary Distress Inventory (UDI) and 
Incontinence Impact Questionnaire (IIQ). 
A focused history of present illness can elicit 
symptoms of prolapse including obstructive 
emptying, bulging sensation towards the end of 
the day versus vaginal soreness/bleeding, and 
splinting with voiding or defecation. A thorough 
review of systems also evaluates for any urinary 
incontinence related to urgency or stress, defeca-
tory issues, and/or comorbidities (such as neuro-
logic disease) that affect continence and bladder 
function. Prolapse surgery remains an elective 
surgery that has the ability to greatly improve a 
patient’s quality of life. A careful evaluation of 
medical and surgical history may change the 
approach or rule out surgery as an option for 
those patients with multiple exclusionary comor-
bid conditions. A vaginal approach for prolapse 
correction may be associated with less morbidity 
in a patient who has had multiple abdominal sur-
geries and is at risk for adhesive disease. Parity, 
method of delivery, and family history are taken 

into account as these are risk factors for POP 
[13–15]. For all patients, we believe it is 
 paramount to address the patient’s goals at the 
first visit. If they are not interested in sexual 
intercourse, obliterative procedures such as col-
pocleisis become a viable surgical option for pro-
lapse. For those who wish to spare their uterus, 
the discussion may include sacrospinous hystero-
pexy or sacrouteropexy.

A routine pelvic examination is performed in 
the office with a half speculum. Visual examina-
tion can assess for vaginal atrophy, abnormal dis-
charge, rashes, or masses. Urethral tip angulation 
suggesting hypermobility is assessed with a cot-
ton tip applicator in the urethra. Measurements 
are obtained and recorded using the POP-Q clas-
sification [16] (Fig. 7.1). Stress urinary inconti-
nence (SUI) is elicited with a supine stress test 
and occult SUI is tested for with reduction of the 
prolapse.

Given the results of the Colpopexy and 
Urinary Reduction Efforts (CARE) and Outcomes 
Following Vaginal Prolapse Repair and
Midurethral Sling (OPUS) trials, all our patients 
are counseled on the probability of a concomitant 
anti-incontinence procedure at the time of POP 
surgery [17, 18].

Subsequently, all patients that have comor-
bidities such as coronary artery disease, obstruc-
tive sleep apnea, uncontrolled hypertension, 
diabetes, or symptoms suggesting non-diagnosed 
medical problems are referred to anesthesia for 
preoperative clearance. Prior to surgery, all 
patients are told to refrain from NSAIDs/blood 
thinners for up to 1 week prior to surgery date, a 
bowel preparation to decrease stool content in the 
pelvis region, and nothing by mouth after mid-
night. For patients who routinely smoke, we 
advise them to stop smoking to aid with recovery, 
wound healing, and also improve their general 
overall health. An informed consent is performed 
in conjunction with the patient and operating sur-
geon. Given the recent FDA announcements 
regarding transvaginal mesh, numerous questions 
can be expected given that ASC is most success-
fully performed with artificial synthetic graft 
material. It is important to note that the FDA 
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announcement focuses on transvaginal mesh 
placement and addresses the need for further 
studies regarding transvaginal mesh placement 
for POP (Table 7.1). We do not routinely correct 
anterior/posterior compartment defects at the 
time of ASC but this should be individualized to 
each patient depending on goals and symptoms. 
Concomitant anti-incontinence procedures are 
typically performed with a mid-urethral sling uti-
lizing synthetic macroporous polypropylene 
mesh, with efficacy and safety that have been 
demonstrated in long-term studies [19, 20].

Complications discussed with all patients 
include the risk of infection (UTI 10.9 %, wound 
infection 4.6 %) hemorrhage/transfusion 4.4 %, 
bladder/bowel or ureteral injury 1–3 %, DVT or
PE 3.3 % [21]. Ileus and small bowel obstruction 
requiring reoperation are quoted at 6.9 % and 
1.2 % respectively [22]. Extrusion rates with 
polypropylene mesh from 0.5 % to 10.5 % are 
quoted [21, 23, 24]. Subjective improvement 
based on global assessment is quoted upwards of 
85 % [25]. Rates of reoperation for POP are 
expected to be less than 5 % in modern series but 
can be as high as 29 % [3, 21, 25].

 Technique

The day of surgery, patients arrive in the preop-
erative care unit where an intravenous line is 
started by anesthesia. Perioperative antibiotics 
are administered within 60 min of the surgical 
incision. Given the intra-abdominal nature of the 
case, we prefer using cefazolin or clindamycin 
and gentamycin in patients who have a severe 
penicillin allergy or allergy to cephalosporins 
[26]. Subsequently the patient is positioned in the 
lithotomy position with a slight amount of flex to 
open the pelvis. We routinely utilize yellow fin 
stirrups for the legs. All pressure points are pad-
ded. Sequential compression devices are placed. 
The patient’s vagina and abdomen are prepped. 
Preoperatively a dose of prophylactic subcutane-
ous 5,000 units of heparin or 40 mg enoxaparin is 
administered.

The patient is then prepped and draped. A 16 fr 
Foley catheter is placed to empty the bladder. One 
may choose to make either a Pfannensteil or 
lower midline incision. Camper’s and Scarpa’s 
fascia are dissected through with electrocautery.  

Fig. 7.1 Sagittal view of enterocele in post-hysterectomy patient. (Reprinted with permission, Cleveland Clinic Center 
for Medical Art & Photography © 2009–2013. All Rights Reserved)
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The rectus is split in the midline. The peritoneum 
is opened close to the umbilicus. Any adhesions 
encountered are taken down sharply with metzen-
baum scissors. Pelvic exposure is improved by 
using a self-retaining Bookwalter retractor and 
also packing the rectum to the patient’s left side. 
The anterior plane of the vagina is dissected away 
from the bladder. We find that utilizing an end-to-
end anastamotic (EEA) sizer or sponge stick in 
the vagina helps in exposing the vagina and aiding 
with dissection. Only in extreme cases of scarring 
do we find it appropriate to backfill the catheter to 
find the bladder. Once the bladder has been dis-
sected free from the vagina, the posterior vagina is 
addressed. The vagina is dissected free from the 
rectum. Again in conditions of extreme adhesion 
or uncertainty, do we find an additional EEA sizer 
useful for rectal delineation.

Once the anterior and posterior walls of the 
vagina are free, dissection of the anterior longitu-
dinal ligament is performed. Care is taken to 
incise the peritoneum overlying the sacral prom-
ontory at the midline in a longitudinal fashion 
and avoid the iliac vessels. Bleeding in this area 
can be attributed to any number of vessels in the 
area including the middle sacral vessels and supe-
rior and inferior hypogastric plexus. In cadaveric 
studies, on average the left common iliac vein 
was the closest major vessel (2.2–2.7 cm) to the 
mid-sacral promontory while the middle sacral 
artery and vein were closer at less than a centime-
ter (Fig. 7.2) [27]. After the sacral promontory at 
the level of S1 is cleared off, two pieces of 
3 cm × 15 cm macroporous synthetic polypropyl-
ene mesh are used for grafting. While many dif-
ferent biologic (fascia lata, rectus fascia, porcine 
dermis) and artificial synthetic grafts (polytetra-
fluoroethylene, polyester, polyethylene, silicone 
coated) have been used, we prefer to use polypro-
pylene mesh given its efficacy and decreased rate 
of exposure/erosion (Fig. 7.3a, b) [28–32]. The 
polypropylene mesh is attached to the anterior 
and posterior vaginal wall using non- braided 
delayed absorbable suture such as polydioxa-
none. Alternatively, several permanent monofila-
ment sutures can be utilized away from the 
anterior bladder dissection. The mesh is fixated at 
approximately 5 points along both the posterior 

Table 7.1 FDA safety communication

FDA safety communication: serious complications 
associated with transvaginal placement of surgical mesh 
for pelvic organ prolapse

The FDA first released a notice in 2008 regarding the 
complications of transvaginal mesh placement for POP. In 
July 2011, an update was provided regarding transvaginal 
mesh usage in POP. Given the additional 2,874 reports of 
complications received from January 1, 2008 to December 
31, 2010, they concluded that serious complications are 
not rare. While open ASC utilizes artificial synthetic mesh, 
this FDA notification does not apply specifically to 
transabdominal mesh placement for pelvic organ prolapse 
(see below). Although not specific to transabdominal mesh 
placement, this notice highlights the need for patient 
education and a thorough informed discussion process 
between the surgeon and patient regarding the realistic 
goals of treatment and the complications stemming from 
any surgery. The following is a summary of the 
recommendations for healthcare providers:
• Obtain specialized training for each technique; be

aware of the risks.
• Be vigilant for potential adverse effects.
• Watch for complications associated with tools used

for mesh placement.
• Inform patients of the permanency of mesh and that

some complications may need additional surgery.
• Inform patients that complications can affect their

quality of life due to dyspareunia, scarring, and 
narrowing of the vagina.

• Provide patients with a patient labeling from the
mesh manufacturer.

• POP can be treated without mesh.
• Choose mesh after weighing the risks and benefits of

all alternative options.
• Consider the following before placing mesh:

– Mesh is permanent making further surgery 
difficult.

– Mesh may put the patient at risk for further surgery 
and the development of new complications.

– Removal of mesh is difficult and may require 
multiple surgeries and poorer quality of life due to 
complications.

– Mesh placed abdominally for POP repair may 
result in lower rates of mesh complications 
compared to transvaginal mesh.

• Inform the patient about all options for POP
including nonsurgical and non-mesh including the 
likely success of the alternatives.

• Notify the patient if mesh will be used and what
specific type.

• Ensure the patient understands the risks and
complications including the limited long-term data.

From FDA safety communication: UPDATE on serious 
complications associated with transvaginal placement of 
surgical mesh for pelvic organ prolapse. 
h t t p : / / w w w. f d a . g ov / M e d i c a l D ev i c e s / S a f e t y /
AlertsandNotices/ucm262435.htm. Last updated: 
November 20, 2012. Accessed April 18, 2013

C.F. Tenggardjaja and S.P. Vasavada
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and anterior vaginal walls. These are preferen-
tially tied down with multiple knots given the 
location deep in the pelvis (Fig. 7.4). We have 
also utilized nonabsorbable braided suture for 
graft fixation, but patients may occasionally com-
plain about continued vaginal discharge from 
suture exposure. Multiple studies have suggested 
a higher rate of exposure/extrusion correlated 
with the use of braided suture material but they 
are limited by their small sample sizes, heteroge-
neous use of graft material, and retrospective 
nature. No prospective trial exists evaluating the 
risk associated with  monofilament absorbable 
suture and braided suture on polypropylene mesh 
extrusion/erosion in ASC [29, 33, 34].

With an EEA sizer in the vagina to reduce the 
prolapse, the mesh tails are tensioned appropri-
ately and fixated to the anterior longitudinal liga-
ment. Tensioning should be done to assure at 
least mobility to the bladder neck and avoid 
undue tension so as to keep the vaginal axis 

straight, avoiding upwards deviation. The excess 
mesh is then trimmed. Our suture of choice for 
fixation to the sacral promontory is a non-braided 
permanent suture (Fig. 7.5a, b). Two sutures are 
placed in a horizontal fashion on the anterior lon-
gitudinal ligament. In a cadaveric study utilizing 
female non-embalmed specimens, horizontal 
versus vertical suture placement was not found to 
be statistically significant in regard to pull out 
strength in sutures placed at or 1 cm above the 
level of S1 [35]. Care should also be taken to 
place the suture in the anterior longitudinal liga-
ment and not through the disc space which could 
lead to a potential space for infection/abscess. 
Risk can also be minimized by ensuring that the 
vaginal fixation sutures are not through the vagi-
nal epithelium [36, 37].

At this time, the peritoneum is reapproximated 
over the mesh. Although retroperitonealization of 
the mesh does not necessarily lead to fewer com-
plications, reapproximation of the peritoneum 
adds little time and morbidity to the surgery [38]. 
If a large defect in the posterior cul-de-sac is 
seen, culdoplasty can be performed at this time. 
Anecdotally, given the advent of minimally 
 invasive sacrocolpopexy, there has been a 
decrease in concomitant culdoplasty with mini-
mal change seen in objective results. From below, 
the apical prolapse is reassessed to ensure the 
defect has been corrected. The anterior and pos-
terior compartments are reassessed after 
ASC. Any anterior or posterior vaginal repairs 
are performed at this time. We do not routinely 
offer a posterior colporrhaphy to all prolapse 
patients and concomitant posterior colporrhaphy 
is based on the patient’s preferences and symp-
toms (Fig. 7.6).

If an anti-incontinence procedure is to be per-
formed, an assistant can begin with the vaginal 
dissection and exposure for a retropubic mid- 
urethral sling while the abdomen is being closed. 
Hemostasis is confirmed by visualization. The 
pelvis is irrigated with body temperature saline. 
All surgical counts are verified. The abdominal 
closure is done in a sequential fashion using #1 
looped PDS for fascial closure. In obese patients, 
we prefer to re-approximate Scarpa’s fascia to 
avoid dead space. The skin is addressed with a 

Fig. 7.2 Cadaver pelvic vascular anatomy dissection. 
Sacral venous plexus. Left common iliac vein (LCIV),
internal iliac vein (IIV), middle sacral artery (MSA), mid-
dle sacral vein (MSV), midsacral promontory (asterisk), 
lateral sacral veins (arrows), and sacral venous plexus 
anastomoses (arrowheads). (Used with permission from 
Wieslander CK, Rahn DD, McIntire DD, Marinis SI, Wai 
CY, Schaffer JI et al. Vascular anatomy of the presacral
space in unembalmed female cadavers. American journal 
of obstetrics and gynecology 2006 Dec;195(6): 1736–41)
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running subcuticular stitch using polyglactin 
suture. Cyanoacrylate skin adhesive is used for 
the skin. The patient is woken up from anesthesia 
and monitored in the post-anesthesia recovery 
unit. All patients then transition to an acute surgi-
cal floor. Intravenous fluids are continued at 
maintenance rates until the patient is tolerating a 

diet. All patients are started on a prophylactic 
deep vein thrombosis regimen including early 
ambulation and subcutaneous heparin. On 
 postoperative day 1, clears are started, the vagi-
nal pack is removed and a trial of void is per-
formed. Postoperative labs are not routinely 
checked after surgery unless bleeding occurred or 
a patient is symptomatic [39]. The patient is tran-
sitioned to oral pain medication when they are 
tolerating a diet. All patients receiving narcotics 
receive a stool softener to reduce the incidence of 
constipation. Postoperative length of stay is usu-
ally 2–3 days.

Patients are discharged from the hospital with 
postoperative instructions. All patients are told to 
refrain from heavy lifting greater than 10 lbs dur-
ing this time period, avoid strenuous activity 
(although avoidance of any activity such as walk-
ing is contraindicated), avoid vaginal instrumenta-
tion/sexual intercourse. Follow-up is scheduled at 
6 weeks. At the patient’s follow-up visit, we rou-
tinely perform a physical examination to assess 
for POP recurrence and graft exposure/extrusion.

 Outcomes

 Definition of Success

Success of ASC encompasses a heterogeneous 
definition of outcomes. Depending on whether 
success is defined by objective POP-Q postopera-
tive evaluation versus patient satisfaction, 
 effectiveness can range anywhere from 78 % to 

Fig. 7.4 Placement of mesh over the anterior portion of 
the vagina. We prefer to suture the mesh onto the anterior 
vagina with absorbable monofilament suture with multi-
ple knots to secure the mesh deep in the pelvis

Fig. 7.3 Macroporous polypropylene synthetic mesh used for sacrocolpopexy. (a) Cut mesh. (b) Whole mesh
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Fig. 7.5 The tails of the mesh are sutured to the anterior longitudinal ligament using nonabsorbable monofilament 
suture

Fig. 7.6 Sagittal view of ASC repair with synthetic mesh. (Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2009–2013. All Rights Reserved)
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100 % for apical prolapse versus 85–100 % for 
patient satisfaction [21]. In a randomized con-
trolled study evaluating ASC to vaginal sacrospi-
nous colpopexy, subjective success based on 
prolapse symptoms and satisfaction of ASC based 
on visual analog scale were 94 % and 85 %, 
respectively, at an average of 2 years [40]. In one 
of the longest follow-ups at a mean of 13.7 years, 
Hilger et al. demonstrated a 74 % success rate 
with ASC. Success in this study was defined by 
either no reoperation for POP or a negative 
answer to question 5 on the Duke Pelvic Floor 
Distress Inventory (“Do you usually have a bulge 
or something falling out that you can see or feel in 
the vaginal area?”) Although significantly long in 
follow-up, only 12 of the original 47 women 
included in the study were available for examina-
tion. Of those 12 women who were examined, 6 
patients had failed by their criteria and none of 
the 12 had greater than stage II prolapse on exam-
ination [41]. At the time of writing this chapter, 
the latest update from the CARE trial with 7 year 
follow-up demonstrated an  estimated anatomic 
failure rate of 27 % in the urethropexy arm versus 
an estimated symptomatic POP failure rate of 
29 % in that same group. Anatomic failure was 
defined as reoperation or pessary for POP where 
the vaginal apex descends below the upper third 
of the vagina or the anterior/posterior vaginal 
wall descends past the hymen. Symptomatic fail-
ure was defined as a positive response to one or 
more questions on the POP distress inventory 
referring to seeing or feeling a bulge or reopera-
tion or pessary for POP [24].

Attempting to address this obtuse definition of 
success in ASC patients, Barber et al. evaluated 
the data from the CARE trial and applied 18 dif-
ferent surgical success definitions. Among their 
objectives was to describe how using different 
definitions affect estimates of treatment success 
and compare different definitions of surgical suc-
cess by examining their relationship to patient’s 
subjective assessments of improvement. At 2 
years, 94 % of patients achieved surgical success 
when it was defined by absence of prolapse 
beyond the hymen. When applying National 
Institutes of Health definitions of outcomes 
such as optimal (POP-Q stage 0) or satisfactory 

(support higher than 1 cm proximal to hymen), 
the rates of success were lower at 19 % and  
57 % [25].

Rates of reoperation for prolapse in the origi-
nal CARE trial were low at 2.8 % over 2 years 
which rose to 5.1 % over the course of 7 years [24, 
25]. This is comparable to the 4.4 % (0–18.2 %) 
median reoperation rate observed in summarized 
published studies. The most common reason for 
reoperation was for prolapse of the anterior or 
posterior compartment [21]. The longest follow-
up was noted to be 3 years. Hilger et al. evaluating 
results at a mean of 13.7 years found a 10.5 % rate 
of reoperation for recurrence [41].

 Genitourinary/Gastrointestinal/
Sexual Function Outcomes

In regard to system specific genitourinary, gastro-
intestinal, and sexual function after ASC, most 
studies in the past did not evaluate complaints 
with standardized validated questionnaires or in 
prospective fashion thereby making a generaliza-
tion on outcomes difficult to assess. In a case 
control study evaluating women who had under-
gone ASC versus women who had solely 
 undergone hysterectomy, patients were evaluated 
using a bowel function questionnaire and the 
Cleveland Clinical Incontinence Score (CCIS). 
While those undergoing ASC had more  
significant obstructive defecatory symptoms 
(splinting, incomplete evacuation, use of ene-
mas), fecal incontinence rates were not different. 
Incontinence was noted to be higher in patients 
who had obstetric anal injury. Unfortunately, 
results from this study are difficult to extrapolate 
without the context of preoperative symptom 
scores. On average, time from surgery to ques-
tionnaire was 8.1 years for the ASC group [42]. 
Evaluating 1 year bladder symptoms based on 
UDI changes in patients who participated in the 
CARE trial, de novo irritative voiding was 
reported in 12/131 (9.2 %) women. For those 
with obstructive voiding symptoms before sur-
gery, improvement was noted in 85.1 %. A statis-
tically significant mean reduction of PVR of
31 mL was observed postoperatively [43]. 
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One year follow-up was also evaluated in regard 
to sexual function in patients who participated in 
the CARE trial. Using the Pelvic Organ Prolapse/
Urinary Incontinence Sexual Functioning 
Questionnaire (PISQ-12), patients who had a 
sexual partner before and after surgery were 
evaluated at 1 year for effects of surgery on sex-
ual function. There was a statistically significant 
rise in the amount of women who were sexually 
active compared to prior to surgery (76.3 % vs. 
66.1 %, p < 0.001). Fewer women after ASC 
avoided sexual activity due to pelvic or vaginal 
symptoms, fear of incontinence, bulge in the 
vagina, or being limited by pain. It was noted 
that 11/148 (7.4 %) women became sexually 
inactive after surgery. There was a higher pro-
portion limited by pain but this was not statisti-
cally significant (26 % vs. 22 %, p = 1.0). The 
authors did note that there was a higher incidence 
of infrequent sexual desire amongst those who 
were inactive after surgery (70 % vs. 22.1 %, 
p < 0.001) [44].

 Open ASC Versus Laparoscopic/Robot 
Assisted ASC

Although ASC has been recognized as the gold 
standard surgery for apical POP repair, increased 
hospital stay, blood loss, and length of recovery 
have all been listed as drawbacks of open ASC 
compared to other approaches [45]. Minimally 
invasive surgery and robot assisted laparoscopic 
surgery decrease the convalescence associated 
with transabdominal surgery. Siddiqui et al. eval-
uated robotic ASC outcomes at 1 year compared 
to patients in the CARE trial and found no sig-
nificant difference in surgical failures as defined 
by bothersome vaginal symptoms or repeat sur-
gery for prolapse (8 % vs. 4 %, p = 0.16). 
Operative characteristics that were significantly 
different between robotic vs. open ASC include 
estimated blood loss (90 mL vs. 228 mL, 
p < 0.01), concomitant hysterectomy (49 % vs. 
28 %, p < 0.01), and posterior repair at time of 
ASC (8 % vs. 22 %, p < 0.01). Complications that 
were significantly different included wound 
 disruption (0 % vs. 4.3 %, p = 0.01), febrile 

 morbidity (4.8 % vs. 10.9 %, p = 0.04), and ileus 
(5.6 % vs. 11.6 %, p = 0.05) [46]. Rozet et al. 
similarly found laparoscopic sacral colpopexy to 
be efficacious in treating POP. The retrospective 
review evaluated 363 patients who underwent a 
laparoscopic sacral colpopexy. 25 % of patients 
had undergone a previous hysterectomy and only 
4 % had a concomitant hysterectomy. 
Complications were low with 2 % requiring open 
conversion. Average hospital stay was noted to be 
3.7 days. On average follow-up for 14.6 months, 
anatomic cure rate, which was not defined on 
postoperative visit, was noted to be 96 % with a 
similar 96 % satisfaction rate [47]. These rates 
are similar to a recent review article regarding 
laparoscopic sacrocolpopexy [48]. A retrospec-
tive cohort study evaluating laparoscopic and 
ASC found that although mean operating time 
(269 min vs. 218 min, p < 0.0001) was longer in 
the laparoscopy cohort, mean hospital stay was 
significantly shorter (1.8 days vs. 4 days, 
p < 0.0001). Clinical efficacy was difficult to 
assess given that not all patients had preoperative 
and postoperative POP-Q standardized scores 
[49]. To date no prospective randomized trial 
have been done to evaluate robotic ASC to open 
ASC [50].

 Controversial Topics in Open ASC

Open ASC has been constantly evolving since 
being first described in the 1960s. The subjects of 
uterine sparing, concomitant hysterectomy at 
time of ASC, and concomitant anti-incontinence 
procedures are briefly discussed here but the 
reader is directed to the myriad information for 
further discussion.

 Uterine Sparing

The surgical approach of ASC assumes that POP 
has occurred in the setting of the post- 
hysterectomy patient. For those with apical pro-
lapse and an intact uterus, there continues to be a 
debate on whether to preserve the uterus. 
Proponents of uterine sparing would argue that 
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keeping the uterus intact preserves sexual 
 function, decreases the morbidity associated with 
hysterectomy, and maintains the body as a whole 
[51]. Detractors from uterine sparing point out 
that after parturition, the uterus no longer serves 
a useful function and that sexual function is not 
diminished after hysterectomy [52]. In a long- 
term randomized controlled study evaluating 
sacrocolpopexy with uterus preservation versus 
vaginal hysterectomy with colporrhaphy for the 
correction of prolapse, 8 year outcomes were not 
statistically different between the two groups in 
regard to reoperation rate and Incontinence 
Impact Questionnaire (IIQ) or POP-Q (Pelvic 
Organ Prolapse Quantification) scores [53]. Dietz 
et al. performed a multicenter randomized con-
trolled study evaluating sacrospinous hystero-
pexy versus vaginal hysterectomy with 
uterosacral vault suspension and found increased 
rates of apical recurrence at 1 year after sacrospi-
nous hysteropexy but no significant difference in 
IIQ or other functional outcomes and quality of 
life questionnaires [54].

 Concomitant Hysterectomy

After counseling a patient on the options, our 
preference in the patient with apical POP and an 
intact uterus is to perform a transvaginal hyster-
ectomy with vault suspension at the time of the 
procedure to address the prolapse along with a 
possible anterior or posterior repair if needed. 
Given the theoretical risk of cuff infection and 
mesh extrusion, we do not routinely perform 
ASC in the setting of a hysterectomy. Mattox 
et al. in a retrospective study found a higher rate 
of mesh infection in patients who underwent hys-
terectomy versus those that did not (27 % vs. 
1.3 %) [55]. Markinkovic evaluated abdominal 
hysterectomy at the time of abdominal sacrocol-
popexy. In a retrospective review of 67 patients 
who underwent total abdominal hysterectomy 
and sacrocolpopexy with two pieces of polypro-
pylene mesh, no exposures/extrusions were noted 
at a median of 26 months follow-up [56]. This is 
in contrast to other series which included patients 
who had concomitant hysterectomies and erosion 

rates from 1.5 % to 27 % thought to be related to 
mesh type versus how the cuff was addressed 
during time of hysterectomy [57–59]. Siddiqui 
et al. noted no mesh erosions at 1 year follow up 
in any patients who underwent robotic ASC with 
supracervical hysterectomy [46]. Thus, the ideal 
patient for sacrocolpopexy is probably a patient 
who may have a remote history of hysterectomy 
and now has vaginal vault descent who desires a 
reconstructive operation.

 Concomitant Anti-incontinence 
Procedure

During the patient’s initial visit and assessment 
of POP, her symptoms may or may not include 
stress urinary incontinence. Given provocative 
testing maneuvers, SUI and occult SUI may not 
be unmasked. Regardless, all patients are coun-
seled of the probability of a concomitant anti- 
incontinence procedure at the time of ASC.

The CARE trial was a multicenter randomized 
controlled trial that randomized continent women 
undergoing ASC to receive a Burch colposuspen-
sion at the same time of surgery. This was 
designed to evaluate whether postoperative SUI 
symptoms were reduced by concomitant Burch 
colposuspension during ASC in continent 
women. Continence was defined as answering 
“never” or “rarely” to the SUI portion of the 
Medical, Epidemiological, and Social Aspect of 
Aging (MESA) questionnaire. The trial was 
stopped after the first interim analysis as there 
was a significant difference between postsurgical 
SUI symptoms in patients undergoing concomi-
tant Burch colposuspension versus those that did 
not (23.8 % vs. 44.1 % p < 0.001). The difference 
was also significant when evaluating those with-
out evidence of SUI on preoperative UDS (reduc-
tion of postoperative SUI from 38.2 % to 20.8 %, 
p = 0.007) [17].

Though these results are compelling to offer 
an anti-incontinence procedure to all our patients 
regardless of preoperative symptoms of SUI, we 
counsel patients on possible mid-urethral sling 
but ultimately give the patient the option in 
 making the final decision. Studies have  advocated 
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a more conservative approach of offering 
 anti- incontinence procedures to patients with 
occult SUI or symptomatic SUI [60, 61]. Also, 
our standard anti-incontinence procedure is a 
mid- urethral sling performed at the time of 
ASC. The CARE trial evaluated Burch colposus-
pension as their anti-incontinence procedure 
which may suggest their results are not wholly 
applicable to our patient population. The 
Outcomes Following Vaginal Prolapse Repair
and Midurethral Sling (OPUS) trial evaluated 
stress urinary incontinence at 3 months and 12 
months after prolapse surgery with either con-
comitant mid-urethral sling placement or a sham 
procedure. The rates of urinary incontinence/
treatment were significantly higher in the sham 
group at 3 months (49.4 % vs. 23.6 %, p < 0.001) 
and 12 months (43 % and 27.3 %, p = 0.002). 
Also incontinence demonstrated by cough stress 
test at 12 months was significantly higher in the 
sham group (20.5 % vs. 3.5 %, p < 0.001). Occult 
SUI was observed in preoperative testing in 
33.5 % of the women in the study even though 
women included in this study did not report SUI 
symptoms [18]. These results are similar to the 
CARE trial and suggest that any anti-inconti-
nence procedure at the time of prolapse surgery 
will significantly reduce SUI symptoms after-
wards. Whereas the CARE trial involved an anti-
incontinence procedure which we do not typically 
perform, the OPUS trial had a patient population 
who underwent transvaginal prolapse correction; 
thus, these results also may not be applicable to 
patients who undergo ASC with a concomitant 
retropubic mid-urethral synthetic sling placement.

Borstad et al. evaluated concomitant anti- 
incontinence surgery in women with SUI at the 
time of prolapse surgery versus reassessing at 3 
months. Utilizing tension-free vaginal tape 
(TVT) as their anti-incontinence procedure, they
found no significant difference in SUI cure rate 
between either group. They did note that of those 
randomized to wait 3 months postoperative for 
their TVT procedure, only 53 out of the original
94 patients required an additional surgery [62]. 
At the time of writing this chapter, the CUPIDO 
trial is currently accruing patients who have both 
SUI and prolapse. The primary outcome of this 

multicenter randomized control trial is to  
evaluate absence of SUI 12 months after surgery 
in patients with SUI or occult SUI are random-
ized to prolapse surgery combined with anti- 
incontinence surgery versus prolapse surgery 
alone. While a significant amount of heterogene-
ity will be introduced by the type of prolapse  
surgery performed (vaginal hysterectomy, 
 sacrospinous fixation, Manchester Fothergill 
operation, anterior colporrhaphy or mesh implan-
tation, posterior colporrhaphy or mesh implanta-
tion, and enterocele repair) and type of 
anti-incontinence surgery (retropubic or transob-
turator mid-urethral sling), the results should be 
interesting to compare [63].

 Summary

Given the aging population, the number of 
women who will develop POP will substantially 
increase in the next 40 years [64]. Although POP 
can be approached transvaginally or with a mini-
mally invasive approach with robot assistance, 
transabdominal ASC remains the gold standard 
operation for apical POP repair. Patients should 
be evaluated thoroughly including the use of 
standardized symptom questionnaires on their 
initial visit as well as POP-Q measurements to 
objectively evaluate their POP. Comorbid condi-
tions should be fully medically optimized prior 
to surgery. Most important of all, the patient’s 
goals should be identified in the beginning given 
that the majority of women with POP are not 
symptomatic nor do they require an invasive 
procedure.

For those undergoing a corrective operative 
procedure, an informed discussion regarding the 
use of synthetic mesh graft is paramount. Patient’s 
expectations are aligned with the surgeon’s goals 
of surgery. The expected postoperative course is 
discussed with the patient to minimize any 
chance of misunderstanding. During surgery, 
techniques that optimize success include periop-
erative antibiotics and prophylactic DVT preven-
tion, obtaining exposure, and recognizing pelvic 
anatomic landmarks to allow for precise dissec-
tion and avoidance of neurovascular structures. 

7 Open Transabdominal Sacrocolpopexy



114

We advocate the use of a macroporous polypro-
pylene synthetic graft and non-braided suture.

Successful transabdominal ASC outcomes are 
high but depend on the definition used which is 
still not standardized in current literature. While 
minimally invasive approaches to ASC have been 
developed and enjoy acceptable rates of success 
with decreased morbidity, no randomized study 
exists between the two modalities to dispute trans-
abdominal ASC as the gold standard for POP.
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 Introduction

Many studies have shown the prevalence of 
female pelvic floor disorders, including pelvic 
organ prolapse (POP), increases with age. Given 
the anticipated increase in the aging population, 
it is estimated that the number of women with 
POP will increase from 3.3 million in 2010 to 4.9 
million in 2050, creating a need for safe, durable, 
and cost-effective procedures.

Over the last 15 years there has been a move-
ment away from invasive, open surgery towards 
more minimally invasive laparoscopic and more 
recently robotic procedures in many urologic 
specialties including female pelvic reconstruc-
tion. Robotic assisted laparoscopy has allowed 
surgeons to offer the “gold standard” treatment 
for post-hysterectomy vault prolapse, abdominal 
sacrocolpopexy (ASC), with a less invasive, less 
morbid approach with similar anatomical out-
comes. This chapter will review in detail the 
technique, outcomes, and complications of lapa-
roscopic sacrocolpopexy (LSC) and robotic 
assisted laparoscopic sacrocolpopexy (RASC).

 Background

Many studies have shown the prevalence of 
female pelvic floor disorders, including POP, 
increases with age [1]. It is estimated that the 
number of women with POP will increase by 
46 %, from 3.3 million in 2010 to 4.9 million in 
2050, creating a need for safe, durable, and cost-
effective procedures [1]. Based on level 1 evi-
dence, the ASC has long been considered the 
gold standard for vaginal vault prolapse given its 
long term anatomic success rates [2]. While 
ASC has demonstrated higher success rates than 
vaginal approaches, it is more invasive, has a 
longer recovery time, and has a higher complica-
tion rate.

With the advent of laparoscopic techniques in 
the 1990s, interest in laparoscopic approaches to 
prolapse repairs surged. Since its introduction by 
Nezhat in 1994, LSC has undergone several 
 modifications [3]. In the original report, a single 
piece of gortex mesh was attached to the poste-
rior vaginal apex and sutured or stapled to the 
anterior longitudinal ligaments of the sacrum. 
Since its inception, modifications to the proce-
dure have been made including the use of ante-
rior and posterior pieces of synthetic 
polypropylene mesh. In addition the procedure 
has been modified for patients desirous of 
 preserving the uterus using a single piece of 
 synthetic polypropylene mesh posteriorly or an 
anterior Y-shaped piece of synthetic mesh and a 
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posterior synthetic mesh. The laparoscopic 
approach offers the success, versatility, and dura-
bility of the traditional abdominal repairs with a 
minimally invasive approach and shortened 
recovery.

However, widespread application of laparo-
scopic techniques has been limited by a steep 
learning curve and specialty training require-
ments. As technology has continued to advance, 
robotic surgery has been integrated into the treat-
ment of female pelvic floor disorders. The RASC 
was first described in 2004 and subsequently in 
2005 the Food and Drug Administration (FDA) 
approved Da Vinci® (Intuitive Surgical, Sunnyvale, 
CA) robotic technology for gynecologic applica-
tions. The advantages of robot assisted laparos-
copy are that it provides the advantages of 
laparoscopic surgery while easing the technical 
challenges of traditional laparoscopic surgery. For 
instance, the 7 degrees of freedom provided by Da 
Vinci technology mimic the motions of the human 
hand and greatly facilitate surgical challenges 
such as intracorporeal suturing. Therefore, use of 
robotic technology may allow non-laparoscopic 
trained surgeons to bring the advantages of lapa-
roscopic surgery to their patients.

In this chapter, we review laparoscopic and 
robotic approaches to the management of apical 
and uterine POP.

 Evaluation and Work-Up

The management of POP depends on symptom 
bother, the goals of the patient, and comorbidi-
ties. If a patient is older or does not wish to pre-
serve sexual function, observation, a pessary or 
an obliterative procedure may be more appropri-
ate. In women that have symptomatic vaginal 
vault POP and desire surgical correction, the sur-
geon should discuss the various operative repairs, 
techniques, complications, and recovery time.

Indications for RASC include recurrent apical 
prolapse, failed previous transvaginal repairs, and 
apical prolapse in women with foreshortened vag-
inal length. Additional factors that should be taken 
into account are the patient’s previous abdominal 
surgeries, which can lead to  abdomino- pelvic 

adhesions, the patient’s pulmonary status, and 
ability to tolerate steep trendelenburg.

Patients should also be assessed for stress uri-
nary incontinence (SUI) to determine if a con-
comitant anti-incontinence procedure should be 
performed. The role of anti-incontinence in 
patients without documented pre-operative SUI 
remains controversial.

In 2006, the Colpopexy and Urinary Reduction 
Efforts (CARE) trial showed the addition of a 
Burch colposuspension in women without preop-
erative stress undergoing an ASC significantly 
reduced the risk of postoperative stress urinary 
incontinence (23.8 %, vs. 44.1 % in the control 
group, P < 0.001) [2].

Recently, JAMA published the long term out-
comes of the CARE trial, which shows by year 7 
women who underwent prophylactic Burch at the 
time of ASC had a longer time to recurrence of 
SUI than women who did not undergo a Burch. 
The estimated probabilities of developing SUI by 
year 7 were 0.62 in the Burch and 0.77 in the no 
Burch arm (treatment difference of −0.153; 95 % 
CI, −0.268 to 0.030) [4].

Many pelvic surgeons have extrapolated the 
data from the CARE trial data to justify prophy-
lactic concomitant mid-urethral slings in all 
 continent women undergoing ASC or LSC/
RASC. Recently, the Outcomes Following 
Vaginal Prolapse Repair and Midurethral Sling 
(OPUS), a randomized, multi-center trial involv-
ing women with stage 2 or greater anterior vagi-
nal wall POP without symptoms of SUI 
undergoing vaginal prolapse surgery found uri-
nary incontinence present in 27.3 % and 43.0 % 
of patients in the sling and sham groups, respec-
tively (P = 0.002), at 12 month follow-up [5]. The 
number needed to treat with a sling to prevent 
one case of urinary incontinence at 12 months 
was 6.3 [5]. In summary, a prophylactic midure-
thral sling inserted during vaginal prolapse sur-
gery resulted in a lower rate of urinary 
incontinence at 12 months but an overall higher 
rate of adverse events. It is important to remem-
ber that only vaginal surgeries were included in 
this study, not ASC or LSC/RASC, and therefore 
these conclusions must be applied to these proce-
dures with care.
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 Surgical Procedure

 Laparoscopic Sacrocolpopexy

The initial steps involving patient positioning are 
the same for both LSC/RASC. The patient is 
placed in the dorsal lithotomy position using 
Yellowfin® (Allen Medical Systems, Acton, MA) 
stirrups. The arms are tucked at the side. All pres-
sure points are padded. The patient’s breasts 
should be padded and the patient secured to the 
table using surgical tape (Fig. 8.1). The patient’s 
abdomen and vagina should be prepped and 
draped in standard surgical fashion. Based on 
surgeon preference, four or five ports are used 
(Fig. 8.2a, b). An intra- or infra-umbilical inci-
sion can be made. Access can be obtained using 
either the Hassan open technique or a Veress 
needle. If the Hassan technique is used, a 
10–12 mm port is placed into the abdominal 
 cavity. The port or Veress needle should be con-
nected to the CO2 insufflation tubing and the 
abdomen insufflated. Intra-abdominal pressures 
should be monitored, if they exceed 8 mm Hg; 
the port or needle should be adjusted to ensure 
that it is not adherent to bowel or omentum and 
not outside the peritoneal cavity.

Two additional 10–12 mm ports are placed 
 lateral to the rectus muscle. One or two additional 
5 mm ports are placed 2–3 cm cephalad and 
2–3 cm medial to the anterior superior iliac spines, 
avoiding ilioinguinal and iliohypogastric nerve 
injury or entrapment. The left lower port is uti-
lized to retract the sigmoid colon to the left and 
cephalad. This port can be eliminated by using a 
suture to retract the sigmoid. A 1-0 monofilament 
suture on a large (CT-X) needle can be passed into 
the left lower quadrant, through an epiploic 
appendage of the sigmoid colon, back out through 
the left lower quadrant, and clamped at the skin 
level to retract the sigmoid colon (Fig. 8.3).

After the sigmoid is retracted, the sacral prom-
ontory, right common iliac artery, and right ureter 
are identified. The posterior peritoneum over the 
sacral promontory is incised longitudinally to the 
level of the vaginal apex. An endoanal sizer 
(Fig. 8.4) is placed in the vagina, thereby reduc-
ing the prolapse and elevating the vagina for 
exposure (Figs. 8.5 and 8.6). The peritoneum 
over the vaginal apex is then incised, and this dis-
section is continued anteriorly along the vaginal 
wall in an attempt to dissect the plane between 
the bladder and vagina (Figs. 8.7, 8.8, and 8.9). 
The bladder can be filled to help demarcate this 
plane. This can also be accomplished with the 
introduction of a cystoscope light in the bladder. 
This plane is dissected at least 3 cm distal to the 
vaginal apex to allow space for placement of the 
anchoring sutures. The lack of direct tactile feed-
back makes this dissection challenging; in a 
recent study of this technique, cystotomy or 
sutures thrown into the bladder were noted in 
10.7 % of cases [6]. Similar dissection is per-
formed on the posterior vaginal wall to de- 
peritonealize this area and separate the vagina 
from the rectum posteriorly. The mesh, either in 
two separate strips (size varies depending on sur-
geon preference: 2–4 cm × 12–15 cm) or pre- 
fashioned in a Y-configuration, is passed into the 
field and sutured with nonabsorbable suture to 
the posterior and then the anterior vaginal wall 
(Fig. 8.10). At least four sutures are required on 
either side to fully anchor the mesh (Fig. 8.11).

The next step involves suturing the mesh to the 
longitudinal ligament of the sacral promontory. 

Fig. 8.1 Patient positioning for both LSC/RASC: the 
patient is placed in the dorsal lithotomy position using 
Yellowfin® (Allen Medical Systems, Acton, MA) stirrups. 
The arms are tucked at the side. All pressure points are 
padded. The patient’s breasts should be padded and the 
patient secured to the table using surgical tape
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Using the third robotic arm the sigmoid colon is 
retracted to the left pelvic side wall using a bowel 
grasper or Prograsp™ (Intuitive Surgical, 
Sunnyvale, CA) exposing the sacral promontory. 
The peritoneum overlying the promontory is 
incised using monopolars scissors or hook. Care 
should be taken to identify the right ureter, iliac 
bifurcation, and presacral vessels. With careful 

blunt dissection the fat overlying the promontory 
is cleared identifying the anterior longitudinal 
ligament at the S1 or S2 level (Fig. 8.12). This 
maneuver is frequently done with a laparoscopic 
Kittner introduced through the 12 mm accessory 
port which allows tactile feedback of the bone 
(Fig. 8.13). Should bleeding occur from the pre-
sacral space, one can increase insufflation and 
intrababominal pressure while introducing lap 
pads to apply direct pressure. In addition sutures, 
surgical clips, and hemostatic agents can be used. 
If conversion to open is required, orthopedic 
thumbtacks can also be used.

Fig. 8.2 (a) Port placements for laparoscopic pelvic 
organ prolapse surgery. A fifth port (5 mm) may be placed 
in the left lower quadrant, or a suture may be used to 
retract the sigmoid colon. (b) Laparoscopic port place-

ment for robotic pelvic organ prolapse surgery. (a: 
Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2006–2014. All Rights 
Reserved)

Fig. 8.3 Retraction of the sigmoid colon with a CT-X 
needle through an epiploic appendage. The needle can be 
placed though the abdominal wall and clamped at the skin 
level to retract the sigmoid colon allowing exposure of the 
sacral promontory

Fig. 8.4 Endoanal sizers (EEA)
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With the prolapse reduced using the endoanal 
sizer, the proximal end of the mesh is anchored to 
the anterior longitudinal ligament of the sacrum 
with two No. 0 nonabsorbable sutures (Figs. 8.14 
and 8.15). The excess mesh is trimmed and the 
posterior peritoneum is then closed over the mesh 
(Fig. 8.16). Cystoscopy should be performed at 

the end of procedure to ensure ureteral patency 
and that none of the sutures have passed into the 
bladder.

In patients undergoing sacrouteropexy, the 
uterus can be suspended with a laparoscopic 
tenaculum or with a Keith needle placed though 
the fundus (Fig. 8.17). The posterior peritoneum 
is incised from the level of the sacral promontory, 
caudally to the level of the posterior vaginal cuff 
and cervix (Fig. 8.18). Depending on surgeon 
preference, a single piece of posterior mesh 
(3–5 cm × 12–15 cm) or an anterior Y-shaped 
piece of mesh and a posterior mesh are used. In 
cases using a single piece of mesh, the mesh is 
sutured to the posterior vaginal cuff and posterior 
cervix using 0-nonabsorbale sutures. When using 
two pieces of mesh the posterior mesh is placed 
as described, while each arm of the anterior 
Y-shaped mesh is passed through the broad liga-
ment. The mesh/meshes are fixed to the sacrum 
as described above.

 Robotic Laparoscopic 
Sacrocolpopexy  
and Sacrouteropexy

This modification of the LSC utilizes the robotic 
system to facilitate three-dimensional visualiza-
tion of the operative field, placement of sutures, 
and tying of the sutures, thereby simplifying the 
execution of maneuvers and shortening the lapa-
roscopic learning curve. Five ports are typically 
utilized: an umbilical port (intra-, infra-, or supra- 
umbilical) 12 mm camera port; and two 8-mm 
robotic ports placed at the lateral edge of the rec-
tus abdominal muscles (8–10 cm lateral to the 
camera port) at the level of the umbilicus or 
1–2 cm caudal; traditionally two additional ports 
a 5 mm and a 10 mm or two 10 mm ports are 
placed bilaterally, 3 cm medial and cephalad to 
the anterior superior iliac spine to allow an assis-
tant to retract the sigmoid colon and small bowel 
(Fig. 8.19). At least one of these ports should be 
10 mm to allow passage of the mesh strips and 
needles as needed. In women with small pelvises, 
we place the accessory 10 mm port 8 cm lat-
eral and 2–3 cm cephalad to the umbilical port. 

Fig. 8.5 Retraction of the small bowel and sigmoid colon 
allowing exposure of the sacral promontory. (Reprinted 
with permission, Cleveland Clinic Center for Medical Art 
& Photography © 2006–2014. All Rights Reserved)

Fig. 8.6 Placement of EEA sizer in the vagina reducing 
the prolapse and elevating the vagina for exposure
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Once access is obtained the patient is placed in 
steep Trendelenburg position. The robot can be 
docked between the legs or side docked 
(Figs. 8.20 and 8.21). The technique is identical 

to that described for laparoscopic sacrocolpo-
pexy. As in the laparoscopic procedure the uterus 
can be spared by performing a robotic laparo-
scopic sacrouteropexy as described above.

Fig. 8.7 The peritoneum over the vagina apex is incised 
longitudinally to the level of the sacral promontory. Using 
the third robotic arm to retract the bladder anteriorly, the 
peritoneum over the vaginal cuff is exposed. Note the 
grasper in the left hand and the endoshears in the 
right  hand. (Used with permission of Springer 

Business + Business Media from McAchran S, Moore C. 
Robotic Abdominal Sacrocolpopexy. In Best SL, Nakada 
SY (eds): Minimally Invasive Urology: An Essential 
Clinical Guide to Endourology, Laparoscopy (LESS), and 
Robotics. New York: Springer Science + Business Media; 
2014)

Fig. 8.8 The peritoneum overlying the anterior vagina 
has been dissected allowing a place to develop between 
the vagina and the bladder. This will be site for the ante-
rior mesh attachment. (Used with permission of Springer 
Business + Business Media from McAchran S, Moore C. 

Robotic Abdominal Sacrocolpopexy. In Best SL, Nakada 
SY (eds): Minimally Invasive Urology: An Essential 
Clinical Guide to Endourology, Laparoscopy (LESS), and 
Robotics. New York: Springer Science + Business Media; 
2014)
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 Complications

In a comprehensive review of the published lit-
erature on ASC, Nygaard and colleagues from 
the Pelvic Floor Disorders Network reported the 
success rate, defined as lack of apical prolapse 
postoperatively, ranged from 78 % to 100 % and 
when defined as no postoperative prolapse, from 

58 % to 100 % [7]. Median reoperation rates for 
POP and for stress urinary incontinence were 
4.4 % (range 0–18.2 %) and 4.9 % (range 1.2–
30.9 %), respectively [7]. The rate of mesh ero-
sion was 3.4 % [6]. In the recently published 
JAMA article on long term complications of 
ASC, the estimated probabilities of treatment 
failure for anatomic POP was 0.27 in the urethro-
pexy group and 0.22 in the no urethropexy group 
(treatment difference of 0.050; 95 % CI, −0.161 
to 0.271), and 0.29 and 0.24, respectively for 
symptomatic POP (treatment difference of 0.049; 
95 % CI, −0.060 to 0.162) [4]. The probability of 
mesh erosion was 10.5 % [4].

The Pelvic Floor Disorders Network found 
intraoperative complications of ASC to include 
cystotomy in 3.1 %, enterotomy or proctotomy in 
1.6 %, ureteral injury in 1.0 %, and hemorrhage 
or transfusion or both occurred in 4.4 % [6]. 
Among postoperative complications urinary tract 
infections were the most common complication 
with a median range of 10.9 % (2.5–25.9 %) fol-
lowed by wound infection, hematoma, or superfi-
cial separation ranging with a median of 4.6 % 
(0.4–19.8 %) [6]. Ileus was reported in 3.6 %, 
deep venous thrombus or pulmonary embolus 
3.3 %, 1.1 % required reoperation for small 
bowel obstruction, and 5.0 % underwent inci-
sional hernia repair [7].

Both the incidence of intraoperative and post-
operative complications that occur after LSC and 
RASC are similar to ASC. Interestingly, the rate 
of cystotomy or sutures in the bladder is much 
higher, 10.7 % in RASC and LSC compared to 
ASC, which was 3.1 % [6, 8].

 Outcomes

LSC appears to successfully recapitulate the 
open technique that has demonstrated durable 
results for several decades. Several studies 
have demonstrated the laparoscopic approach to 
be successful, 90–96 % cure rate, with a low 
mesh erosion rate, ranging from 1 % to 8 % [9]. 
The largest series of LSC is a retrospective cohort 
of 165 patients followed for a mean of 43 months 
[10]. Of the 165 patients, 27 were lost to 

Fig. 8.9 The peritoneum over the vagina apex is incised 
longitudinally to the level of the sacral promontory. 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2006–2014. All Rights 
Reserved)

Fig. 8.10 Y-shaped mesh
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 follow- up. Success rate at mean follow-up was 
94.9 %, with 5.07 % patients reporting recurrent 
vaginal vault prolapse. Only 3.62 % of patients 
reported a recurrent cystocele.

We reported a comparative cohort study from 
our institution of 61 patients treated with ASC 
and 56 treated with LSC with a mean follow-up 
of 16 and 14 months, respectively. The mean total 
operative time was longer for the laparoscopic 
group (269 min vs. 218 min), but hospital stay 
was shorter in the laparoscopic group (1.8 days 
vs. 4.0 days) [11]. Reoperation rates (11 % lapa-
roscopic vs. 5 % open) and clinical outcomes 
rates were similar. The sample size was not 

Fig. 8.11 With an EEA sizer in the vagina, the mesh is sutured to the anterior vaginal wall

Fig. 8.12 Sacral dissection with the posterior peritoneum 
incised exposing the anterior longitudinal ligament. (Used 
with permission of Springer Business + Business Media 
from McAchran S, Moore C. Robotic Abdominal 

Sacrocolpopexy. In Best SL, Nakada SY (eds): Minimally 
Invasive Urology: An Essential Clinical Guide to 
Endourology, Laparoscopy (LESS), and Robotics. 
New York: Springer Science + Business Media; 2014)

Fig. 8.13 Fat overlying sacral promontory blunted dis-
sected using laparoscopic Kittner exposing the bone
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 powered adequately to detect differences in com-
plication rates.

Many studies have shown RASC to have 
 anatomical cure rates similar to ASC and LSC [12]. 

Two more recent larger series by Akl et al. and 
Shariati et al. who followed 80 and 77 patients 
undergoing RASC reported recurrent prolapse in 
3.7 % and 1.29 % patients, respectively [13].

