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Preface

This manual is abstracted from and is a companion to the American Soci-
ety of Colon and Rectal Surgeons’ (ASCRS) ASCRS Textbook of Colon
and Rectal Surgery, Wolff BG, Fleshman JW, Beck DE, Pemberton JH,
Wexner SD, eds. New York: Springer; 2007. It is yet another resource
representing ASCRS’s ongoing major commitment to education. The
purpose 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 others car-
ing for patients with colorectal surgical diseases.

The ASCRS Manual is intended to provide succinct, clinically rel-
evant 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 descriptions of operations, operative tech-
niques, 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) and the ASCRS Textbook.

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

David E. Beck New Orleans, LA
Steven D. Wexner Weston, FL
Fatricia L. Roberts Burlington, MA
John L. Rombeau Philadelphia, PA

Michael J. Stamos Orange, CA
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1. Anatomy and Embryology
of the Colon, Rectum, and Anus

A. 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 measure-
ments 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).

Anatomic Vs. 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
corresponds to the proctodeal membrane. The “surgical” or “func-
tional” anal canal is longer, extending for approximately 4.0 cm
(in men) from the anal verge to the anorectal ring (levator ani).

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 1
DOI: 10.1007/978-0-387-73440-8_1, © Springer Science + Business Media, LLC 2009
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Anorectal Ring

Internal Anal Sphincter ————3 Surgical
Column of Morgagni ———— Anal Canal
External Anal Sphincter
Anal Crypt ————— A SAA A U Bl Y- - - - - - - - -
Anal Gland - i o LA . Dentate Line
Dentate Line Anatomical or
Embryological
Anal Canal
_____ Anal Verge

External Hemorrhoidal Plexus ~ - Anal Verge

Fig. 1.1. Anal canal.

. The anorectal ring is at the level of the distal end of the ampul-
lary part of the rectum and forms the anorectal angle, and the
beginning of a region of higher intraluminal pressure. There-
fore, 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 anteri-
orly to the perineal 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).
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Fig. 1.2. Muscles of the anal canal.

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 intrinsic myogenic and extrinsic autonomic
neurogenic properties, the internal anal sphincter is a smooth
muscle in a state of continuous maximal contraction, and repre-
sents a natural barrier to the involuntary loss of stool and gas.

. The lower rounded edge of the internal anal sphincter can be felt
on physical examination, about 1.2 cm distal to the dentate line.
The groove between the internal and external anal sphincter, the
intersphincteric sulcus, 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.
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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 con-
sidered a component of both the levator ani and the external
anal sphincter muscle complexes.

Endosonographically, the puborectalis and the external anal
sphincter, despite their mixed linear echogenicity, are both
predominantly hyperechogenic, with a mean thickness of 6
mm (range, 5-8 mm).

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 inter-
nal anal sphincter muscles.

The automatic continence mechanism is formed by the resting
tone, maintained by the internal anal sphincter, magnified by
voluntary, reflex, and resting external anal sphincter contractile
activities.

In response to conditions of threatened incontinence, such as
increased intraabdominal pressure and rectal distension, the
external anal sphincter and puborectalis reflexively and volun-
tarily 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, main-
tain 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



1. Anatomy and Embryology of the Colon, Rectum, and Anus 5

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

d The lining of the anal canal consists of an upper mucosal (endo-
derm) and a lower cutaneous (ectoderm) segment (Fig. 1.1).
d 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 sympathetic and parasympa-
thetic systems, with venous, arterial, and lymphatic 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 hemorrhoids are considered.

d The pectinate or dentate line corresponds to a line of anal
valves that represent 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).

d More than one gland may open into the same crypt, whereas
half the crypts have no communication.
o The anal gland ducts, in an outward and downward route, enter

the submucosa; two-thirds enter the internal anal sphincter, and
half of them terminate in the intersphincteric plane. Obstruction
of these ducts, presumably by accumulation of foreign material
in the crypts, may lead to perianal abscesses and fistulas.

d 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 under-
lying internal hemorrhoidal plexus. This 0.5- to 1.0-cm strip of
mucosa above the dentate line is known as the anal transition or
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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 epithelium that is thin, smooth, pale, stretched, and
devoid of hair and glands.

Both proximal and distal limits of the rectum are controversial:
the rectosigmoid 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 intralu-
minally 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 presence
and location and corresponds to the level of the anterior perito-
neal reflection.

Although the rectal valves do not contain all muscle wall layers
from a clinical point of view, they are a good location for per-
forming a rectal biopsies, 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, haus-
tra, or a well-defined mesentery.

The word “mesorectum” has gained widespread popularity
among surgeons to address the perirectal areolar tissue, which
is thicker posteriorly, containing terminal branches of the infe-
rior mesenteric artery and enclosed by the fascia propria.

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

The upper third of the rectum is anteriorly and laterally invested
by peritoneum; the middle third is covered by peritoneum on



1. Anatomy and Embryology of the Colon, Rectum, and Anus 7

its anterior aspect only. Finally, the lower third of the rectum is
entirely extraperitoneal, because the anterior peritoneal reflec-
tion 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
anteroinferiorly 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 vesi-
cles, 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 conden-
sations of the pelvic fascia that form a roughly triangular struc-
ture 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.

One theoretical concern in ligation of the stalks is leaving
behind lateral mesorectal tissue, which may limit adequate lat-
eral or mesorectal margins during cancer surgery.

The presacral fascia is a thickened part of the parietal endopel-
vic fascia that covers the concavity of the sacrum and coccyx,
nerves, the middle sacral artery, and presacral veins. Operative
dissection deep to the presacral 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
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Fig. 1.3. Fascial relationships of the rectum: (a) male, (b) female.
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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
reflection from the presacral fascia at the S-4 level to the fascia
propria of the rectum just above the anorectal ring. The rectos-
acral fascia, classically known as the fascia of Waldeyer, is an
important landmark during posterior 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
abdominal or pelvic portions during colorectal operations. On
both sides, the ureters rest on the psoas muscle in their infer-
omedial course; they are crossed obliquely by the spermatic
vessels anteriorly and the genitofemoral 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 ligament and the parametrium close to the side of the
neck of the uterus and upper part of the vagina, it is envel-
oped 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 mesenteric artery, once it crosses the left iliac vessels.
The artery descends in the sigmoid mesocolon to the level of
S-3 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.

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.
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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 performed close to the pelvic floor and the pros-
tate 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 supe-
rior and middle hemorrhoidal arteries does not result in necro-
sis of the rectum.

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

Venous Drainage and Lymphatic Drainage of the Rectum
and Anal Canal

The anorectum also drains, via middle and inferior hemorrhoi-
dal 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 exclu-
sively upward to the inferior mesenteric nodes and then to the
paraaortic nodes.

Lymphatic drainage from the lower third of the rectum occurs
not only cephalad, along the superior hemorrhoidal and infe-
rior 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 dif-
ferent systems of lymphatic drainage: above, to the inferior
mesenteric and internal iliac nodes, and below, along the inferior
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rectal lymphatics to the superficial inguinal nodes, or less fre-
quently along the inferior hemorrhoidal 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 ligament, 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.

Innervation of the Rectum and Anal Canal

Innervation of the Rectum

The sympathetic supply of the rectum and the left colon
arises from L-1, L-2, and L-3 (Fig. 1.4a, b).

Two main hypogastric nerves, on either side of the rectum,
carry sympathetic 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 (S-2, S-3, and S-4).

The periprostatic plexus, a subdivision of the pelvic
plexus situated on Denonvilliers’ fascia, supplies the pros-
tate, seminal vesicles, corpora cavernosa, vas deferens,
urethra, ejaculatory ducts, and bulbourethral glands.
Sexual function is regulated by cerebrospinal, sympa-
thetic, and parasympathetic components. Erection of the
penis is mediated by both parasympathetic (arteriolar
vasodilatation) and sympathetic inflow (inhibition of
vasoconstriction).

All pelvic nerves lie in the plane between the peritoneum
and the endopelvic fascia and are in danger of injury
during rectal dissection. Permanent bladder paresis occurs
in 7-59% of patients after abdominoperineal resection of
the rectum; the incidence of impotence is reported to range
from 15 to 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 under-
taken closer to the bowel wall, thus reducing the possibility
of nerve injury.
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Fig. 1.4. (a, b) Innervation of the colon, rectum, and anal canal.
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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 sympathetic preaortic nerves
may be injured.

Division of both superior hypogastric plexus and hypogas-
tric 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 sympa-
thetic nerves are closely related to the middle hemorrhoi-
dal 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, neurogenic bladder.

Sexual complications after rectal surgery are readily evi-
dent in men but are probably underdiagnosed in women.

Anal Canal

The internal anal sphincter is supplied by sympathetic
(L-5) and parasympathetic nerves (S-2, S-3, and S-4) fol-
lowing 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 (S-2
and S-3) and by the perineal branch of S-4. Despite the
fact that the puborectalis and external anal sphincter have
somewhat different innervations, these muscles seem to
act as an indivisible 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 main-
tenance of anal continence.



14

The ASCRS Manual of Colon and Rectal Surgery

Anorectal Spaces

The potential spaces of clinical significance in close relation to
the anal canal and rectum include: ischiorectal, perianal, inter-
sphincteric, submucosal, 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.

The perianal space surrounds the lower part of the anal canal
and contains the external hemorrhoidal plexus, the subcutane-
ous part of the external anal sphincter, the lowest part of the
internal anal sphincter, and fibers of the longitudinal muscle.
This space is the typical site of anal hematomas, perianal
abscesses, and anal fistula tracts.

The intersphincteric space is a potential space between the internal
and external anal sphincters. It is important in the genesis of peri-
anal abscess, because most of the anal glands end O in this space.
The submucous space is situated between the internal anal
sphincter and the mucocutaneous lining of the anal canal. This
space contains the internal hemorrhoidal plexus and the muscula-
ris submucosae ani. It is continuous with the submucous layer of
the rectum, and, inferiorly, it ends at the level of the dentate line.
The superficial postanal space is interposed between the ano-
coccygeal ligament and the skin. The deep postanal space, also
known as the retro-sphincteric space of Courtney, is situated
between the anococcygeal ligament and the anococcygeal
raphe. Both postanal spaces communicate posteriorly with the
ischiorectal fossa and are the sites of horseshoe abscesses.
The supralevator spaces are situated between the peritoneum
superiorly and the levator ani inferiorly.

Supralevator abscesses may occur as a result of upward extension
of a cryptoglandular infection or develop from a pelvic origin.
The retrorectal space is located between the fascia propria of
the rectum anteriorly and the presacral fascia posteriorly. The
retrorectal space is a site for embryologic remnants and rare
presacral tumors.

Pelvic Floor Musculature

The muscles within the pelvis can be divided into three catego-
ries (1) the anal sphincter complex; (2) pelvic floor muscles;
and (3) muscles that line the sidewalls of the osseous pelvis.
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Levator Ani

. The levator ani muscle, or pelvic diaphragm, is the major
component of the pelvic floor. It is a pair of broad, symmetric
sheets composed of three striated muscles: ileococcygeus, pubo-
coccygeus, and puborectalis (Fig. 1.6a, b).

. The pelvic floor is “incomplete” in the midline where the lower
rectum, urethra, and either the dorsal vein of the penis in men,

Coccygeus M.

lliococcygeus M.

Pubococcyge
Levator Hiatus

Anococcygeal
Raphe

Puborectalis M.

Pudendal Nerve

/7
(

< External
Anal Sphincter

Fig. 1.6. Levator ani muscle. (a) Superior. (b) Inferior surface.
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Fig. 1.7. The anteriorly directed pull of the puborectalis contributes to the angu-
lation between the rectum and anal canal, the anorectal angle.

or the vagina in women, pass through it. This defect is called
the levator hiatus and consists of an elliptic space situated
between the two pubococcygeus muscles.

. The puborectalis muscle is a strong, U-shaped loop of striated
muscle that slings the anorectal junction to the posterior aspect
of the pubis (Fig. 1.7).

The Anorectal Ring and the Anorectal Angle

. Two anatomic structures of the junction of the rectum and anal
canal are related to the puborectalis muscle: the anorectal ring
and the anorectal angle. The anorectal ring, a term coined by
Milligan and Morgan, is a strong muscular ring that represents
the upper end of the sphincter, more precisely the puborectalis,
and the upper border of the internal anal sphincter, around the
anorectal junction.

o It is of clinical relevance, because division of this structure
during surgery for abscesses or fistula inevitably results in
fecal incontinence.
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The anorectal angle is thought to be the result of the anatomic
configuration of the U-shaped sling of puborectalis muscle
around the anorectal junction. Whereas the anal sphincters are
responsible for closure of the anal canal to retain gas and lig-
uid stool, the puborectalis muscle and the anorectal angle are
designed to maintain gross fecal continence.

General Considerations

Cecum

Named from the Greek koluein (“to retard”), the colon is vari-
able in length, averaging approximately 150 cm, which cor-
responds to one-quarter the length of the small intestine.

Its diameter can be substantially augmented by distension, it
gradually decreases from 7.5 cm at the cecum to 2.5 cm at the
sigmoid.

Anatomic differences between the small and large intestines
include position, caliber, degree of fixation, and, in the colon,
the presence of three distinct characteristics: the taeniae coli,
the haustra, and the appendices epiploicae.

The three taeniae coli, anterior (taenia libera), posteromedial
(taenia mesocolica), and posterolateral (taenia omentalis),
represent bands of the outer longitudinal coat of muscle that
traverse the colon from the base of the appendix to the recto-
sigmoid junction, where they merge.

The haustra or haustral sacculations are outpouchings of bowel
wall between the taeniae; they are caused by the relative short-
ness of the taeniae, about one-sixth shorter than the length of
the bowel wall. The haustra are separated by the plicae semi-
lunares or crescentic folds of the bowel wall, which give the
colon its characteristic radiographic appearance when filled
with air or barium.

The appendices epiploicae are small appendages of fat that
protrude from the serosal aspect of the colon.

The cecum is the sacculated segment (Latin caecus, “blind”) of
the large bowel that projects downward as a 6- to 8-cm blind
pouch below the entrance of the ileum.
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d Usually situated in the right iliac fossa, the cecum is almost

entirely, or at least in its lower half, invested with peritoneum.
. The ileum terminates in the posteromedial aspect of the cecum.
. A circular sphincter, the ileocecal sphincter, originates from a

slight thickening of the muscular layer of the terminal ileum.
A competent ileocecal valve is related to the critical closed-loop
type of colonic obstruction. However, ileocecal competence is
not always demonstrated on barium enema studies. Instead
of preventing reflux of colonic contents into the ileum, the
ileocecal valve regulates ileal emptying. The ileocecal sphinc-
ter seems to relax in response to the entrance of food into the
stomach. As in the gastroesophageal junction, extrasphincteric
factors such as the ileocecal angulation apparently have a role
in the prevention of reflux from the colon to the ileum.

Appendix

d The vermiform appendix is an elongated diverticulum that
arises from the posteromedial aspect of the cecum about 3.0 cm
below the ileocecal junction. Its length varies from 2 to 20 cm
(mean, 8—10 cm), and it is approximately 5 mm in diameter.

d The appendix, because of its great mobility, may occupy a
variety of positions, possibly at different times in the same
individual. It has been estimated that in 85-95% of cases, the
appendix lies posteromedial on the cecum toward the ileum,
but other positions include retrocecal, pelvic, subcecal, pre-ileal
and retroileal.

. The confluence of the three taeniae is a useful guide in locating
the base of the appendix.

Ascending Colon

d The ascending colon is approximately 15 cm long. It ascends,
from the level of the ileocecal junction to the right colic or
hepatic flexure, laterally to the psoas muscle and anteriorly to
the iliacus, the quadratus lumborum, and the lower pole of the

right kidney.

d The ascending colon is covered with peritoneum anteriorly and
on both sides.

. Like the descending colon on its posterior surface, the ascend-

ing colon is devoid of peritoneum, which is instead replaced
by an areolar tissue (fascia of Toldt). In the lateral peritoneal
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reflection, this process is represented by the white line of Toldt,
which is more evident at the descending-sigmoid junction.
This line serves as a guide for the surgeon when the ascending,
descending, or sigmoid colon is mobilized.

At the visceral surface of the right lobe of the liver and lateral
to the gallbladder, the ascending colon turns sharply medi-
ally and slightly caudad and ventrally to form the right colic
(hepatic) flexure.

Transverse Colon

The transverse colon is approximately 45 cm long, the longest
segment of the large bowel. It crosses the abdomen, with an
inferior curve immediately caudad to the greater curvature of
the stomach. The transverse colon is relatively fixed at each
flexure, and, in between, it is suspended by a 10- to 15-cm-
wide area which provides variable mobility; the nadir of the
transverse colon may reach the hypogastrium.

The transverse colon is completely invested with peritoneum,
but the greater omentum is fused on its anterosuperior aspect.
The left colic or splenic flexure is situated beneath the lower
angle of the spleen and firmly attached to the diaphragm by the
phrenocolic ligament, which also forms a shelf to support the
spleen. Because of the risk for hemorrhage, mobilization of the
splenic flexure should be approached with great care, preceded
by dissection upward along the descending colon and medi-
ally to laterally along the transverse colon toward the splenic
flexure. This flexure, when compared with the hepatic flexure,
is more acute, higher, and more deeply situated.

Descending Colon

The descending colon courses downward from the splenic flexure
to the brim of the true pelvis, a distance of approximately 25 cm.
The descending colon is narrower and more dorsally situated
than the ascending colon.

Sigmoid Colon

The sigmoid colon is commonly a 35- to 40-cm-long, mobile,
omega-shaped loop completely invested by peritoneum; how-
ever, it varies greatly in length and configuration.
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The rectosigmoid junction has been frequently regarded by
surgeons as an indistinct zone, a region comprising the last 5-8
cm of sigmoid and the uppermost 5 cm of the rectum.

Blood Supply

The superior and inferior mesenteric arteries nourish the entire
large intestine, and the limit between the two territories is the
junction between the proximal two-thirds and the distal third of
the transverse colon. This represents the embryologic division
between the midgut and the hindgut.
The superior mesenteric artery originates from the aorta behind
the superior border of the pancreas at L-1 and supplies the
cecum, appendix, ascending colon, and most of the transverse
colon.
From its right side arises the colic branches: middle, right, and
ileocolic arteries. The ileocolic, the most constant of these vessels,
bifurcates into a superior or ascending branch, which commu-
nicates with the descending branch of the right colic artery, and
an inferior or descending branch, which gives off the anterior
cecal, posterior cecal, and appendicular and ileal divisions.
The right colic artery may also arise from the ileocolic or
middle colic arteries and is absent in 2—18% of specimens. It
supplies the ascending colon and hepatic flexure through its
ascending and descending branches, both of them joining with
neighboring vessels to contribute to the marginal artery.
The middle colic artery is the highest of the three colic branches
of the superior mesenteric artery, arising close to the inferior
border of the pancreas. Its right branch supplies the right trans-
verse colon and hepatic flexure, anastomosing with the ascending
branch of the right colic artery. Its left branch supplies the
distal half of the transverse colon.

—  Anatomic variations of this artery include absence in
4-20% of cases and the presence of an accessory middle
colic artery in 10%; the middle colic artery can be the
main supply to the splenic flexure in about 33% of cases.

The inferior mesenteric artery originates from the left anterior

surface of the aorta, 3—4 cm above its bifurcation at the level

of L.2-3, and runs downward and to the left to enter the pelvis.

Within the abdomen, the inferior mesenteric artery branches

into the left colic artery and two to six sigmoidal arteries.
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- The left colic artery, the highest branch of the inferior
mesenteric artery, bifurcates into an ascending branch,
which runs upward to the splenic flexure to contribute
to the arcade of Riolan, and a descending branch, which
supplies most of the descending colon.

- The marginal artery terminates within the arcade of sig-
moidal arteries. The superior hemorrhoidal artery is the
continuation of the inferior mesenteric artery, once it
crosses the left iliac vessels.

The venous drainage of the large intestine basically follows

its arterial supply. Blood from the right colon, via the supe-

rior mesenteric vein, and from left colon and rectum, via the
inferior mesenteric vein, reaches the intrahepatic capillary bed
through the portal vein.

Collateral Circulation

The central anastomotic artery connecting all colonic mesenteric
branches, also known as the marginal artery of Drummond.
Discontinuity of the marginal artery has been shown at the lower
ascending colon, and especially at the left colic flexure and the
sigmoid colon. This potential hypovascularity is a source of
concern during colonic resection.

The splenic flexure comprises the watershed between midgut
and hindgut supplies (Griffiths’ critical point); this anastomo-
sis is of variable magnitude, and it may be absent in about 50%
of cases. For this reason, ischemic colitis usually affects or is
most severe near the splenic flexure.

The meandering mesenteric artery is a thick and tortuous
vessel that makes a crucial communication between the middle
colic artery and the ascending branch of the left colic artery,
especially in advanced atherosclerotic disease. The presence of
the meandering mesenteric artery indicates severe stenosis of
either the superior mesenteric artery (retrograde flow) or infe-
rior mesenteric artery (antegrade flow).

Lymphatic Drainage

The submucous and subserous layers of the colon and rectum
have a rich network of lymphatic plexuses, which drain into an
extramural system of lymph channels and follow their vascular

supply.
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Colorectal lymph nodes are classically divided into four
groups: epiploic, paracolic, intermediate, and principal. The
epiploic group lies on the bowel wall under the peritoneum and
in the appendices epiploicae; they are more numerous in the
sigmoid and are known in the rectum as the nodules of Gerota.
The lymphatic drainage from all parts of the colon follows its
vascular supply. The paracolic nodes are situated along the
marginal artery and on the arcades; they are considered to have
the most numerous filters. The intermediate nodes are situated
on the primary colic vessels, and the main or principal nodes
on the superior and inferior mesenteric vessels.

The lymph then drains to the cisterna chyli via the paraaor-
tic chain of nodes. Colorectal carcinoma staging systems are
based on the neoplastic involvement of these various lymph
node groups.

Innervation

The sympathetic and parasympathetic components of the auto-
nomic innervation of the large intestine closely follow the
blood supply.

The sympathetic supply of the right colon originates from the
lower six thoracic segments. These thoracic splanchnic nerves
reach the celiac, preaortic, and superior mesenteric ganglia,
where they synapse.

The parasympathetic supply comes from the right (posterior)
vagus nerve and celiac plexus. The fibers travel along the supe-
rior mesenteric artery, and finally synapse with cells in the
autonomic plexuses within the bowel wall.

B. Embryology

Anus and Rectum

The distal colon, rectum, and the anal canal above the dentate
line are all derived from the hindgut. Therefore, this segment
is supplied by the hindgut (inferior mesenteric) artery, with
corresponding venous and lymphatic drainage. Its parasym-
pathetic outflow comes from S-2, S-3, and S-4 via splanch-
nic nerves.
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The dentate line marks the fusion between endodermal and ecto-
dermal tubes, where 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 rectum below the
pubococcygeal line, whereas the hindgut originates above it.
The cloacal part of the anal canal, which has both endodermal
and ectodermal elements, forms the anal transitional zone after
breakdown of the anal membrane.

The sphincters apparently migrate during their development;
the external sphincter grows cephalad and the internal sphinc-
ter moves caudally. Concomitantly, the longitudinal muscle
descends into the intersphincteric plane.

Anorectal Malformations

The anorectal malformations can be traced to developmental
arrest at various stages of normal maturation.

Associated anomalies, most frequently skeleton and urinary
defects, may occur in up to 70%.

There is evidence for familial occurrence of anorectal defects;
the estimated risk in a family of a second occurrence of some
form of imperforate anus is up to 50 times the normal chance.
The proposed classification systems for the congenital malfor-
mations of the anorectal region are usually either incomplete or
complex. The most comprehensive system has been proposed
by Gough and Santulli, and takes into consideration whether
the rectum terminates above (anorectal defects) or below (anal
defects) the puborectalis sling (Table 1.1).

Anal Defects

Anal Stenosis

Some degree of stricture of the rectum is present in 25-39% of
infants, and only about 25% of these will show some degree of
disordered evacuation.

Membranous Atresia

This defect, also known as “covered anus” is very rare. It is
characterized by presence of a thin membrane of skin between
the blind end of the anal canal and the surface.
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Table 1.1. Classification of anorectal malformations.

A. Anal defects (“low” defects)
1. Anal stenosis
2. Membranous atresia (rare)
3. Anal agenesis
(a) Without fistula
(b) With fistula (ectopic anus)
B. Anorectal defects (“high” defects)
1. Anorectal agenesis
(a) Without fistula
(b) With fistula
2. Rectal atresia (“high” atresia)
C. Persistent cloaca
1. Rectal duplication
2. Developmental cysts

Anal Agenesis

The rectum extends below the puborectalis and ends, either
blindly, or more often, in an ectopic opening or fistula to the
perineum anteriorly, to the vulva, or urethra.

Anorectal Defects

Anorectal Agenesis

Anorectal agenesis more often affects males and represents the
most common type of “imperforate anus.” The rectum ends
well above the surface, the anus is represented by a dimple, and
the anal sphincter is usually normal.

In most cases, there is a fistula or fibrous remnant connecting
the rectal ending to the urethra or vagina.

Rectal Atresia or “High Atresia”

Although considered clinically as an anorectal defect, embryo-
logically this is the most caudal type of atresia of the large
intestine. The rectum and anal canal are separated from each
other by an atretic portion.

Persistent Cloaca

This is a rare condition that occurs only in female infants.
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Colon and Small Bowel

The normal embryologic process of rotation of the intestinal
tract includes three stages.

First Stage: Physiologic Herniation of the Primitive Digestive Tube

The first stage of rotation begins between the sixth and eighth
weeks of intrauterine life, when the primitive intestinal tube
elongates on its mesenteric around the superior mesenteric
artery and bulges through the umbilical cord as a temporary
physiologic herniation.

The anomalies of this stage are rare and include situs inversus,
inverted duodenum, and extroversion of the cloaca.

Second Stage: Return of the Midgut to the Abdomen

During this stage, the midgut loop returns to the peritoneal cav-
ity from the umbilical herniation, and simultaneously rotates
180° counterclockwise around the pedicle formed by the
mesenteric root.

Anomalies of the second stage are relatively more common
than the ones originated from the first stage and include non-
rotation, malrotation, reversed rotation, internal hernia, and
omphalocele.

Third Stage: Fixation of the Midgut

The third stage of gut rotation starts after return of the gut to
the peritoneal cavity and ends at birth. The cecum, initially
in the upper abdomen, descends, migrating to the right lower
quadrant, as counterclockwise rotation continues to 270°.
After completion of the sequential rotation of the gastrointesti-
nal tract, in the latter weeks of the first trimester, the process of
fixation initiates.

Anomalies of this stage are common and include mobile
cecum, subhepatic or undescended cecum, hyperdescent of the
cecum, and persistent colonic mesentery.

The midgut progresses below the major pancreatic papilla to
form the small intestine, the ascending colon, and the proximal
two-thirds of the transverse colon. This segment is supplied
by the midgut (superior mesenteric) artery, with corresponding
venous and lymphatic drainage.
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o The distal colon (distal third of the transverse colon), the rec-
tum, and the anal canal above the dentate line are all derived
from the hindgut. Therefore, this segment is supplied by the
hindgut (inferior mesenteric) artery, with corresponding
venous and lymphatic drainage. Its parasympathetic outflow
comes from S-2, S-3, and S-4 via splanchnic nerves.

Abnormalities of Rotation
Nonrotation

. In this condition, the midgut loop returns to the peritoneal
cavity without the process of rotation, and, consequently, the
entire small bowel locates on the right side of the abdomen,
and the left colon is on the left side.

. This condition may be entirely asymptomatic and constitute a
finding at laparotomies. However, it may complicate with vol-
vulus affecting the entire small bowel. The twist of the entire
midgut loop on its pedicle can occur, usually at the level of the
duodenojejunal junction and the midtransverse colon, because
of the defective fixation of the mesenteric root.

Malrotation

o In malrotation, the cecum fails to complete the 360° rotation
around the superior mesenteric, and does not complete the
migration process. As a result of this failure in the migration
process, the malrotated cecum locates in the right upper quad-
rant and is fixed by lateral bands or adhesions. These bands
can overlie the distal part of the duodenum and cause extrinsic
compression.

Reversed Rotation

o In this condition, the midgut rotates clockwise instead of
counterclockwise; consequently, the transverse colon locates
posteriorly and the duodenum anteriorly, in relation to the
mesenteric artery.

Omphalocele

. Omphalocele is the retention of the midgut in the umbilical sac
as a result of failure of the gut to return to the peritoneal cavity.
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Incomplete Attachment of Cecum and Mesentery

In normal conditions, the cecum is almost entirely, or at least in
its lower half, invested with peritoneum. However, its mobility
is usually limited by a small mesocecum. In approximately 5%
of individuals, the peritoneal covering is absent posteriorly; it
then rests directly on the iliacus and psoas major muscles.
Alternatively, an abnormally mobile cecum-ascending colon,
resulting from an anomaly of fixation, can be found in 10-22%
of individuals. In this case, a long mesentery is present, and the
cecum may assume varied positions. This lack of fixation may
predispose to the development of volvulus.

Internal Hernias Around Ligament of Treitz

Both internal hernias and congenital obstructive bands or adhe-
sions are causes of congenital bowel obstruction, and result
from an anomaly during the process of fixation.
Retroperitoneal hernias can occur in any intraperitoneal fos-
sae, particularly paraduodenal, paracecal, and intersigmoid.
The most common internal hernias resulting from abnormal
fixation of the colon are right and left paraduodenal hernias.

Other Congenital Malformations
of the Colon and Small Intestine

Proximal Colon Duplications

Duplication of the colon comprises three general groups of
congenital abnormalities: mesenteric cysts, diverticula, and
long colon duplication.

—  Mesenteric cysts lie in the mesentery of the colon or
behind the rectum, may be separable or inseparable from
the bowel wall, and usually present, as the size increases,
either as a palpable mass or intestinal obstruction.

—  Diverticula are blind ending pouches of variable lengths
and arise either from the mesenteric or the antimesenteric
border of the bowel. They may have heterotopic gastric
mucosa or pancreatic-type tissue.

—  Long colon duplication or tubular duplication of the
colon is the rarest form of duplication. Frequently it
involves the entire colon and rectum. Often, there is an
association of pelvic genitourinary anomalies.
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Meckel’s Diverticulum

d Meckel’s diverticulum is a remnant of the vitelline or ompha-
lomesenteric duct, arising from the antimesenteric border of the
terminal ileum, usually within 50 cm of the ileocecal valve.

d Associated abnormalities include persistence of a fibrous
band connecting the diverticulum to the umbilicus or a patent
omphalomesenteric duct, presence of ectopic mucosa or aberrant
pancreatic tissue (in more than half of asymptomatic diverticula),
and herniation of the diverticulum in an indirect inguinal
hernia (Littré’s hernia).

. In most people, Meckel’s diverticulum is asymptomatic, and
according to autopsy series, it exists in 1-3% of the general
population.

d Surgical complications are more frequent in infants and children

and include hemorrhage from ectopic gastric mucosa, intestinal
obstruction resulting from associated congenital bands or
ileocolic intussusception, diverticulitis, perforation, and umbilical
discharge from a patent omphalomesenteric duct.

Atresia of the Colon

d Colonic atresia is a rare cause of intestinal obstruction; it rep-
resents only 5% of all forms of gastrointestinal atresia. It is
probably caused by a vascular accident occurring during intra-
uterine life.

Hirschsprung’s Disease

d This disease results from the absence of ganglion cells in the
myenteric plexus of the colon caused by interruption of migra-
tion of neuroenteric cells from the neural crest before they
reach the rectum.

. The physiologic obstruction, more insidious than an anatomic
atresia, results in proximal dilation and hypertrophy of the
colon above.

. The extent of the aganglionosis is variable. The internal anal
sphincter is involved in all cases, and the entire rectum in most
cases.

d The disease is more common in males and its severity is

related to the length of the aganglionic segment. Although
most patients reach surgery before they are a year old, many
are older, and a few reach adulthood.
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A. Colonic Function

Salvage, Metabolism, and Storage

Even though the majority of our food undergoes digestion in
the stomach and small intestine, the colon still has a major role
in digestion. It processes certain starches and proteins, which
are resistant to digestion and absorption in the foregut.

The large quantity of heterogeneous bacteria in the colon is
responsible for fermentation — the process by which these
starches and proteins are broken down and energy is produced.
There are more than 400 different species of bacteria, the majo-
rity of which are anaerobes. The bacteria feed upon mucous,
residual proteins, and primarily complex carbohydrates that
enter the colon.

During fermentation of complex carbohydrates, short-chain
fatty acids (SCFAs) are produced. More than 95% of SCFAs
are produced and absorbed within the colon. The principle
ones are acetate, propionate, and butyrate. This process for the
most part occurs in the right and proximal transverse colon.
Protein residue, which reaches the colon is also fermented by
anaerobic bacteria. Proteins are fermented in the left colon.
Proteins are broken down into SCFAs, branched chain fatty
acids, and ammonia, amines, phenols, and indoles. Part of these
metabolites become a nitrogen source for bacterial growth.
Dietary fat is probably not absorbed to any degree in the
colon.

The colonic mucosa is unable to nourish itself from the blood-
stream. Therefore, the nutrient requirements are met from the
luminal contents.
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Butyrate (produced in the least amount) is important as the pri-
mary energy source for the colonocyte. Butyrate may also have
a major role in cell proliferation and differentiation as well as
being important in absorption of water and salt from the colon.
The proximal colon acts as a reservoir and the distal colonic
segments mainly act as a conduit.

Even after right colon resection, the transverse colon can adapt
to store colonic contents nearly as efficiently as the right colon.
In addition, the haustral segmentation of the colon facilitates
mixing, retention of luminal material, and formation of solid
stool.

Transport of Electrolytes

The colon is extremely efficient at conserving sodium and
water. Normally the colon is presented 1-2 L of water daily.
It efficiently absorbs 90% such that approximately 100-150
mL of fluid is eliminated in the stool. When challenged, it can
increase the absorption to 5-6 L daily.

When the ileal flow of fluid and electrolytes exceeds the capacity
of the colon, diarrhea will result.

Under normal conditions, the colon absorbs sodium and chlo-
ride and secretes bicarbonate and potassium.

Sodium is actively absorbed against a concentration and elec-
trical gradient. This concept is extremely important for the
colon’s ability to conserve sodium.

Aldosterone is secreted by the adrenal gland in response to
sodium depletion and dehydration. Aldosterone enhances fluid
and sodium absorption in the colon.

SCFAs produced in the colon are the principle anions. They
also stimulate sodium absorption.

Chloride is exchanged for bicarbonate, which is secreted into
the lumen to neutralize organic acids that are produced. This
occurs at the luminal border of the mucosal cells.

Potassium movement, overall, is believed to be passive as a
result of the active absorption of sodium. There is evidence
that active potassium secretion occurs in the distal colon. This
secretion combined with potassium in bacteria and colonic
mucous in stool may explain the relatively high concentration
of potassium, 50-90 mmol/L, in stool.
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The colon secretes urea into the lumen. The urea is metabo-
lized to ammonia. The majority is absorbed passively.
Absorption of water and salt occurs primarily in the ascend-
ing and transverse colon. Active transport of sodium creates an
osmotic gradient and the water passively follows.

The surface cells in the colon seem to be responsible for absorp-
tion whereas the crypt cells are involved with fluid secretion.

B. Colonic Motility

Methodology for Determining Motility

Marker

Stool frequency has been shown to correlate poorly with
colorectal transit time. Early studies used barium but lacked
the ability to give precise measurement of colonic motility.

