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Preface

Similar to the first, the second edition of the American Society of Colon and Rectal
Surgeons’ (ASCRS) Manual is abstracted from and is a companion to the second
edition of the ASCRS Textbook of Colon and Rectal Surgery, Beck DE, Wexner SD,
Roberts PL, Saclarides TJ, Senagore AJ, Stamos MJ eds. New York: Springer;
2011. It is yet another resource representing ASCRSs ongoing major commitment
to education. The purpose of the second edition of the ASCRS Manual of Colon and
Rectal Surgery is to provide a “user-friendly,” pocket resource for the busy medical
student, resident, private clinician, nurse practitioner, physician’s assistant, and oth-
ers caring for patients with colorectal surgical diseases.

The second edition of the ASCRS Manual is intended to provide succinct,
clinically relevant information for daily patient care and to stimulate the reader
to seek more extensive information in the ASCRS Textbook. Each chapter in the
manual has been abstracted, edited, and reviewed by the textbook authors and
manual editors. Many diagrams, figures, and algorithms from the textbook have
been retained inasmuch as they have been found to be helpful in daily patient
care. Moreover, other textual content has been purposely excluded from the
manual including discussions of research trials, step-by-step technical descrip-
tions of operations, operative techniques, and various figures, x-rays, and patient
photos which did not transcribe well to the manual format. The manual will also
serve as a bridge to create future electronic links between our journal (Diseases
of the Colon and Rectum), the ASCRS Textbook, and the ASCRS electronic
efforts such as CREST.

Readers of the second edition of the ASCRS Manual are strongly encouraged to
consult the second edition of the ASCRS Textbook for in-depth discussions, clari-
fication of content, and appropriate citing of references. It is hoped that the reader
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will find the manual to be a practical and clinically relevant resource for the daily
care of colorectal surgical patients.

New Orleans, LA David E. Beck
Weston, FL Steven D. Wexner
Burlington, MA Patricia L. Roberts
Cleveland, OH Tracy L. Hull
Maywood, IL Theodore J. Saclarides
Mount Pleasant, MI Anthony J. Senagore
Irvine, CA Michael J. Stamos

Fort Lewis, WA Scott R. Steele
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1. Anatomy and Embryology of the Colon,
Rectum, and Anus

Jose Marcio Neves Jorge and Angelita Habr-Gama

Anatomy

Anus and Rectum
Anal Canal Structure, Anus, and Anal Verge

. The anus or anal orifice is an anteroposterior cutaneous slit, that along
with the anal canal remains virtually closed at rest, as a result of tonic
circumferential contraction of the sphincters and the presence of anal
cushions.

. The edge of the anal orifice, the anal verge or margin (anocutaneous line
of Hilton), marks the lowermost edge of the anal canal and is sometimes
the level of reference for measurements taken during sigmoidoscopy.

. Others favor the dentate line as a landmark because it is more precise. The
difference between the anal verge and the dentate line is usually 1-2 cm.
. The epithelium distal to the anal verge acquires hair follicles, glands,

including apocrine glands, and other features of normal skin and is the
source of perianal hidradenitis suppurativa, inflammation of the apocrine
glands.
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Fig. 1.1 Anal canal

Anatomic Versus Surgical Anal Canal

Two definitions are found describing the anal canal (Fig. 1.1).

The ‘““anatomic” or ‘“embryologic” anal canal is only 2.0 cm long,
extending from the anal verge to the dentate line, the level that corre-
sponds to the proctodeal membrane. The “surgical” or “functional” anal
canal is longer, extending for approximately 4.0 cm (in men) from the
anal verge to the anorectal ring (levator ani).

The anorectal ring is at the level of the distal end of the ampullary part of
the rectum and forms the anorectal angle and the beginning of a region of
higher intraluminal pressure. Therefore, this definition correlates with
digital, manometric, and sonographic examinations.

Anatomic Relations of the Anal Canal

Posteriorly, the anal canal is related to the coccyx and anteriorly to the peri-
neal body and the lowest part of the posterior vaginal wall in the female
and to the urethra in the male. The ischium and the ischiorectal fossa are
situated on either side. The fossa ischiorectal contains fat and the inferior
rectal vessels and nerves, which cross it to enter the wall of the anal canal.