In a retrospective study comparing 73 patients 
who underwent RASC with 10 patients who had 
ASC 6 weeks postoperatively, Geller et al. found 
the robotic group to have slightly better POP-Q 
“C” points, −9 compared with −8 (P = .008) [13]. 
All other anatomic outcomes were similar. 
Robotic procedures had statistically less blood 
loss (103 ± 96 mL vs. 255 ± 155 mL, P < .001), 
longer total operative time (328 ± 55 min vs. 
225 ± 61 min, P < .001), shorter length of stay 
(1.3 ± 0.8 days vs. 2.7 ± 1.4 days, P < .001), and a 
higher incidence of postoperative fever (4.1 % 
compared vs. 0.0 %, P = .04). Recently the same 
group published their long term data. At a mean 
follow-up of 44.2 ± 6.4 months, there was still 
significant improvement in all POP-Q measure-
ments from baseline. Cure rates for the Apex 
were 100 % while cure rates for the anterior and 
posterior compartments were lower 78.9 % for 
both. Secondary outcomes assessed using 
PFDI_20, PFIQ-&, PISQ-12 all showed signifi-
cant improvement in pelvic floor function. At 
follow- up, there were two cases of mesh erosion 
in both open (7 %) and robotic group (8 %) [14].

Fig. 8.14 The anchoring suture for the sacral portion of the 
mesh is placed through the anterior longitudinal ligament. 
(Used with permission of Springer Business + Business 
Media from McAchran S, Moore C. Robotic Abdominal 

Sacrocolpopexy. In Best SL, Nakada SY (eds): 
Minimally Invasive Urology: An Essential Clinical Guide 
to Endourology, Laparoscopy (LESS), and Robotics. 
New York: Springer Science + Business Media; 2014)

Fig. 8.15 Mesh is introduced and sutured to the vaginal 
apex anteriorly and posteriorly and sutured to the sacral 
promontory. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2006–
2014. All Rights Reserved)
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Until recently, there were no randomized con-
trolled trials comparing RASC to ASC or 
LSC. Paraiso et al. conducted a single center ran-
domized trial comparing RASC to LSC [8]. In the 
RASC group, anesthesia time, total time in the 
operating room, total sacrocolpopexy time, and 
total suturing time were all significantly  longer. 
Patients in the robotic group also had signifi-
cantly higher pain at rest and with activity during 
weeks 3 through 5 after surgery and required lon-
ger use of nonsteroidal anti-inflammatory drugs. 

Fig. 8.16 The mesh is covered by the posterior peritoneum. 
The vagina is suspended to the sacral promontory, recreating 
normal vaginal anatomy. (Used with permission of Springer 
Business + Business Media from McAchran S, Moore 

C. Robotic Abdominal Sacrocolpopexy. In Best SL, Nakada 
SY (eds): Minimally Invasive Urology: An Essential Clinical 
Guide to Endourology, Laparoscopy (LESS), and Robotics. 
New York: Springer Science + Business Media; 2014)

Fig. 8.17 In a sacrouteropexy, the uterus is retracted 
using a Keith needle

Fig. 8.18 In sacrouteropexy, the posterior peritoneum 
overlying the posterior vaginal cuff and cervix is incised 
longitudinally to the level of the sacral promontory. 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2006–2014. All Rights 
Reserved)
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Fig. 8.19 Robotic port placement in W configuration

Fig. 8.20 Robot is docked laterally, abutting the base of the operating room table
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In addition, the robotic surgery was significantly 
more expensive than laparoscopy (mean differ-
ence +$1,936; P = .008). At 1 year there was no 
difference in improvement in vaginal support or 
functional outcomes between groups.

 Summary

Over the last decade new minimally invasive lap-
aroscopic and robotic techniques have evolved 
for the correction POP. All of these techniques 
aim to achieve the same durable success of the 
traditional open abdominal techniques while 
minimizing recovery, pain, blood loss, and hospi-
tal stays. The limited, available data suggests that 
laparoscopic and robotic outcomes are compara-
ble to the open ASC but more expensive.
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           Background 

 Bladder outlet obstruction (BOO) in women is 
rare, with an incidence ranging from 2.7 % to 8.3 % 
[ 1 ,  2 ]. However, these rates may underestimate the 
true incidence because diagnostic parameters and 
normative values to diagnose female BOO remain 
controversial. In addition, the presentation of 
female BOO can range widely from obstructive 
symptoms associated with voiding to irritative 
voiding symptoms. Given the variability in presen-
tation and diagnosis, urologists must have a high 
suspicion for obstruction when managing patients 
with voiding dysfunction following surgical inter-
ventions for stress urinary incontinence (SUI).  

    Presentation 

 The diffi culty in diagnosing female BOO is, in 
part, due to the variety of presenting symptoms. 
While it makes sense that women with urethral 
obstruction would present with voiding diffi cul-
ties (hesitancy, decreased stream strength, incom-
plete emptying, or complete urinary retention), 
the fact remains that most women present with 
overactive bladder symptoms [ 3 ]. In the immedi-
ate, postoperative period many of these symp-
toms are expected but typically resolve within 
4 weeks of surgery [ 3 ].  

    Etiology 

 We classify the etiology of female BOO into ana-
tomic and functional causes. Anatomic causes 
may be extrinsic (prolapse, prior surgery, urethral 
diverticulum, tumor) or intrinsic (stricture, 
tumor). Functional causes include primary blad-
der neck obstruction, neurogenic detrusor- 
external sphincter dyssynergia, and acquired 
voiding dysfunction [ 4 ,  5 ]. 

 Carr and Webster classifi ed obstruction based 
on its location. They found that the most common 
cause of proximal urethral obstruction was 
extrinsic compression or an abnormal urethral 
angle [ 1 ]. Distal obstruction was typically a 
 functional problem related to the inadequate 
relaxation of the muscles of the pelvic fl oor. 
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Extrinsic compression can occur from nearby 
structures, such as the uterus, vagina, bladder, 
ureter; abnormal angulation due to an anti-incon-
tinence procedure; or can be luminal due to 
 stricture, neoplasm, foreign body, or urethral 
valve [ 1 ]. Iatrogenic obstruction following anti- 
incontinence surgery has been cited as the most 
common etiology of BOO with rates ranging 
from 2.5 % to 27 % [ 6 – 9 ]. 

    Synthetic Mid-urethral Sling 

 A meta-analysis conducted by the American 
Urological Association Stress Urinary 
Incontinence (AUA SUI) Panel assessed out-
comes following surgical management of female 
SUI. Rates of de novo urge incontinence (UI) at 
12–23 months following surgical intervention for 
SUI in 323 females undergoing synthetic midure-
thral slings was 6 % [ 10 ]. The rate of retention, 
defi ned as retention lasting longer than 1 month 
or requiring intervention, was 3 %. The same 
retention rate existed following synthetic mid- 
urethral sling in women who underwent concom-
itant prolapse repair and those who did not [ 10 ]. 
Rates of retention were comparable to those 
reported in the TOMUS trial that randomized 597 
women to retropubic midurethral sling (RMS) or 
transobturator midurethral sling (TMS). With 12 
months of follow-up, this trial found rates of 
voiding dysfunction requiring surgery, use of 
catheter, or both to be 2.7 % in the RMS arm and 
0 % in the TMS group [ 9 ].  

    Autologous Pubovaginal Sling 

 Based on the AUA Guideline Update review, the 
rate of de novo UI was 9 % for women who 
underwent autologous fascial sling without bone 
anchors [ 10 ]. The estimated retention rate fol-
lowing autologous fascial sling was 8 % for 
patients who did not receive concurrent prolapse 
repair and 5 % for women who did [ 10 ]. With 24 
months of follow-up, the SISTEr Trial found that 
20/326 (6 %) women who underwent autologous 
pubovaginal sling developed voiding dysfunction 

that necessitated surgical intervention [ 11 ]. 
Extended 5-year follow-up was reported on 
patients from the SISTEr Trial. Of the 183 women 
with 5-year follow-up after sling, 3 (1.6 %) devel-
oped de novo UI, 6 (3.3 %) required persistent 
catheterization, and 4 (2.2 %) required another 
surgical procedure for voiding dysfunction [ 6 ].  

    Burch Colposuspension 

 In the AUA Update review, the rate of de novo UI 
based on 695 women undergoing a Burch colpo-
suspension (BC) was 8 % with 12–23 months of 
follow-up [ 10 ]. The rate of retention following 
BC was 3 % in women with no simultaneous pro-
lapse treatment and 1 % in women with prolapse 
repair [ 10 ]. The SISTEr Trial found that with a 
follow-up of 24 months, 0/329 women who 
underwent a BC experienced voiding dysfunction 
leading to surgical revision [ 11 ]. The extended 
SISTEr Trial reported that of the 174 women with 
5-year follow-up after BC, there were 7 (4 %) 
with de novo UI and 1 (0.6 %) patient who 
required persistent catheterization [ 6 ].  

    Marshall–Marchetti–Krantz 

 Retrospective reviews approximate rates of pro-
longed urinary retention following the Marshall–
Marchetti–Krantz (MMK) procedure to range 
from 2 % to 4 % [ 12 ,  13 ]. In a retrospective analy-
sis of 151 women treated for SUI with an MMK 
procedure, 8.7 % of patients had diffi culty void-
ing/retention in the immediate postoperative 
period, but only 4 (3.8 %) had prolonged diffi -
culty voiding that required urethral dilation. Mean 
follow-up in this study was 51.5 months [ 13 ].   

    Evaluation and Diagnosis 

 Several diagnostic tools, such as pressure-fl ow 
studies (PFS), video urodynamics, and nomo-
grams combining several factors, have been pro-
posed. Chassagne et al. used pressure-fl ow 
studies (PFS) of 35 women who were clinically 
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obstructed compared to 124 controls with stress 
urinary incontinence (SUI) to generate a 
 defi nition of female BOO defi ned as having a 
maximum fl ow rate ( Q  max ) <15 ml/s and detrusor 
pressure at maximum fl ow rate ( P  det  Q  max ) 
>20 cm H 2 O [ 14 ]. A second study by Defreitas 
et al., compared 169 women with clinical ana-
tomic BOO to 20 normal female controls with-
out urologic complaints. The recommended 
cutoffs for BOO was  Q  max  < 12 ml/s and 
 P  det  Q  max  > 25 cm H 2 O [ 15 ]. Differences in normal 
values between series may also be related to the 
normal population used. 

 Nitti et al. described a combined radiographic 
and urodynamic approach to the diagnosis of 
female BOO [ 16 ]. In this study, obstruction was 
defi ned as radiographic evidence of obstruction 
between the bladder neck and distal urethra in the 
presence of a sustained detrusor contraction of 
any magnitude. Using this defi nition, patients 
who were identifi ed as obstructed had a lower 
mean  Q  max , higher mean  P  det  Q  max , and higher 
mean post-void residual (PVR). In 11.8 % of 
obstructed patients,  Q  max  was greater than 15 ml/s 
and in 10.5 % of obstructed patients  P  det  Q  max  was 
less than 20 cm H 2 O [ 16 ]. As a result, the authors 
felt that video-urodynamics identifi ed cases of 
obstruction that would have been missed using 
PFS alone [ 16 ]. 

 Finally, Blaivas and Groutz published a BOO 
nomogram for women with lower urinary tract 
symptoms (LUTS) that combined free-fl ow val-
ues, PFS, and voiding cystourethrography [ 2 ]. 
This nomogram stratifi ed patients into four 
zones: no obstruction, mild obstruction, moder-
ate obstruction, and severe obstruction, and had a 
positive correlation with subjective symptoms on 
AUA Symptom Index score (Fig.  9.1a–c ) [ 2 ].

       Techniques of Repair 

 There are two basic approaches to correcting ure-
thral obstruction after incontinence surgery—
sling incision/excision and urethrolysis. Urethral 
stricture is a very rare complication after inconti-
nence surgery and will be discussed in Chap.   13    . 
No matter what technique is used, there is 

always a fi ne balance between relieving 
 obstruction and the development of recurrent 
sphincteric incontinence. 

    Sling Incision/Excision 

 Simple sling incision is the least invasive and 
most successful procedure for women who are 
obstructed after sling surgery. It is indicated as a 
primary procedure and can be done at any time 
after the original surgery when a synthetic sling 
has been done, but is usually reserved for those 
who are at least a month or two after the original 
surgery to lessen the likelihood of recurrent 
sphincteric incontinence. For patients who have 
undergone biologic slings, we prefer to wait at 
least 3 months. The technique is straightforward. 
The patient should be placed in the dorsal lithot-
omy or Trendelenburg position to achieve opti-
mal visualization of the anterior vaginal overlying 
the urethra [ 17 ]. A Foley catheter should be 
placed and by placing it on traction, it is usually 
possible to palpate the sling which appears as a 
subtle transverse ridge. If that is not successful, 
urethroscopy with a cystoscope or placement of a 
urethral sound can aide in the identifi cation of the 
constricting band by torqueing upward [ 18 ]. We 
prefer to make a transverse incision just distal to 
the sling; others describe an inverted-U or mid-
line. Some reports advocate using the prior inci-
sion or making a lateral incision to release one 
side of the sling, but by the time we see the 
patient, the site of the old incision is not apparent 
[ 19 ]. The incision continues down to the surface 
of the normal urethra distal to the sling and the 
dissection proceeds proximally until the sling is 
identifi ed. Sometimes it is obvious, sometimes 
subtle, and apparent only as a thickened scar. 
Once identifi ed, we place an Allis clamp on the 
sling in the midline and exert traction. This takes 
some tension off the sling and facilitates the dis-
section between the urethra and sling. We prefer 
to do the entire dissection sharply with a 
Metzenbaum scissor (Fig.  9.2a ). If the surgical 
plane is obvious, it can be continued with a fi ne 
blunt instrument like a right angle clamp, but 
great care should be exercised so that the urethra 
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  Fig. 9.1    ( a ) Blaivas–Groutz nomogram for bladder outlet 
obstruction. ( b ) Urodynamic tracing shows severe urethral 
obstruction (Type 2 in Blaivas-Groutz nomogram).  Q  max : 
maximum fl ow rate;  P  det @ Q  max : detrusor pressure at maxi-
mum fl ow rate;  P  ves : vesicle pressure;  P  abd : abdominal 
pressure;  P  det : detrusor pressure; EMG: electromyogram; 
 V  H2O : volume of water. ( c ) X-ray exposed at  Q  max  shows 
obstruction in the distal third of the urethra. Patient under-
went excision of the suburethral portion of the sling and 
subsequently voided normally ( Q  max : 19 ml/s, voided 

 volume: 150 ml, post-void residual: 49 ml), but developed 
sphincteric incontinence and underwent successful autol-
ogous fascial sling 4 months later. ( a : Adapted with per-
mission from Blaivas JG, Groutz A. Bladder outlet 
obstruction nomogram for women with lower urinary tract 
symptomatology. Neurourol and Urodynam 2000;19:553; 
 b ,  c : Used with permission from Blaivas JG, Purohit RS, 
Weinberger JM, Tsui JF, Chouhan J, Sidhu R, Saleem 
K. Salvage Surgery after Failed Treatment of Synthetic 
Mesh Sling Complications. J Urol 2013; 190:1281–1286)           
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is not damaged. In some cases the sling has been 
incorporated in the wall of the urethra or has 
eroded into the lumen. In either instance, it is 
necessary to excise part of the urethral wall, and 
we believe the entire vaginal portion of the 
sling  should be excised as well. The defect in the 

urethra repaired as necessary with absorbable 
monofi lament or chromic sutures.

   Once the sling is freed from the periurethral 
tissue, it is incised in the midline and the cut ends 
should spring apart (Fig.  9.2b ). The ends of the 
sling material can be removed or left in place [ 18 ]. 

Fig. 9.1 (continued)

  Fig. 9.2    ( a ) Once the sling has been dissected free of the 
urethra, a right angle clamp is placed between it and the 
urethra; the sling is transected with a scissors or knife. 
( b ) Once the sling has been transected, it usually springs 
apart. If not, it should be sharply dissected off of the urethra. 

(Both used with permission from Nitti VW, Carlson KV, 
Blaivas JG, Dmochowski RR. Early results of pubovagi-
nal sling lysis by midline sling incision. Urology 
2002;59:47)       
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Gomelsky et al. [ 3 ] recommend that the subure-
thral portion of synthetic slings be excised at this 
point but that biologic slings be simply incised. 
We do not make such a distinction. If the cut 
edges of any type sling do not retract, we dissect 
them out lateral to the urethral wall on either side 
and then make a decision about whether or not to 
do more or less urethrolysis as described below. 

 If the sling cannot be identifi ed by the 
 technique described above, the dissection can be 
done lateral to the urethra from meatus to bladder 
neck if necessary and, using this method, we 
have always been able to identify the sling. At the 
conclusion of the procedure, a Foley catheter is 
left indwelling and in most cases, the patient is 
given an active voiding trial once she has fully 
recovered from anesthesia. The bladder is fi lled 
with saline until the patient is comfortably full, 
and then the catheter is removed. If she fails the 
trial, we would prefer to start intermittent self- 
catheterization, but so far, that has not been nec-
essary in our experience. The patient is discharged 
home the same day [ 17 ].  

    Urethrolysis 

 Urethrolysis is indicated in women with obstruc-
tion due to periurethral scarring, usually after 
Burch colposuspension, Marshall–Marchetti–
Krantz procedures, and in those who have under-
gone multiple prior urethral surgeries including 
sling incision and prior urethrolysis. It is rarely 
necessary after synthetic sling surgery unless 
there have been prior failed attempts at sling 
incision. 

 Urethrolysis may be performed by a variety of 
techniques—retropubic, transvaginal, and supra-
meatal. No matter what method is used, it is 
important to recognize that, unlike sling incision 
or excision, there is no clear-cut end point with 
urethrolysis; deciding when the dissection is 
complete is a matter of judgment and experience 
and must be individualized depending on opera-
tive fi ndings. We begin the procedure by insert-
ing fi rst a Q-tip to assess urethral mobility and 
angle; then a Foley catheter is inserted to assess 
bladder neck mobility by pulling down on the 

catheter. As the periurethral dissection proceeds, 
we periodically pull down on the catheter and 
reinsert the Q-tip to assess the progress being 
made in freeing up the urethra. The goal of the 
surgery is to restore some, but not too much 
mobility. We have not found any measurements 
to be useful in this except that the Q-tip angle 
should be restored to 0 or a positive angle if it 
was negative to begin with. 

    Retropubic Approach 
 The retropubic approach was described in 1990 
by Webster and Kreder, primarily for urethral 
obstruction after retropubic colposuspension or 
urethropexy [ 20 ]. Access to the retropubic space 
is gained through a low midline or Pfannensteil 
incision. The urethra, bladder neck, and anterior 
vaginal wall are freed from any adhesions with 
sharp dissection, including freeing of the urethra 
anteriorly away from the pubic bone. If there is 
severe scarring, the dissection can proceed later-
ally to the ischial tuberosities; however, this will 
leave a defect in the paravaginal region. An 
omental fl ap may be utilized in the space between 
the urethra and pubic bone to prevent future 
adhesions, especially in cases of recurrent 
obstruction after prior urethrolysis [ 20 ,  21 ].  

    Transvaginal Approach 
 Transvaginal urethrolysis can be performed 
through an inverted-U or midline incision that is 
made in the anterior vaginal wall over the mid 
urethra. A transverse incision is made over the 
midurethra or bladder neck as dictated by the 
local anatomy (Fig.  9.3a–d ). The dissection is 
then carried proximally to the level of the bladder 
neck or distally to the meatus as necessary to free 
up the urethra. Unlike the simple sling incision, 
the dissection proceeds laterally, perforating the 
endopelvic fascia with a Metzenbaum scissors 
and the urethra is freed from its attachments to 
the vaginal sidewall and pubic symphysis as 
needed using blunt dissection with an index fi n-
ger, with a Metzenbaum scissors, or right angle 
clamp. If necessary, it can be completely freed up 
circumferentially [ 3 ]. After circumferential ure-
throlysis, particularly if it is done as a tertiary 
procedure, a Martius graft can be mobilized and 
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tunneled between the labia and vaginal  dissection. 
The graft is passed anteriorly to the urethra and 
wrapped circumferentially around to minimize 
scarring and recurrent obstruction [ 22 ]. In rare 
instances we have completely circumscribed 
the entire urethra from meatus to bladder neck. 
If that is done, we recommend a Martius fl ap and 
autologous sling; otherwise the patient will 
almost assuredly have severe sphincteric inconti-
nence [ 23 ]. A urethroscopy is performed to 
ensure that no urethral injury occurred.

       Suprameatal Approach 
 A variation on the transvaginal approach is the 
suprameatal technique, which begins with an 
inverted-U incision between the clitoris and ure-
thral meatus (Fig.  9.4a–d ). The apex of the U is 
anterior to the urethral meatus at the 12 o’clock 
position [ 3 ]. The dissection is done with a 
Metzenbaum scissors and it is generally easy to 
fi nd a bloodless plane…for a while. At the 
 proximal most portion of the dissection, there is 

sometimes a gush of bleeding which is controlled 
by fi nger pressure or by temporarily packing with 
a sponge. We have not found it necessary to look 
for individual bleeders (nor is it usually possible). 
It is usually possible to palpate retropubic slings 
and Burch sutures and to visualize them, but the 
space is too small to cut them under direct vision. 
We use a curved Mayo scissors with the curve 
pointed upward and cut the sling or sutures by 
feel. The remainder of the dissection and freeing 
up of the urethra is as described in the transvagi-
nal approach. A Martius fl ap can also be per-
formed in conjunction with this technique.

         Outcomes in the Literature 

 Success rates for a formal urethrolysis (retropu-
bic, transvaginal, or suprameatal) range from 
43 % to 94 % [ 22 ,  24 – 31 ]. More recently, success 
rates ranging from 80 % to 100 % have been 
described for sling incision [ 8 ,  17 – 19 ]. A review 

  Fig. 9.3    ( a ) A transverse incision is made over the ure-
thra and an Allis clamp placed on the proximal edge of the 
vaginal incision in the midline. With the non-dominant 
hand, traction is placed on the Allis clamp and the index 
fi nger holding the clamp pushes upward putting the 
 vaginal wall on tension. A plane is dissected with a 
Metzenbaum scissors between the pubocervical fascia 
and the vaginal wall. ( b ) Keeping in the plane between the 
pubocervical fascia, with the curve of the scissors pointed 
laterally, the dissection proceeds in the direction of the 
patient’s ipsilateral shoulder, hugging the undersurface of 
the pubis and ileum. The technique is not spread and cut, 
but rather by opening and closing the tips of the scissors, 
and you push against the bones. The retropubic space is 
entered sharply with the scissors or bluntly with an index 
fi nger. ( c ) Once the retropubic space is entered, the 

 urethrolysis is completed, by dissecting with an index 
 fi nger medially and laterally on the undersurface of the 
bone. ( d ) If a circumferential urethrolysis is necessary, the 
scissor is directed medially between the pubis and urethra 
on either side. Once a window is created, a penrose drain 
is passed around the urethra and, using it as traction, the 
dissection can be extended proximally or distally. ( a ,  b ,  c : 
Used with permission from Blaivas JG, Chaikin. 
Pubovaginal fascial sling for the treatment of all types of 
stress urinary incontinence: surgical technique and long-
term outcome. Urol Clin North Am 2011;387–15;  d : Used 
with permission of Shlomo Raz, MD. With permission of 
and from Nitti VW, Raz S: Obstruction Following Anti-
Incontinence Procedures Diagnosis and Treatment with 
Transvaginal Urethrolysis. J Urol 1994; 152:93–98)       
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of the literature yields many retrospective studies 
looking at various types of surgical intervention 
to relieve iatrogenic obstruction following anti- 
incontinence procedures in women, but the num-
ber of patients is small and so many different 
types of primary and secondary procedures have 

been done that it is not possible to come to any 
fi rm conclusions except that retropubic urethro-
pexies are much more diffi cult to treat success-
fully. Of note, the defi nition of success varies by 
study. Many categorize patients by symptom 
improvement, either complete or partial. 

  Fig. 9.4    ( a ) An inverted “U” incision is made 0.5–1 cm 
above the urethral meatus. ( b ).The pubo-urethral ligament 
is sharply taken down in the midline. ( c ) Finger dissection 
in the midline is utilized to further free up the urethra. 
Once the proximal surface of the pubis is reached, the ret-
ropubic space can be entered either bluntly or sharply, 
being careful to apply pressure in an upward direction 
against the bone so as not to injure the bladder neck. ( d ) 
Once the retropubic space has been entered, the sling or 
sutures from retropubic suspension are usually easily pal-

pated, but may be diffi cult to visualize directly because of 
the narrow wound. It is usually possible to cut the sling or 
sutures blindly by palpation and cutting with the tips of 
the scissors pointing outward against the bone while the 
index fi nger of the non-dominant hand is pressing 
 downward on the urethra (not pictured in this fi gure). 
( a – d : From Petrou S P, Brown J. A., Blaivas, J. G.: 
Suprameatal transvaginal urethrolysis. J Urol 1999; 161: 
1268, 1999. Used by permission of Mayo Foundation for 
Medical Education and Research. All Rights Reserved)       
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    Sling Incision 

 Goldman et al. described a simple sling incision 
for iatrogenic urethral obstruction in 14 women. 
In this retrospective analysis, 11 women had a 
biologic pubovaginal sling and 3 women had a 
synthetic midurethral sling. With 12 months of 
follow-up, 11/14 had complete resolution of 
symptoms and 2 had signifi cant improvement. 
Overall, 93 % of women had a complete or sig-
nifi cant improvement in symptoms. One patient 
went on to formal urethrolysis and one under-
went surgery for recurrent SUI [ 17 ]. Croak et al. 
reported a retrospective analysis of fi ve women 
who underwent sling incision after tension-free 
vaginal tape (TVT) placement for SUI. All 
women were able to void postoperatively; how-
ever, one woman had recurrent SUI and one had 
persistent dysuria following urethrolysis [ 8 ]. 
Nitti et al. presented a retrospective analysis of 
19 women with both storage and voiding symp-
toms who underwent lysis of a pubovaginal sling. 
With 12 months follow-up, 84 % had resolution 
or improvement of their presenting symptoms. 
SUI recurred in 17 % of women and three women 
went on to require a formal urethrolysis [ 18 ]. 
Kusada also described fi ve patients who under-
went incision of a pubovaginal sling for obstruc-
tive symptoms that resolved in all patients [ 19 ]. 
Amundsen et al. reported outcomes on a retro-
spective series combining sling incision and 
transvaginal urethrolysis. Success rates for com-
plaints related to voiding were 94 % and 67 % for 
complaints related to storage [ 25 ]. These rates 
were not subdivided by type of urethrolysis.  

    Urethrolysis: Retropubic 

 Anger et al. performed a retrospective review of 
16 women who underwent either transvaginal 
(7 patients) or retropubic urethrolysis (9 patients) 
after obstructed BC. With a mean follow-up of 7 
months, 43 % of women who underwent trans-
vaginal urethrolysis had resolution of obstructive 
or irritative symptoms compared to 78 % who 
underwent a retropubic approach [ 24 ]. One 
woman in the transvaginal and one in the 

 retropubic had recurrent SUI [ 24 ]. A second 
 retrospective review reported by Petrou and 
Young included 12 women who underwent retro-
pubic urethrolysis. Ten women felt that their 
obstruction had been successfully relieved, and 
two women had improvement but did not charac-
terize it as a success [ 26 ]. Three women (25 %) 
had new or persistent SUI after urethrolysis and 
two (17 %) had urge incontinence [ 26 ]. A second 
study comparing retropubic versus transvaginal 
urethrolysis was conducted by Carr and Webster. 
In this retrospective review of 51 consecutive 
women who underwent urethrolysis, 35 women 
underwent the retropubic approach, 15 women 
the vaginal approach, and 4 women had an infra-
pubic approach. Success, defi ned as cure or 
improvement in symptoms, occurred in 86 % of 
women who underwent the retropubic lysis and 
73 % for vaginal (no statistical difference by 
technique) [ 27 ].  

    Urethrolysis: Transvaginal 

 In addition to the studies comparing the trans-
vaginal approach to a retropubic approach that 
are described above, several analyses were per-
formed on series including only transvaginal ure-
throlysis. A retrospective review performed by 
Carey et al. examined 23 women who underwent 
transvaginal urethrolysis with Martius labial fat 
pad grafting. With this technique, 20/23 (87 %) 
of women had complete resolution of symptoms 
and 3/23 continued to require CIC with a mean 
follow-up of 15 months [ 22 ]. SUI occurred de 
novo following transvaginal urethrolysis in three 
women (16 %) and persisted in three women. 
De novo urge incontinence occurred in 20 % of 
patients and persisted in 37 % [ 22 ]. Goldman 
et al. reported on 31 patients treated with trans-
vaginal urethrolysis without resuspension. Of 
these women, 26 (84 %) voided well or had sig-
nifi cant improvement in symptoms. SUI per-
sisted in 19 % of women [ 28 ]. A third analysis 
performed by Cross et al. analyzed outcomes fol-
lowing 39 transvaginal urethrolysis procedures 
for urethral obstruction. With 16 months of 
 follow- up, obstructive symptoms resolved in 
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84 % of women and UI resolved in 79 %. One 
patient ultimately required resuspension for SUI 
and two patients required a secondary urethroly-
sis procedure [ 29 ]. Finally, Austin et al. reported 
a series of 16 women who underwent transvagi-
nal urethrolysis for irritative and obstructive 
symptoms. Of these women, 69 % had improve-
ment in irritative symptoms [ 30 ]. Three women 
underwent urethrolysis for obstructive symptoms 
and only one was able to successfully urinate fol-
lowing the urethrolysis. Two women were sched-
uled for repeat urethrolysis [ 30 ].  

    Urethrolysis: Suprameatal 

 With regard to the suprameatal approach, Petrou 
et al. reported outcomes of 32 consecutive women 
treated with transvaginal suprameatal urethroly-
sis who presented with retention or irritative 
voiding symptoms. Obstructive symptoms 
resolved in 65 % of women and urgency resolved 
in 67 %. One patient developed SUI [ 31 ].  

    Repeat Urethrolysis 

 A review of the literature yields many series that 
reported success rates of urethrolysis by 
approach. Another factor to consider when dis-
cussing success rates is whether the patient had a 
prior failed urethrolysis. Scarpero et al. presented 
a retrospective review of 24 women who under-
went repeat urethrolysis for iatrogenic BOO [ 32 ]. 
The fi rst attempted urethrolysis was transvaginal 
in 23 women and retropubic in 1 woman. The 
repeat urethrolysis was retropubic in 12 women, 
transvaginal in 10, and a combined approach in 
2 cases. Repeat urethrolysis restored normal 
emptying with relief of symptoms and normal-
ization of PVR in 22 women (92 %) with a mean 
follow- up of 14 months. Urge incontinence was 
completely resolved in 12 %, improved in 69 %, 
and remained unchanged in 19 %. Stress inconti-
nence recurred in 4/22 (18 %) and persisted in 
2/22 (9 %) [ 32 ]. Based on these results the 
authors concluded that a repeat urethrolysis can 

 successfully treat obstructive symptoms; 
h owever, rates of improvement of storage symp-
toms were less promising [ 32 ].  

    Timing of Urethrolysis 

 In addition to controversy regarding the diagnosis 
of BOO in women, debate also exists about when 
to intervene once the diagnosis has been made. 
Many authors would advocate repair if voiding 
dysfunction persists for 3 months postopera-
tively; however, this is an arbitrary waiting period 
[ 3 ]. There is some concern that persistent obstruc-
tion could lead to permanent damage to the blad-
der and continued voiding dysfunction even after 
urethrolysis. This hypothesis was tested by Leng 
et al. [ 33 ] who performed a retrospective analysis 
of 15 patients who underwent transvaginal ure-
throlysis for post-sling voiding dysfunction. 
Seven patients underwent urethrolysis and had no 
persistent bladder storage or voiding complaints. 
An additional eight patients underwent urethroly-
sis and subsequently required anticholinergics to 
control signifi cant urgency. Mean time to ure-
throlysis in those patients who had resolution of 
symptoms was 9.0 ± 10.1 months, compared to 
31.3 ± 21.9 months in patients who continued to 
complain of urgency ( p  = 0.02). The mean follow-
up was 17 months. The authors concluded that 
prolonged time delay to treatment of obstruction 
might lead to persistent storage symptoms, such 
as frequency and urgency. Of note, this is a small, 
retrospective cohort that overall had a higher than 
average time delay to treatment of obstruction in 
both groups [ 33 ].   

    Outcome Measures 

 Diagnosis of urethral obstruction prompting ure-
throlysis is typically a clinical diagnosis made by 
urodynamic fi ndings such as a combination of 
high detrusor pressure and low fl ow (Q), or fi nd-
ings on exam such as urethral angulation or teth-
ering. It is also often based on clinical history by 
correlating the development of de novo voiding 
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symptoms after anti-incontinence surgery 
[ 31 ,  34 ]. Studies describing resolution of post- 
urethrolysis symptoms typically employ a global 
instrument such as a patient reported outcome 
measure or an un-validated assessment of pre- 
and postoperative symptoms. Reports with objec-
tive quantifi cation of outcomes with respect to 
urinary symptoms through symptom question-
naires are rare. Change in PVR has been used as 
an outcome measure in conjunction with a sub-
jective assessment of relief of storage and void-
ing symptoms [ 17 ,  24 ]. Other studies defi ne 
success simply by the ability to void with little to 
no PVR and patient reported symptom resolution 
[ 18 ]. Success has also been defi ned in the litera-
ture as patient reported resolution of the present-
ing symptom even in the absence of any additional 
clinical information (e.g., fl ow rate or residual). 
In this context, standardization of comparative 
postoperative outcomes is diffi cult. 

 A standardized outcome measure would aid 
in comparing outcomes with different techniques 
for urethrolysis. An ideal standardized outcome 
measure would assess Q & PVR pre- and post-
operatively and incorporate urodynamic criteria, 
a validated measure of symptoms as well as 
patient reported outcome measures. Further, 
some symptoms, such as the ability to void only 
in a certain position, may not be amenable to 
being progressively graded. To account for a 
symptom that cannot be measured quantitatively, 
a unifi ed outcome measure may include the 
Patient Global Impression of Improvement 
(PGI-I) in order to encompass patients’ subjec-
tive assessment of their health. In this way, a 
physician may be able to attribute success or 
failure in a manner that is specifi c and therefore 
meaningful to other physicians.  

    Complications in the Literature 

    Recurrent Stress Incontinence 

 Recurrent SUI is a known complication of ure-
throlysis. Rates of recurrent SUI vary by study 
and depend on several factors. Some studies 
include patients who are already experiencing 

SUI prior to urethrolysis and others perform 
 concomitant resuspension to prevent SUI. 
Nonetheless, recurrence of SUI after urethrolysis 
occurred in 3–25 % of patients [ 22 ,  26 ,  31 ]. 
Specifi c rates of recurrent SUI by urethrolysis 
approach are outlined in the outcomes section.  

    Overactive Bladder 

 Another complication that is somewhat diffi cult 
to quantify in terms of prevalence is overactive 
bladder or storage symptoms following urethrol-
ysis. Many patients experience storage symp-
toms, such as urgency, frequency, urge 
incontinence, or dysuria prior to urethrolysis. In 
fact, these symptoms may be the reason the 
women seeks evaluation after the original anti- 
incontinence procedure. Rates of persistent stor-
age symptoms range from 10 % to over 50 % 
[ 18 ,  35 ]. One study by Carey et al. reported the 
rate of de novo urge incontinence after transvagi-
nal urethrolysis to be 20 % [ 22 ]. A retrospective, 
case- control study by Starkman et al. looked spe-
cifi cally at the prevalence of overactive bladder 
symptoms following urethrolysis in 40 women. 
OAB persisted in 56 % of women in this cohort 
[ 35 ]. The study cohort was stratifi ed into two 
groups: persistent OAB and resolved 
OAB. Patients who had persistent OAB symp-
toms were more likely to demonstrate detrusor 
overactivity during urodynamics; however, there 
was no difference in symptoms on presentation, 
rates of elevated PVRs, or rates of CIC between 
the groups. Not surprisingly, patients with persis-
tent OAB symptoms reported greater symptom 
bother and decreased improvement in quality of 
life [ 35 ]. Time to urethrolysis did not alter rates 
of persistent OAB symptoms, unlike the fi ndings 
in the Leng et al. study [ 33 ].   

    Conclusions 

 Bladder outlet obstruction (BOO) in women is 
rare, with an incidence ranging from 2.7 % to 
8.3 % [ 1 ,  2 ]. The presentation ranges widely from 
obstructive symptoms with voiding to irritative 
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storage symptoms. Given this complex presenta-
tion, the combination of several diagnostic tools, 
such as pressure-fl ow studies (PFS), video urody-
namics, and nomograms, has been recommended. 
Potential treatment options range from excision 
of the sling to a complete urethrolysis through a 
retropubic, transvaginal, or suprameatal 
approach. Complications following urethrolysis 
include recurrent stress urinary incontinence and 
overactive bladder symptoms. Given the com-
plexity of these cases, patients should be closely 
followed for resolution of symptoms following 
urethrolysis.     
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           Introduction 

 A vaginal fi stula is defi ned by extra-anatomic 
communication between the vagina and an epi-
thelial lined organ. This communication in the 
vagina may be straight forward with an abnormal 
connection to and involve the ureters, bladder, 
urethra, and rectum. A complex vaginal fi stula 
might involve several different abdominal and 
pelvic organs which emphasize the importance of 
a complete workup before attempting to repair. 

 A vaginal fi stula negatively affects an indi-
vidual’s quality of life and prompt repair is suit-
able in most patients that are properly selected. 
There are many surgical approaches to repair a 
fi stula, the best repair centers on the fi rst pro-
cedure being the most effective. However, there 
is a lack of high quality comparative studies to 
guide the surgeon. When selecting the initial sur-

gical approach the surgeon should consider their 
expertise and experience after a thorough evalua-
tion to determine the etiology and location of the 
fi stula. In this chapter we will focus on the etiol-
ogy, diagnosis, evaluation, and surgical repair of 
vesicovaginal (VVF), urethrovaginal (UVF), and 
rectovaginal fi stula (RVF).  

    General Principles of Fistula Repair 

 This chapter provides an overview of the prin-
ciples for successful repair which involve the 
timing, condition of the patient, vaginal access, 
surgical approach, use of adjuvant procedures, 
and evaluation. The majority of fi stulas encoun-
tered in developed countries are iatrogenic and 
will be the focus of this chapter. 

    Timing 

 Timing of repair begins with an assessment 
of risk factors for poor healing (malnutrition, 
radiation, immunosuppression, or vaginal atro-
phy) that should be corrected when possible 
before proceeding with repair. The timing of 
repair depends mostly on the etiology of the fi s-
tula and the experience and comfort level of the 
surgeon. The surgical timing and approach is 
individualized for every patient. The fi rst repair 
should be the most successful in the surgeon’s 
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experience, since it is the most important in 
establishing successful results. Most fi stulas are 
found after the acute period and traditionally it 
was thought that a period of about 6 months 
was required for tissue swelling and infection 
to resolve. However, by allowing edema and 
infl ammation to resolve, this would promote 
tissue healing so that an optimal repair could 
be performed. There are similar outcomes with 
early or delayed repairs with several reports 
where fi stula repair can be performed success-
fully after 2 weeks [ 1 – 3 ]. The prerequisite for 
early repair is no obvious infection and that 
patients do not have an ischemic fi stula from 
radiation or obstructed labor which can impede 
healing from viability of tissue margins that 
vary with time. 

 In the cases of radiation-induced fi stula, it 
is advisable to allow for tissue stabilization, 
although many fi stulas present late when there 
is no active progression. Assuming there is 
no infection and the tissue has stabilized, the 
patient can proceed to surgical reconstruction. 
Radiation results in extensive tissue ischemia 
and the reported failure rates can be up to nearly 
50 % [ 4 ]. Due to high failure rates, adjuvant 
 procedures involving tissue interposition should 
be performed. Consideration of temporary fecal 
diversion or in severe cases permanent urinary 
or fecal diversion may be warranted. Additional 
fi ndings of diminished bladder capacity are com-
mon with the fi stula typically located in immobile 
region of the bladder trigone and may involve the 
ureteric orifi ces requiring an abdominal approach 
to perform bladder augmentation and/or ureteric 
reimplant. 

 Special consideration should be given to RVF 
from Crohn’s disease by fi rst contemplating med-
ical therapy before proceeding to surgical repair. 
Medical therapy with antitumor necrosis factor 
therapy has a reported success rate of 60 % at 1 
year, but this declines to 36 % at long-term fol-
low- up with similar unsatisfactory results from 
other studies [ 5 ,  6 ]. Other medical treatments 
include 6-mercaptopurine, and cyclosporine 
with limited success [ 7 ,  8 ]. Even with advances 
in medical therapy, surgical repair is the primary 
basis for long-term cure.  

    Abdominal or Vaginal Approach, 
Combined 

 The goal of surgical repair is to have a durable 
repair with the least morbidity while preserving 
continence in the case of urethrovaginal fi stula. 
In deciding the surgical procedure, consideration 
is made to the location of the fi stula, number, size, 
etiology, quality of the surrounding tissue, and 
vaginal access all which could limit or change 
aspects of the surgery. Principles of repair regard-
less of approach include nonoverlapping sutures, 
tension-free approximation of tissue, avoid devi-
talizing of the tissue, removal of foreign bodies, 
good hemostasis of the surgical fi eld, water tight, 
multilayer closure with or without interposition 
of tissue, and postoperative bladder and urethra 
drainage or fecal diversion. An infratrigonal 
VVF is typically approached vaginally. While a 
supratrigonal fi stula or diffi cult vaginal access 
may be considered a limitation to be approached 
vaginally by some surgeons, although in our 
experience this can be repaired vaginally when 
the fi stula is not complex and there is no his-
tory of radiation [ 3 ,  9 ]. Other options include 
the abdominal approach (open or robotic). An 
indication for an abdominal or robotic approach 
is based on surgeon preference or when there is 
a need for concomitant bladder augmentation, 
ureteric reimplant, intraperitoneal pathology, or 
bowel diversion. 

 Both abdominal and vaginal repair of VVF are 
well established and have excellent success rates 
with each approach having its advantages [ 10 ]. 
Laparoscopic and robotic repairs have been 
reported in small case series at centers of excel-
lence with encouraging results, but further study 
may be warranted before wide scale adoption 
[ 11 – 13 ]. The advantages of a vaginal approach 
are decreased morbidity associated with shorter 
hospitalization; the majority of repairs are per-
formed at an ambulatory surgical center with less 
than 24 h stay, and decreased complications due 
to the minimally invasive approach which avoids 
intraperitoneal injury and large bladder incision. 
In deciding the approach, a surgeon has to con-
sider their experience, comfort, and familiarity 
with each approach. 
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 Urethrovaginal fi stula repair is tailored by the 
location, size, and symptoms. A fi stula located in 
the distal urethra may only need an incision of 
the distal urethra or observation if asymptomatic. 
If the fi stula is large in size (>1–2 cm), radiation 
induced, or tissue is necrotic, an infl amed use of 
an interpositional tissue fl ap is recommended. 
Interposition with a martius fl ap is the preferred 
method due to the location to the urethra and ease 
in dissection with minimal complications. In 
cases of extensive urethral destruction, complex 
reconstruction may require rotational vaginal or 
labial fl aps, neo-urethral reconstruction, autolo-
gous fascia sling or bladder neck reconstruction. 

 As in other urinary fi stula, there are no for-
mal guidelines for RVF repair. Most urologists 
or gynecologists repair RVF vaginally, while 
colorectal surgeons are more familiar with trans-
anal or abdominal repair. Most of the rectovaginal 
fi stulae are easily accessed by the vaginal route 
with the abdominal approach reserved for sig-
moid colon and proximal rectal fi stula. There is 
limited experience with minimally invasive treat-
ment with fi brin glue or endoscopic  management 
[ 14 ]. We will focus on vaginal repair which 
avoids the morbidity of an abdominal surgery. 

 Before embarking on vaginal repair, there 
should be consideration to the fi stula location, 
sphincteric function, quality of the tissues due to 
radiation or prior surgeries, and if concomitant 
abdominal pathology or the need of a diverting 
colostomy needs to be addressed. A high fi stula is 
not an absolute indication for an abdominal repair. 
A vaginal approach allows for simultaneous anal 
sphincter reconstruction. The surgeon’s expertise 
and familiarity should be considered for each case.  

    Concomitant Procedures 

 Vaginal fi stula repair may involve concomitant 
procedures that depend on the surgical setting. 
These procedures include autologous fascia 
sling, ureteric reimplantation, bladder augmenta-
tion, fecal diversion, and adjuvant tissue interpo-
sition. A simple tissue interposition repair may 
involve vaginal, peritoneal, or martius fl aps or in 
cases of complex repair require rotational labial 

fl aps, inner thigh rotational or island fl aps, omen-
tal, gracilis, or myocutaneous fl aps. 

 Stress incontinence after successful VVF 
repair may cause distress and lead the patient to 
believe their surgery was a failure. Preoperative 
evaluation and education is important, so patients 
understand their surgical options. Concomitant 
anti-incontinence procedures can be performed 
with fi stula repair and do not increase the risk of 
recurrence, although it may be better to stage the 
anti-incontinence procedures [ 15 ]. In select 
instances, we would consider placement of a fas-
cial sling at the time of VVF repair, but in the 
majority of cases the procedure is staged because 
even temporary outlet obstruction can lead to fi s-
tula recurrence. A synthetic sling is not recom-
mended as it is a foreign body and may lead to 
fi stula recurrence. Our preference is to stage an 
anti-incontinence procedure to prevent the risk of 
high pressure voiding that may result in fi stula 
recurrence. 

 The approach is similar with UVF where in 
the majority of cases the sling procedure is staged 
to prevent development of urethral obstruction 
and the potential increase risk of fi stula recur-
rence. The condition where there is less contro-
versy about placing a fascial sling is when the 
fi stula involves the mid-urethra sphincteric com-
plex or distal third of urethra and there is suspi-
cion that the patient will be incontinent 
postoperatively. The sling would be placed proxi-
mal to the repair at the bladder neck. Some have 
successfully reported concomitant autologous 
fascial sling at the time of a fi stula repair, while 
we have not placed a sling distal to our urethral 
repair due to risk of the sling creating obstruction 
and high pressure voiding that may result in fi s-
tula recurrence.  

    Ureteric Reimplant and Bladder 
Augmentation 

 Diagnostic evaluation can determine the need 
for additional bladder or ureteral surgery which 
would require an abdominal approach. An 
abdominal approach is indicated when there is 
ureteric obstruction or fi stula which would require 

10 Vaginal Fistula Repairs



148

ureteric reimplantation. Placement of preopera-
tive ureteral stents when a VVF is located near 
the ureteric orifi ce may avoid ureteric reimplant. 
In cases of a small and contracted bladder capac-
ity, an augmentation should be performed.  

    Fecal Diversion 

 The decision to perform a temporary diverting 
colostomy or ileostomy is made on an individual 
basis as there are no absolute indications when 
considering a RVF repair. The surgeon may elect 
to divert stool with complex fi stula that are radia-
tion induced, recurrent, large, or a result of malig-
nancy. The diversion is taken down 3–6 months 
postoperatively after successful repair.  

    Tissue Interposition-Peritoneal, 
Martius, Labial, Gluteal Flaps (Inner 
Thigh Rotational Flaps Based 
on the Internal Pudendal Artery) 

 Vaginal repair and reconstruction is complex and 
requires many techniques to be in the surgeon’s 
armamentarium. Successful repair consists of 
several layers in the closure of the fi stula. The 
use of interpositional tissue is advised when the 

fi stula is complex, large, a history of radiation, 
tissue is infl amed, or closure is suboptimal. There 
are differing opinions when tissue interposition 
is necessary as there are no defi nitive indica-
tions. Evan et al. in a retrospective study found 
improved success rates of VVF repair with inter-
positional fl ap [ 16 ]. There are several described 
fl aps that can be used for interposition. After a 
hysterectomy the location of the VVF is often at 
the vaginal cuff and we routinely use a perito-
neal fl ap due to its ideal location, ease of dissec-
tion, and it maintains a reliable vascular supply 
(Fig.  10.1 ). The results have been excellent with 
a peritoneal fl ap with 96 % success rate [ 9 ]. A 
peritoneal fl ap is an appropriate choice for supra-
trigonal fi stula and in the case of a distal fi stula it 
should be repaired with a martius fl ap due to its 
location. Successful repair has been reported at 
97 % with a martius fl ap [ 9 ]. The martius fl ap is 
well vascularized with the blood supply located 
superiorly by the external pudendal artery, later-
ally by the obturator artery, and inferiorly by the 
posterior labial branches of the internal pudendal 
artery by which it is usually based (Fig.  10.2 ). 
The martius fl ap is mobilized by transection of 
the superior and lateral pedicles and its blood sup-
ply is based on the inferior pedicle in the majority 
of cases. Successful repair is subject to adequate 
mobilization so that the fl ap is off tension without 

  Fig. 10.1    The peritoneum is located 
near a post hysterectomy vesicovagi-
nal fi stula (Copyright  ©  Shlomo 
Raz, MD)       
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compromising its blood supply. Disadvantages of 
a martius fl ap are that it may not reach a proxi-
mal fi stula without compromising its viability 
or resulting in vaginal shortening [ 9 ]. Although 
the surgical harvest of a martius fl ap is feasible, 
complications such as hematoma, pain/numbness 
at surgical site, cosmetic deformity, and sexual 
dysfunction can rarely occur.

    Rotational labial and inner thigh rotational 
fl aps are selected for specifi c conditions: large 
vaginal defects, diffi cult vaginal access requir-
ing a relaxing incision, and subsequent need for 
vaginal coverage, large, recurrent, or radiation- 
induced fi stula. When there is a large vaginal 
defect these fl aps can provide fi broadipose tissue 
and skin coverage with a well vascularized blood 
supply. Full thickness rotational labial fl aps, for 
anterior vaginal wall, or gluteal fl aps, for posterior 
or proximal vaginal wall, are chosen depending 
on the location of where the fl ap is needed. A full 
thickness rotational labial fl ap is the same fatty 
tissue of a martius fl ap with its overlying skin that 
is rotated to cover an anterior vaginal defect. The 
fi stula is fi rst repaired and then a U-shaped inci-
sion is made lateral to the labia majora with the 
apex located at the posterior fourchette. The fl aps’ 
blood supply is from the superior pedicle which is 
based on the external pudendal artery. This fl ap is 
dissected free from the fascia of the pubic bone so 
that it can be rotated medially to achieve repair. In 
a small series there has been a successful report of 
this technique [ 17 ]. 

 A full thickness gluteal inner thigh rota-
tional fl ap is reserved for complex refractory 
fi stula. With the patient in the lithotomy posi-
tion, a mediolateral episiotomy is made at 5 O’ 
clock extending from the introitus to the vaginal 
apex. Dissection is continued into the para-rectal 
space. A 4 × 12 cm inner thigh fl ap is prepared 
by making an inverted U-incision lateral to the 
labia major extending from the ischial tuberos-
ity inferiorly, and to the pubic rami superiorly. 
This incision preserves the blood supply from 
the internal pudendal artery and innervation from 
the labial branches of the internal pudendal nerve 
and perineal branches of the posterior cutaneous 
nerve of the thigh. Dissection is carried to the 
level of the fascia. The episiotomy is extended to 
the infero- medial aspect of the fl ap to allow com-
plete mobility. This creates a lateral gluteal rota-
tional inner thigh fl ap and a medial labial fl ap. 
The labial and gluteal rotational inner thigh fl aps 
are crossed; the inner thigh fl ap medially and the 
labia fl ap laterally. The inner thigh fl ap is trans-
ferred and sutured to the vaginal defect. This is a 
functional full thickness fl ap that provides good 
sensation and adequate vaginal width and depth. 
A variation of the full thickness inner thigh fl ap 
is the Singapore island fl ap [ 18 ]. The dissection 
of the fl ap is similar except that the episiotomy is 
avoided and the fl ap is tunneled to the defect. The 
epithelium of the fl ap is removed except for the 
area that is covering the fi stula. This fl ap is used 
in complex fi stula repair and may be preferred to 
the full thickness rotational inner thigh fl ap when 
there is already adequate vaginal access. 

 There are several reports of gracilis myocuta-
neous fl ap for radiation-induced fi stula in which 
it is used for vaginal reconstruction [ 19 ,  20 ]. We 
seldom fi nd it necessary to perform this tech-
nique because the rotational gluteal fl ap can 
duplicate many of the same functions of this 
gracilis graft without the associated morbidity 
and cosmetic defects. 