Radiopaque markers orally ingested and followed sequentially
through the intestinal tract via plain X-rays is one of the first
methods used to actually measure transit time. This test is still
used frequently to evaluate patients with severe constipation

looking for slow transit through the colon.

- One method calls for a capsule with 24 markers to be
ingested and an X-ray obtained on day 5. This reflects the
transit time of the entire gut. On day 5, 80% (17) of the
markers should be expelled. Other methods utilize x-rays
on days 1-5, days 1,3 and 5 or 3 and 5.

Total colonic transit time is 30.7 (SD 3.0) hours for men and

38.3 (SD 2.9) hours for women.

Scintigraphy

n-labeled radioisotope is ingested. The coating dissolves in
the distal ileum and the radioactive material passes into the
colon.

Segmental transit is usually calculated for the right, left, and
rectosigmoid regions of the colon.
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Recording Techniques of Colonic Motility

Most techniques that record colonic motility using some form
of colonic manometry still remain in the researcher’s domain
and have not been assimilated into the clinical armamentarium
for the caregiver.

Peristalsis

Peristalsis is the waves of alternate contraction and relaxation
of the muscles of the intestinal tube, which propels contents.
It is difficult to precisely define colonic contractions, pressure
waves, and electrical events because no standard terminology
or definitions exist.

Contractile events are divided as (1) segmental contractions
that are either single contractions or bursts of contractions,
either rhythmic or arrhythmic contractions; (2) propagated
contractions — low-amplitude propagated contraction (LAPC)
(long spike bursts) and high-amplitude propagated contraction
(HAPC) (migrating long spike bursts).

The main function of HAPCs is to move large amounts of
colonic contents toward the anus. They usually occur upon
awakening, during the day, and after meals. They are usually
associated with abdominal sensation and defecatory stimula-
tion (or defecation).

The majority of the colonic motility is represented by segmental
contractions. This allows slow transit and the opportunity for
the luminal contents to maximally come in contact with the
mucosal surface.

Cellular Basis for Motility

Cells important for movement in the colon include the circular
muscle, longitudinal muscle, and interstitial cells of Cajal (ICC).
All electrical activity in the human colon is dependent on stim-
ulation by stretch or chemical mediation. Critical volumes of
distention are needed for propulsion. Fiber may augment this
degree of stretch.

ICC are the pacemaker cells of the gut that have a central role in
regulation of intestinal motility. These are mesenchymal cells,
which form a three-dimensional network, placed between and
in smooth muscle layers. They are also in close association
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with elements of the enteric nervous system. They are electri-
cally active and create ion currents for pacemaker function.

Characteristics of Colonic Motility in Health

Using 24-h manometry, it has been found that the colon is
continually active. There is a well-established circadian rhythm
with marked diminution of pressure activity at night.
Immediately after waking, there is a threefold increase in
colonic pressure activity. This may account for bowel patterns
in some individuals who move their bowels after awakening in
the morning.

Colonic pressure activity also increases after meals, which in
one study lasted for up to 2 h after a meal.

Stress can influence gut function. One study found that psy-
chological stress induced prolonged propagated contractions
without appreciable autonomic response. These contractions
propagated across several areas of the colon. The motor activ-
ity persisted after the stressor ceased.

The right colon and transverse colon are major sites of stor-
age of solid stool. Solid residue remains in the right colon for
extended periods allowing for mixing. There is also consider-
able variability among individuals as far as right colon transit.
After eating, the proximal colon has an immediate increase
in tonic contraction. There is also increased tone in the distal
colon, but this is less pronounced than the one on the right.
Well before the ingested food reaches the colon, there is an
increase in colonic motility and tone. This is known as the gastro-
colic reflex.

C. Defecation and Colonic Sensation

The process of defecation seems to involve the entire colon.
It has been shown to begin up to an hour before stool elimination —
a preexpulsive phase.

Scintigraphic studies have also shown that the right colon can
also be emptied during one episode of defecation.

A second component begins approximately 15 min before stool
expulsion. Propagating sequences during this time are associ-
ated with an increasing sensation of an urge to defecate.
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Colonic sensation is complicated and poorly understood. The

colon has no specialized sensory end organs.

Modulation of visceral sensation occurs through several methods.

- The first allows for enteroenteric reflexes that are mediated
in the spinal cord to alter smooth muscle tone thereby
increasing or decreasing the activation of the nerve endings
in the gut or mesentery.

- Another method involves direct central modulation of
pain.

- A further method explains “referred pain.” When the over-
lap of input appears more recognized by higher central
brain forces from somatic input, referred pain may occur.
The input is actually occurring in the visceral structure,
but is perceived to be from the somatic structure. It is of
note that when pain is referred it is usually to a structure
that developed from the same embryonic dermatome.

- Visceral sensation can relay information via collaterals
to the reticular formation and thalamus. This can induce
changes in affect, appetite, pulse, and blood pressure through
autonomic, hypothalamic, and limbic system connections.

D. Disturbances in Colonic Physiology

Physiology of Constipation

Constipation refers to stools that are infrequent or hard to pass
(or both).

There may be dietary, pharmacologic, systemic, or local causes.
Constipation may be seen more frequently in sedentary people.
Idiopathic slow transit constipation involves a measurable
delayed movement of material through the colon. These patients
are not helped (in fact may be made worse) with increased
dietary fiber. They seem to have altered colonic motor response
to eating and impaired or decreased HAPCs of the colon. This
leads to reduced or absent colonic propulsive activity.
Irritable bowel syndrome (IBS) can manifest with multiple
forms. It usually is characterized as altered bowel habits and
pain directly related to the altered bowel habits. In one form,
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constipation can be the predominant feature. This may encompass
about 30% of the IBS population and traditionally over-
whelmingly affects women. This group of patients can show
an overlap with those having slow transit constipation, but may
have a normal transit study.

Obstructed Defecation

Obstructed defecation usually results from abnormalities in
pelvic function vs. colonic function.

Typically this problem is associated with failure of the pub-
orectalis to relax with defecation, rectocele, perineal descent,
or other pelvic- and rectal-associated issues. Failure of the
rectum to evacuate may lead to marker studies which also show
marker collection in the left colon. This may also be associated
with colonic total inertia.

Ogilvie’s Syndrome

Ogilvie’s syndrome is also known as acute colonic pseudoob-
struction.

The pathophysiology is not clearly understood.

Based on evidence from pharmacologic studies there seems to
be an imbalance of autonomic innervation to the gut. The para-
sympathetic nerves, which are responsible for stimulating gut
motility, have decreased function or input and the sympathetic
nerves, which are inhibitory, increase their input.

Because of the law of Laplace, the cecum can be the site of
extreme dilatation (it requires the smallest amount of pressure
to increase in size and therefore increase the wall tension).
Treatment has focused on ruling out a distal obstruction with
a Gastrografin enema and if needed colonoscopic decom-
pression.

Pharmacologic treatment with neostigmine has been success-
ful. This drug is a cholinesterase inhibitor that allows more
available acetylcholine for neurotransmission in the parasym-
pathetic system (excitatory) to promote contractility. Due to
potential side effects, this drug is administered with cardiac
monitoring in an intensive care setting.
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Irritable Bowel Syndrome

As stated previously, IBS is characterized by altered bowel
habits associated with pain. Besides the constipation-predominant
type described above, there can be a diarrhea-predominant type
and a mixed type.

If IBS is found in men it tends to be more diarrhea-predominant
type.

Treatment is based on the nature and severity of symptoms.
Education, reassurance, and dietary modification (elimination
of foods that aggravate the problem and either adding or reducing
fiber) are the first steps.

For those who do not respond, medication is considered. Anti-
spasmodics (anticholinergic) medication is considered for those
with pain and bloating that is especially aggravated by meals.
Low-dose tricyclic antidepressants may be considered when
the pain is more constant and perhaps disabling.

Considering specific types, no good pharmacologic research
is available for the mixed-type IBS patients. However, for
the diarrhea prone, 5-HT3 antagonists have been found to be
effective.

E. Implications of Colonic Physiology
for the Surgeon

Recognizing the innervation and differences in embryologic
development may be important in colon resections when
considering nerve preservation, blood flow, and resection
margins.

Resection of all or a portion of the colon can have profound
ramifications for the patient. It is the surgeon’s responsibility to
understand the physiologic possibilities, recognize, and manage
the outcome. For instance, this may be important for patients
with a new ileostomy who may need counseling regarding
fluids and increased salt intake to compensate for the colon,
which has been resected.

In the colon, many metabolic processes can be influenced by
food components. Prebiotics are “non-digestible food ingredi-
ents that beneficially affect the host by selectively stimulating
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the growth and/or activity of one or a limited number of bacteria
in the colon, that can improve the host health.”

Probiotics are “a live microbial feed supplement which bene-
ficially affects the host by improving its intestinal microfloral
balance.”

Currently, probiotics may be used in cases of disturbed micro-
bial balance, such as antibiotic-associated diarrhea, to lessen
the risk and duration.



3. Anal Physiology

A. Introduction

. Normal bowel continence is a complex process that involves
the coordinated interaction between multiple different neuro-
nal pathways and the pelvic and perineal musculature.

. Complicating this are multiple other factors that have a role in
normal regulation such as systemic disease, emotional effects,
bowel motility, stool consistency, evacuation efficiency, pelvic
floor stability, and sphincter integrity.

. Anorectal physiology testing allows evaluation of the patient
with pelvic floor complaints using techniques such as man-
ometry, endoanal ultrasound, electrophysiologic studies, and
defecography, all of which help to elucidate anorectal structures
and function.

B. Pelvic Floor Muscles

. The pelvic floor consists of a striated muscular sheet through
which viscera pass. This striated muscle, the paired levator ani
muscles, is actually subdivided into four muscles defined by
the area of attachment on the pubic bone.

. The components of the levator ani are therefore named the pubo-
coccygeus, ileococcygeus, and ischiococcygeus. The pubococcy-
geus is further subdivided to include the puborectalis.

. Between the urogenital viscera and the anal canal lies the
perineal body. The perineal body consists of the superficial
and deep transverse perinei muscles and the ventral extension

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 41
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of the external sphincter muscle to a tendinous intersection

with the bulbocavernosus muscle.

The fourth sacral nerve innervates the levator ani muscles.

The rectal smooth muscle consists of an outer muscularis

mucosa, inner circular muscle, and outer longitudinal layer.

The inner circular muscle forms the valves of Houston proxi-

mally and distally extends down into the anal canal becoming

the internal anal sphincter (IAS).

The outer longitudinal layer surrounds the sigmoid colon coa-

lescing proximally into thicker bands called taenia coli.

- The terminal fibers extend to skin as the corrugation
cutaneous ani muscles.

C. Reflexes

There are a great number of reflexes that end with the name
“... anal reflex.”

Consequently, there are several ways that one can assess the integ-
rity of neurologic connection through or around the spinal chord.

Cutaneous-Anal Reflex

The cutaneous-anal reflex is a brief contraction of the anal sphinc-
ter in response to pricking or scratching the perianal skin. This is a
spinal reflex that requires intact S4 sensory and motor nerve roots.
If a cauda equina lesion is present, this reflex will usually be
absent.

From a practical standpoint, this is a sacral reflex that can be
interrogated during physical examination by simply scratch-
ing the perianal skin with visualization of contraction of the
subcutaneous anal sphincter. The response to perianal scratch
fatigues rapidly so it is important to test this as the first part of
the sphincter examination.

Cough Reflex

The cough-anal reflex contributes to the maintenance of urinary
and fecal continence during sudden increases in intraabdomi-
nal pressure as might also be seen with laughing, shouting, or
heavy lifting.
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The reflex is preserved in paraplegic patients with lesions
above the lumbar spine but it is lost if the trauma involves the
lumbar spine or with cauda equine lesions.

Bulbocavernosus Reflex

The bulbocavernosus reflex is pelvic floor contraction elicited
by squeezing the glans penis or clitoris.

The bulbocavernosus reflex latency will be prolonged by various
disorders affecting the S2—-S4 segments of the spinal chord.

Rectoanal Inhibitory Reflex

The rectoanal inhibitory reflex (RAIR) represents the relaxa-
tion of the IAS in response to distension of the rectum.

It is believed that this permits fecal material or flatus to come
into contact with specialized sensory receptors in the upper
anal canal. This sampling process, the sampling reflex, creates
an awareness of the presence of stool and a sense of the nature
of the material present.

It is believed that this process of IAS relaxation with content
sampling is instrumental in the discrimination of gas from stool
and the ability to pass them independently.

The degree to which IAS relaxation occurs seems to be related
to the volume of rectal distension more so in incontinent
patients than in constipated or healthy control patients.

Lower thresholds for the RAIR have been found to be associ-
ated with favorable response to biofeedback therapy in patients
with fecal incontinence for formed stool.

The RAIR is primarily dependent on intrinsic nerve innervation
in that it is preserved even after the rectum has been isolated
from extrinsic influences, following transaction of hypogastric
nerves and the presence of spinal chord lesions.

The reflex is destroyed in Hirschsprung’s disease when mye-
nteric ganglion are absent. In addition, the reflex is lost after
circumferential myotomy and after generous lateral internal
sphincterotomy.

The RAIR seems to be nearly abolished in the early postopera-
tive period after low anterior resection for cancer.

In a study involving 46 patients, O’Riordain et al. found that
the RAIR that had been present in 93% of patients preopera-
tively was only present in 18% 10 days after low anterior resection.
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However, at 6-12 months, the RAIR was intact in 21% of
patients and this increased to 85% after 2 years.

Loss of RAIR is often a consequence of restorative procto-
colectomy.

Saigusa et al. found that the RAIR was present in only 53% of
double-stapled ileal pouch anal anastomosis patients at a mean
of 23 months after closure of the ileostomy. Preservation of the
RAIR correlated with less nocturnal soiling.

Disturbances in the RAIR seem to be involved in the inconti-
nence that is associated with systemic sclerosis.

Rectoanal Excitatory Reflex

The rectoanal excitatory reflex (RAER), or inflation reflex, is
the contraction of the EAS in response to rectal distension.
Rectal distension sensation is likely transmitted along the S2,
S3, and S4 parasympathetic fibers through the pelvic splanchnic
nerves. However, on the motor side, a pudendal nerve block
abolishes the excitatory reflex suggesting that pudendal
neuropathy may interfere with the RAER.

D. Mechanical Factors of Continence and Defecation

Anorectal Angle and Flap Valve

As a part of the pelvic floor musculature, the puborectalis arises
from the pubic bone and passes horizontally and posteriorly
around the rectum as the most medial portion of the levator ani
muscle. This forms a U-shaped sling around the rectum near its
anatomic junction with the anus, pulling the rectum anteriorly,
and giving rise to the so-called anorectal angle.

There are differences of opinion as to whether the puborec-
talis and anorectal angle are truly important in maintaining
continence. Unlike the fine control of the external and internal
sphincter muscles, the puborectalis sling is believed to be more
involved with gross fecal continence.

Parks postulated a mechanism by which this takes place.
As intraabdominal pressure is increased — such as with sneezing,
coughing, or straining — and the force is transmitted across the
anterior wall of the rectum at the anorectal angle. The underlying
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mucosa is opposed against the upper anal canal, creating a
flap-valve mechanism that prevents stool from passing to the
lower anal canal and preserving continence.

Yet other authors have disputed this flap-valve mechanism
and downplayed the role and reliability of measuring the
anorectal angle.

Furthermore, quantifying the anorectal angle and relating that
to patient symptoms has resulted in mixed views.

Reservoir

As an additional part of the continence mechanism, the rectum
must be able to function as a temporary storage site for liquid
and solid stool. With passage of the fecal stream into the rectum,
the pliable rectal walls are able to distend and delay the defecation
sequence until an appropriate time.

This process relies both on rectal innervation to sense and
tolerate the increasing volume of stool (capacity), as well as
maintain a relatively low and constant pressure with increases
in volume (compliance). Extremes of either of these compo-
nents can lead to fecal incontinence through decreased accom-
modation or overflow states.

Although decreased compliance has been demonstrated more
often in patients with fecal incontinence, it has also been shown
to occur as a normal consequence of aging.

Furthermore, after low anterior resection for cancer, those
patients with resultant lower rectal compliance and lower rectal
volume tolerability (capacity) have been associated with higher
rates of fecal incontinence.

Normal Defecation

The process begins with movement of gas, liquid, or solid
contents into the rectum. Distention of the rectum leads to
stimulation of pressure receptors located on the puborectalis
muscle and in the pelvic floor muscles, which in turn stimulate
the RAIR. The IAS relaxes allowing sampling of contents.

If defecation is to be deferred, voluntary contraction of the
EAS and levator ani muscles occurs and the rectum accom-
modates with relaxation after an initial increase in pressure.
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When the anal canal is deemed to have solid contents and a
decision to defecate is made, the glottis closes, pelvic floor
muscles contract, and diaphragm and abdominal wall muscles
contract, all increasing abdominal pressure. The puborecta-
lis muscle relaxes, resulting in straightening of the anorectal
angle, and the pelvic floor descends slightly. The EAS relaxes
and anal canal contents are evacuated.

Upon normal complete evacuation, the pelvic floor rises and
sphincters contract once more in a “closing reflex.”

E. Pathologic Conditions

Incontinence

Incontinence is the inability to defer the passage of gas, liquid,
or solid stool until a desired time.

Numerous alterations in anorectal physiology can lead to incon-
tinence and many patients have more than one deficit. Structural
defects in the IAS or EAS muscles occur because of obstetric
injury, trauma, or anorectal surgery.

The keyhole deformity is a groove in the anal canal allowing
the seepage of stool or mucus. Originally described as a com-
plication after the posterior midline fissurectomy or fistulot-
omy, it can also occur with lateral IAS defects.

Intact sphincter muscles with impaired neurologic function,
because of pudendal nerve damage or systemic disorders such
as diabetes, can also result in incontinence, especially if the
impaired sphincter is further stressed by diarrhea or irritable
bowel syndrome.

Abnormal rectal sensation can lead to incontinence in two
ways. Conditions such as proctitis caused by inflammation or
radiation can result in hyperacute sensation. The rectum fails
to accommodate and the reservoir function is impaired leading
to urgency and frequency stooling.

Fragmentation of stools is often described by patients after low
anterior resection, particularly if the pelvis has been radiated as
in the case of adjuvant therapy for the treatment of rectal cancer.
In the case of blunted sensation, because of a large rectocele,
megarectum, or neurogenic disorders, the rectum becomes over-
distended and overflow incontinence occurs.
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Perineal descent may be a predictor of incontinence among
patients with denervation of both the external sphincter and
the puborectalis, and in patients with impaired anal sensation.
Among patients with constipation, perineal descent and straining
at stool may predict future fecal incontinence.

Obstructed Defecation

Rectocele

A rectocele is defined as greater than 2 cm of rectal wall out-
pouching or bowing while straining, and can precede or accom-
pany rectal intussusception.

The rectocele can prevent passage of stool both by obstructing the
anal orifice and by acting as a diverticulum to sequester stool.
Patients with rectoceles often complain of the need for fre-
quent sequential episodes of defecation, and even for manual
compression or splinting of the anterior perineum or posterior
vagina in order to completely evacuate.

Patients may experience incontinence with relaxation, leading
to reduction of the rectocele and return of the sequestered stool
to the lower rectum.

Dyskinetic Puborectalis

Dyskinetic puborectalis, paradoxical puborectalis, nonrelaxing
puborectalis, and anismus are terms that describe the absence
of normal relaxation of pelvic floor muscles during defecation,
resulting in rectal outlet obstruction.

Once diagnosed, dyskinetic puborectalis is usually treated with
biofeedback and bowel management.

Patients who fail conservative treatment have been offered
botulism toxin injections into the puborectalis muscle with
limited success.

F. Continence

The dynamic intention of the aforementioned anatomy and
physiology ensures continence. It does not follow that a deficit
in any one area ensures incontinence.
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. Even profound deficits do not necessarily lead to incontinence
if stool consistency is solid, whereas minor deficits can easily
lead to incontinence of gas.

. To determine and treat abnormal fecal continence requires
a systematic approach focusing on identifying the specific
deficits present, applying appropriate testing to elucidate
anal physiology and anatomy, and then directing therapy
accordingly.



4. Physiologic Testing

A. Introduction

. Physiologic testing is used to assess pelvic floor and anorectal
disorders.

. These physiologic tests are performed in conjunction with a
history, diary of the disorder, physical examination, endos-
copy, and imaging studies.

. Physiologic tests have provided or confirmed a diagnosis in
75% of patients with constipation, 66% of patients with incon-
tinence, and 42% of patients with chronic anorectal pain.

. Commercial equipment is available which produces reproducible
results.

o However, the lack of validated normal values for healthy
patients of both sexes and all ages remains a major problem.

. Physiologic testing includes several tests which complement
each other. No single test contributes the data necessary to analyze
disorders of the pelvic floor.

. Unfortunately, many patients have diseases or disorders that
are of multifactorial pathophysiologies which produce several
abnormal results, that are difficult to interpret.

B. Manometry

. Manometry is a technique for measuring pressures in the rectum
and anus, and pressures and reflexes elicited by voluntary actions
or by local stimuli.

. Interpretation of data, requires comparison to a range of normals
by sex and age (which is often lacking).

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 49
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Indications

First, manometry is used for evaluation of incontinence. A
sphincter defect can be located and quantified.

Second, constipation, mainly outlet obstruction type, is investi-
gated to determine whether abnormal pressures exist. The loss
of the rectoanal inhibitory reflex (RAIR) suggests Hirschsprung’s
disease.

Third, some anorectal pain syndromes are associated with
abnormal pressures within the sphincter mechanism.

Fourth, the study is conducted to establish a baseline when an
anorectal or pelvic floor procedure is contemplated. For exam-
ple, if biofeedback or a surgical procedure is to be used for
incontinence or constipation, a pre- and postprocedure study
provides the means to quantify a change.

Equipment

Probes

The equipment consists of several essential components: the
probe, the transducers, the recorder, and the hydraulic pump
for water infusion methods.

The most popular type is the water-perfusion probe, which is
relatively inexpensive, durable, and easy to use.

The solid-state catheter is expensive and fragile, but it gives the
most accurate, reproducible results.

Hydraulic Water-Perfusion Machines

The water-perfusion machine is a key part of the water-
perfusion method. The water is driven through each of the
individual channels in the tube at a chosen rate; the water
perfuses through the holes near the tip and thus is exposed to
pressure changes.

Transducers

The mechanical water pressure is changed to electrical signals
in the transducer.
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Amplifier/Recorder

d Many recording devices are available, but computerized sys-
tems with small amplifiers and recorders are preferable.

d Software has been designed to give chart, table, and graph
printouts. An attached monitor is a useful way to observe the
tracings as the procedure progresses.

Technique of Manometry
Initial Considerations

. The study is performed with focus on the distal 5 cm, which is
the segment that contains the sphincter muscles.

. The internal sphincter and the external sphincter may be ana-
lyzed based on the portions of pressure represented by the rest-
ing tone and the squeeze pressure.

Preparation

d The preparation is a simple small, tap-water enema or com-
mercially prepared enema to empty stool from the rectum and
anus before coming for the examination.

Calibration

. The calibration record should be saved with the actual proce-
dure recording to validate the measurements.

Resting Pressure

. The probe is introduced higher than the 5-cm level and left
in place for 5 min to permit the temperature to equalize to
body temperature and the sphincter mechanism to relax to a
baseline.

. There is usually a stepwise increase in pressure as the sensors
progress distally (Fig. 4.1). As the sensor leaves the sphincter
mechanism, the pressure will drop to zero.

Squeeze Pressure

d The probe is reinserted to at least the 6-cm level and reoriented.
The probe is again removed at 1-cm increments. The patient is
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Fig. 4.1. Normal tracing of resting tone in one quadrant on the manometry
probe. The scale is 100 mm Hg. The pressure progressively increases from the
4-cm level to 2-cm level with a small decrease in pressure at the 1-cm level, and
then to zero as the probe exits.
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Fig. 4.2. Normal tracing of voluntary squeeze in one quadrant on the manometry
probe. The scale is 100 mm Hg. The squeeze essentially doubles the resting
pressure.

instructed to squeeze the sphincter muscles as if to stop a bowel
movement and hold the squeeze for 3 s (Fig. 4.2). The patient
is also instructed to avoid using accessory muscles, especially
the gluteals.

Squeeze-Duration Study

. The probe is positioned in the site of the highest pressure in
the anal canal. The high pressure zone is the length of the
anal canal with resting pressures at least 30% higher than rectal
pressure. The patient is instructed to squeeze and hold the
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squeeze for 45 s as the recording is made. Some investigators
perform this maneuver once and others do two or three runs
and average the results.

This study is also termed sphincter endurance.

The probe is again positioned in the high pressure zone in the
anal canal to observe for the RAIR. Then 10 cc of air is injected
into the balloon and the pressures are observed for 10 s. Then
air is inflated into the balloon at 20-, 30-, 40-, 50-, and 60-cc
increments (Fig. 4.3).

The recording normally shows a relaxation from the baseline,
which verifies the intact reflex from the stimulated rectal wall
to the internal sphincter.

Strain Maneuver

The probe is positioned in the high pressure zone. The patient
is instructed to bear down as if to defecate for at least 5 s.

The pressure is normally reduced for a few seconds similar to
the RAIR (Fig. 4.4). This maneuver is repeated after a 30-s rest.
The result is obtained by averaging the total runs. To appreci-
ate what is happening to the sphincter, the rectal pressure is
measured at the same time with the rectal balloon, which cor-
responds to the increased abdominal pressure.

Rectal Sensation

The balloon is inflated in 10-cc increments until the patient
senses the balloon. The first sensation is normally at or before
20-cc inflation.

Compliance

Having recorded the first rectal sensation, the balloon is inflated
slowly in 50-cc increments. The patient will feel a point at
which there is a strong urge to defecate. This is recorded. At a
further point, the patient will experience a discomfort, which is
recorded as the maximal tolerated volume.

In the normal-sized rectum, this will be 200-250 cc (Fig. 4.5).
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Fig. 4.4. Normal strain maneuver. A relaxation occurs.
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Fig. 4.5. Normal compliance in one quadrant on the manometry probe. The
patient reports the insufflation causing the first sensation, the first urge, and the
last tolerable volume.

Interpretation

Normals

In the anal canal there are subtle differences in the upper, mid-
dle, and distal segments.

Overall, men and young patients have higher pressures. How-
ever, there is overlap of normal measurements by sex and age.
The resting pressure has contributions from both the internal
and external sphincters, with the internal sphincter providing
75-80% of the total.

The squeeze pressure is derived dominantly from the voluntary
external sphincter.

Interpretation of Resting Pressure

The resting pressure is the pressure in the high pressure zone at
rest after a period of stabilization. Seventy-five to eighty per-
cent of the resting pressure is a measure of the internal sphinc-
ter tone.



56

The ASCRS Manual of Colon and Rectal Surgery

For women, the resting pressure is approximately 52 mm Hg
(range, 39-65). For men, the resting pressure is approximately
59 mm Hg (range, 47-71).

Sometimes a normal patient may have low pressures, but does not
have a complaint if the stool is well formed. However, a patient
may have “normal” pressures, but yet complains of incontinence.
These measurements cannot be interpreted alone, but must be
analyzed in the context of the history and other measurements.
Low resting pressures are usually seen in patients who have the
chief complaint of incontinence (Fig. 4.6).

Patients who have low pressures may not be good candidates
for a surgery that will leave them with a poorly formed or liquid
stool, such as total colectomy with ileorectal anastomosis or
proctocolectomy with ileal pouch to anal anastomosis; these
patients might be better served with a permanent ileostomy.
High basal pressures may be associated with anorectal pain.
Some patients have spastic sphincters, which may be associ-
ated with outlet obstruction.

Patients with anal fissure have a spastic internal sphincter with
high pressure measurements as part of the pathophysiology.
These patients may be candidates for lateral internal sphinc-
terotomy. Pharmacologic relaxation may be achieved in lieu of
surgery. Relaxation of internal sphincter spasm can be achieved
by 10 mg of sublingual nitroglycerine. Topical 0.2% nifedipine
or 0.2% nitroglycerine applied to the anoderm relaxes the
underlying muscle.

Interpretation of Squeeze Pressure

The maximum voluntary pressure is the highest pressure recorded
above the zero baseline at any level of the anal canal during
maximum squeeze effort by the patient.

The squeeze pressure is the pressure increment above resting
pressure after voluntary squeeze contraction and is a calculated
value that is the difference between the maximum voluntary pres-
sure and the resting pressure at the same level of the anal canal.
The squeeze pressure is mainly a measure of the external sphincter.
For women, the squeeze pressure is approximately 128 mm Hg
(range, 83—173). For men, the squeeze pressure is approximately
228 mm Hg (range, 190-266).
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The squeeze pressure is examined as a total squeeze pressure,
which includes the resting pressure plus the squeeze, and as
a maximum squeeze pressure, which is the squeeze pressure
minus the resting pressure.

Alow squeeze pressure may be associated with sphincter injury
or nerve damage from surgery, especially anal fistula surgery,
obstetric trauma, or other anorectal trauma (Fig. 4.6).

High squeeze pressure is found in those patients who have
pelvic floor spasm (anismus), often associated with anorec-
tal pain. These same patients are unable to relax the sphincter
when asked to bear down as if to defecate.

Interpretation of Squeeze Duration

The sphincter duration is the length of time the patient can
maintain a squeeze pressure above the resting pressure.

The duration of squeeze should be >30 s at >50% of maxi-
mum squeeze pressure. When patients are unable to maintain a
squeeze, they may be incontinent.

Interpretation of Reflex Studies

The RAIR is the transient decrease in resting anal pressure by
>25% of basal pressure in response to rapid inflation of a rectal
balloon, with subsequent return to baseline.

The decrease in pressure during the RAIR test is a measure of
the internal sphincter relaxation.

This reflex may be present even with central nervous system
disorders; however, disease that interferes with the peripheral
nerves or ganglion cells of the myenteric plexus or fibrosis of
the internal anal sphincter may interfere with a measurable
reflex relaxation.

The presence of a normal RAIR rules out Hirschsprung’s dis-
ease (Fig. 4.7).

The cough reflex is the pressure increment above resting pres-
sure after a cough, and is a calculated value that is the differ-
ence between the maximum pressure recorded during cough
and the resting pressure at the same level in the anal canal.
The cough reflex, also equated with a Valsalva reflex, is a rectal
reflex to counter a sudden abdominal pressure increase.
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d This reflex may be abolished if there is a disruption of nerves
in the cauda equina, sacral nerves, pudendal nerves, or periph-
eral nerves, but is maintained if nerves higher than the sacrum
are injured.

Interpretation of Strain Maneuver

d The ability to defecate requires both anal relaxation and abdominal
compression.

d Low abdominal pressures may be seen when there is central
nervous system disruption or skeletal muscle disorders that
prevent abdominal compression. Very high abdominal com-
pression occurs when the anal sphincter does not relax, permit-
ting high, recurrent pressures to be exerted on the pelvic floor.

d The failure for the sphincter to relax appropriately is termed
anismus or paradoxical pelvic floor contraction (Fig. 4.8).

. The failure to relax has been found in sexually abused patients and
in neurologic disorders where inhibitory pathways are ablated.

Interpretation of Rectal Sensation

. The sensory threshold is the minimum rectal volume perceived
by a patient. A normal value for perception of rectal distention
is approximately 15-mL (range, 9-25) inflation.

. Poor or absent sensation portends a poor response to biofeedback.
The inability to sense suggests neural impairment, which may be

Fig. 4.8. Paradoxical increase in sphincter pressure during the strain maneuver,
rather than a relaxation, is consistent with anismus.
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related to a primary or secondary disorder, such as diabetes or
amyloidosis. Constipated patients who have severe straining may
progressively lose their ability to sense rectal fullness. Hypersen-
sitivity may be evident in patients who have inflammatory bowel
diseases, or have irritable bowel syndrome.

Interpretation of Compliance

The urge sensation is the volume associated with the initial
urge to defecate.

The maximum tolerated volume is the volume at which the
patient experiences discomfort and an intense desire to defecate.
The maximal tolerable volume and pain threshold are reduced
in patients who have a fixed, noncompliant rectal wall. For
example, patients who have had proctectomy, fibrosis caused
by ischemia, or fibrosis caused by inflammatory bowel disease
will have lower maximal tolerable volumes and lower pain
thresholds.

A low tolerable volume may indicate rectal hypersensitivity
and irritability. Increased compliance may be found in the
megarectum. Decreased compliance caused by rectal reservoir
reduction will result in fecal frequency and urgency with possible
incontinence.

C. Defecography

Defecography is a dynamic fluoroscopic examination per-
formed with rectal contrast to study the anatomy and function
of the anorectum and pelvic floor during defecation.

The specific points to be analyzed may be captured on still
radiographs, but cineradiography provides a better look at the
potential pathophysiologies that may influence and perhaps
interfere with successful and normal evacuations.

Indication

The use of defecography is indicated as part of the evaluation of
a patient who has an outlet obstruction type of constipation.
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Equipment
Chair and Cushion

. A defecography chair, which has a standard-shaped toilet seat,
fits onto the footboard of the table.

Contrast System

. High density, barium paste (Anatrast E-Z-EM, Westbury, NY;
or Evacupaste) is introduced into the rectum.
. A tampon soaked in barium may be used to outline the vagina.

Technique
Preparation

. The bowel may be studied with or without preparation.

Introduction of Contrast

. The clinician will have decided which sites require contrast
based on the clinical history. The rectum, vagina, bladder, colon,
small bowel, perineal skin, and/or peritoneum may be marked
with contrast material.

. If an enterocele is suspected, the patient should take 240 cc of
diluted liquid barium orally 1 h before the procedure.

Imaging

. The patient is asked to be seated on the defecography chair
(toilet), which is adjacent to the radiography table which has
been erected to an upright 90-° angle.

. It is important to remember that patients sometimes are quite
embarrassed and intimidated by the mechanisms of this study;
abnormal defecation dynamics may be nothing more than inability
to defecate caused by embarrassment.

Interpretation

. Having the study as cinedefecography allows repeated viewing
of points where abnormality is suspected.
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d The findings include the anorectal angle, perineal descent,
efficiency of emptying, and possibly rectocele, enterocele/
sigmoidocele, anismus, and intussusception. There is an overlap
of symptomatic and asymptomatic patients, so that the findings
must be correlated with the clinical symptoms and signs.

Anorectal Angle

d The anorectal angle is the proctographic angle between the mid-
axial longitudinal axis of the rectum and the anal canal. The
videodefecography can be reviewed to see that the puborectalis
muscle relaxes appropriately. The anorectal angle decreases
during squeezing and increases during defecation and straining.

d The resting anorectal angle ranges from 90 to 110°. During
squeeze, the angle becomes more acute in the range of 75-90°. On
evacuation, the angle becomes obtuse in the range of 110-180°.

Perineal Descent

. Perineal descent is the caudad movement of the pelvic floor
with straining. A baseline is a line drawn from the tip of the
coccyx to the underside of the pubis, the pubococcygeal line.
The descent and ascent can be measured from this line.

. Normally the pelvic floor will rise during squeezing and lower
during straining and evacuation.

. The pelvic floor should not rise or fall more than 4 cm from
the pubococcygeal line. If there is greater descent, it suggests
a decreased muscle tone, which is most often the result of puden-
dal nerve injury. This finding is usually associated with other
mechanical abnormalities.

