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In continuation with the first two volumes, the third edition of the American 
Society of Colon and Rectal Surgeons’ (ASCRS) Manual is again 
abstracted from and a companion to the third edition of the ASCRS Textbook 
of Colon and Rectal Surgery (Steele, Hull, Read, Saclarides, Senagore, 
Whitlow, eds. New York: Springer, 2016). The manual serves as a readily 
available, easy-to-access, and succinct resource for all providers caring 
with colorectal disease.

The collective goal for the third edition of the ASCRS Textbook of Colon 
and Rectal Surgery was to provide a valuable resource for surgeons and 
health-care providers who care for patients with colorectal disease at all 
stages of their careers. In line with previous editions, we aimed to build upon 
the collective experience and expertise from national and international experts 
in the field, providing a completely revamped, up-to-date tome covering the 
wide breadth of colorectal disease organized around the “pillars” of colorec-
tal surgery including perioperative care (including endoscopy), anorectal dis-
ease, benign disease (including inflammatory bowel disease), malignancy, 
pelvic floor disorders, and a “miscellaneous” section that covers aspects both 
inside and beyond the operating room that are pertinent to providers at every 
level. In addition, each chapter contains several key concepts that succinctly 
depict the major learning objectives for individual sections and are in line 
with the Core Curriculum for Colon and Rectal Surgery provided by the 
Association of Program Directors in Colon and Rectal Surgery and the key 
topics used by the American Board of Colon and Rectal Surgery.

Each chapter in the manual has been abstracted, edited, and reviewed by 
the textbook authors and manual editors. Many diagrams, figures, and algo-
rithms have been retained from the textbook, as they are felt to help with 
patient care. In an effort to continue to build and expand upon the education 
platform across the ASCRS, the manual serves as a bridge between the jour-
nal (Diseases of the Colon and Rectum), the ASCRS textbook, and other 
resources such as CARSEP and CREST. Further information, including more 
in-depth technical, scientific, and expert opinion, as well as references, are 
available and can always be accessed through any of our other resources and 
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programs. It is our sincere wish that this manual will serve as a relevant and 
practical tool to provide information and recommendations and ultimately 
help improve the care and outcome for our patients.

Cleveland, OH, USA� Scott R. Steele, MD
Cleveland, OH, USA� Tracy L. Hull, MD
Chicago, IL, USA� Neil Hyman, MD
Worcester, MA, USA� Justin A. Maykel, MD
Gainesville, FL, USA� Thomas E. Read, MD
New Orleans, LA, USA� Charles B. Whitlow, MD
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Anatomy and Embryology 
of the Colon, Rectum, and Anus

Joseph C. Carmichael and Steven Mills

Key Concepts
•	 The dentate line represents a true division 

between embryonic endoderm and ectoderm.
•	 The location of the anterior peritoneal reflec-

tion is highly variable and can be significantly 
altered by disease such as rectal prolapse.

•	 The right and left ischioanal space communi-
cate posteriorly through the deep postanal 
space between the levator ani muscle and ano-
coccygeal ligament.

•	 The junction between the midgut (superior 
mesenteric artery) and the hindgut (inferior 
mesenteric artery) leads to a potential water-
shed area in the area of the splenic flexure.

•	 There is a normal, three-stage process by 
which the intestinal tract rotates during devel-
opment beginning with herniation of the mid-
gut followed by return of the midgut to the 
abdominal cavity and ending with its fixation.

�Anatomy of the Anal Canal 
and Pelvic Floor

•	 The “anatomic” anal canal begins at the den-
tate line and extends to the anal verge.

•	 The “surgical” anal canal extends from the 
anorectal ring to the anal verge.

•	 The surgical anal canal is formed by the 
internal anal sphincter (IAS), external anal 
sphincter (EAS), and puborectalis (Fig. 1.1).

•	 The surgical anal canal is longer in males than 
in females. It averages 4.4  cm in males and 
4.0 cm in females. Its length does not change 
with age.

•	 MR imaging shows that the anterior and pos-
terior external anal sphincter length (not 
including puborectalis) was significantly 
shorter in women.

•	 The anal canal forms proximally where the 
rectum passes through the pelvic hiatus and 
joins with the puborectalis muscle and be 
thought of as a “tube within a tube.”

•	 The inner tube is the visceral smooth muscle 
of the IAS and longitudinal layer that is 
innervated by the autonomic nervous 
system.

•	 The outer muscular tube consists of somatic 
muscles including the components of the 
puborectalis and EAS and is responsible for 
voluntary control.

•	 The EAS extends distal to the IAS, and the 
anal canal terminates at the anal verge 
where the superficial and subcutaneous 
portions of the external anal sphincter join 
the dermis.
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�Anal Canal Epithelium

•	 The proximal anal canal is lined by the colum-
nar epithelium of the rectal mucosa.

•	 Six to twelve millimeter proximal to the den-
tate line, the anal transition zone (ATZ) begins, 
which is an area of gradual transition of 
columnar epithelium to squamous 
epithelium.

•	 The columns of Morgagni are redundant col-
umns of tissue with anal crypts at their base. 
This forms the rippled dentate line (or pecti-
nate line) which can be most easily identi-
fied – anal crypts are connected to underlying 
anal glands which are the presumed source of 
sepsis in the majority of anorectal abscesses 
and fistula. On average, there are six anal 
glands surrounding the anal canal (range 
3–12) that are more concentrated in the poste-
rior quadrants.

•	 All glands have a crypt but not all crypts have 
a gland. Some crypts are connected to multi-
ple glands. The anal gland ducts proceed infe-
rior and lateral from the anal canal and enter 
the submucosa where two-thirds enter the 
internal anal sphincter and half terminate in 
the intersphincteric plane.

•	 Distal to the dentate line, the anoderm begins 
and extends for approximately 1.5  cm. 
Anoderm has squamous histology and is 
devoid of hair, sebaceous glands, and sweat 
glands. At the anal verge, the anal canal lining 
becomes thickened and pigmented and con-
tains hair follicles  – this represents normal 
skin.

•	 The dentate line represents a true division 
between embryonic endoderm and ectoderm. 
Proximal to the dentate line, the innervation is 
via the sympathetic and parasympathetic sys-
tems, with venous, arterial, and lymphatic 
drainage associated with the hypogastric ves-
sels. Distal to the dentate line, the innervation 
is via somatic nerves with blood supply and 
drainage from the inferior hemorrhoidal 
system.

�Internal Anal Sphincter

•	 The internal anal sphincter is the downward 
continuation of the circular smooth muscle 
of the rectum. It terminates approximately 
1  cm proximal to the distal aspect of the 
external anal sphincter producing a palpable 

Longitudinal muscle

Circular muscle

Levator
ani muscle

Valve of Houston

Conjoined longitudinal muscle

Column of Morgagni

Internal anal sphincter muscle

External anal sphincter muscle

Corrugator cutis ani muscle

Anal gland
Anal crypt

Intersphincteric groove

Anoderm Anal verge

Dentate line

Puborectalis

Iliococcygeus

Pubococcygeus

Peritoneal reflection

Fig. 1.1  Anal canal
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intersphincteric groove on physical exam. 
Imaging studies show that the IAS is approx-
imately 2  mm in thickness and 35  mm in 
length on average.

�Conjoined Longitudinal Muscle

•	 The anatomy and function of the perianal con-
nective tissue plays a significant role in nor-
mal anorectal function. The conjoined 
longitudinal muscle (or conjoined longitudi-
nal coat) lies in between the internal and exter-
nal anal sphincters. It begins at the anorectal 
ring as an extension of the longitudinal rectal 
muscle fibers and descends caudally joined by 
fibers of the puborectalis muscle.

•	 At its most caudal aspect, some of the con-
joined longitudinal muscle fibers (referred to 
as corrugator cutis ani muscle) traverse the 
distal external anal sphincter and insert into 
the perianal skin, and some enter the fat of 
the ischiorectal fossa. Some fibers of the 
conjoined longitudinal muscle interlace in a 
network within the subepithelial space and 
have been referred to as Treitz’s muscle. 
They have also been referred to corrugator 
cutis ani, musculus submucosae ani, muco-
sal suspensory ligament, and musculus 
canalis ani.

•	 Possible functions of the conjoined longitudi-
nal muscle include attaching the anorectum to 
the pelvis and acting as a skeleton that sup-
ports and binds the internal and external 
sphincter complex together.

�External Anal Sphincter

•	 The external anal sphincter (EAS) is com-
posed of striated muscle that forms an ellipti-
cal tube around the internal anal sphincter and 
conjoined longitudinal muscle.

•	 Goligher demonstrated that the external anal 
sphincter was truly a continuous sheet of skel-
etal muscle extending up to the puborectalis 
and levator ani muscles. While the external 

anal sphincter does not have three distinct 
anatomic layers, it is not uncommon to see the 
proximal portion of the EAS referred to as 
deep EAS, the midportion referred to as the 
superficial EAS, and the most distal aspect as 
the subcutaneous EAS.

•	 The mid-EAS has posterior attachment to 
the coccyx via the anococcygeal ligament, 
and the proximal EAS becomes continuous 
with the puborectalis muscle. Anteriorly, the 
proximal EAS forms a portion of the peri-
neal body with the transverse perineal 
muscle.

•	 There are gender differences in the morphol-
ogy of the anterior external anal sphincter 
that have been demonstrated on imaging. The 
normal female external anal sphincter has a 
variable natural defect (in 75% of nulliparous 
women) occurring along its proximal ante-
rior length below the level of the puborectalis 
sling. Knowledge of this is important in 
interpreting anal ultrasound for fecal 
incontinence.

•	 The external anal sphincter is innervated on 
each side by the inferior rectal branch of the 
pudendal nerve (S2 and S3) and by the peri-
neal branch of S4. There is substantial overlap 
in the pudendal innervation of the external 
anal sphincter muscle on the two sides which 
enables reinnervation to be partially 
accomplished from the contralateral side fol-
lowing nerve injury.

�Perineal Body

•	 The perineal body represents the intersection 
of the external anal sphincter, superficial 
transverse perinei, deep transverse perinei, 
and bulbospongiosus (also referred to as bul-
bocavernosus) muscles (Fig.  1.2). Recent 
research suggests that the transverse perinei 
(TP) and bulbospongiosus (BS) muscles con-
tribute significantly to anal incontinence. It 
has been proposed that the EAS, TP, and BS 
muscles be collectively referred to as the 
“EAS complex muscles.”

1  Anatomy and Embryology of the Colon, Rectum, and Anus
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�Pelvic Floor Muscles

•	 In addition to the anal sphincter and perineal 
body, the levator ani (LA) muscles contribute 
to pelvic organ support.

•	 The LA has three subdivisions including the 
pubococcygeus (aka pubovisceral), puborec-
talis, and iliococcygeus.

•	 In vivo MRI measurements in women have 
shown distinct, visible muscle fascicle direc-
tions for each of the three LA component 
muscles. Embryology studies have also dem-
onstrated that the puborectalis muscle is a por-
tion of the LA muscle and shares a common 
primordium with the iliococcygeus and pubo-
coccygeus muscles.

Puborectalis muscle
Pubococcygeus muscle

Iliococcygeus muscle

Perineal body

Female Pelvic Floor

Male Pelvic Floor

Superficial transverse
perinei muscle

Bulbospongiosus muscle

External anal sphincter

Ischial tuberosity

Anococcygeal ligamentGluteus maximus

Tip of coccyx

Puborectalis muscle
Pubococcygeus muscle

Iliococcygeus muscle

Perineal body Superficial transverse
perinei muscle

Bulbospongiosus muscle

External anal sphincter

Ischial tuberosity

Anococcygeal ligamentGluteus maximus

Tip of coccyx

Fig. 1.2  Pelvic floor muscles
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•	 Contemporary cadaveric studies suggest that 
the LA muscles are innervated by the puden-
dal nerve branches: perineal nerve and infe-
rior rectal nerve as well as direct sacral nerves 
S3 and/or S4 (i.e., levator ani nerve). The 

pubococcygeus muscle and puborectalis mus-
cle are primarily innervated by the pudendal 
nerve branches, while the iliococcygeus mus-
cle is primarily innervated by the direct sacral 
nerves S3 and/or S4 (Fig. 1.3).

Inferior rectal nerve

Pudendal nerveInternal pudendal
artery and vein

Perineal nerve

Levator ani muscle

External anal sphincter

Anococcygeal ligament

Coccyx

Superficial transverse
perinei muscle
Ischial tuberosity

Inferior rectal artery

Perineal artery and vein

Inferior rectal nerve

Pudendal nerve

Internal pudendal
artery and vein

Perineal nerve

Levator ani muscle

External anal sphincter

Anococcygeal ligament

Coccyx

Superficial transverse
perinei muscle

Ischial tuberosity

Inferior rectal artery

Perineal artery and vein

Female Pelvic Floor

Male Pelvic Floor

Fig. 1.3  Pelvic floor nerves and blood supply
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�Puborectalis Muscle
•	 The puborectalis muscle (PRM) fibers arise 

from the lower part of the symphysis pubis and 
from the superior fascia of the urogenital dia-
phragm and run alongside the anorectal junc-
tion. Posterior to the rectum, the fibers join 
forming a sling. The “anorectal ring” is com-
posed of the upper borders of the internal anal 
sphincter and puborectalis muscle. Contraction 
of the PRM sling causes a horizontal force that 
closes the pelvic diaphragm and decreases the 
anorectal angle during squeeze. This is widely 
considered the most important contributing fac-
tor to gross fecal continence.

�Iliococcygeus Muscle
•	 Iliococcygeus muscle (ICM) fibers arise from the 

ischial spines and posterior obturator fascia, pass 
inferior/posterior and medially, and insert into the 
distal sacrum, coccyx, and anococcygeal raphe. 
The ICM, along with the pubococcygeus muscle, 
contributes to “lifting” of the pelvic floor.