Muscles of the Anal Canal

The muscular component of the mechanism of continence can be stratified
into three functional groups: lateral compression from the pubococcygeus,
circumferential closure from the internal and external anal sphincter, and
angulation from the puborectalis (Fig. 1.2).



1. Anatomy and Embryology of the Colon, Rectum, and Anus 3

Levator ani M. -

-Conjoined

Puborectalisn M. SO
longitudinal M.

Deep
External Superficial
anal
sphincter
Subcutaneous—

M Retzer
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Internal Anal Sphincter

. The internal anal sphincter represents the distal 2.5- to 4.0-cm condensation
of the circular muscle layer of the rectum. As a consequence of both intrin-
sic myogenic and extrinsic autonomic neurogenic properties, the internal
anal sphincter is a smooth muscle in a state of continuous maximal contrac-
tion and represents a natural barrier to the involuntary loss of stool and gas.

. The lower rounded edge of the internal anal sphincter can be felt on physi-
cal examination, about 1.2 cm distal to the dentate line. The groove
between the internal and external anal sphincter, the intersphincteric sul-
cus, can be visualized or easily palpated.

. Endosonographically, the internal anal sphincter is a 2- to 3-mm-thick
circular band and shows a uniform hypoechogenicity.

External Anal Sphincter

. The external anal sphincter is the elliptical cylinder of striated muscle that
envelops the entire length of the inner tube of smooth muscle, but it ends
slightly more distal than the internal anal sphincter.

. The deepest part of the external anal sphincter is intimately related to the
puborectalis muscle, which can actually be considered a component of
both the levator ani and the external anal sphincter muscle complexes.
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In the male, the upper half of the external anal sphincter is enveloped
anteriorly by the conjoined longitudinal muscle, whereas the lower half is
crossed by it.

In the female, the entire external anal sphincter is encapsulated by a mixture
of fibers derived from both longitudinal and internal anal sphincter muscles.
The automatic continence mechanism is formed by the resting tone, main-
tained by the internal anal sphincter, and magnified by voluntary, reflex,
and resting external anal sphincter contractile activities.

In response to conditions of threatened incontinence, such as increased
intra-abdominal pressure and rectal distension, the external anal sphincter
and puborectalis reflexively and voluntarily contract further to prevent
fecal leakage.

The external anal sphincter and the pelvic floor muscles, unlike other
skeletal muscles, which are usually inactive at rest, maintain unconscious
resting electrical tone through a reflex arc at the cauda equina level.

Conjoined Longitudinal Muscle

Whereas the inner circular layer of the rectum gives rise to the internal
anal sphincter, the outer longitudinal layer, at the level of the anorectal
ring, mixes with fibers of the levator ani muscle to form the conjoined
longitudinal muscle. This muscle descends between the internal and
external anal sphincter, and ultimately some of its fibers, referred to as the
corrugator cutis ani muscle, traverse the lowermost part of the external
anal sphincter to insert into the perianal skin.

Possible functions of the conjoined longitudinal muscle include attaching
the anorectum to the pelvis and acting as a skeleton that supports and
binds the internal and external sphincter complex together.

Epithelium of the Anal Canal

The lining of the anal canal consists of an upper mucosal (endoderm) and
a lower cutaneous (ectoderm) segment (Fig. 1.1).

The dentate (pectinate) line is the “saw-toothed” junction between these
two distinct origins of venous and lymphatic drainage, nerve supply, and
epithelial lining. Above this level, the intestine is innervated by the sym-
pathetic and parasympathetic systems, with venous, arterial, and lym-
phatic drainage to and from the hypogastric vessels. Distal to the dentate
line, the anal canal is innervated by the somatic nervous system, with
blood supply and drainage from the inferior hemorrhoidal system. These
differences are important when the classification and treatment of hemor-
rhoids are considered.

The pectinate or dentate line corresponds to a line of anal valves that rep-
resent remnants of the proctodeal membrane. Above each valve, there is a
little pocket known as an anal sinus or crypt. These crypts are connected
to a variable number of glands, in average 6 (range, 3—12).
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Rectum

More than one gland may open into the same crypt, whereas half the
crypts have no communication.

The anal gland ducts, in an outward and downward route, enter the sub-
mucosa; two-thirds enter the internal anal sphincter, and half of them ter-
minate in the intersphincteric plane. Obstruction of these ducts, presumably
by accumulation of foreign material in the crypts, may lead to perianal
abscesses and fistulas.