Anal Canal Length

o During maximal strain to evacuate, the width of the anal canal
should not exceed 2.5 cm. Wider openings suggest an incom-
petent muscle and possible incontinence.

Efficiency of Emptying

d Normally the rectum should empty completely, but 90% is the
lower limit of normal. If an ileal pouch is being examined, 60%
evacuation is the lower limit of normal.
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Rectocele

A rectocele is a bulging of the rectum into the posterior wall of
the vagina and is the most common finding in defecography.
A rectocele is much better defined by defecography than by
clinical examination, giving better measurements of the size
and adequacy of emptying. Generally a rectocele that is <3 cm
is not of consequence.

Even large rectoceles must be associated with outlet obstruc-
tion symptoms to be considered pathologic. Most of these
patients find that pressing upon the bulge of the rectocele aids
them in evacuation.

The best time to recognize a rectocele is during maximal strain-
ing to evacuate. The postevacuation film may show barium
trapped in the rectocele.

Enterocele/Sigmoidocele

Anismus

Enterocele is a protrusion of the peritoneum between the rec-
tum and vagina containing small intestine.

A sigmoidocele (pouch of Douglas descent) is a protrusion of
the peritoneum between the rectum and vagina that contains
sigmoid colon.

It is abnormal for bowel to descend below the upper rectum,
and it is abnormal for a space to be present of >2 cm between
the rectum and vagina.

Anismus is a nonrelaxing puborectalis or levator muscle com-
plex, which is seen as a fixed anorectal angle with a puborectalis
indentation in the face of straining down or evacuation.

The patient with anismus complains of severe straining to evacu-
ate, and sometimes pain.

If the act of defecation is timed, patients with anismus take >30 s
to empty, starting when the anal canal begins to open. Normally
evacuation takes 10 s after the anal canal starts to open. In
addition, the anal canal width is narrow.

Intussusception/Prolapse

The rectum may be seen to prolapse or intussuscept during
straining or evacuation. The intussusception or prolapse can be
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characterized as upper, mid, or lower rectal, and the origin can
be described as anterior or posterior.

Megarectum
d This diagnosis is a combination of a large diameter of the rectum
and incomplete emptying.
d The measurement of the width of the rectum at the level of the

distal sacrum >9 cm suggests megarectum.

Incontinence

d During the procedure, incontinent patients may not be able to
hold the barium in the rectum, and it can be seen to run out
of the anal canal before the instruction to defecate is given.
Incontinence is often associated with other pathology.

D. Balloon Expulsion Test

. The balloon expulsion test measures the ability of the patient to
expel a balloon inflated with 50-60 mL of water or air.

. Patients with outlet obstruction are not able to pass this balloon
readily. The problem is that some patients may pass the balloon,
but have undetected outlet obstruction. Conversely, patients with
outlet obstruction may call upon compensatory mechanisms to
pass the balloon.

E. Anal Ultrasound

d Anal ultrasound is used to look for anatomic abnormality of the
anal sphincters. See Chapter 7 for images of anal ultrasounds.
Ultrasound has replaced EMG as the best means to define an
injury.

Indication

. Work-up of incontinence.

. A suspected defect in the sphincter mechanism

. An obstetric injury is readily seen the ability to find the defect
approaches 100%.
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Equipment

. The most commonly used ultrasound machine displays a 360°
image using a mechanically rotating transducer on a hand
probe. The 10-MHz transducer provides the clearest images.

Technique

. Preparation is a small enema. Sedation is not necessary.

. The probe is introduced blindly to the point where the trans-
ducer is in the rectum. Images are made in the upper, middle,
and distal anus.

Interpretation

. Bartram describes six ultrasonographic layers in the anal canal
(1) a hyperechoic layer that is the interface of the cone with the
tissues; (2) a hypoechoic layer that represents the mucosa; (3) a
hyperechoic layer that represents the submucosa; (4) a hypoe-
choic layer that is the internal anal sphincter; (5) a hyperechoic
layer that represents the intersphincteric plane and the longitu-
dinal muscle; and (6) a layer of mixed echogenicity representing
the external anal sphincter (see Fig. 7.1)

Incontinence

. A thin muscle suggests primary degeneration of the inter-
nal sphincter. After lateral internal sphincterotomy, a distal
defect can be seen in the internal sphincter. Obstetric trauma
may extend into the transverse perineus muscle, the external
sphincter, or completely down through the internal sphinc-
ter. The injury blurs out portions of the normal rings of tissue
described above.

F. Magnetic Resonance Imaging

. Identification of the anal and rectal structures is fairly easy on
MRI because the perirectal fat shows a high degree of contrast
when compared with the musculature.

. Indications for MRI examination are primarily sepsis, trauma,
congenital abnormalities, and tumor.
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d There is a significant change in T1 and T2 weighted imaging
associated with infection. This change produces high soft tissue
contrast and enables abscess and fistulous tracks to be demon-
strated.

. Sensitivity of MRI using the body coil can be as high as 89% in
identifying fistulas, but demonstration of site of internal opening
and differentiation of various muscle layers is not always
possible.

d Muscular anatomy is seen so well that MRI has become useful
in the evaluation of anal trauma. When compared with endorectal
ultrasound, endoanal coil MRI is superior in identifying the
outer aspect of the external sphincter muscle.

d Studies have shown endoanal MRI to be comparable to endo-
anal ultrasound for identifying defects and/or thinning of the
internal sphincter. MRI, however, may also show thinning of
the external sphincter and puborectalis, which are not easily
seen on endoanal ultrasound. This may represent atrophy in the
pelvic musculature. Atrophy may correlate with a poor result
after sphincter repair.

d Determination of atrophy on endoanal MRI may help in pre-
dicting the outcome after sphincteroplasty.

d Congenital abnormalities of the anus and rectum can be deline-
ated by MRI examination.

d MRI can be used to identify sphincter involvement by rectal
tumors.

d Distance from the distal aspect of the tumor to the levator

muscle can be accurately assessed before surgical planning.
Because of the length of the endorectal coil, visualization of
the musculature of the sphincter up to 2 cm above the levator
ani only is seen.

d Visualization of depth of invasion by tumor can be done by
manipulation of contrast with the use of T2 weighted images.

d Defecatory problems may also be evaluated by MRI.

d MRI is able to demonstrate peritoneoceles, cystoceles, perineal
descent, and prolapse during evacuation.

G. EMG of the Anal Sphincter

d EMG is used primarily in evaluating fecal incontinence, by
assessing the motor unit.
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EMG may also be used to “map” specific anatomic sphincter
defects. This mapping technique has largely been replaced by
anal ultrasonography, which is simple, accurate, and painless.

Concentric Needle EMG

Concentric needle EMG focuses on different motor unit character-
istics. A concentric needle electrode will record muscle contrac-
tions as motor unit potentials (MUPs). A single MUP is caused by
depolarization of the muscle from a single motor unit.
Polyphasic potentials (four or more phases) have been reported
in up to 25% of normal external anal sphincter muscles. Poly-
phasic potentials of short duration occur in myopathic disorders
and those with long duration correlate with histologic evidence of
regeneration in denervated muscle.

Concentric needle EMG can be of particular value in the diagnosis
of specific neurologic problems, including conditions of the cone
and cauda equina, sacral roots, pudendal nerve, and for differ-
ential diagnosis of the various types of multisystemic atrophy.
Normal amplitude of the MUP is <600 puV and duration is <6 ms.

Single Fiber EMG

Single fiber EMG electrodes are used because the area of
measurement is so small each fiber generates a single spike.
In normal circumstances, only a few muscle fibers from a single
motor unit are within the recording area of a single fiber elec-
trode. In reinnervated muscle, the numbers of fibers belong-
ing to a single motor unit increase, thereby increasing action
potentials are recorded at the electrode.

Criteria for pudendal nerve damage in single fiber EMG are the
presence of an increased fiber density, increase of MUP dura-
tion and amplitude at rest, decrease of the number of MUPs
during maximum contraction, and presence of “jitter and
blocking” phenomena.

Surface Electrodes

Surface EMG electrodes are generally used to document anal
sphincter activity at rest, strain, and squeeze.

When compared with proctography, both needle EMG and sur-
face EMG have a low positive predictive value, but they have
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high negative predictive values. Therefore, EMG alone is not
optimal for diagnosing the presence of nonrelaxing puborecta-
lis. Surface electrodes avoid the pain of needle EMG.
Biofeedback training is often done using surface electrodes. This
may be done for fecal incontinence or for difficulties with evacu-
ation, particularly if paradoxical sphincter contraction is present.
Normal patients demonstrated no evidence of paradoxical activity.

Pudendal Nerve Terminal Motor Latency

The pudendal nerve originates from S2, S3, S4 nerve roots and
travels along the lateral pelvic wall down to near the ischial spine
where it exits the pelvis to supply the external anal sphincter and
the periurethral muscles through its terminal perineal branch.
Prolongation in the pudendal nerve conduction indicates injury
to the pudendal nerve sheath that results in focal demyelination
with resultant slowing of conduction.

A normal PNTML does not exclude partial damage. However,
when unilaterally or bilaterally severely prolonged, PNTML
has been shown to affect results after sphincter repair.

H. Evaluation of Transit

The time it takes for food to travel through the digestive tract
is known as bowel transit time. Gastric emptying, small bowel
transit, and colonic transit may be studied.

Transit is dependent on diet and varies greatly from person to
person. For this reason, a dietary history and bowel evacuation
history should be obtained in conjunction with any transit testing.
Dietary history can be evaluated for fiber, fat, and calorie intake.

Colonic Transit

Evaluation of constipation and pelvic problems may require
determination of colonic transit times in order to assist in treat-
ment. Transit may be measured by radiopaque markers or radio-
nucleotide techniques.

Colonic transit is most easily measured by use of a marker test. The
patient ingests a capsule containing radiopaque markers, which
are then followed through the colon by abdominal radiographs.
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In the most simplified colon transit technique, the patient takes
one marker capsule which contains 24 markers on day 0. On
day 5, a supine abdominal film is taken to determine the number
and position of remaining markers. If five or fewer markers are
remaining, the patient has normal colonic transit. If more than
five markers are present, then the pattern of residual markers
is noted. Diffuse scattering throughout the colon would sug-
gest colonic inertia or decreased motility. If the markers are
present in the rectosigmoid region, then the presence of pelvic
outlet problems should be considered. Variations of the test use
x-rays on day 1-5, 1, 3, and 5, and 3 and 5.

Average normal transit is 11.3 h, 11.3 h, and 12.4 h for the
right, left, and rectosigmoid colon, respectively. Normal total
transit averages 35 h.

Stool weight has been shown to correlate with transit time in
constipated patients.

Radionuclide Transit

Transit may be measured by radionuclide gamma scintigraphic
techniques. Radiographic and scintigraphic methods correlate
well. The major advantage of scintigraphy is that 2448 h of
scanning is needed compared with 5-7 days for marker test
completion.

Small Bowel Transit

Small intestinal transit should be evaluated before surgical
treatment of constipation because the patient may have a glo-
bal motility problem.

Small bowel transit may be measured by breath hydrogen
analysis. Hydrogen breath analysis depends on the presence
of bacteria in the large intestine to metabolize lactulose. Up
to 25% of the population cannot metabolize the sugar because
they lack certain bacterial strains in the colon.

A meal of lactulose and beans is ingested and hydrogen breath
analysis is undertaken. Fermentation of the meal occurs when
the substrate reaches the colon. The fermentation process
releases hydrogen gas that is absorbed and excreted by the
lungs. Time to a 20-ppm increase in hydrogen in the breath
correlates with small bowel transit. Some conditions such as
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low colonic pH, bacterial overgrowth, or antibiotic adminis-
tration may interfere with the use of this test for small bowel
transit.

Small bowel transit may also be determined by scintigraphic tech-
niques. These techniques have the advantage of also measuring
gastric emptying. Scintigraphy has a tendency toward slightly
shorter transit times, but this is probably not clinically significant.
Radiation exposure with scintigraphy is highest for the colon
and can be reduced by the administration of laxatives after the
procedure.



5. Diagnostic Evaluations: Endoscopy:
Rigid, Flexible Complications

A. Anoscopy

d Anoscopy is the examination of the anal canal. The lower part
of the rectal mucosa, upper anal mucosa, anoderm, dentate line,
internal and external hemorrhoids can be seen through this
examination.

d There are basically two types of anoscopes: beveled type such
as the Buie or Hirschman scope (Fig. 5.1) and the lighted
Welch—Allen scope (Fig 5.2) that uses the same light source as
the rigid proctosigmoidoscope.

d Another type is the side-opening Vernon-David scope with
Hirschman handle (Fig. 5.3).

d The Hinkel-James anoscope (Fig.5.4) is much longer than the
Vernon-David scope and is suitable for patients with deep but-
tock cheeks.

Indications

d Any anal and perianal diseases or conditions require a full exami-
nation of the anal canal. These include anal fissures, anal fistulas,
anal Crohn’s disease, anal tumors, hemorrhoids, anal condyloma,
bright red rectal bleeding, and pruritus ani.

d Anoscopy is frequently used in conjunction with colonoscopy,
flexible sigmoidoscopy, and rigid proctosigmoidoscopy as part
of the examination.
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Fig. 5.1. Buie anoscope.
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Fig. 5.2. Lighted Welch — Allen anoscope.
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Fig. 5.3. Vernon-David with Hirschman handle anoscope.

Fig. 5.4. Hinkel — James anoscope.
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Contraindications

Patients who have severe anal pain such as an acute anal fissure
or a perianal or intersphincteric abscess may not tolerate the
examination. In general, if a patient can tolerate a digital examina-
tion, anoscopy can usually be done. A 2% lidocaine jelly should
be used in patients with anal pain. Anal stricture or severe anal
stenosis is another contraindication.

Preparation

No preparation is required.

Positioning

A prone jackknife position gives the best exposure. An alterna-
tive is a left lateral recumbent position.

Technique

Inspection of the anal area should always precede any other
examination and, for this, good lighting is essential.

Skin tags, excoriation, and change in color or thickness of the
anal verge and perianal skin can be detected quickly.

A scarred, patulous, or irregularly shaped anus may give clues
to the cause of anal incontinence. Particularly in multiparous
women, the anal verge may be pushed down quite far during
straining — a feature of the descending perineum syndrome.
The next step is to do a digital examination. The index finger
should be well lubricated with a lubricant jelly, and the finger
pressed on the anal aperture to “warn” the patient. Then the fin-
ger should be gradually inserted and swept all around the anal
canal to detect any mass or induration. In men, the prostate
should be felt. In women, the posterior vaginal wall should be
pushed anteriorly to detect any evidence of a rectocele.

Anal tone, whether tight or loose, can be easily estimated.
A stricture or narrowing from scarring or a defect in the internal
or external sphincters from a previous operation can be felt.

A fibrous cord or induration in the anal area and the anal canal
may indicate a fistulous tract.
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d Persistence of a gaping anus indicates an abnormal reflex
pathway in the thoracolumbar region frequently seen in para-
plegic patients.

d In persons with good anal function voluntary contraction of
the muscles produces a squeeze of the muscle on the examining
finger and the finger is pulled forward by the puborectalis muscle.

d Insertion of the anoscope should always be done with the obtura-
tor in place. The obturator is removed during examination and re-
inserted to rotate the instrument to another area. However, if the
beveled type of endoscope is used, the endoscope can be rotated
all around without having to reinsert the obturator.

d The examination table need not be tipped down more than
10-15¢° if an inverted (jackknife) position is used.

d During examination, the patient is asked to strain with the ano-
scope sliding out to detect any prolapse of the rectal mucosa
and the anal cushion. Excoriation, metaplastic changes, and
friable mucosa indicate a prolapsed hemorrhoid.

. A biopsy of the anal canal can be performed with an anoscope
or a rigid proctosigmoidoscope.

Complications

. Anal tear, especially at the posterior midline, can occur in patients
with anal stenosis.

Fig. 5.5. Rigid proctosigmoidoscope. Top, 19 mm x 25 cm; middle, 15 mm x 25
cm; bottom, 11 mm x 25 cm.
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B. Rigid Proctosigmoidoscope

Three sizes of rigid proctosigmoidoscope are available (Fig.5.5).
A 19mm x 25cm scope is the standard size for a general exami-
nation and for polypectomy or electrocoagulation.

A 15mm x 25cm endoscope is a good size for general examina-
tions. It is much better tolerated by the patient, causing less spasm
of the rectum and, thus, minimal air insufflation, yet enables as
adequate an examination as the standard-size endoscope.

An I1mm x 25cm endoscope should be available for examin-
ing the patient who has anal or rectal stricture, such as Crohn’s
disease.

Some physicians and surgeons prefer a disposable standard-
size rigid proctosigmoidoscope for routine examination.

Indications

Rigid proctosigmoidoscopy has largely been replaced by
flexible sigmoidoscopy, but remains useful. One advantage is
that blood clots or stool can easily be washed out. In a patient with
massive gastrointestinal bleeding, a rigid proctosigmoidoscopy
is the first line of examination to rule out an anorectal source of
bleeding.

A rigid proctosigmoidoscopy is used when an abnormality
of the anal canal and rectum is suspected such as nonspecific
proctitis, radiation proctitis, anorectal ulcer, anorectal neo-
plasm, infectious proctitis, and anorectal Crohn’s disease.
Rigid proctosigmoidoscopy is also useful to identify the pre-
cise site and size of rectal neoplasm.

Contraindications

Patients with severe anal pain from an acute fissure, throm-
bosed external hemorrhoids, and perianal abscess may not
allow an examination. The examination should be postponed
until the area is healed or sedation is available.

Anal stricture that will not allow the passage of the smallest
size rigid proctosigmoidoscope.

Patients with acute abdomen or a rectal or sigmoid anastomosis
less than 2 weeks postoperatively requires special judgement.
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Preparation

. Two phosphate enemas should be given within 2h of the exami-
nation. This is not necessary in a patient who has diarrhea or
active bleeding. Sedation is unnecessary.

Positioning

. A prone jackknife is the position of choice. However, a left
lateral position also gives an adequate examination and should
be used in conditions such as pregnancy, severe hypertension,
retinal detachment or postoperative eye surgery, apprehensive
patients or if moveable examination table is not available.

Technique

. Although a standard proctosigmoidoscope is 25cm in length,
the average distance that the scope can be passed is 20 cm.
In men, the scope can be passed to 21-25cm half of the time, and
in women, it can be passed that distance one-third of the time.

. Rigid proctosigmoidoscopy is suitable to examine the rectum
and, in some patients, the distal sigmoid colon.

. When properly performed, rigid proctosigmoidoscopy should
produce no pain or only mild discomfort. Most patients are
fearful of the examination because of past bad experience with
the procedure or from what they have heard. A few words of
reassurance are often helpful.

. Air insufflation is limited to the amount necessary to open the
lumen.

. It is usually necessary to insufflate a small amount of air for
good visualization of the lumen.

. The length of insertion should be measured from the anal verge
without stretching the bowel wall.

. If a lesion is seen, the size, appearance, location, and level

must be recorded. If a biopsy is performed, the location, level,
number of biopsies, and whether electrocoagulation is neces-
sary should be noted.

. During the entire procedure, suction and water irrigation should
be available.
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Complications

If not careful, the tip of the endoscope can tear the mucosa; a
small or moderate amount of bleeding may occur. Abdominal
pain and distention can occur from excessive air insufflation.
Perforation from diagnostic rigid proctosigmoidoscopy is
extremely rare.

C. Flexible Sigmoidoscopy

The present-day flexible sigmoidoscope contains fiberoptic light
bundles and a videochip at the tip of the endoscope. This video-
chip transmits the image through the processing unit to the
monitor.

The flexible videosigmoidoscope is 60 cm in functional length
(Fig. 5.6). The entire sigmoid colon can be reached by the
flexible sigmoidoscope in 45-85% of cases and, in a few, the
splenic flexure can also be visualized.

For selective screening examination, flexible sigmoidoscopy has
a 3-6 times greater yield than does rigid proctosigmoidoscopy in
detecting colonic and rectal abnormalities, especially neoplasms.

ap—

Fig. 5.6. Flexible videosigmoidoscope.
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Indications

. In acute diarrhea, flexible sigmoidoscopy can be used to rule out
Clostridium difficile colitis, acute bacterial colitis, amebic colitis,
and ischemic colitis particularly after aortic aneurysm repair.

. Flexible sigmoidoscopy is also an excellent tool to examine
bright red rectal bleeding to detect its cause such as nonspecific
proctitis, radiation proctitis, anorectal Crohn’s disease, rectal
ulcer, and also anorectal neoplasm.

Contraindications

. Patients with severe anal pain from anal diseases may not tolerate
the insertion of the scope. This also applies to anorectal stricture
and colorectal anastomosis less than 2 weeks postoperatively.

. Other relative contraindications include acute sigmoid diver-
ticulitis, toxic colitis, and patients with an acute abdomen.

Preparation

. Bowel preparation with two Fleet enemas given within 1-2 h
of examination is adequate. The patient may eat normally.
Patients with diarrhea do not require the enemas.

Positioning

. Left lateral recumbent or prone jackknife.

Technique
. Sedation is unnecessary.
. The key to success is insertion under direct vision with short

withdrawals and advancements of the endoscope or a to-and-
fro movement, together with rotating the instrument clockwise
and/or counterclockwise as needed.

. Use of air insufflation should be kept to a minimum.

. If a lesion is detected and proved by biopsy to be a neoplasm,
a complete colonic investigation is indicated, ideally by total
colonoscopy.
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A polyp up to 8 mm in size can be sampled with coagulation
(hot) biopsy forceps or biopsied and electrocoagulated. To pre-
vent possible explosion, because of hydrogen or methane gas
in the lumen, air should be exchanged in the colon and rectum
with repeated insufflation and suction. Larger polyps should
often be reserved for colonoscopic and polypectomy.

Complications

Excessive air insufflation can cause acute abdominal disten-
tion and abdominal pain. This is best corrected by reinsertion
of the endoscope and aspiration of air. Rough and improper
techniques can cause perforation and other injuries.

The most common site of perforation in flexible sigmoidos-
copy is in the distal sigmoid colon where it is angulated from
the relatively fixed rectum at promontory of the sacrum.

D. Ileoscopy

Examination of the small intestine via an ileostomy can be
performed using a rigid proctosigmoidoscope or a flexible sig-
moidoscope.

Indications

Indications for endoscoping the terminal ileum are few. Most
of the time it is to rule out recurrent Crohn’s disease or to find
an abnormality in patients with high ileostomy output.

Contraindications

Stricture of the stoma.

Preparation

Bowel preparation is not required, but it is helpful if the patient has
been on a clear liquid diet for 1 day. Sedation is not required.

Positioning

Supine.
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Technique

. The well-lubricated rigid scope is introduced directly into the
ileostomy. The terminal ileum is quite active with frequent
spasm. It requires more air insufflation than scoping the rectum.
The distance traversed by the endoscope is usually limited to
12-15 cm. In patients with a large para-ileostomy hernia, the
endoscope may usually not be passed beyond 10 cm.

. Flexible sigmoidoscopy is much easier to perform. The angu-
lation of the small bowel can be straightened by push, pull, and
rotation of the scope. A moderate amount of air insufflation is
usually required.

Complications

. The small bowel has thin walls and requires gentle maneuver-
ing of the endoscope. Perforation can easily occur. If an angle
cannot be straightened, the procedure should be terminated.

E. Pouchoscopy

Ileoanal Pouch

. Examination of the ileoanal pouch is best performed using a flexi-
ble sigmoidoscope although a rigid proctoscope can also be used.

. The endoscope can be used to examine the entire pouch and
the terminal ileum proximal to the pouch.

Indications

. Examination of the pouch is indicated for patients with bleed-
ing from the pouch, diarrhea, recent onset of fecal incontinence,
obstructive symptoms, pouchitis, for surveillance follow-up
examination to exclude neoplastic changes, and to rule out
Crohn’s disease.

Contraindications

o Severe anal or anastomotic stricture.
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Preparation

The patient is prepared by taking clear liquids for 1 day or ad-
ministered a small enema before the examination. Sedation is not
required.

Positioning

Left lateral recumbent.

Technique

The examination starts with a digital examination to evaluate the
anal canal and the anal anastomosis. If there is a stricture, it should
first be gently dilated with a finger or with Hegar dilators.

The examiner should evaluate the mucosa of the pouch and
anal canal for any edema of the mucosa, granularity, mucosal
bleeding, contact bleeding, erosion, fibrin exudate, pattern
of mucosal ulceration, plaque, and mass. Abnormal mucosa
should be biopsied with cold biopsy forceps.

Complications

Tear of the anal canal can occur if there is stricture of the anus
or anastomosis. Traumatic injury from the scope may cause
moderate bleeding but it usually stops spontaneously. A perfo-
ration can occur from instrumentation or a biopsy.

F. Colonoscopy

Indications

Indications for diagnostic colonoscopy include: the evaluation
of virtually all symptoms associated with potential benign or
malignant, acute, or chronic diseases of the colorectum; for
resolution of abnormalities seen on other imaging modalities;
for investigating otherwise unexplained symptoms such as
anemia; the evaluation of chronic and acute bleeding per annum;
for screening and surveillance of patients at high risk for colon
adenomas or carcinoma; and localization of nonpalpable lesions
at open or laparoscopic operation.

It is also increasingly possible to combine diagnostic colonos-
copy and other imaging techniques such as ultrasound.
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Contraindications
. Absolute contraindications are suspected bowel perforation,
established peritonitis, or fulminant colitis.
. Relative contraindications include suspected ischemia, acute

colitis, or recent anastomosis. In either of these instance an
experienced examiner may safely perform a limited examination.

Preparation

. Several organizations have prepared and published guidelines
for credentialing the individual who is permitted to perform
colonoscopy in an institutional setting and, in some institu-
tions, Credentials Committees can grant privileges.

. Although there is some controversy involving requirements
for specific numbers of procedures during training, all rec-
ommendations include the following elements: background
knowledge of anatomy, physiology, and pathology of the colon
as well as familiarity with instruments and accessories used
in endoscopy; some formal training; and quality assurance
practices.

. Equipment for resuscitation should be available and individu-
als qualified to perform cardiopulmonary resuscitation should
be present in the area where colonoscopy is performed.

. The necessity for qualified assistance during the performance
of the procedure and for monitoring the patient’s condition
cannot be overstated.

. Obtaining informed consent is an opportunity for discussing
with the patient elements of the past and present medical his-
tory, especially medications and operative procedures, which
may expose psychological concerns or the need to modify
preparation, add prophylactic antibiotics, or change medica-
tion, timing, and dosage.

. It is necessary to point out the potential hazards of colonoscopy,
noting aspects of the process that might cause discomfort but it is
also important to give reassurance that although the risk of compli-
cation is low the examiner is prepared for prompt management.

. The American Heart Association and the American Society of Co-
lon and Rectal Surgeons have issued joint guidelines stating that
antibiotic prophylaxis is not needed for endoscopic procedures.

. Thorough mechanical preparation of the colon is absolutely
essential for efficient, safe, and complete endoscopic examination.
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In addition, should perforation occur, the empty colon certainly
poses less risk of significant peritoneal contamination.

There are various forms of mechanical preparation possible but
the most thorough and safest current regimen involves the use
of polyethylene glycol electrolyte lavage solutions.

Other forms of preparation that are sometimes used involve
ingestion of a saline cathartic (usually sodium phosphate or
magnesium citrate) as well as enemas. With the latter, there is
more concern about electrolyte imbalance especially in patients
taking diuretic medications chronically or those with renal
insufficiency.

Monitoring

Although the use of pulse oximetry and intermittent monitoring
of blood pressure as well as electrocardiography (if clinically
indicated) have now become standard procedures, it is impor-
tant for the assistant as well as the endoscopist to be aware of
any changes in the patient’s level of awareness, respiration, and
abdominal distention.

Bleeding Prophylaxis

Although bleeding is rarely associated with diagnostic colon-
oscopy, there are concerns about bleeding at or after colonos-
copy, if biopsy or polypectomy are contemplated, and this has
led to modification of anticoagulation regimens and cessation
of drugs that might alter platelet function.

Technique

With the patient in the left lateral recumbent position, the
examination is initiated by thoroughly inspecting the perianal
area for fissures, fistulae, hemorrhoids, condylomata, and rarer
conditions such as melanoma, Bowen’s disease, extramam-
mary Paget’s disease, squamous and anal gland carcinomas.
The main objective on insertion of the instrument is to reach
the most proximal point desired in as expeditiously a manner
as possible, leaving detailed inspection until the process of
withdrawal of the endoscope.

It is dangerous to proceed with introduction of the endoscope
without knowing at all times the location of the lumen.
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d One of the earliest challenges to insertion is advancing the
instrument into the descending colon.
d Having entered the descending colon with the sigmoid short-

ened and “straight,” it is usually quite easy to advance to and
around the splenic flexure.

d The hepatic is often a more complicated flexure than is the
splenic and one may wander a while before entering the distal
ascending colon.

. It is important to be fully cognizant of the vagaries of endo-
scopic anatomy in order to confirm cecal intubation — by visu-
alization of the appendiceal orifice and the ileocecal valve

o On withdrawal of the instrument, one has to be sure that the
entire mucosa is visualized.

Normal Endoscopic Anatomy

d On insertion it is important to first recognize the three rectal
valves of Houston because the relationship of a lesion to them
will have great relevance if surgical intervention is to be con-

templated.

. Diverticula may be seen throughout the intraperitoneal colon
but rarely below the peritoneal reflection.

d The descending colon, being fixed along the white line of
Toldt, will often present a long straight “tunnel view.”

. More common in the sigmoid colon, diverticula may be seen

throughout the length of the large intestine. Their orifices may
be so wide that they may be mistaken for the bowel lumen. In
any one field of view, the diverticulum will of course be at right
angles to the lumen (Fig. 5.7).

d The transverse colon, on insertion, being suspended by the
three taenia coli presents the appearance of an equilateral tri-
angle (the so-called “cathedral ceiling” appearance).

d The ileocecal valve is usually recognized as an eccentric bulge
with a sometimes visible umbilication. Because there is more
adipose tissue in it, the appearance is often a yellowish color
compared with the pink of the rest of the colon.

d It is important to intubate proximal to the valve because the
true caput of the colon may be at a variable distance form the
ileocecal valve. As the three taenia come together at the caput
(often appearing like the branches of a tree or a crow’s foot),
the appendiceal orifice is usually recognized, even in the patient
who has undergone previous appendectomy.
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Fig. 5.7. Finding lumen in diverticulosis.

Abnormal Findings

Exophytic lesions are the easiest to visualize and recognize at
colonoscopy, the most common being adenocarcinoma.

All polypoid lesions of the colon may be visualized at colon-
oscopy and virtually all have distinguishing characteristics.
Several are submucosal (lymphoid hyperplasia, stromal tumors,
lipomas, carcinoids, endometriomas, hemangiomas, neurofibro-
mas, lymphoma). Some, being of no clinical consequence, require
only recognition (lymphoid hyperplasia, lipoma).

In addition to lesions that protrude, there are numerous inflam-
matory or degenerative conditions that have a recognizable
endoscopic appearance and many can be safely sampled if nec-
essary. These include the various colitides (bacterial, viral, ulcer-
ative, granulomatous), ischemia, radiation proctopathy (formerly
called ‘proctitis”) and melanosis coli.

Areas of angiodysplasia (vascular ectasias, arteriovenous mal-
formations) can be recognized on diagnostic colonoscopy but
must be distinguished from bruises created from instrumenta-
tion or even preparation.
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d The endoscopist has to recognize colonic anatomy disturbed
by previous operation and therefore has to be familiar with the
variety of intestinal anastomoses performed.

d Areas of stenosis and stricture may be encountered secondary
to benign conditions (previous resection and anastomosis,
diverticulitis, colitis, radiation injury) or malignancy.

d The manner in which the nature of a lesion is established at diag-
nostic colonoscopy will vary. A tiny sessile lesion (for example,
a diminutive polyp) may be removed in its entirety with the
biopsy forceps for pathologic examination. A pedunculated lesion
suspected of being a benign adenoma may be removed at the
time of diagnostic examination by snare polypectomy. A sessile
lesion suspected of being a carcinoma or villous adenoma may
be biopsied at one or more sites or even partially removed with a
snare and cautery to obtain a satisfactory specimen.

d A stricture may be sampled for possible malignant cells by
advancing a cytology brush into the stricture ahead of the
colonoscope (Fig. 5.8). Malignant cells may thus be harvested
even though the stricture cannot be traversed with the endoscope.

Complications

d Although colonoscopy is, in general, a safe procedure, it is
invasive and adverse events do occur.

Fig. 5.8. Cytology through stricture.
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The most common serious complication of diagnostic colon-
oscopy is perforation with a reported incidence of 0.03-0.65%
and a mortality of 0.01-0.02%.

Other reported complications include abdominal distension,
dehydration, respiratory depression, vasovagal reaction, throm-
bophlebitis, incarcerated hernia, splenic capsular tear and subcu-
taneous and/or mediastinal emphysema, and equipment failure.

In diagnostic colonoscopy, perforation may be caused by the
instrument itself, traction on a fixed segment of colon, or over-
insufflation of a segment, especially a closed loop as may occur
in patients with multiple strictures (inflammatory bowel disease)
or as a consequence of prior radiation therapy or with hernia
incarceration.

Perforation during diagnostic colonoscopy tends to be detected
earlier than when it is from instrumental causes. Perforation
from therapeutic procedures is frequently related to thermal
injury and is often delayed.

The management of perforation after colonoscopy remains
controversial. There is universal agreement that perforation
with generalized peritonitis demands an operation. However,
some believe that if the onset of symptoms is delayed, signs are
localized, and the patient is not septic (even with the demon-
stration of pneumoperitoneum) that nonoperative management
may be appropriate.

Safe diagnostic colonoscopy is related to training, skill, and
experience. Avoidance of perforation may be best achieved by
avoidance of dehydration and oversedation; discontinuation
of the procedure if the preparation is poor; avoiding forceful
instrument insertion; recognition of vulnerable bowel (inflam-
mation, ischemia, narrowing, fixation); careful identification
and avoidance of diverticular ostia; avoidance of bowing of
the instrument; awareness of fixation from pelvic adhesions or
tumor extending through and beyond the colon wall; ensuring
that abdominal and inguinal hernias remain reduced; avoiding
over-insufflation; and looping in the splenic flexure region.

If perforation occurs, early diagnosis ensures efficient manage-
ment. Undue and sustained pain (especially shoulder discom-
fort), absence of liver dullness on percussion, demonstration
of pneumoperitoneum on upright chest film, and subcutaneous
emphysema all help in making the diagnosis.
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d Surgical intervention is favored by most surgeons for early
recognized perforation at diagnostic colonoscopy. However,
patients with either a delayed perforation or one that has
remained localized without symptoms or signs of diffuse
peritonitis are canidates for nonoperative management with
close observation.

d With early surgical intervention for a mechanical perforation,
primary closure with or without aprotective proximal stoma, if
technically feasibleis, is desirable. However, the surgeon must
use good judgment in assessment of factors such as adequacy
of tissue perfusion, degree of spillage, and colon tissue free of
inflammation.



6. Diagnostic Evaluations: Radiology,
Nuclear Scans, PET, CT Colography

A. Plain Films

Controversy exists over the number of views or films needed
to adequately examine the abdomen. Classical teaching recom-
mends three views consisting of a supine abdomen, upright or
lateral decubitus abdomen, and upright chest.

Plain films do not offer as much anatomic detail as the cross-
sectional imaging modalities, but they remain highly sensitive
and specific when there is suspicion of a bowel obstruction
or a perforated viscus. Other useful indications for plain films
include longitudinal examination of megacolon, identification
of foreign bodies, check positions of drains or catheters, and
evaluation of associated skeletal diseases.