�Pubococcygeus Muscle
•	 The pubococcygeus muscle (PCM) lies medial 

to the PRM. PCM fibers arise from the ante-
rior half of the obturator fascia and the high 
posterior pubis. The PCM fibers intersect with 
fibers from the opposite side and form the 
anococcygeal raphe (or anococcygeal liga-
ment). PCM fibers insert in the distal sacrum 
and tip of the coccyx, and portions contribute 
to the conjoined longitudinal muscle. The 
PCM forms the “levator hiatus” as it ellipses 
the lower rectum, urethra, and either the 
vagina in women or the dorsal vein of the 
penis in men. The levator hiatus is connected 
to the intrahiatal organs by a fascial condensa-
tion called the “hiatal ligament” (Fig.  1.4). 
The hiatal ligament arises circumferentially 
around the hiatal margin as a continuation of 
the fascia on the pelvic surface of the levator 
muscle. Enlargement of the levator hiatus has 
been implicated as a cause of female pelvic 
organ prolapse.

PuborectalisPubococcygeus

Obturator internus

Piriformis

Anococcygeal
raphe

Anorectal junction
PubococcygeusLevator hiatus

Hiatal ligament

Urethra

Dorsal vein of penis

Fig. 1.4  Pelvic floor 
anatomy, abdominal 
view
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�Anatomy of the Rectum

•	 The rectum is of variable length but is com-
monly described as the upper (12–15 cm), mid-
dle (7–12  cm), and lower (0–<7  cm) rectum. 
While not anatomically distinct, the divisions 
are important when considering surgical treat-
ment of rectal cancer. The upper rectum can be 
distinguished from the sigmoid colon by the 
absence of taenia coli and epiploic appendages.

•	 The majority of the rectum is extraperitoneal. 
Anteriorly and laterally the upper rectum is 
covered by a layer of visceral peritoneum 
down to the peritoneal reflection. The location 
of the anterior peritoneal reflection is highly 
variable but on average is 9 cm from the anal 
verge in females and 9.7 cm in males.

�Mesorectum

•	 In anatomic terms, the prefix “meso” refers to 
two layers of peritoneum that suspend an organ, 
and the suffix applied indicates the target organ 

(e.g., mesocolon). Therefore the term mesorec-
tum is a misnomer except in patients with a 
mobile suspended rectum as can be seen in rec-
tal prolapse.

•	 The mesorectum is a term employed by sur-
geons to describe the fascial envelope of the rec-
tum that is excised during surgical treatment of 
rectal cancer. Indeed, failure to completely 
excise this envelope intact has been associated 
with an increased incidence of local recurrence 
of rectal cancer. The mesorectum is contained 
within the fascia propria. The fascia propria is 
an upward projection of the parietal endopelvic 
fascia that lines the walls and floor of the pelvis. 
The fascia propria encloses the perirectal fat, 
lymphatics, blood vessels, and nerves.

�Presacral Fascia

•	 The presacral fascia is a thickened portion of the 
parietal endopelvic fascia overlying the sacrum 
that covers the presacral veins and hypogastric 
nerves (Fig. 1.5). It extends laterally to cover the 

Peritoneum

Presacral
fascia

Retrosacral
fascia

Denonvilliers’
fascia

Rectovesical pouch

Prostate

Seminal vesicles

Anterior
mesorectum

Fig. 1.5  Fascial relationships of the rectum
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piriformis and upper coccyx. As the presacral 
fascia extends laterally, it becomes continuous 
with the fascia propria and contributes to the lat-
eral ligaments of the rectum. Caudally, this fas-
cia extends to the anorectal junction covering 
the anococcygeal ligament. During total meso-
rectal excision, the fascia propria is elevated 
sharply off the presacral fascia. Leaving the pre-
sacral fascia intact eliminates the possibility of 
causing substantial presacral bleeding.

�Retrosacral Fascia

•	 The retrosacral fascia originates at the third 
and fourth portion of the sacrum and extends 
anteriorly to the posterior layer of the fascia 
propria 3–5 cm proximal to the anorectal junc-
tion. This tough fascia layer is surgically rele-
vant as it must be sharply incised during total 
mesorectal excision. The space posterior to 
the retrosacral fascia is referred to as the 
supralevator or retrorectal space.

�Waldeyer’s Fascia

•	 There is significant confusion about what 
Waldeyer’s fascia represents as the eponym 
has been used to describe the presacral fascia, 
the rectosacral fascia, or all fascia posterior to 
the rectum. In Waldeyer’s original description 
of pelvic fascia, there was no particular 
emphasis on the presacral component. While 
the debate continues regarding “Waldeyer’s 
fascia,” it is important to simply understand 
that the phrase can have the potential to mean 
presacral fascia, retrosacral, or retrorectal 
fascia.

�Denonvilliers’ Fascia

•	 Denonvilliers’ fascia arises from the fusion of 
the two walls of the embryological peritoneal 
cul-de-sac and extends from the deepest point 
of the rectovesical pouch to the pelvic floor. It 
was originally described by Denonvilliers in 

1836 as a “prostatoperitoneal” membranous 
layer between the rectum and seminal 
vesicles.

•	 Denonvilliers’ fascia is also present in females 
as part of the rectovaginal septum and is some-
times referred to as rectovaginal fascia. It is 
found immediately beneath the vaginal 
mucosa and is clearly what most would con-
sider as part of the vaginal wall. It merges 
superiorly with the cardinal/uterosacral com-
plex in females or the rectovesical pouch in 
males. It merges laterally with the endopelvic 
fascia overlying the levator muscle and dis-
tally with the perineal body. It contains colla-
gen and some strands of smooth muscle and 
heavy elastin fibers.

•	 Microscopically, Denonvilliers’ fascia has 
two layers, but they are not grossly discern-
able. In the anterior rectal plane, the mesorec-
tum is contained by the fascia propria which 
lies dorsal to Denonvilliers’ fascia.

•	 The cavernous nerves run in neurovascular bun-
dles at the anterolateral border of Denonvilliers’ 
fascia.

�Lateral Ligaments

•	 There are two controversial points regarding 
the lateral ligaments of the rectum. Do the lat-
eral ligaments exist? What do they contain?

•	 In his seminal description of abdominoperi-
neal resection in 1908, William Ernest Miles 
refers to division of the lateral ligaments of the 
rectum.

•	 One modern cadaveric dissection study identi-
fied the presence of a middle rectal artery in 
only 22% of specimens.

•	 Total mesorectal excision, as popularized 
and described by Heald, involves sharp dis-
section along the fascia propria circumferen-
tially to the pelvic floor. While acknowledging 
that the middle rectal vessels are “divided as 
far from the carcinoma as possible,” Heald 
does not mention “lateral ligaments” of the 
rectum at all.

•	 One review of the anatomy of the lateral liga-
ment states that it is a common misconception 
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that the lateral ligaments contain the middle 
rectal artery. It appears that the lateral liga-
ments comprise “primarily nerves and con-
nective tissue” and their division without 
bleeding attests to the absence of a “signifi-
cant accessory rectal artery in this location in 
the majority of patients.”

•	 In another cadaveric study, the lateral liga-
ments of the rectum were identified as trape-
zoid structures originating from mesorectum 
and anchored to the endopelvic fascia at the 
level of the midrectum. It was recommended 
that, as lateral extensions of the mesorectum, 
the ligaments must be cut and included in the 
total mesorectal excision (TME) specimen. It 
was further noted that the lateral ligaments did 
not contain middle rectal arteries or nerve 
structures of importance. Other modern cadav-
eric investigations note the rarity of middle 
rectal arteries and the absence of clinically rel-
evant neurovascular structures in the lateral 
ligaments.

�Valves of Houston

•	 The rectum has been classically described to 
have three distinct, semicircular, inner folds 
called valves of Houston (Fig.  1.1) with the 
superior and inferior valves located on the left 

side of the rectum and the more prominent 
middle rectal valve on the right.

•	 Anatomic variation is common, with only 
45.5% of patients having the classic “three 
valve anatomy”; 32.5% will have only two 
valves, and 10.25% will have four valves.

�Anorectal Spaces

•	 Several anorectal spaces are created by the 
various myofascial relationships in the pelvis. 
They are important in understanding how ano-
rectal sepsis can spread throughout the pelvis.

�Perianal Space

•	 The perianal space contains external hemor-
rhoid cushions, the subcutaneous external anal 
sphincter, and the distal internal anal sphinc-
ter. The perianal space is in communication 
with the intersphincteric space (Fig. 1.6). Its 
cephalad boundary is the dentate line, and its 
lateral boundaries are the subcutaneous fat of 
the buttocks. It is contained by fibers extend-
ing from the conjoined longitudinal muscle 
often referred to as corrugator cutis ani mus-
cle fibers. Otherwise, the perianal space is 
contained by anoderm.

Supralevator space

Peritoneum

Levator ani
muscle

Puborectalis
muscle

Obturator internus
muscle

External anal
sphincter muscle

Internal anal
sphincter muscle

Transverse fibrous
septum of ischiorectal
fossa

Pudendal
(Alcock’s) canal

Intersphincteric space

Perianal space

Ischioanal space

Fig. 1.6  Perianal and perirectal spaces, coronal view
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�Intersphincteric Space

•	 The intersphincteric space is the potential 
space that lies between the internal and exter-
nal anal sphincters and is continuous with the 
perianal space. It is of clinical importance as 
cryptoglandular infections tend to begin in 
this area and expand elsewhere to create anal 
fistulas.

�Submucous Space

•	 This space lies between the medial border of 
the internal anal sphincter and the anal 
mucosa proximal to the dentate line. It is 
continuous with the submucosa of the rec-
tum. This area contains internal hemorrhoid 
vascular cushions.

�Ischioanal/Ischiorectal Space

•	 The ischioanal (also referred to as ischiorec-
tal) space is the largest anorectal space. It 
has been described as a pyramid shape with 
its apex at the levator muscle insertion into 
the obturator fascia. Its borders are as 
follows:

•	 Medial – the levator ani muscle and external 
anal sphincter

•	 Lateral – obturator internus muscle and obtu-
rator fascia

•	 Posterior  – the lower border of the gluteus 
maximus muscle and the sacrotuberous 
ligament

•	 Anterior – the superficial and deep transverse 
perineal muscles

•	 Caudal – the skin of the perineum
•	 The ischioanal fossa contains the adipose tis-

sue, pudendal nerve branches, and superficial 
branches of the internal pudendal vessels.

•	 The right and left ischioanal space communi-
cate posteriorly through the deep postanal 
space between the levator ani muscle and ano-
coccygeal ligament (Fig.  1.7). When the 
ischioanal and perianal spaces are regarded as 
a single space, it is referred to as the ischio-
anal fossa.

�Supralevator Space

•	 The upper boundary of the supralevator space 
is the peritoneum, the lateral boundary is the 
pelvic wall, the medial boundary is the rec-
tum, and the inferior boarder is the levator ani 
muscle (Fig. 1.8).

Supralevator space

Intersphincteric space

Ischioanal space

Fig. 1.7  Communication of the anorectal spaces
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�Superficial and Deep Postanal Spaces

•	 These spaces are located posterior to the anus 
and inferior to the levator muscle. The superfi-
cial postanal space is more caudal and is located 
between the anococcygeal ligament and the 
skin. The superficial postanal space allows 
communication of perianal space sepsis.

•	 The deep postanal space (retrosphincteric 
space of Courtney) is located between the 
levator ani muscle and the anococcygeal 
raphe. This space allows ischioanal sepsis to 
track from one side to the other resulting in the 
so-called “horseshoe” abscess.

�Retrorectal Space

•	 The retrorectal space is found between the pre-
sacral fascia and fascia propria. It contains no 
major blood vessels or nerves. It is limited lat-
erally by the lateral ligaments of the piriformis 

fascia and inferiorly by the rectosacral fascia. 
The fascia propria and presacral fascia come 
together at the apex of this space.

�Rectal Blood Supply

•	 The rectum is supplied by the superior, mid-
dle, and inferior rectal (hemorrhoidal) arteries 
(Fig. 1.9). Both the middle and inferior hem-
orrhoidal vessels are paired arteries, while the 
superior rectal artery is not.

�Superior Rectal Artery
•	 The superior rectal artery (SRA) is the con-

tinuation of the inferior mesenteric artery as it 
crosses the left iliac vessels. The SRA gives 
off a rectosigmoid branch and an upper rectal 
branch and bifurcates into right and left termi-
nal branches. On average, eight terminal 
branches of the SRA have been identified in 
the distal rectal wall.

Retrorectal space

Retrosacral fascia

Supralevator space

Levator ani muscle

Deep postanal space

Superficial postanal space

Anococcygeal ligament

Fig. 1.8  Perianal and perirectal spaces, lateral view
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�Middle Rectal Artery
•	 The middle rectal artery (MRA) has been 

variably noted in many studies. It may be 
found on one or both sides of the rectum and 
has been noted to be present 12–28% of the 
time. The MRA originates from the anterior 
division of the internal iliac or pudendal 
arteries.

�Inferior Rectal Artery
•	 The inferior rectal arteries (IRA) are paired 

vessels that originate as branches of the inter-
nal pudendal artery that receives its blood sup-
ply from the internal iliac artery. The artery 

originates in the pudendal canal and is entirely 
extrapelvic (caudal to the levator ani) in its 
distribution. The IRA traverses the obturator 
fascia and the ischiorectal fossa and pierces 
the wall of the anal canal in the region of the 
external anal sphincter.

�Venous and Lymphatic Drainage 
of the Rectum and Anus

•	 Venous drainage from the rectum and anus 
occurs via both the portal and systemic sys-
tems. Middle and inferior rectal veins drain to 
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Internal iliac
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Inferior rectal artery

Median
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mesenteric artery
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mesenteric artery
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Ileocolic
artery

Right
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Left colic artery
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left colic artery

Arc of Riolan

Sigmoid arteries

Middle
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Fig. 1.9  Arterial anatomy of the colon and rectum
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the systemic systems via the internal iliac 
vein, while the superior rectal vein drains the 
rectum and upper anal canal into the portal 
system via the inferior mesenteric vein 
(Fig. 1.10).

•	 Lymphatics from the upper two-thirds of the 
rectum drain to the inferior mesenteric lymph 
nodes and then to the para-aortic lymph 
nodes.

•	 Lymphatic drainage from the lower third of 
the rectum occurs along the superior rectal 
artery and laterally along the middle rectal 
artery to the internal iliac lymph nodes.