Cephalad to the dentate line, 8—14 longitudinal folds, known as the rectal
columns (columns of Morgagni), have their bases connected in pairs to
each valve at the dentate line.

At the lower end of the columns are the anal papillae. The mucosa in the
area of the columns consists of several layers of cuboidal cells and has a
deep purple color because of the underlying internal hemorrhoidal plexus.
This 0.5- to 1.0-cm strip of mucosa above the dentate line is known as the
anal transition or cloacogenic zone. Cephalad to this area, the epithelium
changes to a single layer of columnar cells and macroscopically acquires
the characteristic pink color of the rectal mucosa.

The cutaneous part of the anal canal consists of modified squamous epi-
thelium that is thin, smooth, pale, stretched, and devoid of hair and glands.

Both proximal and distal limits of the rectum are controversial: the recto-
sigmoid junction is considered to be at the level of the third sacral vertebra
by anatomists but at the sacral promontory by surgeons, and likewise the
distal limit is regarded to be the muscular anorectal ring by surgeons and
the dentate line by anatomists.

The rectum measures 12—15 cm in length and has three lateral curves:
the upper and lower are convex to the right and the middle is convex to
the left. These curves correspond intraluminally to the folds or valves
of Houston. The two left-sided folds are usually noted at 7-8 cm and at
12-13 cm, respectively, and the one on the right is generally at 9—11 cm.
The middle valve (Kohlrausch’s plica) is the most consistent in pres-
ence and location and corresponds to the level of the anterior peritoneal
reflection.

Although the rectal valves do not contain all muscle wall layers from a
clinical point of view, they are a good location for performing rectal biop-
sies, because they are readily accessible with minimal risk for perforation.
The rectum is characterized by its wide, easily distensible lumen and
the absence of taeniae, epiploic appendices, haustra, or a well-defined
mesentery.

The word “mesorectum” has gained widespread popularity among sur-
geons to address the perirectal areolar tissue, which is thicker posteriorly,
containing terminal branches of the inferior mesenteric artery and enclosed
by the fascia propria.
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Fig. 1.3 Fascial relationships of the rectum: (a) male, (b) female

The “mesorectum” may be a metastatic site for a rectal cancer and is
removed during surgery for rectal cancer without neurologic sequelae
because no functionally significant nerves pass through it.

The upper third of the rectum is anteriorly and laterally invested by peri-
toneum; the middle third is covered by peritoneum on its anterior aspect
only. Finally, the lower third of the rectum is entirely extraperitoneal,
because the anterior peritoneal reflection occurs at 9.0-7.0 cm from the
anal verge in men and at 7.5-5.0 cm from the anal verge in women.

Anatomic Relations of the Rectum

The rectum occupies the sacral concavity and ends 2—-3 cm anteroinferi-
orly from the tip of the coccyx. At this point, it angulates backward
sharply to pass through the levators and becomes the anal canal. Anteriorly,
in women, the rectum is closely related to the uterine cervix and posterior
vaginal wall; in men, it lies behind the bladder, vas deferens, seminal ves-
icles, and prostate. Posterior to the rectum lie the median sacral vessels
and the roots of the sacral nerve plexus.

Fascial Relationships of the Rectum

The parietal endopelvic fascia lines the walls and floor of the pelvis and
continues on the internal organs as a visceral pelvic fascia (Fig. 1.3a, b).
The lateral ligaments or stalks of the rectum are distal condensations of
the pelvic fascia that form a roughly triangular structure with a base on
the lateral pelvic wall and an apex attached to the lateral aspect of the
rectum.

The lateral stalks are comprised essentially of connective tissue and
nerves, and the middle rectal artery does not traverse them. Branches,
however, course through in approximately 25 % of cases. Consequently,
division of the lateral stalks during rectal mobilization is associated with
a 25 % risk for bleeding.
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One theoretical concern in ligation of the stalks is leaving behind the
lateral mesorectal tissue, which may limit adequate lateral or mesorectal
margins during cancer surgery.

The presacral fascia is a thickened part of the parietal endopelvic fascia
that covers the concavity of the sacrum and coccyx, nerves, the middle
sacral artery, and presacral veins. Operative dissection deep to the presa-
cral fascia may cause troublesome bleeding from the underlying presacral
veins.