Intestinal Obstruction

Small Bowel Obstruction

Abdominal plain films have been shown to be diagnostic in
50-66% of cases with approximately a 20% false-negative rate.
The radiographic diagnosis of an SBO depends on the intralumi-
nal gas pattern projected upon the plain film. A normal gas pattern
is defined as small amounts of gas distributed throughout the small
and large bowel without bowel distention (<2.5 cm in diameter).

Air-fluid levels, which are the dependent layering of fluid
and air within a dilated loop of intestine when viewed in
the upright position, are common radiographic findings of
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an SBO. A complete or high-grade SBO is characterized by
dilated loops of small bowel, air-fluid levels, and absence of
colonic gas (Fig. 6.1a, b).

Generally, the more dilated loops of intestine present, the more
distal the obstruction is located.

If the diagnosis is uncertain clinically and radiographically,
then a follow-up study with either computed tomography (CT)
or small bowel contrast study is warranted.

Plain films do not reliably differentiate a simple obstruction
from a strangulating obstruction. Findings considered to be
high risk for vascular compromise include complete bowel
obstruction, extensive mucosal thickening or edema, pneuma-
tosis, portal venous gas, or a closed loop obstruction.

Large Bowel Obstruction

Cancer

Typically the colon will be distended up to the point of obstruc-
tion with a paucity of distal gas. If the ileocecal valve (ICV) is
competent, the cecum can be markedly dilated and there may
be little dilation of the small bowel.

Once the cecal diameter reaches >12cm, it is generally agreed
that the risk of impending perforation is high.

If a colonic obstruction is suspected, the diagnosis can be
confirmed with a water-soluble contrast enema.

Pseudoobstruction

Dr. Ogilvie first described acute colonic pseudoobstruction in
1948, which is a condition characterized by massive dilation of
the colon with no evidence of mechanical obstruction.
Radiographically, it is characterized by marked dilation of the
cecum, ascending colon, and transverse colon. The descending
colon and rectum are infrequently dilated.

If the diagnosis is in question, it can be confirmed by a water-
soluble enema, where there should be free flow of contrast into
the cecum with no evidence of obstruction.

Colonic Volvulus

Plain films are able to diagnose sigmoid volvulus in 75% of the
cases.
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Fig. 6.1. (a) Plain film of SBO dilated loops, ladder. (b) SBO air-fluid levels.

95
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Fig. 6.2. (a) Plain film of sigmoid volvulus. (b) Contrast enema of sigmoid volvulus.

- The classic plain film findings include a dilated, U-shaped
loop of colon that is projected toward the right upper
quadrant. This characteristic finding has also been called
the “bent inner tube” sign (Fig. 6.2a).

- If the diagnosis cannot be made with plain films, a water-
soluble contrast enema will provide the diagnosis. Gentle
instillation of contrast will demonstrate a smooth, tapered
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T

Fig. 6.3. (a) Plain film of cecal volvulus. (b) CT of cecal volvulus.

point of obstruction at the rectosigmoid junction known
as a “bird’s beak” (Fig. 6.2b).
. The diagnosis of rotational cecal volvulus can be made with

plain films 75% of the time.

—  Classically, the medially placed ICV indents the dilated
cecum giving it the characteristic “coffee bean” or “kidney”
shape (Fig. 6.3a, b).

—  The “bascule” type volvulus produces a sharp, flat cut
off of retrograde contrast as the mobile, redundant cecum
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flips up medially into the upper abdomen, causing a dilated
cecum and small bowel on plain films.

Pneumoperitoneum

Colitis

The upright chest film is the most sensitive view for identifying
free air under the diaphragm.

The left lateral decubitus film is also fairly sensitive for patients
who are unable to be transported or stand.

The most common plain film finding is the accumulation of air
under the right hemidiaphragm (Fig.6.4a, b).

If there is any question about the diagnosis, the films should be
repeated in another position or a CT should be obtained, which
is the most sensitive study to detect free air.

Plain films can give information regarding the condition of the

mucosa, extent of colonic involvement, presence of perforation,

evidence of bowel infarction, severity of colitis, and presence
of associated ileus or obstruction.

Thumbprinting is a sign for bowel wall and mucosal edema

associated with most causes of acute colitis.

An ominous sign is the presence of massively dilated segment

of colon associated with bowel wall thickening and thumb-

printing (Fig. 6.5). This is diagnostic for toxic megacolon when
associated with the clinical findings of leukocytosis, severe abdo-
minal tenderness, and hemodynamic instability.

Examining five characteristics can provide considerable data

regarding the severity and extent of the Crohn’s or ulcerative

colitis (UC).

— First, the extent of solid colonic fecal material gives a
general sense of the extent of disease. Solid stool in the right
and transverse colon indicates left-sided colitis, and absence
of solid stool anywhere in the colon suggests pancolitis.

- Second, examining the mucosal contours can help deter-
mine which segments of the colon are involved. Normally,
the mucosal edge is smooth with sharp, narrow haus-
tral markings. In the presence of active or longstanding
inflammatory bowel disease (IBD), the mucosal contours
are altered. The mucosal edge becomes blurred and has a
granular appearance because of inflammation and ulceration.
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Fig. 6.4. (a) Plain film of intraperitoneal free air under diaphragm. (b) Plain film
of free air under liver edge.

Depending on the extent of ulceration, the haustral mark-
ings may appear thick or be absent all together.

- Third, the character of the haustral markings provides
information regarding the severity of disease. The haustral
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Fig. 6.5. Plain film of colitis with megacolon.

clefts are normally narrow with sharp angulation from
the mucosal edge and are closely spaced. As the colitis
progresses, the haustra become thicker, the angulation
with the mucosal edge becomes blunted, and they are
spaced farther apart. The haustra begin to disappear as
the mucosal ulcerations progress.

—  Fourth, the diameter of the colon can indicate the severity
and chronicity of the disease. A markedly dilated (>5 cm)
colon with thumbprinting and bowel wall edema is concer-
ning for toxic megacolon. At the other end of the spectrum,
a chronic, “burned out” colon takes on a tubular, narrowed
appearance (Fig. 6.6). This is more characteristic of UC
than Crohn’s disease.

—  Finally, the thickness of the wall becomes thicker over
time in patients with IBD. The distribution of the bowel
wall thickening provides clues as to the extent of colonic
involvement. Plain films are also able to provide infor-
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Fig. 6.6. Plain film of chronic burned out colitis.

mation regarding the extraintestinal manifestations of
IBD. Abnormalities of the skeletal system such as sacro-
iliitis, ankylosing spondylitis, and osteopenia secondary
to chronic steroid use can be seen.

. Another manifestation of colitis is pneumatosis where gas has
accumulated within the wall of the intestine. This may be a rela-
tively benign process such as pneumatosis cystoides intestinalis
or it may represent the very grave situation of bowel infarction.

B. Contrast Studies

Contrast Enemas

. Barium studies of the colon are designed for the detection of
mucosal and intramural lesions.

. With the widespread use and availability of colonoscopy, the
role of single or double contrast barium studies has diminished.
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The advantages of barium as a contrast medium are its ability
to coat and adhere to the mucosa.

The indications for a barium study include screening and diag-
nosis of mucosal disease processes in the elective setting.

The exposure of barium to the peritoneal cavity results in
an intense inflammatory response that has a mortality rate
of approximately 50%. Therefore, the use of barium should
be avoided in urgent situations such as studying the integ-
rity of an anastomosis, evaluating a large bowel obstruction,
examining acute colitis, or when there is concern for bowel
perforation. In these situations, a water-soluble contrast agent
should be used.

Indications for a water-soluble study include evaluating the
integrity of a colonic anastomosis, evaluating colonic obstruc-
tion, the preoperative evaluation of the colon for evidence of
gross pathology, delineating colonic fistulas, and therapeu-
tic enema for fecal impaction. The peritoneal cavity tolerates
exposure of water-soluble contrast with very little reaction and,
therefore, it is the contrast agent of choice in urgent situations.

Cancer and Polyps

The most common reason for ordering an air contrast barium
enema is for the screening and diagnosis of neoplastic lesions
of the colon and rectum, especially when screening for color-
ectal cancer in conjunction with flexible sigmoidoscopy, when
colonoscopy is not possible.

A barium enema can detect up to 90% of polyps and cancers
that are >1cm in size, but sensitivity decreases to 50% for
lesions <lcm in size.

The size of the lesion is the most helpful indicator of malig-
nancy, with lesions >2cm having a 50% chance of invasive
cancer.

Sessile lesions when viewed in face take on a “bowlers hat”
appearance that project into the lumen (Fig. 6.7).
Characteristic findings implicating a malignant lesion include
destruction and irregularity of the overlying mucosa with shelf-
like, overhanging borders, and there is a sharp transition from
normal mucosa into the annular lesion.

Benign strictures from ischemic colitis, diverticulitis, anasto-
motic strictures, or Crohn’s disease, in contrast, tend to have
smooth, tapering borders.
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Fig. 6.7. ACE of polyp or early cancer.

. If a large bowel obstruction is suspected, barium should be
avoided and a water-soluble contrast agent should be used,
and only a single column contrast study is needed to define the
pathology.

. A completely obstructing lesion will have an abrupt cutoff of
contrast at the level of the lesion. There will be shouldering or
evidence of mucosal destruction at the point of obstruction. If
the lesion permits some contrast to flow past the lesion, a “string
sign” may be seen (Fig. 6.8). This will be seen as a thin line of
contrast extending from the column of contrast at the level of
the obstruction. There is an abrupt cutoff of normal mucosa to
a shouldering, overhanging lesion. The “string” of contrast will
show irregular, destroyed mucosa along the length of the lesion.

Polyposis Syndromes: Familial Adenomatous Polyposis, Peutz-Jeghers,
Juvenile Polyposis

. It is not possible to distinguish between the sporadic adenomatous
polyps and these polyposis syndromes using contrast studies.
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Fig. 6.8. Contrast enema of apple-core cancer string sign.

Ulcerative Colitis

. Barium enema is used (1) to confirm the diagnosis of UC and
differentiate it from Crohn’s disease, (2) to assess the extent
and severity of disease, and (3) for surveillance of the disease
and its complications.

. Radiographically, this appears as blunting or complete loss
of the haustral markings, a narrow tubular appearance to the
colon, and loss of the redundant course of the sigmoid and
transverse colon (Fig. 6.9).

. Barium contrast studies are also able to detect other colonic
complications of UC such as adenomatous polyps and cancers.

Crohn’s Disease

o Contrast studies help differentiate Crohn’s disease from UC,
define the severity and extent of the colitis, and identify com-
plications of the disease.
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Fig. 6.9. Contrast enema of chronic UC.

. Contrast enemas are better than colonoscopy at identifying and
characterizing fistulas, strictures, and the distribution of disease.

. Aphthous ulcerations are the earliest mucosal lesions seen in
Crohn’s disease. Barium accumulates within the lesions and
they appear as small, shallow, or punctate collections with a
surrounding radiolucent halo (Fig. 6.10a). These lesions occur
more frequently in the colon than the small intestine, and they
help to distinguish Crohn’s disease from UC.

. The transmural nature of the inflammation allows the ulcerations
to extend into the musculature of the bowel wall and even lead
to fistulization. The result is deep longitudinal and transverse
fissuring with edematous mucosa in between that gives the colon
a cobblestone appearance. Barium deposits in the deep fissures
and appear as multiple irregular white stripes (Fig. 6.10b).
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Fig. 6.10. (a) Contrast enema of Crohn’s disease showing ulcers. (b) Contrast
enema of Crohn’s with fissures, and long linear ulcers.
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Fig. 6.11. Contrast enema of Crohn’s disease showing a stricture.

Also, the identification of skip lesions or areas of normal mucosa
in between areas of active colitis distinguish Crohn’s disease
from UC.

Another significant feature of Crohn’s disease is the develop-
ment of strictures. Crohn’s strictures are a result of transmural
fibrosis. Radiographically, the strictures are asymmetric, have
irregular borders, and are not circumferential (they are cen-
tered on the mesenteric edge) (Fig. 6.11).

Diverticulitis

Air contrast barium enemas are more sensitive than single contrast
studies at detecting diverticula because of better colonic disten-
sion and mucosal detail.

Diverticula can be distinguished from polyps and small can-
cers because they project away from the lumen as compared
with neoplasms that project into the lumen.
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Fig. 6.12. Air contrast enema of severe diverticulosis.

The combination of a shortened, thickened colon and exten-
sive diverticula can disrupt the symmetric appearance of the
haustral clefts, giving the mucosal outline an irregular zigzag
appearance (Fig. 6.12).

In the acute setting, a water-soluble contrast agent should be
used rather than barium to avoid the highly morbid case of
barium peritonitis.

Submucosal and Extracolonic Lesions

Lipoma

On double contrast barium enema, lipomas can appear as a
submucosal mass or a polypoid lesion.

Lipomas are soft and pliable, so during fluoroscopic examina-
tion, compression can change the configuration of the lesion;
this is called the “pillow sign.”

Lymphoma

There are three basic radiographic morphologies that primary

colonic lymphomas can demonstrate.

—  First, they can appear as discrete polypoid lesions.

- Second, the mass can infiltrate the mesentery resulting in
cavitation of the lesion into the mesentery.

—  Finally, disseminated lymphoma appears as multiple, long
segments of nodular, narrowed colon.
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Endometriosis

The findings on barium enema in the patient with endometriosis are
consistent with an extracolonic process, because the mucosa
remains smooth and intact. Scaring occurs on the serosal sur-
face which contracts the serosa causing the normal mucosa to
bunch into what is called mucosal pleating.

Colonic Intussusception

The classic appearance of an intussusception on contrast enema
is the spring coil appearance or crescent sign.

Anastomotic Assessment

Contrast enema studies are frequently used postoperatively to
examine a colocolic, colorectal, coloanal, or ileal-anal anasto-
mosis. The studies are used to evaluate for anastomotic leak in
a septic patient, before closure of a diverting stoma, or to rule
out an anastomotic stricture in patients with defecation diffi-
culties.

When testing the integrity of an anastomosis, a water-soluble
contrast agent should be used.

In the early postoperative period when evaluating for an anas-
tomotic leak, water-soluble contrast enema is more sensitive
than CT with rectal contrast.

Radiographic findings of an anastomotic dehiscence include
the extravasation of contrast freely into the peritoneal cavity or
into a contained cavity (Fig. 6.13a, b).

Finally, the postevacuation films are the most important because
they identify any residual contrast outside of the lumen, which
may be the only finding that a leak is present.

Small Bowel Series and Enteroclysis

Radiologic studies of the small bowel are often used to finish
an examination of the GI tract for the sake of completeness.
Indications for small bowel studies include unexplained GI bleed-
ing, evaluation for small bowel tumors, SBO, Crohn’s disease,
and malabsorption.

Barium follow-through and enteroclysis are the principle meth-
ods for examining the small bowel. During a small bowel fol-
low through (SBFT), the patient drinks a large volume of dilute
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Fig. 6.13. (a) Contrast enema showing a contained anastomotic leak. (b) Contrast
enema showing a free-flowing leak.
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barium. The radiologist follows the flow of contrast through
the small bowel with the use of fluoroscopy and spot films.
During enteroclysis, the contrast and methylcellulose are
administered through a small tube passed into the duodenum.
This allows for rapid instillation of barium into the small bowel
allowing for better distention and visualization. Advantages
over SBFT include better filling and distention of the bowel
and decreased study time. The major disadvantages are the
placement of the nasoduodenal tube, the relatively high radia-
tion dose, and hyperosmotic nature of the methylcellulose.
Normal transit time for the small bowel can vary widely but is
generally defined as 90-120 min.

Crohn’s Disease

Barium studies of the small bowel are essential for staging
the severity and extent of bowel involvement in patients with
Crohn’s disease.

Indications for the studies include routine surveillance of
known small bowel disease, assessing the severity of disease
during a flare, defining the disease distribution for a new diag-
nosis, preoperative assessment, and to assist in the differentia-
tion between Crohn’s disease and UC.

The radiographic appearance of Crohn’s disease depends on the
severity of disease and its distribution. Early or mild Crohn’s
disease is characterized by thickened, irregular mucosal folds,
a coarse villous pattern of the mucosa, and aphthous ulcers
(Fig. 6.14a).

Chronic or severe inflammation causes further distortion and
disruption of the plicae circularis and enlargement, deepen-
ing, and coalescence of the aphthous ulcerations. The ulcers
are classically located on the mesenteric border of the lumen,
which is fairly specific to Crohn’s disease.

Advanced disease is characterized by transmural inflammation
that can be seen radiographically as deep, long linear ulcers,
sawtoothed nodularity of the mucosa, cobblestoning, severe
thickening of the bowel wall, luminal narrowing, and the compli-
cations of the disease.

Inflammation of the submucosa and subserosa allows for the
deep, knife-like clefts to burrow into the bowel wall. These
clefts and fissures begin to merge into a longitudinal and trans-
verse network of ulcerations. Between the ulcers remain pieces
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Fig. 6.14. (a) Small bowel series showing TI Crohn’s disease strictures. (b) SBFT
showing cobblestoning.

of relatively uninflamed mucosa. This produces a sharp, saw-
tooth nodularity of the mucosal edge, and ultimately develops
a cobblestone pattern (Fig. 6.14b). Barium fills the clefts and
fissures and does not cling to the relatively spared mucosa in
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between, which is the basis for the cobblestone pattern. As
these islands of residual mucosa attempt to regenerate, they
heap up and branch giving rise to pseudopolyps.

Barium studies are more sensitive at identifying fistulas than
endoscopy.

Small Bowel Obstruction

When the diagnosis is uncertain and the clinical circumstances
support further testing, contrast studies of the small bowel can
be very useful.

Specific indications for either SBFT or enteroclysis include equiv-
ocal plain films, unclear etiology, early postoperative obstructions,
or when preoperative localization of the site of obstruction is
important.

Traditional SBFT is the preferred technique for assessing the
presence of partial SBO.

Lesions intrinsic to the small bowel can also be elucidated.

—  Primary adenocarcinomas of the small bowel are more
common in the proximal bowel and occur with decreasing
frequency more distal along the small intestine.

—  Carcinoid tumors typically occur in the terminal ileum
and start as submucosal lesions.

C. Computed Tomography

The benefit of cross-sectional imaging is the detailed imaging
and resolution of the hollow viscus and solid organs. Accurate
interpretation requires optimal opacification of the GI tract and
vascular structures.

If pelvic or rectal pathology is being evaluated, the contrast
may also be administered per rectum at the time the scan is
being performed.

Intravenous (IV) contrast agents typically are iodinated so it is
important to take a thorough history of allergies. The contrast
is administered as a bolus at the time of the examination.

CT scans are usually ordered for the staging of colorectal
cancer, evaluation of abdominal complaints, and evaluation of
postoperative complications.
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Colorectal Cancer

An abdominal and pelvic CT is the most common method for
staging colorectal cancer before definitive surgical resection.
The aims of the CT scan are to (1) evaluate the liver for distant
metastatic disease, (2) evaluate for regional lymphadenopathy,
especially in rectal cancer, where nodes may have been missed
during a transrectal ultrasound, and (3) assess for the presence
of intraperitoneal disease.

CT is also used to follow colorectal cancer patients longitu-
dinally for the development of recurrent disease. It is most
effective when used to evaluate patients who have symptoms
concerning for recurrent disease or have a rising carcinoem-
bryonic antigen (CEA) level.

There are no strong data to support its use in routine surveil-
lance for detecting metastasis in the absence of symptoms or
rising CEA.

The majority of colorectal metastases are hypovascular and
show up as hypodense lesions during the portal venous stage
because the majority of metastatic lesions derive their blood
supply from the arterial system. During the portal venous
phase, contrast enhances the hepatic parenchyma and portal
veins and the metastatic lesions do not enhance (Fig. 6.15).

Fig. 6.15. CT scan showing liver metastasis.
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Fig. 6.16. CT scan showing primary lesion and adenopathy.

Common liver lesions that need to be differentiated from color-
ectal metastasis include simple cysts, hepatic adenomas, primary
liver tumors, hemangiomas, and focal nodular hyperplasia.
Colorectal metastases typically are round, well-circumscribed
lesions that are fairly homogeneous in density, which is con-
sistent with solid tissue.

The accuracy of CT for the detection and differentiation of
liver lesions is greatest for lesions >1cm.

Other advantages of the CT scans include the ability to detect
regional adenopathy and to assess the relationship of the pri-
mary tumor to adjacent structures (Fig. 6.16).

Typically, nodes >1cm in size are concerning for metastatic
disease.

Diverticulitis

The most common CT findings associated with diverticulitis are
pericolonic/mesenteric inflammation (98%), diverticula (84%),
colonic wall thickening (70%), and abscess (47%).

When the inflammatory response is centered on a portion of
colon that is thickened (>5mm), the diagnosis of diverticulitis
is confirmed.

Often, the inflammatory process can be extensive, producing a
phlegmon in the absence of an organized abscess (Fig. 6.17).
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Fig. 6.17. CT scan showing uncomplicated diverticulitis.

. The presence or absence of diverticula does not impact the
radiographic diagnosis.
o When the thickness of the colon wall is >5mm, it is considered

abnormal. The wall thickening may be circumferential or just
localized to the segment adjacent to the inflammation.

. Abscess formation is the most common complication of diver-
ticulitis. An abscess appears as a fluid collection typically near
the area of diverticulitis (Fig. 6.18).

o Often, oral and IV contrast are needed to distinguish an abscess
from adjacent loops of intestine. When the surrounding loops
of bowel are able to be opacified with oral contrast and the rim
of the abscess is enhanced with IV contrast, the accuracy of
diagnosing an abscess is maximized.

. A colovesical fistula in the most common fistula associated
with diverticulitis, and a CT scan is the most sensitive for the
detection of such a fistula.

. Air within a bladder that has not been instrumented is diagnos-
tic for an enterovesical fistula (Fig. 6.19).

Crohn’s Disease

. A CT scan is used in two general situations during the manage-
ment of Crohn’s disease. First, a CT is obtained to evaluate a
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Fig. 6.19. CT scan demonstrating a colovesical fistula.

patient with new onset abdominal pain, and findings consistent
with Crohn’s disease are incidentally found. Second, a CT scan
is obtained to evaluate for complications in a patient that is
known to have Crohn’s disease.

. The most common findings associated with Crohn’s disease
are bowel wall thickening, peri-intestinal inflammation, and
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Fig. 6.20. (a) CT scan showing Terminal Ileum (TI) Crohn’s disease with abscess.
(b) CT scan showing Crohn’s colitis.

regional lymphadenopathy. The bowel wall canreach 11-13mm
in thickness, which can be either symmetric or asymmetric.

. The halo sign, which is a low-attenuation ring caused by submu-
cosal deposition of fat between the enhancing mucosa and bowel
musculature, is a common finding associated with Crohn’s
disease (Fig. 6.20a).

. There are many features that help to distinguish Crohn’s
disease from other inflammatory diseases of the GI tract.

- First, Crohn’s disease is usually found to involve the
terminal ileum and right colon.

- Second, there may be skip lesions. For example, multiple
segments of small bowel and/or colon may be involved
(Fig. 6.20b).

- Third, the presence of mesenteric adenopathy suggests
Crohn’s or UC, but is not specific for IBD.



6. Diagnostic Evaluations: Radiology, Nuclear Scans 119

Fig. 6.21. CT scan showing a psoas abscess related to Crohn’s disease.

—  Finally, the presence of complications such as abscess, fis-
tula, or perforation points to a diagnosis of Crohn’s disease.

Abscesses can be located between intestinal loops, within the

mesentery, in the psoas muscle, pelvic sidewall, and subcuta-

neous tissues (Fig. 6.21).

Fistulas from the diseased segment of bowel to the bladder,

skin, vagina, or normal bowel can also be delineated on CT.

Small Bowel Obstruction

CT has the advantages of being able to identify the site of obstruc-
tion, cause of obstruction, and it can provide information regard-
ing vascular compromise of the bowel.

Indications when a CT scan is particularly helpful include (1) a
patient with no prior surgery, (2) a patient with equivocal plain
films and an uncertain diagnosis, and (3) a patient with known
intraabdominal pathology such as Crohn’s disease or cancer.
Oral contrast is not always necessary and should be avoided in
patients with a high-grade or complete bowel obstruction. The
intraluminal fluid often distends the bowel and acts as a natural
contrast agent.

The low-density intestinal fluid also extenuates the enhancement
of the bowel wall after the administration of IV contrast, which can
provide information regarding the flow of blood of the bowel.
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Fig. 6.22. CT scan showing a simple SBO.

. The diagnostic criteria of an SBO by CT are based on the pres-
ence of dilated proximal small bowel (>2.5cm) and collapsed
distal bowel. When a transition between dilated and collapsed
bowel is identified, then the diagnosis is confirmed (Fig. 6.22).

o But when a transition point is not identified, it is difficult to
distinguish between an SBO and adynamic ileus.

. The presence of “small bowel feces,” which is gas bubbles
mixed within particulate matter, in the dilated bowel is a reli-
able indicator of an SBO.

. When there is a sharp transition from dilated to decompressed
bowel in the absence of other findings, this is highly suggestive
of an SBO secondary to adhesions.

. CT does an excellent job identifying hernias such as inguinal,
umbilical, incisional, or more of the atypical types. Often these
hernias contain bowel but not all are obstructing. Clues indica-
ting obstruction include dilate bowel going into the hernia and
collapsed bowel exiting the hernia, oral contrast proximal to
the hernia and no contrast distal to the hernia, and a localized
inflammatory process surrounding the hernia, particularly in
the subcutaneous tissues (Fig. 6.23).

. Another common extrinsic cause of obstruction is recurrent
cancer. A CT scan is often able to demonstrate a mass at the
site of obstruction and may also provide evidence of more
widespread peritoneal disease.
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Fig. 6.23. CT scan showing an incarcerated hernia.

Thickened, congested bowel with increased attenuation at the
site of obstruction associated with engorgement of the mesenteric
vasculature is concerning for strangulation.

Other findings of ischemia include lack of enhancement after
IV contrast administration or the presence of ascites.

The presence of pneumatosis and portal venous gas are the
more ominous signs of intestinal ischemia.

Postoperative Evaluation

Itis typically used to evaluate a patient with abdominal pain, fevers,
leukocytosis, or persistent ileus in the postoperative period.

The yield of a CT scan is greatest when it is obtained 5 days
or more after surgery. Before postoperative day 5, it is difficult
to differentiate normal postoperative intraperitoneal free air
or fluid from air or fluid that represents a leak from a hollow
viscus or infected fluid.

Findings highly suggestive of an anastomotic leak include an
inappropriate volume of free air or fluid in the abdomen.

The presence of extraluminal oral contrast confirms a perfora-
tion of a hollow viscus.
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. The presence of localized fluid and air around an anastomosis
are concerning for a leak but must be taken in context to the
postoperative period and the condition of the patient.

. Water-soluble enemas are more sensitive than a CT with rectal
contrast at detecting a colorectal anastomotic leak.

. An abscess is defined as an organized fluid collection with or
without air that has an enhancing rim.

. CT is very good at distinguishing between an ileus and a
mechanical bowel obstruction, which is an important distinc-
tion in the perioperative period.

Other Colitides

d The CT findings are very similar for all inflammatory proc-
esses of the colon. However, their clinical presentations are
different, so combining the presenting signs and symptoms
with the distribution of CT findings will usually lead to the
correct diagnosis.

. Ischemic colitis is the most common vascular abnormality of
the colon.

. The colitis may be segmental or diffuse, typically occurring
in the watershed areas of the right colon, splenic flexure, and
rectosigmoid. CT findings consist of thickened, edematous
colon in these areas (Fig. 6.24). The typical “thumbprinting”
in the colonic mucosa can be seen on CT scan as well as
plain films.

Fig. 6.24. CT scan of ischemic colitis.
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Fig. 6.25. CT scan of pseudomembranous colitis.

. The presence of pancolitis also tends to suggest pseudomem-
branous colitis versus other colitides (Fig. 6.25).

D. Radionuclide Imaging

. Radionuclide imaging studies base their imaging on physio-
logy rather than anatomy, and have a wide spectrum of use in
clinical medicine.

. Radionuclide imaging studies are widely used in the diagnosis
of lower GI bleeding. The principle is that the intravascular
tracer will be extravasated into the bowel lumen during active
bleeding.

. Technetium *™Tc is the radionuclide used in bleeding scans.
This radiopharmaceutical can label colloid or red blood cells
for scanning purposes.
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Fig. 6.26. *"Tc-tagged red blood cell study shows early blood pool activity within
the ascending colon in this patient with bleeding after a recent polypectomy.

. Most centers prefer to use tagged red blood cells because lower
GI bleeds are characteristically intermittent and the opportu-
nity to identify the active bleeding sight lasts only a few minutes
with labeled colloid.

. Focal areas of increased activity identified within the lumen
of the bowel indicate that active bleeding occurred during this
acquisition period (Fig. 6.26). A positive scan may localize the
region of bowel that contains the bleeding site, but may not
accurately localize the specific site, if the bleeding is slow or
intermittent.

. Bleeding scans have greater prognostic value than diagnostic
value when the tracer is only seen on delayed images.

. The accuracy for localizing the actual bleeding site increases if
the extravasation of tracer is identified within the first 15-30min.
The longer it takes the tracer to accumulate, the less likely the
bleeding site will be accurately identified by angiography.

. Bleeding scans are more sensitive than angiograms in the detec-
tion of lower GI bleeding. The required rates of bleeding for
detection are lower for bleeding scans (0.1-0.2mL/min) than
for angiograms (0.5mL/min). The early (within 3min) detection
of intraluminal tracer indicates a high likelihood of successful
arteriographic localization of the bleeding site. For this reason,
some interventional radiologists require a positive scan before
performing angiography.

. If the patient is hemodynamically unstable and rapidly bleeding,
some centers may prefer to go directly to arteriograms because
the time involved in pretest preparation for tagged red blood
scans may be too lengthy.
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E. Arteriography

. The arteriogram is a useful diagnostic and therapeutic modality
in the treatment of active lower GI bleeding. If a radionuclide
scan is performed and localizes the site of bleeding, a selective
angiogram can then be performed.

. For bleeding localized to the left colon on tagged RBC study,
the inferior mesenteric artery is selected first. The superior
mesenteric artery is selected first for those bleeds that occur
in the right colon. If the bleeding site is not identified after
injection of both the superior and inferior mesenteric arteries, a
celiac run is performed looking for an upper intestinal bleeding
source.

. Active bleeding can be diagnosed by the accumulation of
contrast in the arterial phase that persists through the venous
phase (Fig. 6.27).

. Bleeding needs to occur at a higher rate for a positive angiogram
(0.5mL/min) than for nuclear imaging (0.1-0.2mL/min).

. Diverticulosis and vascular ectasias are presumed to be the
leading cause of lower GI bleeding in most patients. Diver-
ticular bleeds appear as a blush of contrast contained within a

£

A

Fig. 6.27. Mesenteric angiogram shows pooling of contrast in the sigmoid colon
in this patient with surgically proven diverticular bleeding.



126

The ASCRS Manual of Colon and Rectal Surgery

diverticulum. Vascular ectasias often occur in the right colon
and appear as small vascular clusters, a blush in the wall of the
colon and early opacification of a draining vein.

. Postpolypectomy bleeding has been diagnosed and treated
with angiography. A rapid blush of dye occurs at the site of
bleeding and often stops with direct infusion of vasopressin or
embolization (Fig. 6.28).

. Acute mesenteric ischemia is one of the most common intes-
tinal disease processes for which arteriography is used for
diagnosis and treatment.

. Acute mesenteric ischemia can be either nonocclusive or occlu-
sive. The typical early angiographic images show diffuse vaso-
constriction of mesenteric arterial branches and decreased
parenchymal vascularity (Fig. 6.29).

d The diagnostic percutaneous catheter can be used to treat
the mesenteric phase of constriction with IV glucagon or
intraarterial infusion of the papaverine in an intensive care
unit setting.

. An arteriogram is the most useful diagnostic examination for
patients in whom one has a high clinical suspicion of acute
occlusive mesenteric ischemia.

. A superior mesenteric artery embolus typically lodges just
proximal or distal to the take off of the middle colic artery and
is seen as a meniscus at the site of occlusion and blockage of
contrast (Fig. 6.30).

CT Colonography

d CT colonography is rapidly developing as a noninvasive total
colonic examination for the detection of colon polyps and cancers.

. This technique uses volumetric data acquired by helical CT

scanners and workstations which use two- and three-dimensional
images to evaluate data.

. Although the colon is evaluated in a noninvasive way, a bowel
preparation is still required the day before the examination to
eliminate formed fecal matter. Air insufflation is done via a
small tube placed within the rectum to distend the bowel and
to minimize folds within the colonic wall.
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Fig. 6.28. Mesenteric angiogram shows extravasation of contrast A indicating
an acute bleed that was successfully treated after infusion of pitressin B.



Fig. 6.29. Mesenteric angiogram shows vasoconstriction and pruning of the
superior mesenteric artery and its branches in this patient who presented with
mesenteric ischemia secondary to severe hypotension.

Fig. 6.30. Mesenteric angiogram shows a large filling defect within the proxi-
mal superior mesenteric artery consistent with an embolism in this patient with
ischemic bowel.
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d Several studies have compared CT colonography to colonos-
copy for high- and low-risk patients. The sensitivity of this
technique per individual patient ranges from 75 to 100% and
the specificity ranges from 72 to 100%.

d In randomized, controlled trials, the specificity is greater for
polyps larger than 1cm than for polyps larger than Smm.

d The main limitation of CT colonography has been distinguishing
polypoid tissue from fecal matter and the detection of flat lesions.

d Currently, most centers are using CT colonography for those
patients who have had incomplete colonoscopies or who can-
not undergo colonoscopy for medical reasons.

. Positron Emission Tomography (PET)

. This technique uses [18F] 2-fluoro-2-deoxy-D-glucose (FDG)
which is a radiopharmaceutical glucose analog to measure
increased glucose uptake and metabolism in rapidly divid-
ing cells. Malignant and other rapidly dividing cells that have
a high metabolic rate will take up FDG for use as a glucose
substrate.

. The imaging technique of PET utilizes differences in uptake of
FDG in malignant versus benign cells. The intracellular accu-
mulation concentrates the radiopharmaceutical analog, which
appears “bright” upon imaging (Fig. 6.31).

. FDG PET has been used to evaluate metastatic disease and to
improve staging accuracy (Fig. 6.32). This technique images
the whole body and is more sensitive than CT for the detection
of hepatic and extrahepatic colorectal cancer metastases and
the detection of local recurrence. The reported sensitivities for
PET detection of liver metastases range from 89 to 95% and
for extrahepatic metastases 87-92%.

. The use of FDG PET versus CT or MRI is based on the premise
that functional differences in tumor appear before size changes.

. A positive FDG PET scan in the setting of no inflammation
would indicate a local recurrence of a rectal cancer.

o Furthermore, detection of small extrapelvic metastases is more
accurate using FDG PET than CT or MRIL.

. Thus, the use of FDG PET for staging or recurrent cancers may

help plan or avoid expensive and possibly more morbid surgical
procedures.
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a

Fig. 6.31. Axial attenuation corrected PET image A and fusion PET CT image
B show an area of intense FDG uptake in the right hepatic lobe consistent with
hepatic metastatic disease in this patient with cecal adenocarcinoma.