 The most described interposition is the omen-
tal fl ap which has increased success rates for 
abdominal repair in retrospective studies [ 16 , 
 21 ]. The omentum is based on the right or left 
branch of gastroepiploic artery, although typi-
cally it is based on the right which is usually 

  Fig. 10.2    Martius fl ap based on its inferior pedicle, pos-
terior labial branches of the internal pudendal artery 
(Copyright  ©  Shlomo Raz, MD)       
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larger and more caudal. In cases of bowel resec-
tion the mesentery can be preserved and serve as 
a useful interposition which has similar proper-
ties as the omentum with a well vascularized 
blood supply and lymphatic drainage to decrease 
infl ammation and promote healing. Other tissue 
interposition fl aps that have been reported are 
bladder fl aps [ 22 – 26 ]. 

 Selection of closure and reconstruction of the 
urethra after UVF requires expertise and experi-
ence due to its complexity. Urethral reconstruc-
tion centers on different techniques, primarily 
urethral closure, vaginal and bladder fl ap 
advancement which includes pedicle fl ap (labia 
minora and anterior or posterior bladder), and use 
of grafts [ 27 ]. Surgical planning of the urethra 
reconstruction technique may infl uence vaginal 
incision location. In a complex fi stula resulting in 
damage of nearly the entire urethra that can 
extend potentially to the bladder neck, a urethral 
reconstruction using vaginal or bladder fl ap 
 construction with interposition of tissue would be 
preferred to a primary closure. It would be 
advised to place ureteral stents as the fi stula may 
distort the anatomy and ureteral injury may be 
avoided during repair.   

    Evaluation 

    History and Physical Examination 

 Women with VVF and UVF most often present 
with constant urinary incontinence shortly after a 
pelvic surgery. The presenting symptoms may be 
recurrent urinary tract infections with chronic 
perineal changes exhibited by poor healing and 
irritated skin. Questioning the degree of differ-
ence voided and the amount leaked may give 
clues to the size and location of the VVF. Timing 
of the onset of leakage and whether there is stress 
incontinence or urge incontinence with overac-
tive bladder symptoms before the VVF is impor-
tant to consider in selecting treatment options 
and patient counseling. A patient with a UVF in 
the distal third of the urethra may remain conti-
nent and asymptomatic or they will commonly 
describe a splayed urinary stream. They may 

additionally complain of urinary leakage after 
vaginal voiding. When the fi stula is in the mid- 
urethra and part of the external sphincter, the 
patient may have positional intermittent leakage 
of urine. Patients may have constant, large 
amounts of urine leaking indicating there is a 
large fi stula that is located proximal to the mid- 
urethra in the proximal urethra or bladder neck. 
Gathering information to determine the etiology 
and prior surgical attempts to repair the fi stula 
can affect the treatment plan. 

 On physical examination, there should be 
careful inspection of the fi stula size, number, 
location, and quality of the surrounding tissue. 
The location of a VVF after hysterectomy is usu-
ally a single fi stula at the vaginal cuff, although it 
may present as a complex VVF with multiple fi s-
tulas. Evidence of the fi stula site is found with 
surrounding infl ammation with granulation and 
tissue defect. Adequate vaginal access and the 
degree of mobility of the tissue surrounding the 
fi stula is revealed by the amount of vaginal pro-
lapse. Nulliparous patients or with a history of 
radiation may be challenging due to a lack of 
vaginal access and mobility because of narrow 
vaginal width. On exam, the integrity of the vagi-
nal mucosa, urethral mobility, and assessment of 
stress incontinence with provocative maneuvers 
should be performed. 

 It is important to differentiate the origin of the 
vaginal drainage and not to make any assump-
tions as the fl uid may be from the fallopian tube, 
vaginal secretions, peritoneum, lymph, or urine. 
The differential diagnosis of VVF is UVF, ure-
terovaginal, uterovaginal, ectopic ureter, or vagi-
nal infection. It is important to differentiate the 
origin of vaginal drainage and not to make any 
assumptions as the fl uid may be from other pelvic 
sources [ 3 ]. 

 Patients with RVF have presenting clinical 
symptoms that include gas, stool, and purulent 
vaginal discharge. The physician should be aware 
that colonic or enteric fi stula may present with 
similar symptoms as a RVF. The history should 
focus on causes of the fi stula which is most com-
monly obstetric trauma, but also includes pelvic 
surgery, malignancy, history of radiation, pel-
vic abscess, and infl ammatory bowel diseases. 
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Occasionally, small or intersphincteric rectal 
vaginal fi stula may be asymptomatic. Vaginal 
and bimanual exam should be performed taking 
note of the location, number, tissue quality, and 
size of the fi stula. On exam, the fi stula is nor-
mally clearly visualized and instilling dye into 
the rectum may be of assistance. The location of 
the fi stula is important in deciding the operative 
approach and is classifi ed into high and low in 
relation to the anal sphincter. High fi stula may 
need to be approached abdominally and low fi s-
tula transvaginally. Occasionally examination 
under anesthesia is indicated for a more thorough 
evaluation. During physical examination anal 
sphincter tone should be evaluated as this may 
need concomitant repair.  

    Diagnosis 

 The diagnosis of a urinary or rectovaginal fi stula 
can most often be made upon a vaginal examina-
tion. A urethral catheter with retrograde fi lling of 
the bladder or rectum with dye may demonstrate 
the fi stula on exam. A urinary fi stula can be con-
fi rmed after administering phenazopyridine once 
it is excreted in the urine. By placing gauze or a 
tampon in the vagina, the gauze should turn 
orange in color in the presence of a fi stula. A 
double dye tampon test can further delineate the 
origin and location of the fi stula by giving the 
patient phenazopyridine followed by retrograde 
instillation of dye, methylene blue or indigo car-
mine, into the bladder through a catheter. A ure-
terovaginal fi stula should be orange in the 
proximal part of the packing while a VVF or 
UVF should be blue in the mid or distal packing. 
A negative tampon test does not rule out a fi stula 
and clinical suspicion is many times required to 
make the diagnosis. 

 There are varying opinions and no consen-
sus on the imaging required in the evaluation of 
a VVF or UVF. Many patients have a complex 
history with postoperative complications and 
there are medico-legal implications that should 
be considered [ 28 ]. Our practice is to completely 
evaluate the patient to attempt to address all 
problems at the initial repair. A voiding cysto-

gram during fi lling may demonstrate the fi stula; 
however, the intradetrusor pressure may need to 
be increased during voiding to visualize small 
fi stulas with the patient positioned in the lateral 
and oblique position. The lateral views may best 
demonstrate the fi stula when it has a direct con-
nection between the bladder and vaginal or when 
the connection is indirect and enters a collection/
sinus tract before draining into the vagina. The 
VCUG can identify additional fi ndings of a UVF 
which can be found concomitantly with VVF, the 
degree of vaginal prolapse, and stress inconti-
nence [ 29 ]. Demonstration of preoperative stress 
incontinence may change the treatment plan by 
the addition of an anti-incontinence procedure or 
it may alter patient expectations, of postoperative 
leakage. 

 Upper tract evaluation to assess for abnormal 
fi ndings of hydronephrosis or urinary extravasa-
tion from obstruction or fi stula with CT urogram 
should be performed, although there are no for-
mal recommendations to guide the surgeon. 
There is a 12 % upper tract injury with VVF [ 30 ]. 
Should there be further questions regarding ure-
teric involvement, a retrograde pyelogram would 
be justifi ed as it is the most sensitive in detection 
of upper tract injury, although a CT urogram with 
reconstructions may be adequate in our experi-
ence [ 31 ]. Urine cytology is recommended for 
those with a history of malignancy or pelvic 
radiation. 

 It is our routine practice to perform a cystos-
copy to evaluate for a urethral fi stula and con-
sider it mandatory when there is a history of 
hematuria or radiation. Urethroscopy should be 
performed with a short beaked rigid cystoscope 
(urethroscope or hysteroscope) or fl exible cysto-
scope to allow full visualization of the urethra; 
the light and the irrigant are at the same level 
allowing direct vision and expansion of the ure-
thral wall. A 30 and 70° optic lens allows identi-
fi cation of bladder abnormalities while a 0 or 15° 
lens is better for visualization of urethral foreign 
bodies or lesions. The fi stula size and location in 
relation to the bladder neck, trigone, and ureteric 
orifi ce are determined on cystoscopy. If the fi s-
tula involves the bladder neck, it should be dis-
cussed with the patient as it may affect continence 
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after repair. Findings on a cystoscopy can deter-
mine if ureteral stents are necessary and if a com-
bined vaginal and abdominal approach are 
appropriate when there is ureteric involvement. 

 It is important to document preoperative 
sexual function and discuss potential postopera-
tive complications. Vaginal stenosis is a poten-
tial complication that can be corrected with a 
subsequent vaginoplasty in most cases. Vaginal 
shortening may result when a martius fl ap has 
insuffi cient length for a proximal fi stula or as a 
result of Latzko partial colpocleisis. The peri-
toneal fl ap is better situated for proximal fi stula 
repair to prevent vaginal shortening. 

 Further radiologic evaluation with a CT of the 
abdomen and pelvis should be performed in cases 
of prior malignancy or in patients without other 
risk factors for RVF. Gastrografi n enema may 
identify the location of the rectovaginal fi stula. 
Proctosigmoidoscopy and colonoscopy may 
establish the diagnosis and evaluate for malig-
nancy, especially in the case of radiation-induced 
fi stula where about a third are malignant [ 32 ]. If 
there is any concern for malignancy, the fi stula 
should be biopsied. 

 Anal sphincter tone should be evaluated pre-
operatively with physical examination. Nearly 
50 % of patients have fecal incontinence which 
should be discussed and potentially treated 
simultaneously with fi stula repair [ 33 ]. Our prac-
tice is to routinely obtain an endoanal ultrasound 
when the cause of the fi stula is from trauma after 
vaginal delivery. Endoanal ultrasound and anal 
manometry testing can provide valuable informa-
tion regarding sphincteric function and defects 
preoperatively.   

    Vesicovaginal Fistula 

    Background 

 Vesicovaginal fi stula is an abnormal extra- 
anatomic connection between the bladder and 
vagina. Women with VVF suffer enormous 
amounts of physical, social, and psychological 
limitations. It is uncommon in western countries, 
although it remains a widespread problem in 
undeveloped countries due to obstructed labor 

[ 34 ]. In developed countries, VVF is most often a 
complication of pelvic surgery (hysterectomy) 
which we will direct the majority of our atten-
tion. VVF may associate with UVF and/or RVF 
[ 9 ,  35 ]. VVF usually presents with constant uri-
nary incontinence that is distressing and may be 
intensifi ed as a result of a surgical complication.  

    Etiology 

 VVF in the USA and developed countries are the 
result of gynecologic pelvic surgery in over 80 % 
of cases, with the remaining causes being com-
prised from radiation, malignancy, trauma, and 
obstetric instrumentation during childbirth [ 29 ]. 
Hysterectomy accounts for 91 % of the gyneco-
logic pelvic surgeries that resulted in VVF [ 9 ]. A 
total of 600,000 hysterectomies are performed 
annually in the USA and nearly a third of women 
have hysterectomies for benign disease [ 36 – 38 ]. 
The reported incidence of fi stula after hysterec-
tomy for benign disease is reported to be 0.1 to 
0.4 %. The risk of fi stula increases about tenfold 
to 1–4 % after radical hysterectomy [ 39 ]. The 
majority of hysterectomies in the USA are per-
formed abdominally with a Cochrane review 
reporting the risk of fi stula formation is similar 
regardless of the approach, although there is 
increased risk of injury of urinary tract with lapa-
roscopic hysterectomy [ 40 ,  41 ]. A national data-
base registry study in Sweden found that 
abdominal and laparoscopic surgery had the 
highest fi stula rate [ 39 ]. Fistula formation after 
hysterectomy is thought to be the result of unrec-
ognized injury to the urinary tract at the time of 
surgery. The injury may be directly to the bladder 
or from inadvertently placed sutures that result in 
tissue necrosis. These injuries result in a urinoma 
that accumulates and drains through the vaginal 
cuff [ 42 ]. Preoperative risk factors for fi stula for-
mation after hysterectomy for benign and malig-
nant disease are diabetes, smoking, history of 
c-section, endometriosis, pelvic infl ammatory 
disease, and radiation [ 43 – 45 ]. Intraoperative 
fi ndings of pelvic adhesions, bladder injury, 
extensive surgery, and higher stage cancer have 
higher risk of fi stula [ 43 – 46 ]. Performing a sub-
total hysterectomy with preservation of the  cervix 
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decreased the fi stula rate which may be the result 
of a less extensive surgery [ 42 ]. Attention to 
avoiding injury to the urinary tract and perform-
ing a cystoscopy during diffi cult dissections 
where bladder injury is suspected may prevent a 
fi stula [ 28 ]. It may be helpful to retrograde fi ll the 
bladder with dye or saline in these select cases to 
detect injury. Observation of the urine draining 
from the foley during hysterectomy should be 
clear and if there is question further investigation 
is indicated. 

 Pelvic surgery with mesh-augmented repair is 
another cause of fi stula. There are reports from 
transvaginal mesh causing VVF at low rates 
0.29 % [ 47 ]. A mid-urethral sling may inadver-
tently injure the bladder and cause a VVF [ 48 ]. 
This reinforces the importance of a cystoscopy 
at the time of sling placement to prevent uri-
nary fi stula. As the number of transvaginal mesh 
surgeries has been increasing, there may have 
been a rise in the number of urinary fi stula from 
mesh complications [ 49 ]. Whether this trend 
may reverse as a result of decreased transvaginal 
mesh-augmented repairs due to the FDA safety 
communication in July 2011 regarding compli-
cations related to transvaginal mesh for POP 
remains to be seen. 

 Radiation-induced fi stula represents a minor 
portion of VVF. The mechanism of injury is from 
obliterative arteritis resulting in ischemia which 
also produces infl ammation of encompassing tis-
sue [ 50 ]. Presentation of radiation fi stula can 
occur acutely or be delayed for several years [ 3 , 
 29 ]. Suspicion of recurrent cancer or secondary 
malignancy must be considered with a history of 
radiation fi stula.  

    Treatment 

    Conservative Treatment 
 The goal of surgical repair is to have resolution of 
the fi stula with the least morbidity. In select cir-
cumstances it is reasonable to attempt a trial of 
catheter for about 4 weeks [ 51 ]. There are reports 
of spontaneous resolution of fi stulas that are sim-
ple and small with the overriding principle that 
there should be no delay in defi nitive repair [ 52 –
 54 ]. Consideration of endoscopic treatment with 

fulguration and fi brin glue has been successfully 
reported in small case series when fi stulas are 
less than 3.5 mm in size [ 55 ,  56 ]. This is a reason-
able approach when patients meet these defi ned 
criteria; however, few patients are candidates for 
these conservative or minimally invasive proce-
dures and require surgical repair. Patients with a 
history of fi stulas that are complex, large, or radi-
ation induced should proceed with defi nitive 
repair as minimally invasive treatment is futile.  

    Transvaginal Repair 
 Prior to surgery a detailed physical examination, 
urine analysis with culture if indicated, cystos-
copy, and VCUG are performed with CT uro-
gram with 3D reconstruction of the ureters in 
selected cases. We describe our basic technique 
and adjuvant procedures performed in complex 
cases. With the patient in lithotomy position, sur-
gical repair begins with vaginal exposure with a 
ring retractor and vaginal speculum. The key to 
performing this repair is identifi cation of the fi s-
tula tract. A cystoscopy is performed to identify 
the fi stula and a wire is placed through it. Bilateral 
stent placement is done when the fi stula is near 
the ureteric orifi ces. A 16–18 Fr catheter is 
inserted into the bladder. The vaginal cuff is 
grasped with Allis clamps or with stay sutures to 
expose the fi stulous tract which is dilated with 
sounds over the guide wire to allow the passage 
of a 8–10 Fr catheter. The catheter is important in 
the exposure and retraction of the bladder during 
the repair. A circumferential incision is made less 
than 1 cm from the fi stula track. An inverted 
U-incision is made on the anterior vaginal wall 
and it is mobilized 3–4 cm to create the anterior 
vaginal fl ap (Fig.  10.3 ). A posterior vaginal wall 
fl ap is created from the cuff to expose the prerec-
tal fascia, the vesico-rectal space, and the 
 posterior cul de sac where the peritoneal fl ap can 
be retrieved.

   The fi stula tract is isolated and closed with 
2-0 or 3-0 delay absorbable interrupted sutures. 
Care is taken to incorporate the entire fi stulous 
tract and the bladder wall. At the end of the clo-
sure, diluted indigo-carmine tests the integrity of 
the repair. We omit excision of tract unless there 
is concern of malignancy or extensive necrotic 
tissue. The fi stula tract is not routinely excised 
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because it provides excellent anchoring tissue for 
closure, avoids creating a larger defect to repair 
that may prevent the need for ureteric reimplant, 
and prevents bleeding from the fi stula tract edges 
that can become devitalized from electrocautery 

during control of bleeding [ 3 ,  57 ]. The bladder is 
fi lled with indigo carmine once the fi stula tract 
is closed to ensure there is no extravasation. A 
second layer of sutures 1 cm from the fi stula and 
imbricated over the tract with 2-0 or 3-0 delay 
absorbable interrupted suture for the second 
layer of closure. A double layer of peritoneal 
fl ap is dissected from the vesico-rectal space in 
the cul de sac, mobilized and advanced 2–3 cm 
distal to the fi stula closure (Fig.  10.4 ). This fl ap 
is approximated with 3-0 absorbable interrupted 
sutures. A small segment of the distal fl ap is 
excised and the posterior fl aps are advanced and 
closed beyond the fi stula side with absorbable 
2-0 interrupted suture to result in a four-layer 
closure (Fig.  10.5 ).

        Latzko Partial Colpocleisis 
 The Latzko partial colpocleisis is an alterna-
tive technique to our transvaginal vesicovagi-
nal fi stula repair. Our approach avoids vaginal 
shortening and overlapping suture line that 
may result in recurrence. Other authors report 
low recurrence rates and vaginal shortening 
only when there is already a shortened vagina 
[ 58 ]. Potential advantages of this approach are 
decreased morbidity from less blood loss and 
shorter operating time. The Latzko technique is 
attempted for proximal post hysterectomy fi s-

  Fig. 10.3    Anterior vaginal fl ap that has been mobilized 
(Copyright  ©  Shlomo Raz, MD)       

  Fig. 10.4    The peritoneum is 
advanced distal to the fi stula 
closure (Copyright  ©  Shlomo 
Raz, MD)       
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tula. It involves a circumferential elliptoid 
incision around the fi stula with wide mobilization 
of the vaginal epithelium in all directions. 

The fi stula tract is closed and the repair is 
reinforced by an inverted layer of the perivesical 
tissue. The suture lines are overlapping in this 
repair (Figs.  10.6a–c  and  10.7a–c ).

        Abdominal Repair (Fig.  10.8a–e ) 
    An abdominal approach may include open, 
laparoscopic or robotic repair. Indications for 
an abdominal approach include intraperitoneal 
pathology, concomitant ureteric reimplant, or 
bladder augmentation, or need for fecal diversion. 
Abdominal repair is typically approached with 
the O’Conor technique. Our standard approach 
begins with a midline incision that extends from 
the umbilicus to the pubic bone. Once entering 
the peritoneum the bladder is identifi ed by ret-
rograde fi lling of the catheter. A vaginal probe is 
inserted and retracted superiorly. The bladder is 
dissected free from the vagina until the fi stulous 
tract is encountered. A decision to bivalve the 
bladder is made if the fi stula tract is not visibly 
patent and open. The bladder is bivalved extend-
ing the incision to include the fi stula which can 
be biopsied if there is concern for malignancy. 
The vaginal wall is dissected and separated from 
the bladder 3–4 cm surrounding the fi stula. The 
bladder and the vagina are closed in two sepa-
rate layers and indigo carmine is injected to 

  Fig. 10.5    Repair and closure of the fi stula with four lay-
ers (Copyright  ©  Shlomo Raz, MD)       

  Fig. 10.6    ( a ,  b ) Circumferential incision and mobilization of the vaginal epithelium around the fi stula. ( c ) Closure of 
vaginal epithelium results in overlapping suture lines       
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assure complete closure. Interposition of tissue 
fl ap between the layers is added for security. The 
most described interposition is the omental fl ap 
which has increased success rates in retrospec-
tive studies or free fl ap of peritoneum can be 
used [ 16 ,  21 ].  

    Laparoscopic/Robotic 
 The fi rst description of a laparoscopic VVF 
repair was by Nezhat in 1994 [ 59 ]. The robotic 
repair was fi rst described in 2005, which is a 
platform that allows more surgeons to perform 
the technical aspects of this surgery of suturing 
and knot tying that are technically demanding 
with laparoscopic surgery [ 60 ]. The success rates 
are about 90 % or greater in the few case series 
reporting on these techniques [ 11 – 13 ,  61 ,  62 ]. 
There is one study comparing open to robotic 
repair of VVF with similar outcomes [ 11 ]. As 
in open repair, the robotic approach allows the 
surgeon to perform ureteric reimplant when indi-
cated. These emerging technologies appear to be 
promising for the surgeon skilled in robotic or 
laparoscopic surgery. Outcome data on robotic 
repairs remains limited as this is an emerging 
technology. Vaginal surgery has decreased oper-
ating time, costs, and can be performed in an 
ambulatory surgical center.  

    Complications 
 Complications of vaginal bleeding, bladder 
spasm, and infection increase the risk of recur-
rence. These should be treated to prevent fi stula 
recurrence. Fistula recurrence is the most sig-
nifi cant complication and every attempt should 
be made to prevent it. Postoperative antibiotics 
are routinely given for about 2 weeks postop-
eratively. Anticholinergics or B & O supposito-
ries    may be needed to prevent bladder spasms. 
Patients should be advised to have pelvic rest 
for 3 months postoperatively. Recurrent fi stula 
should be treated with a tissue interposition and 
at least a 3 month delay in repair. Rare complica-
tions of injury to the ureters, bowel, and rectum 
occur and should be discussed.    

    Urethrovaginal Fistula 

    Background 

 A UVF is an abnormal connection between the 
urethra and the vagina that may be the result of 
obstetric, iatrogenic, neoplasm, trauma, or infec-
tion. This should not be confused or grouped 
together with VVF because the etiology, surgical 
repair, and potential complications of urethrovaginal 

  Fig. 10.7    ( a ,  b ) Circumferential incision and dissection 
of the epithelium around the fi stula with inverted closure 
of the fi stula tract and perivesical tissue in two layers. 

( c ) Closure of vaginal epithelium results in nonoverlap-
ping suture lines (Copyright  ©  Shlomo Raz, MD)       
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  Fig. 10.8    ( a – e ) Open approach for vesicovaginal fi stula. 
( a ) An incision is made in the anterior bladder wall and 
retraction sutures are placed to expose the fi stula. 
Ureteral stents identify the ureters during repair. ( b ) The 
incision in the bladder is extended to include and excise 
the fi stula tract. The vaginal tissue in the fi stula tract is 
excised. ( c ) The bladder and vagina are separated using 

sharp dissection along the  dotted line . This is a diffi cult 
plane to develop, but it is important to mobilize and sep-
arate the bladder and vagina for a successful repair. ( d ) 
The vagina is closed with tension-free interrupted 
sutures. ( e ) The bladder and vagina are closed in sepa-
rate layers. Tissue can be interposed between the repairs 
at this time       
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fi stula differ. UVF is a rare condition due to the 
female urethra being seldom involved in injury 
because of its short length and protection from 
the pubic bone [ 63 ,  64 ]. The majority of UVFs 
in developed countries are iatrogenic and arise 
from pelvic surgery or radiation and less often 
from obstetric procedures during childbirth 
[ 29 ,  34 ,  65 ].  

    Etiology 

 UVFs in developed countries are the main focus 
and can be divided into two main categories; 
causes from vaginal/pelvic procedures which 
make up the majority and less often from radia-
tion. Currently with the increased use of mesh, 
mesh exposure or erosion into the urethra needs 
to be considered as a source of the fi stula. There 
are case reports of synthetic mid-urethral slings 
causing urinary fi stulas [ 48 ,  66 ]. This mecha-
nism of injury is likely unrecognized iatrogenic 
injury of the urethra from urethral perforation 
which increases the risk of fi stula formation 
[ 67 – 69 ]. Urethral diverticulectomy surgery is 
the most common surgical cause of UVF and 
contributes to 25 % of patients who undergo 
pelvic surgery [ 29 ]. This may be the result of 
incomplete excision of the diverticulum or inad-
equate urethral closure without suffi cient tissue 
interposition. 

 Radiation fi stula formation can present imme-
diately or can occur years after exposure and may 
contribute to 15 % of UVFs in one series [ 3 ,  29 ]. 
There should be consideration of malignancy 
when patients have a history of pelvic cancer or 
radiation treatment. 

 Rare cases of UVF in the USA may be the 
result of trauma, injury during childbirth, 
malignancy, or infection. As childbirth tech-
niques have improved, there are less injuries 
and trauma contributing to UVF [ 34 ]. The use 
of forceps or instruments may result in lacera-
tion of the urethra that if not identifi ed and 
repaired can lead to UVF. Blunt trauma with 
pelvic fracture rarely can cause an avulsion of 
the urethra or develop into an UVF with an 

incidence range of 0–6 % [ 4 ]. Instrumentation 
of the urethra is another unusual cause of fi stula 
[ 70 ,  71 ]. Chronic indwelling foley can cause 
pressure necrosis of the bladder neck and distal 
urethral which can form a hypospadic urethra 
and UVF [ 72 ,  73 ]. 

 The majority of UVFs in undeveloped coun-
tries originate from prolonged obstructed labor 
and are not iatrogenic as in western countries. 
These UVFs are due to ischemia and commonly 
involve the bladder and urethra with extensive 
tissue loss. The mid-urethral sphincteric complex 
may be irreversibly damaged making for a tenu-
ous repair with unwanted outcomes [ 4 ,  74 ].  

    Treatment 

    Transvaginal Repair 
 This is a description of a UVF that is closed pri-
marily (Fig.  10.9 ). Surgical repair begins with 
vaginal exposure with a ring retractor and vaginal 
speculum. A foley catheter is inserted into the 
urethra. A small foley catheter is inserted in the 
fi stula with dilation of the tract if necessary. 
Injection of retrograde dye in the urethral meatus 

  Fig. 10.9    Urethrovaginal fi stula with a foley used as a 
retractor (Copyright  ©  Shlomo Raz, MD)       
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may help to identify a small fi stula. An inverted 
U incision is made on the anterior vaginal wall. 
The anterior vaginal wall fl ap is dissected and 
freed so that it has mobility to advance 2 cm dis-
tal to the fi stula. The anterior vaginal wall fl ap is 
dissected lateral and proximal to the fi stula which 
facilitates creation of the fl ap by avoiding scar-
ring and friable tissue. Lateral and distal vaginal 
fl aps are dissected which expose the fi stula tract 
and the periurethral fascia. Once the vaginal wall 
is separated and is adequately mobilized, a trans-
verse incision of the periurethral tissue is made at 
the level of the fi stula as in a urethral diverticu-
lectomy repair. Superior and inferior fl aps of the 
periurethral fascia are created, isolating the 
 urethral wall with the catheter in place. The fi s-
tula is closed in two layers with the urethra as the 
fi rst layer closed transversely like a Heineke–
Mikulicz technique. The periurethral fascia is 
closed in a transverse fashion to cover the area of 
reconstruction (Fig.  10.10 ). The fi stula tract is 
not routinely excised as mentioned previously. 
Optional creation of a martius fl ap to cover the 
periurethral fascia (radiation, multiple surgeries, 
large defects, poor tissue quality) is performed. 
The vaginal wall fl ap is advanced to cover the 
area of reconstruction. The foley catheter is left 

for 2–3 weeks and removed with a negative void-
ing trial or VCUG.

        Complications 
 Complications should be discussed preoperatively 
so the patient has realistic expectations after 
repair. Patients may develop obstructive voiding 
due to urethral stenosis in 5–20 % of cases [ 64 , 
 65 ]. There is a 50 % chance they will develop 
stress incontinence symptoms requiring an anti-
incontinence procedure [ 64 ]. Patients requiring 
extensive urethral reconstruction or a history of 
radiation with an immobile poorly vascularized 
urethra may fail fi stula repair necessitating a blad-
der neck closure and urinary diversion.    

    Rectovaginal Fistula 

    Background 

 Rectovaginal fi stula is an extra-anatomic epithelial 
connection between the rectum and vagina. It is a 
disabling disease that severely devastates and 
impacts an individual’s social life and self-esteem.  

    Etiology 

 RVF is most often a complication after a traumatic 
vaginal delivery that occurs in about 0.1 % of 
vaginal deliveries in modern developed countries 
[ 75 ,  76 ]. Fistula formation is the result of high 
grade rectal lacerations, grade 3 and 4, involving 
the perineal body and rectum that is unrecognized 
or becomes infected after repair. Risk factors for 
high grade rectal lacerations at time of vaginal 
delivery are midline episiotomies, use of forceps, 
fi rst vaginal delivery, and increased birth weight 
of the fetus [ 77 ]. Investigation should be given 
to additional causes of RVF from pelvic surgery 
including low  anterior resection, synthetic mesh 
for POP, hysterectomy, pessary (Fig.  10.11 ), 
colorectal or gynecologic malignancy, history 
of radiation, pelvic abscess, and infl ammatory 
bowel diseases which include Crohn’s disease, 
ulcerative colitis, and diverticulitis [ 78 – 80 ].

  Fig. 10.10    Transverse closure of the periurethral fascia 
(Copyright  ©  Shlomo Raz, MD)       
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       Treatment 

    Surgical Procedure 
   Tissue Interposition 
 The majority of RVF repairs involve interposition 
of tissue to prevent recurrence with little added 
morbidity. Interposition of a martius fl ap after a 
transvaginal repair of low fi stula is our prefer-
ence and typically reserves gluteal rotational 
inner thigh fl aps for high, diffi cult vaginal access, 
large defects, or fi brotic vaginal tissue that is sub-
optimal for fi stula closure.   

    Vaginal Repair 
 Routine administration of broad spectrum antibi-
otics and mechanical bowel preparation are given 
preoperatively. The transvaginal repair is per-
formed with a multilayer closure with routine use 
of tissue interposition. Fecal diversion is per-
formed selectively in cases of complex fi stula. 
Complex fi stulas are defi ned as radiation induced, 
recurrent, large, or a result of malignancy. 

 The patient is positioned in high lithotomy 
position and the fi stula is exposed with a ring 
retractor. A foley is inserted into the fi stula 
tract and can be used a retractor. A U-incision 
is made on the posterior vaginal wall and it is 
mobilized 3–4 cm to create a vaginal fl ap. The 
vaginal wall is dissected free on the lateral wall 
and the pre- rectal fascia is dissected to create a 
fl ap that will be cover the fi stula at the end of 

the procedure. The fi stula tract is closed in two 
layers with interrupted delayed 3-0 absorbable 
suture that results in a water-tight closure. The 
fi rst layer includes the rectal and vaginal wall. 
The second layer includes the perirectal fascia 
that is advanced 2–3 cm over the fi stula repair 
(Fig.  10.12 ). A martius fl ap that had been pre-
viously prepared is placed for additional cover-
age. A vaginal fl ap is advanced for a four-layer 
closure (Fig.  10.13 ). There is also description of 
use of biological material to reinforce the fi stula 
repair [ 81 ].

        Transanal Repair 
 The transanal approach is most commonly used 
for low fi stula. It begins with the patient in prone 
jackknife position. A rectal advancement fl ap is 
created that includes the mucosa, sub mucosa, 
and the circular muscular fi bers (internal sphinc-
ter). The fl ap is dissected 5 cm proximal to the 
fi stula with its proximal base being twice the 
width of the apex. The fi stula tract is excised and 
the rectal side of the fi stula is closed leaving the 
vaginal side open.  

    Perineal Repair 
 The perineal approach involves a two-step pro-
cedure which is more morbid than  transvaginal 

  Fig. 10.12    Perirectal fascia is advanced 2–3 cm beyond the 
rectovaginal fi stula repair (Copyright  ©  Shlomo Raz, MD)       

  Fig. 10.11    A rectovaginal fi stula that resulted from pro-
longed tissue necrosis and ischemia from a pessary 
(Copyright  ©  Shlomo Raz, MD)       
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repair. Perineal repair is used primarily for 
perineal fi stula that many times involves the 
anal sphincter integrity. First a catheter is 
inserted into the fi stula and the overlying tis-
sue is incised creating a perineoproctotomy. 
Optimally, the fi stula tract is excised and then 
the layers that were divided are approximated 
without tension. The vaginal and rectal mucosa 
are separated and closed in two layers. The sec-
ond step is a sphincteroplasty and rebuilding 
of the perineal body. The internal and external 
sphincters are approximated and the perineal 
body is reconstructed. In our experience, we 
perform adjuvant procedures to improve the 
repair by making the incision asymmetric and 
excising only the epithelium, so the subcutane-
ous fat can be crossed over and interposed to 
provide an additional layer.  

    Complications 
 Complications of hematoma and infection 
increase the risk of recurrence which should be 
prevented. Preoperative broad coverage antibiot-
ics are given. In cases of recurrent fi stula the 
patient should have a fecal diversion before 
exploration and repair. The repair should include 
interposition of tissue.    

    Summary 

 Vesicovaginal, urethrovaginal, and rectovaginal 
fi stulas are signifi cant complications that require 
complex repair. There is controversy surrounding 
the ideal timing, approach, technique, and use of 
adjuvant procedures in repair. Although there is 
debate in management, the principles in the diag-
nosis, treatment, and surgical repair of fi stulas 
decrease the risk of complications and improve 
patient outcomes. Surgeon experience and prin-
ciples of repair dictate the chosen repair. In our 
experience, the majority of fi stulas can be suc-
cessfully repaired transvaginally thereby limiting 
the postoperative morbidity, complications, and 
hospital stay.     
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           Introduction 

 The diagnosis and surgical approach to female 
urethral diverticula (UD) can be an extremely 
challenging aspect of female urology. UD are 
known for a complex variety of presentations, 
ranging from asymptomatic, incidentally found 
lesions on examination or on imaging, to painful 
vaginal masses associated with incontinence, 
stones, or tumors. Each case poses a unique chal-
lenge due to variations in anatomy, as well as the 
location, size, and complexity of these lesions. 

 Development of imaging modalities, such as 
ultrasound and MRI, in the past 30 years has 
greatly contributed to advanced understanding of 
UD. With the expanding use of such imaging 
techniques, the diagnosis and evaluation of UD 
continues to evolve. Once confi rmation of the 
diagnosis is achieved, defi nitive therapy typically 
consists of surgical excision and reconstruction. 
Successful operative excision and reconstruction 
requires advanced knowledge of the relevant sur-
gical anatomy, as well as creativity and occasion-
ally improvisation in the operating room.  

    Pathophysiology and Etiology 

 UD represent an epithelialized cavity dissecting 
within the fascia of the urethropelvic ligament 
[ 1 ] (Figs.  11.1  and  11.2 ). This defect is often an 
isolated cyst-like appendage with a discreet con-
nection to the lumen of the urethra, called the 
neck or ostia. Complicated anatomical patterns 
are possible, and in certain cases the UD may 
partially extend (“saddlebag” UD) around the 
urethra, anterior [ 2 ], or circumferentially about 
the urethra [ 3 ].

    The periurethral glands are the probable site 
of origin of acquired UD [ 1 ]. Huffman charac-
terized the periurethral glands as being located 
mostly dorsolateral to the urethra, arborizing 
proximally along the urethra, but also draining 
into ducts located in the distal one-third of the 
urethra [ 4 ]. Importantly, he noted that periduc-
tal and interductal infl ammation was also com-
monly found. In support of his observations and 
an infectious or acquired etiology of UD, in over 
90 % of cases, the ostia is located posterolaterally 
in the mid to distal urethra which corresponds 
anatomically to the location of the periurethral 
glands [ 5 ,  6 ]. 

 Peters and Vaughn found that there was a 
strong association with concurrent or previous 
infection with  Neisseria gonorrhea  and UD 
[ 7 ]. However, the initial infection and subse-
quent reinfections might also originate from a 
variety of sources including  E. coli , and other 
coliform bacteria, as well as fl ora within the 
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vagina. Nevertheless, UD have been classically 
attributed to recurrent infection of the peri-
urethral glands with obstruction, suburethral 
abscess formation and consequent rupture of 
these infected glands into the urethral lumen. 
Continual fi lling and collection of urine in the 
resultant cavity may result in stasis, recurrent 
infection, and possible eventual epithelializa-
tion of the cavity forming a permanent diver-
ticulum [ 8 ]. Reinfection, infl ammation, and 
recurrent obstruction of the neck of the cavity 
are hypothesized to result in patient symptoms 
and enlargement of the diverticulum. However, 
it should be noted that Daneshgari and col-
leagues have also reported noncommunicating 
urethral diverticula diagnosed by MRI [ 9 ].  

    Diverticular Anatomy 

 Typically, UD represent an epithelialized cavity 
with a single connection to the lumen of the ure-
thra. The size of the lesion may vary from just a 
few millimeters to several centimeters. In addi-
tion, the size may vary over time due to infl am-
mation, intermittent obstruction of the ostia, and 
subsequent drainage into the urethral lumen. 

 The epithelium of UD may consist of 
 columnar, cuboidal, stratifi ed squamous, or tran-
sitional cells. In some cases, the epithelium is 
absent and the wall of the UD consists only of 
fi brous tissue. These lesions are found within the 
periurethral fascia, bordered by the anterior wall 

  Fig. 11.1    Representative 
anatomy of the mid urethra 
in a coronal plane (Used 
with permission from 
Rovner ES. Urethral diver-
ticula. In: Female Urology, 
3rd ed. Edited by Raz S, 
Rodriguez LV. 
Philadelphia: Saunders 
Elsevier; 2008)       

  Fig. 11.2    Diagram of ure-
thral diverticulum. The ure-
thral diverticulum forms 
within and between the lay-
ers of the urethropelvic lig-
ament (Used with 
permission from Rovner 
ES. Urethral diverticula. In: 
Female Urology, 
3rd ed. Edited by Raz S, 
Rodriguez LV. 
Philadelphia: Saunders 
Elsevier; 2008)       
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of the vagina ventrally. In the sagittal plane, UD 
are most often centered in the middle third of the 
urethra with the luminal connection or ostia 
located posterolaterally. The sac may extend dis-
tally along the urethra and vaginal wall, almost to 
the meatus or proximally to the level of the blad-
der neck, underneath the trigone of the bladder. 
An array of confi gurations can be noted on imag-
ing and at surgical exploration. In the axial plane, 
the UD cavity may extend laterally along the ure-
thral wall and in some cases around the dorsal 
side of the urethra or wrap circumferentially 
around the entire urethra. UD may be bilobed 
(dumbbell shaped) extending across the midline. 
Multiple loculations can be common, and at least 
10 % of patients have multiple UD at presenta-
tion. Varying degrees of sphincteric compromise 
may exist due to the location of diverticulum rel-
ative to the proximal and distal urethral sphincter 
mechanisms. This is especially important to note 
when considering surgical repair.  

    Evaluation/Work-Up 

 The diagnosis and complete evaluation of UD 
can be made with a combination of a thorough 
history, physical exam, urine culture and analy-
sis, cystourethroscopy, and selected imaging 
studies. A urodynamic evaluation may also be 
utilized in select cases. 

    Presentation 

 Most patients with UD present between the 3rd 
and 7th decades of life [ 10 – 14 ]. The classic pre-
sentation has been historically described as the 
“three Ds”: dysuria, dyspareunia, and dribbling 
(post-void). However, none of these symptoms are 
sensitive or specifi c for UD. Although presenta-
tion is quite variable, the most common symptoms 
are irritative (frequency, urgency, etc.) lower uri-
nary tract symptoms (LUTS), pain, and infection 
[ 7 ,  15 – 17 ]. Dyspareunia will be noted by 12–24 % 
of patients [ 15 ,  16 ]. Approximately 5–32 % of 
patients complain of post-void dribbling [ 11 ,  15 ]. 
Recurrent cystitis or urinary tract infection is also 

a frequent presentation in one- third of subjects 
[ 11 ,  15 ] likely due to stasis of urine in the 
UD. Multiple bouts of recurrent cystitis should 
alert the physician to the possibility of a UD. Other 
complaints include vaginal pain or mass, hematu-
ria, vaginal discharge,  obstructive symptoms, uri-
nary retention, and incontinence (stress or urge). 
Up to 20 % of patients diagnosed with UD might 
be completely asymptomatic. Some patients may 
present with a tender or non-tender anterior vagi-
nal wall mass, which upon gentle compression 
may reveal retained urine or purulent discharge 
per the urethral meatus. Although spontaneous 
rupture of UD is extremely rare, urethrovaginal 
fi stula may result under these circumstances [ 18 ]. 

 The size of the diverticulum does not correlate 
with symptoms. Finally, symptoms may wax and 
wane, and even resolve for long periods of time. 
This may be related to periodic and repeated epi-
sodes of infection and infl ammation. 

 As many symptoms associated with UD are 
not specifi c, patients often can be misdiagnosed 
and treated for years before the diagnosis of UD 
is made. In one series of 46 consecutive women 
eventually diagnosed with UD, the mean interval 
from onset of symptoms to diagnosis was 
5.2 years [ 19 ]. This underscores the importance 
of a baseline level of suspicion and a thorough 
pelvic exam in patients complaining of LUTS or 
other symptoms potentially associated with UD.  

    Physical Examination 

 During physical examination, the anterior vaginal 
wall should be palpated for masses and tender-
ness. The location, size, and consistency of a sus-
pected UD should be noted. Most UD are located 
ventrally over the middle and proximal portions 
of the urethra, corresponding to the area of the 
anterior vaginal wall 1–3 cm inside the introitus 
(Fig.  11.3 ). Confi guration of the UD may have 
signifi cant implications when undertaking surgi-
cal excision and reconstruction. UD may also 
extend proximally towards the bladder neck. Such 
UD may produce distortion of the bladder outlet 
and trigone on cystoscopy or on radiographic 
imaging and special care should be taken during 
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surgical excision and reconstruction due to con-
cerns for bladder and ureteral injury as well as the 
potential development of postoperative voiding 
dysfunction and incontinence. Distal vaginal 
masses or perimeatal masses may represent other 
lesions, including Skene’s glands abnormalities. 
The differentiation between these lesions often 
cannot be made by physical examination alone, 
and may require additional radiological imaging. 
A particularly hard anterior vaginal wall mass 
may indicate a calculus, vaginal wall fi broid, or 
cancer within the UD and mandates further inves-
tigation. During physical exam, the urethra may 
be gently “stripped” or “milked” distally in an 
attempt to express purulent material or urine from 
within the UD cavity. Although often described 
for the evaluation of UD, this maneuver does not 
produce the diagnostic discharge per urethral 
meatus in the majority of patients [ 20 ].

   Vaginal walls should be assessed for atrophy, 
rugation, and elasticity. Poorly estrogenized, 
atrophic tissues are important to note if surgery 
is being considered. These tissues are often surgi-
cally mobilized and may be used for fl aps during 
excision and reconstruction. The distal vagina and 
vaginal introitus are also assessed for capacity. 
These factors may impact surgical planning, as a 
narrow introitus can make surgical exposure diffi -

cult and may mandate an episiotomy. Finally, dur-
ing physical examination, a provocative maneuver 
to elicit stress incontinence should be performed 
as well as an assessment of any vaginal prolapse.  

    Urine Studies 

 Urinalysis and urine culture should be performed. 
The most common organism isolated in patients 
with UD is  E. coli . However, other gram negative 
enteric fl ora as well as  N. gonorrhea ,  Chlamydia , 
 Streptococcus , and  Staphylococcus  are often 
present [ 16 ,  21 ]. A sterile urine culture does not 
exclude infection, as these patients are often on 
antibiotic therapy at presentation. In patients with 
irritative symptoms or where there is suspicion of 
malignancy, a urine cytology can be checked.  

    Cystourethroscopy 

 Cystourethroscopy is performed, both in an attempt 
to visualize the UD ostia, as well as to evaluate for 
other potential causes of the patient’s LUTS. A 
fl exible cystoscope or a specially designed rigid 
female cystoscope is most helpful in evaluating the 
female urethra. The short beak maintains the fl ow 

  Fig. 11.3    Intraoperative 
image of a large urethral 
diverticulum       
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of the irrigation solution immediately adjacent to 
the lens and thus aids in distention of the relatively 
short (as compared to the male) urethra, permitting 
improved visualization. It may also be advanta-
geous to compress the bladder neck while simulta-
neously applying pressure to the diverticular sac 
with an assistant’s fi nger. Luminal discharge of 
purulent material can often be seen with this 
maneuver or with digital compression of the UD 
during urethroscopy. Again, the UD ostia is most 
often located posterolaterally at the level of the 
midurethra, but can be very diffi cult to identify in 
some patients. The success in identifying a diver-
ticular ostia on cystourethroscopy is quite variable, 
and reported to be between 15 % and 89 % [ 11 ,  15 , 
 20 ]. Failure to visualize an ostia on cystourethros-
copy should not infl uence the decision to proceed 
with further investigations or surgical repair.  

    Urodynamics 

 For patients with UD and urinary incontinence 
or signifi cant voiding dysfunction, a urodynamic 
study may be helpful [ 22 – 24 ]. Urodynamics can 
document the presence or absence of stress urinary 
incontinence prior to repair. Approximately 50 % 
of women with UD will demonstrate SUI on uro-
dynamic evaluation [ 11 ,  25 ]. A videourodynamic 
study combines both a voiding cystourethrogram 

and a urodynamic study, thus consolidating the 
diagnostic evaluation and decreasing the number 
of required urethral catheterizations during the 
patient’s work-up. For patients undergoing sur-
gery for UD with coexistent bothersome stress 
urinary incontinence demonstrated on physical 
examination, or urodynamically demonstrable 
SUI, or those found to have an open bladder neck 
on preoperative evaluation, a concomitant anti-
incontinence surgery can be offered. Multiple 
authors have described successful concomitant 
repair of urethral diverticula and stress inconti-
nence in the same operative setting [ 11 ,  25 – 27 ]. 
Alternatively, on urodynamic evaluation, a small 
number of patients may have evidence of bladder 
outlet obstruction due to the obstructive or mass 
effects of the UD on the urethra. It should be noted 
that SUI may coexist with obstruction [ 28 ,  29 ] but 
nevertheless, both conditions can be treated suc-
cessfully with a carefully planned operation.  

    Imaging 

 A number of imaging techniques have been 
applied to the study of female UD. Currently 
available techniques for the evaluation of UD 
include double-balloon positive-pressure ure-
thrography (PPU), voiding cystourethrography 
(VCUG) (Fig.  11.4 ), intravenous urography 

  Fig. 11.4    A voiding 
cystourethrogram 
demonstrates a urethral 
diverticulum (Used with 
permission from Rovner 
ES. Urethral diverticula. 
In: Female Urology, 
3rd ed. Edited by Raz S, 
Rodriguez LV. 
Philadelphia: Saunders 
Elsevier; 2008)       
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(IVU), ultrasound (US), and magnetic resonance 
imaging (MRI) (Fig.  11.5 ), with or without an 
endoluminal coil (eMRI). MRI has become the 
imaging modality of choice in many centers due 
to its relatively noninvasive nature, and ability to 
visualize the anatomy in multiple planes [ 30 – 32 ].

         Surgical Repair 

    Indications for Repair 

 Although often highly symptomatic, not all ure-
thral diverticula mandate surgery. Some patients 
may be asymptomatic at presentation, with the 
lesion diagnosed incidentally. Whether these 
lesions will progress in size, symptoms or com-
plexity over time is not known. For these rea-
sons, and due to the lack of symptoms in selected 
cases, some patients may not desire surgical ther-
apy. However, it should be noted that there are 
multiple reports in the literature of carcinomas 
arising in UD [ 29 ,  33 – 40 ] which may be asymp-
tomatic and may not be prospectively identifi ed 
on radiologic imaging [ 41 ]. 

 Symptomatic patients, including those with 
dysuria, refractory bothersome post-void drib-
bling, recurrent UTIs, dyspareunia and pelvic 
pain, may be offered surgical excision. Those 
with UD and symptomatic bothersome stress 
 urinary incontinence can be considered for a 
 concomitant anti-incontinence procedure at the 
time of UD excision.  

    Techniques for Repair 

    Alternative Techniques 
 A variety of surgical interventions for urethral 
diverticula have been reported since 1805 when 
Hey described transvaginal incision of the UD 
and packing of the resulting cavity with lint [ 1 ]. 
Approaches have included transurethral and open 
[ 42 ,  43 ] marsupialization, endoscopic unroofi ng 
[ 44 ,  45 ], fulguration [ 46 ], incision and oblitera-
tion with oxidized cellulose [ 47 ] or polytetrafl uo-
roethylene [ 48 ], coagulation, and excision with 
reconstruction. Most commonly, a complete 
excision and reconstruction is performed. 
However, for distal lesions, a transvaginal marsu-
pialization as described by Spence and Duckett 
may reduce operative time, blood loss and recur-
rence rates [ 42 ,  43 ,  49 ]. During this procedure, 
care must be taken to avoid aggressively extend-
ing the incision proximally which could result in 
vaginal voiding or potentially damage the proxi-
mal and distal sphincteric mechanism, resulting 
in postoperative stress incontinence. Therefore, 
this approach is probably only applicable to UD 
in very select cases involving the distal one-third 
of the urethra, and as such, it is not commonly 
performed.  

    Excision and Reconstruction 
 Excision with reconstruction is the most common 
surgical approach to UD in the modern era. The 
principles of the urethral diverticulectomy opera-
tion have been well described. There are only a 
few minor issues about which some surgeons 
may disagree including the type of vaginal inci-
sion (inverted “U” vs. inverted “T”), whether it is 
necessary to remove the entire mucosalized por-
tion of the lesion, and fi nally, the optimal type of 

  Fig. 11.5    Sagittal MRI demonstrating a urethral 
diverticulum       
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postoperative catheter drainage (urethra only ver-
sus urethra and suprapubic). 

 Complex urethral reconstructive techniques 
for the repair of UD have been described. Fall 
described the use of a bipedicled vaginal wall 
fl ap for urethral reconstruction in patients with 
UD and urethrovaginal fi stula [ 50 ]. Laterally 
based vaginal fl aps have also been utilized as an 
initial approach to UD [ 51 ,  52 ]. Complex ana-
tomical confi gurations may exist and many novel 
approaches have been described for complicated 
anterior or circumferential lesions [ 2 ,  3 ,  53 ]. The 
technique described herein is similar to that 
described by Leach and Raz [ 17 ] based on earlier 
work by Benjamin et al. [ 54 ] and Busch and 
Carter [ 55 ]. 

   Preoperative Preparation 
 Prophylactic antibiotics can be utilized preopera-
tively to ensure sterile urine at the time of sur-
gery. Patients can also be encouraged to strip the 
anterior vaginal wall following voiding, thereby 
consistently emptying the UD and preventing uri-
nary stasis and recurrent UTIs. This may not be 
possible in those with noncommunicating UD or 
in those who have signifi cant pain related to the 
UD. Application of topical estrogen creams for 
several weeks prior to surgery may be benefi cial 
in some patients with postmenopausal atrophic 
vaginitis in improving the quality of the tissues 
with respect to dissection and mobilization. 
Preoperative parenteral antibiotics are often 
administered, especially for those with recurrent 
or persistent UTIs. 

 Patients with symptomatic stress urinary 
incontinence can be offered simultaneous anti- 
incontinence surgery. Preoperative videou-
rodynamics may be helpful in evaluating the 
anatomy of the UD, assessing the competence 
of the bladder neck, and confi rming the diagno-
sis of stress incontinence. In patients with SUI 
and UD, Ganabathi and others have described 
excellent results with concomitant needle blad-
der neck suspension in these complex patients 
[ 11 ,  56 ]. More recently, pubovaginal fascial 
slings have been utilized in patients with UD 
and stress urinary incontinence with satisfactory 
outcomes [ 19 ,  26 ,  27 ]. According to the AUA 

Stress Urinary Incontinence Guidelines, syn-
thetic slings should not be used synchronously at 
the time of the surgical repair of UD [ 57 ]. There 
may be an increased risk of sling erosion in such 
circumstances. 

 Further complicating these cases may be asso-
ciated pain, dyspareunia, voiding dysfunction, 
urinary tract infections, and urinary incontinence. 
These associated symptoms are often, but not 
always improved or eliminated with surgery. 
Therefore, the importance of appropriate preop-
erative patient counseling regarding surgical 
repair and postoperative expectations of cure 
cannot be overemphasized.  