•	 In the anal canal, lymphatic above the dentate 
drains to the inferior mesenteric and internal 
iliac lymph nodes. Below the dentate line, 
lymphatics drain along the inferior rectal lym-
phatics to the superficial inguinal nodes.

Portal vein Splenic vein

Inferior mesenteric veinSuperior mesenteric vein

Left colic vein

Sigmoid vein

Middle
sacral vein

Superior
rectal vein

Inferior rectal vein

Middle rectal vein

Right external
iliac vein

Internal
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Common
iliac vein

Ileocolic vein

Right colic
vein

Fig. 1.10  Venous anatomy of the colon and rectum
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�Innervation of the Rectum and Anus

•	 Sympathetic fibers arise from L1, L2, and L3 
and pass through the sympathetic chains and 
join the preaortic plexus (Fig.  1.11). From 
there, they run adjacent and dorsal to the infe-
rior mesenteric artery as the mesenteric plexus 
and innervate the upper rectum.

•	 The lower rectum is innervated by the presa-
cral nerves from the hypogastric plexus. Two 
main hypogastric nerves, on either side of the 
rectum, carry sympathetic information from 
the hypogastric plexus to the pelvic plexus. 
The pelvic plexus lies on the lateral side of 
the pelvis at the level of the lower third of the 

rectum adjacent to the lateral stalks (described 
above).

•	 Parasympathetic fibers to the rectum and anal 
canal originate from S2, S3, and S4 to pene-
trate through the sacral foramen and are called 
the nervi erigentes. These nerves course later-
ally and anteriorly to join the sympathetic 
hypogastric nerves and form the pelvic plexus 
on the pelvic sidewall. Postganglionic mixed 
parasympathetic and sympathetic nerve fibers 
supply the rectum, genital organs, and anal 
canal.

•	 The periprostatic plexus is considered a subdi-
vision of the pelvic plexus and supplies the 
prostate, seminal vesicles, corpora cavernosa, 

Superior hypogastric
plexus (sympathetic)

Sympathetic trunk

Pelvic splanchnic
nerves (nervi
erigentes)

Pudendal nerve

Perineal nerve

Inferior rectal nerve

Pelvic plexus

Dorsal nerve
of penis

Fig. 1.11  Nerves of the rectum
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vas deferens, urethra, ejaculatory ducts, and 
bulbourethral glands.

•	 The internal anal sphincter is innervated by 
sympathetic (L5) and parasympathetic (S2, 
S3, and S4) nerves following the same route 
as the nerves to the rectum as noted above.

•	 The external anal sphincter is innervated on 
each side by the inferior rectal branch of the 
internal pudendal nerve (S2 and S3) and by 
the perineal branch of S4.

•	 Anal sensation is mediated by the inferior rec-
tal branch of the pudendal nerve.

�Anatomy of the Colon

•	 The colon is a long tubular organ consisting of 
muscle and connective tissue with an inner 
mucosal layer. Its diameter differs depending 
by segment, generally decreasing from about 
7 cm in the cecum to 2.5 cm in the sigmoid 
colon. The average length is about 150 cm.

•	 The right and left sides of the colon are fused 
to the posterior retroperitoneum (secondarily 
retroperitonealized), while the transverse 
colon and sigmoid colon are relatively free 
within the peritoneum. The transverse colon is 
held in position via its attachments to the 
hepatic and splenic flexures and is further 
fused to the omentum.

•	 The appendices epiploicae are non-mesenteric 
fat protruding from the serosal surface of the 
colon. They are likely residual from the 
antimesenteric fat of the embryologic intes-
tine that dissipates (unlike the omentum on the 
stomach).

•	 The taenia coli are three thickened bands of 
outer, longitudinal muscle of the colon and 
are separately named: taenia libera to repre-
sent the anterior band, taenia mesocolica for 
the posteromedial band, and taenia omentalis 
for posterolateral band. They run along the 
full length of the colon but are not as long as 
the bowel wall. This difference in length 
results in outpouchings of the bowel wall 
between the taeniae referred to as haustra. 
The haustra are further septated by the plicae 
semilunares.

�Cecum

•	 The proximal-most portion of the colon is 
termed the cecum, a sac-like segment of the 
colon below (proximal to) the ileocecal valve. 
At its base is the appendix, and terminating in 
the posteromedial area of the cecum is the ter-
minal ileum (ileocecal valve).

•	 The ileocecal valve is a circular muscular 
sphincter which appears as a slit-like (“fish-
mouth”) opening noted on an endoscopic 
evaluation of the cecum. The valve is not com-
petent in all patients, but when present, its 
competence leads to the urgency of a colon 
obstruction as it develops into a closed-loop 
obstruction. Regulation of ileal emptying into 
the colon appears to be the prime task in ileo-
cecal valve function.

�The Appendix

•	 The appendix is an elongated, true diverticu-
lum arising from the base of the cecum and of 
variable length (2–20 cm). Its blood supply is 
via the appendiceal vessels contained within 
the mesoappendix. The most common loca-
tion of the appendix is medial on the cecum 
toward the ileum, but it has great variability in 
its location including pelvic, retrocecal, pre-
ileal, retroileal, and subcecal.

�Ascending Colon

•	 From its beginning at the ileocecal valve to its 
terminus at the hepatic flexure where it turns 
sharply medially to become the transverse 
colon, the ascending colon measures on aver-
age, about 15–18 cm.

•	 Its anterior surface is covered in the visceral 
peritoneum, while its posterior surface is 
fused with the retroperitoneum.

•	 The lateral peritoneal reflection can be seen as 
a thickened line termed the white line of Toldt, 
which can serve as a surgeon’s guide for 
mobilization of the ascending colon off of its 
attachments to the retroperitoneum, most 
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notably the right kidney (Gerota’s fascia) and 
the loop of the duodenum located posterior 
and superior to the ileocolic vessels.

•	 The right ureter and the right gonadal vessels 
pass posteriorly to the ascending mesocolon 
within the retroperitoneum.

�Transverse Colon

•	 The transverse colon traverses the upper abdo-
men from the hepatic flexure on the right to the 
splenic flexure on the left. It is generally the lon-
gest section of colon (averaging 45–50 cm) and 
swoops inferiorly as it crosses the abdomen.

•	 The entire transverse colon is covered by vis-
ceral peritoneum, but the greater omentum is 
fused to the anterosuperior surface of the 
transverse colon. Superior to the transverse 
mesocolon, inferior to the stomach, and poste-
rior to the omentum is the pocket of the perito-
neal cavity termed the lesser sac, with the 
pancreas forming the posterior-most aspect.

•	 The splenic flexure is the sharp turn from the 
transversely oriented transverse colon to the 
longitudinally oriented descending colon. It 
can be adherent to the spleen and to the dia-
phragm via the phrenicocolic ligament.

�Descending Colon

•	 The descending colon travels inferiorly from 
the splenic flexure for the course of about 
25 cm. It is fused to the retroperitoneum (simi-
larly to the ascending colon) and overlies the 
left kidney as well as the back/retroperitoneal 
musculature.

•	 Its anterior and lateral surfaces are covered 
with visceral peritoneum, and the lateral peri-
toneal reflection (white line of Toldt) is again 
present.

�Sigmoid Colon

•	 The sigmoid colon is the most variable of the 
colon segments. It is generally 35–45  cm in 
length. It is covered by visceral peritoneum, 

thereby making it mobile. Its shape is consid-
ered “omega-shaped,” but its configuration 
and attachments are variable.

•	 Its mesentery is of variable length but is fused 
to the pelvic walls in an inverted V shape cre-
ating a recess termed the intersigmoid fossa. 
Through this recess travel the left ureter, 
gonadal vessels, and often the left colic 
vessels.

�Rectosigmoid Junction

•	 The end of the sigmoid colon and the begin-
ning of the rectum is termed the rectosigmoid 
junction. It is noted by the confluence of the 
taenia coli and the end of appendices 
epiploicae.

•	 It is the narrowest portion of the large intestine, 
measuring 2–2.5  cm in diameter. 
Endoscopically, it is noted as a narrow and 
often sharply angulated area above the rela-
tively capacious rectum and above the three 
rectal valves.

•	 A recent evaluation of the rectosigmoid 
junction utilizing anatomic and histologic 
studies as well as radiographic evaluation 
concluded that there was an anatomic 
sphincter at the rectosigmoid junction. 
[Microscopic evaluation of the area does 
reveal thickening of the circular muscle 
layer as it progresses toward the rectum. 
Though not identifiable externally, radio-
logic evaluation can identify the area as a 
narrow, contractile segment].

�Blood Supply

•	 Although the blood supply of the colon is vari-
able, it receives blood supply from two main 
sources, branches of the superior mesenteric 
artery (SMA) (cecum, ascending and trans-
verse colon) and branches of the inferior mes-
enteric artery (IMA) (descending and sigmoid 
colon) (Fig. 1.9).

•	 Just proximal to the splenic flexure, the 
branches of the left branch of the middle colic 
artery anastomose with those of the left colic 
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artery. This watershed area represents the bor-
der of the embryologic midgut and hindgut.

•	 The cecum and right colon are supplied by the 
terminus of the SMA, the ileocolic artery. The 
right colic artery is less consistent. If present 
(absent in 20%), it either arises directly from the 
SMA, from the ileocolic, or from other sources.

•	 The transverse colon is supplied via the mid-
dle colic artery, which branches early to form 
right and left branches. The middle colic 
artery originates directly from the SMA. The 
left colon and sigmoid colon are supplied by 
branches of the IMA, namely, the left colic 
and a variable number of sigmoid branches.

�Superior Mesenteric Artery

•	 The superior mesenteric artery (SMA) is the 
second, unpaired anterior branch off of the 
aorta (Fig. 1.9). It arises posterior to the upper 
edge of the pancreas (near the L1 vertebrae), 
courses posterior to the pancreas, and then 
crosses over the third portion of the duodenum 
to continue within the base of the mesentery.

•	 From its left side, the SMA gives rise to up to 
20 small intestinal branches, while the colic 
branches (ileocolic, right colic, middle colic) 
originate from its right side.

•	 The most constant of the colic branches is the 
ileocolic vessel which courses through the 
ascending mesocolon where it divides into a 
superior (ascending) branch and an inferior 
(descending) branch.

•	 The middle colic artery arises from the SMA 
near the inferior border of the pancreas. It 
branches early to give off right and left branches. 
The right branch supplies the hepatic flexure and 
right half of the transverse colon. The left branch 
supplies the left half of the transverse colon to 
the splenic flexure. In up to 33% of patients, the 
left branch of the middle colic artery can be the 
sole supplier of the splenic flexure.

�Inferior Mesenteric Artery

•	 The inferior mesenteric artery (IMA) (Fig. 1.9) 
is the third unpaired, anterior branch off of the 
aorta, originating 3–4  cm above the aortic 

bifurcation at the level of the L2–L3 verte-
brae. As the IMA travels inferiorly and to the 
left, it gives off the left colic artery and several 
sigmoidal branches.

•	 After these branches, the IMA becomes the 
superior hemorrhoidal (rectal) artery as it 
crosses over the left common iliac artery. The 
left colic artery divides into an ascending 
branch (splenic flexure) and a descending 
branch (the descending colon). The sigmoidal 
branches form a fairly rich arcade within the 
sigmoid mesocolon (similar to that seen 
within the small bowel mesentery).

�The Marginal Artery and Other 
Mesenteric Collaterals

•	 The major arteries noted above account for the 
main source of blood within the mesentery, 
but the anatomy of the mesenteric circulation 
and the collaterals within the mesentery 
remain less clear.

•	 The marginal artery (of Drummond) (Fig. 1.9) 
has been shown to be discontinuous or even 
absent in some patients, most notably at the 
splenic flexure (Griffiths’ critical point), 
where it may be absent in up to 50% of 
patients. This area of potential ischemia is the 
embryologic connection between the midgut 
and hindgut.

•	 Another potential site of ischemia is at a dis-
continuous area of marginal artery located at 
the rectosigmoid junction termed Sudeck’s 
critical point. This has been confirmed by a 
recent fluorescence study; however its clinical 
importance remains in doubt.

�Venous Drainage

•	 Venous drainage of the colon largely follows 
the arterial supply with superior and inferior 
mesenteric veins draining both the right and 
left halves of the colon (Fig.  1.10). They 
ultimately meet at the portal vein to reach the 
intrahepatic system.

•	 The superior mesenteric vein (SMV) travels 
parallel and to the right of the artery.
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•	 The inferior mesenteric vein (IMV) does not 
travel with the artery but rather takes a longer 
path superiorly to join the splenic vein. It sepa-
rates from the artery within the left colon mes-
entery and runs along the base of the mesentery 
where it can be found just lateral to the ligament 
of Treitz and the duodenum before joining the 
splenic vein on the opposite (superior) side of 
the transverse mesocolon. Dissecting posterior 
to the IMV can allow for separation of the mes-
enteric structures from the retroperitoneal struc-
tures during a medial-to-lateral dissection.

�Lymphatic Drainage

•	 The colon wall has a dense network of lym-
phatic plexuses. These lymphatics drain into 
extramural lymphatic channels that follow the 
vascular supply of the colon.

•	 Lymph nodes are plentiful and are typically 
divided into four main groups. The epiploic 
group lies adjacent to the bowel wall just 
below the peritoneum and in the epiploicae. 
The paracolic nodes are along the marginal 
artery and the vascular arcades. The interme-
diate nodes are situated on the primary colic 
vessels. The main or principal nodes are on 
the superior and inferior mesenteric vessels.

•	 Once the lymph leaves the main nodes, it 
drains into the cisterna chyli via the para-aor-
tic chain.

�Nervous Innervation

•	 The colon is innervated by the sympathetic 
and parasympathetic nervous systems and 
closely follows the arterial blood supply.

•	 The sympathetic innervation of the right half 
of the colon originates from the lower six tho-
racic splanchnic nerves which synapse within 
the celiac, preaortic, and superior mesenteric 
ganglia. The postganglionic fibers then follow 
the SMA to the right colon.