. The cellular glucose metabolism is also increased in inflamma-
tion as the increased uptake of FDG can be seen in leukocytes
and macrophages. Inflammatory processes such as diverticulitis
and pneumonia can lead to false-positive readings thus making
it imperative to correlate positive PET findings with the clinical
picture and conventional radiologic evaluation.

. Detection of metastatic disease is dependent on the size and
degree of metabolic activity. Limited spatial resolution may
lead to false-negative readings for small, <I-cm lesions.
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Fig. 6.32. CT scan in a patient who had prior rectal resection for carcinoma shows
soft tissue mass in the surgical bed of the perirectal fat A. Follow-up PET examination
B shows intense FDG uptake within this soft tissue mass consistent with recurrence.

. Adenocarcinomas with a high mucinous content may result in
false-negative readings because of the low cellularity of these
cancers.
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d The routine use of FDG PET for primary cancers is more prob-
lematic. Although the risks and radiation doses are low and the
technique is noninvasive, the cost per scan is very high.

. Current CMS (HCFA) recommendations for reimbursed PET
imaging in colorectal cancer include (1) evaluation of patients
with a question of recurrent disease as indicated by rising CEA,
(2) evaluation of resectability, and (3) evaluation of patients
with locally advanced disease to determine unresectability on
the basis of metastasis when the operation is a large otherwise
debilitating procedure.

H. Magnetic Resonance Imaging (MRI)

. This technique relies on the difference in tissue contrast or signal
intensity. High signal intensity appears white on the image
whereas low signal intensity is dark.

. T! and T? refer to specific tissue properties that describe the
way protons behave after being excited by a radiofrequency
pulse in a strong magnetic field.

. The specific parameters chosen to acquire an image on an MR mag-
netic system determine whether an image is T' or T? weighted.

. Structures containing water appear black on T'-rated images
and structures containing fluid (cysts or gallbladder) are white
on T?-weighted images.

o Unlike CT scans, iodinated contrast is not used for the perform-
ance of these scans. The contrast agents that have been developed
can be used in patients with renal insufficiencies, and those
with iodinated contrast allergic reaction.

. The risk from MRI is attributed to the interaction between the strong
magnetic field and certain implantable devices such as cardiac
pacemakers, cerebral aneurysms clips, and cochlear implants.

. MRI has evolved to be better than CT for tissue characteriza-
tion and evaluation of tissues planes within the pelvis.

. The layers of the bowel wall can be visualized easily for evalu-
ation of rectal cancers.

. Contrast enhancement improves the correlation with histologic
stage.

. MRI more accurately predicts the circumferential resection
margin (Fig. 6.33).
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Fig.6.33. Endorectal MRI examination shows an ulcerated plaque-like cancer arising
from the mucosa and extending to the first muscular layer of the muscularis propria.

Fig. 6.34. Endoanal MRI image demonstrates a nondisrupted (normal) signal of
the internal and external sphincter.

. The anal sphincter and pelvic anatomy have been imaged with
MR using an internal coil (Fig. 6.34). The internal sphincter has
higher signal intensity than the external sphincter. Pelvic muscle
morphology, sphincter injuries, and abscesses can be identified.



7. Endoluminal Ultrasound

A. Introduction

Endorectal ultrasound (ERUS) has evolved into the best imag-
ing modality for accurate staging of rectal neoplasms. The
accurate determination of tumor penetration depth and regional
lymph node status has become critical to guiding subsequent
treatment of rectal malignancies.

In addition, endoanal ultrasound (EAUS) has become invalua-
ble in the diagnostic workup of fecal incontinence and anorec-
tal suppurative conditions.

The goal of preoperatively staging the rectal lesion is an accu-
rate evaluation of the primary tumor, which includes the depth
of tumor penetration and an evaluation of regional lymph node
disease.

ERUS accomplishes these goals using an intraluminal high-
frequency sonographic transducer via a handheld rotating
probe to accurately image the rectal wall and adjacent struc-
tures. For this reason, ERUS has become the preferred method
used to stage the patient with rectal cancer.

Equipment and Technique

Equipment used for endoluminal ultrasonography includes a
handheld endocavitary probe with rotating transducer which
acquires a 360°- image.

Because of its superior near-image clarity, the 10-MHz trans-
ducer is preferred.

Rectal imaging requires a latex balloon covering the transducer
for acoustic contact.
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The balloon is instilled with water allowing the ultrasound signals
to easily pass through the water to image the rectum. The water
instilled distends the rectum allowing the balloon to maintain
contact with the rectal wall without separation, preventing any
distortion of the image by the interposition of nonconductive air
between the probe and the rectal wall.

Patients receive one or two phosphosoda enemas to cleanse the
rectum before examination.

A digital rectal and proctoscopic examination is performed to
assess the tumor size, appearance, location, and distance from
the anal verge.

A wide-bore ESI proctoscope (Electrosurgical Instrument
Company, Rochester, NY) is inserted into the rectum to exam-
ine the rectum and lesion of interest. Optimally, the proctos-
cope is advanced proximal to the lesion to facilitate complete
examination of the tumor by the transducer. The wide-bore ESI
proctoscope permits passage of the ultrasound probe through
the proctoscope to facilitate positioning of the probe above the
lesion. This facilitates complete imaging of the lesion from its
most proximal to distal extent as well as the proximal mesorec-
tum, which may harbor involved lymph nodes.

After correct positioning of the wide-bore ESI proctoscope, the
ultrasound probe with latex balloon is lubricated and passed
through the proctoscope to its full extent.

The latex balloon is filled with 30-60 mL of water provid-
ing an optimal acoustic environment surrounding the rotating
transducer.

The evaluation of the lesion occurs on the basis of real-time
imaging intermittently capturing still images that are repre-
sentative of the lesion being studied.

Image Interpretation

On most ERUS images, a series of five distinct layers can be
identified in the rectal wall. They consist of three hyperechoic
(white) layers separated by two hypoechoic (black) layers.

It is this five-layer model that we continue to use today (Fig. 7.1).
The five layers from the center to the periphery consist of the
following:

- First hyperechoic layer: Interface between the balloon

and the rectal mucosal surface
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Balloon-Mucosa Interface
Inner white line

Mucosa & Muscularis Mucose
Inner black line

Submucose
Middle white line

Muscularis Proprla
outer black line

Interface with Perirectal Fat
outer white line

P

Fig. 7.1. Five-layer anatomic model of an ERUS scan. Three hyperechoic
(white) layers and two hypoechoic (black) layers are visualized. A anterior;
L left; P posterior; R right; T transducer.

- Second hypoechoic layer: Mucosa and muscularis mucosa
- Third hyperechoic layer: Submucosa

- Fourth hypoechoic layer: Muscularis propria

- Fifth hyperechoic layer: Interface between the muscula-

ris propria and perirectal fat

Occasionally, a seven-ring model may be visualized when the
muscularis propria is observed as two black rings separated by
a white ring (Fig. 7.2). This model represents the inner circular
and outer longitudinal muscle layers as hyperechoic (black)
rings separated by a hypoechoic (white) interface.

Assessment of Rectal Neoplasms

Depth of Invasion

Ultrasound staging classification (uUTNM) is presented in
Table 7.1. The depth of invasion is classified as follows: uT0
lesions are benign, noninvasive lesions confined to the mucosa;
uT1 lesions indicate an invasive lesion confined to the mucosa
and submucosa; uT2 lesions penetrate but are confined to the
muscularis propria; uT3 lesions penetrate the entire bowel wall
and invade the perirectal fat; and a uT4 lesions penetrate a con-
tiguous organ (i.e., uterus, vagina, cervix, bladder, prostate,
seminal vesicles) or the pelvic sidewall or sacrum.
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Fig. 7.2. This endorectal ultrasonography image depicts the typical five layers
of the rectal wall. Seven layers are depicted anteriorly, where an interface can be
seen between the inner circular (A) and outer longitudinal (B) muscle layers of
the muscularis propria.

Table 7.1. Ultrasound staging classification (tTNM) for rectal cancer.

uTO Noninvasive lesion confined to the mucosa

uTl Tumor confined to the mucosa and submucosa

uT2 Tumor penetrates into but not through the muscularis propria
uT3 Tumor extends into the perirectal fat

uT4 Tumor involves an adjacent organ

uNO No evidence of lymph node metastasis

uN1 Evidence of lymph node metastasis

uT0 Lesions

o uTO lesions are benign, noninvasive lesions confined to the rectal
mucosa. Sonographically, the mucosal layer (inner black band)
is expanded with an intact submucosa (middle white, hyper-
echoic line) (Fig. 7.3).

. The accuracy of ERUS is probably highest for TO lesions.

. Because of the frequent misdiagnosis of rectal adenomas by biopsy
and the subsequent finding of invasive cancer in the final patho-
logic specimen after transanal excision, Worrell et al. conducted



7. Endoluminal Ultrasound 139

Fig. 7.3. This image demonstrates a benign uTO lesion in the left posterolateral
aspect of the rectum. There is an expansion of the inner black line that represents
the mucosa (A), but the submucosa (B) is seen to be completely intact.

a systematic literature review to assess the utility of ERUS in the
assessment of rectal villous adenomas comparing the diagnosis
by biopsy alone with diagnosis by a combination of biopsy and
ERUS. This meta-analysis revealed that, of 258 biopsy-negative
rectal adenomas, 24% had focal carcinoma on final histopathol-
ogy and that ERUS correctly detected the cancer in 81%.

uTl Lesions

uT1 lesions are early invasive cancers. uT1 lesions have invaded
the mucosa and submucosa without penetrating into the muscu-
laris propria.

Sonographically this is characterized by an irregular middle
white line (submucosa) without alteration of the outer black
line (muscularis propria) (Fig. 7.4).

Irregularities are indicated by a thickening or stippling of
the submucosal layer but there must not be a distinct break
in the submucosal layer. A distinct break in the submucosal
(middle white line) layer indicates invasion of the muscularis
propria, hence a T2 lesion.

Local transanal excision is an acceptable treatment method for
selected T1 lesions highlighting the need for accurate staging
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Fig. 7.4. This image depicts a uT1 cancer in the left lateral wall of the rectum.
The middle white line or submucosa is irregular and somewhat thickened (A),
but not completely disrupted.

of these cancers. Criteria for the use of local therapies to treat
early rectal cancers have been described and include tumor
size less than 4 cm, involvement less than one-third of the rec-
tal circumference, location less than 8 cm from the anal verge,
well- to moderately well-differentiated histology, absence of
lymphatic or vascular invasion, and no involvement of perirectal
lymph nodes.

uT2 Lesions

uT2 lesions penetrate into the muscularis propria (second
hypoechoic, black line) but are confined to the rectal wall.
Sonographically the hallmark finding is a distinct break in the
submucosal layer. Characteristically, there is an expansion
of the muscularis propria (outer black line) but the interface
between the muscularis propria and the perirectal fat (the out-
ermost white line) remains intact.

“Deep” uT2 lesions have significant expansion of the muscu-
laris propria (outer black line) and may appear to scallop the
outer aspect of the muscularis propria but preserve the interface
with the perirectal fat. An example of a uT2 lesion is illustrated
in Fig. 7.5.
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Fig. 7.5. A uT2 lesion is identified in this image, in the right anterior location.
The hallmark of a uT2 lesion, as seen on endorectal ultrasonography, is the dis-
tinct break (A) in the submucosa (the middle white line) as seen in this image.

uT3 Lesions

uT3 lesions penetrate the full thickness of the muscularis pro-
pria and into the perirectal fat. Contiguous structures are not
involved.

The sonographic appearance reveals disruption of the submu-
cosa, thickening of the muscularis propria, and disruption of
the outer hyperechoic, white line indicating penetration into
the perirectal fat (Fig. 7.6).

The recognition of perirectal fat invasion is an important
determinant in the preoperative evaluation of the rectal cancer
patient. Because of the high incidence of lymph node metastases
(30-50%), local therapy cannot be recommended for these
patients, who are usually candidates for preoperative radiation
and chemotherapy followed by surgery.

uT4 Lesions

uT4 lesions are locally invasive into contiguous structures such
as the uterus, vagina, cervix, bladder, prostate and seminal ves-
icles, or involve the pelvic sidewall or sacrum. They are clini-
cally fixed and tethered.
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Fig. 7.6. This image demonstrates a uT3N1 lesion. The tumor disrupts all layers
of the rectal wall, with extensions evident into the perirectal fat (A). A lymph
node (B) is identified in the left posterior location within the mesorectum.

Sonographically, there is loss of the normal hyperechoic inter-
face between the tumor and adjacent organ (Fig. 7.7).
Therapy of a T4 lesion usually requires preoperative radiation
and chemotherapy followed by surgical resection of the rectal
cancer and involved adjacent organ. The overall prognosis is
poor, with less than half of patients resected for cure.
Preoperative radiation and chemoradiation therapy can shrink
the tumor for increased resectability and decreased local recur-
rence. ERUS provides the means to preoperatively identify those
lesions with T4 involvement to adequately plan the patient’s
treatment.

Nodal Involvement

ERUS is able to detect metastatic lymph nodes in the mesorectum.
Unfortunately, the accuracy of detecting involved lymph nodes is
less than the accuracy in determining the depth of invasion.

The accuracy of ERUS in detecting lymph node metastases
ranges from 50 to 88%.

ERUS determination of metastatic lymph nodes is certainly
more accurate than clinical (digital) evaluation as well as other
imaging modalities including CT and conventional magnetic
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Fig. 7.7. This image identifies a T4 lesion in the distal rectum and upper anal
canal extending to the vagina. The curved white line (A) seen anteriorly repre-
sents the examiner’s finger in the vagina, and the hypoechoic anterior tumor (B)
can be seen to extend into the vagina.

resonance imaging (MRI). However, phased array MRI and
endorectal coil MRI are comparable to ERUS in lymph node
assessment.

. Undetectable or benign-appearing lymph nodes are classified
as uNo.

. Malignant-appearing lymph nodes are classified as uN1.

. Normal, nonenlarged lymph nodes are usually not detectable
by ERUS.

. Inflamed, enlarged lymph nodes appear hyperechoic with irre-
gular borders.

. Lymph nodes suspicious for malignancy include larger, round,
hypoechoic lymph nodes with an irregular contour. ERUS find-
ings consistent with metastatic lymph nodes are demonstrated
in Fig. 7.8.

. Hypoechoic lymph nodes greater than 5 mm are highly suspi-
cious for metastases. Involved lymph nodes are usually found
adjacent to the primary tumor or within the proximal mesorectum.

. Statistically, the incidence of metastatic disease increases as
lymph node size increases.
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Fig. 7.8. This image demonstrates a typical metastatic lymph node (A), which
is round and hypoechoic.

. Four nodal patterns are seen with differing probabilities of
being involved with metastatic disease:

—  Nonvisible lymph nodes on ultrasound have a low prob-
ability of harboring lymph node metastases.

—  Hyperechoic lymph nodes with nonsharply delineated
boundaries are more often benign resulting from inflam-
matory changes.

—  Hypoechoic lymph nodes larger than 5 mm are highly
suggestive of lymph node metastases.

—  Mixed echogenic lymph nodes larger than 5 mm are dif-
ficult to classify but should be considered malignant.

. Accurate lymph node staging of rectal cancers by ERUS relies
on the experience of the examiner.

. False-negative results are also problematic in interpreting nodal
involvement on ERUS. Lymph nodes harboring micrometastases
are difficult to detect. Grossly malignant lymph nodes may be
present outside the range of the ultrasound probe and remain
undetectable. This may be the case of lateral pelvic lymph
nodes such as the obturator nodes as well as those within the
mesorectum beyond the proximal extent of the rigid probe.
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Accuracy of Ultrasound in the Diagnosis of Rectal
Cancer

. The accuracy of ERUS for tumor depth of invasion has been
reported in the range of 69-94% (Table 7.2).

. Overstaging has been reported in approximately 10% of patients
and is believed to be the result of peritumoral inflammation
beyond the leading edge of the tumor.

. Understaging for depth of wall invasion has been reported to
be approximately 5% and is considerably more serious than
overstaging because inadequate management may result.

. Detection of lymph node metastases with ERUS has been less
accurate, ranging from 61% to 83% in reported series (Table 7.2).

. There is a significant learning curve associated with the per-
formance and interpretation of ERUS. Accuracy rates have
been demonstrated to improve significantly with experience.

Table 7.2. Accuracy of ERUS in the staging of rectal cancer.

Accuracy  Accuracy

(%) (%)
Author Year n T stage N stage
Hildebrandt and Feifel 1985 25 92 n/a
Romano et al. 1985 23 87 n/a
Hildebrandt et al. 1986 76 88 74
Holdsworth et al. 1988 36 86 61
Beynon et al. 1989 100 93 83
Dershaw et al. 1990 32 75 72
Glaser et al. 1990 86 88 79
Glaser et al. 1990 110 94 80
Jochem et al. 1990 50 80 73
Milsom and Graffner 1990 52 83 83
Orrom et al. 1990 77 75 82
Katsura et al. 1992 112 92 n/a
Herzog et al. 1993 118 89 80
Sentovich et al. 1993 24 79 73
Deen et al. 1995 209 82 77
Adams et al. 1999 70 74 83
Garcia-Aguilar et al. 2002 545 69 64
Marusch et al. 2002 422 63 n/a

Manger and Stroh 2004 357 77 75
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ERUS is highly operator dependent and thus accuracy is
dependent on the experience and expertise of the examiner.
Postbiopsy and postsurgical changes, hemorrhage, and bulky
or pedunculated tumors can cause changes in the ultrasound
image significantly affecting the accuracy of the ERUS inter-
pretation.

The accuracy of ERUS after neoadjuvant therapy is decreased.
Radiation therapy can significantly downstage tumors and may
in fact leave no residual tumor within the pathologic specimen.
In fact, up to 24% of patients treated with preoperative radia-
tion therapy have a complete pathologic response with no evi-
dence of residual tumor.

Radiation therapy can cause tissue edema and fibrosis of the
rectal lesion making ERUS interpretation difficult. One cannot
accurately distinguish radiation-induced changes from residual
tumor. For these reasons, reevaluation of rectal lesions with
ERUS after radiation therapy is inaccurate, unreliable, and not
recommended.

Postoperative Follow-Up

Even with newer adjuvant therapies available, surgical resec-
tion remains the best chance of cure for the patient with iso-
lated local recurrence.

When used in combination with a digital rectal examination
and endoscopic surveillance, ERUS may significantly improve
the sensitivity of detecting recurrent lesions. ERUS may
improve the ability to diagnose recurrent neoplasm by as much
as 30%.

Although local recurrence occurs intraluminally at the anasto-
mosis, locally recurrent tumor usually occurs from extrarectal
tumor that invades through the rectum, often at the level of an
anastomosis.

Recurrent tumor appears as a circumscribed hypoechoic lesion
in the para-anastomotic tissues with all or a portion of the
rectal wall intact on the inner, luminal aspect (Fig. 7.9).
Because ERUS cannot establish that a lesion is malignant with
absolute certainty, a biopsy of suspicious lesions is recommended
to confirm recurrent disease. Biopsies may be performed by
ultrasound-guided biopsy or computed tomography scan-guided
biopsy.
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Fig. 7.9. This image demonstrates a recurrent rectal cancer. It is located in the left
lateral rectal wall. Note the intact inner three lines (A) on the ultrasound image,
indicating no involvement of the mucosa or submucosa but an obvious abnormality
at the level of the muscularis propria (B), representing the recurrence.

B. Endoanal Ultrasound

EAUS is useful in the evaluation of the anal canal in both
benign and malignant disease.

The anal sphincter anatomy can be clearly identified detecting
abnormalities in the external and/or internal sphincter.

EAUS is routinely used in the evaluation of fecal incontinence
and may be particularly useful in the evaluation of complex
perianal abscesses and fistulas.

EAUS is also useful in the evaluation of anal canal neoplasms
accurately staging these lesions.

Equipment and Technique

The equipment used for EAUS is similar to that used for
ERUS.

In place of the latex balloon, a translucent plastic cap (B-K
type WA0453) is placed over the transducer to maintain contact
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with the anal canal. The plastic cap is again filled with water to
provide the acoustic medium.

. The examination technique for EAUS is similar to that of
ERUS.

d Certain instances of complex anorectal sepsis may be painful
and require examination under anesthesia to adequately image
the patient with EAUS.

Image Interpretation

d Normal anal canal anatomy is well visualized with EAUS.

d The ultrasonographic anatomy of the anal canal is generally
divided into three levels: the upper, mid, and distal anal canal.
Each level has a different appearance on EAUS.

d The upper anal canal is illustrated in Fig. 7.10.The puborectalis
is an important landmark delineating the upper anal canal. The
puborectalis is imaged as a horseshoe-shaped mixed-echogenic
structure forming the lateral and posterior portion of the upper
anal canal.

d The mid anal canal is illustrated in Fig. 7.11. Within the mid
anal canal, the internal anal sphincter is represented by a hypoe-
choic band surrounded by the hyperechoic external anal sphinc-
ter. Between the transducer and the internal anal sphincter is an
additional hyperechoic ring of variable thickness representing
the epithelial, hemorrhoidal, and submucosal tissues.

d Perineal body measurements can be made at the level of the
mid anal canal (Fig. 7.12).

. With the probe positioned within the mid anal canal, the right
index finger is placed within the vagina against the rectovagi-
nal septum and ultrasound probe. The distance between the
hyperechoic ultrasound reflection of the finger and the inner
aspect of the internal anal sphincter may be measured and rep-
resents the perineal body thickness.

d Normal measurements for perineal body thickness range from
10 to 15 mm, with a lower limit of normal considered to be
approximately 8 mm. This measurement is useful in the evalu-
ation of women with fecal incontinence from anterior sphinc-
ter defects.

d The distal anal canal is illustrated in Fig. 7.13. The distal anal
canal is defined as the point where the internal anal sphincter
is no longer seen. Only the hyperechoic external anal sphincter
and surrounding soft tissues are visualized.
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Fig. 7.10. This image represents the ultrasound appearance of the upper anal
canal at the level of the puborectalis, which can be seen as the hyperechoic
U-shaped structure seen posteriorly and laterally (arrows) in this image.

Fig. 7.11. This image depicts the characteristic appearance of the mid anal canal.
The circular hypoechoic structure represents the internal anal sphincter (A), sur-
rounded by the thicker hyperechoic circumferential external anal sphincter (B).
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Fig. 7.12. This image depicts the technique used to measure the anterior perineal
body in a female patient. The examiner’s finger is placed in the vagina, and the
hyperechoic curvilinear structure (A) seen anteriorly delineates the examiner’s
finger. The two crosshatches between the examiner’s finger and the transducer
measure the thickness of the perineal body in this intact sphincter at the mid anal
canal level.

Evaluation of Fecal Incontinence

EAUS has an important role in the evaluation of fecal inconti-
nence, accurately delineating anal sphincter anatomy. Causes
of anal sphincter defects include obstetric injuries, anorectal
surgeries, traumatic injuries, and congenital abnormalities.
Fecal incontinence is eight times more frequent in women, the
most common cause being obstetric trauma leading to injury of
the anal sphincter muscles or traction neuropathy involving the
pudendal nerve.

Although anal sphincter injury identified during delivery does
not lead to significant deterioration in sphincter function imme-
diately, it is suspected to lead to fecal incontinence in approxi-
mately 40% of women in long-term follow-up despite primary
sphincter repair.

Patients may also develop delayed symptoms of incontinence
several years after an unrecognized sphincter injury.
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Fig. 7.13. This image represents the distal anal canal below the inferior level of
the internal sphincter, where only the hyperechoic circumferential fibers of the
superficial external anal sphincter (A) are imaged.

. The introduction of EAUS has led to the recognition of unsus-
pected sphincter defects in asymptomatic, continent women
thought to have normal perineums.

. Traumatic sphincter disruption can frequently be associated
with a subsequent rectovaginal fistula. These patients may
be anally continent but have symptoms of fecal incontinence
associated with the fistula. Because these patients may have an
unrecognized anal sphincter defect, all patients with rectovagi-
nal fistula should undergo preoperative evaluation for occult
sphincter defects by EAUS.

. Local tissues are inadequate for endorectal advancement flap
repairs in patients with anal sphincter defects and these patients
should be treated by sphincteroplasty with levatoroplasty.

. EAUS has become the best modality to accurately demonstrate
the anatomy of the anal canal as well as anal sphincter defects
that contribute to fecal incontinence.

. Defects in the external anal sphincter usually appear hypoe-
choic, although some may appear hyperechoic or demonstrate
mixed echogenicity.
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d Defects of the internal anal sphincter are represented by the
lack of segment of the hypoechoic band of internal sphincter
muscle. There is usually associated contralateral thickening of
the hypoechoic internal anal sphincter.

d With complete sphincter disruption, EAUS demonstrates the
ends of the internal and external anal sphincter widely sepa-
rated and bridged with intervening scar tissue of variable echo-
genicity (Fig. 7.14).

. An examining digit used to measure the perineal body dis-
tance in the mid anal canal can accentuate an anterior sphincter
defect, helping to identify a sphincter injury ( Fig.7.15).

. EAUS provides an objective means to evaluate the anal sphinc-
ter mechanism in patients with postoperative fecal incontinence
after anorectal surgery such as hemorrhoidectomy, fistulotomy,
lateral internal sphincterotomy, or sphincteroplasty.

d The identification of localized sphincter defects is important in
the evaluation of the incontinent patient, because these defects
may be amenable to surgical repair.

Fig. 7.14. This image depicts a complete anterior sphincter disruption in a
female patient. The hypoechoic internal anal sphincter can be seen completely
disrupted in its anterior location (A arrows). Similarly, the hyperechoic external
anal sphincter is completely disrupted anteriorly (B arrows).
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Fig. 7.15. This image demonstrates the measurement of the anterior perineal
body in this patient with an anterior sphincter disruption. The curvilinear hyper-
echoic structure (A) is the examiner’s finger in the vagina. This technique can
often accentuate the defect (B) seen in the internal anal sphincter and the external
anal sphincter, and documents the decreased thickness of the anterior sphincter
and perineal body.

Anorectal manometry and pudendal nerve terminal motor
latency testing are complementary but do not definitively cor-
relate with a surgically correctable defect.

EAUS remains the definitive test that can identify a surgically cor-
rectable defect in a symptomatic patient with fecal incontinence.

Evaluation of Perianal Sepsis and Fistula-in-Ano

Occasionally, an abscess is strongly suspected on clinical grounds
but is not readily identified on physical examination. In these situ-
ations, an EAUS may be useful in the evaluation of perianal or
perirectal abscesses. EAUS can be helpful to localize an obscure
abscess to plan the appropriate surgical intervention.

Often, clinical examination of perianal or perirectal abscesses
is quite painful and examination under anesthesia is required.
Because the ultrasound equipment is portable, the EAUS
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examination can be performed in the operating room while the
patient is anesthetized.

Abscesses appear as hypoechoic areas often surrounded by a
hyperechoic border.

In patients with perianal Crohn’s disease, EAUS may be useful
in distinguishing discrete abscesses that require surgical drain-
age from inflammation that requires medical treatment.

The use of EAUS has also been evaluated in patients with ileoanal
pouch anastomosis and can be helpful in demonstrating pouch
pathology including inflammation, abscesses, and fistulas.

Use of EAUS can be helpful in identification of fistulous
communications in patients with complex and recurrent fis-
tula-in-ano. Fistula tracts are generally hypoechoic defects
that can be followed to identify direction and extent. The ana-
tomic details of the fistula tract can be delineated in relation
to the anal sphincter. The EAUS examination should include
the anal canal and distal rectum to search for the presence
of high blind tracts. Hydrogen peroxide has been used to
enhance the imaging of complex fistula. Hydrogen perox-
ide causes a release of oxygen, accentuating the fistula and
appears as a brightly hyperechoic image on the ultrasound
image. The technique increases the identification of the inter-
nal opening to greater than 90%. An example of a fistula-in-
ano with hydrogen peroxide enhancement is demonstrated in
Fig. 7.16.

Anal Canal Neoplasms

Endoanal ultrasonography images the normal anal canal and
associated pathologies quite well. EAUS can have an impor-
tant role in the evaluation of benign and malignant anal canal
neoplasms.

Benign neoplasms such lipomas and leiomyomas can be dem-
onstrated along with their relationship to adjacent anal canal
structures. Lesions within the anal canal appear as hypoechoic
areas. Tissue diagnosis may be obtained with ultrasound-
directed needle biopsies when desired.

Anal canal malignancies evaluated by EAUS include leiomy-
osarcomas, malignant melanomas, anal canal adenocarcinomas,
and squamous cell carcinomas.

Squamous cell or epidermoid carcinoma of the anal canal are
the most common anal canal malignancy. EAUS can be used in
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Fig. 7.16. This image depicts a fistula-in-ano that has been enhanced by the
introduction of hydrogen peroxide. The hyperechoic features posteriorly repre-
sent the hydrogen peroxide within the fistula tract (short arrows). There is an
obvious hypoechoic defect in the internal anal sphincter in the midline poste-
riorly (A), representing the internal fistula opening. The hypoechoic horseshoe
tract can be seen extending toward the patient’s left.

the initial evaluation to stage the lesion as well as in follow-up
for patients with squamous cell carcinoma of the anal canal.

. Because squamous cell carcinomas of the anus are primarily
treated nonoperatively with combined chemoradiation therapy,
it is desirable to have an accurate method of staging to assess
response to multimodality therapy.

. Although clinical (digital) examination is important in the
assessment of squamous cell carcinoma of the anus, EAUS is
more precise in accurately measuring the actual size and cir-
cumferential involvement of the lesion. EAUS staging (UTNM)
of anal cancers corresponds to the TNM [UICC (International
Union Against Cancer)] staging (Table 7.3).

. The extent of sphincter involvement can be determined and
other staging systems stage these lesions based on depth of
invasion. One such staging system is depicted in Table 7.4).

Three-Dimensional Ultrasound

. Three-dimensional ultrasound allows for multiplanar imaging
of both the rectum and the anal canal.
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Table 7.3. Ultrasound staging classification (WTNM) for anal canal cancer.

Primary tumor (T)

Tx
TO
Tis
T1
T2

T3
T4

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ

Tumor 2 cm or less in greatest dimension

Tumor more than 2 cm but no more than 5 cm in greatest
dimension

Tumor more than 5 cm in greatest dimension

Tumor of any size that invades an adjacent organ(s), e.g., vagina,
urethra, bladder (involvement of the sphincter muscle(s) alone is
not classified as T4)

Regional lymph nodes (N)

Nx
NO
N1
N2

N3

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis in perirectal lymph node(s)

Metastasis in unilateral internal iliac and/or inguinal lymph
node(s)

Metastasis in perirectal and inguinal lymph nodes and/or
bilateral internal iliac and/or inguinal lymph nodes

Distant metastasis

Mx
MO
M1

Distant metastasis cannot be assessed
No distant metastasis
Distant metastasis

Table 7.4. Ultrasound staging classification by depth of invasion
(uTNM) for anal canal cancer.

uTl
uT2a
uT2b
uT3

uT4

Tumor confined to the submucosa

Tumor invades only the internal anal sphincter
Tumor penetrates into the external anal sphincter
Tumor invades through the sphincter complex
and into the perianal tissues

Tumor invades adjacent structures

Three-dimensional ultrasound can be used to assess anal fistu-
lous tracts, to evaluate anal sphincter injury, as well as to stage
both rectal and anal tumors.

Comparison of standard two-dimensional ultrasound with 3D-
ERUS and endorectal MRI and reported an accuracy for depth
of wall invasion by rectal cancer of 84, 88, and 91, respectively.
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The accuracy of 3D-ERUS for predicting lymph node status
was 84.8% compared with 66.7% for conventional ERUS.
Three-dimensional EAUS has also been applied to benign
anal disorders such as anal sphincter injury and anal fistula
assessment.



8. Preoperative Management:
Risk Assessment, Medical Evaluation,
and Bowel Preparation

A. Perioperative Risk Assessment Scoring Systems

. Risks related to surgery are a function of many factors. Patient-
related factors include the underlying disease processes and
the patient’s physical ability to tolerate the physiologic stress
related to the surgical procedure. Increasing amounts of data
now show that risk is also affected by the volume of a pro-
cedure performed at the medical institution, but perhaps most
importantly by the experience, training, and volume of surgery
performed by the individual surgeon.

. Scoring systems assess the patients’ risk for morbidity and
mortality as a result of anesthesia and surgery. These systems
generally use data acquired during pre-hospital and in-hospital
care, and some supplement this with components measuring
operative severity.

. Some classification systems are designed to allow comparison
of results between institutions and surgeons, whereas others
are designed to distinguish patients who subsequently will
have postoperative adverse events from those who will not.

. A primary aim of a scoring system is the evaluation of thera-
peutic benefit, i.e., the ratio of the relative harm and the relative
benefit that are likely to follow a specific operation for a spe-
cific illness, whether in a specific patient, institution, or health
system. Parameters that are useful in this evaluation include
the natural history of the disease process, and the urgency of a
specific procedure.
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Table 8.1. Perioperative scoring systems (references in text).

Physiologic scores Preoperative scores
APACHE (I and II) ASA grading

E-PASS Goldman cardiac risk index
ISS/TRISS Hospital prognostic index
POSSUM Prognostic nutritional index
P-POSSUM Pulmonary complication risk
SAPS

Sepsis score
Sickness score
Therapeutic intervention score

. Age may have an influence on operative risk, as many elderly
patients require concurrent management of multiple organ
degenerative diseases. Elderly patients often tolerate opera-
tions well but tolerate complications poorly, hence prediction
of the potential morbidity of an operation is particularly impor-
tant in this group of patients.

. Scoring systems also provide a useful means of comparing
outcomes from different institutions and patient groups by cor-
recting for different comorbidities.

. Various scoring systems have been developed in an effort to quan-
tify the risk of a patient from disease or intervention, and systems
can be classified as preoperative or physiologic (Table 8.1).

Risk Assessment for Complications from Specific
Organ Systems

Cardiac Risk
Goldman Cardiac Risk

d The Goldman risk model is probably the best-accepted model for
pure determination of cardiac risk for surgery. Point scores are
assigned to each of nine clinical factors and patients are divided
into four risk classes based on the total point score (Table 8.2).

. This is an important score because it reminds clinicians of the
major cardiac risk factors in noncardiac surgery. Although the
system is easy to use and utilizes relative weighting of risk
factors, it was designed in the 1970s, and has not been updated
for modern practice in anesthesia, medicine, or surgery.
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Table 8.2. Goldman cardiac risk index.

Cardiac risk event Points
Myocardial infarction within 6 months 10
Age >70 years 5
S3 gallop or jugular venous distension 11
Important aortic valve stenosis 3
Rhythm other than sinus, or sinus 7

rhythm and atrial premature
contractions on last preoperative
electrocardiogram
More than five premature ventricular 7
contractions per minute anytime
before surgery

Poor general medical status 3
Intraperitoneal, intrathoracic, or aortic 3
operation

Emergency operation 4

Class Points Life-threatening Cardiac death
complication risk (%)
risk (%)

I 0-5 0.7 0.2

I 6-12 5 2

11 3-25 11 2

v 26 22 56

Respiratory Risk

Pulmonary Complication Risk

. Findings on respiratory examination, chest X-ray, Goldman’s
cardiac risk index, and the Charlson comorbidity index have
been used for predicting respiratory complications.

Risk Assessment for Postoperative Morbidity
and Mortality

American Society of Anesthesiologists Classification

d The American Society of Anesthesiologists (ASA) classifica-
tion system (Table 8.3) was initially developed to alert anesthe-
siologists to preexisting diseases. Because of the ease of use,
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Table 8.3. ASA classification scheme.