   Procedure 
 The patient is placed in the lithotomy position 
with all pressure points well padded. The use of 
padded adjustable stirrups for the lower extremi-
ties greatly enhances operative access to the 
perineum. A standard vaginal antiseptic prepara-
tion is applied. A weighted vaginal speculum and 
Scott retractor with hooks aid in exposure. A pos-
terolateral episiotomy may be benefi cial in some 
patients for additional exposure although the 
midurethral (and therefore somewhat distal in the 
vaginal canal) location of most UD usually pre-
clude the need for this. A Foley catheter is placed 
per urethra and a suprapubic tube may be utilized 
for additional postoperative urinary drainage. 
Often, a small caliber urethral catheter is utilized 
during the case and the placement of a suprapu-
bic tube during the procedure ensures maximal 
postoperative urinary drainage. If desired, a 
suprapubic tube is placed at the start of the proce-
dure either using the Lowsley retractor or percu-
taneously under direct transurethral cystoscopic 
visual guidance. Placement of a suprapubic tube 
at the end of the case is not advisable, as this will 
require traversing the fresh urethral suture line 
and risk disruption of the repair. 

 An inverted “U” is marked out along the ante-
rior vaginal wall with the base of the “U” at the 
level of the distal urethra and the limbs extending 
to the bladder neck or beyond (Fig.  11.6 ). Care is 
taken to ensure that the limbs of the “U” are 
wider proximally (towards the bladder neck) to 
ensure adequate vascularity at the distal lateral 
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margins of the anterior vaginal wall fl ap. As 
opposed to the inverted “T” incision, the inverted 
“U” incision provides excellent exposure later-
ally at the level of the midvagina and can be 
extended proximally as needed for lesions that 
extend beyond the bladder neck. Injectable saline 
can be infused along the lines of the incision to 
facilitate dissection. An anterior vaginal wall fl ap 
is created by careful dissection with Metzenbaum 
scissors in the potential space between the vagi-
nal wall and the periurethral fascia. The use of 
suffi cient counter-traction during this portion of 
the procedure is important in maintaining the 
proper plane of dissection. Care is taken to pre-
serve the periurethral fascia and avoid inadver-
tent entry into the UD.

   A distinct layer of periurethral fascia is usu-
ally interposed between the vaginal wall and 
the UD. Preservation and later reconstruction 
of this layer is of paramount importance to pre-
vent recurrence, close dead space, and avoid 

urethro- vaginal fi stula formation postoperatively. 
Pseudodiverticula have been described where 
this layer of tissue is considerably attenuated or 
even absent [ 58 ]. In these patients, an interposi-
tional fl ap or graft such as a pubovaginal sling 
may be utilized for reconstruction. 

 The periurethral fascia is incised transversely 
(Fig.  11.7 ). Proximal and distal layers of peri-
urethral fascia are carefully developed using 
Metzenbaum scissors, avoiding entrance into the 
UD. The UD is then grasped and dissected back 
to its origin on the urethra within the leaves of the 
periurethral fascia (Fig.  11.8 ). In many cases it is 
necessary to open the UD to facilitate dissection 
from the surrounding tissues. The ostia or con-
nection to the urethra is identifi ed and the walls of 
UD are completely removed. Every effort should 
be made to remove the entire mucosalized surface 
of the UD in order to prevent recurrence [ 11 ,  59 ]. 
This may involve removing small adherent or 
infl amed portions of the urethral wall, especially 

  Fig. 11.6    An inverted U-shaped incision ( dashed line ) on 
the anterior vaginal wall (Used with permission from 
Rovner ES. Urethral diverticula. In: Female Urology, 3rd 
ed. Edited by Raz S, Rodriguez LV. Philadelphia: Saunders 
Elsevier; 2008)       

  Fig. 11.7    After refl ection of the anterior vaginal wall, a 
transverse incision is made in the periurethral fascia. The 
 dotted line  represents the intended incision line (Used 
with permission from Rovner ES. Urethral diverticula. In: 
Female Urology, 3rd ed. Edited by Raz S, Rodriguez 
LV. Philadelphia: Saunders Elsevier; 2008)       
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in the area of the ostia. All abnormal tissue in the 
area of the ostia should be removed if possible to 
ensure that no mucosal elements of the UD wall 
remain which could result in postoperative urine 
leakage and recurrence. Elaborate methods of 
identifying the full extent of the UD cavity have 
been described including catheterization of the 
UD with urinary [ 12 ,  60 ] and Fogarty [ 61 ] cath-
eters, packing the UD with gauze [ 62 ], infusing 
and staining the UD with methylene blue, and the 
use of silicone [ 63 ] or cryoprecipitate [ 64 ] to cre-
ate a solid mass and ease dissection.

    The Foley catheter is usually seen following 
complete excision of UD (Fig.  11.9 ). The urethra 
can be reconstructed over as small as a 12F Foley 
catheter without long term risk of urethral stric-
ture [ 1 ] and should be closed in a watertight fash-
ion with running or interrupted 4.0 synthetic 
absorbable suture. The closure should be tension- 
free and water tight (Fig.  11.10 ). In rare circum-
stances, a UD may extend circumferentially 
around the urethra and require segmental resec-

tion of the involved portion of the urethra and 
complex reconstruction [ 3 ,  65 ].

    The periurethral fascial fl aps are reapproxi-
mated with interrupted 3.0 synthetic absorbable 
suture in a perpendicular orientation to the urethral 
closure line to minimize overlap and the risk of 
postoperative urethrovaginal fi stula formation 
(Fig.  11.11 ). Care is taken to secure the periurethral 
fascial fl aps in order to close all the dead space.

   If desired, a fi bro-fatty labial (Martius) fl ap 
can be harvested at this point and placed over the 
periurethral fascia as an additional layer of clo-
sure [ 66 ]. In patients with poor quality tissues, 
attenuated periurethral fascia, or in whom signifi -
cant infl ammation is encountered intraopera-
tively, a well vascularized adjuvant fl ap such as a 
Martius fl ap may reduce the risk of wound break-
down and subsequent complications such as ure-
throvaginal fi stula. 

 The anterior vaginal wall fl ap is then reposi-
tioned and reapproximated with running 2.0 syn-
thetic absorbable suture. This completes a three 

  Fig. 11.8    The UD sac is freed from the periurethral fas-
cia (Used with permission from Rovner ES. Urethral 
diverticula. In: Female Urology, 3rd ed. Edited by Raz S, 
Rodriguez LV. Philadelphia: Saunders Elsevier; 2008)       

  Fig. 11.9    The urethral catheter is seen after complete exci-
sion of the UD sac (Used with permission from Rovner ES. 
Urethral diverticula. In: Female Urology, 3rd ed. Edited by 
Raz S, Rodriguez LV. Philadelphia: Saunders Elsevier; 2008)       
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layer closure (four layers if a Martius fl ap is uti-
lized). An antibiotic impregnated vaginal pack is 
placed.  

   Postoperative Care 
 Antibiotics are continued for 24 h postopera-
tively. The vaginal packing is removed and the 
patient discharged home with closed urinary 
drainage. Antispasmodics are used to reduce 
bladder spasms. A pericatheter VCUG is obtained 
at 10–14 days postoperatively. If there is no 
extravasation, the catheters are removed. If 
extravasation is seen, then repeat pericatheter 
VCUGs are performed weekly until resolution is 
noted. In the vast majority of cases, extravasation 
will resolve in several weeks with this type of 
conservative management [ 67 ].  

   Complications 
 Careful adherence to the principles of transvagi-
nal urethral diverticulectomy should minimize 

postoperative complications. Nevertheless, com-
plications may arise. Large diverticula (>4 cm) or 
those associated with a lateral or horseshoe con-
fi guration may be associated with a greater likeli-
hood of postoperative complications [ 68 ]. 
Common complications include recurrent UTI’s 
(up to 31.3 %), urinary incontinence (1.7–
16.1 %), or recurrent UD (1–25 %). Urethrovaginal 
fi stula (0.9–8.3 %) is a devastating complication 
of urethral diverticulectomy [ 69 ]. A fi stula 
located beyond the sphincteric mechanism should 
not be associated with symptoms other than per-
haps a split urinary stream and or vaginal void-
ing. As such, an asymptomatic distal 
urethrovaginal fi stula may not require repair, 
although some patients may request repair. 
Conversely, a proximal fi stula located at the blad-
der neck or at the midurethra in patients with an 
incompetent bladder neck will likely result in 
considerable symptomatic urinary leakage. These 
patients should undergo repair with the use of an 

  Fig. 11.10    The urethra is closed with absorbable suture 
(Used with permission from Rovner ES. Urethral diver-
ticula. In: Female Urology, 3rd ed. Edited by Raz S, 
Rodriguez LV. Philadelphia: Saunders Elsevier; 2008)       

  Fig. 11.11    The periurethral fascia is closed with care to 
obliterate any dead space (Used with permission from 
Rovner ES. Urethral diverticula. In: Female Urology, 3rd 
ed. Edited by Raz S, Rodriguez LV. Philadelphia: Saunders 
Elsevier; 2008)       
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adjuvant tissue fl ap such as a Martius fl ap to pro-
vide a well vascularized additional tissue layer. 
The actual timing of the repair relative to the ini-
tial procedure is controversial. Rare complica-
tions include urethral stricture (up to 5.2 %), 
hypospadias, distal urethral necrosis, bladder 
injury, urethral injury, and vaginal scarring or 
narrowing with consequent dyspareunia [ 69 ]. 
Meticulous attention to surgical technique, good 
hemostasis, avoidance of infection, preservation 
of the periurethral fascia and a well vascularized 
anterior vaginal wall fl ap, and multilayered clo-
sure with nonoverlapping suture lines should 
minimize the potential for postoperative urethro-
vaginal fi stula formation.  

   Persistence of Symptoms Following 
Urethral Diverticulectomy 
 Some patients will have persistence or recurrence 
of their initial symptoms postoperatively. The 
fi nding of a UD following a presumably success-
ful urethral diverticulectomy may occur as a 
result of a new medical problem (e.g., UTI, etc.), 
a new UD, or alternatively, as a result of recur-
rence of the original lesion. Recurrence of UD 
may be due to incomplete removal of the UD, 
inadequate closure of the urethra or residual dead 
space, or other technical factors. Lee noted recur-
rent urethral diverticulum in 8/85 patients at fol-
low- up of between 2 and 15 years from the initial 
UD resection [ 70 ]. Repeat urethral 
 diverticulectomy surgery can be challenging due 
to altered anatomy, scarring, and the diffi culty in 
identifying the proper anatomic planes.     

    Summary 

 Urethral diverticulectomy surgeries are often 
challenging but ultimately very satisfying for the 
patient and surgeon. Many of these patients are 
highly symptomatic and experience relief of their 
symptoms with successful surgery. Adherence to 
principles of reconstructive surgery including 
careful dissection and preservation of the vascu-
lar supply of fl aps, avoidance of overlapping 
suture lines, and watertight closure are important 
to ensure a satisfactory result.     
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           Introduction 

 Augmentation cystoplasty (AC) is a surgi-
cal procedure used to increase bladder stor-
age capacity or improve detrusor compliance. 
Performed by urologists for more than a cen-
tury, the technique has evolved over the years, 
using different segments of the gastrointestinal 
(GI) tract. It is frequently combined with other 
procedures depending on the need for correc-
tion of associated problems (bladder outlet cor-
rection, ureteral obstruction, etc.), and more 
recently has been performed laparoscopically 
or robotically. Even though its role has declined 
over the years, decreasing from 192 operations 
in 2000 in the United Kingdom to 120 in 2010 
[ 1 ], it remains of paramount importance for the 
reconstructive urologist to be profi cient with 
this procedure. This chapter will outline the 
indications and technique of bladder augmenta-
tion as well as focus on the short- and long-term 
complications.  

    History 

 First described in dogs in 1888 by Tizzoni and 
Foggi [ 2 ] and in 1899 in humans by von Mikulicz 
[ 3 ], augmentation cystoplasty was reported by 
Couvelaire in 1950 to treat tuberculosis cysti-
tis [ 4 ]. The use of different segments of the GI 
tract has been described: colon in 1912 by Charghi 
[ 5 ]   , sigmoid by Bisgard in 1943 [ 6 ], cecum by 
Couvelaire [ 4 ], stomach in 1956 by Sinaiko 
[ 7 ], and fi nally the classic detubularized ileal 
patch by Goodwin in 1959 [ 8 ]. A wide variety 
of other organic tissues (peritoneum, omentum, 
gallbladder, skin, etc.) have also been unsuccess-
fully attempted and abandoned [ 9 ]. Finally, the 
introduction of clean intermittent catheterization 
(CIC) by Lapides in 1972 allowed the procedure 
to gain widespread acceptance [ 10 ].  

    Indications 

 Considering that AC is an invasive procedure, it 
should be offered only after more conservative 
interventions such as behavioral modifi cation, anti-
cholinergics, botulinum toxin (BTX-A), or sacral 
neuromodulation have been considered and failed, 
as recommended by the 4th International 
Consultation on Incontinence [ 11 ]. Many condi-
tions may necessitate AC (Table  12.1 ), whether in 
the setting of upper tract deterioration due to high 
bladder storage pressures (detrusor leak point pres-
sure over 40 cm H 2 O) or unacceptable  incontinence 
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secondary to contracted bladder volume and 
decreased compliance or overactivity [ 12 ].

   Neurogenic conditions caused by congeni-
tal, acquired, or traumatic etiologies, especially 
myelodysplasia in children and spinal cord inju-
ries in adults, are probably the most frequent 
indications. Although there is considerable vari-
ation in institutional rates, it has been estimated 
that 5–30 % of patients with spina bifi da will 
undergo AC [ 13 ,  14 ]. Multiple sclerosis, with 
its inherent progressive neuromuscular deterio-
ration that may make intermittent self-catheter-
ization diffi cult [ 15 ], is preferably managed with 
medical therapy such as anticholinergics and 
botulinum toxin but occasional cases may be 
amenable to AC. 

 Patients with severe refractory idiopathic 
overactive bladder (OAB) or rarely interstitial 
cystitis can also be offered such a procedure, but 
this should be a last resort option for carefully 
selected cases, as pointed out by the American 
Urological Association guidelines [ 16 ,  17 ]. 

 Benign diseases with decrease in compliance 
from collagen deposition in the bladder wall are 
other indications. Tuberculosis cystitis, which 
used to be the number one indication in the past, 
is now a rarity [ 15 ]. Schistosomiasis, an endemic 
parasitic infection found primarily in the Middle 
East and Africa, may cause bladder wall fi brosis 
in 2 % of cases [ 1 ]. Reduced bladder capacity 
may be improved by AC. 

 Pelvic radiation therapy or surgical resec-
tion for colorectal, gynecological, or urological 
malignancies may also compromise the urinary 
tract and necessitate AC. 

 Finally, a defunctionalized bladder in a patient 
on dialysis awaiting renal transplantation might 
warrant AC to restore proper lower urinary tract 
function and protect the allograft, although its 
timing (before, after, or even concomitantly with 
the transplantation) is controversial [ 18 ], the con-
cern being the risk of severe sepsis in the immu-
nosuppressed patient [ 1 ].  

    Contraindications 

 Poor baseline renal function may potentially 
expose patients to severe electrolyte abnormali-
ties and worsening renal function and is a rela-
tive contraindication. However, in patients with 
renal dysfunction that is a direct result of bladder 
dysfunction with elevated storage pressure, AC 
may be appropriate and help stabilize renal func-
tion [ 19 ]. Other relative contraindications include 
infl ammatory bowel disease (Crohn’s disease), 
irradiated bowel, short gut syndrome, bladder 
tumors, and liver failure [ 20 ].  

    Preoperative Surgical 
Considerations 

 Extensive history and physical exam, serum 
chemistries (complete blood count, electrolyte 
and creatinine levels, coagulation factors), urine 
cytology, urinalysis, and cultures are required. 
All patients should also undergo anatomic and 
functional assessment of the urinary tract with 
cystoscopy (to exclude intravesical abnormalities 

   Table 12.1    Indications for augmentation cystoplasty   

 Indications 

 Congenital  Myelodysplasia 
 Tethered spinal cord 
 Exstrophy (classic, cloacal, 
epispadias) 
 Sacral agenesis 
 Caudal regression 
 Posterior urethral valves 

 Acquired 
neurogenic 

 Spinal cord injury 
 Spinal tumors 
 Myelitis 
 Multiple sclerosis 
 Idiopathic 

 Acquired 
non-neurogenic 

 Detrusor overactivity 
 Defunctionalized bladder in patients 
on dialysis 

 Infectious  Tuberculosis 
 Schistosomiasis 

 Infl ammatory  Interstitial cystitis 
 Radiation cystitis 
 Chemotherapy-induced cystitis 

 Iatrogenic  Intraoperative loss of bladder wall 
(after extirpative surgery for 
malignancy) 
 Urinary undiversion 

G. Nadeau and S. Herschorn



181

such as tumors), urodynamics (to characterize 
bladder capacity, compliance, or uninhibited 
detrusor contractions, to assess detrusor and 
Valsalva leak point pressures, and to rule out 
infravesical obstruction), cystography (to rule out 
vesicoureteral refl ux), and upper tract imaging 
(ultrasound or computerized tomography; to doc-
ument the presence of hydronephrosis or stone 
disease). A history of bowel disease may require 
preoperative bowel imaging studies or colonos-
copy. A voiding diary can help in planning for 
the fi nal reservoir size by assessing 24-h urine 
volume [ 21 ], although the augmentation usually 
enlarges with time. The need for latex precau-
tions for at-risk patients with spinal dysraphism 
should also be kept in mind. Planning for other 
concomitant procedures such as a continent cath-
eterizable stoma (using the Mitrofanoff or Monti 
principles), ureteral reimplantation, or bladder 
neck management is an essential prerequisite 
before considering the intervention [ 22 ]. Finally, 
since CIC is frequently a necessary adjunct, ade-
quate manual dexterity and cognitive abilities are 
prerequisites to be considered an adequate surgi-
cal candidate and it is crucial, in the preoperative 
visits, to reinforce the importance of compliance 
with CIC postoperatively [ 23 ]. 

    Bowel Preparation and Antibiotic 
Coverage 

 Preoperative mechanical bowel preparation con-
tinues to be an issue of controversy. In the 
colorectal surgery literature, it does not lower the 
rate of postoperative complications (wound 
infection, intraperitoneal abscess, or anastomotic 
leak) [ 24 ,  25 ] and some patients have reported 
adverse events from it [ 26 – 28 ]. There are two 
pediatric studies that have reported no increase in 
complications after AC following no preopera-
tive mechanical bowel preparation [ 29 ,  30 ]. 
However, there are no prospective randomized 
trials so caution should be exercised especially in 
patients with ventriculoperitoneal shunts that 
may be exposed to fecal contamination intraop-
eratively [ 31 ]. Even though there is no consensus 
among the studies with the duration, the dosage, 

and the type of bowel preparation to use, we 
agree with the most recent CDC guidelines (pub-
lished in 1999) [ 32 ] and still routinely prescribe 
mechanical bowel preparation and clear fl uids 
diet the day prior to the intervention. 

 The periprocedural systemic administration of 
an antimicrobial agent to reduce infectious risks 
in contaminated urology surgery [ 33 ] is an 
evidence- based supported concept, but the litera-
ture is not clear about the optimal therapeutic 
regimen (type of medication, dosage, and route 
of administration). Available practice guidelines 
recommend a combination of either second- or 
third-generation cephalosporin with an amino-
glycoside and metronidazole, with special cau-
tion for patients with prosthetic devices such as 
ventriculoperitoneal shunts or orthopedic hard-
ware [ 32 ,  33 ].  

    Choice of Intestinal Segment 

 Different parts of the GI tract from stomach to 
sigmoid have been used for bladder augmenta-
tion, each having its pros and cons (Table  12.2 ), 
but none being the ideal segment.

   Ileum is unquestionably the most widely used 
bowel segment in reconstructive urology. The 
versatility it provides allows the surgeon to 
refashion it in a multitude of different techniques 
that have been elaborated over the years [ 34 ]. 
With overall fewer complications than other 
bowel segments, it is mobile, easy to handle, with 
a constant blood supply, and available in large 
quantity [ 35 ]. However, ileum might not be ide-
ally suited in situations where the mesentery is 
short, or for those with signifi cant adhesions or 
prior small bowel resections [ 23 ]. Caution should 
be also exercised when considering ileocysto-
plasty for patients who underwent prior pelvic 
radiation therapy [ 36 ]. 

 If functional or anatomic factors preclude the 
use of ileum, colon is often the second choice. 
Advantages of colocystoplasty include a thick 
muscular wall, large lumen, and abundant mes-
entery guaranteeing adequate bladder capacity 
and maneuverability [ 37 ], while disadvantages 
include more mucus production with increased 
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risk of urinary tract infections (UTI) and stone 
formation [ 38 ]. More specifi cally, the sigmoid is 
sometimes redundant in patients with neurogenic 
bowel dysfunction which makes it an attractive 
alternative for this population [ 22 ]. Finally, the 
cecum, in conjunction with the terminal ileum, 
can be used as a continent catheterizable channel 
[ 39 ]. The ileocecal valve provides the continence 
mechanism, but its resection renders the patient 
vulnerable to diarrhea [ 40 ], which occasionally 
may be severe and diffi cult to manage. This may 
render the patient at risk for malabsorption and 
fecal incontinence [ 35 ]. 

 Gastrocystoplasty as an alternative has been 
mostly reported in the pediatric literature [ 41 , 
 42 ]. Despite clear advantages to the use of the 
stomach such as less mucus production, a lower 
incidence of bacteriuria, and a rich blood supply, 
the technique has declined in popularity due to 

signifi cant limitations, mostly from debilitating 
hematuria–dysuria syndrome [ 43 ]. 

 The use of jejunum results in severe meta-
bolic disorders in 25–40 % of cases and there-
fore should not ordinarily be utilized [ 44 ,  45 ]. 
Although not formerly contraindicated, its use 
should be limited to those extremely rare cases 
where any other segment of the GI tract is not 
available for the augmentation, a situation we 
have not yet encountered. 

 Alternative tissues have also been described. 
Several series have reported satisfactory out-
comes with ureterocystoplasty [ 38 ,  46 ,  47 ]. This 
necessitates a hydroureter from a nonfunctioning 
renal unit and is practically rarely applicable [ 47 , 
 48 ]. In autoaugmentation (or detrusor myectomy) 
of the bladder, the creation of a urothelial pseu-
dodiverticulum is technically demanding and 
usually only provides a slight gain in capacity 

   Table 12.2    Advantages and disadvantages of different tissues used for augmentation cystoplasty   

 Tissue  Advantages  Disadvantages 

 Stomach  Produces less mucus 
 Lower incidence of bacteriuria 
 Rich blood supply 
 More appropriate for patients with renal 
insuffi ciency 

 Risk of bladder ulcers and perforation 
 Hematuria–dysuria syndrome 
 Vit B12 malabsorption 

 Jejunum  Severe electrolyte abnormalities 
 Risk of profound dehydration 
 Iron and calcium defi ciencies 

 Ileum  Mobile, small diameter, easy to handle 
 Well-defi ned, reliable blood supply 
 Less severe metabolic complications 

 Lipid malabsorption (Vit A, D, E, K) 
 Vit B12 defi ciency (anemia) 
 Incidence of bowel obstruction more common 
than colon 
 Lack of bile salt reabsorption (diarrhea) 
 Metabolic acidosis 
 Sometimes short mesentery 

 Colon  Transverse colon safer if prior pelvic 
radiation 
 Fewer nutritional problems 
 Redundant in spina bifi da patients 
 Antirefl ux tunnels easily made 

 Metabolic acidosis 
 Produces more mucus than ileum (increased risk 
of UTIs and stones) 

 Ureter  Urothelial lined 
 Requires no intestinal resection 

 Limited availability (need for hydroureter) 

 Autoaugmentation  Urothelial lined 
 Requires no intestinal resection 

 Technically demanding 
 Limited gain in capacity and compliance 
 Risk of perforation 

 Tissue engineering  Theoretically unlimited donor tissue  Still experimental 

  Data from Abou-Elela A. Augmentation cystoplasty: in pretransplant recipients. In: Ortiz J, Andre J, eds. Understanding 
the Complexities of Kidney Transplantation. Rijeka, Croatia: InTech; 2011:279–330; and Duel BP, Gonzalez R, 
Barthold JS. Alternative techniques for augmentation cystoplasty. J Urol. 1998;159(3):998–1005  
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and compliance [ 49 ]. With such disappointing 
effi cacy, the technique is rarely reported. 

 Finally, none of the bowel segments has been 
shown to be clearly superior to another in all cir-
cumstances so the reconstructive urologist needs 
to be profi cient in several techniques making use 
of various segments in order to individualize the 
decision and optimize results.   

    Technique 

 With the ultimate goals of lowering urinary stor-
age pressures, preserving renal function, maxi-
mizing continence, and hopefully maintaining 
volitional voiding, the clam ileocystoplasty is the 
most commonly reported technique. 

 With the patient supine or in the low lithotomy 
position, a midline infraumbilical incision is usu-
ally adequate to gain intraperitoneal access, but a 
short Pfannenstiel incision has also been described 
[ 50 ]. With a Foley catheter in the surgical fi eld, the 
native bladder is distended. The loose areolar tis-
sue is bluntly dissected to expose the anterior and 
perivesical spaces [ 51 ]. With stay sutures on either 
side, the bladder is bivalved in the coronal or sagit-
tal plane [ 11 ]. A “smile” incision has also been 
described [ 52 ]. The bladder incision should be a 
broad opening to create a large anastomosis and 
prevent an hourglass deformity [ 35 ]. Occasionally, 
supratrigonal cystectomy can be done for condi-
tions such as severe interstitial cystitis [ 53 ]. 

 A 15–40 cm segment of ileum is then har-
vested approximately 20 cm proximal to the ileo-
cecal valve on a broad well-vascularized pedicle 
that may be identifi ed by transillumination. A 
side-to-side stapled or hand-sewn ileoileostomy 
reestablishes bowel continuity cephalad to the 
isolated segment and the mesenteric defect may 
be closed to prevent internal hernias, or alterna-
tively left open if judged to be wide enough. The 
isolated segment is irrigated thoroughly until 
return is clear to prevent intraperitoneal soiling as 
much as possible. It is then detubularized on its 
antimesenteric side to prevent intraluminal pres-
sure rises from peristaltic contractions. The seg-
ment is reconfi gured into a U, S, or W shape [ 36 , 
 54 ] (Figs.  12.1  and  12.2 ). The surgeon should 

make sure that the segment reach down into the 
pelvis without tension or twist on the mesentery. 
The ileal patch can then be reapproximated to the 
edges of the cystotomy, starting posteriorly, with 
one to two layers of 2-0 continuous absorbable 
sutures. The vesico-intestinal anastomosis is 
tested for watertightness and drains are inserted 
prior to closing the abdominal wall in a standard 
fashion. The goal is to create a new reservoir in as 
spherical a confi guration as possible to maximize 
the surface area as per Laplace’s law.

    More recently, minimally invasive (laparo-
scopic and robot-assisted) approaches have 
become more frequently reported from a number 
of institutions. Depending on the surgeon’s expe-
rience and expertise, most of the suturing can be 
performed intra- or extracorporeally [ 55 ]. More 
technically demanding, these minimally invasive 
techniques have the advantages of reduced peri-
operative pain and morbidity, shorter hospital 
stay, and cosmetic superiority, with outcomes 
similar to the open surgery [ 20 ,  56 – 58 ].  

    Postoperative Care 

 As for any major abdominal surgery, intravenous 
fl uids and bowel rest are maintained for several 
days with close monitoring of inputs and outputs. 
Routine nasogastric tube drainage is not required as 
it has not been shown to lead to faster bowel func-
tion recovery [ 59 ]. Antibiotic prophylaxis for 24 h 
[ 60 ], thromboprophylaxis, and early ambulation are 
also recommended. A closed- suction pelvic drain is 
kept until output tapers off or once peritoneal fl uid 
is confi rmed with fl uid chemistries [ 21 ]. 

 Proper drainage and irrigation of the augment, 
initially several times a day with 50–100 mL of 
sterile saline and then gradually reduced to an as- 
needed basis, are necessary to prevent mucus 
from accumulating, plugging the catheters and 
disrupting the fresh anastomosis. We usually 
favor a Foley urethral catheter (16–18 Fr) and a 
suprapubic (SP) Malecot catheter (20–22 Fr). 
Both tubes are kept for approximately 4 weeks, 
after which a cystogram is performed. The Foley 
is then removed if there is no extravasation and 
patients resume spontaneous voiding. Post-void 
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residuals are closely monitored initially as well 
as on a long-term basis, and CIC is initiated when 
needed. The SP tube may be kept for 1–2 more 
weeks longer and used for daily bladder irriga-
tion. Although there is no evidence to support it, 
antimicrobial prophylaxis can be administered at 
the time of catheter removal since bacterial colo-
nization has likely occurred [ 33 ].  

    Complications 

 Flood and colleagues reported an overall 28 % 
early and 44 % late complication rate in this 
diffi cult group of patients, with a chance of 
requiring a reintervention ranging from 15 % to 

40 % [ 61 – 63 ]. Table  12.3  lists the possible 
 consequences of such procedure.

      Early Complications 

 Cardiovascular, respiratory, thromboembolic, and 
gastrointestinal complications can occur in the 
early postoperative course, as for any major 
abdominal surgery. The most common ones include 
wound infection or dehiscence (5–6 %), prolonged 
ileus (5 %), anastomotic leakage (2–4 %), catheter 
obstruction from mucus, ventriculoperitoneal shunt 
sepsis (0–20 %) [ 64 ], and peroneal nerve palsy 
[ 19 ]. Contemporary publications in the literature 
report a mortality rate of 0–3.2 % [ 19 ].  

  Fig. 12.1    ( a – c ) ( a ) Ileocystoplasty. A 20- to 40-cm seg-
ment of ileum at least 15 cm from the ileocecal valve is 
removed and opened on its antimesenteric border. 
Ileoileostomy reconstitutes the bowel. ( b ) The opened 

ileal segment should be reconfi gured. This can be done in 
a U, S, or W confi guration. It can be further folded as a 
cup patch. ( c ) The reconfi gured ileal segment is anasto-
mosed widely to the native bladder       
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    Late Complications 

    Bacteriuria 
 Asymptomatic bacteriuria in patients on CIC 
is nearly universal regardless of the segment 
considered and should not be treated except 
for infection with urease-splitting organisms 
[ 65 ]. Recurrent episodes of symptomatic cys-
titis do require treatment, but symptoms may 
be nonspecific. Risk factors predisposing to 
UTI include mucus accumulation, stasis, and 
CIC [ 66 ]. Symptomatic urinary tract infection 
which occurs in 5–40 % of patients [ 19 ,  67 , 
 68 ] requires antibiotic treatment. With regard 
to prophylaxis, as recommended by the 
European Association of Urology, low-dose, 
long-term, antibacterial prophylaxis may be 
an option for patients with recurrent UTI, but 
there is a risk of emergence of multiresistant 
organisms [ 69 ].  

  Fig. 12.2    A 40 cm length of ileum is shown. The segment 
has been isolated from the GI tract and reconfi gured. The 
antimesenteric border was incised and the bowel segment 
was detubularized into an inverted U shape. It will be 
anastomosed to the bladder       

 Early  Late 

 Infection 
 Wound infection 
 Intraperitoneal abscess 
 UTI 
  Ventriculoperitoneal shunt 
sepsis 

 Metabolic disturbances 
 Metabolic acidosis 
 Hypokalemia 
 Hypocalcemia 
 Hypomagnesemia 
 Hyperammonemia (encephalopathy) 

 Wound dehiscence  Mucus accumulation 
 Prolonged ileus  Urolithiasis 
 Peroneal nerve palsy  Bacteriuria/Pyelonephritis 
 Anastomotic leak 

 Urinary 
 Intestinal 

 Bowel dysfunction 
 Diarrhea 
 Fecal incontinence 
 Bowel obstruction 

 Fistula  Neoplasia 
 Hemorrhage  Bladder perforation 
 Death  Upper tract deterioration/Renal dysfunction 

 Malabsorption 
 Vitamins A, D, E, K defi ciencies 
 Bile salts (gallbladder stones) 
 Vitamin B12 defi ciency (megaloblastic anemia) 

 Hematuria–dysuria syndrome (gastric) 
 Drug absorption toxicities 
 Bone demineralization/Impaired growth 
 Urinary retention/Diverticularization 
 Incontinence 

  Data from Herschorn S WB. Bladder augmentation. In: HB G, ed. Complications of 
female incontinence and pelvic reconstructive surgery. Cleveland, OH: Humana Press; 
2013:171–187; Flood HD, Malhotra SJ, O’Connell HE, Ritchey MJ, Bloom DA, McGuire 
EJ. Long-term results and complications using augmentation cystoplasty in reconstruc-
tive urology. Neurourol Urodyn. 1995;14(4):297–309; and de Petriconi R. Metabolic 
aspects of bowel use in urologic surgery. Ann Urol (Paris). 2007;41(5):216–236  

   Table 12.3       Complications 
of augmentation 
cystoplasty   

 

12 Augmentation Cystoplasty



186

    Urolithiasis 
 The incidence of calculi in augmented bladders 
ranges from 10 % to 50 % [ 70 ,  71 ]. Stone compo-
sition is more commonly struvite or calcium oxa-
late [ 72 ]. Stasis, incomplete emptying, excessive 
mucus production, and chronic bacteriuria, espe-
cially if urease-splitting organisms, predispose to 
stone formation [ 73 ,  74 ]. Patients with a conti-
nent catheterizable channel (which may not drain 
the bladder completely), those using urethral CIC 
(compared to those voiding spontaneously), and 
patients with urease-splitting bacteriuria are at 
increased risk [ 19 ,  75 ]. Permanent sutures can 
serve as a nidus and should be avoided as much 
as possible [ 35 ]. Prevention strategies include 
increased fl uid intake, routine bladder irrigation, 
prompt treatment of UTI, and staple exclusion at 
the time of surgery [ 74 ].  

    Perforation 
 Bladder perforation is a potentially life- 
threatening complication and is due to either 
overdistension or trauma from catheterization. It 
has been reported up to 13 % [ 76 ]. Patients with 
neurogenic bladders, those with competent blad-
der necks, those without a catheterizable channel, 
and those who abuse alcohol appear to be at an 
increased risk [ 19 ,  77 – 79 ]. Patients can present 
with an acute abdomen, but symptoms can be 
more subtle in neurologically impaired patients. 
The diagnosis can be made with a CT cystogram 
but requires a high index of suspicion [ 76 ] and 
low threshold for exploratory laparotomy [ 79 ]. 
The area of perforation is usually at the vesico- 
intestinal anastomosis or within the weaker 
bowel wall [ 80 ]. Emphasizing the importance of 
compliance with regular CIC can help obviate the 
risk of early perforation [ 76 ].  

    Mucus Production 
 The average daily mucus production is about 
40 g and does not taper off with time despite 
villous atrophy [ 1 ,  81 ]. With time, accumulated 
proteinaceous material can become a nidus for 
infection and stone or impair adequate blad-
der emptying [ 19 ]. Colonic segments produce 
more mucus than ileum [ 82 ]. Daily irrigation 
can help reduce mucus retention [ 83 ]. These 

can be augmented with acetylcysteine or urea 
irrigations which help dissolve mucus [ 82 ] or 
oral ranitidine which may help to reduce mucus 
production [ 84 ].  

   Renal Function 
 Renal function deterioration can occur in about 
20 % of patients after AC [ 23 ]. The etiology of 
renal dysfunction may be urinary stone disease, 
bacteriuria, high detrusor pressures, vesicoure-
teral refl ux, unrecognized obstruction, and lack 
of compliance with CIC [ 85 ]. The patient’s initial 
kidney function predicts long-term outcome, but 
in all cases close postoperative monitoring is 
warranted with periodic ultrasound imaging and 
laboratory studies.  

   Neoplasia 
 Bladder cancer following AC is a recognized 
risk, but remains a rare complication, with an 
incidence of approximately 1 % [ 86 ]. The risk 
may be similar in patients with CIC and blad-
der dysfunction due to neurologic abnormali-
ties, exstrophy, and posterior urethral valves 
[ 87 ]. Tumors are usually adenocarcinomas that 
occur at the vesico-intestinal junction [ 86 ]. The 
exact etiologic mechanism of the development 
of neoplasia is not well understood, but proposed 
hypotheses include chronic infl ammation from 
prolonged exposure of the intestinal epithelium 
bathed in urine, the production of carcinogenic 
nitrosamines by chronic bacteriuria, and/or 
mixed cell-to-cell interactions from juxtaposi-
tion of tissues from two different origins: intes-
tinal and urothelial [ 88 – 90 ]. We do advocate 
routine surveillance with endoscopy and urine 
cytology on a long-term basis despite incon-
sistent evidence to support it, considering the 
long latency period of about 15 years [ 91 ,  92 ]. 
Although there is currently no consensus, we 
begin surveillance about 5–10 years after initial 
surgery and follow patients every year or every 
other year thereafter.  

   Metabolic Disturbances 
 Translocation of functional enteric epithelium 
into the urinary tract can result in electrolyte and 
acid–base abnormalities which are directly 
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related to the segment of intestine used, the 
amount of time urine spends in contact with the 
bowel mucosa, and renal function [ 38 ,  93 ]. The 
length of bowel segment used in AC is usually 
relatively short which partly reduces the inci-
dence of metabolic disorders compared to other 
types of diversion [ 94 ]. The classic electrolyte 
pattern for ileum and colon is hyperchloremic 
metabolic acidosis [ 39 ], from net absorption of 
NH 4  and to a lesser extent bicarbonate losses 
[ 95 ]. Low serum potassium as well as hypocalce-
mia and hypomagnesemia can also occur, but 
they are less common. 

 Nutritional disorders are rare if the surgeon 
spares the terminal ileum, which is the sole site of 
absorption for vitamin B12. Resection of the dis-
tal 20 cm should be avoided to prevent such defi -
ciency which may cause megaloblastic anemia 
and neurologic changes [ 95 ]. If more than 100 cm 
of ileum is resected, lipid malabsorption is virtu-
ally inevitable and there is also fat-soluble vita-
min (A, D, E, and K) malabsorption [ 96 ]. 

 When stomach is used, a hypokalemic hypo-
chloremic metabolic alkalosis can occur [ 97 ]. 
The exclusion of a jejunal segment is rarely used 
in urology due to the severe hyponatremic hypo-
chloremic hyperkalemic metabolic acidosis that 
may result [ 98 ]. 

 Other consequences from metabolic distur-
bances include hyperammonemia secondary 
to the inability of the liver to clear it, which 
could lead to encephalopathy [ 95 ], and bone 
demineralization in adults or impaired bone 
growth in children [ 99 ] from chronic acidosis. 
Finally, certain drugs (digoxin, methotrexate, 
phenylalanine, antibiotics, theophylline) can be 
reabsorbed by the intestinal segment and cause 
toxicity [ 94 ].  

   Bowel Dysfunction 
 Patients can present a prolonged paralytic ileus, 
especially in those with neurological impairment 
as they often already suffer from slow transit 
[ 100 ]. Intestinal obstruction from adhesions can 
occur in the early or late postoperative setting 
and usually resolves with conservative manage-
ment [ 83 ]. With time, removal of the ileocecal 
valve may yield a decreased stool transit time 

and result in intractable diarrhea, steatorrhea 
(from fat malabsorption), or distressing fecal 
incontinence [ 21 ].    

    Pregnancy 

 Successful pregnancies and deliveries after AC 
have been reported and are becoming more com-
mon. There is a substantial rate of obstetrical 
complications, mostly preterm labor and pre-
eclampsia, the latter being more challenging to 
diagnose considering the inaccuracy of urinalysis 
for proteinuria due to mucus from the enteric seg-
ment [ 101 ]. Antenatal close monitoring is recom-
mended and should include regular midstream 
urine cultures [ 102 ] in order to treat any UTI and 
minimize the risk of renal scarring and impair-
ment. In spite of this increased risk of ascending 
bacteria, pyelonephritis, and upper tract obstruc-
tion over the general population [ 103 ], lower uri-
nary tract function is usually not adversely 
affected by pregnancy or delivery, as reported by 
Greenwell et al. [ 104 ]. Unless the patient has had 
bladder neck reconstruction or insertion of an 
artifi cial urinary sphincter [ 105 ], vaginal delivery 
seems preferable. If an elective cesarean section 
is necessary, a classical upper-segment rather 
than a lower-segment section should be favored 
[ 19 ], with urologic assistance to avoid the poten-
tial risk of damaging the vascular pedicle of the 
bowel segment, in which case eventual ischemic 
enteric contraction could occur [ 39 ].  

    Outcomes 

 From a clinical standpoint, we aim for patients to 
be free of symptomatic UTIs, continent, and with 
a stable renal function without hydronephrosis or 
stones. Only a few small retrospective case series 
(Level 4 evidence) have reported outcomes, but 
comparisons are diffi cult due to lack of standard 
terminology and the use of non-validated ques-
tionnaires [ 83 ]. The success rate, defi ned as 
achieving continence with or without CIC, has 
ranged from 67 % to 100 % [ 61 ,  63 ,  106 ]. The 
average rate for CIC after AC is 54 % (range 
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14–100 %) [ 104 ]. The improvement in quality of 
life for individuals undergoing enterocystoplasty 
is substantial. However, discrepancy exists 
between neuropathic and non-neuropathic 
patients regarding their satisfaction as assessed 
by means of a questionnaire. Indeed, the latter 
group is overall only 50–60 % satisfi ed on a long- 
term basis [ 11 ] compared to over 90 % satisfac-
tion for the neuropathic patients [ 107 ], results 
that are probably largely infl uenced by the degree 
of unacceptability of the preoperative condition. 

 From a urodynamic standpoint, successful 
cases will have cystometrograms indistinguish-
able from normal, and on fl uoroscopic studies, it 
has been demonstrated that the initial contraction 
occurs in the detrusor residue and subsequently 
in the intestinal segment [ 108 ]. Outfl ow resis-
tance is also a critical factor to assess if patients 
have leakage postoperatively [ 108 ]. In any case, a 
delicate balance exists between continence and 
retention. Patients’ expectations and motivation 
highly infl uence their long-term satisfaction and 
sense of well-being after surgery. 

 The cost-effectiveness of AC has been com-
pared to intradetrusor injections of botulinum 
toxin A (BTX-A) for refractory neurogenic OAB 
and favors BTX-A over a 5-year period. However, 
AC was deemed to be cheaper if the complication 
rate was below 14 % or if the effi cacy of BTX-A 
was less than 5 months [ 109 ]. 

 Overall, excellent outcomes can be expected 
with a combination of reliable surgical tech-
niques in addition to careful patient selection as 
well as appropriate preoperative counseling and 
postoperative follow-up [ 110 ].  

    Follow-Up 

 Despite the fact that this surgery has been prac-
ticed for decades, no evidence-based guidelines 
are available to recommend what kind of follow-
 up should be performed. Nevertheless, if we 
transpose the recommendations for urinary diver-
sions post-cystectomy, and consider the potential 
complications and underlying disease of the 
patients, annual monitoring appears reasonable. 
Thus, in addition to history (focused on conti-

nence, frequency of intermittent catheterization, 
UTI, mucus production, etc.) and physical exam, 
upper urinary tract surveillance (comprising 
serum electrolytes, renal function tests, and 
imaging) starting at 6 weeks, then at longer inter-
vals, and then annually may be done. Adequate 
oral fl uid intake should be emphasized and those 
voiding spontaneously should check their post- 
void residuals regularly. Urinary cytology may be 
misleading because of the presence of a variety 
of cells. As previously mentioned, we advocate 
an annual or biennial cystoscopy to screen bowel 
and bladder mucosa for any suspicious change 
(redness, growth) or foreign body (stone, mucus). 
Long-term follow-up is necessary because of the 
persisting potential for problems over the years.  

    Experimental Options 

 Augmentation cystoplasty using either enteric or 
urothelial tissues is not a panacea and experimen-
tation is ongoing in the quest for alternative tis-
sues to use. 

 Since its beginning in the early 1990s, the 
fi eld of tissue engineering has made tremendous 
progress [ 111 ]. Currently, there are two types of 
technologies that have been investigated. These 
are unseeded and seeded technologies [ 112 ]. 
Unseeded technology involves implantation of 
bioactive or resorbable synthetic matrices into the 
host organ and allowing the body’s natural capabil-
ity to use the matrix as a scaffold for cell growth or 
tissue regeneration [ 111 ]. In comparison, seeded 
technology involves cells derived from biopsy 
that are expanded in vitro, seeded onto a natural 
(porcine small intestinal submucosa) or synthetic 
(polyglycolic acid) scaffold, and the composite 
is then placed back into the host for continued 
regeneration. Among the most exciting results, 
Kurokawa et al. have reported utilizing cultured 
oral mucosal epithelial cell sheets grafted on 
demucosalized seromuscular colonic fl aps [ 113 ], 
while Atala et al. described a model created with 
autologous urothelial and muscle cells obtained 
from bladder biopsy seeded on collagen-polyg-
lycolic acid scaffolds, and wrapped in omentum 
after implantation [ 114 ]. Unfortunately, despite 
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signifi cant advances in the fi eld of bioengineer-
ing, the search for a perfect material remains 
experimental and ongoing, with few published 
trials on humans available yet [ 114 ].  

    Conclusion 

 Although intradetrusor botulinum toxin and 
sacral neuromodulation have emerged as compet-
ing minimally invasive therapeutic options, AC 
remains an essential component to the recon-
structive urologist’s armamentarium, with the 
most popular technique using a detubularized 
patch of ileum. It provides satisfactory clinical 
outcomes and acceptable morbidity, but the 
potential for long-term complications warrants 
prolonged follow-up and monitoring.     
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           Introduction 

 Female urethral stricture disease has been his-
torically treated with urethral dilation, which 
has demonstrated high recurrence rates. There 
is growing evidence that formal urethroplasty 
should be pursued early in the care of female 
urethral stricture disease as surgery can provide 
durable results [ 1 ]. This chapter presents the vari-
ous techniques for female urethroplasty that are 
presented in the recent literature.  

    Background 

 Urethral stricture disease, while sometimes idio-
pathic, is commonly iatrogenic. Urethral dila-
tions, catheterization, urinary tract endoscopy, 
urethral surgery, and radiation are all implicated. 
Urethral strictures may occur as a consequence of 
urethral infection, urethral diverticulum, atrophy 
with subsequent fi brosis, primary urethral carci-
nomas, leiomyomas, teratomas, and trauma [ 2 – 8 ]. 

 Female urethral stricture disease is rarely 
diagnosed and rarely reported in the contempo-
rary urological literature. All causes of bladder 
outlet obstruction have an estimated incidence of 

3–8 % of women presenting with obstructive 
symptoms [ 9 ]. 

 Of these women with obstruction, even fewer 
have proven urethral stricture. Estimates range 
between 4 and 13 %. Thus the true incidence of 
urethral stricture appears to lie between 0.1 and 
1 % [ 10 – 12 ]. 

 Despite the low incidence of urethral stricture 
disease, urethral dilation and urethrotomy have 
historically been employed to manage a wide 
variety of lower urinary tract symptoms in women 
[ 11 ,  13 – 15 ]. McLean and Emmett reported that 
the fi rst urethral dilation took place in 1923, and, 
by the 1960s, series with as many as 800 patients 
were being reported [ 15 ]. Dilation of the female 
urethra has been advocated to treat recurrent uri-
nary tract infections, bladder pain syndromes, 
urinary urgency, urinary frequency, overactive 
bladder, and interstitial cystitis symptoms [ 13 , 
 14 ]. Contemporary literature has demonstrated 
that urethral dilation has no benefi t and may be 
harmful for patients in the absence of demonstra-
ble urethral stricture disease [ 16 ]. 

 Santucci and the Urologic Diseases in America 
Project reported in 2008 that urethral dilation for 
various lower urinary tract symptoms appears 
ineffective, common, costly, and mostly unneces-
sary [ 16 ]. They note that while there were less 
than 40 reports of true female urethral strictures 
in the contemporary literature at that time, more 
than 1.2 million offi ce visits for female urethral 
stricture occurred in the United States between 
1992 and 2000 at a cost of $61 million per year. 
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Since the fi rst case report in 1828 [ 17 ], no more 
than 200 cases have been reported in the English 
language literature. The majority of reports 
describe small, single-surgeon series and lack 
objective preoperative or postoperative measures 
of success. 

 Given the low number of reported urethroplas-
ties, there exists no consensus for surgical treat-
ment and several different surgical techniques 
have been reported and will be reviewed here.  

    Evaluation 

 As Blaivas et al. note, the diagnosis of urethral 
stricture in women requires a high index of suspi-
cion. Similar to other forms of bladder outlet 
obstruction such as prolapse, bladder neck dys-
function, and detrusor external sphincter 
 dyssynergia, symptoms of urethral stricture may 
include urinary frequency, dysuria, weak or drib-
bling stream, and recurrent urinary tract infec-
tions. Cystoscopy provides the most reliable 
assessment, though some experts advocate ure-
thral calibration as well. Urethral calibration may 
offer information of scar density through haptic 
feedback [ 1 ]. Periurethral fi brosis may also be 
measured by translabial or transvaginal ultra-

sound, though the effi cacy of ultrasound for this 
purpose in women is not well defi ned. Detrusor 
pressure- fl ow studies allow determination of 
bladder outlet obstruction and may be graded 
according to the Blaivas–Groutz nomogram [ 11 ] 
and voiding cystourethrogram or cystoscopy 
allows one to determine the location of obstruc-
tion (Fig.  13.1 ).

       Preoperative Considerations 

 Female urethroplasty can be categorized by the 
surgical approach, nature of any needed tissue 
graft, and whether to perform concomitant blad-
der outlet procedure. The urethra is approached 
either dorsally or ventrally. A dorsal approach is 
perhaps less familiar to many urologists and care 
must be taken to avoid injury to the crura and 
body of the clitoris. A dorsal approach may also 
facilitate later anti-incontinence procedures, pre-
vent sacculation of the reconstructed urethra, and 
minimize risk of urethrovaginal fi stula or hypo-
spadias [ 18 ]. A ventral approach, conversely, is 
familiar to urologists experienced in many of the 
transvaginal anti-incontinence procedures and 
allows for easier visualization of the urethra to 
the level of the bladder neck. 

  Fig. 13.1    Voiding cystourethrogram showing proximal 
urethral dilatation with distal urethra narrowing and distor-
tion of bladder morphology from spherical to oblong (Both: 

Used with permission from Groutz A, Blaivas JG, Chaikin 
DC. Bladder outlet obstruction in women: Defi nition and 
Characteristics. Neurourol Urodyn 2000, 19:213–220)       
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 Graft tissue may be either a local rotational 
fl ap, pedicle fl ap, or free fl ap harvested from vag-
inal, labial, or oral mucosa. Free or pedicle fl aps 
may minimize distortion of local tissue compared 
to rotational fl aps, but are also associated with 
harvest site morbidity including paresthesia, 
anesthesia, and altered cosmesis. 

 The decision to perform a concomitant anti- 
incontinence procedure should be based on pre-
operative evidence of stress incontinence or, in 
the opinion of some experts, in the presence of 
contrast entering the urethra to the level of the 
stricture during fl uoroscopic imaging while per-
forming a Valsalva maneuver and cough [ 1 ]. 
Many experts advocate dorsal, as opposed to ven-
tral, urethroplasty techniques to facilitate con-
comitant or delayed placement of ventral urethral 
sling [ 18 ]. 

 Given the infrequent occurrence of urethral 
strictures and more infrequent reports of their 
repair in the literature, there is a paucity of data 
precluding a recommendation of one approach or 
graft over another.  

    Postoperative Care 

 Duration of catheterization, use of imaging, and 
antibiotic therapy differs among reported series 
of urethral reconstructions. Many surgeons advo-
cate leaving a catheter indwelling for 2–4 weeks, 
obtaining a voiding cystourethrogram at time of 
catheter removal, and maintaining antibiotics, 
usually low dose Ciprofl oxacin or trimethoprim- 
sulfamethoxazole, for the duration of 
catheterization.  

    Surgical Techniques 

    Ventral Incision and Anastomosis 

 Short strictures located primarily on the ventral 
aspect of the urethral lumen may be incised lon-
gitudinally with transverse closure consistent 
with the Heineke–Mikulicz principle. Long or 
circumferential dense scar may be recalcitrant to 
this technique:

    1.    In dorsal lithotomy position, prepare the 
vagina with betadine, drape, and facilitate 
exposure with a Lone Star or similar retractor.   