Presacral hemorrhage occurs as frequently as 4.6—7.0 % of resections for
rectal neoplasms, and despite its venous nature, can be life threatening.
This is a consequence of two factors: the difficulty in securing control
because of retraction of the vascular stump into the sacral foramen and the
high hydrostatic pressure of the presacral venous system.

The rectosacral fascia is an anteroinferiorly directed thick fascial reflec-
tion from the presacral fascia at the S4 level to the fascia propria of the
rectum just above the anorectal ring. The rectosacral fascia, classically
known as the fascia of Waldeyer, is an important landmark during poste-
rior rectal dissection.

The visceral pelvic fascia of Denonvilliers is a tough fascial investment
that separates the extraperitoneal rectum anteriorly from the prostate and
seminal vesicles or vagina.

Urogenital Considerations

Identification of the ureters is advisable to avoid injury to their abdomi-
nal or pelvic portions during colorectal operations. On both sides, the
ureters rest on the psoas muscle in their inferomedial course; they are
crossed obliquely by the spermatic vessels anteriorly and the genitofem-
oral nerve posteriorly. In its pelvic portion, the ureter crosses the pelvic
brim in front of or a little lateral to the bifurcation of the common iliac
artery and descends abruptly between the peritoneum and the internal
iliac artery.

In the female, as the ureter traverses the posterior layer of the broad liga-
ment and the parametrium close to the side of the neck of the uterus and
upper part of the vagina, it is enveloped by the vesical and vaginal venous
plexuses and is crossed above and lateromedially by the uterine artery.

Arterial Supply of the Rectum and Anal Canal

The superior hemorrhoidal artery is the continuation of the inferior mes-
enteric artery, once it crosses the left iliac vessels. The artery descends in
the sigmoid mesocolon to the level of S3 and then to the posterior aspect
of the rectum. In 80 % of cases, it bifurcates into right, usually wider, and
left terminal branches; multiple branches are present in 17 %. These divi-
sions, once within the submucosa of the rectum, run straight downward to
supply the lower rectum and the anal canal.
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The superior and inferior hemorrhoidal arteries represent the major blood
supply to the anorectum. In addition, it is also supplied by the internal
iliac arteries.

The contribution of the middle hemorrhoidal artery varies with the size
of the superior hemorrhoidal artery; this may explain its controversial
anatomy. Some authors report absence of the middle hemorrhoidal
artery in 40-88 %, whereas others identify it in 94-100 % of
specimens.

The middle hemorrhoidal artery is more prone to be injured during low
anterior resection, when anterolateral dissection of the rectum is per-
formed close to the pelvic floor and the prostate and seminal vesicles or
upper part of the vagina are being separated.

The anorectum has a profuse intramural anastomotic network, which
probably accounts for the fact that division of both superior and middle
hemorrhoidal arteries does not result in necrosis of the rectum.

The paired inferior hemorrhoidal arteries are branches of the internal
pudendal artery, which in turn is a branch of the internal iliac artery.

Venous Drainage and Lymphatic Drainage of the Rectum and Anal Canal

The anorectum also drains, via middle and inferior hemorrhoidal veins, to
the internal iliac vein and then to the inferior vena cava.

The external hemorrhoidal plexus, situated subcutaneously around the
anal canal below the dentate line, constitutes when dilated the external
hemorrhoids.

The internal hemorrhoidal plexus is situated submucosally, around the
upper anal canal and above the dentate line. The internal hemorrhoids
originate from this plexus.

Lymph from the upper two-thirds of the rectum drains exclusively upward
to the inferior mesenteric nodes and then to the para-aortic nodes.
Lymphatic drainage from the lower third of the rectum occurs not only
cephalad, along the superior hemorrhoidal and inferior mesentery arteries,
but also laterally, along the middle hemorrhoidal vessels to the internal
iliac nodes.

In the anal canal, the dentate line is the landmark for two different sys-
tems of lymphatic drainage: above, to the inferior mesenteric and inter-
nal iliac nodes, and below, along the inferior rectal lymphatics to the
superficial inguinal nodes, or less frequently along the inferior hemor-
rhoidal artery.