I Normal healthy patient

11 Mild systemic disease

III Severe, noncapacitating systemic disease

v Incapacitating systemic disease, threatening life
\% Moribund, not expected to survive 24 h

E Emergency

and the fact that no tests are required, it has also been used to
estimate operative risk.

. ASA class directly correlates with perioperative mortality
and morbidity and also correlates significantly with periop-
erative variables such as intraoperative blood loss, duration
of postoperative ventilation, and duration of intensive care
unit (ICU) stay.

. Disadvantages to using the ASA score are that the score awarded
depends on the subjective clinical judgment of the attending
anesthesiologist, and that the small numbers of groups avail-
able means there can be little meaningful comparison between
different surgeons or institutions.

Prognostic Nutritional Index

. The prognostic nutritional index (PNI) was devised to predict
complication risk based on mortality, and correlates with post-
operative sepsis and death.

o The PNI uses four factors, namely, serum albumin level, serum
transferrin level, triceps skinfold thickness, and cutaneous
delayed-type hypersensitivity.

o Serum albumin level, serum transferrin level, and delayed
hypersensitivity were the only accurate predictors of postop-
erative morbidity and mortality.

. In addition to predicting postoperative morbidity and mortal-
ity, PNI can be used for predicting patients who might need
nutritional support in the perioperative period.

APACHE (Acute Physiology and Chronic Health Evaluation) Scoring
Systems

. This score was initially designed primarily for patients in the
ICU but has been used for the assessment of patients with severe
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trauma, abdominal sepsis, postoperative enterocutaneous fistulas,
acute pancreatitis, and to predict postoperative outcome.

The main disadvantage is that it is not independent of the
effects of treatment, thus scoring for emergency patients being
admitted to the ICU is best performed before surgical interven-
tion. Other disadvantages are that it is relatively complex and
does not take into consideration the nutritional status of the
patient or cardiology findings that add to operative risk.
APACHE scores also do not take into account the extent of
surgery. The APACHE III has been proposed more recently,
but it is also very complex for routine use.

Possum
d The POSSUM (Physiological and Operative Severity Score
for enUmeration of Mortality and morbidity) was developed
by multivariate discriminant analysis of retrospective and pro-
spective data, primarily to permit surgical audit for assessment
of quality of care.
d It has been suggested that it works independent of geographi-
cal factors, and several publications have now come from the
United States suggesting that it may also have a role in this
health care system.
d POSSUM calculates expected death and expected morbidity
rates based on 12 physiologic variables and six operative vari-
ables each of which are scored 1, 2, 4, or 8 (Table 8.4).
Table 8.4. Parameters for calculation of the POSSUM score.
Physiologic parameters Operative parameters
Age (years) Operative severity
Cardiac signs/chest X-ray Multiple procedures
Respiratory signs/chest X-ray Total blood loss (mL)
Pulse rate Peritoneal soiling
Systolic blood pressure (mm Hg) Presence of malignancy
Glasgow coma score Mode of surgery
Hemoglobin (g/dL)

White cell count (x10'%/L)
Urea concentration (mmol/L)
Na* and K* levels (mmol/L)
Electrocardiogram
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The major advantage is that it predicts both morbidity and mor-
tality and has successfully been used for a comparative audit of
performance among surgical units, hospitals, and countries.
Disadvantages include that it does not take into account differ-
ences among surgeons, anesthetists, and operating time, all of
which may influence outcome.

Comparison of APACHE II with POSSUM showed that POS-
SUM is superior in predicting mortality in patients admitted to
a high-dependency unit after general surgery.

Portsmouth Modification of POSSUM (P-POSSUM)

One concern with POSSUM has been that it may overpredict
mortality and morbidity rates by up to six times with a mini-
mum mortality of 1.1%. P-POSSUM was therefore developed
using a different mathematical formula to counter these dis-
advantages, with the minimum mortality score in P-POSSUM
reduced to 0.2%.

Other Scoring Systems

Various other scoring systems have also been developed pri-
marily for assessment of critically ill patients in the ICU and
for trauma and sepsis, and these are listed in Table 8.1.

Risk Assessment for Colorectal Disease

Preoperative pulmonary and nutritional problems have been
significant contributing factors in patients who died from sep-
sis after colon resection in the elderly. Others have suggested
that age, congestive heart failure, hepatic, renal or pulmonary
impairment, and extent of involvement by malignancy and
postoperative complications were associated with greater mor-
tality after colon surgery.

Recently, POSSUM was found to allow a realistic compari-
son of performance of different units performing colorec-
tal resection and also permit comparison of outcome after
colorectal resection among different surgeons. POSSUM
has also been reported in patients undergoing laparoscopic
colectomy but even the P-POSSUM overpredicted mortality
and morbidity.



8. Preoperative Management 165

B. Preoperative Medical Evaluation

Young patients having minor surgery will require no assessment.
Young patients having more significant surgery may require
minor evaluation, whereas older patients having minor surgery
may require a similar level of evaluation. Older patients, and
those with more extensive comorbidities will require assess-
ment and possible treatment before surgery.

In a large prospective clinical-epidemiologic study, Arvidsson
and colleagues found that a standardized assessment before
surgery, by a combination of questionnaires, interview, physi-
cal examination, and laboratory screening identified a high
proportion of patients who were likely to have an adverse event
in the postoperative period.

Preanesthesia Interview

Of the techniques available that are used in preoperative
evaluation of patients, history taking is the most efficient
and profitable.

A preoperative questionnaire is suitable for patients under-
going daycare surgery, because most of these patients are at
low risk.

History taking should include information on the condition for
which the procedure is being performed, history of surgical
procedures (local procedures that may complicate surgery such
as reoperative pelvic surgery, as well as general procedures that
may complicate recovery such as prior splenectomy), and prior
outcomes with intubation and anesthesia.

Special consideration should be given to cardiopulmonary
function, allergy, renal and hepatic function, bleeding ten-
dency, and medication use.

History of chronic medical conditions of the cardiorespiratory
system and medications including dosage is important.
Aspirin and other nonsteroidal anti-inflammatory drugs are
best discontinued 1 week before surgery.

Cessation of smoking 8 or more weeks before surgery helps opti-
mize the mucociliary apparatus of the patient before surgery.
Review of functional status of the patient, activities of daily
living (ADL), and social support are also important, although
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this primarily relates to longer term recovery, hospital stay, and
likely discharge status from hospital, rather than direct periop-
erative morbidity and mortality.

History taking for cardiac assessment has been reasonably well
standardized. The primary factors to be considered are whether
the patient has recent myocardial infarction, decompensated
heart failure, unstable angina, symptomatic arrhythmias, or
symptomatic valvular heart disease. In general, noninvasive
testing is most effective in intermediate-risk patients, whereas
invasive evaluation should be considered in those with multiple
risk factors and ischemia on preoperative testing, because
perioperative beta-blockade may be inadequate.

Patients having extensive major surgery should meet the
anesthesia service before surgery, for assessment as well as
instruction about what will happen around the time of surgery.
While this evaluation may be performed by nurse practition-
ers, patients with complex anesthetic histories or with major
perioperative risk factors may require formal anesthetic assess-
ment by a staff anesthesiologist.

Physical Examination

General indicators of fitness of a patient for surgery include activi-
ties of daily living competence (ADL) and general mobility.

Preoperative Tests

Preoperative tests serve to complement the history and physical
examination in assessing the suitability of the patient for
surgery. They have been used to assess levels of known dis-
ease, detect unsuspected but modifiable conditions that may
be treated to reduce risk before surgery, or detect unsuspected
conditions that may not be possible to treat, and therefore sim-
ply be baseline results before surgery.

Many patients undergoing minor surgery need minimal investi-
gation, even if they have chronic medical conditions. Review of
current evidence indicates that routine laboratory tests are rarely
helpful except in the monitoring of known disease states.
Because reference intervals of most tests take the normal dis-
tribution and standard deviation of the population into consid-
eration, cut-off points for normality are set such that patients
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whose test results exceed the upper 2.5% of healthy individuals
or are below the lower 2.5% of healthy individuals are said to
have abnormal results. Thus, 5% of patients whose values are
outside the reference range do not necessarily have disease and
may be normal.

Age, history of chronic heart disease, renal disease, emergency
surgery, and type of operation are predictors of the risk of
mortality.

Guidelines for preoperative testing based on best available
evidence are important for efficient resource utilization and
prevention of undue surgical risk to the patient.

Review of previous tests helps avoid duplication of tests and
also helps identify potential problems.

Assessment of Specific Organ Systems

Cardiac Evaluation

The detection of a rhythm other than sinus and the presence of
premature atrial contractions and frequent premature ventricular
contractions increase the risk of perioperative cardiac events.
The American College of Cardiology (ACC) and American
Heart Association (AHA) recommendations for preoperative
cardiac evaluation consider the magnitude of the particular
procedure being performed and patient factors that influence
perioperative cardiac risk. History of coronary artery disease,
cardiovascular procedures, and symptoms of angina or conges-
tive heart failure are important.

Patients without symptoms and with a normal cardiac stress
test within 2 years or coronary artery bypass graft in the last
5 years, those who are clinically stable and underwent angi-
oplasty 6 months to 5 years previously do not need any further
assessment.

Patients who had an angioplasty within 6 months and those
having emergency surgery may need cardiac evaluation and
angiography.

Patients with intermediate risk and poor functional capacity
may need stress testing.

Assessment of left ventricular function by radionuclide scan
or echocardiography is also indicated for patients in whom an
impaired left ventricular function is suspected on clinical exami-
nation or radiology although the best test remains unclear.



168

The ASCRS Manual of Colon and Rectal Surgery

Cardiac interventions are generally only recommended for
patients who would otherwise have benefited regardless of any
unplanned noncardiac surgery. These recommendations have
been reviewed and summarized by the ACC (www.acc.org/
clinical/guidelines/perio/update/figl.htm) and others.

Transfusion and Hematologic Evaluation

Most patients with anemia tolerate operations well unless they
have associated disease, and therefore anemia rarely changes man-
agement unless operative blood losses are expected to be great.
Risk of thromboembolism and bleeding disorders can be
assessed by a detailed history and by tests that measure coagu-
lation factors (prothrombin and partial thromboplastin time)
and that assess platelet count and function (bleeding time).
Measures to reduce the risk of thromboembolism have been
well documented and are part of the practice parameters avail-
able from the American Society of Colon and Rectal Surgeons
(see Appendix 1).

Blood grouping and cross-matching is obviously critical when
planning major surgery in which significant blood losses may
occur.

An important consideration is to have a routine sample for
blood type on file for patients undergoing major surgery, even
if transfusion is not expected, and cross-matching would not
usually take place. This allows a double level of security when
urgent samples are sent if bleeding occurs during surgery.
Anemic patients who are scheduled for elective surgery may
be treated preoperatively by allogenic transfusion but consid-
eration is also given to autologous donation, erythropoietin,
intraoperative hemodiltion with autotransfusion, or considera-
tion of cell salvage techniques, which are still being evaluated
in colorectal surgery.

Preoperative autologous donation (PAD) has been criticized
recently because of cost-ineffectiveness, large wastage of PAD
units, and the potential for leaving patients more anemic after
surgery than without PAD.

Renal Function Evaluation

Age, hypertension, and diabetes may be indications for preop-
erative selective renal function testing.
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When indicated, measurement of serum electrolytes in the pre-
operative period helps in preventing perioperative problems.
This is particularly true for serum potassium, because both
hypokalemia and hyperkalemia may lead to cardiac conduc-
tion disturbances.

Normal renal function is necessary for the excretion of the
nondepolarizing muscle relaxants used for anesthesia and
surgery.

Renal function is also a consideration when choosing postop-
erative analgesic regimens including nonsteroidal medications
such as Ketoralac.

Respiratory Tract Evaluation

Patients with a history of chronic lung disease require careful
assessment to minimize problems with anesthesia.

Common pulmonary complications after surgery are atelecta-
sis, pneumonia, and bronchitis and predisposing risk factors
include cough, dyspnea, smoking, history of lung disease,
obesity, and abdominal or thoracic surgery.

Cessation of smoking 8 weeks before surgery is beneficial to
the patient by allowing recovery of the mucociliary apparatus.
Bronchodilators are helpful in patients with asthma and bronchitis
Active pulmonary infection should be treated before surgery
when possible.

A Global Initiative for Chronic Obstructive Lung Disease
(COLD) now recommends optimal treatment for COLD
patients, and these treatments may need to be optimized before
surgery.

The incidence of abnormalities detected on a routine preopera-
tive chest film is higher in elderly patients but most occur in
patients with recognizable risk factors.

Preoperative chest X-rays may be of value in ruling out metas-
tases but do not otherwise have a major influence on the deci-
sion to operate or on the type of anesthesia, and abandonment
of routine ordering of preoperative chest X-rays does not produce
adverse patient effects.

The Royal College of Radiologists recommended preoperative
chest X-rays only for patients with acute respiratory symp-
toms, possible metastases, those with suspected or established
cardiorespiratory disease without a chest X-ray in the preced-
ing 12 months, and recent migrants from endemic countries.
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There are no well-established guidelines as to who requires
pulmonary function testing. Such candidates may include
patients with chronic pulmonary disease, wheezing or dyspnea
on exertion, chest wall and spinal deformities, morbid obesity,
heavy smokers with persistent cough, thoracic surgery, elderly
patients (>70 years of age), and patients who are to undergo
upper abominal surgery.

Neurologic System

The prevalence of occult cerebrovascular disease in elderly
patients, who constitute a large proportion of patients requiring
surgical attention, is a special concern.

An asymptomatic carotid bruit indicates the presence
of peripheral vascular disease and is an indication for further
evaluation by duplex scanning. However, prophylactic endar-
terectomy is not indicated usually, because the increased
risk of a perioperative stroke compared with the unselected
population is small.

Symptomatic disease that is untreated or undiagnosed before
preoperative assessment should be assessed and treated before
all but emergency surgery.

Patients at high risk may be kept on aspirin products during
the time of surgery to minimize their risk of stroke. Some
may require endarterectomy before their scheduled surgery,
although this is quite rare.

Metabolic and Endocrine System

Assessment for diabetes, thyroid disorders, and other
endocrine problems is an integral part of preoperative
evaluation.

Obesity is now so prevalent that fasting blood glucose in obese
patients may identify cases of unexpected diabetes.
Pregnancy may dictate reassessment of the indication for sur-
gery, type of procedure being performed, and issues related to
anesthesia.

Patients on steoids may need extra dosage (stress coverage) in
the perioperative period.

Patients with known diabetes will need careful management
of their blood sugar in the perioperative period, with standard
recommendations for insulin and oral hypoglycemics.



8. Preoperative Management 171

Nutritional Assessment and Hepatic Function

Nutritional measurements help in assessing the physiologic
status and optimizing function of the patient with regard to
immunology, fluid balance, and metabolic response to trauma
and surgery.

Patients at particular concern for malnutrition are those who
have lost more than 10% of their body weight in the previous 6
months, and those with an albumin less than 3 g/dL.
Malnourished patients have increased complications after
surgery, although nutrition must be supplemented for at least 2
weeks before clinical outcome parameters are improved.
Abnormal liver function may affect hemostatic mechanisms
and drug metabolism, but is an unusual clinical problem.
Hepatitis may pose increased risk to the medical personnel
taking care of the patient.

Preoperative Assessment Specific for Colorectal Procedures

For patients undergoing surgery for colorectal disorders, a pre-
vious major laparotomy may preclude laparoscopic surgery or
indicate an increased risk of conversion to open surgery.
Body habitus of the patient, mental status, visual acuity,
and the presence of other disorders such as arthritis may
determine the decision on whether a stoma is formed and its
placement.

Assessment of patients’ attitudes toward surgery, addressing
their concerns, and counseling them regarding what to expect
during hospitalization forms an integral part of the preopera-
tive evaluation.

Current Recommendations

Tests that need to be performed include hemoglobin for evidence
of anemia and as a baseline level for postoperative manage-
ment.

Renal and liver function tests are indicated only in patients
with medical conditions or taking medication that would indi-
cate these tests.

Preoperative blood glucose determination is obtained in patients
45 years of age or older because current recommendations sug-
gest that all patients older than 45 years ought to be screened for
diabetes mellitus which increases perioperative risks.
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d A urine pregnancy test ought to be considered for all women of
childbearing age who are at risk for pregnancy.
d Coagulation tests are only indicated in patients on anticoagula-

tion, with a family or personal history of bleeding disorder, or
those with liver disease.

d Patients undergoing major surgery with a potential for blood
loss should have a type and screen taken for filing in the labo-
ratory, even if transfusion is not expected. This may help mini-
mize the risk of later transfusion reaction.

d Electrocardiogram is indicated in male patients older than 40
years of age, females older than 50 years, and those with a his-
tory suggestive of cardiac disorders.

d Chest X-rays are performed on the basis of findings from the
medical history or physical examination.
d As part of preoperative risk assessment, patients found to have

medical conditions requiring further specific therapy before
surgery should also be considered for more intensive medical
supervision. This is important while in the hospital for their
surgery, and also as part of their post-discharge follow-up.

C. Bowel Preparation

Method of Bowel Preparation

d Sodium phosphate
Lower-volume sodium phosphate preparations are now
used routinely by many surgeons, but should be avoided
in those with significant history of cardiac or renal dys-
function.

- Another variation is sodium phosphate pills. These are
taken as a series of 28-32 pills in split doses. This prepa-
ration also has concerns about hydration and electrolyte
changes.

- Any sodium phosphate preparation may cause hypocal-
cemia, hyperphosphatemia, and hypokalemia, leading to
increased caution for their use in the elderly and those
with renal dysfunction or taking certain blood pressure
medication.
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Lavage Solutions

- Solutions containing electrolytes and osmotic agents such
as polyethelene glycol (PEG) or vitamin C are available.
They are available in 4 L solutions or when combined
with stilulant laxatives (bisacodyl) function well with
2 L of solution. Flavoring is available.

- The solutions provide excellent cleansing and do not
have many of the limitations of sodium phosphate. Com-
pliance can be an issue in some patients and must be used
with caution in the face of partial obstruction.

Whether to Use an MBP

Over the last decade, several studies have suggested that a
mechanical preparation may not be necessary.

These studies, along with a series of randomized, controlled
trials evaluating the use or avoidance of MBP, culminated
in the recent publication of a Cochrane review on the sub-
ject (Table 8.5). Of the five randomized trials over the
last decade, two showed higher anastomotic leak rates
with bowel preparation. The remaining trials showed no

difference.

A Cochrane review was performed to analyze all rando
mized, controlled data and specifically to determine the
effect of MBP on morbidity and mortality rates after elec-
tive colorectal surgery. Of patients with anastomoses,
there were 576 MBP patients and 583 without MBP. There
was no difference in anastomotic leak rates for low ante-
rior resection (12.5 vs. 12%), or colonic surgery (1.2 vs.
6%) in patients with or without MBP. Overall anastomotic
leak rates were significantly lower without MBP (5.5 vs.
2.9%; P = 0.02). Mortality, peritonitis, reoperation, wound
infection, and extraabdominal complications were similar
between groups. The results failed to support the hypothesis
that MBP reduces complication rates, but because there was
no a priori hypothesis that MBP might increase complica-
tion rates, this could not be stated.

Avoidance of bowel preparation may not be possible for lapar-
oscopic approaches for technical reasons, however, it may be
considered for open surgery.
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Bowel Preparation in Special Situations

Obviously, patients with acute intestinal or colonic obstruction
cannot be given a high-volume or cathartic bowel preparation.
Other patients such as those with obstructive symptoms or a
partial obstruction, may suitable for milder preparative agents.
Options include prescribing small volumes of magnesium
citrate, sodium phosphate, or PEG or using dietary restriction
over a longer period of time than overnight.

D. Prophylactic Antibiotic Usage (See Appendix 2)

There was an evolution from using antibiotics for 5 days,
down to the current situation in which they are generally
given to cover the time of surgery itself, or used for 24 h
maximum, unless a therapeutic course is indicated for clinical
reasons.

In the 17 trials comparing single-dose to multiple-dose (two or
more doses) regimens, using the same antibiotic or combina-
tions of antibiotics, no trial found a difference in wound infec-
tion rates, and a pooled analysis also showed no statistically
significant difference. This single-dose policy also reduces risk
of toxicity, costs, and possibility of developing resistance to
the antibiotic used.

Prophylactic antibiotics are ideally given within 1 h of the skin
incision or at the time of anesthetic induction. If necessary they
are repeated after 4-6 h to keep adequate circulating levels,
particularly if there has been significant blood loss.
Antibiotics need to cover Gram positive, negative, and anaero-
bic bacteria. Current choices usually include a second-generation
cephalosporin with or without metronidazole, or an agent such
as amoxicillin/clavulanic acid.

In patients with penicillin allergy, ciprofloxacin or gentamicin,
clindamycin, and metronidazole may be used.

The use of oral neomycin and metronidazole with parenteral
amikacin and metronidazole has been compared to intravenous
antibiotics alone. The combination of oral and intravenous
antibiotics reduced wound infection rates, and this was sup-
ported by a metaanalysis of prior literature.
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E. Prophylaxis for Endocarditis and Prosthesis

Patients undergoing invasive colorectal procedures are at
varying risk for endocarditis and infection of prosthesis. The
American Society of Colon and Rectal surgeons has published
Practice Parameters (Appendix 2) to guide surgeons on select-
ing appropriate measures for at risk patients. For Additional
discussion, see Chap. 9.

F. Communication with the Patient and Laying
the Groundwork for Postoperative Recovery

L]

No preoperative visit is complete without providing informa-
tion on expected postoperative outcomes.

Patients should be advised of the surgery they will undergo, their
expected milestones in recovery, and possible complications,
including issues such as readmission, which may occur in 10% or
more of these patients undergoing major abdominal surgery.

G. Conclusion

Assessment of the patient undergoing surgery is of extreme
importance in providing patients with a safe recovery from
their operation. This permits stratification of patients into
groups that require intensive, moderate, or minimal investiga-
tion or treatment before anesthesia.

Tests to investigate patients should be used selectively based
on increasingly accepted guidelines. Patients who need such
evaluation and treatment before surgery should also be seen by
the relevant medical specialty when in the hospital, and receive
any necessary instructions for appropriate medical follow-up
after their surgery.

MBP continues to be used by the majority of colorectal sur-
geons, based on traditional practice patterns. Several rand-
omized, controlled trials now suggest that this practice may be
unnecessary.
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d Patients undergoing bowel resection should be given antibi-
otic prophylaxis using one dose of parenteral broad-spectrum
agents at the time of induction of anesthesia.

Appendix 1: Practice Parameters for the Prevention
of Venous Thromboembolism

Risk Classification
Low-Risk Patients

The typical low-risk patient is one undergoing minor surgery who has one
or no risk factors. No specific measures are recommended for patients at
low risk other than early ambulation. Unprotected, these patients have a
2% chance of calf vein thrombosis and a negligible risk of pulmonary
embolus.

Moderate-Risk Patients

The typical moderate-risk patient is older than 40 years of age, undergoing
major abdominal surgery, with no other major risk factors. Moderate-risk
patients can be treated with either intermittent pneumatic compression
(IPC) alone or low-dose unfractionated heparin (LDUH). Moderate-
risk patients have two risk factors. Unprotected, these patients have a
10-20% risk of calf vein thrombosis, and a 1-2% chance of a pulmonary
embolism.

High-Risk Patients

High-risk patients have three or four risk factors. The typical high-risk patient
is older than 40 years of age, is having major abdominal surgery,
and harbors additional risk factors. High-risk patients can be treated
with LDUH (bid or tid) or low-molecular-weight heparin (LMWH),
although standard unfractionated heparin seems to be more cost
effective. If heparin cannot or should not be used, IPC should be sub-
stituted. When heparin has not been started preoperatively, the patient
should be reevaluated for postoperative heparin. Unprotected, these
patients have a 20-40% risk of calf vein thrombosis and a 2—4% risk
of pulmonary embolism.



178 The ASCRS Manual of Colon and Rectal Surgery

Very High-Risk Patients

A high-risk patient is upgraded to a highest-risk category when certain
additional risk factors are present. These include a history of thromboem-
bolic events, hypercoagulable states, and possibly malignancy. Assuming
no contraindication, highest-risk patients ideally should receive pharma-
cologic treatment such as LDUH (bid or tid) or LMWH. Untreated, these
patients have a 40-80% risk of calf vein thrombosis and a 4-10% risk of
pulmonary embolism (see Table 8.6).

Intuitively, there may be some advantage to a strategy of dual meth-
ods, i.e., combining intermittent pneumatic compression with heparin.
Several investigators have suggested this. This has been shown to be
efficacious for patients undergoing cardiac and hip replacement surgery,
but thus far there are no published data for colon and rectal surgery
patients.

Appendix 2: Practice Parameters for Antibiotic
Prophylaxis to Prevent Infective Endocarditis
or Infective Prosthesis During Colon and Rectal
Endoscopy

These parameters are based in part on the recently updated recommenda-
tions made by the AHA and the previously published parameters devel-
oped by The American Society of Colon and Rectal Surgeons. According
to the AHA, the risk for endocarditis is determined by the patient’s pre-
existing cardiac condition and the surgical procedure in question. The
major changes in the new AHA guidelines are the following: (1) it was
emphasized that invasive procedures are not the cause of most cases of
endocarditis; (2) cardiac conditions are stratified by the potential out-
come if endocarditis develops; (3) procedures causing bacteremia are
more clearly specified; (4) an algorithm for antibiotic prophylaxis for
patients with mitral valve prolapse was developed; (5) prophylactic regi-
mens for oral or dental procedures were modified; and (6) prophylactic
regimens for genitourinary and gastrointestinal procedures were simpli-
fied. The AHA considers lower gastrointestinal endoscopy to be a low-
risk procedure for initiating problematic bacteremia, and The Standards
Task Force concurs. The Task Force considered other direct and indi-
rect support for the use of antibiotic prophylaxis in patients with car-
diac or other prostheses. It is the consensus of The Standards Task Force
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Table 8.7. Conditions associated with endocarditis (high risk).

Prosthetic cardiac valves

History of endocarditis

Surgically constructed systemic pulmonary shunts
Complex cyanotic congenital heart disease
Vascular grafts (first 6 months after implantation)

Prepared by The Standards Task Force, The American Society of Colon and
Rectal Surgeons

Reprinted from The Standards Task Force of the American Society of Colorec-
tal Surgery. Copyright 2003. All rights reserved. American Society of Colon
and Rectal Surgeons

Prepared by The Standards Task Force, The American Society of Colon and
Rectal Surgeons

Reprinted from Dis Colon Rectum 2000;43(9):1193-1200. Copyright 2003. All
rights reserved. American Society of Colon and Rectal Surgeons

that prophylaxis be considered only for the high-risk groups listed in
Table 8.7. The complex nature of individualized patient care does not
allow standards to be spelled out for every clinical category.



9. Postoperative Management: Pain
and Anesthetic, Fluids and Diet

A. Pain Control

Adequate pain control is necessary to maximize cardiac and
respiratory function and decrease the risk of complications.
The Joint Commission on Accreditation of Healthcare Organi-
zations (JCAHO) now requires specific assessment and docu-
mentation of treatment of pain.

Physiology

Acute pain is “the initiation phase of an extensive, persistent
nociceptive and behavioral cascade triggered by tissue injury.”
The cascade begins with tissue injury that causes nociceptive
neurons to begin firing and the local release of inflammatory
mediators in the periphery. Once nociceptors become sensi-
tized, the threshold necessary for further activation is lowered
and their discharge rate increases.

Put simply, less painful stimuli ultimately result in more pain
perception. This effect is amplified by the environment of
inflammation and its mediators.

Techniques

In the inpatient setting of abdominopelvic surgery, the major
modalities of postoperative pain control are patient-controlled
anesthesia (PCA with opioids, intermitent administration of
opiates or nonsteroidal antiinflammatory drugs (NSAIDs), and
epidural anesthesia (with opiates or anesthetics).

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 181
DOI: 10.1007/978-0-387-73440-8_9, © Springer Science + Business Media, LLC 2009
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d Preemptive analgesia is another tactic and includes preinci-
sional infiltration of local anesthetics and administration of
NSAIDs and intraoperative epidural anesthesia.
Opioids

Opioids are the most frequently used medication in periopera-
tive pain management.
Their mechanism is via specific opioid receptors as well as
nonspecific antiinflammatory actions. They block transmission
of nociceptive afferent signals in the spinal dorsal horn and
involve efferent messaging by activating inhibitory pathways
supraspinally. Additionally, they act locally in the areas of tis-
sue injury to inhibit inflammation.

Opioid side effects include respiratory depression, pruritus,

nausea, vomiting, and constipation.

Titration of drugs administered for pain is extremely impor-

tant in avoiding respiratory depression as the respiratory center

receives nociceptive input that counterbalances the depression.

When pain is reduced by other means such as adjunct medi-

cations and nerve blocks, the amount of narcotic must be

reduced.

The most frequently used opioid is morphine. It is the standard

against which all other choices are compared.

Other opioids include meperidine (Demeral) and hydromor-

phine (Dilaudid).

- Meperdine has an anticholinergic effect and the potential
for less smooth muscle spasm in areas such as the colon,
biliary tract, and renal.

- The analgesic effects of meperidine are inferior to those
of morphine. Its duration of effectiveness is significantly
less than 4 h. When administered by the intramuscular
(IM) route its absorption is highly variable with variable
blood levels resulting in poor pain control.

- Meperidine causes central nervous system excitation, sei-
zures, increased respiratory depression, has a propensity
for addiction, and produces metabolites with little anal-
gesic but significant neurotoxic potential when adminis-
tered in repeated doses.

- Meperidine, given its short duration of action and significant
risk of serious side effects with repeated use, should have an
extremely limited role in pain management of postoperative
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patients. These factors have led the JCAHO to discourage
the use of meperidine in its pain guidelines.

. The route of administration of opioids is more important than
the specific opioid used in terms of onset of action.

. For the intravenous (IV) route and the oral route, there is little
difference among various opioids.

o The IV route is effective within minutes, whereas the oral route var-
ies between 1 h for standard release and 2—4 h for sustained relief.

d The greatest variability occurs with IM administration based

on the lipophilic nature of the drug. The more lipophilic, the

quicker the onset of pain relief.

d For IV delivery, PCA has been used successfully for more
than 30 years and is one of the recommended modes of
pain control by the American Society of Anesthesiolo-
gists in their practice guidelines. Improved pain control,
patients’ satisfaction, and decreased pulmonary compli-
cations have been found in two large reviews comparing
PCA with conventional opioid analgesia in postoperative
patients.

- Although slightly more expensive, PCA opioid use is a
safe and effective mode of delivery.

- Making the transition from IV pain control to oral pain
control should be made with knowledge of the pain
requirements based on the most current I'V dosages. Table
9.1 lists equianalgesic doses of the IV and oral forms of
several frequently used medications.

Nonopioid
Nonsteroidal Antiinflammatory Drugs

. Nonsteroidal medications inhibit cyclooxygenase (COX)
in the periphery and spinal cord and this may be the mech-
anism by which they are effective in diminishing hyperal-
gesia. Their action is mediated by their effect on COX-2
receptors and result in analgesic and antiinflammatory
effects.

. The side effects are largely a result of inhibition of COX-1
receptors which occur most frequently in the gastrointestinal
(GI) tract, renal tissue, and platelets.

. Overall, the use of these agents in postoperative surgical
patients has been found to be safe, but there are risks of GI
bleeding, renal injury, and surgical bleeding.
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Antihistamines

d Histamine is known to activate nociceptive fibers and may par-
ticipate in mediating pain. For this reason, antihistamines have
been proposed as adjuncts to pain management.

. The mechanism of antihistamines in analgesia is unclear but
may involve opioid receptors or presynaptic inhibition of his-
tamine receptors.

. The confounding factors of sedation and poor methodology do
not allow for recommendations for their use as single agents.

Epidural Anesthesia
d Epidural anesthesia functions at the dorsal horn preventing
afferent conduction of nociceptive stimuli.
d For patients undergoing laparotomy and lower abdominal and

pelvic surgery, epidural anesthesia may have better pain con-
trol, patient satisfaction, and potentially return of bowel func-
tion with fewer side effects.

d In a randomized study of colorectal patients undergoing tho-
racic epidural placement for colorectal resections, resolution
of ileus and control of postoperative pain was significantly
improved compared with those receiving a PCA. These find-
ings were supported in a series of patients undergoing procto-

colectomy.

d In a series of patients undergoing laparoscopic colon resection
randomized to epidural versus PCA, the differences were not
significant.

d The type of medication infused may also have a significant

influence on the outcomes postoperatively as discussed in a
Cochrane review in which those patients receiving local epi-
dural anesthetics had reduced GI paralysis with comparable
pain control.

d The additional time and cost involved with an epidural has
been the primary reason it has not been adopted in a more
widespread manner.

Preemptive Analgesia

. The debate over the effectiveness of preemptive analgesia
continues.
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The concept is that by preventing the initial stimulation of
central pain pathways, there will be decreased sensitization
to noxious stimuli. When increased sensitization occurs, it is
referred to as hyperalgesia and suggests that the same stimuli
will produce different degrees of effects based on the state of
the target.

Hyperalgesia may result from upregulation of afferent path-
ways and the inflammatory mediators involved in the percep-
tion of pain. This led to the evaluation of preemptive analgesia
in human studies.

A review of the 80 randomized controlled trials regarding
the comparison of preemptive and postoperative pain relief
attempted to reach a consensus regarding preemptive analge-
sia trials in humans. The findings were that “timing of analge-
sia did not influence the quality of postoperative pain control,
whatever the type of preemptive analgesia.”

It has been suggested that the focus should shift from comparing
preoperative and postoperative analgesia, to developing more com-
prehensive, multimodality paradigms of surgical pain control.

“Nontraditional” Adjuncts

Acupuncture and acupressure have been used for thousands of
years and are now being increasingly used in Western medi-
cine. There are many reports of their use in control of surgical
pain, but few of these are randomized.

The methods include needles, pressure, and electrical stimu-
lation and the number and location of sites is variable. The
purported benefits are decreased need for opioids, decreased
nausea, and lower plasma cortisol and epinephrine release.
Modalities that address the psychological perception of pain,
rather than only the physiologic, are being examined. It has
been suggested that techniques such as massage may better
address the psychological aspect. In the one randomized study
of this in patients with acute surgical pain, there was no differ-
ence in the consumption of opioids in 202 patients. For similar
reasons, relaxation techniques and the use of music have been
suggested.

Overall, the data are very limited for these therapies.

Their role in the management of acute postoperative pain
remains to be seen in larger, randomized trials.
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B. Perioperative Fluid Management

. Basic fluid requirements under normal circumstances are
approximately 2,500 cc/day in a 70-kg adult. This allows
for the 1,500 cc of urine necessary to excrete waste products
including urea, potassium, and sodium.

. A very simple formula for calculating basic fluid needs is
1,500 cc for the first 20 kg with 20 cc/kg for the remaining
weight.

o As a result of surgical stress, there is an increase in renin,
aldosterone, and antidiuretic hormone release and activation of
the sympathetic system resulting in sequestration of fluid (third
spacing) and increased volume requirements.

o Additional losses may occur from blood loss, diarrhea, nasogas-
tric tubes, and abdominal drains and these should be accounted
for.

. Table 9.2 lists the composition of the frequently administered
fluids and should serve as a guide for replacement based on
calculated fluid losses.