   2.    Place a foley catheter or, under cystoscopic 
guidance, intubate urethra and stricture with 
a guide wire.   

   3.    Develop an anterior vaginal wall fl ap expos-
ing the underlying periurethral fascia.   

   4.    Transversely incise the periurethral fascia to 
expose the underlying urethra.   

   5.    Incise the urethra longitudinally through the 
stricture.   

   6.    Calibrate urethra preferably to 28    Fr, place 
20 Fr catheter.   

   7.    Repair urethra with transverse closure using 
absorbable suture, such as 4-0 poliglecap-
rone, in an interrupted fashion.   

   8.    Close periurethral fascia with interrupted 
absorbable suture, such as 3-0 polyglactin.   

   9.    Advance the anterior vaginal wall fl ap 
beyond the underlying suture line of the peri-
urethral fascia.   

   10.    Close vaginal wall with running, locking 3-0 
polyglactin.     

 Excision and end-to-end anastomosis is not 
often used due to the risk of urethral ischemia 
distal to the excision. Rovner reported that this 
approach was useful in treating complex urethral 
diverticulae [ 19 ].  

    Vaginal Inlay Flap 

 Vaginal inlay fl aps have been separately reported 
by several investigators [ 20 ,  21 ]:
    1.    After intubating the urethra with a catheter, 

wire, or guide, an anterior vaginal wall fl ap is 
created with an inverted-U incision, the apex of 
which is at the urethral meatus (Fig.  13.2a–d ).

       2.    The ventral aspect of the urethra is incised in 
the midline from the meatus, through the stric-
ture, to a point of normal caliber urethra proxi-
mal to the stricture.   

   3.    The dorsal aspect of the urethra may need to 
be incised in the midline to facilitate approxi-
mation of the fl ap.   

   4.    The apex of the vaginal wall fl ap is then 
approximated with absorbable suture, such as 
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  Fig. 13.2    ( a – d ) Vaginal inlay fl ap. ( a ) Anterior vaginal 
wall is exposed with labial retraction and weighted specu-
lum. Foley catheter is placed per urethra to guide dissection. 
An anterior vaginal wall, inverted-U vaginal wall fl ap, is dis-
sected superfi cial to the periurethral fascia. ( b ) Periurethral 
fascia is opened sharply and the urethra incised longitudi-

nally from distal to proximal traversing the stricture. ( c ) The 
anterior vaginal wall fl ap is folded upon itself and the apex 
of the fl ap affi xed to the proximal extent of the urethrotomy. 
Repair is continued with running, locking absorbable suture 
(e.g., 4-0 poliglecaprone). ( d ) The fi nal repair thus consists 
of vaginal wall as the inferior portion of the urethra       
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4-0 poliglecaprone, to the proximal extent of 
the urethral incision.   

   5.    A large caliber urethral catheter is then placed.   
   6.    The vaginal wall fl ap is approximated with 

running, locking absorbable suture to the ure-
thra along either side of the fl ap until the ure-
thra has been reconstructed distally to the 
urethral meatus.    

      Free Labia Minora Skin Flap 

 The free labia minora skin fl ap is an alternative to 
the vaginal inlay fl ap and is well described by 
Rehder et al. [ 22 ]:
    1.    The vagina is prepped and draped in the usual 

surgical fashion.   
   2.    An anterior vaginal wall fl ap or midline anterior 

vaginal wall incision beneath the urethra may be 
performed to expose the urethra (Fig.  13.3a–e ).

       3.    The urethra, intubated with urethral sound, 
catheter, or wire, is incised in the midline to 
level proximal to the stricture.   

   4.    Donor tissue site is selected from medial 
aspect of the labia minora.   

   5.    An elliptical graft is sharply harvested, its size 
corresponding to the length and width of the 
urethral defect.   

   6.    The graft donor site is repaired with inter-
rupted absorbable suture.   

   7.    The graft is anastamosed to the urethra with 
running, locking absorbable 4-0 polygly-
conate or poliglecaprone over a catheter.   

   8.    Vaginal wall is then closed with running, lock-
ing absorbable suture.    
  Consideration should be given to placing a 

Martius fl ap harvested through either a separate 
vulvar incision or from the lateral aspect of the 
anterior vaginal wall fl ap incision.  

    Pedicle Flap from the Labia Minora 

 This procedure is similar to the free labial graft, 
except that the donor tissue is isolated on a pedicle 
and tunneled under the vulvovaginal wall to the site 
of urethral dissection (Fig.  13.4a–d ). The remain-
der of the urethroplasty is similarly performed [ 23 ].

       Ventral Buccal Graft 

 Buccal grafts, widely used in male anterior 
 urethral reconstruction, are well described 
for female urethral reconstruction by Bergland 
et al. [ 24 ]:
    1.    Prior to the buccal graft harvest, the urethra 

is exposed via an anterior vaginal wall fl ap. 
The intubated urethra is incised from the 
meatus through the stricture to healthy tissue 
proximally.   

   2.    A suprapubic catheter can be placed at this 
time so that postoperative manipulation of the 
urethra may be minimized.   

   3.    The buccal graft is harvested as described by 
Morey and McAninch [ 25 ] with a width of 
2–2.5 cm in width, and tailored to fi ll the 
length of the urethral defect.   

   4.    The graft is then approximated to the urethrot-
omy defect with running, locking absorbable 
suture. Berglund et al., reported using 5-0 
polyglyconate.   

   5.    A 28 Fr sound is used to calibrate the urethra. 
An 18 Fr foley catheter is then placed, as well 
as a suprapubic catheter.   

   6.    The graft is covered with periurethral soft tis-
sue or Martius fl ap if periurethral soft tissue is 
inadequate.   

   7.    The vaginal wall is closed with running, lock-
ing absorbable suture.    

      Dorsal Buccal Graft [ 18 ] 

     1.    Suprameatal incision is made from 9 O’clock 
to 3 O’clock position between urethra and cli-
toral cavernous tissue (Fig.  13.5a–d ).

       2.    The urethra is dissected to the level of the 
bladder neck, with the anterior component of 
the striated urethral sphincter mobilized from 
the urethral wall.   

   3.    The bladder neck is marked with an absorb-
able suture, such as 4-0 polyglyconate.   

   4.    An incision is made in the midline over the 
intubated urethra, full thickness through spon-
giosal and mucosal tissues, from bladder neck 
to meatus.   

   5.    The buccal graft is harvested, 6 cm × 2.5 cm.   
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   6.    The graft is sewn to the mucosa of the ure-
throtomy with absorbable 4-0 polyglyconate 
suture.   

   7.    The urethra is quilted to the clitoral body to 
cover the grafted urethra.   

   8.    A Martius fl ap may be deployed to facilitate 
blood supply and prevent fi xation of urethra to 
the posterior aspect of the pubis.   

   9.    The vulvar incision is then closed with run-
ning, locking absorbable suture.      

  Fig. 13.3    ( a – e ) ( a ) After exposure of urethra and incision 
through the region of stenosis, an elliptical graft is marked. 
( b ) The graft is excised and the donor site repaired. ( c ) 
The graft. ( d ) The graft is sewn to the urethra with inter-
rupted absorbable suture. ( e ) The anterior vaginal wall 

defect after graft placement ( a – e : Used with permission 
from Rehder P, Glodny B, Pichler R et al. Dorsal urethro-
plasty with labia minora skin graft for female urethral 
strictures. BJU Int 2010 Oct;106(8):1211-4)       
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    Dorsal Vestibular Flap 
Urethroplasty [ 26 ] 

     1.    Midline incision anterior to the urethra 
between the meatus and clitoris is performed 
sharply (Fig.  13.6a–c ).

       2.    The dorsum of the urethra is exposed and anterior 
component of sphincter refl ected from urethra.   

   3.    The urethra is incised in the midline.   
   4.    If a Martius fl ap is needed, it is now harvested 

and rotated into position between urethra and 
pubis.   

   5.    The vestibular fl ap is dissected free and 
rotated into the urethrotomy.   

   6.    Urethral reconstruction performed with run-
ning, locking 4-0 polyglyconate suture, cali-
brated to 28 Fr.   

   7.    Vestibular incisions closed with absorbable 
suture.      

    Free Vaginal Wall In-Lay Graft [ 27 ] 

     1.    A transverse segment of anterior vaginal wall 
measuring as large as 6 cm × 2.5 cm is har-
vested (Fig.  13.7a–c ). The harvest site is then 
closed with running, locking absorbable 4-0 
polyglyconate suture.

  Fig. 13.4    ( a – d ) ( a ) Graft site is marked. ( b ) The graft is harvested taking care to preserve the pedical. ( c ,  d ) The graft 
is tunneled and affi xed to the urethra       
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       2.    Urethral dissection is performed, either dorsal 
or ventral, and urethrotomy is performed.   

   3.    The free graft is then anastamosed within the 
urethrotomy to a calibrated lumen of 28–30 
Fr.   

   4.    Vaginal wall is then closed.       

    Summary 

 Female urethral stricture disease is an infre-
quently reported entity despite more than 
100,000 physician offi ce visits each year in the 
United States for symptoms mimicking the con-
dition. The vast majority of female patients with 

obstructive voiding symptoms have a dynamic 
dysfunction as opposed to a fi xed urethral stric-
ture. Presumed fi xed urethral obstruction has been 
historically managed by urethral dilation and 
rarely endoscopic urethrotomy. In patients with 
proven urethral stricture disease, minimally inva-
sive treatments including dilation and endoscopic 
incision generally fail with early recurrence and 
the need for additional procedures or intermit-
tent catheterization. Urethroplasty appears to 
be a viable option for defi nitive therapy. Given 
the low number of reported urethral strictures, 
small series in even the most specialized urology 
practices, and variety of surgical techniques, the 
optimal treatment is not yet known. The dorsal 

  Fig. 13.5    ( a – d ) ( a ) with a urethral catheter in place, a 
suprameatal incision is performed. ( b ) The urethra is 
mobilized to the bladder neck and incised through the 
stricture. ( c ) The graft is then placed. ( d ) Finally, the 
meatus is reformed with interrupted suture ( a – c : Used 
with permission from Migliari R, Leone P, Berdondini E 

et al. Dorsal buccal mucosa graft urethroplasty for female 
urethral strictures. J Urol 2006; 176:1473-6;  d : Used with 
permission from Sharma GK, Pandey A, Bansal H et al. 
Dorsal onlay lingual mucosal graft urethroplasty for ure-
thral strictures in women. BJU Int 2009; Oct 29: 
1309-1312)       
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  Fig. 13.6    ( a – c ) ( a ) With labia retracted, a suprameatal incision is performed. ( b ) The dorsal urethra is incised through 
the stricture. ( c ) The vestibular fl ap is harvested       

  Fig. 13.7    ( a – c ) ( a ) A strip of vaginal wall is harvested. 
( b ) Dorsal incision of the urethra through the stricture. ( c ) 
Anastomosis of the graft to the urethra ( a – c : Used with 

permission from Petrou SP, Rogers AE, Parker AS et al. 
Dorsal vaginal graft urethroplasty for female urethral 
stricture disease. BJU Int 2012; May 17: E1090-E1095)       
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approach to the proximal female urethra may be 
associated with a greater postoperative incidence 
of stress urinary incontinence when compared to 
ventral approaches, but this remains to be proven. 
Anti-incontinence procedures such as urethral 
sling placement or suspensions are not routinely 
performed concomitant to urethroplasty, but 
again evidence for this recommendation is lack-
ing. Local tissue fl aps, when available, appear 
to be very effective. When local tissue is inad-
equate, distal grafts, e.g., buccal mucosa, appear 
effi cacious.     
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           Introduction 

 Benign lesions of the vagina or vulva include 
cystic tumors, solid tumors, and dermatoses. Of 
these benign lesions, cysts are the most common. 
A cyst is an enclosed pocket or pouch of tissue 
that can be fi lled with materials such as air, fl uid, 
or pus. Several types of vaginal and vulvar cysts 
exist and can range in size from millimeters to 
many centimeters. The evaluation, management, 
and treatment of vaginal and vulvar cysts has 
remained rather constant over the years and will 
be explored in this chapter.  

    Embryology and Anatomy 

    Embryology 

 A rudimentary understanding of embryology of 
the genital tract is useful when evaluating vaginal 
and vulvar anomalies such as cysts [ 1 ]. The uro-
genital system is comprised of the urinary tract 
(kidneys, ureters, bladder, and urethra) while the 

genital tract contains the gonads, ductal system, 
and external genitalia. The formation of the uro-
genital system in an embryo begins when a fold 
of intermediate mesoderm forms along each side 
of the abdominal aorta in early development. 
These folds are termed the urogenital ridges, 
each of which then separates into a nephrogenic 
ridge and a genital ridge. 

    The Urinary Tract 
 Creation of the urinary tract begins when the 
nephrogenic ridges give rise to the mesonephric, 
or Wolffi an, ducts. These ducts connect the meso-
nephric kidneys to the cloaca, a distal pouch 
where the urinary, genital, and alimentary tracts 
culminate. By the 5th week of fetal life, each 
mesonephric duct gives rise to a ureteric bud. 
Subsequently the ureteric bud becomes a meta-
nephric duct, also called the ureter. The ureter 
causes formation of the metanephros, which 
becomes the adult kidney. Concomitantly, the 
mesonephric kidney degenerates by the 10th 
week of life.  

    The Genital Tract 
 At 5 weeks of gestation, the gonads are undiffer-
entiated and have the capability of becoming 
either ovaries or testes. After differentiation into 
ovaries, the formation of the genital tract begins. 
The paramesonephric ducts, also known as the 
mullerian ducts, develop bilaterally from an 
invagination of the coelomic epithelium between 
the gonad and mesonephric duct at 6 weeks of 
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gestation. Both the mullerian and mesonephric 
ducts end at the posterior aspect of the cloaca. 
The cloaca divides to form the urogenital sinus 
anteriorly, and the rectum posteriorly. The uro-
genital sinus is composed of three parts, includ-
ing the vesicle portion that later becomes the 
bladder, the middle portion that becomes the ure-
thra, and the caudal portion that becomes the dis-
tal vagina including the Bartholin (greater 
vestibular) glands, urethral glands, and Skene 
(paraurethral) glands (Fig.  14.1 ). The most infe-
rior aspects of the mesonephric and metanephric 
ducts enter the trigone of the bladder. At 12 
weeks of gestation, the inferior portion of the 
mullerian ducts fuses to create the uterovaginal 
canal. By 20 weeks, the uterovaginal canal devel-
ops into the uterus and upper vagina. The supe-
rior aspects of the mullerian ducts do not fuse, 
instead becoming the fallopian tubes.

       The Vagina 
 The formation of the vagina starts with the devel-
opment of two solid sinovaginal bulbs in the supe-
rior aspect of the vaginal portion of the urogenital 
sinus. These bulbs grow distally and form a solid 

vaginal plate. As the central aspect of the vaginal 
plate disintegrates, the lumen of the lower vagina 
is created and completed by 20 weeks. This lower 
vaginal lumen is separated from the more supe-
rior urogenital sinus and uterovaginal canal by 
the hymenal membrane. This membrane disinte-
grates centrally before birth, leaving behind a cir-
cumferential tissue band within the distal vagina 
and proximal to the vaginal introitus [ 2 ].   

    Anatomy 

    Vaginal Structure and Histology 
 Knowledge of pertinent normal lower geni-
tal tract anatomy is also useful when identify-
ing vaginal and vulvar cysts [ 3 ]. The vagina, an 
empty tubular structure with a lumen that is held 
in place by its surrounding muscular and connec-
tive tissue support structures, sits between the 
bladder and rectum. The most proximal aspect 
of the vagina, the vaginal apex, heads posteriorly 
toward the ischial spines. Normal vaginal length 
is generally between 7 and 10 cm. In the absence 
of prior total hysterectomy, the cervix is present 
at the vaginal apex. The outer portion of the cer-
vix (the ectocervix) is made of nonkeratinized 
stratifi ed squamous cells and the inner portion 
and canal of the cervix (the endocervix) is com-
prised of simple columnar cells. Where these two 
different cell types meet is termed the transfor-
mation zone. The vaginal walls consist of three 
layers. The fi rst layer in direct communication 
with the vaginal lumen is the vaginal epithelium 
(also referred to as “mucosa” despite an absence 
of glands) that is made of nonkeratinized strati-
fi ed squamous epithelium. Deep to the mucosa 
is the muscularis that contains smooth muscle, 
collagen, and elastin. The deepest layer is the 
adventitia that is made of collagen and elastin 
connective tissue. The muscularis and adven-
titia together are referred to as the fi bromus-
cular layer, and is commonly referred to as the 
pubovesicocervical fascia anterior to the vagina 
or the rectovaginal fascia posterior to the vagina. 
On the lateral aspects of the vagina, the adventitia 
extends out to the pelvic walls and contains fat, 
lymphatics, and neurovasculature.  

Clitoris

Urethra

Introitus

Anus

Skene’s
glands

Bartholin’s
glands

  Fig. 14.1    Bartholin gland and Skene/paraurethral gland 
duct openings within the vagina       
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    Vaginal Neurovasculature 
 Blood is supplied to the vagina from the descend-
ing cervical branch of the uterine artery and 
branches of the internal iliac artery including the 
vaginal, middle rectal, and internal pudendal 
arteries. Lymphatic drainage of the upper two- 
thirds of the vagina is to the obturator nodes as 
well as the external and internal iliac nodes, while 
the lower third of the vagina drains to the ingui-
nal nodes [ 4 ]. Portions of the inferior hypogastric 
plexus are responsible for sympathetic innerva-
tion of the vagina [ 5 ].  

    The Urethra 
 The urethra, which averages 3 cm in length, rests 
on and is supported by an endopelvic fascial 
layer and the anterior vaginal wall [ 6 ,  7 ]. It is 
comprised of four layers: mucosa, submucosa, 
internal urethral sphincter made of smooth mus-
cle, and striated external urethral sphincter made 
of skeletal muscle. The inner surface of the proxi-
mal urethra is lined by transitional epithelium 
while the distal urethra is lined by stratifi ed squa-
mous epithelium [ 8 ]. This epithelium is continu-
ous with bladder epithelium proximally and with 
that of the vaginal vestibule distally. Paraurethral 
glands open into the urethral lumen within this 
layer in the dorsal or vaginal side of the distal 
urethra [ 9 ]. The most pronounced of these para-
urethral glands are the  Skene glands  that can be 
visible on the inner surface of the external ure-
thral meatus. Blood supply to the urethra comes 
from the internal pudendal, vaginal, and inferior 
vesical arteries, while nerve supply comes from 
the pudendal nerve for somatic control and por-
tions of the inferior hypogastric plexus for auto-
nomic control [ 10 ]. The lymphatics of the distal 
third of the urethra drain into the superfi cial or 
deep inguinal nodes, whereas the proximal two- 
thirds drain into the external iliac, internal iliac, 
and obturator nodes.  

    The Vulva 
 The vulva is the term for the female external gen-
italia and includes the mons pubis, labia majora, 
labia minora, clitoris, vestibule, vestibular bulbs, 
vestibular glands, Bartholin (greater vestibular) 
glands, Skene (paraurethral) glands, external 

 urethral meatus, and vaginal orifi ce. The skin 
over the mons pubis and labia majora has hair 
and a fatty subcutaneous layer. The obliterated 
processus vaginalis, or  canal of Nuck , and the 
round ligament exit the inguinal canal and termi-
nate within the fat or skin of the labia majora. 
The skin over the labia minora does not have hair 
and its subcutaneous tissue is devoid of fat. 

 The vaginal vestibule is an area in between 
the labia minora. The specifi c boundaries include 
the clitoris anteriorly, the fourchette posteriorly, 
the Hart line laterally, and the hymen medi-
ally. Distal to the Hart line the exposed tissue 
is a keratinized stratifi ed squamous epithelium, 
while proximally it is nonkeratinized strati-
fi ed squamous epithelium. The vestibule also 
contains the urethral, vestibular, Bartholin, and 
Skene gland openings. 

 The Bartholin glands are the female equiva-
lent of the male bulbourethral, or Cowper, glands. 
One gland is situated at 5 O’clock while the other 
rests at the 7 O’clock position and each gland 
possesses a duct that opens into the vaginal vesti-
bule. The inner surfaces of these glands are lined 
by columnar cells that secrete mucus to provide 
lubrication [ 11 ].    

    Evaluation and Management 

    History and Physical 

 A history and physical exam is the starting point 
of any vaginal or vulvar cyst workup. Specifi c 
symptoms to address in the patient’s history of 
present illness include the presence or absence 
of vaginal or vulvar pain, dyspareunia, urethral 
versus vaginal discharge, spotting, post-void 
dribbling, leakage of urine, dysuria, incomplete 
voiding, or palpable mass. The patient should be 
questioned regarding recent vaginal trauma or place-
ment of foreign body into the vagina. Pertinent 
aspects in the history include age, known con-
genital urogenital tract anomalies, obstetrical his-
tory including vaginal trauma and repair, sexual 
activity, recurrent urinary tract infections, prior 
vaginal surgery, and history of pelvic radiation 
therapy. Gynecological  history including menstrual 
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cycles, prior vaginal  infections, endometriosis, 
fi broids, and exposure to diethylstilbestrol (DES) 
in utero may be specifi cally applicable to the 
patient’s presenting condition. 

 A targeted physical examination should 
include bimanual and speculum exams. A pelvic 
organ prolapse assessment to rule out prolapse as 
a cause for vaginal bulge symptomatology should 
be completed. Special attention should be taken 
to palpation of the anterior vaginal wall; a com-
pressible bulge and discharge per urethra should 
raise suspicion for urethral diverticulum. Vaginal 
discharge should be evaluated. Masses such as 
cystic-appearing bulges should be examined with 
special attention taken to note the size, location, 
and tenderness of the cyst.  

    Differential Diagnosis 

    Vaginal Cysts 
 The differential diagnosis of vaginal cysts 
(Table  14.1 ) includes epidermal inclusion cysts, 
mullerian cysts, Gartner duct cysts (mesoneph-
ric remnants), and mucous inclusions (adeno-
sis). Less common types of vaginal cysts include 
endometriotic cysts and vaginitis emphysema-
tosum. Vaginal endometriotic cysts are infre-
quently encountered as the vagina is a rare 
location for endometriotic implants to manifest 
[ 12 ]. Although the etiology remains unclear, the 
benign and self-limited condition of multiple 
gas-fi lled cysts lining the vaginal wall (vaginitis 
emphysematosum) has also been described [ 13 ].

      Vulvar Cysts 
 The differential diagnosis of vulvar cysts 
(Table  14.1 ) includes vulvar epidermal inclusion 
(sebaceous) cysts, Bartholin (greater vestibular) 
gland cysts, Skene (paraurethral) gland cysts, 
cysts of the canal of Nuck (hydroceles), leiomy-
oma, and urethral diverticulum (Fig.  14.2 ; see 
Chap.   11     on Repair of Urethral Diverticula).

   Overall, the frequency of presentation with a 
vaginal cyst is uncommon. Patients are more 
likely to present with symptomatic vulvar cysts. 
Kondi-Pafi ti et al. [ 14 ] reviewed 40 cases of 
benign vulvar and vaginal cysts, the majority of 
which were asymptomatic. The most common 
symptomatic cyst was a Bartholin gland cyst. The 
most frequently encountered cyst was a mulle-
rian cyst (12), followed by a Bartholin gland cyst 
(11), epidermal inclusion cyst (10), Gartner’s 
duct cyst (5), endometrioid cyst (1), and one 
unspecifi ed cyst. Deppisch [ 15 ] studied the clas-
sifi cation of 64 surgically excised vaginal cysts 
and found that Gartner’s duct cysts were uncom-
mon, mullerian cysts made up 1/3 of cases, and 
epithelial inclusion cysts were the most common 

    Table 14.1    Differential diagnosis of vaginal and vulvar cysts   

 Vaginal cyst  Vulvar cyst 

 Epidermal inclusion cyst  Epidermal inclusion 
(sebaceous) cyst 

 Mullerian cyst  Bartholin (greater 
vestibular) gland cyst 

 Gartner duct cyst 
(mesonephric remnant) 

 Skene (paraurethral) 
gland cyst 

 Adenosis (mucous 
inclusions) 

 Cyst of the canal of Nuck 
(hydrocele) 

 Endometriotic cyst  Leiomyoma 
 Vaginitis emphysematosum  Urethral diverticulum   Fig. 14.2    Urethral diverticulum       
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type of vaginal cyst. These studies are consistent 
with the general acceptance that epithelial inclu-
sion cysts, mullerian cysts, and Bartholin gland 
cysts more often cause symptoms and are there-
fore more likely identifi ed than other types of 
vulvar or vaginal cysts.   

    Evaluation of Vaginal Cysts 

   Epidermal Inclusion Cysts 
 Epidermal inclusion cysts are often asymptom-
atic and discovered during routine gynecological 
exam. However, symptoms may include vaginal 
pain or dyspareunia and presence of a palpable 
mass. The appearance is round, pinkish-white 
in color, and variable in size (Figs.  14.3 ,  14.4 , 
 14.5 , and  14.6 ). The fl uid content can be vis-
cous. Histopathology confi rms the diagnosis and 
reveals epithelial cells lined by a cyst wall made 
of nonkeratinized stratifi ed squamous epithe-
lium. Asymptomatic cysts can be observed, while 
drainage or excision should be performed for 
symptomatic cysts or if there is concern for infec-
tion. Additionally, the cyst should be biopsied 
and drained or excised for patients with a history 
of cervical, vaginal, or vulvar intraepithelial neo-
plasia. Hoffman et al. [ 16 ] reported on 26 women 
who were treated for vaginal intraepithelial neo-
plasia, 22 of whom had undergone prior hyster-
ectomy for benign causes, cervical intraepithelial 
neoplasia, or malignancy. Five patients were 

  Fig. 14.3    Epidermal inclusion cyst arising from right lat-
eral vaginal wall       

  Fig. 14.4    Epidermal inclusion cyst arising from posterior 
vaginal wall       

  Fig. 14.5    Epidermal inclusion cyst (visually diffi cult to 
distinguish from pelvic organ prolapse)       
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noted to have vaginal cuff inclusion cysts that 
were found to be positive for a neoplastic pro-
cess. This fi nding suggests that when a vaginal 
epithelial inclusion cyst is identifi ed in a patient 
with a prior intraepithelial neoplastic process or 
cancer, biopsy of the cyst should be performed.

         Gartner Duct Cysts 
 On physical exam these cysts are typically identi-
fi ed within a lateral wall of the vagina. Gartner duct 
cysts are mesonephric (Wolffi an) duct remnants. 
During embryonic development the  mesonephric 
ducts are involved in the formation of the uro-
genital system. In females, after the fundamen-
tal urinary system is created, these ducts regress 
and sometimes leave a remnant behind causing a 
Gartner duct cyst. They are usually asymptomatic 
and encountered during routine gynecological 
exam. When present, symptoms include vaginal 
pain, dyspareunia, or the awareness of the pres-
ence of a mass. Histologically, they are lined with 
cuboidal or columnar epithelium. Asymptomatic 
cysts can be observed while symptomatic ones 

should be marsupialized or excised. If surgical 
management is pursued, it is important to image 
the lower reproductive tract because Gartner duct 
cysts can track cephalad as far as into the broad 
ligament and an awareness of the cyst dimensions 
may prove helpful during dissection (Figs.  14.7  
and  14.8 ). Furthermore, imaging is performed to 

  Fig. 14.6    Showing base of epidermal inclusion cyst 
shown in Fig.  14.4  arising from mid-portion of anterior 
vaginal wall       

  Fig. 14.7    MRI sagittal view of Gartner duct cyst 
(Courtesy of Howard Goldman, MD, Department of 
Urology, Cleveland Clinic, Cleveland, OH)       

  Fig. 14.8    MRI transverse view of Gartner duct cyst 
(Courtesy of Howard Goldman, MD, Department of 
Urology, Cleveland Clinic, Cleveland, OH)       
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detect renal anomalies with which Gartner duct 
cysts may be associated [ 17 ]. Bats et al. [ 18 ] 
reported a case of malignant transformation of 
a Gartner cyst in a 67-year-old woman who pre-
sented with vaginal bleeding. Pathology from 
excision revealed clear cell carcinoma. Although 
the risk of developing carcinoma from a Gartner 
duct cyst is extremely rare, we suggest perform-
ing at least a biopsy if not an excision in patients 
with vaginal bleeding.

       Adenosis 
 Vaginal adenosis is a condition where mucous 
inclusions (glandular tissue) are present within 
the vaginal epithelium. The etiology can be spon-
taneous, but many affected patients were exposed 
to diethylstilbestrol (DES) in utero. Symptoms 
include vaginal discharge, irritation, pruritis, dys-
pareunia, and postcoital spotting. The area of 
affected vaginal wall appears erythematous and 
grainy or possibly with multiple small (millime-
ter) cysts. Histology displays normal vaginal 
stratifi ed squamous mucosa containing regions of 
columnar epithelium. Those patients with a his-

tory of DES exposure are at increased risk for 
developing vaginal clear cell adenocarcinoma. 
Because of the risk of underlying carcinoma, a 
colposcopic exam should be performed with 
biopsy. The condition is usually self-limited; 
however, if persistent or symptomatic, treatment 
with carbon dioxide laser coagulation or excision 
can be considered. See Fig.  14.9a, b .

      Vaginitis Emphysematosum 
 Vaginitis emphysematosum is an uncommon 
abnormality that produces multiple subcenti-
meter gas-fi lled cysts within small connective 
tissue spaces in the vaginal wall giving it a cor-
rugated appearance. As reported by Leder et al. 
[ 19 ] the etiology of this benign bacterial vaginitis 
is uncertain, but most reported cases have noted 
the presence of vaginitis caused by  Trichomonas 
vaginalis  or  Gardnerella vaginalis . The con-
dition is often discovered in gravid or immu-
nocompromised patients and usually does not 
cause symptoms. When present, symptoms may 
include vaginal discharge and pruritis. The con-
dition can be observed on imaging such as X-ray 

  Fig. 14.9    ( a ,  b ) Vaginal adenosis       
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or Computed Tomography (CT) scan. Histology 
reveals gas spaces beneath the vaginal epithelial 
pegs that are lined by infl ammatory multinucle-
ated giant cells. Vaginitis emphysematosum is 
benign and self-limiting.  

   Mullerian Cysts 
 As most vaginal cysts, mullerian cysts are most 
often asymptomatic and found on incidental 
exam. However, symptoms may include dyspa-
reunia and presence of a palpable mass detected 
either manually or while attempting to insert a 
tampon. They appear round, smooth, pink, vari-
able in size, and fl uid content feels gelatinous 
when palpated. On exam, it is not possible to dis-
tinguish mullerian cysts from inclusion or 
Gartner’s duct cysts. Histology reveals a colum-
nar epithelial lining. Once again, asymptomatic 
cysts can be observed whereas incision and 
drainage or excision should be performed for 
symptomatic or infected cysts. There have been 
several case reports documenting vaginal mulle-
rian cysts. In one report, a woman presented with 
an 8 cm posterior vaginal wall cyst that contained 
mucoid material [ 20 ], while another case reported 
a large anterior vaginal wall cyst that was evalu-
ated with radiologic studies and subsequently 
excised [ 21 ]. There has been one unusual report 
of adenocarcinoma arising from a vaginal mulle-
rian cyst in a 48-year-old presenting with a 3 cm 
ruptured vaginal cyst [ 22 ]. This fi nding high-
lights the need to have a low threshold for biopsy 
when larger or persistent anatomical abnormali-
ties are encountered.  

   Imaging 
 The role of radiography in evaluation of a vaginal 
cyst depends on the location and type of cyst sus-
pected after performing a history and physical 
exam. Based on the initial evaluation, it may be 
prudent to obtain preoperative information 
regarding cyst characteristics and its proximity to 
neighboring structures. For example, Gartner 
duct cysts (mesonephric remnants) may extend as 
far cranially as into the broad ligament and pre-
operative imaging may help determine the extent 
of intraoperative dissection that will be neces-
sary. Additionally, since Gartner duct cysts can 

be associated with renal anomalies, preoperative 
imaging may expose fi ndings such as renal agen-
esis or ectopic ureter. Sheih et al. [ 23 ] found 13 
cases of cysts in the pelvis that were associated 
with ipsilateral renal agenesis or dysplasia after 
280,000 children with renal abnormalities were 
screened with ultrasounds. Seven of the 13 cases 
found to have pelvic cysts were girls with Gartner 
duct cysts. 

 Preoperative imaging may be useful in identi-
fying additional cysts that were not visible on 
physical exam. Wai et al. [ 24 ] reported a case of 
a 20-year-old woman who presented with two 
vaginal cysts on exam. Magnetic Resonance 
Imaging (MRI) was obtained preoperatively and 
not only demarcated the arrangement of her vagi-
nal cysts, but also identifi ed additional larger 
cysts that had not been appreciated on physical 
examination.   

    Evaluation of Vulvar Cysts 

   Vulvar Epidermal Inclusion Cysts 
 Vulvar epidermal inclusion cysts, also known as 
sebaceous cysts, are the most common vulvar 
cysts. They form on areas where hair follicles or 
sebaceous glands are present. Additionally, clito-
ral epidermal inclusion cysts have been described 
in patients with a history of female genital muti-
lation. Rouzi et al. [ 25 ] reported on 21 females 
presenting anywhere between 2 and 20 years 
after having had a type I female genital mutila-
tion procedure, whereas Ofodile et al. [ 26 ] 
described 19 cases. Most vulvar inclusion cysts 
are asymptomatic. When present, symptoms 
include pain to touch and bothersome appear-
ance. These cysts appear fi rm, are often mobile, 
and contain caseous material. They run the risk of 
becoming infected and developing into cellulitis 
or an abscess. Obstruction of the duct leads to 
buildup of secretions and consequently cyst for-
mation. Treatment includes warm compresses to 
drain the obstructed duct. Recurrent, persistent, 
or enlarging cysts can be treated with incision 
and drainage, punch biopsy with subsequent 
drainage, or excision. The type of excision may 
depend on the cyst size (to be described later in 
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the chapter). In a randomized prospective study 
of 60 patients with nonspecifi cally located nonin-
fected vulvar epidermal inclusion cysts, Lee et al. 
[ 27 ] compared results after treatment with the 
punch biopsy technique versus excision. The 
study group found that those treated with the 
punch biopsy method produced superior cos-
metic results, while there was no difference in 
recurrence rates over the 16-month time period 
they were studied.  

   Bartholin Gland Cysts 
 Like other vulvar cysts, Bartholin gland duct cysts 
form when the duct gets obstructed and accumu-
lation of gland secretions leads to cyst formation. 
If the cyst becomes infected an abscess forms. A 
single organism may be causative or the infec-
tion may be polymicrobial. Anaerobic and aero-
bic bacteria are often the organisms involved, 
and  Neisseria gonorrhoeae  or  Chlamydia tra-
chomati s only rarely. In fact, Bhide et al. [ 28 ] 
found that 74 % of 78 cases reviewed revealed 
a positive microbial culture, and aerobes were 
the most common organisms involved. None of 
the cases contained  Neisseria gonorrhoeae  or 
 Chlamydia trachomatis . Mechanical trauma can 
be a risk factor for cyst formation and stimulation 
from sexual activity can lead to cyst enlargement. 
Premenopausal women are most commonly 
affected and are usually benign. According to 
the New York State Department of Health census 
data reported in a study done in 1996 by Visco 
et al. [ 29 ], the incidence of Bartholin gland car-
cinoma was 0.023 per 100,000 woman-years in 
premenopausal women and 0.114 per 100,000 
woman-years in postmenopausal women. 
Malignancies encountered include squamous 
carcinoma and adenocarcinoma. Although can-
cer is rare, Bartholin gland duct cysts that present 
after age 40 should be evaluated for malignancy. 
If excision is not to be performed, then biopsy 
of the cyst wall during drainage should occur. 
Ben- Harosh et al. [ 30 ] reported a case of a young 
woman who presented with a fi rm and irregu-
lar Bartholin gland. Pathology after excision 
revealed gland hyperplasia. This fi nding suggests 
that a tissue diagnosis should be made for any 
gland cyst with a nodular texture. Biopsy plus 

drainage or cyst excision should be performed, 
not drainage alone. Symptoms of Bartholin 
gland cysts and abscesses include pain to touch 
or during activity. Glands are usually unilater-
ally affected and it is rare to have simultaneous 
bilateral gland involvement. Upon inspection, 
cysts appear round and feel tense upon palpation 
(Figs.  14.10  and  14.11 ). If an abscess is present, 
there may be associated epithelial erythema and 
tenderness. Management options for Bartholin 
gland cysts include biopsy in women over the age 
of forty, observation if asymptomatic, incision 
and drainage, marsupialization, or gland exci-
sion. Abscesses cannot be observed and contents 
must be drained.

       Skene Gland Cysts 
 Skene gland cysts occur after gland ductal occlu-
sion (Fig.  14.12 ). The Skene glands are located at 
the distal urethra and are the largest paraurethral 
glands. Similar to other vulvar gland pathology, a 
cyst can become infected and form an abscess. 
Risk factors may include local infection or 
trauma. Symptoms include dyspareunia, localized 

  Fig. 14.10    Bartholin gland cyst       
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pain, voiding dysfunction, and urinary obstruction. 
Treatment of Skene gland cysts or abscesses is 
with excision. Abscesses should be treated with 

antibiotics prior to excision to decrease the risk 
of spreading infection. There may be a role for 
cystourethroscopy as well. Lucioni et al. [ 31 ] 
found that Skene gland cysts may benefi t from 
assessment to determine proximity to urethra and 
bladder. Cystourethroscopy was used to rule out 
other pathology such as urethral diverticulum or 
fi stula and can be performed during the same 
operative setting prior to initiating surgical 
excision.

      Cysts of the Canal of Nuck 
 A cyst of the canal of Nuck (hydrocele of the 
canal of Nuck) forms due to a persistent proces-
sus vaginalis. This type of cyst is a fl uid-fi lled 
hernia of the peritoneum that accompanies the 
round ligament and extends from the inguinal 
canal into the labia majora. It presents with ingui-
nal swelling with or without unilateral labia 
majora pain and swelling. The mass is irreduc-
ible. It can be confused with an inguinal hernia 
(may contain intestines); however intestinal con-
tents should not be present if the mass is truly a 
cyst of the canal of Nuck. Transillumination can 
be used to evaluate for a cystic versus a solid 
mass. The fi nding should be evaluated for hernia-
tion preoperatively. Ultrasound or MRI are the 
imaging modalities of choice to aid in diagnosis 

  Fig. 14.12    Skene gland 
cyst (Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       

  Fig. 14.11    Bartholin gland cyst (Courtesy of Howard 
Goldman, MD, Department of Urology, Cleveland Clinic, 
Cleveland, OH)       
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and confi rm preoperative suspicion. Ultrasound 
can be performed while the patient performs the 
Valsava maneuver to evaluate for this type of cyst 
compared to inguinal hernia (Fig.  14.13 ). Both 
ultrasound and MRI would reveal an ovoid tubu-
lar structure within the inguinal canal or labia 
majora [ 32 ]. Treatment is excision of the cyst and 
correction of any herniation that may be present. 
Diagnosis is confi rmed with histopathology after 
excision.

         Surgical Intervention 

    Operative Technique 

 Surgical management options for vaginal cysts 
include incision and drainage, marsupialization, 
and defi nitive management with excision. 

   Incision and Drainage 
 Incision and drainage can provide immediate but 
temporary relief of symptoms. Once the incision 
edges reseal, secretions may recollect within the 
cyst. Therefore, the goal with an incision and 
drainage is to drain cyst contents and create a new 
epithelialized tract for continued drainage. The 

procedure can be performed as an outpatient. The 
patient is placed in dorsal lithotomy position and 
the area overlying the cyst is cleaned with an anti-
septic agent. A local anesthetic such as 1 or 2 % 
lidocaine is infused into the cyst and the overlying 
vaginal epithelium where the incision is to be 
made. A 1 cm incision is made with a scalpel 
(number 15 blade) through the vaginal epithelium 
and cyst wall. The tips of a hemostatic or tonsil 
clamp may be placed within the cyst and used to 
lyse adhesions, thereby facilitating drainage. The 
fl uid does not need to be cultured unless abscess is 
suspected. Ideally, the incision should be kept pat-
ent with a device such as a Word catheter. The tip 
of a Word catheter (Fig.  14.14 ), which is the diam-
eter of a number 10 French Foley catheter, is 
placed within the cyst cavity and the balloon tip is 
then infl ated at the opposite end of the catheter 
with sterile saline until the balloon is large enough 
to prevent the catheter from falling out (about 3 ml 
[ 33 ]). As there are openings on both ends of the 
catheter, this device allows drainage of cyst con-
tents into the vagina. The catheter should remain 
in situ for 4 weeks during which time nothing 
should be placed in the vagina [ 33 – 35 ]. Broad-
spectrum antibiotics to cover aerobes and anaer-
obes are only warranted in the case of abscess.

  Fig. 14.13    Longitudinal 
ultrasound image of cyst of 
the Canal of Nuck (Used 
with permission from 
Jagdale R, Agrawal S, 
Chhabra S, Jewan SY. 
Hydrocele of the Canal of 
Nuck: Value of 
Radiological Diagnosis. 
Journal of Radiology Case 
Reports. 2012 June; 6(6): 
18-22.   www.jrcr.org/916    )       
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      Marsupialization 
 Marsupialization is a technique that was devised 
due to the high recurrence rates following inci-
sion and drainage without epithelialization of 
the tract. It is a way to create a new duct drain-
age tract without the use of an external device 
such as a Word catheter. The procedure is most 
commonly performed in an ambulatory operating 
room setting but can also be done in an offi ce or 
emergency room. The patient is placed in dorsal 

lithotomy position. Analgesia can be achieved 
with local anesthesia, sedation plus local anesthe-
sia, regional anesthesia, or most commonly gen-
eral anesthesia. The vagina and vulva are prepped 
and draped in the usual sterile manner. A 3 cm 
incision with a scalpel is made in the vaginal epi-
thelium overlying the cyst while taking care not to 
rupture the cyst wall (Fig.  14.15 ). The cyst wall is 
then incised (the contents will drain) with a scal-
pel and the cyst incision is extended to the same 

  Fig. 14.14    Word catheter       

  Fig. 14.15    Skene gland 
cyst (Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       
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size as the vaginal epithelial incision (Fig.  14.16 ). 
The cyst wall is then everted with the use of Allis 
clamps that are placed circumferentially around 
the incision to grasp the cyst wall plus overly-
ing vaginal epithelium in each bite. A hemostat 
is used to lyse adhesions within the cyst and the 
cyst is then irrigated (Fig.  14.17 ). The cyst wall 
edge is then circumferentially sutured to its over-

lying vaginal epithelium with either 2-0 or 3-0 
delayed-absorbable—Vicryl® (Ethicon, Inc, Blue 
Ash, OH) is commonly used—interrupted sutures 
(Fig.  14.18 ). Generally by 4–6 weeks after the 
procedure, the opening of the duct decreases in 
size to less than 1 cm. Risks of marsupialization 
include cyst recurrence and rarely abscess forma-
tion. Marsupialization requires  better surgical site 

  Fig. 14.16    Cyst wall inci-
sion (Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       

  Fig. 14.17    Lysis of adhe-
sions within cyst wall 
(Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       
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exposure, a larger incision, more suturing, greater 
levels of analgesia, and more time to perform than 
incision and drainage. For these reasons, the use 
of marsupialization has decreased since the intro-
duction of Word catheter use at the time of inci-
sion and drainage.

         Excision 
 The procedure for excision of a vaginal cyst is 
similar regardless of the type of cyst. When per-
forming an offi ce physical exam, one should 
inspect the size of the cyst. Consideration should 
be taken to perform excision in the operating 
room for larger cysts. Although there is no cutoff 
as to what size cyst is unlikely to be successfully 
excised in the offi ce setting, cysts greater than 
2 cm generally require dissection that may be too 
extensive for an offi ce procedure. In addition, 
preoperative assessment may be performed with 
imaging to evaluate the relationship of the cyst to 
surrounding structures depending on its vaginal 
location on exam. If preoperative evaluation 
reveals the cyst to be in close proximity to the 
bladder or ureters, the procedure should take 
place under general anesthesia. Prior to cyst exci-
sion, consideration can be taken to placing ure-
teral catheters. Integrity of the urethra and bladder 

can be evaluated intraoperatively with the use of 
cystourethroscopy. Surgical intervention in the 
operating room may be performed under local or 
general anesthesia. The patient is placed in the 
dorsal lithotomy position and then prepped and 
draped in the usual sterile fashion. 

 The technique for excision of a vaginal cyst is 
as follows. Initially, adequate exposure of the cyst 
must be ensured. Vaginal retractors or a Lone Star 
Retractor System™ (Cooper Surgical, Inc., 
Stafford, Texas) may be used to assist with visual-
ization (Fig.  14.19 ). Stay sutures with 0 Vicryl 
may be placed to keep orientation above or below 
the cyst, such as at the 12 O’clock position. The 
vaginal epithelium is infused with a dilute vaso-
pressin solution using a thin 22-gauge or 25-gauge 
needle. It is our practice to dilute 20 units of vaso-
pressin in 100 ml normal saline. The purpose of 
this infi ltration is for hydrodissection and hemo-
stasis. A scalpel is used to make a longitudinal 
superfi cial incision through the vaginal epithelium 
overlying the cyst wall. The vaginal wall is then 
dissected circumferentially off the cyst until the 
base is reached and the cyst is entirely freed 
(Fig.  14.20 ). Dissection is carried out sharply with 
Metzenbaum scissors or a knife as well as bluntly 
while using electrocautery sparingly as needed. 

  Fig. 14.18    End result after 
marsupialization of cyst 
wall to vaginal epithelium       
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The direction of dissection is inferior to superior 
as this technique minimizes disruption in visual-
ization of the surgical fi eld with blood. Attention is 
taken not to rupture the cyst during the process. 
The base is often the location of blood supply for 
the cyst, and therefore after the cyst is removed it 
may bleed. This base should be sutured with 3-0 
Vicryl in a fi gure-of- eight fashion or in a running-

locking technique until hemostasis is noted. The 
vascular supply to the cyst can also be clamped 
with a hemostat and suture ligated with 2-0 or 3-0 
Vicryl. Electrocautery may be used with careful 
consideration of underlying structures. Complete 
removal of the cyst (Fig.  14.21 ) is essential because 
if residual tissue is left behind, cyst  formation may 
recur. If potential space (Fig.  14.22 ) is present in 

  Fig. 14.19    Skene gland 
(Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH.)       

  Fig. 14.20    Vaginal wall 
dissection off the underly-
ing cyst (Courtesy of 
Howard Goldman, MD, 
Department of Urology, 
Cleveland Clinic, 
Cleveland, OH)       
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the fi bromuscular layer deep to the vaginal epithe-
lium, this layer should be closed with 2-0 or 3-0 
Vicryl sutures in an interrupted fashion. The over-
lying vaginal epithelium is then sutured in a run-
ning or running-locking fashion with 2-0 Vicryl 
(Fig.  14.23 ). The overlying vaginal epithelium 
rarely needs to be trimmed prior to closure as trim-
ming may cause tension leading to scarring, pain, 
or dyspareunia.

       In the cases of larger cysts that impede ana-
tomical visualization or with inadvertent cyst 
rupture (Figs.  14.24  and  14.25 ), the cyst may 
be intentionally drained and then the cyst wall 
is dissected (Figs.  14.26 ,  14.27 , and  14.28 ) or 
destroyed [ 24 ]. Potential space and vaginal epi-
thelium should be closed in the aforementioned 
manner (Figs.  14.29 ,  14.30 , and  14.31 ). The 
excised cyst or a portion of the cyst wall should 

  Fig. 14.21    Skene gland 
cyst (Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       

  Fig. 14.22    Potential space 
after excision of cyst 
(Courtesy of Howard 
Goldman, MD, Department 
of Urology, Cleveland 
Clinic, Cleveland, OH)       
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be sent to pathology for examination. We recom-
mend cystourethroscopy to be performed at the 
end of any vaginal cyst excisional procedure to 
evaluate for urinary tract injury. Risks of excision 
include bleeding, hematoma formation, cellulitis, 
cyst recurrence, pain, dyspareunia, and damage 
to deep and surrounding anatomical structures.

               Vulvar Considerations 

 The techniques for surgical management of vul-
var cysts such as incision and drainage, marsupi-
alization, and excision are similar to that of 
vaginal cysts, with a few variations based on the 
type of vulvar cyst that is present. 

   Vulvar Epidermal Inclusion Cysts 
 Asymptomatic and noninfected vulvar epidermal 
inclusion cysts can be observed. Excision can 
be performed for symptomatic cysts where the 
type of excision is determined based on cyst size. 
Cysts that are 1 cm or smaller can be excised uti-
lizing a wedge incision technique. The wedge- 
shaped specimen removes its encompassing skin, 
subcutaneous tissue, and the cyst in its entirety. 
Cysts larger than 1 cm require the usual exci-
sion technique starting with a skin incision, sharp 

 dissection of skin off the underlying cyst wall, 
and complete removal of the cyst. Attention must 
be paid not to grab the cyst wall during  dissection 

  Fig. 14.23    Closure of vag-
inal epithelium (Courtesy 
of Howard Goldman, MD, 
Department of Urology, 
Cleveland Clinic, 
Cleveland, OH)       

  Fig. 14.24    Cyst rupture during dissection of anterior 
vaginal wall cyst       
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  Fig. 14.25    Drainage of a posterior vaginal cyst contents       

  Fig. 14.26    Dissection of posterior vaginal cyst wall off 
of vaginal epithelium and underlying endopelvic fascia       

  Fig. 14.27    Dissection of posterior vaginal cyst wall off 
of vaginal epithelium and underlying endopelvic fascia       

  Fig. 14.28    Allis clamps lifting posterior vaginal cyst 
wall       
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in order to avoid rupture. The skin can be held 
with Adson forceps while fi ne dissection is car-
ried out with Stevens tenotomy scissors. The 
wound is closed in layers and excess skin is cut 
as needed for the skin to realign properly. After 
excision of vulvar cysts, skin is closed in an inter-
rupted or subcuticular running fashion with 4-0 
delayed- absorbable sutures. A pressure dressing 
can be applied to prevent hematoma formation. 
Alternatively to excision, a punch biopsy of the 
lesion and drainage of cyst contents through the 
biopsy site can be performed.  

   Bartholin Gland Cysts 
 As Bartholin gland duct cysts and abscesses are 
common enough and often symptomatic, they 
require special mention. Abscesses and symp-
tomatic cysts should be treated. Treatment 
options include incision and drainage with or 
without Word catheter placement, marsupializa-
tion, and excision. Other procedures to obliterate 
the cyst wall such as incision plus the use of silver 
nitrate stick insertion into the cyst or abscess [ 36 , 
 37 ] or carbon dioxide laser vaporization [ 38 ,  39 ] 

  Fig. 14.29    Closure of potential space after removal of 
posterior vaginal cyst       

  Fig. 14.30    Closure of posterior vaginal epithelium after 
excision of cyst       

  Fig. 14.31    Completed closure of posterior vaginal wall       
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have been described but are not commonly 
employed. A recent review by Wechter et al. [ 33 ] 
looked at recurrence rates after various treat-
ments of Bartholin gland cysts and abscesses 
including aspiration, incision and drainage, mar-
supialization, excision, silver nitrate ablation, 
and carbon dioxide laser excision. Recurrence 
rates varied from 0 to 38 % and were highest after 
incision or aspiration alone. There were no recur-
rences noted after marsupialization; however no 
best treatment approach was identifi ed. Patients 
must be counseled regarding the risk of cyst reac-
cumulation when any portion of the gland is left 
in situ. Patients also need to be made aware that 
gland function and ability to form vaginal secre-
tions may be reduced if the gland is removed in 
its entirety. These facts along with the patient’s 
age and personal history of Bartholin gland cyst 
or abscess recurrence should be used when 
selecting a procedure. 