•	 The sympathetic innervation for the left half 
originates from L1, L2, and L3. 
Parasympathetic fibers to the right colon come 
from the posterior (right) branch of the vagus 

nerve and celiac plexus. They travel along the 
SMA to synapse with the nerves within the 
intrinsic autonomic plexuses of the bowel 
wall. On the left side, the parasympathetic 
innervation comes from S2, S3, and S4 via 
splanchnic nerves.

�Embryology

�Anus and Rectum

•	 The colon distal to the splenic flexure, includ-
ing the rectum and the anal canal (proximal to 
the dentate line), is derived from the hindgut 
and therefore has vascular supply from the 
inferior mesenteric vessels (Fig. 1.9).

•	 The dentate line (Fig. 1.1) is the fusion plane 
between the endodermal and ectodermal 
tubes. The cloacal portion of the anal canal 
has both endodermal and ectodermal compo-
nents that develop into the anal transitional 
zone. The terminal portion of the hindgut or 
cloaca fuses with the proctodeum (an ingrowth 
from the anal pit).

•	 The cloaca originates at the portion of the rec-
tum below the pubococcygeal line, while the 
hindgut originates above it. Before the fifth 
week of development, the intestinal and uro-
genital tracts are joined at the level of the clo-
aca. By the eighth week, the urorectal septum 
migrates caudally to divide the cloacal closing 
plate into an anterior urogenital plate and a 
posterior anal plate. Anorectal rings result 
from a posterior displacement in the septum 
and the resultant smaller anal opening. By the 
tenth week, the anal tubercles fuse into a 
horseshoe-shaped structure dorsally and into 
the perineal body anteriorly. The external anal 
sphincter forms from the posterior aspects of 
the cloacal sphincter earlier than the develop-
ment of the internal sphincter. The internal 
sphincter develops from enlarging fibers of the 
circular muscle layer of the rectum. The 
sphincters migrate during their development 
with the internal sphincter moving caudally, 
while the external sphincter enlarges cephalad. 
Meanwhile, the longitudinal muscle descends 
into the intersphincteric plane.
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•	 In females, the female genital organs form 
from the Müllerian ducts and join the urogeni-
tal sinus by the 16th week of development.

•	 In males, the urogenital membrane obliterates 
with fusion of the genital folds, while the 
sinus develops into the urethra.

�Colon and Small Intestine

•	 The endodermal roof of the yolk sac develops 
into the primitive gut tube. This initially 

straight tube is suspended upon a common 
mesentery. By week 3 of development, it has 
three discernible segments, namely, the fore-
gut, midgut, and hindgut. The midgut starts 
below the pancreatic papilla to form the small 
intestine and the first half of the colon. The 
distal colon, rectum, and anal canal develop 
from the hindgut.

•	 There is a normal process by which the 
intestinal tract rotates (Fig.  1.12). The first 
stage is the physiologic herniation of the 
midgut, the second stage is its return to the 

6 week gestation 8 week gestation

11 week gestation 12 week gestation

9 week gestation

Normal inestinal rotation

First stage Second stage

Third stage

Fig. 1.12  Summary of normal intestinal rotation during development
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abdomen, and the third stage is the fixation 
of the midgut. Abnormalities in this normal 
process lead to various malformations. The 
physiologic herniation (first stage) occurs 
between weeks 6 and 8 of development. The 
primitive gut tube elongates over the supe-
rior mesenteric artery and bulges out through 
the umbilical cord (Fig.  1.13). These con-
tents move in a counterclockwise fashion, 
turning 90° from the sagittal to the horizon-
tal plane (Fig. 1.14).

•	 During the second stage, the midgut loops 
return to the peritoneal cavity and simultane-
ously rotate an additional 180° in the counter-
clockwise direction (Fig.  1.15). The 
pre-arterial portion of the duodenum returns 
to the abdomen first, followed by the counter-
clockwise rotation around the superior mesen-
teric vessels, resulting in the duodenum lying 
behind them. The colon returns after the rota-
tion, resulting in their anterior location.

•	 The third stage (fixation of the midgut) begins 
once the intestines have returned to the perito-
neal cavity and ends at birth. The cecum 
migrates to the right lower quadrant from its 
initial position in the upper abdomen 
(Fig. 1.16). After the completion of this 270° 
counterclockwise rotation, fusion begins, typ-
ically at weeks 12–13. This results in fusion of 
the duodenum as well as the ascending and 
descending colon (Fig. 1.17).

�Major Anomalies of Rotation

�Non-rotation
•	 The midgut returns to the peritoneum without 

any of the normal rotation. This results in the 
small intestine being on the right side of the 
abdomen and the colon on the left side 

Vitelline duct

Cecal
diverticulum

Superior
mesenteric

artery

Midline section,
midline loop

Fig. 1.13  Elongation of the midgut loop

Lateral view

42 days 50 days

90°

90°

Rotation of the midgut loop

Fig. 1.14  Rotation of the midgut loop
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Fig. 1.15  Return of the intestinal loop to the abdomen
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Fig. 1.16  Later fetal 
development

1  Anatomy and Embryology of the Colon, Rectum, and Anus



24

Ascending colon

Descending colon

Jejunum

Liver

Lesser
omentum

Upper recess
omental bursa

Epiploic foramen

Pancreas

Duodenum

Transverse colon
and mesocolon

Omental bursa

Fused layers of greater
omentum and transverse
mesocolon

Fused layers of
greater omentumGreater

omentum

Pyloric stomach

Horizontal section

Plane of median section

Plane of horizontal section

Median section

Omental bursa

Fig. 1.17  Development of the mesentery and omental fusion

(Fig. 1.18). This condition can remain asymp-
tomatic (a finding noted at laparoscopy or 
laparotomy) or result in volvulus affecting the 
entirety of the small intestine. The twist gen-
erally occurs at the duodenojejunal junction as 
well as the midtransverse colon.

�Malrotation
•	 There is normal initial rotation, but the cecum 

fails to complete the normal 270° rotation 
around the mesentery. This results in the 
cecum being located in the mid-upper 
abdomen with lateral bands (Ladd’s bands) 
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fixating it to the right abdominal wall 
(Fig. 1.19). These bands can result in extrinsic 
compression of the duodenum.

�Reversed Rotation
•	 Clockwise (rather than counterclockwise) rota-

tion of the midgut results in the transverse 
colon being posterior to the superior mesenteric 
artery, while the duodenum lies anterior to it.

�Omphalocele
•	 An omphalocele is, basically, the retention of 

the midgut within the umbilical sac and its 
failure to return to the peritoneal cavity.

�Internal Hernias
•	 Internal hernias, as well as congenital obstruc-

tive bands, can cause congenital bowel obstruc-
tions. These are considered failures of the 
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Jejunoileal
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colon
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colon
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Nonrotation

Fig. 1.18  Intestinal 
non-rotation
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Small intestine
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Fig. 1.19  Intestinal malrotation
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process of fixation (the third stage of rotation). 
This can be the result of an incomplete fusion 
of the mesothelium or when structures are 
abnormally rotated. Retroperitoneal hernias 
can occur in various positions, most notably 
paraduodenal, paracecal, and intersigmoid.

�Other Congenital Malformations 
of the Colon and Small Intestine

�Proximal Colon Duplication
•	 There are three general types of colonic dupli-

cation: mesenteric cysts, diverticula, and long 
colon duplication. Mesenteric cysts are lined 
with intestinal epithelium and variable amounts 
of smooth muscle. They are found within the 
colonic mesentery or posterior to the rectum 
(within the mesorectum). They generally pres-
ent as a mass or with intestinal obstruction as 
they enlarge.

•	 Diverticula can be found on the mesenteric or 
antimesenteric sides of the colon and are out-
pouchings of the bowel wall. They often con-
tain heterotopic gastric or pancreatic tissue.

•	 Long colonic duplications of the colon are the 
rarest form of duplication. They usually run 
the entire length of the colon and rectum, and 
there is an association with other genitouri-
nary abnormalities.

�Meckel’s Diverticulum
•	 A Meckel’s diverticulum is the remnant of the 

vitelline or omphalomesenteric duct 
(Fig.  1.13). It arises from the antimesenteric 
aspect of the terminal ileum, most commonly 
within 50 cm of the ileocecal valve.

•	 They can be associated with a fibrous band 
connecting the diverticulum to the umbilicus 
(leading to obstruction), or it may contain 
ectopic gastric mucosa or pancreatic tissue 
(leading to bleeding or perforation) (Fig. 1.20).

•	 An indirect hernia containing a Meckel’s 
diverticulum is termed a Littre’s hernia.

•	 Meckel’s diverticulum is generally asymp-
tomatic and, per autopsy series, is found in up 
to 3% of the population.

•	 Surgical complications are more common in 
children than adults and include hemorrhage, 

obstruction, diverticulitis, perforation, and 
umbilical discharge.

�Atresia of the Colon
•	 Colonic atresia, representing only 5% of all 

gastrointestinal atresias, is a rare cause of con-
genital obstruction. They are likely the result 
of vascular compromise during development. 
They vary in severity from a membranous dia-
phragm blocking the lumen to a fibrous cord-
like remnant, on to a complete absence of a 
segment.

�Hirschsprung’s Disease
•	 This nonlethal anomaly, which is more com-

mon in males, results from the absence of gan-
glion cells within the myenteric plexus of the 
colon.

•	 It is caused by interruption of the normal migra-
tion of the neuroenteric cells from the neural 
crest before they reach the rectum. This results in 
dilation and hypertonicity of the proximal colon.

•	 The extent of the aganglionosis is variable, 
though the internal sphincter is always 
involved. Its severity is dependent upon the 
length of the involved segment.

Fig. 1.20  Perforated Meckel’s diverticulum with fistula 
to the ileum
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�Anorectal Malformations

•	 Abnormalities in the normal development of 
the anorectum can be attributed to “develop-
mental arrest” at various stages of normal 
development. Skeletal and urinary anoma-
lies are associated in up to 70%, while 
digestive tract anomalies (e.g., tracheo-
esophageal fistula or esophageal stenosis) 
and cardiac and abdominal wall abnormali-
ties are also noted in patients with anorectal 
anomalies.

�Anal Stenosis
•	 Twenty-five to twenty-nine percent of infants 

are born with anal stenosis, but only about 
25% of these are symptomatic. The majority 
of these children undergo spontaneous dila-
tion by 6 months of age.

�Membranous Atresia
•	 This very rare condition is characterized by 

the presence of a thin membrane of the skin 
between the blind end of the anal canal and the 
surface. It is also termed the covered anus. It is 
more common in males.

�Anal Agenesis
•	 The rectum develops below the puborectalis 

where it either ends in an ectopic opening 

(fistula) in the perineum, vulva, or urethra or 
it ends blindly (less commonly). The sphinc-
ter is present at its normal site.

�Anorectal Agenesis
•	 Anorectal agenesis is the most common type 

of “imperforate anus.” More common in 
males, the rectum ends well caudal to the sur-
face, and the anus is represented by a dimple 
with the anal sphincter usually being normal 
in location. In most cases, there is a fistula to 
the urethra or vagina. High fistulae (to the 
vagina or urethra) with anorectal agenesis 
develop as early as the sixth or seventh week 
of gestation, while the low fistulae (perineal) 
or anal ectopia develop later, in the eighth or 
ninth week of development.

�Rectal Atresia or “High Atresia”
•	 In rectal atresia, the rectum and the anal canal 

are separated from one another by an atretic 
portion. It is embryologically the distal-most 
type of colon atresia but is still considered an 
anorectal disorder clinically.

�Persistent Cloaca
This rare condition, which only occurs in female 
infants, is the result of total failure of descent of 
the urorectal septum. It occurs at a very early 
stage of development.

1  Anatomy and Embryology of the Colon, Rectum, and Anus


	Preface
	Contents
	Contributors
	Part I: Perioperative/ Endoscopy
	1: Anatomy and Embryology of the Colon, Rectum, and Anus
	Anatomy of the Anal Canal and Pelvic Floor
	Anal Canal Epithelium
	Internal Anal Sphincter
	Conjoined Longitudinal Muscle
	External Anal Sphincter
	Perineal Body
	Pelvic Floor Muscles
	Puborectalis Muscle
	Iliococcygeus Muscle
	Pubococcygeus Muscle


	Anatomy of the Rectum
	Mesorectum
	Presacral Fascia
	Retrosacral Fascia
	Waldeyer’s Fascia
	Denonvilliers’ Fascia
	Lateral Ligaments
	Valves of Houston

	Anorectal Spaces
	Perianal Space
	Intersphincteric Space
	Submucous Space
	Ischioanal/Ischiorectal Space
	Supralevator Space
	Superficial and Deep Postanal Spaces
	Retrorectal Space
	Rectal Blood Supply
	Superior Rectal Artery
	Middle Rectal Artery
	Inferior Rectal Artery

	Venous and Lymphatic Drainage of the Rectum and Anus
	Innervation of the Rectum and Anus

	Anatomy of the Colon
	Cecum
	The Appendix
	Ascending Colon
	Transverse Colon
	Descending Colon
	Sigmoid Colon
	Rectosigmoid Junction
	Blood Supply
	Superior Mesenteric Artery
	Inferior Mesenteric Artery
	The Marginal Artery and Other Mesenteric Collaterals
	Venous Drainage
	Lymphatic Drainage
	Nervous Innervation

	Embryology
	Anus and Rectum
	Colon and Small Intestine
	Major Anomalies of Rotation
	Non-rotation
	Malrotation
	Reversed Rotation
	Omphalocele
	Internal Hernias

	Other Congenital Malformations of the Colon and Small Intestine
	Proximal Colon Duplication
	Meckel’s Diverticulum
	Atresia of the Colon
	Hirschsprung’s Disease

	Anorectal Malformations
	Anal Stenosis
	Membranous Atresia
	Anal Agenesis
	Anorectal Agenesis
	Rectal Atresia or “High Atresia”
	Persistent Cloaca



	2: Colonic Physiology
	Colonic Anatomy
	Introduction
	Colonic Wall Anatomy
	Colonic Epithelial Cell Types
	Colonic Flora

	Electrolyte Regulation and Water Absorption
	Short-Chain Fatty Acid Absorption
	Secretory Role of the Colonic Epithelium
	Regulation of Electrolyte and Water Absorption and Secretion
	Colonic Innervation
	Colonic Motility
	Cellular Basis of Motility
	Motility Patterns and Measurement