. The amount of IV fluids that should be administered has been
questioned. In two randomized controlled trials of colorectal
patients, a restricted perioperative fluid administration sched-
ule was evaluated. The groups randomized to the restricted
fluid had fewer complications in terms of cardiopulmonary
events and tissue healing complications as well as quicker res-
olution of intestinal ileus.

C. Ulcer Prophylaxis

. In many institutions, ulcer prophylaxis is a routine part of the
postoperative orders. In patients without risk factors, or per-
sonal history, this is unnecessary.

. The incidence of clinically significant GI bleeding in hospital-
ized critically ill patients is less than 0.2%. Mechanical ventila-
tion, coagulopathy, prolonged hypotension, and organ failure
have been the most consistently identified risk factors for the
development of stress ulcer bleeding.

. Table 9.3 lists the most common agents used for ulcer prophy-
laxis along with their mechanisms.
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Table 9.3. Mechanism of frequently used ulcer prophylaxis medications.
Mechanism
Antacids Neutralizes acid
Sucralfate Mucosal production
Stimulates mucous, HCO,, prostaglandin secretion
(inhibits acid secretion)
Coat ulcer base
H2 Antagonists Blocks stimulation of histamine receptor and
production of H*
Proton pump Blocks H*/K* ATPase pump (final step of acid

inhibitors production)

In reviewing studies comparing therapies for stress ulcer proph-
ylaxis, Hiramoto et al. concluded that H2 antagonists, sucral-
fate, and proton pump inhibitors are effective in decreasing the
risk of clinically significant bleeding. Proton pump inhibitors,
are the most potent gastric acid suppressant and, theoretically,
may be more effective.

D. DVT Prophylaxis

Elastic

Although the occurrence of a fatal pulmonary embolism (PE) is
rare, venous thromboembolism (VTE), both symptomatic and
asymptomatic, is relatively common in the surgical patient. In
one study, 0.8% of patients admitted after surgical procedures
developed symptomatic VTE. Of note, 66% of these occurred
within 3 months of discharge.

PE is the most common preventable cause of death in hospitalized
patients in the United States (reported in 0.45% of deaths).

Many prophylactic therapies are available with variable costs
and potential risks (Table 9.4).

Stratification of patients based on their risk for occurrence of
VTE/PE should guide the choice of prophylaxis (Table 9.5).

Stockings

Graduated compression stockings function by compressing the
lower extremity in a gradual manner, with the greatest pressure
at the ankle, encouraging venous return.



190 The ASCRS Manual of Colon and Rectal Surgery

Table 9.4. Common causes of hypercoagulability.

Risk factor

Age

Type of Surgery
Orthopedic lower extremity
Major surgery

Previous VTE

Malignancy

Pregnancy

Estrogen use

Obesity

Heart failure

Thrombophilic disorders
Factor V Leiden
Essential thrombocytosis
Prothrombin G 20210 A mutation

Immobilization

Hospitalization

Table 9.5. DVT prophylaxis guidelines.

Age Risk fac- Recommen-
(Years) Surgery tors DVT PE dation

Low <40 Minor None 0.4% <0.5%  Early ambula-
tion or Elas-
tic stockings
or IPC

Moderate 2-4% 1-2% Early ambula-
tion and
Elastic stock-
ings or IPC
or LDUH or
LMWH

A Any Minor Present 4%

B <40 Major None

C 40-60 Minor None

High 4-8% 2-4% Early ambula-
tion and
Elastic stock-
ings and IPC
or LDUH or
LMWH

>60 Minor +Other
>40 Major None
<40 Major Present
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. If not fitted properly, they may actually be constrictive and
increase the venous pressure below the knees, decreasing
venous return.

d In a Cochrane review, they reduced the risk of VTE in moder-
ate-risk patients.

d As a solo prophylaxis, they should be reserved for the low-risk
patient. Otherwise, they should be used in conjunction with
other measures.

Sequential Compression Devices

. These devices offer a very effective, low-risk prophylaxis for DVT.

d The mechanism is direct and systemic. Locally, they compress
the deep venous system decreasing stasis and encouraging
venous return. On a systemic level, they increase the fibrino-
lytic activity by reducing plasminogen activator.

d An additional consideration is compliance. For maximal ben-
efit, they should be placed before the induction of anesthesia
and function throughout an operation.

. Postoperatively, their effectiveness can be compromised
because of patient, physician, and nursing compliance.

d When used properly, SCDs are a safe and effective prophylac-
tic measure in the low- and moderate-risk patient.

Low-Dose Unfractionated Heparin

d Unfractionated heparin has been evaluated since the 1970s as
a form of prophylaxis and has been shown to be safe in the
majority of surgical patients.

. It consists of molecules that range in size from 3,000 to 33,000
Da and binds to antithrombin (ATIII) and accelerates the inhi-
bition of thrombin and other coagulation factors, particularly
factor X.

d In a large randomized trial from 1970, low-dose unfractionated
heparin (LDUH) decreased the risk of fatal PEs in the postop-
erative population from 0.7% to 0.1% in 4,000 patients. This was
supported in a large metaanalysis of 70 randomized trials. The risk
of DVT, PE, and fatal PE was decreased by more than 50%.

d Although effective, one concern has been the risk of bleed-
ing. There has been a small increase in postoperative bleeding
in most studies, but the majority of these events are wound
hematomas.
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A more frequent side effect of heparin is heparin-induced

thrombocytopenia (HIT). It is less common with prophylactic

than therapeutic heparin, but may occur in 5-15% of patients.

- HIT may cause a paradoxical hypercoagulable state with
arterial and venous thrombosis.

—  The platelet count should be followed in patients receiv-
ing routine heparin and discontinued immediately if
diminishing.

It is recommended that subcutaneous (SC) heparin be started

within 2 h of an operation and continued until the patient is

fully ambulatory.

The dosage is generally 5,000 U every (q) 12 h. This may be

increased in those patients in the high-risk category to 7,500 U

q12hor5,000Uq 8 h.

Low-Molecular-Weight Heparin

LMWH consists of heparin molecules in a smaller range and
size than LDUH (3,500-6,000 Da).

The mechanism is the same as LDUH regarding the accel-
eration of ATIII inactivation of Xa, but it does not inactivate
thrombin. It also does not bind as strongly to plasma moieties
so has greater bioavailability, longer half-life, and more pre-
dictable plasma levels.

The incidence of HIT is also lower than LDUH (2.7 vs. 0%).
LMWH is at least as effective as LDUH in preventing DVT in
postoperative general surgery and colorectal surgery patients
without an increase in bleeding complications.

LMWH is not the standard prophylaxis for surgical patients-
due to cost-effectiveness issues. LMWH is twice as expensive
as LDUH therapy.

Although heparin and enoxaparin are equally effective, low-
dose heparin is a more economically attractive choice for
thromboembolism prophylaxis after colorectal surgery.

E. Duration

The risk of DVT and PE does not end with the discharge of
the patient from the hospital. This is especially true given the
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decreasing lengths of stay and, therefore, the decreasing time
available for prophylaxis while patients are hospitalized.

d In a randomized prospective trial of 332 patients deemed high
risk having undergone curative pelvic or abdominal cancer
resection, those patients who received 21 additional days of
enoxaparin had a 4.8% rate of DVT versus 12.0% in the group
receiving only in hospital prophylaxis. Given these findings,
consideration for extended prophylaxis in patients who are at
moderate and high risk for thrombotic events must be given.

d The American Society of Colon and Rectal Surgeons Practice
Parameters for prevention of venous thromboembolism are
presented in Appendix 1, Chap. 8.

F. Anticoagulation

d Clearly, postoperative bleeding risks are influenced by the sur-
gical procedure performed.
d Overall, the risk of thrombotic and embolic events may be

increased in the surgical patient and those in whom warfarin
therapy has been abruptly stopped.

d In surgical patients not anticoagulated, changes in levels of
fibrin D-dimer and other hemostatic markers associated with
thrombosis have been found to be increased.

d In those patients taking oral anticoagulation, there is biochemi-
cal evidence that there may be a rebound hypercoagulable state
after the withdrawal of oral anticoagulation, perhaps increas-
ing the risk even more. Most studies have not borne this out in
clinical practice.

d An estimation of risk will help in guiding the need and timing
for beginning anticoagulation postoperatively. A summary of
the risk categories based on diagnosis and the general recom-
mendation for anticoagulation is shown in Table 9.6.

G. Diet

d The resumption of a diet is critical to the recovery of the patient
undergoing intestinal surgery. Before discharge, it is accepted
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Table 9.6. Risk factors for adverse events based on diagnosis and anticoagula-
tion recommendations.

Atrial fibrillation  Prosthetic valves Thromboembolism

Adverse event 1-8.5% strokes per  8%/year without ~ 40%/year recur-
risk year anticoagulation rence <1 month

2%l/year with antico-10-15%/year 1-3

agulation months
5%/year >3 months
Risk high Event <30 days Event <30 days Recent event <30
days

Mitral valve disease Mural thrombus
Placement <90
days
Multiple valves
Caged-ball valve
Mitral position
Previous event

Atrial fibrillation
JLV function
Pregnancy
Intermediate ~ Previous events Bi-leaflet or tilting- Event 1-3 months
disc >90 days
Age >75 years Bioprosthetic Obesity
valves 31-90 days
JLV function Malignancy
Left atrial enlarge- Familial prothrom-
ment botic state
Ischemic disease Preoperative
immobility
Hypertension
Diabetes
Low All others None Event >3 months
No event

that patients should tolerate oral analgesia, not require IV
hydration, and demonstrate return of intestinal tract function.
. Since the 1980s, many groups have evaluated the need for
nasogastric tube decompression in the elective abdominal sur-
gery patient. The trials failed to show a benefit in reduction of
complications including anastomotic, hospital stay, or return
to normal GI function. Combined with the patient discomfort
and the loss of the lower esophageal sphincter as a protective
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mechanism, this has prompted most surgeons to abandon their
routine use.

d The advent of laparoscopic colon resection has facilitated a
more aggressive approach to postoperative feeding regimens.
Several trials demonstrated that the majority of patients toler-
ated oral intake in the immediate postoperative period, regard-
less of the presence or absence of traditional markers of return
of GI function. This approach has been used in the open colec-
tomy patients as well.

d In addition to having been shown to be safe and well toler-
ated, there are several theoretical advantages to early feeding.
The potential benefits are related to maintenance of intestinal
integrity from a biochemical and immunologic perspective.
It has been clearly shown that malnutrition in the surgical
patient is associated with increased morbidity and mortality.

d Early feeding after elective abdominal surgery and specifically
colon surgery, has been shown to be safe and generally well
tolerated. This may improve patients’ comfort, and there is a
growing body of evidence that early nutrition may improve
outcome and reduce complications. These data are most con-
vincing for the malnourished patient, and for the use of enteral
nutrition.

H. Steroids

. It is not infrequent that patients undergoing colorectal surgical
procedures are taking exogenous steroids. Usually this is in the
inflammatory bowel disease population.

d Important considerations include identifying those patients at
risk for adrenal insufficiency, equivalent oral and parenteral
dosages, the effect of surgical stress on dosage requirements,
and the timing of tapering to presurgical dosages or cessation
of treatment.

d Glucocorticoids are essential for protein, carbohydrate, and
fat metabolism. Their overall effect is to increase gluconeo-
genesis by allowing for the production of amino acids by
proteolysis and lipolysis. They also stimulate metabolism
by their inotropic effects and enhancement of norepinephrine
and epinephrine.
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It has been clearly demonstrated that adrenal atrophy and sup-
pression occurs with exogenous steroid administration. This is
a result of the negative feedback effect on adrenocorticotropic
hormone by exogenous cortisol and the lack of stimulation of
the adrenal cortex. This can take up to 1 year to recover and
patients are frequently asymptomatic during this time if not
exposed to stress. During this period, the potential for acute
adrenal insufficiency exists.

In actuality, the occurrence of adrenal insufficiency in the sur-
gical population is quite rare.

The risk of suppression can be predicted and this is shown in
Table 9.7.

As to the question of testing of the adrenal axis, it has not been
clearly demonstrated that identified suppression leads to clini-
cal insufficiency.

The duration of the taper postoperatively is most impacted by
the surgical procedure. For most outpatient procedures, the
degree of postoperative stress is considered minor and patients
can be returned to their preoperative dose immediately. For
major surgery, stress dosages should be continued until signs
of surgical stress have resolved. This varies from patient to
patient as postoperative ileus, cardiac and pulmonary compli-
cations and infections pose additional stress. For patients with
an uncomplicated postoperative course, this generally begins
on the third day. Once the taper begins, it can be carried out
rapidly over a period of a few days to the preoperative

Table 9.7. Risk of adrenal suppression from exogenous steroids and rec-
ommendations for replacement.

Dose Duration Recommendation
High risk* >20 mg/day >3 weeks 100 mg at induction
100 mg q 8 h through-
out period of “stress”
Intermediate >5 mg/day >3 weeks Prophylaxis or testing
of the axis
<20 mg/day
Low Any dose >3 weeks No prophylaxis
<5 mg/day Any time

“Patients with Cushing’s syndrome are considered high risk regardless of
dosage or duration of steroid administration
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Table 9.8. Equivalent steroid dosages.

197

Glucocorticoid Equivalent dose (mg) Half-life (h)
Prednisone 5 18-36
Dexamethasone 0.5 36-54
Hydrocortisone 20 8-12
Methylprednisolone 4 18-36

dosage. Table 9.8 shows the equivalent steroid dosages for the
parenteral and enteral steroids.

It is important to recognize the signs of adrenal insufficiency
because they may occur both in the immediate postopera-
tive period and beyond in the event of a complication (bowel
obstruction, anastomotic leak, surgical and nonsurgical
infections). Symptoms of adrenal insufficiency may include
hypoglycemia, cardiovascular collapse, fatigue, abdominal
pain, nausea, and vomiting. In the postoperative patient pre-
senting with a change in intestinal function, steroid withdrawal
should be considered in the at-risk population.

I. Clinical Pathways

An aspect of practicing evidence-based medicine is the devel-
opment of standardized postoperative protocols. Potential ben-
efits of standardized care include decreased length of stay with
more efficient utilization of hospital beds and personnel, and
potentially fewer mistakes.

Preoperatively, patients should be educated regarding the
expectations of the pathways in terms of their activity and
diet. Additionally, an attempt to explain realistic expectations
of what patients may expect in terms of pain and discomfort
will help in compliance with the protocol. The caregivers, both
family and hospital staff, must also be involved and aware of
the pathway. Preoperative printed instructions and wall charts
may help in achieving this understanding.



10. Postoperative Complications

A. Unrecognized Enterotomies
and Enterocutaneous Fistulae

. Patients undergoing extensive adhesiolysis are at highest risk
for enterotomies. An enterotomy in and of itself is not a com-
plication, rather it is the failure to recognize and adequately
repair an enterotomy that leads to trouble.

. In cases in which any significant degree of adhesiolysis is per-
formed, the entire bowel should be carefully inspected at the
end of the procedure.

. Although the natural history of serosal tears is unknown, they
should be repaired when recognized with imbricating seromus-
cular sutures.

. Full-thickness enterotomies can be repaired using a number of
different and equally effective techniques.

. In cases in which multiple enterotomies have occurred within a
short segment of bowel, resection of the involved segment with
primary anastomosis is performed. If the mesentery has also
been injured during the course of adhesiolysis, the viability of
the bowel ends should be confirmed before anastomosis.

. Failure to recognize an enterotomy at the time of surgery will
lead to one of several postoperative complications:

—  The patient may develop peritonitis within the first
2448 h after surgery. This may be difficult to detect in
the background of narcotic analgesia and the surgeon and
patient’s expectation of postoperative incisional pain.

—  The diagnosis is purely based on patient appearance and
examination. The usual markers of bowel perforation
(leukocytosis, fever, and pneumoperitoneum) are not

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 199
DOI: 10.1007/978-0-387-73440-8_10, © Springer Science + Business Media, LLC 2009
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reliable, because they are normal findings in the early
postoperative patient.

A high index of suspicion should be maintained with a
low threshold for reexploration. Reoperation within the
first several days is usually not difficult because signifi-
cant adhesions have not yet formed. Most enterotomies
found in this situation can be repaired primarily, provided
that the bowel edges are viable. Should the repair fail, if
the repair can be placed directly under the midline fascial
closure, this may result in the development of a direct
enterocutaneous fistula rather than recurrent peritonitis.
If conditions are not favorable for primary repair, a stoma
should be created.

An unrecognized enterotomy may also present as an enterocu-
taneous fistula, with enteric drainage emanating from the inci-
sion or wound later in the postoperative course.

If there are no signs of sepsis, a nonoperative approach may
be considered, especially if the patient is more than 1 week
removed from surgery. The patient is placed on bowel rest,
broad-spectrum antibiotic coverage is initiated, and a com-
puted tomography (CT) scan is obtained to assess for an
associated abscess or fluid collection. If a fluid collection
greater than 4 cm in diameter is present, percutaneous,
radiologically guided drainage should be considered.

If available, an enterostomal therapist should be involved
to assist with pouching the fistula in order to protect the
skin from irritating enteric contents.

In most cases, parenteral nutrition will be started to meet
the patient’s caloric and protein requirements in anticipa-
tion of a prolonged period of fasting.

H2 antagonists may be added to decrease gastric secretions.
Somatostatin analogs may also be used to decrease the
volume of fistula output, although they do not seem to
increase the rate of spontaneous fistula closure.

The rate of spontaneous small bowel fistula closure varies
but is typically less than 50%. Chances of spontaneous
closure are thought to be reduced by high output because
of proximal location, distal obstruction, local sepsis,
radiation exposure, a short or epithelialized tract, malig-
nancy, a foreign body in the tract (e.g., mesh, sutures),
Crohn’s disease, and malnutrition.
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- Most enterocutaneous fistulae that close spontaneously
will do so within the first month.

- Surgical intervention should be delayed until all sepsis
has resolved, adequate nutrition has been restored, and
intraabdominal adhesions have softened to the point of
allowing safe reoperation. Most authors recommend a
delay of at least 6 weeks since the last laparotomy, but
3—6 months may be more appropriate. The ultimate healing
rate after definitive surgical repair is approximately 80%.

B. Anastomotic Complications

d Anastomotic complications can lead to emergent reoperation
and/or a prolonged, complicated, and costly postoperative
hospitalization. If the patient recovers from the acute event,
chronic sequelae may develop because of stricture or pelvic
fibrosis leading to poor bowel function and the possibility of
further revisionary surgery or permanent fecal diversion.

. Anastomotic complications are usually related to technical fac-
tors (ischemia, tension, poor technique, stapler malfunction) or
preexisting conditions in the patient such as local sepsis, poor
nutrition, immunosuppression, morbid obesity, and radiation
exposure. The contribution of the former may be minimized
by a careful, methodical approach to construction of the anas-
tomosis (Table 10.1).

d Nutritional status, degree of immunosuppression, and general
medical condition should be considered when deciding whether

Table 10.1. Steps to minimize risk of leak from colorectal or coloanal anastomoses.

1. Ensure good blood supply (pulsatile bleeding from marginal artery at level of
anastomosis)

2. Ensure tension-free anastomosis by complete mobilization of splenic flexure
(includes high ligation of IMA and ligation of inferior mesenteric vein at
lower border of pancreas)

3. Avoid use of sigmoid colon in creation of anastomoses

4. Inspection of anastomotic donuts for completeness after circular stapled
anastomoses

5. Air or fluid insufflation test to rule out anastomotic leak immediately after
construction in the operating room
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or not to perform a primary anastomosis. If severe malnutrition
(albumin <2.0 or weight loss >15%) or significant immunosup-
pression (chemotherapy, high-dose steroids) are present, a proxi-
mal stoma (eg. an end colostomy and Hartmann stump) will
minimize the risk of complications. Colostomy takedown can
then be performed if and when these factors have been corrected.
When operating in the radiated pelvis, one end of the bowel
used to construct the anastomosis should come from outside
the field of radiation.

Bleeding

Leaks

Anastomotic bleeding is common and varies greatly in severity.
In most cases, bleeding is minor and is manifested by the passage
of dark blood with the patient’s first bowel movements after
surgery. In rare instances, bleeding can be massive and require
transfusion and active intervention.

Bleeding can occur after either stapled or hand-sewn anasto-
moses, but is probably more common with the former. This
complication can be reduced by careful inspection of the staple
line, particularly in the case of side-to-side/functional end-to-
end anastomoses.

Bleeding from circular stapled anastomoses or from the staple
lines of ileal or colonic J pouches is usually not diagnosed until
after the patient has left the operating room. After performing
proctoscopy to evacuate clot from the rectum or neorectum, a
rectal tube or catheter is inserted and a 1:100,000 solution of
saline and epinephrine is instilled.

If bleeding is severe, angiography may be required to localize
the site and allow selective infusion of vasopressin. Alterna-
tively, colonoscopy may be used. If the anastomosis can be
visualized, the bleeding site can be treated with either cautery,
clips, or injection of epinephrine. In rare cases, reoperation
with resection of the bleeding anastomosis is required.

The lowest leak rates are seen after small bowel or ileocolic
anastomosis (1-3%) whereas the highest occur after coloanal
anastomosis (10-20%).

Vignali et al. reported on 1,014 colorectal anastomoses. The
overall clinical leak rate was 2.9%. The incidence of leak was
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strongly associated with the distance of the anastomosis from
the anal verge.

Another high-risk anastomosis is the ileal pouch-anal anas-
tomosis. Leak rates of 5-10% have been reported. Data from
series of ileal pouch-anal anastomosis in patients with ulcera-
tive colitis identify prednisone dosage >40 mg/day as a signifi-
cant risk factor.

Role of Fecal Diversion

The creation of a proximal diverting stoma minimizes the
severe consequences of an anastomotic leak but it does not
reduce the incidence of leak itself.

A diverting stoma should be considered for any high-risk anas-
tomosis [coloanal, low colorectal (<6 cm from anal verge)].
In addition, patient factors such as severe malnutrition, significant
immunosuppression, and purulent peritonitis or pelvic sepsis
should be considered as indications for diversion. Considera-
tion should also be given to the patient’s comorbidities and
general condition; in cases in which the “physiologic reserve”
necessary to tolerate an anastomotic leak does not exist, the use
of a proximal stoma should be strongly entertained.

In fact, recent data from a large randomized trial assessing the
efficacy of short-course neoadjuvant radiation therapy in rectal
cancer found that a protecting stoma reduces the need for sur-
gical intervention should an anastomotic leak occur.

Role of Pelvic Drains

The use of pelvic drains is controversial.

The use of drains has not been shown to be of benefit or harm
in a recent, large randomized study and in a metaanalysis.

In the absence of data suggesting harm, the authors routinely
drain low colorectal or coloanal anastomoses, especially after
neoadjuvant therapy.

Management of Anastomotic Leak

Anastomotic leaks can be divided into “free” and “contained”
varieties.

Free leaks are those in which fecal contents leak from the anas-
tomosis and spread throughout the abdominal cavity. Patients
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usually present with fever, tachycardia, leukocytosis, and dif-
fuse peritonitis. Feculent fluid may present itself through the
surgical incision or via the pelvic drains. Hypotension and
other signs of systemic sepsis may ensue. If the patient is sta-
ble, radiologic investigation is helpful to localize the leak and
to determine its size and severity.

- Patients with “free” leaks should be taken to the operat-
ing room after fluid resuscitation and administration of
broad-spectrum intravenous antibiotics.

- Surgical treatment will be dictated by the findings at
operation. Most leaking colorectal anastomoses will require
abdominal washout and takedown of the anastomosis
with creation of an end-colostomy and Hartmann stump.

- Leaking ileocolic or small bowel to small bowel anasto-
moses can occasionally be repaired primarily in carefully
selected circumstances, i.e., small defect with viable
edges. However, resection of the anastomosis with either
reconstruction or creation of a stoma is the wisest and
most conservative option.

- If the viability of the bowel ends is questionable, takedown
of the anastomosis and creation of a stoma is mandatory.

“Contained” leaks are those in which the extravasation of con-

trast material is limited to the pelvis and usually result in the

development of a pelvic abscess (Fig. 10.1).

- If the abscess cavity is small and contrast flows freely
back into the bowel, the patient may be treated with intra-
venous antibiotics, bowel rest, and observation.

- If the abscess is larger or somewhat removed from the site
of the anastomosis, then percutaneous abscess drainage
using CT or ultrasound guidance may avoid laparotomy.
Such leaks rarely require subsequent fecal diversion.

Fistulae

Anastomotic leaks may also result in fistulae to the skin, vagina,
male genitourinary system, or chronic presacral abscess (pre-
sacral sinus).

Colocutaneous fistulae will frequently close with conservative
management consisting of either bowel rest with total parenteral
nutrition or a low residue diet and pouching of the fistula to
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Fig. 10.1. Pelvic abscess resulting from ileocolic anastomotic leak (white arrow).
Extravasated enteric contrast can be seen in the right pelvis tracking down toward
the abscess.

protect the surrounding skin. If drainage persists, reoperation

for fistula takedown and reconstruction of the anastomosis can

be performed after a delay of 3—6 months.

. Colovaginal fistulae are usually the consequence of either an
anastomotic leak necessitating through the vaginal cuff in a
patient who has undergone a prior hysterectomy or the inclusion
of the vagina during creation of a stapled anastomosis. In either
case, spontaneous closure is rare.

—  If the vaginal drainage is copious and intolerable to the
patient, proximal fecal diversion may be necessary.

—  After a waiting period of 6—12 weeks, reoperation may be
performed. Options include attempts at local repair using
mucosal flaps (colonic or vaginal)/sleeve advancements
or laparotomy with redo coloanal anastomosis, either pri-
mary or delayed (“Turnbull-Cutait pullthrough”).

. Chronic presacral abscess or sinus may result from a posterior
leak in a coloanal or ileal pouch-anal anastomosis.

—  Patients may have an occult presentation consisting of
vague pelvic pain, fevers, frequency of stool, urgency,
and bleeding.
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- A pelvic CT scan will usually show presacral inflam-
matory changes and a contrast enema will confirm the
presence of a sinus tract originating from the posterior
midline of the anastomosis and extending cephalad into
the presacral space.

- Examination under anesthesia can then be performed
with careful inspection of the anastomosis. A probe or
clamp is placed through the anastomotic defect and the
chronic presacral cavity is simply lain open using cautery
and gently curetted of granulation tissue. This will allow
free drainage of the presacral abscess and healing by sec-
ondary intention. This may result in a chronic posterior
sinus or “pseudo-diverticulum.”

Stricture

Anastomotic stricture may be the end result of anastomotic
leak or ischemia.

It typically presents 2—12 months after surgery with increasing
constipation and difficulty evacuating.

If the initial resection was done for malignancy, recurrence as
a cause of the stricture must be excluded with a combination of
CT scan and fluorodeoxyglucose-positron emission tomogra-
phy (PET) scan.

Biopsy is mandated if a mass or abnormality is identified.
Low colorectal, coloanal, or ileal pouch-anal anastomotic
strictures may be successfully treated with repeated dilatations
using an examining finger or rubber dilators. Dilation is more
successful if initiated within the first few weeks after surgery.
Almost all coloanal or ileoanal anastomoses will stricture to
some degree during the early postoperative period, especially
if a diverting stoma is present. All such anastomoses should
undergo digital examination at 4—6 weeks after surgery and
just before stoma closure (usually at 2-3 months).

Higher colorectal, colocolic, or ileocolic strictures may be
approached using endoscopic balloon dilatation.

If these measures fail, or if the stricture is extremely tight or
long, revisionary surgery may be required. These are difficult
operations, however, because of the pelvic fibrosis that develops
after anastomotic leak and complications are common. In some
cases, permanent fecal diversion is the only option.
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C. Genitourinary Complications

Ureteral Injuries

Injury to the ureters typically occurs at one of four specific
points in the procedure.

The first is during high ligation of the IMA where the junction
between the upper and middle thirds of the left ureter lies in
close proximity to the vessels. Failure to mobilize the ureter
laterally before ligation of the IMA may result in its inclusion
with the vascular pedicle when clamped and subsequent division.
It is good practice to always confirm the position of the left
ureter before and after applying clamps to the IMA and before
division of the vessel. Injury at this level is usually limited to
transection and can be repaired primarily using an end-to-end,
spatulated anastomosis performed over a stent.

The second point of danger is during mobilization of the upper
mesorectum near the level of the sacral promontory. It is at
this point that the ureters cross over the bifurcation of the iliac
artery and course medially as they enter the pelvis.

The left ureter may be closely associated with the sigmoid
colon and can even be adherent secondary to prior inflamma-
tory processes. The injury may be tangential and not readily
recognized in the setting of a phlegmon or abscess.

Injury at this level is usually managed by either primary repair
or ligation of the distal stump and creation of a ureteroneocys-
tostomy with a Boari flap or psoas hitch repair.

The third point of risk is during the deepest portion of the
abdominal phase of the operation. Anterolateral dissection in
the plane between the lower rectum, pelvic sidewall, and bladder
base can result in ureter injury at the ureterovesical junction.
The ureter may also be injured at this level during division of
the lateral stalks.

The final area of risk is during the most cephalad portion of the
perineal phase of the operation. If exposure is limited (obese
patient, android pelvis), the ureter may be unknowingly divided
near the ureterovesical junction. In either of these circumstances,
the injury can be managed by creating a ureteroneocystostomy.
Should ureteral injury occur, the key to minimizing its conse-
quence is immediate (intraoperative) recognition and repair of
the injury.
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In cases in which a difficult pelvic dissection is anticipated,
because of prior pelvic surgery, inflammation, or a locally
advanced tumor, the preoperative placement of ureteral stents
can be invaluable. Although the literature does not demonstrate
that stents prevent ureteral injuries, palpation of the stents can
aid in localization of the ureters and can also facilitate identifi-
cation and repair should injury occur.

In cases in which the surgeon is suspicious of occult injury,
indigo carmine can be administered intravenously. After sev-
eral minutes, the urine will turn blue-green and the operative
field can then be inspected for staining.

Unfortunately, the literature suggests that less than 50% of
ureteral injuries are identified intraoperatively, usually because
the injury is not suspected. Ureteral stents should be used
selectively, however, because their use can lead to complica-
tions such as obstruction secondary to hematoma, perforation,
or acute renal failure.

Urethral Injuries

Tatrogenic injury to the urethra may be the result of abdomi-
noperineal resection (APR). The injury typically occurs during
the perineal portion of the procedure and usually involves the
membranous or prostatic portion.

Intraoperatively, urethral injury may be recognized by visuali-
zation of the Foley catheter through the defect.

These injuries may be difficult to avoid in the presence of a
large, deeply penetrating anterior tumor in which involvement
of the prostate gland can occur. Desmoplastic reaction to the
tumor or edema from neoadjuvant radiation therapy may also
obscure anatomic planes.

Small injuries can be repaired at the time of surgery using 5-0
chromic sutures with the Foley catheter left in place to stent the
repair for 2—4 weeks.

Larger injuries or those not presenting until the postoperative
period (urine draining from the perineal wound) require proxi-
mal urinary diversion via suprapubic catheter and delayed
repair. This should be performed by a skilled urologist with
experience in urethral reconstruction and typically utilizes a
gracilis muscle flap.
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Bladder Injury

Bladder injuries are relatively frequent and are, in most cases,
related to resection of an adherent rectosigmoid tumor or diver-
ticular phlegmon.

When created purposefully or recognized immediately, defects
in the bladder dome are easily repaired in two layers with a
Foley catheter then left in place for 7-10 days postoperatively.
Before removal, a cystogram may be obtained to confirm healing.
Injuries not recognized at the time of surgery will present in
the postoperative period with urine in the abdominal cavity,
pneumaturia, or fecaluria. Initially, fecal and urinary diversion
may be necessary to temporize the situation until reoperation
can be safely performed.

Urinary Dysfunction

Urinary dysfunction is one of the most common urinary com-
plications of APR. Some degree of voiding difficulty occurs in
up to 70% of patients after APR, but it is usually confined to
the early postoperative period.

In most instances, urinary retention is the result of denerva-
tion of the detrusor muscle causing partial paralysis. Bladder
contractility is under parasympathetic control via pelvic nerve
branches originating from the inferior hypogastric plexus.
These nerves can be injured if the endopelvic fascia is breached,
especially during blunt dissection of the rectum. Temporary
dysfunction of these nerves is nearly universal after APR, even
when a meticulous sharp dissection is used.

Most patients, however, will only require maintenance of a
Foley catheter for 5-7 days postoperatively.

Sexual Dysfunction

Recent series report an incidence of sexual dysfunction of
15-50% in male patients undergoing APR for rectal cancer.
This wide range is likely attributable to several factors such
as patient age, preoperative libido, use of adjuvant radiation
therapy, varying definitions of dysfunction, time point of
follow-up, and social barriers preventing a frank discussion of
the problem.
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The type of dysfunction is dependent on the pattern of nerve
injury. Damage to the superior hypogastric (sympathetic)
plexus during high ligation of the IMA or to the hypogastric
nerves at the sacral promontory during mobilization of the
upper mesorectum, results in ejaculatory problems such as ret-
rograde ejaculation. This is the most common type of sexual
dysfunction seen in male patients after APR and is also the
type most likely to resolve with time (6—12 months).

Damage to the pelvic plexus during the lateral dissection or
to the nervi erigentes or cavernous nerves while dissecting
the anterior plane (abdominal or perineal phase) may result in
erectile dysfunction.

The cavernous nerves arise from branches of the pelvic plexus
and course anterior to Denonvillier’s fascia at the lateral bor-
der of the seminal vesicles. Parasympathetic innervation from
these routes controls the inflow to and retention of blood within
the corpora cavernosa. The important anatomic relations of the
pelvic nerves are illustrated in Fig. 10.2.

Risk of injury to these nerves may be reduced by tailoring the
anterior dissection based on the location of the tumor.

The highest risk of parasympathetic nerve injury occurs when
dissection is performed in the plane anterior to Denonvillier’s
fascia and flush with the posterior aspect of the seminal vesi-
cles and prostate.

For posterior tumors, Denonvillier’s fascia is preserved by dis-
secting between it and the fascia propria of the rectum in order
to protect the small cavernous nerves.

Using a “nerve sparing” approach to total mesorectal excision,
several authors have reported an incidence of erectile dysfunc-
tion of 5-15% after proctectomy for rectal cancer. Factors
shown to increase risk are older age, poor preoperative libido,
and low rectal tumor requiring APR (two- to threefold increase
compared with low anterior resection).

Although harder to quantity, sexual dysfunction also occurs in
women after proctectomy. It is characterized by dyspareunia
and inability to produce vaginal lubricant and achieve orgasm.
The incidence is lower than that seen in males and varies
between 10 and 20%.
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Fig. 10.2. Anatomic relations of the pelvic nerves. Damage to the superior hypo-
gastric plexus during high ligation of the IMA or to the hypogastric nerves at
the sacral promontory during mobilization of the upper mesorectum results in
retrograde ejaculation. Damage to the pelvic plexus during the lateral dissection
or to the nervi erigentes or cavernous nerves while dissecting the anterior plane
may result in erectile dysfunction.

Female Infertility

. Several recent studies have documented decreased fertility in
women who have undergone restorative proctocolectomy for
ulcerative colitis or familial adenomatous polyposis.

. The postoperative infertility rate exceeds 50% in this group
when defined as “one year of unprotected intercourse without
conception.” This has important implications in both preopera-
tive patient counseling and in the modification of operative tech-
nique to minimize the effect of pelvic adhesions on fertility.