 The technique for Bartholin gland cyst inci-
sion and drainage, marsupialization, and excision 
may be carried out as mentioned above. A lin-
ear incision is made on the medial aspect of the 
vestibule overlying the cyst roughly 1 cm distal 
and parallel to the hymen. The incision should 
be on the vaginal mucosa and not on the vulvar 
skin. This location mimics the site of the glands’ 
natural orifi ces at the 5 and 7 O’clock positions. 
If performing an incision and drainage, the inci-
sion is generally less than 1 cm. After drainage, a 
Word catheter should be placed and remain in situ 
for at least 4 weeks. Kushnir et al. [ 40 ] described 
the use of a small loop of plastic tubing that was 
secured in place after incision and drainage of a 
Bartholin gland abscess when a Word catheter 
was not available. The technique was found to 
be a successful replacement to the Word catheter 
as there was no evidence of the abscess and the 
patient healed 3 weeks after the procedure. 

 If marsupialization or excision is to take place, 
the incision is created in the same location but is 
extended to 3 cm in length while remaining par-
allel with the hymen throughout the incision. 
Cultures should be obtained for  N. gonorrhoeae  
and  C. trachomatis  during drainage. Complete 
excision should not be performed in the presence 
of suspected infection prior to the administration 

of antibiotics. If excision is being performed, 
care must be taken as the rectum is located just 
posterior to the gland. A fi nger may be placed in 
the rectum during dissection to differentiate 
between rectum and cyst. Generally the blood 
supply arises from the posterosuperior aspect of 
the cysts and therefore dissection should be car-
ried out heading toward this fi nal location. The 
vascularity of the Bartholin gland and its associ-
ated cysts requires that dead space remaining 
after cyst excision should be closed in layers to 
prevent hematoma formation. Surgical complica-
tions include bleeding from venous channels that 
can cause signifi cant hematoma formation. In 
addition to suture ligation techniques, direct pres-
sure should be applied and a drain may be placed 
intraoperatively if needed. 

 Postoperative care includes ice packs ini-
tially to decrease swelling and pain from scar-
ring. Nothing should be placed per vagina for at 
least 4 weeks, at which time the site should be 
inspected. Warm sitz baths and proper hygiene 
should be encouraged during recovery. Broad-
spectrum antibiotics need only be given when 
treating abscesses with accompanying cellulitis 
or if  postoperative cellulitis develops. Although 
rare, there have been case reports of rectovaginal 
fi stula developing as a complication to Bartholin 
gland excision. Zoulek et al. [ 41 ] describe a case 
of a 43-year-old woman who was found to have a 
rectovaginal fi stula immediately after having had 
a Bartholin gland excision procedure. Care should 
be taken to close dead space in layers in attempt 
to prevent this rare but serious complication.  

   Cysts of the Canal of Nuck 
 Surgical treatment of a cyst of the canal of Nuck 
begins with a vertical incision into the labia 
majora to expose the underlying cyst. If blood 
vessels are encountered while dissecting in the 
subcutaneous tissue, they can be suture ligated 
with 4-0 Vicryl. The cyst is then grasped with 
Allis clamps and freed using sharp dissection on 
all sides except the superior attachment. 
Metzenbaum scissors utilizing the fl ash technique 
are used to ensure there is no underlying intestine 
and subsequently the cyst is entered. A fi nger is 
placed into the cyst to palpate the external inguinal 

N. Pillalamarri and H. Winkler



223

ring. Any peritoneal lining is excised from the 
cyst, and the external inguinal ring is closed. The 
superior portion of the cyst is then closed with a 
purse-string suture and the cyst is excised and 
freed. The vulva including the skin is then closed 
in layers with 3-0 Vicryl sutures. If an inguinal 
hernia is present, an inguinal hernia repair should 
be performed. Although surgical excision is the 
treatment of choice, sonographically guided aspi-
ration has been performed for symptom relief. 
This technique does entail the risk of bowel punc-
ture in the rare instance of intestinal herniation, so 
special care must be taken [ 42 ].    

    Summary 

 In conclusion, both vulvar and vaginal cysts 
are often asymptomatic and discovered on rou-
tine gynecological examination. The evaluation 
of these cysts includes a detailed history, thor-
ough physical examination, and possibly imag-
ing. Asymptomatic cysts can be observed while 
symptomatic or infected cysts should be actively 
managed. Patient demographics and cyst charac-
teristics should guide the clinician as to what sur-
gical procedure to employ. Techniques include 
incision and drainage, marsupialization, and exci-
sion. Incision and drainage with epithelialization 
of the drainage tract as well as marsupialization 
have good outcomes with low complication and 
recurrence rates. Defi nitive treatment is achieved 
by cyst excision. Clinicians should have a low 
threshold to biopsy of any concerning or recur-
rent lesion.     
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     Abbreviations 

   CIC    Clean intermittent catheterization   
  BNC    Bladder neck closure   
  SPT    Suprapubic catheter   
  TPN    Total parenteral nutrition   
  SBO    Small bowel obstruction   
  TV    Transvaginal   
  TP    Transperineal   

          Background 

 Transvaginal closure of the bladder neck in 
the female patient is indicated for those with a 
devastated outlet, usually caused by chronic 
indwelling urethral catheter placement. Many 
of these patients have a neurogenic etiology for 
either urinary retention or urinary incontinence. 
Chronic catheterization leads to urethral erosion 
and destruction, ultimately resulting in a patulous 
urethra that cannot be maintained in the bladder. 
Management is limited as many of these patients 

are debilitated due to their comorbid conditions. 
There is often an inadequate amount of residual 
urethra to allow for placement of a pubovaginal 
sling, and many of these patients are unwilling 
or unable to undergo urinary tract reconstruction. 
Therefore, the best option is often bladder neck 
closure with suprapubic tube (SPT) placement. 
Transvaginal closure is an outstanding option that 
does not require an abdominal incision, making 
it a viable minimally invasive option; however, 
vaginal techniques can be technically challeng-
ing for inexperienced vaginal surgeons. Primary 
complications include fi stula formation, bladder 
stones, SPT site leakage or stenosis, and wound 
infection. Transvaginal closure of the bladder 
neck carries less morbidity but may require more 
than one procedure to achieve continence.  

    Indications for Transvaginal Closure 
of the Bladder Neck 

 Transvaginal closure of the bladder neck in a 
female patient is indicated for the devastated 
bladder outlet, usually caused by chronic indwell-
ing urethral catheter placement. Chronic urethral 
catheters are placed for a variety of indications, 
including urinary incontinence refractory to other 
treatments and urinary retention. Many patients 
with indwelling urethral catheters have a neuro-
genic etiology (i.e., multiple sclerosis, spinal 
cord injury, spinal dysraphism, or stroke) as the 
cause of their lower urinary tract dysfunction. 
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However, as the population ages and treatment of 
incontinence in the debilitated aging patient con-
tinues to be a challenge, chronic indwelling cath-
eter usage may be seen with increasing frequency 
in this patient population as well. 

 The typical clinical situation would be one in 
which a patient undergoes placement of a ure-
thral catheter as she is unwilling or not medi-
cally able to undergo any more invasive form of 
treatment for urinary incontinence or retention. 
These patients are generally not optimal candi-
dates for clean intermittent catheterization (CIC) 
for reasons such as physical debilitation, poor 
hand function, or simply unwillingness to cath-
eterize. In addition, most skilled nursing facili-
ties are unable to maintain patients on a regular 
CIC program; indwelling catheter placement is 
a much easier initial option for both the patient 
and the nursing staff. Male patients with urinary 
incontinence have the option of using a condom 
catheter; unfortunately, there is not a similar 
alternative for female patients. Chronic indwell-
ing catheters are known to have complications 
including urinary tract infections, urinary tract 
calculi, catheter plugging, cellular toxicity, and 
malignancy [ 1 ]. Furthermore, pressure from the 
catheter, balloon, and poor management of cath-
eter by the patient or ancillary staff all contribute 
to urethral erosion and destruction (Fig.  15.1 ) 

[ 2 ]. With urethral erosion, further leakage around 
the catheter can occur which frequently leads to 
upsizing of the catheter or the balloon, resulting 
in even further damage to the urethra over time. 
The urethra become patulous and catheters are 
frequently pulled out or cannot be maintained in 
the bladder leading to a decreased bladder capac-
ity, as the bladder can no longer fi ll and cycle. 
The damage can lead to traumatic hypospadias 
and/or anterior urethral erosion to the level of the 
pubic symphysis.

   Management options for these patients are 
limited. Unfortunately many of these patients are 
debilitated secondary to their medical comorbidi-
ties and poor nutritional status. The use of pads 
or diapers can be problematic for management 
of pressure ulcers and wounds, which are com-
monplace in this subset of patients. Suprapubic 
catheters have been successfully used in some 
patients; however, many patients will still have 
signifi cant leakage per urethra due to the damage 
caused by the initial indwelling urethral catheter. 
Transvaginally placed slings, although theoreti-
cally are useful as they allow for continued access 
to the bladder through the native urethra, do not 
usually give enough support to achieve continence. 
In addition, there may not be an adequate amount 
of residual urethral length to allow for sling place-
ment if the urethral damage is severe enough. 

  Fig. 15.1    Urethral erosion 
as demonstrated by a wide, 
patulous urethra       
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 Reconstruction of the lower urinary with vari-
ous methods have been described but many 
patients are not willing or medically appropriate 
to undergo such procedures. In patients who are 
willing and able to undergo urinary tract recon-
struction, closure of the bladder neck is usually 
achieved transabdominally at the same time as 
their reconstruction. This type of closure is more 
invasive but has been reported to have lower rates 
of fi stula formation postoperatively compared to 
transvaginal repair. 

 Transvaginal bladder neck closure (BNC) 
with SPT placement is reserved for those patients 
whom are not candidates for more invasive recon-
struction. The primary concern with this proce-
dure is fi stula formation between the closed 
bladder neck and the vagina and may be more 
technically challenging for inexperienced pelvic 
surgeons.  

    Preoperative Evaluation 

 Preoperatively the most important decision 
is which approach to take in managing the 
patient’s incontinence. Andrews et al. described 
a series of 57 patients with long-term indwell-
ing catheters of which 39 were managed suc-
cessfully with SPT alone [ 1 ]. Similarly, Eckford 
et al. reported that 11 of 50 women with mul-
tiple sclerosis managed with indwelling cath-
eters were happy with an SPT alone even with 
a small degree of intermittent leakage from the 
urethra [ 3 ]. It is important to recognize that 
some patients, depending on the degree of ure-
thral destruction, may have enough improve-
ment in their incontinence with an SPT alone 
that they may not need further surgical inter-
vention. If this fails due to a poor outlet, then 
treatment will likely focus on an obstructing 
sling vs. bladder neck closure. Wantanabe et al. 
reported that candidates for pubovaginal sling 
must have an intact bladder neck with 1 cm of 
proximal urethral tissue in order to obtain effec-
tive compression of the urethra, which may or 
may not be the case in patients with a chronic 
indwelling catheter [ 4 ]. If bladder neck closure 
is to be done, then the decision between trans-

vaginal versus transabdominal approach needs 
to be resolved. 

 When considering abdominal versus vaginal 
approaches, various factors must be considered: 
morbidity of the procedure, planned concomitant 
procedures, prior surgeries, surgeon experience 
[ 1 ,  5 ]. Certainly avoiding an abdominal incision 
allows for decreased morbidity, but the trans-
vaginal approach is associated with higher rates 
of fi stula and/or failure [ 1 ,  2 ,  5 ]. A discussion 
with the patient regarding the lower morbidity 
but higher risk of failure and potential need for 
reoperation must take place to set appropriate 
expectations. Surgeon experience should also be 
taken into account, as less experienced vaginal 
surgeons may not fare as well with this approach. 
Levy et al. reported on a series of 12 patients, 4 of 
whom underwent transvaginal closure of the 
bladder neck alone with a 50 % success rate [ 5 ]. 
The two patients who failed and the subsequent 8 
patients underwent combined abdominal and 
transvaginal approach with 100 % success. Levy 
suggests that surgeons without signifi cant experi-
ence operating vaginally should consider an 
abdominal approach to achieve higher success. 
Ginger et al. also reported an 11 % leakage rate in 
26 patients undergoing abdominal BNC as 
opposed to a 100 % leakage rate in 2 patients who 
underwent transvaginal approach [ 2 ]. 

 As already discussed, patients with chronic 
indwelling catheters are often debilitated and 
malnourished. Poor preoperative nutrition status 
is associated with poor wound healing, increased 
infection rate, higher pulmonary complication 
rate, prolonged hospitalization, and higher mortal-
ity rates [ 6 ]. Hebbar et al. reviewed studies look-
ing at the use of total parenteral nutrition (TPN) 
or enteral feeds preoperatively and the rates of 
complications. From the VA TPN Cooperative 
Study which used 7–15 days of preoperative TPN, 
patients with severe malnourishment were found 
to have a dramatic drop in complication rate from 
42.9 to 5.3 % with the use of TPN; however, 
pooled data of all patients did not show any signifi -
cant difference. There was no difference between 
the use of TPN vs. enteral feeds. Therefore, one 
could consider using preoperative nutrition in the 
severely malnourished patient.  
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    Procedure 

 Various techniques have been described to per-
form a transvaginal closure of the bladder neck 
[ 1 – 3 ,  7 – 10 ]. The patient is placed in dorsal lithot-
omy position with adequate exposure to the ante-
rior vaginal wall using labial retraction sutures 
and/or a self-retaining retractor, with or without a 
posterior weighted speculum. If an SPT is not 
already present, one can be placed with various 
techniques. Eckford et al. describe a two stage 
technique in which an SPT is placed during the 
fi rst procedure (percutaneously or open) followed 
by a second procedure for transvaginal BNC if 
the patient continues to leak [ 3 ]. A Lowsley 
suprapubic tractor may be used to aid in SPT 
placement if desired [ 7 ]. 

 The anterior vaginal wall is infi ltrated with 
injectable saline to aid in the dissection of the 
vaginal wall from the urethra and bladder. Two 
incisions are made along the anterior vaginal 
wall: one circumferentially around the urethral 
meatus and the second as an inverted wide-based 
anterior vaginal wall fl ap beginning from the ure-
thral meatus extending past the bladder neck 
(Fig.  15.2a–f ) [ 9 ]. The urethra is dissected later-
ally over the periurethral fascia to the retropubic 
space and off of the urethropelvic ligaments fol-
lowed by transection of the urethra off of the ure-
thropelvic ligament dorsally to the inferior 
margin of the pubic symphysis. This allows for 
complete mobilization of the remaining urethra 
and bladder neck (Fig.  15.2b ). The necrotic ure-
thral tissue is then removed, which may in fact be 
the entire urethra, thus making bladder neck 
mobility extremely important. If there is viable 
urethral tissue, one can utilize a technique 
described by Rovner et al. in which the anterior 
urethra is divided toward the bladder neck and 
the bivalved urethra is rotated in an anterior and 
cephalad direction and secured to the anterior 
bladder wall with two layers of absorbable suture 
(Fig.  15.2d ). This rotates the suture line anteri-
orly, toward the retropubic space and underneath 
the pubic symphysis, minimizing overlying 
suture lines during closure of the vaginal wall 
fl ap (Fig.  15.2e, f ). In addition, if possible, we 

also try to then secure the sutures used to close 
the bladder neck to the undersurface of the pubic 
symphysis, further placing the bladder neck clo-
sure anteriorly. Mobilization of the closure 
upward should minimize the risk of postoperative 
fi stula formation. The vaginal wall fl ap is closed 
with absorbable suture and packing is placed.

   Nielson et al. describe a technique in which two 
chromic sutures are passed through the SPT site 
via the Lowsley tractor and used to tag the edges of 
the urethral closure [ 7 ]. These sutures are then 
later used to invaginate the urethral mucosa and 
pull the urethra away from the vaginal closure. 

 Flaps or graft placements are generally not 
necessary in primary repair. In cases where the 
perivesical tissues may be compromised or in 
patients with history of prior pelvic radiation, one 
can consider using a Martius fl ap for interposi-
tion [ 8 ]. In patients who have failed prior 
attempts, a combined abdominal and vaginal 
approach with omental, peritoneal, or Martius 
fl aps have been described [ 3 ,  9 ].  

    Postoperative Management 

 Appropriate postoperative management is critical 
to success of abdominal or transvaginal closure 
of the bladder neck. Ginger et al. found an asso-
ciation with poor postoperative catheter care and 
leakage [ 2 ]. They found that 13 of 29 patients had 
documented poor catheter management by their 
caregivers which included poor securing of the 
SPT, inadequate catheter irrigation, clogging, 
kinking, and dislodgement. 7 of 8 patients with 
persistent leakage postoperatively (6 urethral and 
2 around SPT) were associated with poor cathe-
ter care. This stresses that not only an adequate 
catheter size should be used but also that cathe-
ters need to be appropriately secured at all times 
and irrigated if necessary to ensure that it is 
draining appropriately. 

 Equally important to adequate catheter 
drainage is management of detrusor overactiv-
ity. Ginger et al. demonstrated detrusor overac-
tivity in 12 of 23 patients preoperatively [ 2 ]. 
Stoffel et al. also showed that 10 of 12 neuro-
genic patients had poorly compliant bladders 
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  Fig. 15.2    ( a – f ) TV BNC with posterior urethral fl ap. ( a ) 
Vaginal wall fl ap developed and dorsal semilunar incision is 
made above the urethra. ( b ) Dissection continued above ure-
thra into retropubic space. Pubourethral and urethropelvic 
ligaments taken down, mobilizing urethra and anterior blad-
der neck. ( c ) Dorsal urethra bivalved and incision carried 
onto anterior bladder neck for 2–3 cm. ( d ) Dorsally bivalved 
urethra then rotated cephalad toward anterior bladder wall 

incision. ( e ) Ventral urethral fl ap affi xed high on anterior 
bladder wall, such that when bladder rotates into anatomic 
position, suture line rotates under symphysis pubis. ( f ) 
Vaginal wall closed as second layer with no overlapping 
suture lines (All: Used with permission from Rovner ES, 
Goudelocke CM, Gilchrist A, Lebed B. Transvaginal blad-
der neck closure with posterior urethral fl ap for devastated 
urethra. Urology 2011;78(1):208-212)       

 



230

on fl uorourodynamics prior to BNC with urinary 
diversion [ 10 ]. Although an SPT should allow for 
continuous bladder drainage, physiologically 
an open bladder neck prompts a bladder contrac-
tion. Higher pressures in the bladder put stress 
on the suture line, thus increasing the risk of 
postoperative fi stula formation. Administration 
of anticholinergics will potentially decrease 
this risk and should be used postoperatively (or 
continued if patient is already on them) [ 11 ]. 
The use of onabotulinumtoxinA at the time of 
BNC has not yet been studied, but presumably 
would allow for lower bladder pressures and 
higher success rates. 

 There are various complications associated 
with transvaginal closure of the bladder neck, the 
most important of which is continued leakage of 
urine and development of a vesicovaginal fi stula. 
A postoperative cystogram should be performed 
2–3 weeks following the procedure to assess the 
integrity of the repair. If a leak is suspected but 
cannot be identifi ed on cystogram, often it can be 
identifi ed on examination. Methylene blue or 
indigo carmine irrigation in the bladder can be 
used to easily identify the site of leakage if it can-
not be identifi ed. 

 If there is a leak, continued catheter drain-
age can be attempted with the hopes of eventual 
closure. No study has looked at conservative 
management of leakage after an attempted 
transvaginal BNC. In uretero-ileal anastomosis 
or abdominal BNC with fi stula, it has been sug-
gested that conservative management with con-
tinued drainage for several weeks with frequent 
catheter irrigations and placement of bilateral 
percutaneous nephrostomy tubes may lead to 
resolution of a fi stula [ 11 ]. If a patient has a leak 
on cystogram with bladder fi lling, but is clini-
cally dry, these patients can usually be managed 
with regular SPT changes monthly and do not 
require further intervention unless the fi stula 

progresses and becomes clinically relevant. For 
a matured fi stula tract, repeat surgery may be 
considered. The choice of transvaginal versus 
transabdominal versus combined approach is at 
the discretion of the surgeon. Those surgeons 
with more vaginal experience may consider a 
repeat transvaginal approach with or without a 
Martius fl ap. Less experienced vaginal surgeons 
may consider an abdominal approach or com-
bined abdominal and transvaginal approach. If 
the repair is not salvageable, more invasive mea-
sures for urinary diversion may be considered 
including cystectomy with continent or inconti-
nent diversion.  

    Complications 

 Fistula rates for transvaginal BNC are variable, 
ranging from 0 to 100 % (Table  15.1 ) [ 1 – 3 ,  5 ,  7 , 
 9 – 12 ]. After revision, fi stula rates drop to 0–25 % 
[ 1 ,  3 ,  9 – 11 ]. Abdominal BNC fi stula rates are 
notably lower with both primary repair (0–18 %) 
and after revision (0–6 %) [ 1 ,  2 ,  10 ,  11 ,  13 ,  14 ].

   Other complications of transvaginal BNC sur-
gery include bladder stones, SPT site leakage, 
SPT site stenosis, leakage around SPT, and 
wound infection. If associated bladder augmenta-
tion procedures are performed, further complica-
tions can arise including intestinal fi stulae, stomal 
stenosis, small bowel obstruction (SBO), and 
poor bladder compliance.  

    Summary 

 Overall, transvaginal closure of the bladder neck 
is well tolerated and carries less morbidity than 
an abdominal approach; however, patients may 
require more than one procedure to achieve 
continence.     
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   Table 15.1    Comparison of complication rates of transvaginal and transabdominal BNC   

 Author 
 Approach 
(number of patients)  Follow-up  Complications  Fistula rate 

 Zimmern et al. [ 12 ]  Transvaginal (6)  TV 0 % 
 Nielsen et al. [ 7 ]  Transvaginal (5)  35 months (10–78)  SPT site stenosis 20 %  TV 20 % 
 Eckford et al. [ 3 ]  Transvaginal (50)  6.5 years (2–17) a   Bladder stones 42 % 

 Catheter blockage 79 % 
 Redo SPT 11 % 

 TV 22 % 
 8 % after 2nd 
revision 

 Levy et al. [ 5 ]  Transvaginal (4) 
 Combined (10) b  

 15.6 months (6–40)  TV 50 % 
 Combined 0 % 

 Andrews et al. [ 1 ]  SPT (39) 
 Urethral Recon (6) 
 Transvaginal (8) 
 Abdominal with 
augment(4) 

 4.6 years (0.5–9.5)  Bladder stones 6 % 
 SPT site leakage 6 % 

 Urethral Recon 
33 % 
 TV 50 % 
 25 % after revision 
 Abdominal 0 % 

 Shpall et al. [ 11 ]  Abdominal with 
augment (39) 

 36.9 months (7–173)  Stomal Dysfunction 15 % 
 Wound Infection 3 % 
 Retained sponge 3 % 
 Stones 13 % 

 Abdominal 15% 
 3 % after revision c  

 O’Connor et al. [ 14 ]  Abdominal 
with SPT (15) 
 Abdominal with 
Continent Stoma (12) 
 Abdominal with 
Ileovesicostomy (5) 

 78.6 months 
(12–164) 

 Vesicocutaneous 
fi stula 6 % 
 Enterocutaneous 
fi stula 3 % 
 SBO 3 % 
 Stomal stenosis 9 % 
 Bladder stone 6 % 

 Abdominal 17 % 
 6 % after revision 

 Stoffel et al. [ 10 ]  Transperineal (4) d  
 Transvaginal (8) d  

 20 months (9.2–27)  Poor bladder 
compliance 8 % 

 75 % (all patients 
1 procedure) 
 TV 12.5 % after 
revision 
 TP 0 % after 
revision 

 Spahn et al. [ 13 ]  Abdominal with 
continent diversion 
(17) 

 68 months (12–129)  Vesico-intestino- cutaneous 
fi stula 6 % 
 Stomal Stenosis 24 % 
 Stones 12 % 

 Abdominal 18 % 
 0 % after revision 

 Ginger et al. [ 2 ]  Transvaginal (2) 
 Abdominal (26) 
 Perineal (1) 

 38.2 months 
(0.9–104) 

 SPT dysfunction 24 % 
 Wound infection 21 % 
 SPT leakage 3 % 
 SBO 3 % 
 Urosepsis 3 % 
 Stones 10 % 

 TV 100 % 
 Abdominal 12 % 
 Perineal 100 % 

 Rovner et al. [ 9 ]  Transvaginal (11)  9.6 months (1–36)  Cellulitis 9 %  9 % 
 0 % after revision 

   a Only 19 patients had data for review 
  b 2 patients were failed transvaginal BNC 
  c One patient had spontaneous resolution of fi stula 
  d Patients underwent concomitant bladder augmentation  
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           Introduction 

 Fecal incontinence is defi ned as the involuntary 
passage or the inability to control the elimination 
of stool or fecal material from the anus [ 1 ]. 
Incontinence can be characterized as being pas-
sive—the involuntary discharge of stool or gas 
without awareness, urge—the discharge of stool 
in spite of active attempts to retain bowel con-
tents, or seepage—the leakage of stool following 
an otherwise normal evacuation. In addition, 
symptoms can range from mild leakage to com-
plete loss of control of both liquid and solid stool. 
Nevertheless, this problem can be socially devas-
tating and can have signifi cant emotional and 
psychological impact on quality of life. Fecal 
incontinence is one of the most common causes 
of institutionalization in the elderly and it 
accounts for signifi cant expense. There is limited 
information regarding the economic burden of 
this disease and the total costs remain diffi cult to 
measure. In a study following 63 patients with 
fecal incontinence, it was estimated that the aver-
age lifetime cost associated with treatment and 
follow-up was $17,166 per patient in 1996 with 

average facility charges associated with sphinc-
teroplasty to be $8,555 per procedure [ 2 ]. 

 The prevalence of fecal incontinence is diffi -
cult to estimate, as it is frequently underreported 
due to embarrassment and reluctance of patients 
to discuss symptoms with their physicians. In a 
recent study, more than two-thirds of women 
with symptoms of incontinence had never dis-
cussed their condition with a physician. The lack 
of care-seeking for this symptom was hindered 
by embarrassment, perception that symptoms are 
a normal part of aging, development of personal 
coping skills, and the perception that there is no 
treatment available, among other reasons [ 3 ]. 
Nonetheless, quoted prevalence rates vary from 
1.4 % to 19 % with higher rates in nursing home 
residents, parous females, patients with cognitive 
impairment or neurologic disorders, and the 
elderly [ 3 – 6 ]. Even though it is primarily a prob-
lem in the elderly population, younger groups are 
affected as well. Obstetric factors can be impli-
cated in this latter group as the incidence of tem-
porary or permanent fecal incontinence after 
vaginal delivery can reach 3 % or more [ 7 ]. This 
population, however, is complex because 
although we know that anal sphincter injury is an 
important factor, it has been shown that mode of 
delivery does not affect the prevalence of fecal 
incontinence [ 8 ]. 

 Although it is diffi cult to estimate the exact 
incidence and prevalence of this condition, we 
know that the causes are many times multifacto-
rial. Continence depends on many elements such 
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as colonic transit, stool consistency, rectal reser-
voir function, anorectal sensation, muscle inner-
vation, and internal and external sphincter muscle 
function. Interfering with one or more of these 
factors can lead to issues with incontinence.  

    Etiology 

    Obstetric Injury 

 Obstetric injury is the most commonly cited 
cause of incontinence in females [ 9 ]. At 3–6 
months after delivery, as many as 13 to 25 % of 
women report fecal incontinence [ 10 ,  11 ]. 
However, the prevalence falls to 1 to 6 percent by 
12 months postpartum [ 12 ,  13 ]. Sphincteric 
injury is clinically recognized in approximately 
10 % of all vaginal deliveries but many other 
women may have unrecognized damage to the 
sphincter. Risk factors for sphincteric disruption 
include forceps delivery, occipitoposterior 
 position, a prolonged second stage of labor, 
mediolateral episiotomy, and primiparity [ 14 –
 16 ]. Additionally, as touched upon previously, 
women who give birth vaginally and do not suffer 
a sphincter laceration, and even those who 
undergo cesarean delivery, may also develop 
fecal incontinence [ 8 ,  17 ]. This may be related to 
pelvic fl oor denervation resulting from compres-
sion or traction injury to the pudendal nerves.  

    Congenital 

 Anorectal malformations represent a spectrum of 
defects that are characterized by absence of an 
external anal orifi ce. They are categorized as 
being low (perineal fi stula, vestibular fi stula) or 
high (rectourethral fi stula, rectovesical fi stula, 
anal atresia without fi stula, rectal atresia, or per-
sistent cloaca). Anorectal malformations occur in 
approximately 1 in 5,000 live births. Operative 
procedures depend on the type of deformity but 
the goal is to create a perineal opening with ade-
quate sensory and motor control [ 18 ]. Even with 
adequate surgical repair, it is well known that 
these patients have many issues with pelvic fl oor 

dysfunction characterized by constipation and 
fecal incontinence as well as urinary and sexual 
dysfunction [ 19 ,  20 ]. Reported rates of inconti-
nence vary, but in a large retrospective study 
from Germany, complete continence was found 
in only 27 % of patients and 74 % of patients had 
some degree of soiling. Only approximately 
50 % of this cohort followed a bowel manage-
ment program consisting of enemas, supposito-
ries, and/or anal plugs and still more than 80 % of 
these patients had persistent soiling [ 20 ].  

    Iatrogenic 

 Fecal incontinence is a common sequelae of ano-
rectal surgery. The most common procedures to 
cause symptoms of incontinence are those for 
anal fi ssure and for fi stula-in-ano. Although both 
of these procedures involve cutting some degree 
of sphincter muscle, the mere use of an anal 
retractor can cause damage to the internal sphinc-
ter muscle with resultant postoperative seepage 
or leakage of stool. 

 The theory behind treatment for anal fi ssure is 
reduction of elevated sphincter tone. The fi rst line 
of treatment is usually medical treatment such as 
topical nitroglycerin, topical calcium channel 
blocker, or botulinum toxin injection. When con-
servative treatment fails, surgical treatment is 
usually indicated. The most common surgical 
procedure to treat this condition is lateral transec-
tion of the internal sphincter muscle or lateral 
internal sphincterotomy. This procedure is highly 
effective for treatment of anal fi ssure but fecal 
incontinence is a reported complication. In a 
study from Brazil, it was noted that the rates of 
incontinence were decreased depending on the 
amount of internal sphincter muscle that was 
divided. When less than 25 % (<1 cm) of the 
sphincter muscle was divided, there were no 
patients that suffered from postoperative fecal 
incontinence [ 21 ]. 

 Perianal infections or abscesses are one of the 
most common benign anorectal disorders treated 
by colon and rectal surgeons. Of all patients who 
present with an initial perianal abscess, up to 
one-third will develop a chronic or recurrent anal 
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fi stula [ 22 ]. Although the principal goal is to 
eradicate the fi stula and minimize the risk of 
recurrence, it is also important to preserve conti-
nence. There are many different surgical proce-
dures available to treat anal fi stulas. The most 
effective procedure is fi stulotomy which entails 
division of a variable degree of anal sphincter 
muscle. Although the success rate for this proce-
dure can approximate 90 %, postoperative incon-
tinence has been noted in up to 40 % of patients. 
Patients who are predisposed to incontinence 
include those with baseline incontinence, patients 
with a history of anal operations, women with 
anterior based fi stulas, and patients with high- 
tracts involving a signifi cant amount of sphincter 
muscles [ 23 – 25 ]. 

 Procedures other than anorectal surgery can 
result in incontinence. Although the vast majority 
of patients with rectal cancer can now be treated 
with sphincter sparing procedures, there is still 
frequently postoperative compromise of anorec-
tal function. While sphincter function may be 
preserved, capacity of the neo-rectum, maximum 
tolerable volume, and rectal compliance may be 
reduced resulting in an increased stool frequently 
and episodes of incontinence. Postoperative con-
tinence is even poorer if treatment with radiation 
and chemotherapy is used [ 26 ].  

    Neurogenic 

 Denervation of the pelvic fl oor muscles, specifi -
cally the puborectalis and the external anal 
sphincter, has been described in up to 80 % of 
patients with idiopathic fecal incontinence. 
Descending perineal syndrome has been impli-
cated in this denervation. Similar to the mecha-
nism causing postpartum pudendal neuropathy, 
chronic straining for stool can also cause traction 
injury to the perineal branches of the pudendal 
nerve. A vicious cycle then results in further 
weakness of the pelvic fl oor and the subsequent 
need for more straining. This theoretically leads 
to denervation causing incontinence [ 7 ,  27 ]. 

 Spinal cord injuries and neurologic conditions 
can also cause incontinence. The pathophysiol-
ogy leading to incontinence in these patients is 

complex. Colonic transit time is prolonged lead-
ing to constipation and often fecal impaction. 
The ability to voluntarily contract or relax the 
external anal sphincter is absent or reduced while 
the function of the internal sphincter muscle is 
normal. When the rectum is full the internal 
sphincter will relax; however, the patient may be 
unable to completely relax the external anal 
sphincter. This may contribute to constipation 
and impaction. This, in combination with an 
intact rectoanal inhibitory refl ex (RAIR) leads to 
leakage of liquid stool around hard impacted 
stool in the rectum and incontinence [ 28 ].  

    Rectal Prolapse 

 Rectal prolapse can be associated with constipa-
tion or incontinence. Approximately 50–75 % of 
patients with rectal prolapse report fecal inconti-
nence [ 29 ]. The pathophysiology causing incon-
tinence is multifactorial. The prolapsed rectum 
causes chronic stretching of the anal sphincter 
muscles, inhibition of the internal anal sphincter 
muscle due to constant stimulation of the RAIR, 
mechanical disruption of the sphincter, impair-
ment of anorectal sensation, and denervation of 
the pelvic fl oor muscles [ 7 ]. Improvement of 
continence after surgical correction of prolapse 
occurs in approximately two-thirds of patients 
[ 29 ,  30 ].   

    Assessment 

 As with any diagnosis, a proper and complete 
history and physical examination is necessary. In 
the case of fecal incontinence, concentration is 
mainly toward the perineal exam. Patients are 
examined in the left lateral decubitus or the prone 
jackknife position. First external inspection is 
performed. Observation should be made if the 
patient wears a pad, what is on the pad, and if 
there is stool externally on the skin. Documenting 
the presence of previous surgical scars or 
 evidence of a previous obstetric injury is neces-
sary. Inspection should be made for fi stulous 
openings or any other signifi cant deformities. 
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Notation should be made if the anus is patulous 
or open when the buttocks are separated. With the 
patient bearing down, the physician should 
inspect for hemorrhoidal, mucosal, or full thick-
ness rectal prolapse. While straining, if the 
perineum balloons down, this indicates weakness 
of the pelvic fl oor or in more severe cases 
descending perineum syndrome. 

 Digital rectal exam should assess resting anal 
sphincter tone which is a function of the internal 
sphincter. With the fi nger in the rectum, the 
patient should be asked to squeeze simulating 
their ability to hold in a bowel movement. 
Assessment can be made if the squeeze is nor-
mal, decreased, poor, or absent which will deter-
mine external sphincter function. The examiner 
can feel the amount and consistency of stool in 
the rectum or if the patient is impacted with hard 
stool. Digital exam may reveal a rectocele by 
pushing the anterior wall of the rectum anteriorly 
and downward into the vagina. By performing a 
bimanual exam with a fi nger in the vagina and the 
rectum, the thickness of rectovaginal septum can 
be evaluated. By asking the patient to squeeze 
and then bear down, one can determine for the 
presence of anismus or paradoxical contraction. 

 Anoscopy, proctoscopy, or fl exible sigmoidos-
copy can be performed in the offi ce to look for 
infl ammation or proctitis. This can explain symp-
toms of diarrhea or signifi cant mucus production. 
Other pathologies can cause signifi cant mucus 
production such as a solitary rectal ulcer which 
can frequently be found in patients with rectal 
prolapse or internal intussusception or large vil-
lous adenomas. Findings during physical exami-
nation should be described and recorded properly. 
Other studies can be ordered or added as adjuncts 
to physical examination on an as needed basis.  

    Physiologic Testing 

    Anorectal Manometry 

 Anorectal manometry provides an objective 
assessment of anal sphincter resting and squeeze 
pressures as well as an evaluation of rectal sensa-
tion, rectoanal refl exes, and rectal compliance. 

There are different types of systems available 
including a water-perfused probe with multiple 
closely spaced sensors or a solid-state probe with 
micro-transducers. The latter tend to be easier to 
calibrate and possibly more accurate [ 31 – 33 ]. 
Although manometry gives a reliable, reproduc-
ible, and objective assessment of anal sphincter 
function, the fi ndings do not consistently corre-
late with severity of fecal incontinence. Anal 
pressures in normal individuals have a large 
range and vary with age and gender. Patients with 
low values may be continent whereas high pres-
sures do not guarantee continence. Nevertheless, 
the test may infl uence management decisions, but 
it may not reliably predict postoperative results.  

    Pudendal Nerve Terminal Motor 
Latency 

 Pudendal Nerve Terminal Motor Latency 
(PNTML) measurement is an assessment of 
pudendal nerve function. This test can be per-
formed in conjunction with anal manometry and 
specifi cally measures neuromuscular integrity 
between the terminal portion of the pudendal 
nerve and the anal sphincter (Fig.  16.1 ) [ 1 ].

   This test employs a disposable electrode that 
is placed around the gloved fi ngertip and inserted 
into the rectum (Fig.  16.2 ). Transrectal stimula-
tion of the pudendal nerve is performed while 
measuring the time from electrical stimulus of 
the pudendal nerve to the onset of the electrical 
response in the muscles of the pelvic fl oor 
(Fig.  16.3 ). Prolonged PNTML indicates puden-
dal neuropathy. Unfortunately normal latencies 
do not exclude nerve injury as only the fastest 
remaining conducting fi bers are recorded [ 34 ]. In 
addition, there can be anatomic overlap of the 
pudendal innervation on both sides of the exter-
nal anal sphincter [ 35 ].

        Endorectal Ultrasound 

 In women with suspected obstetrical injury or 
patients who have a history of anorectal proce-
dures, endorectal ultrasound is a simple test for 
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defi ning defects in the internal and external anal 
sphincter muscles. The most frequently used 
instruments have a 360° rotating transducer and 
work with 7 or 10 MHz. More recently three 
dimensional probes have become popular. Both 
sphincters can be visualized and length and width 
can be determined. Atrophy, scar tissue, and 
defects in the sphincters can also be seen [ 18 ] 
(Fig.  16.4 ). This technique, similar to ultrasound 
in other areas of the body, is operator dependent 
and requires training and experience. However, 
when performed by an experienced clinician, this 
test approaches 100 % sensitivity and specifi city 
in identifying sphincter defects [ 36 – 38 ].

       Defecography 

 Defecography can be performed under fl uo-
roscopy or using Magnetic Resonance Imaging 
(MRI). Both techniques involve fi lling the rectum 
with either a barium paste in the case of fl uoro-
scopic imaging or ultrasound gel in the case of 

MRI. Static images at rest and during squeezing 
and pushing allow measurement of the anorec-
tal angle (Fig.  16.5a, b ), perineal descent, and 
anal canal length. It has been demonstrated that 
the anorectal angle is increased in pelvic fl oor 
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  Fig. 16.1    Anatomy of pudendal nerve       

  Fig. 16.2    Probe used for pudendal nerve terminal motor 
latency test ( Source :   http://www.glowm.com/section_
view/heading/Neurophysiologic%20Testing%20of%20
the%20Pelvic%20Floor/item/57    . Used with permission)       
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  Fig. 16.4    Endorectal ultrasound demonstrating an external sphincter defect       
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  Fig. 16.3    Schematic representation of the system for mea-
suring the pudendal nerve terminal motor latency (PNTML). 
Latency of the evoked muscle action responses in external 
anal sphincter (EAS) muscles is recorded after stimulation of 
both right-sided and left-sided pudendal nerve at the point of 
ischial spines. A. Stimulating anode. B. Stimulating cathode. 

C. Ground electrode. D. Recording electrodes (Used with 
permission from Tomita R, Igarashi S, Ikeda T, Koshinaga T, 
Fujisaki S, Tanjoh K. Pudendal Nerve Terminal Motor 
Latency in Patients with or without Soiling 5 years or more 
after Low Anterior Resection for Lower Rectal Cancer. 
World Journal of Surgery. 2007; 31(2): 403–408)       
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denervation as a sign of pelvic fl oor weakness. 
However there is wide interobserver variation in 
the measurement of the anorectal angle which 
perhaps makes quantifi cation of limited clinical 
value [ 18 ]. Rectal intussusception, full thick-
ness prolapse, rectoceles, and enteroceles can 
also be observed. Fluoroscopic defecography 
tends to be a better test in some cases since the 
patients are sitting up in the actual position in 
which one normally defecates, whereas during 
MR defecography the patient is laying supine 
and it is often diffi cult to evacuate the gel in this 
non- physiologic position. In addition, although 
both tests can detect a number of abnormalities, 
these abnormalities can also be seen in otherwise 
asymptomatic individuals and their presence 
often correlates poorly with impaired evacuation 
[ 39 ,  40 ].

        Treatment 

    Medical 

 After a complete history and physical examina-
tion with the addition of necessary physiologic 
tests, supportive measures are frequently the fi rst 
approach. It is recommended for patients to keep 
a bowel and food diary to try and identify offend-

ing agents. For patients with diarrheal stool, one 
would have patients cut lactose and dairy out of 
the diet to evaluate for possible triggers. Trying 
to promote a regular ritualized bowel habit is also 
important. Often times, patients will not empty 
their rectum completely and residual stool in the 
rectum may seep or leak out. In these cases, 
bowel management programs and a regular 
enema may be useful to promote more complete 
evacuation. This type of regimen is especially 
helpful in patients with spinal cord injuries. In 
patients with loose or segmented stools, a fi ber 
supplement is often recommended. Fiber helps to 
bulk the stool and promote complete emptying all 
at once as opposed to having to go back and forth 
to the bathroom several times. Unfortunately, 
fi ber supplements can potentially worsen diar-
rhea by increasing colonic fermentation. 

 For patients with liquid or even mushy stools, 
Loperamide (Imodium ® —McNeil Consumer & 
Specialty Pharmaceuticals, Fort Washington, PA) 
and diphenoxylate/atropine (Lomotil ® —Pfi zer, 
New York, NY) can produce modest improve-
ment in symptoms related to fecal incontinence. 
A placebo controlled study of loperamide 4 mg 
TID has been shown to reduce the frequency of 
incontinence, improve stool urgency, increase 
colonic transit time, reduce stool weight, and 
interestingly, increase anal resting sphincter 
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  Fig. 16.5    ( a ,  b ) Normal anorectal angle at rest ( a ) and with straining ( b )       
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 pressure [ 41 – 43 ]. Other medications that can 
be used are Codeine sulfate, which can cause 
drowsiness and addiction, or Cholestyramine 
(Questran ® —Par Pharmaceuticals Inc., Spring 
Valley, NJ), which is a bile acid binding agent 
(Table  16.1 ).

       Biofeedback 

 Behavioral therapy using “operant condition-
ing” techniques has been shown to improve 
bowel function and incontinence [ 44 ]. The main 
principle is that patients acquire new and better 
behaviors through a process of trial and error. 
The goals of biofeedback are to improve the 
strength of the anal sphincter muscles, improve 
the coordination between the abdominal, gluteal, 
and anal sphincter muscles, and enhance the ano-
rectal sensory perception [ 1 ]. The benefi t is vari-
able, but improvement in as much as 64–89 % 
of patients has been reported [ 45 ,  46 ]. Careful 
selection of patients is crucial and includes fac-
tors such as motivation, ability to understand 
instruction, some rectal sensation preservation, 

and ability to contract the external anal sphincter 
voluntarily [ 47 ].  

    Anal Plugs 

 The anal plug enables controlled evacuation and 
helps reduce skin complications by temporarily 
occluding the anal canal. The plug is attached to 
the perineum using tape and can easily be 
retrieved. It is effective in controlling inconti-
nence in a minority of patients who can tolerate 
its use [ 14 ] (Fig.  16.6 ).

       Surgical Modalities 

 Surgery should be considered in selected highly 
symptomatic patients who have failed conserva-
tive measures. 

    Anal Encirclement Procedures 
 Anal encirclement was originally described by 
Thiersch in 1891 for the treatment of complete 
rectal prolapse. This was later adopted for the 

   Table 16.1    Classifi cation of antidiarrheal medications   

 Category  Mechanism of action  Medication 

  Adsorbents  
 Fiber supplements  Adsorb water 

 Reduce fecal water content 
 Increase consistency of stool 

 Psyllium husk (Metamucil ® ) 
 Methylcellulose (Citrucel ® ) 
 Guar gum 
 Calcium polycarbophil (FiberCon ® ) 
 Wheat dextrin (Benefi ber ® ) 

 Bile acid sequestrant  Forms insoluble complexes with bile acid 
 Makes bile acids osmotically inactive 

 Cholestyramine (Questran ® ) 

  Antispasmodics   Decreases motility 
 Slows passage of stool 
 Allows more time for salt and water to be absorbed 

 Opiods (Codeine sulfate) 
 Diphenoxylate/atropine (Lomotil ® ) 
 Diphenoxin/atropine (Motofen ® ) 
 Loperamide (Imodium ® ) 

 Inhibits hormonal secretion 
 Decreases motility 
 Decreases secretion 

 Octreotide acetate (Sandostatin ® ) 

  Anti-infl ammatory   Stops expulsion of fl uid into the bowel lumen by 
coating the mucosa 
 Reduces infl ammation/irritation of the intestinal 
mucosa 
 Antibacterial 

 Bismuth subsalicylate (Pepto-Bismol ®  
and Kaopectate ® ) 
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treatment of fecal incontinence. A variety of 
materials have been used for this procedure 
including nylon, silk, strips of fascia, silver wire, 
silastic bands, and bioabsorbable materials [ 18 , 
 48 ] (Fig.  16.7a–d ). The goal of the procedure is 
to create a rigid barrier to the passage of stool. In 
general, the perioperative morbidity rate is high 
with a variety of complications described includ-
ing fecal impaction, infection, breakage of the 
encircled material, or erosion through the skin 
[ 14 ,  49 ]. This procedure has largely been aban-
doned because of poor results and high postop-
erative complication rate.

       Radiofrequency 
 Radiofrequency energy or the Secca ®  procedure 
(Curon Medical Inc., Sunnyvale, CA) uses heat 
generated by a high-frequency alternating current 
that fl ows from four electrodes causing frictional 
movements of ions and tissue heating. This pro-
cedure is done under sedation and local anes-
thetic. The device is placed under direct vision 
into the anal canal and needles are deployed into 
the tissue and into the sphincter muscles 
(Figs.  16.8a, b  and  16.9 ). The generator then 
delivers energy (465 kHz, 2–5 W) at each needle 
electrode for 90 s or until the temperature reaches 
85 °C. The mucosa is constantly cooled by chilled 
water at the base of each needle. There is constant 

temperature monitoring and feedback to control 
the amount of energy delivered to  tissue. The 
therapeutic goal is to create thermal lesions or a 
controlled scar in the muscle while preserving 
mucosal integrity. There are variable results in 
the literature. In a study by Ruiz et al., of 24 
patients who underwent the procedure, 16 were 
available for follow-up. The mean treatment time 
was 46 min and the number of radiofrequency 
lesions in the anal canal varied from 31 to 80. 
Four patients (25 %) experienced minor compli-
cations including bleeding, diarrhea, and consti-
pation. Four patients (25 %) had worsening of 
their incontinence and 2 patients (12.5 %) had no 
improvement. Overall, 10 of 16 patients (62.5 %) 
had improvement but still had moderate inconti-
nence at 1 year follow-up [ 50 ]. The exact mecha-
nism of this procedure is not known. No consistent 
changes in anal manometry or anorectal ultra-
sound have been reported [ 51 – 53 ]. More studies 
are needed to determine which patients would 
benefi t from this minimally invasive treatment.

        Bulking Agents 
 Injection of bulking agents has emerged as a new 
treatment for fecal incontinence following suc-
cess that has been reported in treating urinary 
incontinence. Many different injectable materials 
have been used including autologous fat, Tefl on, 

  Fig. 16.6    Anal plug 
(Courtesy of Coloplast, 
Minneapolis, MN)       
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bovine glutaraldehyde cross-linked collagen, 
carbon- coated zirconium beads (Durasphere ® ), 
polydimethylsiloxane elastomer, dextronamer in 
nonanimal stabilized hyaluronic acid (NASHA™ 
Dx), hydrogel cross-linked with polyacrylamide 
(Bulkamid), porcine dermal collagen (Permacol), 
silicone biomateraial (PTQ™), synthetic calcium 
hydroxylapatite ceramic microspheres, and poly-
acrylonitrile in cylinder form. These materials 

can be injected in different ways including 
through the perianal skin into the intersphincteric 
space or through the anal mucosa into the submu-
cosa. Injection can be guided digitally or can be 
done under ultrasound guidance [ 54 ]. 

 The goal of injection is to bulk up the tissue 
inside the anal canal in order to approximate the 
anal mucosa. In doing so, this should close the 
anal canal or raise the pressure inside the anal 

  Fig. 16.7    ( a – d ) Anal encirclement (Thiersch) procedure       
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canal to prevent leakage of stool. Studies looking 
at the results of this treatment are limited. There 
is lack of information regarding the volume of 
injection, ideal site of injection, and the route it 
should be injected. One large randomized trial 
comparing NASHA™ Dx to sham injections 
demonstrated that NASHA™ Dx is effi cacious in 
the treatment of fecal incontinence with a follow-
 up of 12 months [ 55 ]. There are no studies look-
ing at long-term benefi t. In a review of all the 
studies published to date, the injection of bulking 
agents appears relatively safe; however, minor 
adverse events are relatively common (discom-
fort, pain, bleeding, abscess, and leakage of 
injected material) [ 54 ,  55 ] (Fig.  16.10 ).

       Overlapping Sphincteroplasty 
 Overlapping sphincteroplasty is offered to 
highly symptomatic patients with an anterior 
external anal sphincter defect secondary to an 
obstetric or iatrogenic trauma. The procedure 
typically involves a full mechanical bowel prepa-
ration and pre-procedure intravenous antibiotics. 
A transverse incision is made over the perineum. 
Dissection is carried up to the level of anorectal 
ring and the anal mucosa is separated from the 
sphincter complex. Care is taken not to carry the 
dissection too far laterally as the nerve supply to 
the external anal sphincter enters posterolaterally. 
The fi brous remnant of the external anal sphinc-
ter is then divided. End-to-end repair has been 

  Fig. 16.8    ( a ,  b ) Secca ®  Radiofrequency device (Courtesy of Mederi Therapeutics, Norwalk, CT;  © 2014 Mederi 
Therapeutics, Inc.)       

  Fig. 16.9    Secca ®  procedure (Courtesy of Mederi Therapeutics, Norwalk, CT;  © 2014 Mederi Therapeutics, Inc.)       
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described but retraction of the ends of the muscle 
and lack of a bulking effect because of excision 
of the scar tissue has been implicated in the sub-
optimal results [ 56 ]. 

 For overlapping repair, the scar at the ends 
of the sphincter is preserved to aid in anchoring 
the sutures. The ends of the mobilized external 
sphincter are overlapped and sutured together 
with absorbable mattress sutures. Plication of 
the internal anal sphincter may be concurrently 
performed. Anterior levatoroplasty and closure 
of the perineal incision in a V–Y manner can 
help to bulk up the perineal body and increase 
the anovaginal distance. Typically, the wound 
is left partially open to promote drainage [ 18 ] 
(Fig.  16.11a–d ). Satisfactory results, which are 
defi ned as continence for solid and liquid stools, 
have been reported in 70–100 % of patients [ 7 ]. 
However, the majority of patients will not have 
perfect continence, and many patients will have 
residual symptoms. Some patients may even 
develop new evacuation problems [ 57 ]. The most 
important factor in the return of normal sphinc-
ter function seems to be an increase in squeeze 
pressures [ 58 ]. Poor outcome is usually associ-
ated with pelvic fl oor denervation or a residual 
sphincter defect [ 59 ,  60 ].

   In a study looking at functional results of 
sphincter repair after a median of 10 years, zero 
patients were fully continent to fl atus or stool 
[ 61 ]. Reasons for failure or decline of continence 
can be explained by weakening of the muscle 
because of normal aging, repair breakdown, or a 
combination of these factors [ 62 ]. Repeat sphinc-
ter repair can be performed in patients with recur-
rent symptoms, especially if breakdown of the 
repair is verifi ed on endoanal ultrasound. It has 
been demonstrated that the long-term results of a 
repeat sphincter repair are approximately equiva-
lent to those for primary overlapping sphincter 
repair [ 63 ].  