	3: Anal Physiology: The Physiology of Continence and Defecation
	Introduction
	Normal Anatomy and Physiology
	Innervation of the Anus and Pelvic Floor
	Normal Continence
	Rectal Capacity
	Pressure and Motility
	Rectoanal Sensation and Sampling
	Structural Considerations
	Role of Hemorrhoids in Normal Continence

	Sensation and Innervation
	Normal Defecation
	Physiology of Tibial Nerve and Sacral Nerve Root Stimulation in Fecal Continence (FI)
	Spinal Cord Injuries and Defecation
	Obstructed Defecation
	Functional Anorectal Pain
	Pathophysiology of Obstetric-Related Problems
	Urogynecological Considerations and Pelvic Pain

	4: Endoscopy
	Introduction
	The Complete Anorectal Examination
	Patient Position
	Prone Jackknife
	Left Lateral
	Inspection and Palpation
	Digital Rectal Examination

	Anoscopy/Proctoscopy
	Anoscopy
	Proctoscopy

	Anal and Rectal Ultrasound
	Flexible Endoscopy
	Flexible Endoscopic Insertion Techniques
	Torque
	Tip Deflection
	Dithering/Jiggle
	Aspiration of Air and Breath Holding
	Slide-By
	Adjunctive Maneuvers for More Difficult Examinations
	Patient Position
	Abdominal Pressure
	Turning the Scope
	Sigmoidoscopy


	Colonoscopy
	Indications and Contraindications
	Bowel Preparation

	Special Considerations
	The Difficult-to-Prep Patient
	The Patient Requiring Antibiotics
	The Anticoagulated Patient
	Incomplete Colonoscopy

	Procedure
	The Endoscopy Suite
	Instruments
	Sedation
	Nitrous Oxide
	Ketamine
	Propofol
	Colonoscopy Technique
	Anal Intubation
	The Rectum and Rectosigmoid
	Sigmoid Colon
	Sigmoid-Descending Junction
	Descending Colon
	Splenic Flexure
	Transverse Colon
	Hepatic Flexure

	Ascending Colon and Ileocecal Valve
	Cecum
	Ileocecal Valve Intubation
	Terminal Ileum
	Alternate Techniques
	CO2 Insufflation
	Water Insufflation
	Chromocolonoscopy (Chromoendoscopy)
	High-Definition/NBI Endoscopy
	Full-Spectrum Endoscopy
	Retroflexion


	Complications
	Sedation Complications
	Vasovagal/Cardiac Arrhythmia
	Pulmonary
	Procedural Complications
	Splenic Injury

	Perforation
	Post-polypectomy Syndrome
	Bleeding
	Infectious Complications

	Training and the Use of Simulation
	Simulation
	Documentation and Quality
	Documentation
	Quality

	PillCam Endoscopy

	5: Endoscopic Management of Polyps, Polypectomy, and Combined Endoscopic and Laparoscopic Surgery
	Introduction
	Identification of Polyps
	Criteria for Polypectomy
	Polypectomy Techniques
	Endoscopic Mucosal Resection
	Endoscopic Submucosal Dissection
	Combined Endo-Laparoscopic Surgery (CELS)

	6: Preoperative Assessment of Colorectal Patients
	Evaluation of the Routine Colorectal Patient
	In Office by Surgeon
	Major Abdominal Surgery
	Anorectal Surgery

	Preoperative Testing
	Laboratory Studies
	Electrocardiogram
	Chest X-ray


	Patients with Specific Comorbidities
	Assessment of Cardiac Risk
	Initial Workup
	Who Needs Additional Testing?
	Preoperative “Optimization”

	Coronary Stent Management
	AICD/Pacemaker Management

	Assessment of Pulmonary Risk
	COPD
	Obstructive Sleep Apnea (OSA)

	Diabetes
	Obesity
	Malnutrition
	Solid Organ Transplant Recipients
	Substance Abuse
	Alcohol
	Tobacco
	Opioids


	Medications
	Anticoagulation
	Immunosuppressive Agents
	Chemotherapy


	7: Optimizing Outcomes with Enhanced Recovery
	Introduction
	What Is an Enhanced Recovery Pathway (ERP)?
	Where Does the Pathway Start?
	Components of an ERP
	Preoperative Management
	Preoperative Evaluation: Frailty Score and Prehabilitation
	Fasting Prior to Surgery, Mechanical Bowel Preparation, and Preoperative Antibiotics Usage
	Patient Education

	Intraoperative Pathway
	Minimally Invasive Colorectal Surgery
	Intraoperative Fluid Administration
	Analgesia
	Venous Thromboembolism (VTE) Prophylaxis

	Postoperative Recovery
	Analgesia
	Intravenous Fluid Management
	Early Oral Feeding, Ambulation, and Role of Nasogastric Tube
	Prevention of Postoperative Nausea and Vomiting (PONV) and Postoperative Ileus (POI): Role of Nasogastric Tube and Motility Agents
	Venous Thromboembolism (VTE) Prophylaxis
	Discharge Planning, Follow-Up, and Coordination of Care

	Quality Pathway Evaluation Measures
	Electronic Order Sets Creation and Updates to Comply with Best Practice Parameters Guidelines and Evidence-Based Literature
	Implementation and Monitoring of Pathway Application
	Quality Improvement Measures


	8: Postoperative Complications
	Introduction
	Preoperative Considerations and Prediction of Postoperative Complications
	Intraoperative Factors that Contribute to Postoperative Outcomes
	Operative Approach and Postoperative Impact
	Luminal Organ Injuries and Postoperative Impact
	Vascular Injury and Failure of Hemostatic Devices
	Urologic Injuries and Their Management
	Ureteral Injury
	Bladder Injury
	Urethral Injury


	Postoperative Management Decisions that Contribute to Postoperative Complications
	IV Fluid Management
	Wound Management
	Bladder Management
	Pain Management

	Impact of Hospital Structure on Postoperative Complications
	Academic Medical Center
	Surgical Volume and Postoperative Complications

	Prevention and Management of Specific Complications
	Wound Complications
	Preoperative Considerations
	Perioperative Interventions
	Management of Superficial Surgical Site Infection

	Cardiovascular and Respiratory Complications
	Mortality and Failure to Rescue
	Long-Term Complications
	Genitourinary Complications
	Fertility Complications
	Bowel Dysfunction
	Impact of Postoperative Complications on Oncologic Outcomes


	9: Anastomotic Construction
	Introduction
	General Principles of Anastomoses
	Surgical Staplers
	Handsewn Anastomoses
	Compression Anastomoses
	Tension
	Blood Supply
	Prophylactic Drainage
	Treatment of Mesenteric Defects
	Diversion
	High-Risk Anastomoses

	Abdominal Anastomoses
	Small Bowel Anastomoses
	Ileocolic Anastomoses

	Pelvic Anastomoses
	Basic Principles of Pelvic Anastomoses
	Stapled Colorectal Anastomoses
	Handsewn Colorectal Anastomosis
	Ileorectal Anastomosis
	Ultralow Colorectal and Coloanal Anastomoses
	Neorectal Reservoirs
	Handsewn Coloanal Anastomosis
	Assessment of Pelvic Anastomosis

	Troubleshooting Problems with Pelvic Anastomoses
	Unanticipated Pelvic Anastomosis
	Inadequate Colonic Length
	Intraoperative Anastomotic Failure


	10: Anastomotic Complications
	Anastomotic Leak
	Overview
	Scope of the Problem
	Consequences
	Prevention
	Diagnosis
	Treatment

	Anastomotic Stricture
	Anastomotic Bleeding


	Part II: Anorectal Disease
	11: Approach to Anal Pain
	Introduction
	Patient History
	Anal Fissure (Fig. 11.1)
	Acutely Thrombosed External Hemorrhoid (Figs. 11.2 and 11.3)
	Perianal, Perirectal, or Ischiorectal Abscess (Fig. 11.4)
	Pruritus Ani (Fig. 11.5)
	Levator Syndrome
	Anal or Rectal Cancer (Fig. 11.6)

	Physical Examination
	Abdominal Examination
	Inguinal Examination
	Perianal, Gluteal, and Intergluteal Examination

	Digital Rectal Examination
	Anorectal Inspection, Anoscopy, and Sigmoidoscopy
	Imaging and Diagnostic Testing
	Conclusion

	12: Hemorrhoids
	Anatomy
	Etiology
	Epidemiology
	Classification
	Clinical Presentation
	Evaluation and Physical Examination
	History
	Physical Examination
	Treatment
	Medical Management
	Dietary
	Topical Therapies
	Oral Therapy
	Office-Based Treatments
	Rubber Band Ligation
	Infrared Photocoagulation
	Sclerotherapy

	Operative Management of Hemorrhoids
	Excisional Hemorrhoidectomy-Closed Technique
	Excisional Hemorrhoidectomy Open Technique (Milligan-Morgan)
	Excisional Hemorrhoidectomy (Circumferential or Whitehead)
	Results of Hemorrhoidectomy
	Complications of Hemorrhoidectomy
	Urinary Retention
	Postoperative Hemorrhage
	Anal Stenosis
	Postoperative Infection
	Fecal Incontinence

	Stapled Hemorrhoidopexy
	Transanal Hemorrhoidal Dearterialization



	Special Clinical Scenarios
	Thrombosed External Hemorrhoid
	Strangulated (Thrombosed Prolapsed) Hemorrhoids (Fig. 12.10)
	Portal Hypertension and Hemorrhoids
	Pregnancy
	Crohn’s Disease
	Immunocompromised Patients


	13: Anal Fissure
	Definition/Clinical Presentation
	Pathogenesis
	Non-operative Treatment
	Healing Rates in Acute Anal Fissure
	Healing Rates in Chronic Anal Fissure
	Topical
	Nitroglycerin
	Calcium Channel Blockers
	Botulinum Toxin Type A


	Operative Treatment
	Anal Dilation
	Anal Sphincterotomy (Technique)
	Outcomes Between Closed and Open Anal Sphincterotomy
	Extent of Sphincterotomy
	Fissurectomy
	Results of Sphincterotomy
	Fissures Without Anal Hypertonicity
	Crohn’s Disease
	Human Immunodeficiency Virus
	Conclusions


	14: Anorectal Abscess and Fistula
	Introduction and Epidemiology
	Pathophysiology
	Anatomy
	Etiology
	Classification

	Evaluation
	History and Symptoms
	Physical Examination

	Imaging
	Computed Tomography (CT)
	Magnetic Resonance Imaging (MRI)
	Endoanal Ultrasound (EAUS)
	Transperineal Sonography (TP-US)

	Treatment
	Role of Antibiotics
	Incision and Drainage
	Catheter Drainage
	Drainage with Primary Fistulotomy

	Postoperative Management
	Complications
	Immediate Postoperative Period
	Abscess Recurrence and Fistula Formation
	Misdiagnosis

	Special Considerations
	Necrotizing Anorectal Infection (Fournier’s Gangrene)
	Diagnosis
	Treatment
	Outcomes
	Anorectal Infections in Immunosuppressed Patients
	Hematologic Abnormalities in Immunosuppression
	Human Immunodeficiency Virus (HIV)


	Anal Fistula
	Etiology
	Classification
	Diagnosis
	Fistulography
	Endoanal Ultrasound
	Magnetic Resonance Imaging

	Treatment
	Lay-Open Technique (Fistulotomy)
	Setons
	Advancement Flap
	Technique

	Ligation of Intersphincteric Fistula
	Technique

	Fibrin Glue
	Technique

	Anal Fistula Plug
	Technique


	Novel Techniques


	15: Complex Anorectal Fistulas
	Introduction
	Complex or Recurrent Cryptoglandular Fistulas
	Definition, Classification, and Pathophysiology
	Clinical Assessment and Diagnostic Evaluation
	Surgical Treatment
	Seton
	Anal Flap
	Ligation of the Intersphincteric Fistula Tract
	Fistulotomy with Sphincter Reconstruction
	Anal Fistula Plug
	Fibrin Glue
	Newer and Evolving Technologies: VAAFT, FiLaC™, and Stem Cell

	Outcomes
	Seton
	Advancement Flap
	Ligation of the Intersphincteric Fistula Tract
	Anal Fistula Plug
	Fibrin Glue
	Fistulotomy with Sphincter Reconstruction
	Newer and Evolving Technologies: VAAFT, FiLaC™, and Stem Cell


	Rectourethral Fistulas
	Definition, Classification, and Pathophysiology
	Clinical Assessment and Diagnostic Evaluation
	Surgical Treatment
	Transanal Approach
	Posterior Approach
	Transperineal Approach
	Transabdominal Approach

	Outcome

	Postoperative Fistulas
	Definition, Classification, and Pathophysiology
	Clinical Assessment and Diagnostic Evaluation
	Surgical Treatment
	Outcome


	16: Rectovaginal Fistula
	Etiology of Rectovaginal Fistulas
	Obstetric Injury
	Cryptoglandular Disease
	Crohn’s Disease

	Evaluation of a Patient with a Rectovaginal Fistula
	Surgical Approaches to Repair of Rectovaginal Fistulas
	Endorectal Repairs
	Transperineal Repairs
	Tissue Transposition Repairs
	Martius Flap
	Gracilis Muscle Transposition

	Transvaginal Repairs
	Transabdominal Repair
	Alternate Repairs

	Choice of Technique for Repair

	17: Pilonidal Disease and Hidradenitis Suppurativa
	Background
	Etiology
	Clinical Presentation/Diagnosis
	Treatment
	Non-operative Management
	Operative/Excisional Management
	Basic Procedures
	Complex Procedures
	Karydakis Flap
	Cleft Lift Procedure (See Video 17.1)
	Rhomboid/Limberg Flap (See Video 17.2)




	Disease Recurrence
	Hidradenitis Suppurativa
	Etiology/Presentation/Diagnosis
	Treatment
	Medical Therapy
	Surgical/Excisional Therapy




	18: Dermatology and Pruritus Ani
	Introduction
	Pathophysiology of Perianal Signs and Symptoms
	Etiology and Contributing Factors
	Irritants
	Steroid-Inducing Itching
	Infectious
	Dermatologic
	Neoplasms
	Anorectal Conditions
	Systemic Diseases