In the female, drainage at 5 cm above the anal verge in the lymphatic
may also spread to the posterior vaginal wall, uterus, cervix, broad liga-
ment, fallopian tubes, ovaries, and cul-de-sac, and at 10 cm above the
anal verge, spread seems to occur only to the broad ligament and
cul-de-sac.
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Innervation of the Rectum and Anal Canal
Innervation of the Rectum

. The sympathetic supply of the rectum and the left colon arises from L1,
L2, and L3 (Fig. 1.4a, b).

. Two main hypogastric nerves, on either side of the rectum, carry sympa-
thetic innervation from the hypogastric plexus to the pelvic plexus.

. The parasympathetic fibers to the rectum and anal canal emerge through
the sacral foramen and are called the nervi erigentes (S2, S3, and S4).

. The periprostatic plexus, a subdivision of the pelvic plexus situated on
Denonvilliers’ fascia, supplies the prostate, seminal vesicles, corpora cav-
ernosa, vas deferens, urethra, ejaculatory ducts, and bulbourethral glands.

. Sexual function is regulated by cerebrospinal, sympathetic, and para-
sympathetic components. Erection of the penis is mediated by both

Sympathetic Trunk

Superior Hypogastric
Plexus

Hypogastric Nerves

Nervei Erigentes

#Inferior Hypogastric
(Pelvic) Plexus

Periprostatic Plexus Pudendal Nerves

Fig. 1.4 (a, b) Innervation of the colon, rectum, and anal canal
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Fig. 1.4 (continued)

parasympathetic (arteriolar vasodilatation) and sympathetic inflow
(inhibition of vasoconstriction).

. All pelvic nerves lie in the plane between the peritoneum and the endopel-
vic fascia and are in danger of injury during rectal dissection. Permanent
bladder paresis occurs in 7-59 % of patients after abdominoperineal resec-
tion of the rectum; the incidence of impotence is reported to range from
15to 45 % and that of ejaculatory dysfunction from 32 to 42 %. The overall
incidence of sexual dysfunction after proctectomy has been reported to
reach 100 % when wide dissection is performed for malignant disease.

. Dissections performed for benign conditions are undertaken closer to the
bowel wall, thus reducing the possibility of nerve injury.
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Trauma to the autonomic nerves may occur at several points. During high
ligation of the inferior mesenteric artery, close to the aorta, the sympa-
thetic preaortic nerves may be injured.

Division of both superior hypogastric plexus and hypogastric nerves may
occur also during dissection at the level of the sacral promontory or in the
presacral region. In such circumstances, sympathetic denervation with
intact nervi erigentes results in retrograde ejaculation and bladder
dysfunction.

The nervi erigentes are located in the posterolateral aspect of the pelvis
and at the point of fusion with the sympathetic nerves are closely related
to the middle hemorrhoidal artery. Injury to these nerves will completely
abolish erectile function.

The pelvic plexus may be damaged either by excessive traction on the
rectum, particularly laterally, or during division of the lateral stalks when
this is performed close to the lateral pelvic wall.

Finally, dissection near the seminal vesicles and prostate may damage the
periprostatic plexus, leading to a mixed parasympathetic and sympathetic
injury. This can result in erectile impotence as well as a flaccid, neuro-
genic bladder.

Sexual complications after rectal surgery are readily evident in men but
are probably underdiagnosed in women.

Anal Canal

The internal anal sphincter is supplied by sympathetic (L5) and parasym-
pathetic nerves (S2, S3, and S4) following the same route as the nerves to
the rectum.

The external anal sphincter is innervated on each side by the inferior rectal
branch of the pudendal nerve (S2 and S3) and by the perineal branch of
S4. Despite the fact that the puborectalis and external anal sphincter have
somewhat different innervations, these muscles seem to act as an indivis-
ible unit.

After unilateral transection of a pudendal nerve, external anal sphincter
function is still preserved because of the crossover of the fibers at the
spinal cord level.

Anal sensation is carried in the inferior rectal branch of the pudendal
nerve and is thought to have a role in maintenance of anal continence.

Anorectal Spaces

The potential spaces of clinical significance in close relation to the anal
canal and rectum include ischiorectal, perianal, intersphincteric, submu-
cosal, superficial postanal, deep postanal, supralevator, and retrorectal
spaces (Fig. 1.5a, b).

The ischiorectal fossa is subdivided by a thin horizontal fascia into two
spaces: the perianal and ischiorectal.
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Fig. 1.5 Para-anal and pararectal spaces. (a) Frontal view. (b) Lateral view