    Postanal Repair 
 Postanal repair was fi rst described by Sir Alan 
G. Parks in 1975 [ 64 ]. This technique was 
described specifi cally for idiopathic or neuro-
genic incontinence and for incontinence follow-
ing surgery for the repair of rectal prolapse. 
These conditions are associated with lengthening 
of the anorectal angle and shortening of the anal 
canal as a consequence of sphincter denervation 
[ 7 ]. The procedure is also advocated for patients 
with “weak” sphincters but no anatomic sphinc-
ter defect [ 14 ]. 

  Fig. 16.10    Solesta ®  injection (Courtesy of Salix Pharmaceuticals, Raleigh, NC)       
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 The procedure is performed through a curved 
incision posterior to the anus with dissection 
through the intersphincteric space, through 
Waldeyer’s fascia and into the pelvis. The ileo-
coccygeus, pubococcygeus, and puborectalis 
muscles are plicated using a series of polypropyl-
ene sutures. Further plicating sutures can be 
placed in the deep and superfi cial parts of the 
external anal sphincter muscle using polyglactin 
suture [ 18 ]. The goals of the procedure are to 
restore the anorectal angle and to tighten the anal 
sphincter muscle. Although, Parks reports suc-
cessful outcome in approximately 80 % of 
patients, these results have not been reproduced 
[ 7 ]. The mechanism of restoration of continence 
is unclear as the anorectal angle does not change 

signifi cantly following this procedure and the 
manometric evaluation of sphincter function is 
variable [ 65 ,  66 ]. Improvement after this proce-
dure may be caused by creation of a local steno-
sis or a placebo effect rather than improvement of 
muscle function [ 18 ].  

    Muscle Transposition 
 The most common skeletal muscle used in trans-
position techniques is the gracilis. Gracilis mus-
cle transposition was fi rst described by Pickrell in 
1952 [ 67 ]. The muscle is freed from its insertion, 
completely mobilized, and subcutaneously tun-
neled to the perineum. It is then wrapped around 
the anus and anchored with sutures to the contra-
lateral ischial tuberosity or the inferior ramus of 

  Fig. 16.11    ( a – d ) Overlapping sphincteroplasty (Used 
with permission from Seo CJ, Wexner SD, Davila 
GW. Reoperative Surgery for Anal Incontinence. In 

Billingham RP, Kobashi KC, Peters WA. Reoperative 
Pelvic Surgery. New York: Springer Science + Business 
Media: 2009)       
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the pubic bone. The gracilis muscle is mostly 
composed of type two muscle fi bers that are short 
acting and fast twitch fi bers. Therefore, the mus-
cle is fatigable and only contracts by will. 
Dynamic graciloplasty combines gracilis muscle 
transposition with an implantable electrical stim-
ulator. This applies chronic low-frequency stimu-
lation which functions to change the composition 
of the muscle to long acting, slow twitch, non- 
fatigable, type one muscle fi bers. The procedure 
has a variable success rate with reports as high as 
72 %. Given the steep learning curve of this tech-
nique, there is a high complication rate. Most 
complications are minor, but infection and rectal 
perforation are described [ 68 ]. Unfortunately this 
has not been approved for use in the United 
States. Other muscles that have been transposed 
include the gluteus maximus muscle [ 69 ], pubo-
coccygeus [ 70 ], transverse perineal muscle [ 71 ], 
and even the antropylorus [ 72 ]. Free muscle 
transplantation has also been described [ 73 ].  

    Artifi cial Bowel Sphincter 
 The artifi cial bowel sphincter (ABS) was adapted 
from the artifi cial urinary sphincter which was 
introduced in 1972 by American Medical 
Systems (AMS). In 1987, the fi rst description of 
the use of the artifi cial urinary sphincter was 
reported for fecal incontinence. The patient had 
an excellent result with no complications at a 
follow-up of 3 months [ 74 ]. 

 Since then, modifi cations have been made to 
the artifi cial urinary sphincter to make it more 
applicable for use around the anus which culmi-
nated in the development of the Acticon 
Neosphincter™ (AMS, Minnetonka, Minnesota). 
The procedure involves encirclement of the anus 
with an implantable fl uid-fi lled, silicone, elasto-
mer cuff that is connected by tubes to a control 
pump and a pressure-regulating balloon. Cuff 
lengths range from 7 to 14 cm with three cuff 
widths of 2, 2.9, and 2.4 cm. The control pump is 
implanted in the labia or the scrotum and the bal-
loon is implanted in the space of Retzius. The 
infl ated cuff compresses the anus all the time. 
When the patient has to defecate, the fl uid is 
manually pumped from the cuff to the balloon by 
using the control pump. The empty cuff allows 

the passage of stool and then the pressure in the 
balloon sends the fl uid back into the cuff 
(Figs.  16.12  and  16.13 ).

    In a multicenter, prospective, nonrandomized 
clinical trial looking at 115 patients, 6 patients 
were aborted because of perforation. Device- 
related complications were reported in 86 % of 
enrolled patients. Forty six percent of patients 
required device revisions to treat major adverse 
events including infection or erosion and 36 % 
required explantation. At the end of the follow-up 
period of 1 year, 75 of 112 patients (67 %) had 
functioning devices [ 75 ]. 

 The magnetic anal sphincter (MAS) 
(FENIX™; Torax Medical Inc., Shoreview, MN) 
is a novel artifi cial sphincter mechanism which 
was recently described. This was originally used 
in the treatment of gastroesophageal refl ux dis-
ease. This device is composed of a series of tita-
nium beads with magnetic cores inside. The 
beads are interlinked with titanium wires to form 

  Fig. 16.12    The Acticon ®  artifi cial bowel sphincter device 
(American Medical Systems) (Used with permission from 
Goh M, Dioknow AC. Surgery for Stress Urinary 
Incontinence: Open Approaches. In Badlani GH, Davila 
GW, Michel MC, de la Rosette JJMCH, eds: Continence. 
London: Springer Science + Business Media, 2009)       
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a fl exible ring that is implanted around the exter-
nal sphincter in a circular fashion (Fig.  16.14 ). 
The device is manufactured in different lengths 
based on the number of beads (14–20) [ 76 ].

   One major advantage of this device in contrast 
to the ABS is that it works immediately once 
implanted without the need for further manipula-
tion by the patient or the surgeon. The device is 
passively activated by the passage of stool and it 
automatically retracts back to its closed size after 
evacuation. In a study comparing 10 patients 

implanted with the ABS and 10 patients implanted 
with the MAS, there was similar 30-day compli-
cation rate but the procedure for MAS was shorter 
in duration with a shorter length of hospitaliza-
tion [ 77 ]. Of note, this device has received 
European CE Mark approval for the treatment of 
fecal incontinence but is not available in the 
United States and is only limited to investiga-
tional use.  

    Sacral Nerve Stimulation 
 In 1988, Tangaho and Schmidt described the use 
of electrical stimulation for the treatment of neu-
rogenic bladder [ 78 ]. Following that in 1995, 
Matzel et al. described its use in three patients for 
the treatment of fecal incontinence [ 79 ]. Since 
then, sacral nerve stimulation (SNS) has been 
advocated as a safe and effective treatment for 
severe fecal incontinence with minimal morbid-
ity [ 80 – 82 ]. SNS has been shown to be more 
effective than optimal medical therapy and a pla-
cebo effect has been eliminated [ 83 ,  84 ]. The 
device has also proven to be benefi cial in patients 
with idiopathic fecal incontinence as well as 
those with sphincter defects and also pudendal 
neuropathy [ 83 ,  85 ]. 

 After a prospective multicenter study, SNS 
was FDA approved in the United States in 2011 
for the treatment of fecal incontinence. This 
study looked at 120 patients that received an 
implant. After a mean follow-up of 28 months, 
85 % of patients were improved and 40 % had 
perfect continence [ 86 ]. Although, no studies 
have been done in the United States with regards 
to cost, the procedure has been shown to be cost- 
effective in other countries [ 87 – 89 ].  

    Diversion 
 Although considered as the last option in the 
surgical strategy, construction of an end divert-
ing colostomy may be indicated in certain 
patients in whom available treatments have 
failed, are inappropriate because of other comor-
bidities, or when preferred by the patient [ 14 ]. 
A stoma may be successful in controlling symp-
toms of incontinence but it may also be associ-
ated with signifi cant psychosocial issues and 
stoma-related complications. As a stoma in this 
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  Fig. 16.13    Illustration of the implantation of the artifi cial 
bowel sphincter       

  Fig. 16.14    Fenix™ magnetic anal sphincter device 
(Courtesy of and Copyright  © 2014 Torax Medical, St. 
Paul, MN)       
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instance will most likely be permanent, it is 
important for the patient to be marked preopera-
tively by an enterostomal nurse and also receive 
teaching and counseling prior to undergoing the 
procedure. 

 In patients with severe fecal incontinence, a 
stoma will improve quality of life in the majority 
of patients. In a survey, 83 % of patients with a 
permanent colostomy for incontinence reported a 
signifi cant improvement in lifestyle and 84 % 
would choose to have the stoma again [ 90 ].    

    Conclusion 

 Fecal incontinence is an underreported condition 
for many reasons including embarrassment and 
unawareness of both physicians and patients to 
the available treatments. A detailed medical sur-
gical, obstetric, and bowel history should be 
obtained. A thorough rectal exam combined with 
appropriate physiologic, endoscopic, and radio-
logic should be performed. Treatments are indi-
vidualized to the particular patient. Emerging 
treatments for the treatment of fecal incontinence 
are promising and may avoid or even supplant 
traditional surgical procedures such as overlap-
ping sphincteroplasty. The majority of patients 
can avoid a diverting stoma.     
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           Background 

 Onabotulinum toxin A has been utilized 
therapeutically throughout the past century. 
Onabotulinum toxin is an acetylcholine release 
inhibitor and a neuromuscular blocking agent, 
and for many years was limited to fi elds out-
side of urology. Recent research has shed some 
light on the numerous other applications of ona-
botulinum toxin A, specifi cally within Female 
Pelvic Medicine and Reconstructive Surgery 
(FPMRS). Herein we discuss the history of ona-
botulinum toxin A, its use within the fi eld of 
FPMRS, and potential future indications for use 
of this unique toxin. 

    History of Botulinum Toxin 

 The fi rst descriptions of the actual symptoms of 
food-borne botulism date back to the nineteenth 
century, when it was discovered as a toxin found 
in sausages and pork. Justinius Kerner was the 
fi rst to describe the effects of the toxin in two 
monographs in 1820 and 1822 [ 1 ]. He later 
began a series of animal experiments and report-

edly self-ingested the toxin in order to better 
understand how the toxin worked and to deter-
mine if there were any potential benefi ts of the 
toxin itself. 

 In 1895, Van Ermengem identifi ed the actual 
bacteria as  Bacillus botulinum . Later, this was 
renamed  Clostridium botulinum . This bacte-
rium was noted to produce seven distinct anti-
genic toxins, notably “A, B, C, D, E, F, and G.” 
The fi rst to isolate onabotulinum toxin A in a 
stable precipitate was Herman Sommer, M.D. at 
the University of California, in San Francisco, 
USA in the early twentieth century. It was not 
until 1946 when Edward Schantz, Ph.D., was 
able to purify onabotulinum toxin A in crystal-
line form, allowing researchers to study the drug 
in greater detail. However, it was not until the 
1950s when onabotulinum toxin A was noted 
by Vernon Brooks, M.D., to block acetylcholine 
release when injected into a hyperactive muscle. 
This specifi c characteristic of onabotulinum 
toxin A led to its early research in the fi eld of 
ophthalmology. 

 Perhaps one of the greatest breakthroughs in 
medical research with onabotulinum A was with 
Alan B. Scott, M.D., who initiated several animal 
studies with the toxin. He discovered that by 
injecting a small amount of the purifi ed toxin into 
the hyperactive ocular muscles in monkeys, he 
was able to realign crossed eyes due to strabis-
mus. At the time, the only alternative to strabis-
mus correction was surgical realignment. After 
this breakthrough, Dr. Scott collaborated with 
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others, including Dr. Schantz, to develop ona-
botulinum toxin A into a therapy for ocular 
disorders. 

 In the early twenty-fi rst century, the United 
States Food and Drug Administration (FDA) 
approved the drug to treat cosmetic indications 
such as glabellar lines (frown lines), axillary 
hyperhidrosis (underarm sweating), and upper 
limb stiffness due to muscle spasticity. The suc-
cess of onabotulinum toxin A with these prior 
indications and the years of research in ocular 
and neural disease paved the way to study the 
drug and obtain approval in the fi eld of FPMRS.  

    Mechanism of Action 

 Onabotulinum toxin A consists of a light and 
heavy chain joined by a disulfi de bond. The heavy 
chain allows the binding to the neuron, and the 
light chain of the toxin inhibits vesicle- mediated 
neurotransmission at the synaptic cleft by cleav-
ing the SNARE protein SNAP-25 (Fig.  17.1a, b ) 
This prevents docking and fusion of the vesicles 
with the nerve terminal, thus preventing the 
release of acetylcholine [ 2 ,  3 ]. The subsequent 
prevention of acetylcholine release “relaxes” the 
detrusor muscle, preventing uninhibited bladder 
contractions. Because bladder instillation (as 
opposed to injection) of onabotulinum toxin A 
has also been shown to improve detrusor func-
tion, it is theorized that there may be an addi-
tional effect at the sensory, afferent level [ 4 ]. 
Onabotulinum toxin A is widely available under 
the trade names Botox (Allergan Inc, Irvine, CA, 
USA) and Dysport (Ipsen Ltd, Slough, Berks, 
UK) (Fig.  17.2 ).

        Use in Neurogenic Detrusor 
Overactivity 

 For years, patients with neurogenic bladder were 
limited to only a few options for treatment of 
their bladder complaints. Specifi cally, for the 
patient with neurogenic detrusor overactivity 
(NDO), options included watchful waiting, 
behavioral therapy, anticholinergic therapy, clean 

intermittent catheterization with anticholinergic 
therapy, or urinary diversion. The numerous side 
effects of anticholinergics include dry mouth, dry 
eyes, constipation, nausea, amongst others, 
which precludes their use in a great percentage of 
the population [ 5 ]. Because of these side effects, 
the majority of patients who begin anticholiner-
gics will stop them at some point during therapy 
[ 6 ,  7 ]. With the success of onabotulinum toxin A 
injection into skeletal and smooth muscle in other 
areas, it would seem intuitive that it would pro-
vide a benefi t in patients with NDO. 

 Patients with spinal cord injury (SCI) and mul-
tiple sclerosis (MS) often have NDO, which can 
lead to urinary incontinence, and has been shown 
to produce high storage pressures urodynamically 
[ 8 ]. Schurch and colleagues performed one of the 
fi rst pilot studies evaluating onabotulinum toxin 
A for patients with neurogenic bladder due to spi-
nal cord injury [ 9 ]. In this prospective, nonran-
domized trial, patients who were on intermittent 
catheterization and had leakage despite anticho-
linergic therapy were given between 200 and 300 
units of onabotulinum toxin A. Six weeks after 
injection, there was improvement in several uro-
dynamic parameters, including maximum cysto-
metric capacity (increase from 296.3 ± 145.2 mL 
to 480.5 ± 134.1 mL,  p  < 0.016), and in maxi-
mum detrusor voiding pressure (decrease from 
65.6 ± 29.2 cmH 2 O water to 35 ± 32. 1 cmH 2 O, 
 p  < 0.016). In this study, the effect was noted 
to last approximately 9 months, when patients 
required repeat injection. This study also noted 
an increase in residual volume in treated patients, 
with residual volume on urodynamic evalua-
tion increasing signifi cantly from a mean of 
261.8 ± 241.3 mL to 490.5 ± 204.8 ( p  < 0.016). 

 The United States Food and Drug 
Administration approved the drug for use in neu-
rogenic detrusor overactivity in 2011. However, 
dosing and tolerability of the drug remained 
unclear. A phase-3 placebo-controlled study 
evaluated both the 200 and 300 unit dosage in 
patients with MS or SCI. This study included 
416 patients from several centers around the 
world. The primary endpoint measure was the 
change in urinary incontinence episodes from 
baseline to week 6. In both the 200 and 300 unit 
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  Fig. 17.1    ( a ,  b ) ( a ) Normal cholinergic transmission at 
the synaptic cleft. (Copyright  ©  Allergan, Inc., Irvine, 
CA. Used with permission 2013.) ( b ) Onabotulinum toxin 

A works by inhibiting vesicle-mediated neurotransmis-
sion at the synaptic cleft         
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  Fig. 17.2    Available doses of onabotulinum toxin A which are commonly used in urology applications (Botox, 
Copyright  ©  Allergan, Inc., Irvine, CA. Used with permission 2013)       
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 treatment arms, mean weekly incontinent epi-
sodes decreased to a greater extent than placebo, 
21 and 23 vs. 9 episodes per week, respectively 
(Fig.  17.3 ). This study had a high rate of post-
operative urinary retention requiring intermittent 
catheterization, with 35 % of patients receiving 
200 units, and 42 % of patients receiving 300 
units, beginning catheterization. The defi nition 
of urinary retention was investigator-dependent, 
which, in this study, may have led to the some-
what high rates of clean intermittent catheteriza-
tion in the early data [ 10 ].

       Use in Idiopathic Overactive Bladder 

 Approximately 16 % of the adult population has 
idiopathic overactive bladder (OAB), and approx-
imately 1/3 of these patients have associated uri-
nary incontinence [ 11 ,  12 ]. Patients with OAB 
are treated initially with behavioral therapy and 
pharmacologic therapy in the form of anticholin-
ergics or beta 3-agonists. Like NDO, many 
patients with OAB who begin pharmacologic 
therapy with anticholinergics are unable to toler-
ate the side effects of dry mouth, constipation, 

and dry eyes, and therefore, the majority of 
patients stop these medicines within months of 
beginning treatment [ 13 ]. Onabotulinum toxin A 
represents a viable option for these patients, 
without the untoward side effects typically expe-
rienced by anticholinergic therapies. 

 Brubaker and colleagues compared 200 units 
of onabotulinum toxin A to placebo in a random-
ized trial involving female subjects [ 14 ]. These 
women were considered to have OAB with urge 
incontinence, with a minimum of six incontinent 
episodes over a 3 day period. Approximately 
60 % of women receiving onabotulinum toxin A 
had a positive effect as evidenced on the Patient 
Global Impression of Improvement. The median 
duration of the response in these women was 373 
days, compared to placebo, which was 62 days 
( p  < 0.0001). This study was halted after 43 
women were randomized, however, due to 
increased incidence of urinary tract infection and 
post-void residual volume in the women receiv-
ing onabotulinum toxin A. 

 Dmochowski published results of a phase 2, 
multicenter, randomized, double-blind study 
evaluating multiple dosing of onabotulinum toxin 
A [ 15 ]. Patients with 8 or more urinary urgency 

  Fig. 17.3    Change from baseline in weekly incontinence 
episodes with 100 and 200 units of Botox compared to pla-
cebo in neurogenic patients (Adapted with permission from 
Ginsberg D, Gousse A, Keppenne V, Sievert KD, Thompson 

C, Lam W, Brin MF, Jenkins B, Haag-Molkenteller 
C. Phase 3 effi cacy and tolerability study of onabotulinum-
toxinA for urinary incontinence from neurogenic detrusor 
overactivity. J Urol. 2012 Jun;187(6):2131-9)       
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incontinence episodes per week and 8 or more 
micturitions per day were included in the study. 
Patients received 50, 100, 150, 200, or 300 units 
of onabotulinum toxin A or placebo. The primary 
endpoint in this study was urinary incontinent 
episodes at week 12 after treatment. Effi cacy was 
noted in all groups treated with 100 units or 
greater of study drug. When dosage response 
curves were evaluated, it was evident that doses 
over 150 units did not provide any additional 
benefi t. 

 Nitti and colleagues reported on the fi rst phase 
3 placebo-controlled trial evaluating the 100 unit 
dose in patients with refractory OAB. Patients 
with a minimum of three or more urgency incon-
tinent episodes over a 3 day period and with eight 
or more voids per day were randomized to 100 
units of onabotulinum toxin A or placebo. Not 
surprisingly, onabotulinum toxin A reduced daily 
incontinent episodes at a greater frequency than 
placebo (2.65 vs. 0.87 fewer episodes,  p  < 0.001) 
(Fig.  17.4 ). Total continence rates were 22.9 % in 
the onabotulinum toxin A group and 6.5 % in the 
placebo group. Additionally, nocturia, urgency 
episodes, and volume per void were improved in 

the study group versus placebo. Therefore, the US 
FDA approved the dose of 100 units of onabotu-
linum toxin A in patients with idiopathic OAB.

   There is no doubt that reducing urinary fre-
quency and urge urinary incontinent episodes 
greatly improve quality of life in patients with 
overactive bladder. Sahai and colleagues demon-
strated such a benefi t in a randomized, placebo- 
controlled trial evaluating a 200 unit dose of 
onabotulinum A [ 16 ]. Overall, patients receiving 
onabotulinum toxin A had a signifi cant improve-
ment in their quality of life when compared with 
placebo beginning at the 4-week endpoint (median 
King’s Health Questionnaire Incontinence Impact 
domain score of 33 vs. 0,  p  = 0.03). This effect on 
quality of life improvement appeared to extend 
to 24 weeks in patients receiving onabotulinum 
toxin A through the open-label extension study. 

 There have been few direct comparisons of 
onabotulinum toxin A to anticholinergic therapy. 
One study randomized patients with idiopathic 
urgency urinary incontinence to receive daily 
solifenacin or trospium (5 mg solifenacin, with 
escalation to 10 mg, and if necessary, subsequent 
switch to trospium 60 mg extended release) plus 

  Fig. 17.4    Change from baseline in daily incontinence 
episodes with 100 units of Botox compared to placebo in 
patients with overactive bladder (Adapted with permis-
sion from Nitti VW, Dmochowski R, Herschorn S, Sand 
P, Thompson C, Nardo C, Yan X, Haag-Molkenteller C; 

EMBARK Study Group. OnabotulinumtoxinA for the 
Treatment of Patients with Overactive Bladder and 
Urinary Incontinence: Results of a Phase 3, Randomized, 
Placebo Controlled Trial. J Urol. 2013; 
189(6):2186-2193)       
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an intradetrusor injection of saline versus intra-
detrusor injection of 100 units of onabotulinum 
toxin A plus oral placebo [ 17 ]. Two hundred 
forty-nine patients were randomized, and patients 
were evaluated at the 6-month point with voiding 
diaries and quality of life questionnaires. At 6 
months, both groups had signifi cant reduction in 
daily incontinence episodes (3.4 fewer in the 
anticholinergic group vs. 3.3 in the onabotulinum 
toxin A group,  p  = 0.81). Patients receiving anti-
cholinergics were more likely to develop dry 
mouth versus onabotulinum toxin A (46 vs. 
31 %,  p  = 0.02). Complete resolution of inconti-
nence was noted more commonly in the onabotu-
linum toxin A group than placebo (27 % vs. 
13 %,  p  = 0.003). Not surprisingly, patients in the 
onabotulinum toxin A group had higher rates of 
urinary tract infection (33 % vs. 13 %,  p  < 0.001) 
and need for catheter use (5 % vs. 0 %,  p  = 0.01).   

    Evaluation, Workup, Procedure, 
and Post-Procedure 

    Pre-Procedure Considerations 

 Typically, patients who have failed conservative 
therapies such as behavioral modifi cation and 
anticholinergic or beta agonist therapy or patients 
who have contraindications to oral anticholinergic 
therapies are good candidates for injection ther-
apy. Patients should be formally evaluated prior 
to undergoing an injection of onabotulinum toxin 
A. Patients presenting with refractory overactive 
bladder with symptoms of urinary urgency, fre-
quency, with or without urge urinary incontinence 
should always be attempted on conservative ther-
apy prior to considering procedural therapy for 
their condition. A formal history to ascertain that 
patients have failed conservative therapy such as 
behavioral modifi cation and adequate oral ther-
apy, including dietary history, should be ascer-
tained when evaluating patients for onabotulinum 
toxin A injection. A 24–48 h voiding diary can 
often provide insight to voiding symptoms, and 
daily intake of caffeine and other fl uids should 
be recorded. A basic urologic evaluation consist-
ing of a detailed and proper pelvic exam, residual 

volume measurement, and urinalysis should be 
performed. Patients presenting with bacteriuria 
should be treated appropriately prior to consider-
ing injection. Pelvic fl oor muscle rehabilitation 
or biofeedback should be attempted as fi rst-line 
therapy for voiding symptoms. Typically, patients 
should be tried on oral anticholinergics or beta-
agonist therapy prior to being scheduled for ona-
botulinum toxin A injection. 

 Once patients have been selected to undergo 
detrusor injection of onabotulinum toxin A, they 
must be counseled specifi cally about the risks of 
injection, which are discussed elsewhere in this 
chapter. Because the risk of urinary retention 
exists, patients should consider learning inter-
mittent catheterization  prior  to injection, should 
they experience diffi culty when the toxin exerts 
its effect on the detrusor. It is recommended that 
patients are started on a fl ouroquinolone antibi-
otic or trimethoprim-sulfamethoxazole 1–3 days 
prior to the procedure. Patients should avoid 
concurrent aminoglycoside administration, as 
the effects of onabotulinum toxin A have been 
reported to be potentiated with concomitant ami-
noglycoside administration in prior studies [ 18 ]. 
Patients should discontinue antiplatelet agents or 
other anticoagulants prior to injection, if possible.  

    Surgical Procedure 

 Intradetrusor injection of onabotulinum toxin A 
is performed through a cystoscope, in either the 
offi ce or ambulatory setting. Both rigid and fl ex-
ible cystoscopes can be used, and there are a 
 variety of needles which are available for injec-
tion. There are also rigid cystoscopes designed 
specifi cally for needle injection which are small 
and quite tolerable to the patient with only local 
anesthesia. Typically, needle gauges range from 
21 to 25 gauge. When using needles through a 
fl exible cystoscope, one must be careful not to 
damage the scope by threading the exposed nee-
dle tip through the scope. Therefore, a variety of 
sheaths and retractable needle tips are available 
for use during fl exible cystoscopy (Fig.  17.5a–d ).

   Anesthetic choice is surgeon-dependent, and 
patients should be offered no anesthesia, local 
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anesthesia, intravenous sedation, or general anes-
thesia. Special considerations may be made in 
the patient presenting with NDO and a history of 
autonomic dysrefl exia, as patients may require 
preoperative blockade to prevent unopposed sym-
pathetic efferent discharge [ 19 ]. In the author’s 
experience, most healthy patients with idiopathic 
OAB tolerate injection in the offi ce setting with 
simple local anesthetic. Such local anesthetic is 
in the form of 30–50 mL of 1 % lidocaine, which 
is instilled via catheter into the bladder. The solu-
tion is left for approximately 20 min in order to 
allow the anesthetic to exert its maximal effect. 
On the contrary, patients with multiple sclerosis, 
spinal cord injury with limited mobility may be 
better served under general anesthesia in order to 
allow for better positioning during the procedure. 
The patient is positioned in the lithotomy posi-

tion, and genitalia should be prepped with sterile 
solution. The patient is draped, and anesthetic is 
administered if necessary. 

 Proper mixing onabotulinum toxin A is of 
utmost importance, as improper handling prior 
to the procedure may render the toxin ineffec-
tive. Onabotulinum toxin is stored in single-use 
100 or 200 unit vials and is commercially avail-
able (BOTOX, Allergan Inc., Irvine, CA, USA). 
The vials themselves contain freeze-dried toxin 
which is in crystallized form, and is often not vis-
ible to the human eye. Botox is reconstituted by 
instilling 0.9 % normal saline into the vacuum-
sealed vials. Total saline reconstituted depends 
on the total units being administered, in addition 
to anatomical and clinical considerations. One 
must remember not to shake the vial, as this can 
disrupt the delicate disulfi de bonds within the 

  Fig. 17.5    ( a – d ) Commonly    used instrumentation for 
injection. ( a ) InjeTAK needle. ( b ) Single-use fl exible 
needle tip. ( c ) Rigid 14 French cystoscope. ( d ) Flexible 

cystoscope. ( a : Courtesy of Laborie, Mississauga, 
Ontario;  b ,  c ,  d : Courtesy of Olympus America, Inc, 
Center Valley, PA)         
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toxin, rendering it ineffective. Therefore, care-
ful rotation and mixing of the vial is all that is 
needed for proper reconstitution. 

 Cystoscopy is briefl y performed to map 
patient anatomy, visualize the trigone and ure-
teral orifi ces, and to rule out any papillary mass 
or lesion. The bladder should be fi lled with at 
least 100 mL of sterile water or saline. The recon-
stituted drug is then injected at a depth of 2 mm, 
under direct vision at 20–30 equally spaced sites 
throughout the detrusor, sparing the trigone 
(Fig.  17.6 ). The trigone is extremely sensitive 
especially in patients with only local anesthesia. 
Furthermore, there exists the theoretical risk of 
new-onset vesicoureteral refl ux if the trigone is 
injected. Sites should be spaced approximately 
1 cm apart. A superfi cial bleb occurs if the injec-
tion is done superfi cially in the submucosa, 
whereas no visual change will occur if the drug is 
injected too deep. A proper injection should 
result in a subtle visual change and rise of the 
mucosa under the injection site. The author’s 
technique is to proceed from a left to right (or 
right to left) manner, beginning each column of 

injection sites at the bottom, to avoid any minor 
bleeding from a previous injection site seeping 
downward and preventing good visualization of 
the next injection site. For the fi nal injection, 
0.5–1 mL of sterile saline is injected in order to 
inject the remaining toxin, which remains within 
the needle sheath.

       Post-procedure 

 In patients not already on intermittent catheter-
ization, prior to being discharged after the injec-
tion procedure, patients should be able to void 
spontaneously. It is recommended that patients 
receive 1–3 days of antibiotics posttreatment in 
order to minimize the chance of urinary tract 
infection [Allergan PI]. Patients should be 
 counseled that urinary tract infection is common, 
and they may have dysuria, or hematuria, as with 
any cystoscopic procedure. 

 Because of the mechanism of action of ona-
botulinum toxin A, the full effect of the proce-
dure may not be noticed until approximately 2 
weeks after the procedure. Patients should be 
scheduled for a visit around that time period in 
order to evaluate the effect, and a urinalysis, and 
post-void residual volume should be measured. 
In general, clean-intermittent catheterization 
should be initiated only in the setting of symp-
tomatic urinary retention, or if adverse effects 
of elevated residual volume are deemed danger-
ous by the investigator, as elevated post-void 
residual volumes have been shown to be safe and 
tolerable in several studies in the urologic litera-
ture [ 20 ,  21 ]. In the author’s opinion, residual 
 volumes of under 350 mL can be treated without 
the use of intermittent catheterization, provided 
that patients are asymptomatic.   

    Adverse Effects of Onabotulinum 
Toxin A 

 While the clinical trials evaluating onabotulinum 
toxin A in both NDO and idiopathic OAB show 
that onabotulinum toxin A’s use is relatively safe, 
there are important safety considerations which 

  Fig. 17.6    Sites of injection for onabotulinum toxin A into 
the detrusor. The trigone should be spared, and sites 
spaced out equally to ensure uniform distribution of the 
toxin throughout the bladder (Copyright  ©  Allergan, Inc., 
Irvine, CA. Used with permission 2013)       
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practitioners must be aware of. In any instance 
when onabotulinum toxin A is used, there may be 
site-specifi c reactions, in addition to adverse 
effects due to distant spread of the toxin. Much of 
the risk lies not only in the site of injection but 
also in the dosing, as higher doses typically place 
patients at increased risk for some of the untow-
ard side effects. Therefore, patients should be 
counseled about these risks specifi c to their indi-
cation (Table  17.1 ).

      Risk of Intradetrusor Injection 

 Onabotulinum toxin A prevents the release of 
acetylcholine at the synaptic cleft by cleaving 
the SNAP protein SNARE-25. Acetylcholine is 
responsible for detrusor contraction, and by pre-
venting its release, onabotulinum toxin A reduces 
uninhibited bladder contractions and episodes of 
urinary incontinence due to detrusor overactivity. 
However, this same effect leads to incomplete 
emptying in some patients, due to the decreased 
contractility of the detrusor after injection. When 
300 units was injected in a randomized, placebo- 
controlled study, the most common adverse event 
associated with injection was urinary tract infec-
tion, with 57 and 55 % of patients developing 
an infection in both the study drug and placebo 

group, respectively [ 22 ]. In order to minimize 
this risk, many centers currently administer con-
current antibiotics at the time of injection, per the 
American Urological Association clinical guide-
lines on antibiotic prophylaxis with cystoscopic 
procedures [ 23 ]. 

 Elevated post-void residuals are common in 
all doses, between 100 and 300 units of injection. 
However, the majority of patients are asymptom-
atic with respect to these elevations. Early studies 
on onabotulinum toxin A defi ned “urinary reten-
tion” based on residual volume measurements, 
and initiated clean intermittent catheterization 
independent of patient symptoms. In the phase III 
effi cacy and tolerability study evaluating 200 and 
300 units of onabotulinum toxin A in patients 
with neurogenic detrusor overactivity, beginning 
intermittent catheterization was determined 
based on the investigator, rather than a predefi ned 
residual volume [ 10 ]. In patients not already per-
forming intermittent catheterization, particularly 
those with multiple sclerosis, approximately half 
(50 %) of patients receiving onabotulinum toxin 
A began to catheterize. Notably, a signifi cant pro-
portion (22 %) of placebo-injected patients also 
began to catheterize, which suggests that perhaps 
many of these patients may have benefi tted from 
learning and performing intermittent catheteriza-
tion well before being enrolled in the study. 
Overall, the incidence of urinary retention in 
NDO appears to be around 21 %. 

 The incidence of retention appears to be more 
common with larger doses, and in patients with 
neurogenic bladder. In the idiopathic OAB trials, 
investigators were able to lessen the risk of 
requiring patients begin intermittent catheteriza-
tion by allowing patient symptoms and investiga-
tor judgement to be the determinant of starting 
intermittent catheterization [ 15 ,  20 ]. In all treat-
ment arms, residual volumes increased signifi -
cantly when compared to placebo [ 15 ]. This 
effect seemed to peak at week 2, with a gradual 
decrease between weeks 4 and 12, and the risk of 
patients having elevations in residual volume was 
dose dependent [ 15 ]. The mean duration of 
requiring catheterization was highest in the 200 
unit group, with a median of 179 days. 

   Table 17.1    Adverse    effects of injection of onabotulinum 
toxin A for neurogenic detrusor overactivity and over-
active bladder   

 Local side effects 
 Urinary tract infection 
 Urinary retention 
 Hematuria 

 Systemic side effects 
 Asthenia 
 Generalized muscle weakness 
 Diplopia 
 Ptosis 
 Dysphagia 
 Dysphonia 
 Dysarthria 
 Urinary incontinence 
 Respiratory diffi culty 
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 By utilizing 100 unit dosing in the OAB 
 population, and by initiating clean intermittent 
catheterization in patients who are symptomatic 
due to their retention (despite elevated post-void 
residual volumes) the true “retention” rate drops 
to around 6 % [ 20 ]. In this patient population, the 
fear of having to catheterize can be ameliorated 
by teaching patients how to catheterize before the 
procedure, as with proper hand function and edu-
cation, this can be done easily. However, in 
patients with obesity, poor hand function, or those 
with challenging anatomy, teaching intermittent 
catheterization may be challenging, and therefore, 
indwelling catheters may be required until the 
effect of the onabotulinum toxin A has worn off. 

 Other less common side effects related to 
detrusor injection include hematuria (3–7 %), 
 increased  incontinence (7 %), and bladder pain 
(1–6 %) [ 10 ,  15 ]. However, it should be noted that 
many of these effects are seen in the placebo- 
treated arms, and therefore, are likely due to the 
procedure itself rather than the effects of the toxin.  

    Distant Non-Site Specifi c Effects 

 Distant spread of onabotulinum toxin A can 
occur during use in any site within the body. 
Death has been reported due to the distant spread 
of the toxin, however, as of 2013, none have 
been reported due to the specifi c toxin-related 
effects in any of the bladder-related studies [ 20 ]. 
Paralysis of distant muscle groups have been 
reported in both detrusor and sphincter injections 
[ 24 ,  25 ]. In a small percentage of patients, gen-
eralized muscular weakness can occur (3–7 %), 
in addition to fatigue (3–6 %), and headache 
(3–6 %) [ 10 ,  18 ]. These adverse effects can occur 
within hours to weeks after injection, and there-
fore patients must be counseled accordingly. In 
previous studies evaluating patients with NDO 
and compromised lung function, a small percent-
age (9–18 %) of patients experienced at least a 
15–20 % decrease in forced vital capacity from 
baseline [ 18 ]. These pulmonary effects occurred 
between 2 and 6 weeks, and appeared to resolve 
by week 12. Therefore, patients with baseline 
muscular weakness (particularly the multiple 

sclerosis and spinal cord injury patient) must be 
counseled specifi cally regarding these potential 
distant effects and monitored closely throughout 
the posttreatment period.   

    Potential Long-Term Effects 

 Injection of onabotulinum toxin A appears to be 
safe and effective in the treatment of idiopathic 
OAB and detrusor overactivity due to neurologi-
cal conditions such as multiple sclerosis and spi-
nal cord injury. Because the effects of the toxin 
wear off over several months, the majority of 
patients will require repeat injections within a 
year of initial injection. There are limited stud-
ies evaluating long-term effects after repeated 
injections. Allergy has been described to ona-
botulinum toxin A, with the possibility of anti-
body-mediated degradation of the toxin leading 
to decreased effi cacy over time [ 26 ].  

    Future/Off-Label Indications 

    Sphincter Injection 

 In patients with sphincter dyssynergia, onabotuli-
num toxin A may be injected into either the inter-
nal or external sphincter in order to provide 
relaxation of these muscles to allow for more 
coordinated voiding. Most studies evaluating 
sphincter injection have focused on patients with 
neurogenic bladder due to multiple sclerosis, spi-
nal cord injury, or other neurologic disease with 
detrusor  external  sphincter dyssynergia. The 
toxin may also be injected at the bladder neck 
level, targeting patients with voiding dysfunction 
due to  internal  sphincter contraction, or primary 
bladder neck obstruction. Doses of the toxin have 
ranged from 50 to 200 units and the procedure 
can be performed in a variety of ways (transure-
thrally, transperineally, with and without EMG 
guidance) [ 27 – 29 ]. A recent review of the studies 
on urethral injection have shown that patients 
with obstructed fl ow or sphincter dysynergy can 
have improvements in several urodynamic 
parameters, including fl ow, residual urine 
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 volume, maximal urethral closure pressure, and 
need for catheterization [ 28 ]. Optimal dosing and 
duration of effect has yet to be determined, 
although the mean duration of effect in the avail-
able studies was 4.6 months.  

    Pelvic Floor Muscle Dysfunction 

 High tone pelvic fl oor muscle dysfunction is 
characterized by hypertonus of the muscles of the 
levator ani complex. Pelvic fl oor spasm may 
cause chronic pelvic pain, dyspareunia, and void-
ing and defecatory dysfunction. This condition 
often exists concomitantly with other pelvic con-
ditions but may present as the most bothersome 
symptom. Current literature on pelvic fl oor mus-
cle dysfunction is limited to the use of behavioral 
therapy, and pelvic fl oor physical therapy, 
although a few recent studies have shed some 
light on the benefi t of pharmacological interven-
tion in these patients [ 30 ]. 

 In patients with pelvic fl oor muscle spasm, ona-
botulinum toxin A injection has been reported to 
have a potential benefi t. While pelvic fl oor physical 
therapy remains the mainstay of treatment, injec-
tion of onabotulinum toxin A may benefi t some 
refractory patients. In one of the few randomized 
studies published, Abbott and colleagues injected 
sixty women with pelvic fl oor spasm with either 80 
units of onabotulinum toxin A or placebo [ 31 ]. 
Patients were followed for 26 weeks, and there was 
a signifi cant reduction in pain and dyspareunia in 
the onabotulinum toxin A group versus placebo. 
Manometry in these patients confi rmed that injec-
tion of onabotulinum toxin A decreased vaginal 
resting pressures after injection. 

 Injections may be done transperineally or 
transvaginally under anesthesia or in the offi ce 
setting [ 32 ]. In the author’s experience, transvag-
inal injection is the modality of choice, as trigger 
points can aid the investigator in determining the 
proper site of injection. An Iowa Trumpet needle 
guide may be used, along with a 6″ small gauge 
spinal needle, which pierces the vaginal mucosa 
and enters the levator muscles. One must with-
draw on the syringe in order to ensure no intra-
vascular injection. Doses in previous studies have 

ranged from 20 to 450 units. In the author’s expe-
rience, typically 50 units per affected muscle 
group are injected, with a dilution of 10–30 units 
per mL. As in other conditions, the optimal dos-
ing and duration of effect is still unknown.  

    Interstitial Cystitis/Painful Bladder 
Syndrome 

 Only a handful of studies have evaluated injec-
tion of onabotulinum toxin A in the management 
of Interstitial Cystitis and Painful Bladder 
Syndrome. Many of the studies have focused on 
a dose ranging between 100 and 200 units. 
Because it is theorized that a defect in the urothe-
lium exists in these patients, several of the studies 
evaluated submucosal injection, in an attempt to 
block the release of acetylcholine at the afferent 
nerve level [ 33 – 35 ]. These studies are limited in 
patient number with the largest study to date hav-
ing only 31 patients [ 34 ,  36 ]. There does appear 
to be some effect, albeit not as impressive as the 
OAB or NDO trials. In the aforementioned trials, 
mean daytime urinary frequency improved from 
12.5 to 54 %, with improvements in visual analog 
pain scales ranging from 6 to 79 %. Current rec-
ommendations from the American Urological 
Association Guidelines on the management of 
Interstitial Cystitis and Painful Bladder Syndrome 
include detrusor injection of onabotulinum toxin 
A as a fi fth-line therapy for this disease [ 37 ]. Of 
course, patients choosing this therapy must be 
willing to catheterize or accept indwelling foley 
catheterization, a side effect which precludes its 
use in many of these patients.  

    Vulvodynia 

 While onabotulinum toxin A may improve pain 
in women presenting with obvious pelvic fl oor 
muscle spasm, its usefulness in treating vulvar 
disease is less clear. Only one randomized, 
placebo- controlled clinical trial had evaluated 
onabotulinum toxin A injection into the vestibule 
for provoked vulvar vestibulodynia. Interestingly, 
in both placebo and onabotulinum toxin A 
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groups, a signifi cant reduction in pain was seen 
on visual analog scale at 6 months follow-up 
( p  < 0.001) [ 38 ]. However, no difference was seen 
between the placebo or onabotulinum toxin A 
groups ( p  = 0.635). At this time, there appears to 
be no role in treating vestibulodynia in women.   

    Conclusions 

 With the advent of onabotulinum toxin A, the 
practitioner has an important tool in his or her 
armamentarium when treating lower urinary tract 
and pelvic dysfunctions. The early studies show-
ing benefi t in neurogenic bladder have paved the 
way for its use in idiopathic overactive bladder, 
and likely for its use in several other spastic dis-
orders involving the male and female pelvis. 
Future studies will be required to better under-
stand ideal dosing, and to identify additional 
indications for this unique therapy.     
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           Introduction 

 Creation of a neovagina is usually necessary 
in the following cases: congenital absence of 
the vagina, gender assignment surgery, vaginal 
contracture and stenosis, and reconstruction 
following neoplastic resective surgery or radio-
therapy. While there is no standard procedure 
for neovaginal reconstructive surgery, there 
exist many surgical and nonsurgical techniques 
that are often used to create the vagina. These 
techniques include vaginal dilation methods, the 
McIndoe vaginoplasty procedure with the use 
of split-thickness skin grafts, modifi ed McIndoe 
procedures using full-thickness skin and muco-
sal grafts, transpositional skin graft techniques, 
laparoscopic techniques including the Davydov 
and Vecchietti operations, myocutaneous and 
fasciocutaneous pedicled fl ap surgeries, and 
intestinal fl ap surgeries. The ideal reconstructive 
method should provide a patent vaginal canal 
of adequate length, width, and texture that will 
allow for sexual intercourse, provide a cosmeti-
cally appealing appearance with minimal mor-
bidity of both the recipient and donor surgical 

sites, and have a low incidence of overall com-
plications. Construction of the  neovagina can 
be very complex and challenging. Each method 
of repair has its advantages and disadvantages, 
which should be carefully weighed with the 
desired treatment goals as well as the surgeon’s 
experience with various surgical techniques.  

    Indications 

 Creation of a neovagina is usually necessary in 
the following cases: congenital absence of the 
vagina, gender assignment surgery, vaginal con-
tracture and stenosis, and reconstruction follow-
ing neoplastic resective surgery or radiotherapy. 

 Approximately 1 in 4,000 to 1 in 10,000 
female newborns are born with congenital 
absence of the vagina [ 1 ]. The most common 
cause of this congenital malformation is Mayer–
Rokitansky–Kuster–Hauser Syndrome (MRKH). 
The anomaly results from hypoplasia or agenesis 
of the mullerian duct system. The phenotype of 
this anomaly exists on a wide spectrum and may 
include partial or total vaginal agenesis with a 
hypoplastic or rudimentary uterus and fallopian 
tubes. Patients have a normal 46,XX karyotype, 
normal female phenotype, and normal ovarian 
hormonal and oocyte function. On exam, patients 
have normal external genitalia with a normal- 
appearing hymenal ring and a small vaginal pouch 
with a dimple. These patients often present in the 
setting of primary amenorrhea or once sexual 
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intercourse proves to not be possible. Up to 10 % 
of patients have a functional endometrium, which 
can lead to cyclic pain and associated hematome-
tra [ 2 ]. These adolescent patients most often 
present in the setting of primary amenorrhea and 
painful hematocolpos. Concomitant urologic 
anomalies such as unilateral renal agenesis, pel-
vic or horseshoe kidney, and anomalies of the 
collecting duct system occur in up to 50 % of 
patients, while 10–15 % of patients also have 
skeletal anomalies [ 3 ]. 

 A shortened vagina, or blind vaginal pouch, 
is also found in genetic syndromes such as 
Morris syndrome and Turner’s syndrome [ 4 ], 
as well as disorders of sex development includ-
ing Androgen Insensitivity Syndrome (AIS) 
and Congenital Adrenal Hyperplasia (CAH). 
These conditions often require sex assignment 
surgery in either childhood or adolescence. AIS 
is an X-linked disorder caused by a mutation in 
the androgen receptor gene that leads to periph-
eral androgen resistance [ 5 ]. The complete 
form of AIS occurs in approximately 1:20,000 
of individuals who are born 46,XY with nor-
mal-appearing female  genitalia but with sparse 
pubic hair and a blind vaginal pouch [ 6 ]. CAH 
is a result of several different inherited defects 
of the steroid synthesis pathway. In cases of 
17 α-hydroxylase defi ciency, 46,XY individu-
als will present with normal- appearing female 
external genitalia, a blind short vaginal pouch, 
no uterus or fallopian tubes, and intra-abdom-
inal testes [ 6 ]. This phenotype is referred to 
as “complete male pseudohermaphroditism.” 
These patients frequently have abnormal- 
appearing external genitalia in addition to a 
shortened vagina, and their reconstructive sur-
gical needs may be extensive. 

 An immediate partial or total vaginal recon-
struction is frequently necessary in cases of 
extirpative or extensive radical pelvic surgery 
for cancer treatment. Anterior exenteration pro-
cedures are commonly performed for invasive 
bladder carcinoma [ 7 ], while total exenteration 
procedures are considered salvage operations 
for recurrent gynecologic cancers such as cer-
vical, uterine, vulvar, and vaginal cancer [ 8 ]. 
Exenteration procedures involve removal of the 

pelvic organs en bloc and result in signifi cant 
 tissue defects that cannot be closed primarily. 

 While there is no standard procedure for neo-
vaginal reconstructive surgery, there exist many 
surgical and nonsurgical techniques that are often 
used to create the vagina. These techniques 
include the following:
    1.    Vaginal dilation methods with and without 

physical therapy   
   2.    McIndoe vaginoplasty procedure with the use 

of split-thickness skin grafts   
   3.    Modifi ed McIndoe procedures using full- 

thickness skin and mucosal grafts   
   4.    Transpositional skin graft techniques   
   5.    Laparoscopic techniques including the Davydov 

and Vecchietti operations   
   6.    Myocutaneous and fasciocutaneous pedicled 

fl ap surgeries   
   7.    Intestinal fl ap surgeries     

 All of these techniques will be described in 
detail in this chapter.  

    Preoperative Assessment 
and Planning 

 Patient evaluation begins with a detailed physi-
cal exam. In adolescence and young adulthood, 
offi ce examination with pelvic and/or rectal 
exam is the fi rst step of evaluation. In the pedi-
atric population, vaginoscopy is the diagnostic 
standard for evaluating the lower reproductive 
tract, and is usually performed in the operating 
room. Patients who are suspected of having a 
congenital anomaly or disorder of sex differen-
tiation should have a karyotype and hormonal 
evaluation. Additionally, imaging is important 
to help elucidate which mullerian structures are 
present and which are absent. T2-weighted mag-
netic resonance imaging (MRI) of the vagina 
can show a high intensity central mucosa sur-
rounded by a low intensity submucosal layer 
[ 9 ]. With a marker on the perineum, the distance 
of an obstructed vagina from the perineum can 
be determined [ 10 ], delineating the length of 
the agenesis, which is helpful for preoperative 
planning. MRI is also helpful in determining 
the presence of the uterus, cervix, and ovaries. 
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MRI has been shown to have 100 % sensitivity 
and specifi city in diagnosing MRKH syndrome 
in patients who are suspected of having vaginal 
agenesis on physical exam [ 9 ]. Transabdominal 
ultrasonography is useful for evaluating the 
presence of pelvic organs as well as detecting 
associated urologic anomalies. Transperineal 
ultrasound can be used to measure the length 
of the agenesis as well, especially in the setting 
of hematocolpos. Understanding the anatomy is 
the key to successful neovagina reconstruction, 
which is why the preoperative assessment is so 
important.  

    Goals of Therapy 

 Timing for nonsurgical or surgical creation of a 
neovagina is elective; however, it is best planned 
when the patient is emotionally mature. Many of 
these surgeries are performed in adolescence or 
in young adulthood. Additionally, it is important 
to ensure that the patient has a strong support sys-
tem. The best predictor of favorable emotional 
outcomes after diagnosis and surgery is a positive 
relationship between the patient and her guard-
ians and the patient’s feeling of self-effi cacy with 
regard to being able to share her feelings with 
family and friends [ 11 ]. 

 The ideal reconstructive method should pro-
vide a durable, stable vaginal canal of adequate 
size and texture that will allow for sexual inter-
course, provide a natural aesthetic appearance 
while simultaneously minimizing morbidity of 
both the recipient and donor sites, and have a 
low incidence of overall complications. The most 
preferable methods also preclude the need for 
subsequent long-term dilation or need for stents 
or obturators, as well as lubricants, and can be 
done in a single-stage fashion [ 6 ]. Conservative 
management is an option for most patients and 
should strongly be considered as fi rst-line ther-
apy. There are also several surgical procedures 
that are indicated for neovaginal reconstruction. 
There is currently no consensus in the literature 
about the best approach for this type of surgery. 
The approach should be based on the experience 
of the surgeon performing the surgery, taking into 

consideration that the initial surgery is the most 
likely to be effective and that repeat surgeries 
may become more challenging with less success-
ful outcomes over time [ 12 ].  