	Diagnoses of Perianal Disease
	Physical Examination
	Infectious
	Dermatologic
	Neoplasms

	Biochemical Testing
	Microbiology Testing
	Patch Testing
	Anoscopy: Proctoscopy
	Biopsy

	Evidence-Based Management
	Aims of Treatment
	Primary Prutitis Ani
	Secondary Prutitis Ani
	Infectious
	Dermatologic
	Systemic Diseases



	19: Sexually Transmitted Infections
	Introduction
	Screening Guidelines for Asymptomatic High-Risk Patients
	Screening Guidelines for Symptomatic Patients
	Perianal or Genital Lesions
	Proctitis
	Proctocolitis
	Enteritis

	Diagnosis and Management of Sexually Transmitted Bacterial Infections
	Testing for Chlamydia and Gonorrhea
	Gonorrhea
	Epidemiology
	Clinical Presentation
	Screening and Testing for N. gonorrhoeae
	Treatment and Management of Gonorrhea
	Emerging Antibiotic Resistance

	Chlamydia
	Epidemiology
	Clinical Presentation
	Screening and Testing for C. trachomatis
	Treatment and Repeat Testing

	Lymphogranuloma Venereum
	Epidemiology
	Clinical Presentation
	Treatment

	Syphilis
	Epidemiology
	Clinical Presentation
	Testing Recommendations
	Treatment

	Chancroid
	Granuloma Inguinale aka Donovanosis

	Diagnosis and Management of Sexually Transmitted Viral Infections
	Herpes
	Epidemiology
	Clinical Presentation
	Testing and Screening
	Treatment

	Human Papillomavirus
	Epidemiology
	Clinical Presentation
	Testing
	Treatment
	Vaccine

	HIV and AIDS
	Epidemiology
	Testing
	Anorectal Issues

	Molluscum Contagiosum
	Pubic Lice: Phthirus pubis
	Scabies


	20: Anal Intraepithelial Neoplasia
	Introduction
	Symptoms
	Epidemiology
	Screening/Surveillance
	Diagnosis

	Treatment
	Management Strategies
	Progression
	Prevention


	Part III: Malignant Disease
	21: Anal Cancer
	Anal Squamous Cell Carcinoma
	Anal Melanoma
	Anal Adenocarcinoma

	22: Presacral Tumors
	General Considerations
	Anatomic Considerations
	Classification
	Diagnosis
	Management
	Outcomes

	23: Molecular Basis of Colorectal Cancer and Overview of Inherited Colorectal Cancer Syndromes
	Chromosomal Instability
	Microsatellite Instability
	CpG Island Methylator Phenotype (CIMP)
	General Approach and Classification of Suspected Hereditary Syndromes
	Adenomatous Polyposis Syndromes
	Familial Adenomatous Polyposis
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC Risk
	FAP Extracolonic Manifestations
	Management
	Screening

	Treatment
	Colorectal
	Timing of Surgery
	Extent of Resection

	Duodenal Adenomas
	Desmoid Disease
	Thyroid Neoplasia

	Evaluation of At-Risk Relatives

	MUTYH-Associated Polyposis
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC Risk
	Extracolonic Cancer Risk
	Management
	Screening
	Treatment

	Evaluation of At-Risk Relatives

	Polymerase Proofreading-Associated Polyposis

	Hamartomatous Polyposis Syndromes
	Juvenile Polyposis Syndrome
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC and Extracolonic Risk
	Management
	Screening
	Treatment

	Evaluation of At-Risk Relatives

	Peutz-Jeghers Syndrome
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC and Extracolonic Risk
	Management
	Surveillance
	Polypectomy
	Surgery

	Evaluation of At-Risk Relatives

	PTEN Hamartoma Tumor Syndrome (PHTS)
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC and Extracolonic Risk
	CRC Risk Management
	Evaluation of At-Risk Relatives


	Serrated Polyposis Syndrome (SPS)
	Clinical Presentation
	Underlying Genetics
	Diagnosis
	CRC Risk
	Management
	Screening
	Treatment

	Evaluation of At-Risk Relatives

	Lynch Syndrome
	Underlying Genetics and Molecular Profile
	Distinguishing Lynch from Sporadic Epigenetic Changes: Methylation of MLH1 Gene Promoter

	Clinical Presentation and Spectrum of Disease
	Genotype-Phenotype Correlations
	Muir-Torre Syndrome (MTS)
	Turcot’s Syndrome

	Colorectal Cancer Risk
	Endometrial and Ovarian Cancer Risk
	Other LS-Associated Cancer Risk
	Diagnosis
	Screening and Diagnostic Strategies
	CRC in a Patient Without Known LS
	Individual with a Family Diagnosis of LS
	Individual Whose Family Meets Amsterdam Criteria but Does Not Have Any Clinical Phenotype


	Clinical Management
	Screening
	Modifiers of Risk for Colorectal and Other Cancers
	Surgery for Colorectal Cancer
	Prophylactic Surgery for Endometrial and Ovarian Cancer

	Evaluation of At-Risk Relatives


	24: Colorectal Neoplasms: Screening and Surveillance After Polypectomy
	Introduction
	Recommended Screening Guidelines
	Screening Options and Timing for Average-Risk Individuals
	Screening Guidelines for Individuals at an Increased Risk Based on Family History
	Screening Guidelines for Individuals Considered at High Risk Based on Genetics
	Screening Cessation

	Methods of Screening
	Colonoscopy
	Incomplete Colonoscopy
	Adjuncts to Colonoscopy
	Complications

	CT Colonography (CTC) or Virtual Colonoscopy
	Flexible Sigmoidoscopy
	Complications

	Fecal Occult Blood Testing (FOBT)/Fecal Immunochemical Testing (FIT)
	Stool DNA Testing
	Double-Contrast Barium Enema (DCBE)

	Status of Screening in the  United States
	Surveillance
	Guidelines for Surveillance After Polypectomy
	History

	Surveillance Based on Pathology of Polyp
	Hyperplastic and Serrated Polyps
	Adenoma
	Inflammatory Polyps
	Hamartomas Polyps
	Inflammatory Bowel Disease

	Surveillance with Cancer Resection
	Early Cancer (T1) Within Polyp

	When to Tattoo an Area After Polypectomy
	Benefits of Surveillance
	Status of Surveillance
	Chemoprevention



	25: Colon Cancer: Preoperative Evaluation and Staging
	Background
	Clinical Presentation
	Preoperative Evaluation
	Tumor Localization
	Total Colon Evaluation
	Carcinoembryonic Antigen (CEA)
	Radiographic Evaluation

	Preoperative Evaluation of Coexisting Medical Conditions
	Staging of Colon Cancer
	Lymph Node Evaluation
	Lynch Syndrome Phenotype


	26: The Surgical Management of Colon Cancer
	Preoperative Preparation
	Physiologic Assessment
	Tumor Localization

	Surgical Technique
	Extent of Resection
	Mesocolic Resection
	Right Colectomy
	Open Approach
	Lateral-to-Medial Approach
	Posterior (Inferior-to-Superior) Approach
	Superior to Inferior Approach
	Medial-to-Lateral Approach
	Anastomosis
	Laparoscopic Approach
	Medial-to-Lateral Approach
	Posterior (Inferior-to-Superior) Approach

	Left Colectomy
	Open
	Anastomotic Assessment
	Straight Laparoscopic Medial-to-Lateral Approach
	Hand-Assisted Medial-to-Lateral Approach
	Laparoscopic Identification of the Left Ureter

	Subtotal Colectomy
	Open Approach
	Laparoscopic Approach

	Total Abdominal Colectomy with Ileorectal Anastomosis

	Special Circumstances
	Laparoscopy
	Obstructing Colon Cancers
	Perforated Colon Cancers
	Management of Primary Colon Cancer in the Setting of Distant Metastasis

	Outcomes for Colon Cancer
	Short-Term Outcomes
	Long-Term Outcomes


	27: Rectal Cancer: Preoperative Evaluation and Staging
	Introduction
	History and Physical Examination
	Endoscopic Evaluation of the Rectum
	Total Colon Evaluation
	Locoregional Imaging
	Computed Tomography
	Endorectal Ultrasound
	T Staging
	N Staging

	Magnetic Resonance

	Whole-Body Imaging
	Computed Tomography
	Positron Emission Tomography (PET)


	28: Rectal Cancer: Neoadjuvant Therapy
	Introduction
	Historical Context
	Postoperative Radiotherapy
	Preoperative Radiotherapy
	Radiosensitizing Agents
	Preoperative Versus Postoperative Radiation
	Short- Versus Long-Course Preoperative Radiotherapy
	Impact of Pelvic Radiotherapy on Quality of Life
	Adjuvant Systemic Chemotherapy in Patients Treated with Chemoradiotherapy and Proctectomy
	Choosing Optimal Treatment Regimens
	The European Approach
	Selected Adjuvant Systemic Chemotherapy
	Chemotherapy Only to Improve Local Tumor Control
	Selective Nonoperative Management


	29: Local Excision of Rectal Neoplasia
	Transanal Surgery: A Historical Perspective
	Techniques
	Technique for Conventional Transanal Excision
	Technique for TEM and TEO
	Technique for TAMIS

	Transanal Excision of Benign Rectal Polyps
	Results

	TES for Rectal Cancer
	Predicting Risk of Lymph Node Metastasis
	Depth of Invasion
	Lymphovascular Invasion
	Poor Differentiation
	Tumor Budding
	Location and Mucinous Histology
	Imaging for Early Rectal Cancer Staging

	Oncologic Results Following Local Excision of Rectal Cancer
	Local Excision for T1 Cancer
	Local Excision for T2NX Cancer
	Surveillance and Salvage Following Local Excision of Rectal Cancer
	Complications of TAE

	30: Rectal Cancer: Watch and Wait
	Introduction
	Neoadjuvant Chemoradiotherapy
	The Watch and Wait Approach
	Clinical Assessment of Treatment Response
	Increasing the Rate of Complete Response

	31: Proctectomy
	Background and General Concepts
	Anatomy of the Mesorectum/Rectal Fascia
	Surgical Principles of Proctectomy for Rectal Cancer
	Pathological Assessment

	Preoperative Preparation
	Operative Approaches
	Abdominal Exploration and Decision-Making
	Open Low Anterior Resection (LAR)
	Laparoscopic Low Anterior Resection
	Robotic Low Anterior Resection

	Abdominoperineal Resection (APR)
	Extralevator or “Cylindrical” APR
	Special Considerations
	Distal Margin
	Coloanal Anastomosis
	Options for Reconstruction of the Gastrointestinal Tract
	Fecal Diversion

	Extended Resection
	Intraoperative Radiation Therapy
	Flap Closure Following Abdominoperineal Resection

	Functional Outcomes
	Oncologic Outcomes
	Multidisciplinary Rectal Cancer Care

	32: Rectal Cancer Decision-Making
	Assessment
	Early Rectal Neoplasms
	Local Excision
	Endoscopically Excised Malignant Polyps
	Operable and Locally Advanced Lesions

	Surgical Considerations
	Intraoperative Decisions
	Midrectal Cancers
	Low Rectal Cancers
	Low Hartmann Resection Versus APR

	Special Situations
	Obstructing Rectal Cancer
	Perforated Rectal Cancer
	Synchronous Hepatic Metastases


	33: Colorectal Cancer: Postoperative Adjuvant Therapy
	Colon Cancer
	Stage III Colon Cancer
	Stage II Colon Cancer
	Radiotherapy for Colon Cancer

	Rectal Cancer
	Patients Who Did Not Undergo Neoadjuvant Therapy
	Patients Who Underwent Neoadjuvant Radiotherapy/Chemoradiotherapy
	Patients Undergoing Local Excision


	34: Colorectal Cancer: Surveillance After Curative-Intent Therapy
	Introduction
	Timing and Choice of Surveillance Modalities
	Intensity of Surveillance
	Physical Examination
	Laboratory Testing
	Abdominal Imaging
	Chest Imaging
	Colonoscopy

	Stage 1 Disease
	Local Surveillance for Rectal Cancer
	Compliance with Guidelines
	Quality of Life
	Cost

	35: Colorectal Cancer: Management of Local Recurrence
	Introduction
	Diagnosis of Local Recurrence
	Preoperative Evaluation and Patient Selection
	Classification of Local Recurrence
	Determining Resectability

	Multimodal Therapy Including Intraoperative Radiation
	Technical Aspects of Surgical Resection
	General Considerations
	Recurrent Colon Cancer
	Recurrent Rectal Cancer
	Recurrences that Extend Anteriorly

	Resection that Includes Sacrectomy
	Stage I: Anterior Component
	Stage II: Posterior Component
	Stage III: Spinal Reconstructive Component

	Soft Tissue Reconstruction

	Results of Surgery
	Recurrent Colon Cancer
	Recurrent Rectal Cancer
	Surgery for Re-recurrent Disease
	Resection that Includes the Aortoiliac Axis
	Sacropelvic Resections
	Postoperative Complications and Quality of Life

	Palliative Approach

	36: Colorectal Cancer: Management of Stage IV Disease
	Introduction
	Diagnostic Strategies
	Computed Tomography
	Positron Emission Tomography (PET)
	Magnetic Resonance Imaging
	Contrast-Enhanced Ultrasound
	Biopsy

	Multidisciplinary Evaluation
	Surgical Emergency
	Palliative Management of Primary Cancer: Laser, Fulguration, and Stents
	Incidence and Presentation
	Laser Therapy and Fulguration
	Self-Expanding Intraluminal Metal Stents

	The Challenge of Primary Tumor Management in Asymptomatic Stage IV Colorectal Cancer: To Resect or Not to Resect?
	Surgical Therapy of Liver Metastases
	Combination Liver and Colon Resection
	Liver-First Strategy
	Colon-First Strategy
	Margin Status
	Ablation of Liver Metastases
	Other Liver Metastasis Strategies: Hepatic Intra-arterial Chemotherapy/Chemoembolization



	Pulmonary Metastasis
	Peritoneal Metastasis
	Ovarian Metastases
	Other Sites of Metastasis
	Bone
	Brain
	Pancreas
	Adrenal
	Retroperitoneal Lymph Nodes