    Conservative Management 

 Conservative approaches to the creation of a neo-
vagina can be attempted in patients with congeni-
tal absence of the vagina. When vaginal 
development fails, a soft, pliable span of skin is 
usually left between the urethral meatus and the 
anus [ 13 ]. Nonoperative creation of a vagina can 
be achieved through progressive dilation and 
invagination of the perineal epithelium. To 
achieve this, the patient must have a shallow vag-
inal pouch that can be stretched to lengthen the 
canal [ 14 ]. Conservative therapy becomes most 
challenging in patients with no vagina or only a 
small vaginal dimple, but should still be attempted 
as success has been demonstrated in these 
patients as well [ 15 ]. The American Congress of 
Obstetrics and Gynecology recommends dilation 
as fi rst-line therapy for vaginal lengthening in 
patients with agenesis of the vagina, as it is the 
least invasive approach, is very safe with signifi -
cantly less morbidity than surgical alternatives, is 
not associated with disfi guring scarring, and has 
highly favorable outcomes [ 16 ]. In 1938, Frank 
[ 17 ] was the fi rst to formally describe vaginal 
formation with progressive dilation by using 
Pyrex glass molds and applying persistent pres-
sure to the perineum. Today, Frank’s method 
includes the use of silicon dilators to invaginate 
the vaginal pouch with progression of dilator size 
until a functional vagina is created. Daily dila-
tion, usually performed in lithotomy position, is 
required for at least 30 min each day [ 6 ]. The 
Ingram [ 18 ] modifi cation of Frank’s technique 
involves having the patient sit on a bicycle seat 
stool for progressive dilation, using body weight 
to maintain adequate dilator pressure. This 
method has also showed very favorable outcomes 
[ 19 ], but is associated with more discomfort and 
less patient compliance. Patients should be coun-
seled on the need for good compliance, as well as 
the anatomic and functional expectations once 
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the process is complete. Anatomic and functional 
success rates are as high as 90 % if there is good 
compliance with dilator use [ 20 ]. Roberts et al. 
[ 19 ] followed 51 patients, fi nding 92 % success 
in those adhering to a vaginal dilation regimen 
using Frank’s technique. Mean time to successful 
dilation was 11.8 months, with a range of 3–33 
months. Younger patients have been found to 
have the poorest compliance with dilator use [ 17 ] 
as the technique is time-intensive and uncomfort-
able, especially at the beginning of the process. 
These patients especially must be counseled 
about the commitment required for this tech-
nique, as well as the projected length of time it 
will take to achieve a vagina of adequate length 
and caliber. Figure  18.1  is an image of vaginal 
dilators, showing that they come in variable 
lengths and sizes.

   Physical therapy can also be used as an adjunct 
to vaginal dilators in the creation of the neova-
gina. Vaginal dilators are widely used by physical 
therapists for the treatment of pelvic fl oor disor-
ders such as pelvic fl oor hypertonicity causing 
pelvic pain, vaginismus, vulvodynia, and dyspa-
reunia [ 21 ]. They are used in desensitization ther-
apy using graded exposure with a progressive 
increase in size of the dilator in order to treat dys-
pareunia [ 22 ]. Physical therapy using various 

heat modalities to make the tissues more pliable 
in conjunction with manual stretching by a thera-
pist while the patients continues to use dilators on 
her own is associated with a shorter length of 
treatment to attain a functional vagina [ 23 ] and 
may be a good option for some patients and 
should be considered.  

    Surgical Management 

 Surgery is indicated for patients who are unsuc-
cessful with dilators or patients who opt for sur-
gical management after they have been thoroughly 
counseled about the risks and the benefi ts of sur-
gery. The patient should be counseled that surgi-
cal management with vaginoplasty is not 
necessarily a “quick fi x” and that she will need to 
use vaginal dilators postoperatively to maintain 
her surgically created vagina. Again, the goals of 
therapy involve the creation of a vaginal canal 
that is of adequate length and caliber, in the cor-
rect axis, with some secretory capacity that will 
allow for sexual intercourse to occur without the 
need for lifelong dilation. The timing of the sur-
gery depends on the patient and the type or pro-
cedure planned. Surgeries often are performed in 
late adolescence when the patient is more mature 
and better able to adhere to postoperative dilation 
or instructions [ 24 ]. 

    McIndoe Procedure 

 The most common surgical procedure performed 
in the United States to create a neovagina is the 
McIndoe operation, which is commonly used to 
treat patients with congenital absence of the 
vagina. The primary goal is creation of a func-
tional vagina. The technique involves creating a 
canal within the connective tissue between the 
bladder and the rectum and using a mold to line 
the vagina with a split-thickness skin graft 
(STSG) obtained from the patient’s thigh, ingui-
nal region, or buttocks [ 25 ] followed by progres-
sive vaginal dilator use to achieve maximal 
vaginal length and caliber. In order to perform 
this technique, the patient is placed in dorsal 

  Fig. 18.1    Vaginal dilators. Vaginal dilators come in vari-
able lengths and sizes (Used with permission from 
Ridgeway BR, Attaran M. Embryology and Congenital 
Anomalies of the Urinary Tract, Rectum, and Female 
Genital System. In Walters MD, Karram MM eds.: 
Urogynecology and Reconstructive Pelvic Surgery, 4 th  ed. 
Philadelphia: Elsevier; 2014)       
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supine lithotomy position. Laparoscopy may be 
performed fi rst, even in cases when an intraab-
dominal graft is not used, in order to delineate 
organs such as the bladder and rectum prior to 
commencing the rectovesical dissection from 
below. Next, the vaginal dimple or foreshortened 
vagina is identifi ed and a 3 cm transverse inci-
sion is made across it. Dissection is then done, 
using mostly blunt technique, fi rst creating two 
channels on either side of the median raphe of 
the perineum (Fig.  18.2a ). Gentle pressure is 
applied cephalad during dissection to create the 
canal with a goal depth of approximately 
10–12 cm (Fig.  18.2b ). Care should be taken 
during the dissection to avoid entry into the blad-
der, rectum, and posterior cul-de-sac. An EEA 
sizer may be used in the rectum to help with dis-
section. Prior to dissection, a split-thickness 
graft is harvested and should be approximately 
10 × 20 cm in size and kept moist using normal 
saline during the canal dissection. The graft is 
passed through a skin mesher, which perforates 
the tissue, expanding the surface area of the graft 
while permitting egress of blood and fl uid from 
the surgical site postoperatively. Once dissection 
is complete, the graft is placed over a dilator-like 
mold in an “inside-out” fashion so that the exter-
nal portion of the skin lies against the mold 
(Fig.  18.2c ). Placement should be symmetric so 
that the tip of the mold is at the middle of the 
graft with the long axis of the graft draped along 
the long axis of the mold on both sides. The 
mold is then placed inside the dissected vaginal 
canal and the edges of the graft are then everted 
and sutured in an interrupted fashion to the distal 
opening of the neovagina using 3-0 or 4-0 
delayed absorbable suture (Fig.  18.2d, e ). 
Patients are advised about modifi ed or complete 
bed rest to avoid having the mold or stent fall out 
and placing tension on the distal sutures. The 
labia majora are often sewn together over the 
stent to keep it in place. A foley catheter is left in 
place for 5–7 days postoperatively, and is 
removed at the time of mold or stent removal, 
which is done carefully during an exam under 
anesthesia so as to not avulse the graft from the 
underlying connective tissue. Patients subse-
quently undergo a dilation process that can last 

several months to a year depending upon patient 
and tissue compliance.

   Studies have shown excellent results after the 
McIndoe operation. After 12 months, Seccia et al. 
[ 4 ] found that out of 32 patients, 90 % of patients 
presented with complete skin graft take and 84 % 
reported normal sexual activity with good sensi-
tivity. The most common postoperative compli-
cations were anxiety (~6 % of patients) related 
to possible pain during insertion of the dilator 
and keloid scarring on the donor site of the skin 
grafts (~3 % of patients). Klingele et al. [ 20 ] 
looked at patient satisfaction with the McIndoe 
procedure and reported that 79 % believed that 
the procedure improved their quality of life, and 
91 % were sexually active. Other potential com-
plications reported in the literature include graft 
rejection, contraction of the graft, hematoma, 
infection, fi stula formation, and excess granula-
tion tissue [ 26 – 28 ]. 

    Modifi cations of the McIndoe 
 A modifi cation to the McIndoe procedure is the 
technique used to open the perineum prior to dis-
section. A triangular-shape inferiorly based fl ap 
approximately 3–4 cm in size can be created as 
the initial incision, which can then be sutured to 
the graft placed on the stent [ 29 ]. This method of 
opening can provide additional length to the neo-
vagina, and also help create a tension-free re- 
approximation of the graft to the neointroitus. 

 A second modifi cation to the standard 
McIndoe procedure is the addition of a laparo-
scopic intraperitoneal repair. Laparoscopically, 
the bladder is retrograde fi lled to facilitate visual-
ization of its margins. The peritoneum is grasped 
at the superior edge of the bladder margin and 
opened and then dissected off of the underlying 
bladder muscularis. Dissection can be facilitated 
with injection of normal saline to create a 
hydrodissection plane. A retropubic dissection is 
sometimes necessary to further mobilize the peri-
toneum and to release the bladder from the pubic 
symphysis, which brings the peritoneum closer to 
the graft implant site. After the rectovesical dis-
section is complete and the mold is placed with 
the graft in its desired location, the peritoneal fl ap 
can be used to cover the mold. Bowel epiploica as 
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  Fig. 18.2    ( a – e ) McIndoe procedure. ( a ) The initial step 
of the McIndoe procedure involves the identifi cation of 
the vaginal dimple and the creation of a 3 cm transverse 
incision across it. ( b ) Blunt dissection can be done in the 
space between the rectum and the bladder in order to cre-
ate the canal with a goal depth of approximately 
10–12 cm. ( c ) Once dissection is complete, the graft is 

placed over a dilator-like mold in an “inside-out” fashion 
so that the external portion of the skin lies against the 
mold. ( d ) The mold is then placed inside the dissected 
vaginal canal. ( e ) Sagittal view of the mold inside the 
vaginal canal (All: Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography  ©  2013. All 
Rights Reserved)       
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well as the omentum, if it can be mobilized, can 
also be used to cover the mold. 

 The McIndoe procedure also has several modi-
fi cations related to the type of tissue or mate-
rial that is used to line the neovagina. While the 
split- thickness skin graft has been described as a 
safe and low-morbidity technique [ 25 ,  27 ], it has 
signifi cant disadvantages. The use of a STSG can 
be associated with a high contracture rate, even 
when patients are compliant with vaginal dilation, 
and this can lead to inadequate vaginal length and 
caliber [ 19 ,  30 ]. Reported modifi cations of the 
McIndoe technique include replacement of the 
STSG with various alternatives, including autolo-
gous full-thickness skin grafts (FTSG), human 
amnion, peritoneum, bladder mucosal grafts, 
xenografts, and synthetic graft material [ 28 ,  31 –
 33 ]. Techniques using FTSG are less likely to lead 
to neovaginal contracture and stenosis and do not 
require prolonged stenting [ 33 ,  34 ]. In addition, 
sebaceous and sweat glands are better preserved in 
these grafts, which can help with lubrication of the 
neovagina in some patients [ 35 ]. Akin describes a 
technique using a FTSG from the inner groin areas 
[ 29 ] (Fig.  18.3a ). These grafts are used in a simi-
lar fashion to the STSG used with the  traditional 

McIndoe procedure (Fig.  18.3b ). Younger patients 
who require neovagina reconstruction may have 
limited potential graft sites for FTSG harvesting. 
Techniques such as tissue expander placement 
in sites such as the bilateral groins have been 
described with good outcomes and limited mor-
bidity to the donor sites [ 36 ]. While FTSG confer 
many advantages when compared to STSG, the 
disadvantages of these grafts include skin texture 
mismatch and unwanted hair growth. Additionally, 
donor-site morbidity is slightly higher than with 
STSG and short-term dilation is still required with 
this technique.

   The ideal lining for the vagina is a moist 
mucosa; however, there are limited donor sites 
for this type of graft. An option includes lining 
the neovaginal cavity with multiple full-thickness 
buccal mucosal grafts. The advantage of this type 
of grafting is that the neovagina is lined with 
mucosa, which is moist and may facilitate plea-
surable intercourse. Additionally, the donor site 
heals well with virtually no morbidity [ 37 ]. The 
use of autologous buccal mucosa to reconstruct 
the vagina was presented in 2003 in two separate 
publications. Lin et al. [ 38 ] used complete 
pieces of full-thickness harvested mucosal grafts 

  Fig. 18.3    ( a ,  b ) Modifi cation of the McIndoe procedure. 
( a ) Technique using full-thickness skin grafts (FTSG) 
from the inner groin. ( b ) FTSG placed over a mold (All: 

Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography  ©  2013. All Rights Reserved)       
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(approximately 6–7 cm × 2–3 cm) from both cheeks 
to line the neovagina; each graft was expanded 
in size by making stab incisions throughout the 
grafts, which were sutured over a stent and then 
placed in an inside-out fashion into the dissected 
vesicorectal space. The stent is removed once the 
graft takes to the underlying tissue. Ozgenel et al. 
[ 30 ] described a similar technique of harvesting 
the same mucosal grafts, expanding them with 
stab incisions, but then dividing them into several 
smaller pieces to cover a larger area over the stent. 
Another technique involves harvesting two buccal 
grafts, expanding them and then mincing the grafts 
into tiny pieces and then spreading the micromu-
cosa graft onto the surfaces of gelatin sponge strips 
which are then placed over a stent and introduced 
into the dissected cavity, left in place until the graft 
takes to the underlying tissue [ 37 ]. Biologic grafts 
may also be used to line the neovagina and obvi-
ate the need for autologous tissue, which confers 
many advantages in terms of donor-site morbid-
ity. Acellular dermal allografts such as Alloderm ®  
(LifeCell Corps., Woodlands, TX), porcine dermal 
grafts such as Permacol ®  (Covidien, Mansfi eld, 
MA), and porcine intestinal submucosa grafts such 
as Surgisis ®  (Cook Medical Inc., Bloomington, 
IN) may be options in neovagina reconstruction. 
All these grafts are composed of an acellular col-
lagen scaffold that provides a bridge for tissue 
incorporation and neovascularization. Research 
on the role of these materials for reconstruction 
is sparse, with the exception of Alloderm ® , which 
has yielded successful outcomes in vulvovaginal 
reconstructive cases [ 39 ]. 

 Tissue engineering to generate vaginal cells is 
being studied as an alternative approach to lining 
the neovagina at the time of the McIndoe proce-
dure. Construction of a functional vagina using 
autologous cells expanded from a small vaginal 
biopsy was successful in a rabbit model [ 40 ]. 
And, in 2007, Panici et al. [ 41 ] reported the fi rst 
case of neovaginal construction using autolo-
gous in-vitro cultured vaginal tissue. A small 
skin biopsy can be used to culture vaginal tissue, 
which can be used as a graft at the time of 
McIndoe vaginoplasty. Early results demonstrate 
a vagina with normal length and depth with vagi-
nal tissue present on biopsy [ 41 ]. Further 
research is needed in tissue engineering, in its 

use for vaginoplasty, and long-term outcomes 
associated with this type of procedure.   

    Williams Procedure 

 The Williams Procedure is a vaginoplasty tech-
nique that has been employed in vaginal agenesis 
patients that involves creating a vulvar skin fl ap 
that is then sutured in place to create a neovagina. 
Williams [ 42 ] describes placing allis clamps on 
the vulvar tissue and applying gentle traction. A 
U-shaped incision is made extending across the 
perineum and up to the medial side of the labia 
(Fig.  18.4a ). The upper edge of the incision is 
made 4 cm laterally and up to the level of the 
external urethral meatus. The skin fl ap is sharply 
dissected off of the underlying tissues creating 
a fl ap that can be mobilized inwards, creating 
a vaginal pouch (Fig.  18.4b ). Once the tissues 
are mobilized, a fi rst layer of sutures is placed 
between the inner skin margins using interrupted 
0 delayed absorbable sutures, starting posteriorly 
and moving anteriorly (Fig.  18.4c ). A second 
layer of sutures of the same material is used to 
approximate the subcutaneous fat and the perineal 
muscles (Fig.  18.4d ). Lastly, the external skin is 
sutured with interrupted stitches (Fig.  18.4e ). 
The Creatsas modifi cation of the Williams vagi-
noplasty involves using electrocautery to open 
the hymen at the 3, 6, and 9 O’clock positions, 
which further opens the introitus and helps to cre-
ate adequate vaginal caliber and prevents hemor-
rhage due to rupture of hymenal vessels during 
the fi rst sexual intercourse [ 43 ]. Follow-up of 
these patients reveals overall subjective satisfac-
tion with vaginal lengths of 10–12 cm and widths 
of 4–5 cm [ 44 ]. This procedure is considered to 
be superior to the McIndoe procedure as it is can 
be performed in less time and there is less need 
for postoperative vaginal dilators, which reduces 
the psychological impact of the treatment [ 43 ].

       Laparoscopic Procedures 

 The Vecchietti and Davydov techniques for vagi-
nal reconstruction were fi rst performed as open 
procedures, but advances in minimally invasive 
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surgery have allowed these procedures to be per-
formed laparoscopically. The main advantage of 
a laparoscopic approach is the ability to bridge 
the need to perform an indicated abdominal pro-
cedure with the ease of recovery for the patient. 
The postoperative phase of these surgeries is usu-
ally very involved, and therefore, length of hos-
pital stay is usually not signifi cantly shortened, 
as is seen with most laparoscopic operations. 

However, once discharged from the hospital, 
patient recovery is easier as postoperative pain is 
less and patients are able to return to their daily 
activities faster. 

    Vecchietti Procedure 
 The Vecchietti procedure involves gradual 
mechanical stretching of the patient’s vaginal skin 
to create a full-length vagina. This procedure is 

  Fig. 18.4    ( a – e ) Williams procedure. ( a ) The initial step 
of the Williams procedure is a U-shaped incision extend-
ing across the perineum and up to the medial side of the 
labia. ( b ) The skin fl ap is sharply dissected off of the 
underlying tissues creating a fl ap that can be mobilized 
inwards, creating a vaginal pouch. ( c ) Once the tissues are 
mobilized, a fi rst layer of suture is placed between the 

inner skin margins using interrupted 0 delayed absorbable 
sutures. ( d ) A second layer of sutures of the same material 
is used to approximate the subcutaneous fat and the peri-
neal muscles. ( e ) The external skin is sutured with inter-
rupted stitches (All: Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography  ©  2013. All 
Rights Reserved)       
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most appropriate for patients presenting with 
vaginal agenesis and no prior reconstructive sur-
gery [ 45 ]. In this procedure [ 46 ], the vesicorectal 
space is carefully dissected laparoscopically to 
refl ect the bladder anteriorly. An EEA sizer can 
be placed inside the rectum for mobilization and 
visualization of the rectovesical space in order 
to avoid entry into the rectum at the time of dis-
section. A 2 cm olive-like acrylic bead is placed 
on the vaginal dimple and is sutured in place to 
the perineum. Under direct visualization with 
the laparoscope, a guide needle is used to pass 
permanent sutures through the acrylic bead and 
vagina and into the dissected rectovesical space in 
the pelvis. A guide needle is then inserted supra-
pubically and used to pull the sutures out of the 
body (Fig.  18.5a ). The sutures are connected to 
a traction device that is secured to the patient’s 
abdomen (Fig.  18.5b ). Sutures are tightened on a 
regular schedule, placing traction on the vaginal 
epithelium, and gradually increasing the length of 

the vaginal canal. Once adequate vaginal length is 
achieved, the traction device is removed and the 
sutures are cut and freed from the body. Patients 
are advised to practice daily dilation in order to 
help stretch the vaginal epithelium and maintain 
vaginal caliber and length during the traction 
phase of the procedure, and for a limited amount 
of time once the device is removed. As with the 
Frank dilation method, patient compliance with 
vaginal dilation and routine follow-up of the trac-
tion device are paramount to the success of the 
surgery. Data on long-term anatomic outcomes as 
well as sexual health and quality of life outcomes 
are favorable with this procedure [ 47 ].

       Davydov Procedure 
 The Davydov procedure [ 48 ] is a technique used 
to create a neovagina using the patient’s own 
peritoneum. Good candidates for this procedure 
include patients with disorders of sex differentia-
tion, such as XY females, who have undergone 

  Fig. 18.5    ( a ,  b ) Vecchietti procedure. ( a ) Under direct 
laparoscopic visualization, a guide needle is used to pass 
permanent sutures through the acrylic bead and vagina 
and into the dissected rectovesical space in the pelvis. A 
guide needle is then inserted suprapubically and used to 
pull the sutures out of the body. ( b ) Sutures are connected 
to a traction device that is secured to the patient’s abdo-

men ( a : Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography  ©  2013. All Rights 
Reserved;  b : Used with permission from Fedele L, 
Bianchi S, Berlanda N, Fontana E, Bulfoni A, Borruto 
F. Laparoscopic creation of a neovagina with the laparo-
scopic Vecchietti operation: comparison of two instru-
ment sets. Fertility and Sterility 2006; 86(2):429-432)       
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prior feminizing genitoplasty procedures, but 
have had poor outcomes, or are not satisfi ed with 
vaginal length or caliber. Several modifi cations 
of the procedure exist. We recommend fi rst mak-
ing a U-shaped perineal incision to serve as a 
landmark for where the peritoneal edges are to be 
sutured later in the case. Laparoscopic dissection 
is then done in the rectovesical space, similar to 
the technique described for the Vecchietti proce-
dure. This is also done using an EEA sizer in the 
rectum, to delineate the correct dissection plane. 
Releasing peritoneal incisions in the pouch of 
Douglas are then made either laparoscopically or 
transvaginally, freeing and mobilizing the 
 peritoneum caudally so that it can be sutured to 
the previously made perineal incision. Closure of 
the abdominal end of the neovagina is done lapa-
roscopically with a purse string suture (Fig.  18.6 ). 
A vaginal mold is left in place for several weeks 
and, once removed, it is replaced with daily dila-
tion until maximal vaginal length is created [ 45 ].

   There are signifi cant advantages to these two 
laparoscopic procedures when compared to non-
surgical dilation methods. Lengthening of the 
vagina is accomplished at the time of the proce-

dure, and does not require long-term dilation that 
can be very uncomfortable initially and time- 
consuming. The dilation that is then required post-
operatively is usually much easier as the vagina 
has already been created and the main goal of dila-
tion is maintenance of length and caliber. Patients 
tend to be very compliant with these steps. The 
main disadvantage is that both techniques require 
surgical intervention, and while they are per-
formed in a minimally invasive fashion, require 
extensive dissection into the rectovesical space, 
which can be associated with rectal, bladder, 
nerve, and vascular injury. Therefore, meticulous 
technique is required by an experienced surgeon.   

    Myo- and Fascio-Cutaneous Flap 
Procedures 

 The principle of a myo- and fasciocutaneous fl ap 
is the creation of an island fl ap that depends on 
the underlying muscle or fascia for its vascular 
supply. The fl ap is made up of muscle with or 
without fascia or fascia alone and the overlying 
subcutaneous and cutaneous tissues. 

  Fig. 18.6    Davydov procedure. The mobilized perito-
neum is sutured to the perineal incision and closure of the 
abdominal end of the neovagina is done laparoscopically 

with a purse string suture (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography  ©  
2013. All Rights Reserved)       
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 Two main techniques can be described when 
reconstructive surgery is performed using fl aps: 
(1) the standard local or regional fl ap technique 
which is based on a vascular pedicle that remains 
intact while the fl ap is being mobilized and (2) 
the more sophisticated microvascular free fl ap, 
which involves ligation of the vascular pedicle 
and reanastomosis to the vasculature of the recip-
ient site. With a few exceptions, the pedicled fl ap 
is the most commonly employed fl ap technique 
for reconstruction of the neovagina and is usually 
used after extirpative pelvic surgery or when ini-
tial skin-graft techniques have failed in patients 
with congenital anomalies. 

 Flap orientation and dimensions of the skin 
paddle harvested are designed to achieve adequate 
perfusion through the muscular portion of the fl ap 
while achieving adequate skin for vaginal recon-
struction, as well as primary donor-site closure. 
All pedicled fl aps have their limitations in terms of 
the arc of rotation, the size, the tissue volume, and 
the restriction of mobility. These factors some-
times make it diffi cult to tailor the fl ap to the defect 
that needs repair [ 49 ]. Advantages of myo- and 
fasciocutaneous fl aps include the mobilization of a 
substantial amount of tissue to repair pelvic dead 
space while providing a source for revasculariza-
tion for the surrounding tissues. The disadvantages 
of these fl aps are that they can sometimes be very 
bulky which can affect cosmetic outcome and 
make the neovaginal cavity narrow, the skin pad-
dles that line the vagina do not provide any lubri-
cation for intercourse, and there can be signifi cant 
morbidity from the donor site [ 50 ]. 

    Rectus Abdominis Flap 
 Rectus abdominis musculocutaneous fl aps are 
based off of the deep inferior epigastric vessels 
and can be harvested in two different orientations: 
transverse (TRAM) and vertical (VRAM). The 
VRAM fl ap is usually the preferred method of har-
vesting for exenteration procedures when stomas 
are created for bowel and urologic reconstruction 
[ 49 ,  51 ]. The VRAM fl ap can be taken from either 
the patient’s left or right side and is developed 
above the level of the arcuate line (Soper) 
(Fig.  18.7a ). The skin paddles typically measure 
12 × 8 cm in size, which is usually suffi cient for the 

creation of a functional vagina [ 52 ]. The horizon-
tal dimension is usually limited by the ability to 
close the skin primarily; a fl ap width extending 
2 cm lateral to the palpable edges of the rectus can 
be closed easily in most cases [ 53 ]. Once the 
course of the deep inferior epigastric vessels is 
identifi ed with Doppler, the fl ap is elevated from 
the costal margin to the level of the inguinal fold. 
Dissection is carried down to the rectus sheath and 
the lateral border is opened sharply. The skin 
island with the underlying subcutaneous tissue is 
mobilized off of the anterior rectus fascia, and the 
fascia is incised in a slightly smaller ellipse mirror-
ing the skin island in order to leave a smaller fas-
cial defect [ 51 ]. The muscle is elevated off of the 
posterior fascia after the intercostal neurovascular 
bundles are ligated. The fl ap is freed superiorly by 
dividing the muscle at the costal margin. The supe-
rior epigastric vessels are identifi ed and ligated. 
The deep inferior epigastric vessels remain as the 
vascular supply to the fl ap, and are identifi ed infe-
riorly on the posterolateral surface of the muscle, 
crossing the lateral border of the muscle at approx-
imately the level of the arcuate line. The fl ap is 
then elevated carefully so as to not shear the under-
lying branches of the pedicle. Interrupted absorb-
able sutures can be used to secure the muscle 
edges to the overlying subcutaneous tissue to pre-
vent shearing during fl ap transfer [ 53 ] (Fig.  18.7b, c ). 
TRAM fl aps are raised in an elliptical fashion as 
well, below the umbilicus, from one anterior supe-
rior iliac spine to the contralateral iliac spine 
(Fig.  18.8a ). In a similar fashion, the dissection is 
made underneath the anterior rectus fascia, which 
is preserved in a transverse orientation. The epi-
gastric vessels are identifi ed, and the superior ves-
sels are ligated to allow for mobilization of the 
pedicled fl ap in a similar method used for the 
VRAM (Fig.  18.8b, c ).

    Once the fl ap is raised, it is folded into a tube 
by approximating the edges in a 2-layer closure 
using absorbable sutures. VRAM fl aps are folded 
into a tube such that the proximal and distal ends 
of the fl ap form the introitus once placed in 
proper position [ 52 ]. TRAM fl aps are folded such 
that the lateral border is approximated to the 
medial border and the cranial edge of the fl ap is 
used to form the introitus [ 51 ]. The tube is then 
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mobilized into the pelvis through an opening in 
the posterior rectus fascia, and then brought 
beneath the pubic ramus, without placing tension 
on the pedicle. Closed suction drains are placed 
in the abdomen and pelvis to prevent hematoma 
and seroma formation. The rectus fascia at the 
donor site is closed with heavy running sutures 

and the overlying skin is closed in a manner that 
limits the distortion of the umbilicus. 

 A modifi cation to the VRAM fl ap is the 
inferior- based VRAM fl ap. This fl ap has been 
shown to meet reconstructive needs in cases of 
vulvar and perineal defects after resective sur-
gery. Traditional myocutaneous fl aps used for 

  Fig. 18.7    ( a – c ) VRAM fl ap. ( a ) Orientation of the verti-
cal rectus abdominis musculocutaneous (VRAM) fl ap. ( b ) 
Mobilization of the VRAM fl ap on its vascular pedicle. ( c ) 
Coronal view of the mobilization of the VRAM fl ap on its 

vascular pedicle (All: Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography  ©  
2013. All Rights Reserved)       
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reconstruction following radical vulvectomy can 
cover the large perineal defects but do not pro-
vide a “functional” reconstruction that can pre-
serve anal and vaginal patency. The inferior-based 
VRAM fl ap is marked and raised in a similar 
fashion to the standard VRAM fl ap. The muscle 
is then split distally in the midline with care taken 
to avoid transection of the muscular branches of 
the superior epigastric artery that anastomose 
with the deep inferior epigastric artery, and 
 supply important perforators to the muscle and 
skin of the fl ap. These muscular branches can 
easily be identifi ed and separated on the under-

side of the muscle by using spreading dissection, 
each supplying a tongue of overlying skin and 
subcutaneous tissue [ 53 ]. Division of the distal 
fl ap produces well-vascularized myocutaneous 
fork fl aps that can be draped around the vaginal 
cuff and crossed inferiorly over the perineal body 
to create a fourchette. This also provides a skin 
edge for attachment of anal mucosa if extensive 
perianal dissection was performed. 

 Several series have looked at the complication 
rates and outcomes of rectus abdominis myocuta-
neous fl aps [ 50 ,  52 ,  54 ,  55 ]. One of the larger 
series found that 38 % of patients developed 

  Fig. 18.8    ( a – c ) TRAM fl ap. ( a ) Orientation of the trans-
verse rectus abdominis musculocutaneous (TRAM) fl ap. 
( b ) Mobilization of the TRAM fl ap on its vascular pedicle. 
( c ) Coronal view of the mobilization of the TRAM fl ap on 

its vascular pedicle (All: Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography  ©  
2013. All Rights Reserved)       
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 fl ap- specifi c complications including stricture/ste-
nosis (13 %), pelvic abscess or hematoma (6 %), 
and rectovaginal fi stula (6 %), while only two 
(6 %) patients experienced complete fl ap loss [ 51 ]. 
Donor-site complications included fascial dehis-
cence (5 %) and superfi cial separation (13 %). A 
major criticism of the VRAM fl ap is that synthetic 
mesh is often necessary to repair the fascial defect 
to prevent the risk of ventral wall hernia [ 56 ]. 
However, the VRAM orientation is often prefera-
ble for certain exenteration procedures, as it allows 
for easier stoma and conduit creation on the con-
tralateral side. Additionally, techniques that focus 
on reducing the size of the fascial defect to less 
than 4–6 cm in comparison to the entire fl ap size 
can signifi cantly reduce the risk of future hernia. 
In their case series, Soper et al. [ 51 ] found that 
there were no signifi cant differences between the 
TRAM and VRAM groups in the distribution of 
donor- site, recipient-site, or overall fl ap-specifi c 

complications; VRAM fl aps were not more likely 
to be complicated by ventral wall hernia.  

    Gracilis Flap 
 Gracilis musculocutaneous fl aps are based off of 
the medial circumfl ex femoral artery. A skin fl ap 
matching the dimensions of the defect is outlined 
on the proximal two-thirds of the inner thigh 
overlying the gracilis muscle, the most superfi -
cial muscle of the inner thigh (Fig.  18.9a ). Once 
the course of the medial circumfl ex femoral 
artery has been identifi ed with Doppler, a full- 
thickness elliptical island of skin and subcutane-
ous tissue approximately 14–20 cm in length and 
8–10 cm in width is raised. The proximal skin 
incision and the arc of rotation are based approxi-
mately 6–8 cm from the pubic tubercle, at the 
point of entry of the neurovascular bundle into 
the gracilis muscle [ 57 ]. Using sharp and blunt 
dissection, the underlying gracilis muscle is 

  Fig. 18.9    ( a – c ) Gracilis fl ap. ( a ) Orientation of the graci-
lis musculocutaneous fl ap. ( b ) Identifi cation of the graci-
lis muscle. ( c ) Mobilization of the gracilis muscle (All: 

Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography  ©  2013. All Rights Reserved)       
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mobilized with care taken to identify and pre-
serve the dominant neurovascular pedicle [ 58 ] 
(Fig.  18.9b, c ). Incising the fascia over the 
 adductor magnus muscle and dissecting this fas-
cia medially with a blunt instrument facilitates 
 identifi cation of the bundle. Once the muscle is 
completely dissected out and separated from the 
surrounding inner thigh muscles, it is transected 
proximally close to the ischial pubic ramus and 
then sutured to the overlying subcutaneous tissue 
using 3-0 or 4-0 absorbable sutures in an inter-
rupted fashion [ 58 ]. The raised fl ap is then rotated 
posteriorly through a subfascial perineal tunnel. 
If complete vaginal reconstruction is necessary, 
bilateral fl aps are raised. Flaps are then formed 
into tubes by approximating the skin edges such 
that the distal edge of each fl ap becomes the apex 
of the neovagina. The neovaginal tube is then 
rotated posteriorly into the pelvic defect and the 
proximal skin edges approximated to the introi-
tus. The donor site is closed in layers with syn-
thetic absorbable suture and a closed end drain is 
left in place at this site.

   The gracilis musculocutaneous fl ap is com-
monly used to repair vaginal defects after extir-
pative surgery. The main advantage of the fl ap is 
that, with proper technique, it is easy to raise and 
also less diffi cult to tunnel to the vaginal or vul-
var defect. However, when compared to rectus 
abdominis fl aps, the gracilis fl ap has been associ-
ated with a higher rate of fl ap loss (14 % versus 
3 %) [ 57 ]. Casey et al. [ 50 ] performed one of the 
largest outcome studies evaluating myocutane-
ous fl aps. They compared 41 VRAM, 13 gracilis, 
and 45 pudendal thigh fl aps. They determined 
that the VRAM had the lowest overall and fl ap-
related complication rates following complete 
vaginal reconstruction. However, the fl ap and 
donor-site complication rates for the gracilis and 
pudendal thigh fl aps were acceptable enough to 
consider these fl aps good alternatives if a VRAM 
fl ap is not possible. They also found that patient 
age and preoperative sexual activity were good 
predictors of postoperative sexual activity fol-
lowing vaginal reconstruction; therefore, this 
should be assessed preoperatively and consid-
ered when deciding upon vaginal reconstruction 
methods.  

   Posterior Thigh Flap (Fig.  18.10 ) 
    An alternative to the gracilis fl ap is the posterior 
thigh fl ap, based off of the inferior gluteal artery. 
The posterior femoral cutaneous nerve of the 
thigh is usually preserved at the time of this fl ap 
dissection; therefore, a portion of the fl ap is usu-
ally partially sensate. Friedman et al. [ 59 ] 
describe this technique. The course of the inferior 
gluteal artery is confi rmed with Doppler and the 
skin island is centered over the vascular pedicle 
along the length of the posterior thigh. Flap 
dimensions are marked according to the defect 
needing repair. The distal most aspect of the fl ap 
should be marked a few centimeters superior to 
the popliteal crease, to avoid potential scar con-
tracture deformity and wound-healing problems. 
Dissection is fi rst begun at the distal aspect of the 
fl ap and carried out laterally and medially until 
the distal portion of the fl ap is reached. The fl ap 
is then elevated in continuity with the underlying 
fascia of the posterior compartment of the thigh, 
from a distal to proximal direction. Absorbable 
sutures are placed through the fascia and dermis 
to prevent shearing of the vascular pedicle and to 
facilitate mobilization of the fl ap. The fl ap is 
completely raised once it is dissected proximally 
to the inferior border of the gluteus maximus 
muscle. The fl ap is mobilized to the pelvis 
through a subcutaneous tissue tunnel, above the 
underlying fascia, between the posterior thigh 
and the adjacent defect. Bilateral fl aps are usually 
raised and mobilized for creation of the neovagina. 

  Fig. 18.10    Posterior thigh fl ap. Mobilization of the pos-
terior thigh fl ap, based off of the inferior gluteal artery 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography  ©  2013. All Rights Reserved)       
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Once mobilized, they are tubularized and 
positioned in a similar fashion as the gracilis fl ap. 
Drains are placed in the pelvis and at the donor 
site, which is usually closed primarily. The 
advantages and disadvantages of the posterior 
thigh fl ap refl ect those of the gracilis and rectus 
abdominis fl aps [ 59 ]. It remains a good alterna-
tive in cases that do not allow for the use of more 
common reconstructive procedures.  

   Pudendal Thigh Flap 
 The pudendal thigh fl ap is a vulvoperineal fas-
ciocutaneous fl ap and is also known as the 
 Singapore  or  Malaga fl ap , and can also be used 
for reconstruction of the vagina. The pudendal 
thigh fl ap is based off of the posterior labial 
arteries, which are a continuation of the perineal 
vessels, which are the terminal vessels of the 
internal pudendal artery. These arteries anasto-
mose with branches of the deep external puden-

dal artery, the medial circumfl ex femoral, and 
the anterior branch of the obturator artery over 
the proximal portion of the adductor muscle. The 
posterior portion of this fl ap is innervated by the 
posterior labial branches of the pudendal nerve. 
As a result, the proximal portion of the fl ap often 
times maintains some degree of sensation. The 
superfi cial perineal nerve is often preserved as 
well with this fl ap, which adds additional sen-
sation. The vulvoperineal skin island is marked 
vertically in a rectangular shape with the longi-
tudinal axis overlapping the lateral limit of the 
labia majora; the base of the fl ap is inferior to 
the posterior border of the neovaginal introitus, 
extending from the labia majora across the groin 
crease to the medial thigh and measures up to 
12 × 6 cm [ 60 ] (Fig.  18.11a ). Sharp dissection is 
done to raise the fl ap starting at the superior most 
margins where the deep external pudendal artery 
branches with the superfi cial perineal artery. 

  Fig. 18.11    ( a – c ) Pudendal thigh fl ap. ( a ) Pudendal thigh 
fl ap based off of the posterior labial arteries. ( b ) The strip 
of fl ap that passes under the labia is de-epithelialized and 
sutured to the overlying tissue. ( c ) The medial, distal, and 
lateral margins of the fl aps are approximated, creating a 

tubular pouch, and the skin edges are sutured to the neoin-
troitus and cutaneous edges of the labia majora (All: 
Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography  ©  2013. All Rights Reserved)       
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This anastomosis is ligated and the superfi cial 
perineal artery is preserved with the fl ap. The 
fl ap is dissected down to the level of the adduc-
tor muscles, the fascia over the muscles is raised 
with the fl ap, and the superfi cial perineal muscles 
can be identifi ed [ 61 ]. The fl ap is detached medi-
ally by transecting the insertion of the adductor 
aponeurosis, which inserts into the ischiopubic 
ramus. Bilateral fl aps are usually raised and then 
tunneled subcutaneously under the labia majora 
into the previously dissected rectovesical space. 
The strip of fl ap that passes under the labia is de-
epithelialized and sutured to the overlying tissue. 
Lastly, the medial, distal, and lateral margins of 
the fl aps are approximated, creating a tubular 
pouch, and the skin edges are sutured to the neo-
introitus and cutaneous edges of the labia majora 
(Fig.  18.11b, c ). The donor site is then closed 
primarily in several layers. Long-term follow-up 
of these patients shows positive anatomic and 
functional outcomes [ 61 ].

      Martius Bulbocavernosus Flap 
 The Martius bulbocavernosus fl ap was fi rst 
described in 1928 by Martius [ 62 ] and has been 
used frequently in the repair of complex vagi-
nal fi stulas. It can also be a useful source for the 
construction of a partial or complete neovagina 
[ 63 – 65 ]. For larger defects such as complete 
vaginectomy in the setting of total pelvic exen-
teration, bilateral Martius fl aps can be used by 
tubularizing the fl aps to create a complete, full- 
length vagina with normal caliber. When mark-
ing and mapping these fl aps, the primary goal 
should be to create fl aps that are as large as pos-
sible with the ability to close the donor site pri-
marily without tension. This technique has been 
described by Green et al. [ 63 ]. The Martius fl aps 
should extend from the level of the clitoris supe-
riorly to a level just above the perineal body infe-
riorly. The medial margin is the sulci between 
the labia majora and minora. The lateral margin 
is the lateral edge of the labia majora. The fl ap 
is sharply developed and raised, preserving the 
vascular pedicle, which is the posterior labial 
branch of the internal pudendal artery. The fl aps 
are tunneled through the paravaginal windows 
into the abdomen. The portion of the fl ap that 

is to become the posterior vagina is sewn to the 
top of the vagina. The two fl aps are joined on 
the posterior aspect with interrupted sutures. 
The anterior aspects are sewn to the vaginal 
cuff and then joined anteriorly, creating a tube 
with vulvar epithelium lining the neovagina. 
This method of reconstruction is an excellent 
choice for patients who have vulvar anatomy 
that is conducive to creating large fl aps that can 
be easily mobilized. In the appropriate patient, 
this procedure for neovaginal reconstruction is 
associated with minimal blood loss, short opera-
tive time, decreased pain, and less disfi gurement 
than other types of fl aps and has very favorable 
anatomic outcomes [ 63 ].  

   Omentum-Pedicled Flap 
 While the greater omentum-pedicled graft is 
not a musculocutaneous fl ap, it has been exten-
sively used for coverage of perineal and other 
soft- tissue defects but has also been used suc-
cessfully in vaginal reconstruction [ 66 ]; for these 
reasons, it is worth mentioning. Case series have 
shown that the fl ap can be used in conjunction 
with an absorbable graft such as a vicryl mesh 
that is fi rst positioned into proper location using a 
vaginal stent and sutured to the remaining edges 
of either the posterior or anterior vagina. The 
omentum- pedicled graft is based off of the left 
gastro- epiploic artery, which is mobilized down 
along the left paracolic gutter, and then draped 
over all parts of the mesh and sutured to the graft 
[ 67 ] (Fig.  18.12 ). While this type of fl ap is not 
commonly used for vaginal reconstruction, it 
may confer important benefi ts. The omentum has 
a rich vascular supply and it unlikely to necrose, 
even after mobilization. Additionally, it is easily 
mobilized without signifi cant morbidity. Lastly, 
the fl ap itself is much less bulky than other com-
monly used myocutaneous fl aps and may have 
better cosmetic results. Its major disadvantage 
is that a mesh graft may be necessary for place-
ment as there are no reported cases of omental 
fl aps used for vaginal reconstruction without 
the use of a mesh graft. There are currently no 
studies examining the safety of synthetic nonab-
sorbable grafts in neovaginal reconstruction with 
omentum- pedicled fl aps.
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        Intestinal Flaps 

 Different bowel segments, including the ileum, 
jejunum, cecum, and sigmoid colon, have been 
used for neovaginal reconstruction. The proce-
dure involves resecting a segment of the bowel 
approximately 10–12 cm in length with its vascu-
lar pedicle intact, reanastomosing the bowel, 
mobilizing the resected segment into the pelvis, 
suturing the edges to the obliterated vagina after 
creation of a proper space, and suturing to close 
the proximal end of the segment, forming a pouch 
[ 68 ] (Fig.  18.13a–d ). The main advantages of 
intestinal fl aps are that the risk of contracture and 
stenosis is signifi cantly reduced, molds or stents 
are not required to ensure patency, and lubrica-
tion is not a problem, facilitating intercourse 
[ 69 ]. Procedures are usually performed via a lap-
arotomy; however, there are some case reports 
and series describing laparoscopic techniques 
[ 70 ]. The most signifi cant disadvantages of intes-

tinal fl aps include the morbidity of laparotomy 
such as infection and wound dehiscence, shrink-
age with intestinal stenosis, anastomotic dehis-
cence, possible need for colostomy, and persistent 
copious secretion of colonic mucus. These proce-
dures are more complicated than other neovagi-
nal procedures and are limited to surgeons with a 
very unique skill set.

     Sigmoid Flap 
 The sigmoid is the most commonly used piece of 
colon for neovaginal reconstruction because of 
its location in the pelvis and ease of mobilization 
[ 6 ]. Its vascular supply consists of the sigmoidal 
arteries that branch off of the inferior mesenteric 
artery. In a large series, Kwun Kim et al. [ 71 ] 
showed that the sigmoid neovagina achieved a 
very low contraction rate, was able to maintain 
adequate vaginal length and width without the 
use of stenting, mucous secretion helped with 
sexual intercourse, there was low incidence of 
malodor, and patients were satisfi ed with the cos-
metic appearance of the reconstruction. 
Additionally, sexual satisfaction has been 
reported to be as high as 78 % after sigmoid vagi-
noplasty [ 72 ]. While these cases have been done 
laparoscopically [ 70 ], the vast majority are per-
formed via laparotomy, which has its risks and 
associated comorbidities. In addition, there are 
reports of diversion colitis, ulcerative colitis, 
patient dissatisfaction with copious malodorous 
neovaginal discharge, prolapse, fl ap failure, and 
defecatory dysfunction [ 70 ]. While very rare, pri-
mary adenocarcinoma of the colon has been 
reported in the sigmoid neovagina as well [ 73 ].  

   Ileocecal Flap 
 The ileum and cecum have both been used suc-
cessfully in the creation of the neovagina and are 
based off of the ileal branches of the superior 
mensenteric artery (SMA). The main advantage 
of these fl aps is that there is excellent blood sup-
ply to those portions of the bowel and the vascu-
lar pedicle is long enough to be mobilized to the 
pelvis. Additionally, reports show that there is the 
least mucous production of all of the intestinal 
fl aps and therefore, there is less vaginal discharge 
[ 69 ]. The main disadvantage of the ileal fl ap is 

  Fig. 18.12    Omentum-pedicled fl ap. Based off of the left 
gastro-epiploic artery, which is mobilized down along the 
left paracolic gutter to the site of reconstruction (Reprinted 
with permission, Cleveland Clinic Center for Medical Art 
& Photography  ©  2013. All Rights Reserved)       
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  Fig. 18.13    ( a – d ) Creation of a neovagina with an intes-
tinal fl ap. ( a ) A segment of the bowel is resected with its 
vascular pedicle intact. ( b ) A segment of the bowel is 
resected with its vascular pedicle intact. ( c ) The bowel is 
reanastomosed and the resected portion is mobilized into 

the pelvis. ( d ) A sagittal view of the bowel fl ap sutured 
to the obliterated vagina, creating a neovaginal pouch 
(All: Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography  ©  2013. All 
Rights Reserved)       
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that compared to the jejunum and sigmoid, the 
ileum wall is much more fragile and delicate and 
more likely to sustain trauma with subsequent 
bleeding at the time of mobilization and is also 
associated with a higher rate of stenosis and 
intestinal obstruction [ 6 ]. Similar to the sigmoid 
fl aps, there are reported cases of laparoscopic 
ileal vaginoplasty, which have been successful 
and confer the advantage of less morbidity [ 69 ].  

   Jejunal Flap 
 This pedicled fl ap is also based off of a branch of 
the SMA. The jejunum has a smaller lumen than 
the rectosigmoid and can provide favorable cos-
metic and functional outcomes [ 6 ]. Another sig-
nifi cant advantage over the sigmoid fl ap is that 
there is less dissection needed for mobilization 
and patients report signifi cantly less defecatory 
dysfunction [ 74 ]. A disadvantage of the fl ap is 
copious intestinal secretion but this can be recti-
fi ed by performing the surgery as a free fl ap pro-
cedure with anastomosis rather than as a pedicled 
fl ap procedure, as temporary ischemia of the fl ap 
during mobilization leads to decreased mucous 
production [ 6 ]. When a free fl ap procedure is per-
formed, the SMA branches that are mobilized 
with the fl ap are anastomosed using a microvas-
cular technique to the inferior epigastric vessels. 
There are fewer laparoscopic cases that have 
been reported, as mobilization of the jejunum is 
done most easily via a laparotomy, and is obliga-
tory when a free fl ap technique is employed.    

    Prolapse of the Neovagina 

 There are few reported cases of vaginal vault pro-
lapse in women who have undergone neovaginal 
reconstruction for vaginal agenesis [ 75 – 78 ]. In 
seven previous case reports, four cases of vaginal 
vault prolapse occurred after mechanical dilation 
and three occurred after surgical management 
with either the McIndoe or Williams procedures. 
The vagina is composed of three segments: upper 
and middle and lower. The upper and middle seg-
ments are derived from the mullerian ducts and 
are suspended to the surrounding structures by 
connective tissue fi bers to the sacrum and fascia 

of the pelvic sidewall, respectively. The lower 
segment of the vagina is derived from the uro-
genital sinus and is fused to the perineum as well 
as the fascia of the levator ani muscles and peri-
neal body. Patients with mullerian agenesis are 
born without the fi brous connections of the upper 
and middle segments of the vagina. In these 
patients, the vagina is a blind pouch that opens at 
the introitus. A mechanically created neovagina 
or a surgically constructed one lacks the fi brous 
supports that suspend the vagina to the bony pel-
vis, and as a result, are at risk for prolapse of the 
vaginal apex and its lateral supports. Based on 
existing published case reports, successful out-
comes can be achieved with vaginal vault pro-
lapse surgeries. Abdominal sacrocolpopexy with 
synthetic mesh and paravaginal repair has been 
performed successfully on patients with prolapse 
of the neovagina [ 77 ]. There is also a case report 
showing a successful sacrospinous ligament col-
popexy used in the case of vaginal vault prolapse 
in a MRKH patient [ 78 ]. In this particular case, 
the vagina was not long enough to be directly 
sutured to the sacrospinous ligament, and so, a 
fascia lata allograft was sutured to the anterior 
and posterior vaginal walls and then secured to 
the right sacrospinous ligament to help bridge the 
gap between the vaginal apex and ligament. The 
prevalence of vaginal vault prolapse in vaginal 
agenesis patients who have undergone neovaginal 
construction is not known. However, as we con-
tinue to perform reconstructive neovaginal proce-
dures for these patients, prolapse procedures for 
some patients will continue to be necessary.  

    Conclusion 

 Patients with congenital anomalies of the vagina 
usually present in adolescence while children 
with sex differentiation disorders present with 
an intersex phenotype in the early period of life. 
Once these disorders are identifi ed, proper evalu-
ation is required in order to identify all anatomic 
abnormalities and to help with accurate diagnosis. 
Evaluation includes all or some of the following: 
offi ce physical exam and exam under anesthe-
sia if necessary, karyotype, hormonal panel, and 
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imaging with MRI and/or ultrasonography. Once 
this information is obtained, proper management 
planning can be done. Treatment takes place once 
the patient is mature enough to understand their 
disorder, to commit to the treatment plan, and 
as long as adequate social  supports are in place. 
First-line management for patients with vaginal 
agenesis is any version of Frank’s method of 
progressive vaginal dilation. It should be the fi rst 
therapeutic procedure because it is the least inva-
sive and has fewer serious complications. 

 If this method fails to create a proper vagina, 
or patients decline this method, surgical neovagi-
nal construction can be performed. The surgi-
cal option often depends on the experience and 
preference of the surgical team, and sometimes 
requires a multidisciplinary approach with gyne-
cologists, pediatric surgeons, urologists, and plas-
tic surgeons. The technique most often employed 
for patients with vaginal agenesis or disorders 
of sex differentiation is the McIndoe operation, 
a modifi cation of this surgery, or the Williams 
vaginoplasty. Laparoscopic techniques such as 
the Vecchietti and Davydov operations are also 
minimally invasive options for patients and have 
yielded favorable outcomes. For failed procedures 
or more complex reconstruction, various fl ap pro-
cedures can be performed. Many factors direct the 
type of fl ap that is used. These include the size and 
type of defect that needs to be repaired, the avail-
ability of certain fl aps, the morbidity associated 
with fl ap harvesting and repair of the donor site, 
and the number and types of prior reconstructive 
procedures the patient has already had. Patients 
with vaginal agenesis or disorders of sex differ-
entiation require construction of a patent vaginal 
tube that is functional and cosmetically appealing. 
Patients who have undergone resective surgeries 
or have undergone radiation therapy for malig-
nancy have these same requirements, in addition 
to larger vulvar and perineal defects that require 
repair. Many different fl aps have been described 
in this chapter, including those that are musculo- 
and fasciocutaneous and intestinal. The majority 
of these fl aps are pedicle-based and rotational in 
nature and do not require microvascular surgery. 
Additionally, the use of biologic allografts and 
tissue engineering to create the neovagina was 

briefl y discussed and may be promising mini-
mally invasive techniques for the future, but need 
to be investigated further. The ideal reconstructive 
method should provide a patent vaginal canal of 
adequate length, width, and texture that will allow 
for sexual intercourse, provide a cosmetically 
appealing appearance with minimal morbidity of 
both the recipient and donor surgical sites with a 
low incidence of overall complications. 

 Reconstruction of the neovagina can be very 
complex and challenging. Each method of repair 
has its advantages and disadvantages, which 
should be carefully weighed with the desired 
treatment goals as well as the surgeon’s experi-
ence with various surgical techniques.     
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