	Metastatic Disease in the Elderly

	37: Appendiceal Neoplasms
	Introduction
	Epidemiology
	Anatomical Pathology and Staging
	Epithelial Neoplasms
	Neuroendocrine Appendiceal Lesions/Carcinoid Tumors
	Goblet Cell Carcinoids

	Clinical Features
	Diagnostic Procedures
	Medical Management
	Surgical Treatment of Appendiceal Lesions
	Appendectomy
	Right Hemicolectomy
	Cytoreductive Surgery and HIPEC


	38: Carcinoids, GISTs, and Lymphomas of the Colon and Rectum
	Carcinoid Tumors
	Histology
	Incidence and Distribution
	Clinical Presentation
	Carcinoid Syndrome
	Diagnostic Tests
	Treatment

	GISTs
	Histology
	Incidence and Distribution
	Clinical Presentation
	Diagnostic Tests
	Treatment

	Lymphomas
	Histology
	Incidence and Distribution
	Clinical Presentation and Diagnostic Tests
	Treatment


	39: Diverticular Disease
	Introduction
	Incidence
	Pathophysiology, Etiology, and Epidemiology
	Histology and Pathology
	Role of Fiber

	Alternative Pathophysiology Pathways and Taenia-Specific Elastosis
	Additional Risk Factors
	Age
	Geographic Factors
	Obesity

	Clinical Manifestations and Physical Findings
	Symptoms
	Diagnostic Evaluation
	Endoscopic Evaluation
	Differential Diagnosis

	Treatment of Acute Diverticulitis
	Treatment of Uncomplicated Diverticulitis
	Antibiotics


	Elective Surgical Management of Recurrent Uncomplicated Diverticulitis
	Young Patients
	Complicated Diverticular Disease
	Diverticular Abscess
	Perforated Diverticulitis
	Fistulas
	Colovesical Fistulas
	Colovaginal Fistulas
	Colocutaneous Fistula

	Diverticular Stricture/Obstruction

	Operative Therapy
	Elective Management
	Minimally Invasive Surgery
	Urgent and Emergent Procedures
	Minimally Invasive Colectomy for Complicated Disease

	“Special Situations”
	Recurrent Diverticulitis
	Giant Colonic Diverticulum

	Diverticulitis: Other Sites
	Right Colonic Diverticulitis
	Rectal Diverticulitis
	Transverse Colonic Diverticulitis

	Immunocompromised Patients

	40: Large Bowel Obstruction
	Introduction
	Etiology
	Pathophysiology
	Presentation
	Initial Resuscitation (Fig. 40.5)
	Diagnostic Imaging
	Abdominal Plain Film
	Contrast Enema (CE)
	Computed Tomography

	Management
	Emergent Setting (Fig. 40.5)
	Unresectable Lesion (Fig. 40.9)
	Resectable Lesion (Fig. 40.10)

	Non-emergent Setting (Fig. 40.10)
	Endoscopy and CE
	Self-Expanding Metallic Stents
	Technique
	Results

	Palliation

	Benign Disease and Right-Sided Lesions
	Resection
	On-Table Colonic Lavage
	Technique
	Results



	Special Circumstances
	Volvulus
	Sigmoid Volvulus
	Presentation and Diagnosis
	Treatment

	Cecal Volvulus
	Presentation and Diagnosis
	Treatment

	Uncommon Types
	Ileosigmoid Knotting

	Splenic and Transverse Colon Volvulus

	Acute Colonic Pseudo-Obstruction (ACPO)

	Other
	Endometriosis
	Fecal Impaction
	Gallstone
	Intussusception


	41: Lower Gastrointestinal Hemorrhage
	Introduction
	Epidemiology
	Etiologies of Lower Gastrointestinal Bleeding
	Benign Anorectal Causes: Hemorrhoidal Bleeding and Fissures
	Diverticulosis Coli
	Angioectasia
	Ischemic Colitis
	Neoplasms of the Large Intestine
	Additional Causes of LGIB

	Models Predicting Severity of Lower Gastrointestinal Bleeding
	Presentation, Evaluation, and Management
	Colonoscopy
	Radionucleotide Scintigraphy
	Computed Tomography Angiography (CTA)
	Angiography
	Diagnostic Angiography
	Therapeutic Angiography

	Localization of Small Bowel Bleeding
	Surgery

	Summary

	42: Endometriosis
	Introduction
	Epidemiology
	Etiology
	Clinical Manifestations
	Pelvic Pain and Dysmenorrhea
	Infertility
	Intestinal Symptoms
	Malignant Transformation

	Diagnosis
	Physical Examination
	Laboratory Evaluation
	Endoscopy
	Imaging Techniques
	Laparoscopy

	Treatment
	Medical Management
	Oral Contraceptives
	Danazol
	Gonadotropin-Releasing Hormone Agonists

	Surgical Management
	General Principles
	Rectovaginal Endometriosis

	Small Bowel and Appendiceal Endometriosis
	Results After Surgical Therapy
	Combined Medical and Surgical Therapy


	43: Trauma of the Colon, Rectum, and Anus
	Introduction
	Colon Trauma
	Epidemiology
	Diagnosis
	History of Military Colon Injury Management
	Current Operative Management
	Technical Considerations

	Rectal and Anal Trauma
	Epidemiology
	Diagnosis
	Current Management and Technical Considerations


	44: Inflammatory Bowel Disease: Pathobiology
	Introduction
	The Host Environment in UC and CD
	Possible Infectious Causes of IBD
	Smoking
	Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
	The Microbiome
	Appendectomy


	The Role for Genetics in IBD
	Innate Immunity in Crohn’s Disease
	Epithelial Barrier Function
	Autophagy
	Macrophages
	APCs: The Bridge Between the Innate and Adaptive Immune Systems

	Adaptive Immunity in Crohn’s Disease
	Cytokine Signaling

	Innate Immunity in Ulcerative Colitis
	Adaptive Immunity in Ulcerative Colitis
	Genetic Correlates Suggesting Mechanisms of Disease in IBD
	Innate Immunity
	Epithelial Barrier
	Pathogen Recognition and Autophagy
	NOD2/CARD15


	The Adaptive Immune System

	The Molecular Basis of Malignant Degeneration
	Surgical Genetics in IBD

	45: IBD Diagnosis and Evaluation
	Inflammatory Bowel Disease: Diagnosis and Evaluation
	Context
	Ulcerative Colitis
	Crohn’s Disease
	IBD Histology
	Ulcerative Colitis
	Crohn’s Disease
	Indeterminate Colitis

	Serology and Markers of Disease
	ASCA and pANCA
	Fecal Markers
	Inflammatory Markers

	Endoscopy in IBD
	Flexible Endoscopy
	Capsule Endoscopy

	Radiology in IBD
	Plain Radiography
	CT
	MRI
	Ultrasound
	Evolving Role of CTE and MRE



	46: Medical Management of Chronic Ulcerative Colitis
	Part 1: Defining CUC
	Introduction
	Diagnosis
	Colonoscopy
	Imaging
	Serology
	Infectious Work-Up
	Epidemiology
	Colorectal Adenocarcinoma
	Classification of CUC
	Treatment Endpoints
	Cost Considerations

	Part 2: Specific Treatments
	Bottom-Up Versus Top-Down Strategies
	Aminosalicylates (5-ASA Moieties)
	Immunomodulator Therapy (6-MP, Azathioprine)
	Biologic Agents
	Anti-TNF-Alpha Antibodies
	Infliximab (Remicade®)
	Adalimumab (Humira®)
	Certolizumab Pegol (Cimzia®)
	Golimumab (Simponi®)


	Anti-integrin Antibodies
	Vedolizumab (Entyvio®)


	“Rescue” Therapy
	Corticosteroids
	Cyclosporine/Tacrolimus
	Methotrexate (MTX)


	Part 3: Medical Management of Mild-to-Severe CUC
	Mild-to-Moderate Distal Colitis/Proctitis (Fig. 46.13)
	Mild-to-Moderate Extensive Colitis (Fig. 46.13)
	Severe Colitis (Fig. 46.14)


	47: Medical Management of Crohn’s Disease
	Introduction
	Disease Classification
	Disease Severity
	Medications
	Probiotics
	Antibiotics
	5-Aminosalicylate Compounds
	Glucocorticoids
	Immunomodulators
	Thiopurines
	Methotrexate

	Biologic Agents (See Also Chap. 46)
	Antitumor Necrosis Factor (TNF) Agents
	Integrin Receptor Antagonists


	Induction and Maintenance of Remission
	Induction of Remission
	Mild Disease
	Moderate Disease
	Severe Disease

	Maintenance of Remission

	Medical Prophylaxis After Surgery

	48: Anorectal Crohn’s Disease
	Introduction
	Incidence and Natural History
	Etiology
	Clinical Presentation
	Diagnosis
	Classification
	Skin Tags
	Management

	Hemorrhoids
	Management

	Anal Fissure and Ulcer
	Management

	Abscess and Fistula
	Abscess
	Management

	Fistula
	Management
	Medical Therapy
	Aminosalicylates and Corticosteroids
	Antibiotics
	Immunosuppressives
	Biologics
	Infliximab
	Adalimumab
	Certolizumab Pegol
	Natalizumab
	Vedolizumab


	Surgical Therapy
	Seton
	Fistulotomy
	Fibrin Glue
	Anal Fistula Plug
	Adipose Tissue-Derived Stem Cells
	Ligation of Intersphincteric Tract
	Endorectal Advancement Flap
	Diversion
	Proctectomy




	Anorectal Stricture
	Management

	Anal Cancer
	Management


	49: Crohn’s Disease: Surgical Management
	Surgery in the Treatment of Crohn’s Disease
	Changing Trends in the Era of Immunomodulators and Biologics
	Indications for Surgery
	Failure of Medical Management
	Obstruction
	Perforation
	Bleeding
	Abscesses
	Fistula
	Cancer and Dysplasia
	Toxic Colitis

	Surgical Considerations
	Preoperative Evaluation
	History and Physical
	Nutritional Assessment and Role of TPN in Crohn’s Treatment

	Operative Considerations: Overview
	Laparoscopic Surgery and Crohn’s Disease

	Operative Considerations for Specific Locations
	Upper Small Bowel Disease
	Terminal Ileal Disease
	Colonic and Rectal Disease

	Special Considerations
	Ileosigmoid Fistula
	Complex Perineal Wounds After Proctectomy
	Recurrence of Disease


	50: Ulcerative Colitis: Surgical Management
	Introduction
	Indications for Surgery
	Elective Surgery
	Emergent Surgery
	Staged Operations

	Operative Technique and Surgical Decision-Making
	Preoperative Planning
	Brooke Ileostomy
	Operative Details
	Operative Considerations
	Outcomes

	Continent Ileostomy
	Operative Details
	Operative Considerations
	Outcomes

	Total Abdominal Colectomy with Ileorectal Anastomosis (TAC-IRA)
	Operative Details: Open Approach
	Operative Details: Laparoscopic Approach
	Outcomes


	Total Proctocolectomy with End Ileostomy
	Operative Details: Open Proctectomy
	Operative Details: Laparoscopic Proctectomy
	Restorative Proctocolectomy with Ileal Pouch-Anal Anastomosis (RPC-IPAA)
	Operative Technique
	Special Considerations
	Pouch Configuration
	Anastomosis
	Optimizing Reach
	Crohn’s Disease




	51: Complications of the Ileal Pouch
	Introduction
	Intraoperative Complications
	Problems with Reach of the Pouch
	Pouch Ischemia
	Problems with Stoma Creation
	Problems with Staplers and Creating the Anastomosis
	Early Postoperative Complications
	Anastomotic Leak and Pelvic Sepsis
	Bleeding from the Pouch
	Late Postoperative Complications
	Pouch-Vaginal Fistula
	Treatment Options for PVF
	Advancement Flap Repair
	Transvaginal Repair
	Perineal Pouch Advancement
	Redo IPAA
	Proximal Diversion

	Pouch-Perineal Fistula
	Pouch Sinus
	Crohn’s Disease After Pouch Surgery
	Incontinence
	Outlet Obstruction
	Pouchitis and Cuffitis
	Pouch Prolapse
	Leak from the Tip of the “J”
	Dysplasia and Cancer After Pouch Surgery
	Small Bowel Obstruction
	Sexual Dysfunction
	Infertility

	52: Infectious Colitides
	Introduction
	Bacterial Colitides
	Campylobacter
	Salmonella
	Shigella
	Escherichia coli
	Yersinia
	Vibrio
	Other Bacterial Colitides

	Parasitic Colitides
	Entamoeba
	Anisakis
	Ascaris
	Strongyloides
	Trichuris
	Enterobius
	Cryptosporidium
	Balantidium
	Giardia
	Schistosomiasis
	Tapeworms
	Trypanosoma

	Viral Colitides
	Cytomegalovirus
	Other Viruses

	Fungal Colitides
	Histoplasma
	Candida
	Other Fungi

	Special Situations
	Traveler’s Diarrhea
	Infections in Inflammatory Bowel Disease
	Diarrhea and HIV
	Diarrhea and Solid Organ Transplantation


	53: Clostridium difficile Infection
	Introduction
	Epidemiology
	Rising Incidence and Increasing Severity

	Clinical Risk Factors for CDI
	Advanced Age
	Contact with a Healthcare Facility
	Use of Antibiotics and Their Effect on the Microbiome

	Perioperative Prophylactic Antibiotics and Mechanical Bowel Preparations
	Immunocompromised States
	Inflammatory Bowel Disease (IBD)
	Proton Pump Inhibitors
	Hospital Environmental Factors
	Microbiological Considerations for Clostridium difficile
	Pathogenicity Locus Genes

	Diagnosis of C. difficile Infection
	Clinical Presentation
	Laboratory Diagnosis

	Clinical Severity Scores
	Antibiotic Therapy for CDI
	Metronidazole and Vancomycin
	Fidaxomicin

	Surgery for CDI
	Fecal Microbiota Transplant (FMT)

	54: Radiation, Microscopic, and Ischemic Colitis
	Radiation Colitis
	Introduction
	Pathogenesis of Radiation Injury
	Prevention
	Acute Radiation Colitis and Proctitis
	Chronic Radiation Colitis and Proctitis
	Diagnosis
	Management
	Medications
	Endoscopy
	Surgery


	Microscopic Colitis
	Introduction
	Epidemiology

	Etiology and Risk Factors
	Smoking
	Medications
	Autoimmunity

	Clinical Manifestations
	Clinical Presentation
	Complications

	Diagnosis
	Management
	Budesonide
	Prednisolone
	Cholestyramine and Loperamide
	Aminosalicylates
	Immunosuppressive and Anti-TNF Medications
	Bismuth Subsalicylate
	Surgery

	Ischemic Colitis
	Introduction
	Anatomy and Physiology
	Epidemiology and Risk Factors
	Pathophysiology
	Nonocclusive Ischemia
	Arterial Thrombosis and Emboli-Related Ischemia
	Venous Thrombosis

	Clinical Presentation
	Diagnosis
	Laboratory Studies
	Imaging
	Plain Films and Contrast Enema
	Abdominal CT Scan
	Endoscopy
	Arteriography
	Ultrasound


	Management
	General Principles
	Antibiotics
	Antithrombotic
	Surgical Management

	Prognosis


	55: Intestinal Stoma
	Introduction
	Colostomy
	Configuration (Fig. 55.1)
	Physiology

	Small Bowel Stomas
	Configuration
	Physiology

	Preoperative Considerations for the Ostomate
	Stoma Site Marking (Fig. 55.3)
	Preoperative Stoma Education

	Technical Considerations of Stoma Creation
	Small Bowel: Making the Aperture
	Small Bowel End Stoma
	Small Bowel Loop Stoma
	End Colostomy
	Loop Colostomy

	Postoperative Care for the Stoma
	Early Inpatient Postoperative Care
	Postoperative Outpatient Care
	Stoma Appliances

	Stoma Complications
	Stomal Ischemia: Necrosis, Retraction, and Stenosis
	Peristomal Skin Disorders
	Peristomal Pyoderma Gangrenosum
	Peristomal Varices
	Stomal Prolapse
	Parastomal Hernia
	Peristomal Abscess
	High-Output Small Bowel Stomas

	Stoma Reversal
	Preoperative Preparation
	Timing
	Technical Consideration of Loop Stoma Reversal
	Technical Consideration of End Stoma Reversal
	Stoma Reversal Complications

	Special Considerations
	The Difficult Stoma
	Temporary Fecal Diversion: Loop Ileostomy Versus Loop Colostomy
	Genitourinary Stomas
	Ileostomy and Foodstuff Bolus Obstruction
	The Turnbull-Blowhole Colostomy (Fig. 55.17)


	56: Functional Complications After Colon and Rectal Surgery
	Introduction
	Low Anterior Resection Syndrome
	Symptoms and Prevalence
	Etiology of LARS
	Risk Factors for LARS
	Evaluation and Bowel Dysfunction After LAR
	Treatment for Bowel Dysfunction After LAR
	Retrograde Colonic Irrigation
	Sacral Nerve Stimulation (SNS)

	Colorectal Reconstruction and Effects on Function After Colorectal Surgery
	Colonic J Pouch
	Transverse Coloplasty
	Side-to-End Anastomosis

	Sexual and Urologic Dysfunction After Surgery for Rectal Cancer
	Nerves of the Pelvis
	Sexual Dysfunction After Surgery for Rectal Cancer
	Urologic Dysfunction

	Perianal Skin Irritation After Colorectal Surgery

	57: Common Tests for the Pelvic Floor
	Introduction
	History
	Questionnaires
	Fecal Incontinence: Four Will Be Reviewed Below
	Constipation

	Physical Exam
	Anatomic Evaluation
	Ultrasound 2-D
	Ultrasound 3-D
	Dynamic US
	MRI

	Functional Evaluation
	Anal Manometry (AM)
	Manometry Technique
	Resting Pressure (RP)
	Squeeze Pressure
	Cough Reflex
	Valsalva
	Rectoanal Inhibitory Reflex (RAIR)
	Rectal Sensation
	Compliance
	Balloon Expulsion
	Neurophysiologic Testing
	Needle EMG
	Surface
	Pudendal Nerve Terminal Motor Latency (PNTML)

	Transit Testing
	Radiopaque Markers
	Breath Testing
	Scintigraphy
	Wireless Motility Capsules


	Anatomic and Functional Evaluation
	Defecography
	Normal Parameters
	Rectocele
	Rectal Intussusception
	Rectal Prolapse
	Enterocele and Sigmoidocele
	Descending Perineum Syndrome

	Dynamic MRI


	58: Evaluation of Constipation and Treatment of Abdominal Constipation
	Prevalence
	Etiology of Constipation
	Constipation Subtypes
	Slow Transit Constipation
	Normal Transit Constipation
	Pelvic Constipation

	History and Physical Examination
	Diagnostic Testing
	Slow Transit Constipation
	Medical Management of Slow Transit Constipation
	Surgical Therapy of Slow Transit Constipation
	Abdominal Colectomy
	Segmental Colectomy
	Proctocolectomy with Ileal Pouch-Anal Anastomosis
	Ileostomy Creation
	Antegrade Colonic Enema
	Sacral Nerve Stimulation

	Summary

	59: Obstructed Defecation
	Introduction
	Etiology of Constipation
	Evaluation of Obstructed Defecation
	Endoscopy
	Colon Transit Study
	Balloon Expulsion Study
	Anorectal Manometry
	Anorectal Electromyography
	Defecography

	Interpretation of Test Results
	Etiology and Treatment of Obstructed Defecation
	Hydration/Lifestyle Modification/Fiber Intake
	Pelvic Floor Physical Therapy Retraining

	Pelvic Organ Prolapse
	Rectal Prolapse: Overt
	Rectal Prolapse: Occult
	Rectocele
	Enterocele with or Without Vaginal Vault Prolapse

	Nonanatomic Causes of Obstructed Defecation
	Paradoxical Puborectalis Contraction
	Rectal Hyposensitivity

	Fecal Diversion
	Conclusion

	60: Rectal Prolapse
	Introduction
	Patient Evaluation
	Non-operative Treatment
	Surgical Approaches for Rectal Prolapse

	Description of Surgical Interventions
	Anal Encirclement
	Perineal Procedures
	Delorme
	Perineal Rectosigmoidectomy (Fig. 60.1)

	Abdominal Procedures
	Transabdominal Rectopexy
	Transabdominal Resection Rectopexy

	Mesh Rectopexy
	Ripstein Procedure (Anterior Sling Rectopexy)
	Posterior Mesh Rectopexy
	Laparoscopic Ventral Rectopexy
	Robotic Rectopexy

	Rectal Prolapse in the Elderly
	Recurrent Rectal Prolapse: What Is the NEXT Operation?
	Combined Vaginal and Rectal Prolapse Procedures
	Solitary Rectal Ulcer Syndrome

	61: Evaluation and Treatment of FI
	Introduction
	Assessment Instruments
	Management
	Medications and Lifestyle Modifications
	Biofeedback


	Preoperative Testing
	Anorectal Physiology Testing
	Ultrasound

	Surgical Techniques
	General Considerations
	Overlapping Sphincteroplasty
	Sacral Neuromodulation
	Sphincter Augmentation Procedures
	Radiofrequency Energy Delivery
	Biomaterial Injection

	Sphincter Replacement Strategies

	Stoma and Alternatives
	Conclusions

	62: Functional Bowel Disorders for the Colorectal Surgeons
	Introduction
	Irritable Bowel Syndrome
	Epidemiology
	Pathophysiology
	Diagnosis and Symptoms
	Treatment
	Diarrhea-Predominant IBS (IBD-D)
	Constipation-Predominant IBS (IBS-C)

	Chronic Functional Pelvic Pain
	Chronic Proctalgia
	Coccygodynia

	Pudendal Neuralgia

	Conclusion

	63: Middle and Anterior Compartment: Issues for the Colorectal Surgeon
	Introduction
	Anatomy of the Pelvic Floor
	Evaluation of Pelvic Organ Prolapse
	Overview of Urodynamics
	Surgical Management of Middle and Anterior Compartment
	Transvaginal Repair
	Abdominal Repair

	Surgical Management of the Posterior Compartment: Approach to the Rectocele Repair
	Transvaginal
	Transanal Repair



	Part IV: Miscellaneous
	64: Pediatric Colorectal Disorders
	Congenital Anomalies
	Cloacal Anomalies
	Mechanisms Underlying Cloacal Anomalies
	Current Therapy

	Anorectal Atresia
	Current Therapies

	Hirschsprung Disease
	Current Therapies


	Acquired Diseases
	Necrotizing Enterocolitis
	Current Therapies


	Constipation and Anorectal Incontinence (Fig. 64.7)
	Surgical Treatment for Chronic Functional Constipation

	Constipation and Fecal Incontinence in Children with Hirschsprung Disease (HD) or Anorectal Malformations (ARM)
	Diagnostic Workup and Therapy

	Inflammatory Bowel Disease in Children
	Treatment


	65: Considerations for Geriatric Patients Undergoing Colorectal Surgery
	Introduction
	Current Outcomes in the Geriatric Population
	Fecal Incontinence
	Diverticulosis/Diverticulitis
	Rectal Prolapse
	Colonic Volvulus
	Inflammatory Bowel Disease
	Colon Cancer
	Rectal Cancer

	Laparoscopic Surgery in the Elderly
	Re-operative Evaluation in the Geriatric Patient
	Cardiac Evaluation
	Pulmonary Evaluation
	Diabetes and Glucose Management
	Nutritional Assessment
	Anemia and Hematologic Disorder Evaluation
	Dementia and Mental Status Evaluation
	Current Risk Assessment
	Frailty
	Comprehensive Geriatric Assessment (CGA)


	Current Recommendations

	66: Health-Care Economics
	Introduction
	Physician Reimbursement
	Fee-for-Service (FFS): Resource-Based Relative Value Scale (RBRVS)

	Fee-For-Service: Why Did It Fail?
	The Patient Protection and Affordable Care Act of 2010 (P.L. 111–148)
	ACA: Cost Containment Changes
	Improving Quality/Health System Performance
	National Quality Strategy

	Alternative Payment Models
	The Patient-Centered Medical Home
	Accountable Care Organizations
	Bundled Payment Pilot Projects
	Clinical Integration
	Clinical Integration and the Employed Physician: What About Contracting?
	Fee-for-Service Model: Based on the Work-RVU
	Geisinger Health System Physician Compensation Model
	Base Salary
	Performance Incentives for Specialist Physicians

	Massachusetts General Physicians Organization’s Incentive Program

	Appendix 66.1
	Physician Compensation Model 1: Guaranteed Salary
	Appendix 66.2
	Physician Compensation Model 2: Work-RVU-Based Compensation
	Appendix 66.3
	Physician Compensation Model 3: Work-RVU Compensation with a Base Salary (Guaranteed)

	67: Ethical Issues in Colorectal Surgery
	Introduction
	Ethical Reasoning
	Informed Consent
	Threshold Elements (Preconditions)
	Transformation Elements
	Consent Elements

	Surrogate Decision-Making
	Futility
	Refusal of Care
	Outcome Disparities in Colorectal Surgery
	Physician Financial Conflicts of Interest
	Conclusion

	68: Welcome to Litigation
	Preparation: The Key to Success
	Stages of the Litigation Process
	Initiation of the Litigation Process
	Notice of an Occurrence Likely to Lead to Litigation


	Teaching Points
	Notice of Events Which Suggest that Litigation Is Imminent: Handling Requests for Medical Records
	Service of the Summons and Complaint: Initial Meeting with Counsel

	Teaching Points
	Teaching Points
	The Discovery of the Process
	Written Discovery
	Your Deposition


	Teaching Points
	The Trial

	Teaching Points

	69: Surgical Education
	Introduction
	Challenges to Surgical Education
	Competency-Based Medical Education (CBME)

	Strategies Outside of the Operating Room
	Understanding Competency-Based Medical Education (CBME)
	Assessment of Performance
	In-Training Evaluation Report (ITER)
	Mini-CEX
	360-Degree Evaluation
	Oral Examinations
	Portfolios
	Technical Skills Assessment
	Logbooks and Case Numbers
	Procedure-Based Assessment
	Simulation/Virtual Reality in Technical Skills Assessment
	GAS and L-CAT of the National Training Programme in England
	Colorectal Objective Structured Assessment of Technical Skills (COSATS)
	Global Rating Forms

	How Can CBME Be Applied to Colorectal Residency Training?
	Conclusions

	70: Maintenance of Certification: Current Status and Future Considerations
	Introduction: How We Came to Be Here
	The Reasoning and Evidence for Institution of the ABMS MOC Program
	Is the MOC Program Performing as It Should?
	Challenges Presented to Diplomates
	Challenges for Member Boards
	Decreasing the Burden of MOC
	ABCRS: Current Requirements, Initiatives Under Consideration

	71: Quality and Safety in Colon and Rectal Surgery
	Background
	The Conceptual Model of Quality Measurement: Donabedian Model
	Structural Measures
	Process Measures
	Outcomes

	Safety
	High Reliability Organizations
	Creating a Culture of Safety
	Measuring Safety Culture
	Teamwork and Communication
	Measuring Teamwork
	Tools for Improving Safety Culture, Teamwork, and Communication
	“Never Events” in Surgery
	Patient and Families as Partners

	Appendix 71.1: American College of Surgeons National Quality Improvement Program-Targeted Colectomy and Proctectomy Procedure Measures. With Permission from © American College of Surgeons

	72: Practice Management
	Introduction
	Practice Models
	Practice Philosophies in Hospital and Private Practice Models
	The Hospital Model
	The Private Practice Model


	The Basics of Payment, Compensation, Profits, and Billing
	Compensation
	Relative Value Scale System
	RVU-Based Compensation

	Production-Based Compensation
	Non-production-Based Compensation

	Bonus Structure
	Budgets, Billing, and Collections
	Billing and Coding

	Setting Up Your Office
	Attracting Patients
	Playing Nicely with Others
	Staff and Colleagues
	Contracts

	Considerations When Moving Between Practice Models


	Index