. Women of childbearing age should be informed of this potential
complication before elective restorative proctocolectomy
because it may influence the timing of surgery.
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Because pelvic adhesions are thought to interfere with egg
transit from the ovary to the fallopian tube, measures to minimize
their occurrence may be of benefit. Tacking the ovaries to the
anterior abdominal wall outside of the pelvis and wrapping the
adnexa with an anti-adhesion barrier sheet are frequently used
techniques but there are no data to support their efficacy.

Trapped Ovary Syndrome

Trapped ovary syndrome is a fairly common complication after
restorative proctocolectomy in young women. The adhesions
that form after ileal pouch-anal anastomosis trap the ovaries in
the pelvis and cover the fallopian tubes.

With each ovulatory cycle, there is release of fluid into the pel-
vic cavity defined by these adhesions. As fluid accumulates and
the cavity expands, patients will complain of pelvic or lower
abdominal pain relevant to the side of the trapped ovary.

A CT scan or ultrasound will reveal a cystic lesion in the pelvis
containing no air and with no surrounding inflammatory reac-
tion. Operative findings are a cyst containing clear or tan fluid,
surrounded by adhesions and with the ovary attached.
Treatment consists of unroofing and evacuation of the cyst,
pelvic adhesiolysis, and suspension of the ovary to the pelvic
brim or iliac fossa with sutures.

Trapped ovary syndrome may be prevented by suspending
the ovaries at the time of restorative proctocolectomy and by
placement of an adhesion barrier film in the pelvis.

Small Bowel Obstruction

Perhaps the most critical components in the management of
patients with bowel obstruction are the recognition and preven-
tion of the disastrous effects of bowel ischemia.

It is also important to distinguish between early (<30 days) and
late postoperative small bowel obstruction.

Presentation and Diagnosis

Nausea and vomiting, colicky pain, abdominal bloating, and
obstipation are the hallmark signs of small bowel obstruction.
The degree to which each of these contributes to the clinical
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picture will depend on the location, degree, and duration of the
obstruction.

The commonly regarded hallmarks of strangulated bowel are
fever, tachycardia, leukocytosis, sepsis, peritoneal signs, and
the presence of continuous as opposed to intermittent pain.
If any of these are found, the suspicion of ischemia should
be high. These signs may also be found in patients without
strangulation and are, therefore, nonpathognomonic.

In many cases, however, this determination is not made until
laparotomy, and timely surgical intervention in symptomatic
patients may be the best means of avoiding the progression to
bowel ischemia.

Radiographic Studies

Plain Radiographs

CT Scan

An acute abdominal series is the initial imaging study per-
formed in most patients suspected of having small bowel
obstruction and consists of both upright and supine abdominal
films and an upright chest X-ray.

Typical findings include dilated, air-filled loops of small bowel,
air-fluid levels, and an absence or paucity of colonic air. These
findings may be absent, however, when the obstruction is prox-
imal or the dilated bowel loops are mostly fluid filled.

The sensitivity of plain radiographs in detecting small bowel
obstruction is approximately 60%.

The findings of pneumatosis intestinalis or portal vein gas is
worrisome for advanced bowel ischemia.

Abdominopelvic CT scanning is increasingly used as a pri-
mary imaging modality in patients suspected of having small
bowel obstruction.

In addition to establishing the diagnosis, CT may also be able
to precisely define a transition point and reveal secondary
causes of obstruction such as tumor, hernia, intussusception,
volvulus, or inflammatory conditions such as Crohn’s disease
and radiation enteritis.

CT may also reveal closed loop obstructions or signs of pro-
gressing ischemia such as bowel wall thickening, pneumatosis,
or portal vein gas.
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Several studies have shown that the sensitivity of CT in diag-
nosing small bowel obstruction approaches 90-100%.

Contrast Studies

In patients with distal small bowel obstruction, a contrast
enema is an efficient means by which colonic obstruction can
be excluded.

Antegrade studies of the small bowel can help to differentiate
partial from complete obstruction, and may therefore predict
the need for surgical intervention.

In fact, some authors have used small bowel contrast stud-
ies as a “screening test” for patients presenting with adhesive
obstructions. Failure of contrast material to reach the colon by
24 h is used as an indication for prompt surgical exploration.
Several studies have also shown that the antegrade administra-
tion of contrast agents may speed the resolution of partial small
bowel obstruction, presumably through an osmotic effect.
However, conflicting data also exist and the therapeutic effects
of the small bowel contrast study remain to be defined.

Initial Therapy and Nonoperative Management

Once the diagnosis of small bowel obstruction is made, the
patient is admitted to the hospital. Those with peritonitis, per-
foration, or signs of ischemic bowel are immediately prepared
for laparotomy with expeditious correction of fluid and elec-
trolyte deficits.

A urinary catheter is inserted to guide resuscitation with the
end points being resolution of tachycardia and hypotension
and/or achieving a urine output of at least 0.5 cc/kg/h.
Broad-spectrum antibiotic coverage is initiated.

A nasogastric tube is inserted preoperatively to decompress the
stomach, because these patients are at risk for aspiration on
induction of general anesthesia.

If signs of perforation or ischemia are not present, a trial of
expectant management may be undertaken. Patients with partial
small bowel obstructions secondary to adhesions will resolve
with a nonoperative approach in 80% of cases. The success
rate for patients initially presenting with complete obstruction
is significantly lower.
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The nonoperative management of small bowel obstruction
consists of fluid and electrolyte replacement, bowel rest, and
tube decompression.

The debate between standard nasogastric tube versus long
nasoenteric tube decompression has mostly settled in favor of
the nasogastric tube. Long tubes are more difficult to place,
requiring special expertise, serial radiographic studies, or
endoscopy to guide insertion.

Narcotic analgesics may be administered to comfort the patient,
but not to the point of diminishing mental status. The practice
of withholding pain medication to avoid masking the signs of
perforation or ischemia is probably unnecessary.

Serial abdominal examinations (ideally just before the next
dose of analgesics) should be performed to assess for increas-
ing tenderness or the presence of peritoneal signs. Any change
in the patient’s condition that suggests developing bowel
ischemia mandates exploratory laparotomy.

In general, a nonoperative course may be followed for 24-48 h.
If the obstruction has not resolved within that time period, it is
unlikely to do so and laparotomy is advised.

Decision to Operate

Patients with fever, peritonitis, pneumoperitoneum, or overt
sepsis should undergo emergent laparotomy because these are
hard signs of transmural bowel necrosis.

It is not uncommon for patients with small bowel obstruction
to present with tachycardia, relative hypotension, mild acidosis,
and leukocytosis, all of which may be secondary to dehydra-
tion. These patients should be aggressively rehydrated with
isotonic intravenous fluids and the above parameters should be
reassessed. Persistence of any of these signs after fluid resusci-
tation should prompt immediate laparotomy.

Distinguishing between partial and complete obstruction is
also a key element in deciding which patients should be taken
for early operation. As stated above, the likelihood of resolu-
tion of a complete obstruction with expectant management is
low (20%).

The passage of stool or flatus cannot be relied on as an accurate
predictor because patients with complete obstruction may con-
tinue to pass stool and flatus until the bowel distal to the site of
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obstruction is evacuated. However, if this continues for more
than 12 h after the onset of obstructive symptoms, the likeli-
hood of complete obstruction is diminished.

The passage of large volumes of nonbloody, watery stool along
with vomiting and distension is pathognomonic for partial
small bowel obstruction.

The onset of flatus, however, usually signals the beginning of
resolution of the obstruction because flatus is produced from
swallowed air.

Surgical Technique

After the adequacy of resuscitation is confirmed and broad-spec-
trum antibiotics active against enteric pathogens are adminis-
tered, the peritoneal cavity is entered through a midline incision.
This is a point in the operation where the risk of inadvertent
enterotomy is very high because bowel loops are distended and
often adherent to the undersurface of the abdominal wall.

In the most favorable scenario, a single constricting band
will be encountered that can be sharply divided to relieve the
obstruction. In the worst cases, the peritoneal cavity will be
totally obliterated by scar tissue. An orderly and systematic
approach to adhesiolysis is advised in these instances.
Assessment of bowel viability is usually possible by using the
triad of color, peristalsis, and mesenteric pulsations. In cases in
which these signs are questionable, the ischemic segment should
be wrapped in warm, wet packs and viability reassessed after 15
min. If viability is still in doubt, use of the Doppler probe or
systemic injection of fluorescein dye followed by inspection of
the bowel under a Wood’s lamp may aid in decision making.

If the area in question is a short segment, it may be best to pro-
ceed with resection. If an extensive segment of questionable
viability is present, then a second-look operation 24 h later
should be planned before committing the patient to a massive
small bowel resection.

Special Situations

Early Postoperative Bowel Obstruction

Early postoperative bowel obstruction is generally defined as
mechanical obstruction occurring within 1 month of abdominal
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or pelvic surgery. This condition is special in that attempts at
relaparotomy in the early postoperative period frequently result
in disastrous complications.

An intense inflammatory response usually begins within the
abdomen at 7-10 days postoperatively and persists for at least
6 weeks. If forced to operate during this period of time, the sur-
geon is likely to encounter dense hypervascular adhesions that
may obliterate the peritoneal cavity. The risk of enterotomy
and subsequent fistulization is extremely high. In addition, vas-
cular or extensive serosal injury of the bowel may lead to mas-
sive resections.

Therefore, immediate reoperation for early postoperative
bowel obstruction is not advised, especially considering the
fact that the development of strangulation in this setting is
extremely rare. These patients should be managed conserva-
tively with nasogastric or long tube suction and intravenous
fluids. If resolution does not occur within the first 5-7 days, a
percutaneous gastrostomy tube may be placed for longer-term
decompression, and the patient is started on hyperalimentation.
Patients may be discharged from the hospital on this regimen
and laparotomy performed in 6 weeks if the obstruction has not
resolved.

However, if peritonitis or signs of sepsis are present initially or
develop during the course of nonoperative therapy, a CT scan
should be performed immediately. Any abscess or fluid collection
caused by an enteric leak can be percutaneously drained and a
controlled enterocutaneous fistula established. Exploration is
usually only required in cases of ischemic or necrotic bowel.
There is a place for very early exploration within the first 10
days postoperatively if obstruction is recognized promptly. The
adhesions encountered during this time period have not usually
become severe and can be dealt with safely.

Anastomotic “Overhealing”

Anastomotic overhealing is a rare cause of postoperative small
bowel obstruction. It is most often attributable to early adhe-
sion and healing of the staple lines of the linear cutter between
the limbs of a functional end-to-end/side-to-side anastomosis.
This is best prevented by maximally distracting the two staple
lines as the transverse staple line is placed to close the enter-
otomy made to introduce the side-to-side stapler.
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When this occurs in the early postoperative period, it will be
easily diagnosed with a water-soluble contrast study, especially
if administered via a long tube near the point of obstruction.
The treatment should be conservative initially and may include
long tube decompression.

Prevention of Adhesions

More than 90% of patients undergoing abdominal surgery will
develop some degree of intraabdominal adhesions. Adhesion
formation can occur wherever the visceral or parietal perito-
neum has been disturbed.

Once an area of injury is established, fibrin is deposited and
then organizes to form a matrix for collagen deposition. Bowel
motility and endogenous lubricants attempt to counteract this
process, but in most cases, adhesions will eventually result as
the deposited collagen matures.

The progression from early to mature adhesions usually takes
approximately 6 weeks.

Several strategies have been developed to minimize, prevent,
or influence adhesion formation. Gentle handling of tissues,
avoiding the deposition of talc by wearing powder-free gloves,
and copious lavage of the peritoneal cavity at the conclusion of
the operative procedure are simple means that should be used
in all cases.

Recently, agents have been developed to reduce or eliminate
adhesions through a barrier mechanism. The best studied of these
is a bioresorbable membrane of modified sodium hyaluronate
and carboxymethylcellulose. A large multicenter study by
Becker et al. has shown that this material substantially reduces
the extent, incidence, and severity of adhesion formation. Its
efficacy in reducing the incidence of adhesive bowel obstruction
has recently been reported. However, the decrease in incidence
of bowel obstruction from 3.4% in the control group to 1.8%
in the treatment group is of uncertain clinical significance.
The use of adhesion barriers in patients at high risk for sub-
sequent reoperation because of disease or previous adhesions
may be justified by the likely improvement in the ease and
safety of the subsequent abdominal reentry and explorations.
One of the problems with the barrier material is that it only
prevents adhesions between the surfaces where it is applied.
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D. Pelvic Bleeding

Serious pelvic bleeding may be encountered during proctec-
tomy and is usually caused by injury to the presacral venous
plexus or the internal iliac vessels or their branches.

Presacral venous hemorrhage is especially challenging because
the anatomy and fragility of the presacral venous plexus make
control of bleeding difficult.

Direct finger pressure should be used to gain temporary control
of bleeding while allowing the anesthesia team to “catch up”
with the resuscitation (adequate IV lines, blood availability,
invasive monitors, etc.).

Once the patient is stabilized, several methods exist for establishing
hemostasis. The most common of these is the use of sterile thumb-
tacks or specially designed “occluder pins” that are driven into the
sacrum at right angles and directly over the site of bleeding. His
method works best with midline hemorrhage over healthy bone.
Pelvic bleeding may also be controlled by packing several
laparotomy sponges tightly into the pelvis with the ends being
brought out through the lower portion of the abdominal wound.
The abdomen is then closed and the patient is taken to the inten-
sive care unit for blood transfusion, fluid resuscitation, correction
of coagulopathy, and general support. After 24-48 h, the patient
is returned to the operating room for removal of the packs.

Wound Infection and Intraabdominal Abscess

Wound Infection

Because of the large bacterial content of the colon (10'° anaerobes
and 10® aerobes/gram of stool), wound infection rates are high
after colorectal surgical procedures.

Risk factors for wound infection have been identified and include
malnutrition, diabetes mellitus, immunosuppression, age >60 years,
American Society of Anesthesia score >2, fecal contamination,
length of hospitalization before surgery, and extensive surgery.
Recently, there is a growing body of literature that shows that
mechanical bowel preparation does not decrease the incidence
of wound infection.

Wound infections typically present on or around the fifth
postoperative day and are characterized by erythema, warmth,
tenderness, fever, and purulent drainage.
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Initial treatment consists of opening a portion of the skin incision
over the area of maximal change to allow drainage. Antibiotics
are not prescribed unless there is cellulitis present.

If a significant amount of necrotic tissue is present, it should
be débrided. Once the wound is adequately drained, a packing
regimen is begun and the wound is allowed to heal by secondary
intention.

Large wounds may be treated with application of a vacuum-
assisted wound closure device. After the wound has been
débrided by several days of wet to dry dressing changes, the
vacuum-assisted closure device is applied (V.A.C.; KCI
Therapeutic Services, San Antonio, TX). The advantages of
this system are simplification of wound care and quicker
closure. The dressing only needs to be changed every 3-5 days
and wounds typically close within several weeks.

Several situations require more aggressive treatment. Deep
infection involving the rectus muscle and fascia may occur
and result in dehiscence. These patients are usually taken back
to the operating room for debridement of the necrotic fascial
edges and repair of the dehiscence.

Invasive wound infections with either clostridium perfringens
or beta-hemolytic streptococcus is a potentially life-threatening
complication. These infections may have an atypical presentation
in that they can occur within the first 1-2 days after surgery
and may be associated with minimal skin changes. The combi-
nation of fever and unusually severe wound pain early in
the postoperative course should prompt opening of the skin
incision.

A necrotizing infection is suggested by the drainage of thin
gray fluid. The key to timely diagnosis and treatment of these
severe infections is a high level of suspicion. The patient should
be taken to the operating room for a thorough wound explora-
tion. All devitalized tissue should be removed and the fascia
excised back to healthy, bleeding edges. Broad-spectrum anti-
biotic coverage should include high-dose penicillin.

Intraabdominal Abscess

Intraabdominal abscesses can result from anastomotic leaks,
enterotomies, or spillage of bowel contents at the time of surgery.
Patients will usually present with fever, leukocytosis, and
abdominal or pelvic pain 5-7 days after surgery.



10. Postoperative Complications 221

The diagnostic modality of choice is a CT scan of the abdomen
and pelvis performed with intravenous and oral contrast (and
rectal contrast in the patient with a colorectal anastomosis).
The finding of a fluid collection with a thickened, enhancing
rim and surrounding inflammatory stranding is diagnostic. Air
bubbles may also be present in the collection. Proximity to a
staple line and the presence of contrast material in the abscess
suggest an anastomotic leak as its cause.

Most intraabdominal or pelvic abscesses can be successfully
treated with percutaneous catheter drainage performed under
ultrasound or CT guidance. Intravenous antibiotics should also
be administered.

A CT scan or contrast study through the catheter may be per-
formed 48 h after drainage to assess its efficacy.

Once the abscess cavity has collapsed and no fistula to the
bowel is identified, the catheter can be safely removed.

Some abscesses cannot be drained percutaneously because of
their location and lack of a safe “radiographic window” for
drainage.

Reported success rates for percutaneous drainage of intraab-
dominal abscesses range from 65 to 90% and depend on size,
complexity, etiology, and microbial flora.

Perineal Wound Infection

Perineal wound infection and delayed healing are major causes
of morbidity after APR with the incidence ranging from 11
to 50%.

The rigidity of the lower pelvis combined with wide resection
of the perineal soft tissues and levator muscles results in dead
space cephalad to the skin closure which is easily infected.
Technical modifications that may reduce the incidence of perineal
wound problems include reapproximation of the subcutaneous
tissues, suction drainage of the pelvis (with or without irrigation)
to prevent hematoma formation and resultant fibrosis, and filling
of the dead space with an omental pedicle graft.

The area of raw surface deep in the pelvis also frequently fills
with small bowel and may lead to small bowel obstruction.
The bowel can be excluded from the pelvis by closing the pel-
vic peritoneum when possible, pulling the uterus posteriorly to
close the defect, or by rotating the cecum into the pelvis.
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Several risk factors for perineal wound complications have
been identified. Foremost among these is the use of neoadju-
vant radiation therapy. In one study, the incidence of perineal
wound infection increased from 13 to 34% with the addition
of preoperative radiation whereas the rate of nonhealing at 30
days increased from 19 to 51%.

Other factors are long operative time (>300 min), intraopera-
tive hypothermia, and fecal contamination during the perineal
dissection. Patients with anorectal Crohn’s disease are also at
increased risk when undergoing APR for rectal cancer. How-
ever, an intersphincteric dissection in patients with inflamma-
tory bowel disease allows closure of the external sphincter and
may improve wound healing (Fig. 10.3).

Fig. 10.3. Technique of intersphincteric proctectomy. (a) The mucosa overlying
the intersphincteric groove is incised near the dentate line and the dissection is
carried cephalad between the internal and external sphincters. (b) This results in
retention of the external sphincters and levators which are then able to be closed
in the midline (c).
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If infection does occur, the skin should be opened to allow
drainage and a program of wet to dry packing begun. A vacuum-
assisted closure device can then be placed, as described above.
In cases in which a chronic perineal sinus develops, closure of
the defect will require wound debridement or myocutaneous
flap reconstruction with gracilis, inferior gluteus, or rectus
abdominus muscle.



11. Benign Anorectal: Hemorrhoids

A. Anatomy
. Hemorrhoids are cushions of specialized, highly vascular tis-
sue found within the anal canal in the submucosal space.
. The term “hemorrhoidal disease” should be reserved for those
vascular cushions that are abnormal and cause symptoms.
. These cushions of thickened submucosa contain vascular

spaces (sinusoids), elastic tissue, connective tissue, and smooth
muscle (see Fig. 11.1).

. Some of the vascular structures within the cushion when exam-
ined microscopically lack a muscular wall. The lack of a mus-
cular wall characterizes these vascular structures as sinusoids
and not veins.

. Studies have shown that hemorrhoidal bleeding is arterial and not
venous. Hemorrhage occurs from dammaged presinusoidal arte-
rioles that communicate with the sinusoids in this region. The
hemorrhage is bright red in appearance and has an arterial pH.

o The venous plexus and sinusoids below the dentate line, constitute
the external hemorrhoidal plexus which drain primarily via the
inferior rectal veins into the pudendal veins and then to branches
of the internal iliac veins. Venous drainage also occurs to a lesser
extent via the middle rectal veins to the internal iliac veins. The
overlying tissue is somatically innervated and is therefore sensi-
tive to touch, pain, stretch, and temperature.

. The subepithelial vessels and sinuses above the dentate line
constitute the internal hemorrhoid plexus and drain by way of
the middle rectal veins to the internal iliacs.

. The vascular cushions within the anal canal contribute to anal
continence and function as a compressible lining that protects

D.E. Beck et al. (eds.), The ASCRS Manual of Colon and Rectal Surgery, 225
DOI: 10.1007/978-0-387-73440-8_11, © Springer Science + Business Media, LLC 2009
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Fig. 11.1.  Anal cushion showing Treitz’s muscle derived from the conjoined longitu-
dinal muscle of the anal canal.

the underlying anal sphincters. Additionally, the cushions are
critical in providing complete closure of the anus, further aid-
ing in continence. As an individual coughs, strains, or sneezes,
these fibrovascular cushions engorge and maintain closure of
the anal canal to prevent leakage of stool in the presence of
increased intrarectal pressure.

. Additionally, this tissue likely supplies important sensory
information that enables individuals to discriminate between
liquid, solid, and gas, further aiding in continence.

. It is essential to consider that while undertaking any treatment
for hemorrhoidal disease the fibrovascular cushions are a part of
normal anorectal anatomy and are important in the continence
mechanism. Therefore, surgical removal may result in varying



11. Benign Anorectal: Hemorrhoids 227

degrees of incontinence particularly in individuals with mar-
ginal preoperative control.

o There are three main vascular cushions located in the left lateral,
right anterior, and right posterior positions of the anus.

d Most individuals have additional smaller accessory cushions
present in between the main cushions.

o The position of hemorrhoids within the anal canal, however,

remains remarkably consistent. The configuration of these
cushions is quite constant and borne out by the fact that the
same configuration can be found in children, the fetus, and
even in the embryo.

d The topographic location of pathology around the anus should
be described in anatomic terms (anterior, posterior, right lat-
eral, left lateral, etc.) and not by the numbers on the face of
a clock. In this way, regardless of whether the patient is in a
prone, supine, or lateral position, the pathology can always be
accurately located.

B. Etiology

. Etiologic factors thought to be contributory to the pathologic
changes in the vascular cushions include constipation, pro-
longed straining, irregular bowel habits, diarrhea, pregnancy,
heredity, erect posture, absence of valves within the hemorrhoi-
dal sinusoids, increased intraabdominal pressure with obstruc-
tion of venous return, aging (deterioration of anal supporting
tissues), and internal sphincter abnormalities.

d One of the most important etiologic theories is the “sliding
anal cushion theory.” Thompson concluded that a sliding
downward of the anal lining is responsible for the development
of hemorrhoids.

. Repeated stretching of the anal supporting tissues (submucosal
Treitz’s muscle and elastic connective tissue framework) which
normally functions to anchor and suspend the anal canal lining
causes fragmentation of the supporting tissues and subsequent
prolapse of the vascular cushions.

d Straining and irregular bowel habits may be associated with
engorgement of the vascular cushions making their displacement
more likely.
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C. Epidemiology

The reported prevalence of hemorrhoids in the United States is
4.4%, peaking between the ages of 45 and 65.

Increased prevalence rates are seen in Caucasians and in indi-
viduals with higher socioeconomic status. Whether this is
secondary to differences in health-seeking behavior rather than
true prevalence remains to be proven.

D. Classification

Hemorrhoids are divided into two types, external and internal.
External hemorrhoids are located in the distal one-third of the
anal canal, distal to the dentate line, and are covered by ano-
derm (modified squamous epithelium lacking any skin append-
ages) or by skin. Internal hemorrhoids are located proximal to
the dentate line and are covered by columnar or transitional
epithelium. Because this overlying tissue is viscerally inner-
vated, it is not sensitive to touch, pain, or temperature, making
it easily amenable to office procedures. Internal hemorrhoids
are further subclassified into degrees based on size and clinical
symptoms as initially reported by Banov et al. (see Table 11.1).
Mixed or combined hemorrhoids are defined as the presence of
both internal and external hemorrhoids.

E. Symptoms

Many patients seen in the office complaining of “hemorrhoids”are
frequently found to have other anal problems such as pruritus ani,
anal fissures, fistulas, and skin tags.

A careful history and physical examination including anoscopy
will frequently lead to the correct diagnosis. Patients with
hemorrhoid disease may complain of bleeding, mucosal
protrusion, pain, mucus, discharge, difficulties with perianal
hygiene, a sensation of incomplete evacuation, and cosmetic
deformity. The presence, quantity, frequency, and timing of
bleeding and prolapse should be noted.
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A thorough dietary and medication history should also be done
because certain medications, diets, and or dietary indiscretions
cause or exacerbate constipation or diarrhea.

Symptoms from external hemorrhoids are usually secondary to
thrombosis and physical examination shows a tender, bluish-
colored lump at the anus distal to the dentate line associated
with acute pain.

Thrombosed external hemorrhoids can bleed secondary to pres-
sure necrosis and subsequent ulceration of the overlying skin.
External skin tags are folds of skin that arise from the anal
verge. These tags may be the end result of prior episodes of
thrombosed external hemorrhoids. Enlarged skin tags or exter-
nal hemorrhoids may interfere with anal hygiene leading to
perianal burning or pruritus.

Internal hemorrhoids are painless unless thrombosis, stran-
gulation, gangrene, or prolapse with edema occurs. Despite
what is written, patients will frequently come to the office
complaining of “painful hemorrhoids” even when none of
these conditions exist.

Once other sources of pain are ruled out, careful inquiry regard-
ing the description of their pain further elucidates that patients
frequently describe their anal pain as “burning” in nature. This
may be secondary to perianal irritation from mucous or fecal
leakage leading to secondary pruritus ani.

Bleeding from internal hemorrhoids is bright red and associated
with bowel movements. The bleeding usually occurs at the end
of defecation. The patient may complain of blood dripping or
squirting into the toilet or blood on the toilet tissue.

Prolapse of the hemorrhoid cushions may manifest itself as
an anal mass, mucous discharge, or a sensation of incomplete
evacuation. The examiner should ascertain whether the hemor-
rhoids reduce spontaneously or require manual reduction.

Differential Diagnosis

Because most patients that come into the office or emergency
room with anal symptomatology complain of “hemorrhoids,”
it is important to rule out other causes (see Table 11.2).
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If the patient’s main complaint is anal pain, then other diagnoses
should routinely be sought unless thrombosis or prolapse of
hemorrhoids is obvious. The causes of pain are almost invari-
ably found in pathology distal to the dentate line, i.e., fissure,
abscess, fistula, external hemorrhoid thrombosis, or prolapsed
thrombosed internal hemorrhoids.

G. Examination

After a general patient assessment, the patient is ideally examined
in the prone jackknife position on a proctologic table.

Patients with a history suggestive of hemorrhoid disease with
an unremarkable examination in the prone jackknife position
should be examined in a sitting position on the commode while
asking the patient to strain.

Oftentimes, pathology is uncovered when gravity assists in
the examination. In patients who are unable to tolerate the
jackknife position (morbidly obese, pregnant, elderly, patient
with knee or hip joint pathology, pulmonary disease) or when
a proctologic table is not available, examination should be
performed in the modified left lateral (Sims) position.

Calmly reassure your patients at the start of the examination
and routinely discuss what you are about to do before actually
carrying out anal inspection, palpation, digital rectal examination,
anoscopy, and proctoscopy, which should be performed on all
patients if feasible.

Gentle spreading of the buttocks allows careful inspection of
the squamous portion of the anal canal as well as the perianal,
genital, perineal, and sacrococcygeal regions. Skin tags, exter-
nal hemorrhoids, fissures, fistulas, infection, hemorrhoid pro-
lapse, mucosal prolapse, rectal prolapse, tumors, skin lesions,
thrombosis, and rashes all can be diagnosed on careful visual
inspection if present.

Palpation of the perianal region can localize pain, tenderness,
induration, or masses.

Digital examination gently performed localizes pain, masses,
abscesses, and assesses sphincter tone.

Anoscopy permits visualization of the anoderm and internal
hemorrhoidal cushions. Anoscopy is best performed with a
side-viewing anoscope especially when hemorrhoid ligation is
being considered.
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d Although the degree of prolapse may be ascertained if the
patient is asked to strain, a more accurate assessment of pro-
lapse can be made if inspection takes place while the patient is
sitting and straining on a commode.

. Proctoscopy or flexible sigmoidoscopy is performed when
possible to assess the rectum and lower colon for neoplasms
and inflammatory bowel disease.

d At a minimum, patients with anorectal complaints should
undergo anoscopy, rigid proctosigmoidoscopy, and/or flexible
sigmoidoscopy and further work-up depends on findings at
physical examination, patient age, and history.

d Although patients may be too uncomfortable to undergo these
procedures at the initial visit, it is important that they are per-
formed before discharging the patient from your care.

. Total colon examination via colonoscopy or air-contrast bar-
ium enema is indicated when no source is evident on anorectal
examination, the bleeding is atypical for hemorrhoids, anemia
or Hemoccult-positive stool is present, or significant risk fac-
tors for colonic neoplasia exist (age, family history, or personal
history of polyps).

. Because hemorrhoids are rarely the cause of anemia (0.5
patients/100,000 population), total colon examination is
indicated even in the very young patient.

d Patients less than 40 years of age with hemorrhoid disease
compatible with their symptomatology probably require no
further work-up.

d Patients older than 40 years of age with minimal hemorrhoid
disease, additional symptoms, or positive family history for color-
ectal cancer should undergo a total colon examination with either
a colonoscopy or double contrast barium enema to identify other
etiologies for bleeding that are not obvious on initial examination.

H. Treatment

. Treatments are classified into three categories (1) dietary and
lifestyle modification; (2) nonoperative/office procedures; and
(3) operative hemorrhoidectomy.

. In general, less symptomatic hemorrhoids, such as those that
cause only minor bleeding, can be treated with simple meas-
ures such as dietary modification, change in defecatory habits,
or office procedures.
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More symptomatic hemorrhoids such as third or fourth degree
are more likely to require operative intervention.

Dietary and Lifestyle Modification

Because prolonged attempts at defecation, either secondary to
constipation or diarrhea, have been implicated in the develop-
ment of hemorrhoids, the main goal of this treatment is to min-
imize straining at stool. This is usually achieved by increasing
fluid and fiber in the diet, recommending exercise, and add-
ing supplemental fiber agents (psyllium) to the diet in patients
unable to consume sufficient amounts of fiber in their diets.
Reduced hemorrhoidal bleeding has been shown with the use of
psyllium in a double-blind, placebo controlled trial; however,
other studies are less favorable. Psyllium works in conjunc-
tion with water to add moisture to the stool and subsequently
decrease constipation. Psyllium may also be therapeutic in
treating diarrhea. It may add bulk to liquid stools therefore
increasing the consistency and decreasing the volume.
Dietary modification with fiber supplementation (psyllium,
methylcellulose, calcium polycarbophil) is one of the main-
stays of therapy for patients with hemorrhoidal disease. In the
majority of cases, symptoms of bleeding and pain improve
over a 6-week period.

A diet high in fiber (20-35 g/day) including the consumption
of plenty of fruits and vegetables is recommended especially if
the patient has a history of constipation or straining.

A common problem with fiber supplementation is noncompli-
ance because of either poor palatability or symptoms of bloat-
ing, increased flatus, and abdominal cramps. Compliance is
improved by starting at lower doses and slowly increasing the
quantity of fiber ingested until the desired stool consistency is
achieved.

Some common fiber products currently available are listed in
Table 11.3.

If dietary modification fails to relieve symptoms, then further
therapy is indicated (see Table 11.4).

Oftentimes, simply asking an individual to curtail reading on
the commode resolves the hemorrhoidal symptoms.
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Table 11.3. Fiber supplements.

Type of fiber Trade name Available fiber
Psyllium Metamucil™ 3.4 g/teaspoon
Metamucil capsules™ 0.52 g/capsule
Konsyl™ 6.0 g/teaspoon
Methylcellulose Citrucel™ 2.0 g/dose
Calcium polycarbophil FiberCon™ 0.5 g/capsule
Konsyl fiber tablets™ 0.5 g/tablet

Table 11.4. Management of internal hemorrhoids by classification.

Acute pro-
First Second Third Fourth lapse with
Treatments degree degree degree degree thrombosis
Dietary X X X X X
Banding X X X
Sclerotherapy X X X
Infrared coagulation X X X
Excisional hemor- X X Emergent
rhoidectomy
Stapled hemor- X X X (7
rhoidopexy
Multiple thrombecto- X

mies and multiple
bandings

e Lifestyle and dietary modifications along with ruling out proximal

sources of bleeding are all that is required for
patients complaining of hemorrhoidal disease.

Medical Therapy

the majority of

. Rigorous levels of evidence do not exist to support the use
of topical therapies, whether physical or pharmacologic (sitz
baths, anesthetics, phlebotonics, corticosteroids, or ice).

. Most studies have used poor methods with lack of controls,
multiple associated components, and heterogeneous prepara-
tions. Therefore, firm recommendations cannot be made at the
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Table 11.5. Registered Cochrane review titles on hemorrhoid management.

Cochrane review title

Author

Primary aim

Laxatives and topical treat-

Alonso-Coello and  To determine the efficacy of

ments for hemorrhoids

Nonoperative treatment for Thaha, Campbell,
hemorrhoidal disease

Phlebotonics for hemor-

Circular stapled anopexy vs. Thaha, Campbell,
excisional hemorrhoid-
ectomy for treatment of

Lopez-Yarto laxatives and topical treat-
ments in improving the
symptoms derived from
symptomatic hemorrhoids

To determine the long-term
therapeutic efficacy of
various non-operative
treatment methods in
controlling hemorrhoidal
symptoms

To determine the efficacy of
phlebotonics in improving
the symptoms derived from
symptomatic hemorrhoids

To assess stapled anopexy
with excisional methods

and Steele

Alonso, Johanson,
Lopez-Yarto,
and Martinez

Staines, Nys-
trom, Steele

hemorrhoidal disease

time of the writing of this chapter. Cochrane reviews on related
registered Cochrane titles are listed in Table 11.5.

Despite the lack of any rigorous evidence, probably the most
effective topical treatment for the relief of symptoms comes in the
way of warm (40°C) sitz baths. Soaking time should be limited
(15 min) to prevent edema of the perianal and perineal skin.

The application of ice packs to the anal region also may relieve
symptoms and is acceptable provided that contact time is not
prolonged.

Pharmaceutical preparations such as creams, ointments,
foams, and suppositories have little pharmacologic rationale in
the management of hemorrhoidal disease. Suppositories never
remain within the anal canal and usually end up in the lower
rectum where they may provide an emollient effect or lubrica-
tion to the stool.

Popular topical soothing agents are frequently combined with
corticosteroids and or anesthetics. Although individuals may
report empirical symptomatic benefit with their use, patients
must be advised against prolonged use because of possible
local allergic effects or sensitization of the skin. Symptom
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improvement with the use of these agents may be due to the
interminent nature of hemorrhoid symptoms.

Calcium dobesilate (calcium 2,5-dihydroxybenzenesulfonate)
is a drug with previously demonstrated efficacy in the treatment
of diabetic retinopathy and chronic venous insufficiency.
These beneficial effects of the drug are related to its ability
to decrease capillary permeability, platelet aggregation, and
blood viscosity and to increase lymphatic transport. A ran-
domized, double-blind, controlled study was conducted to
investigate the efficacy of oral calcium dobesilate therapy
in treating acute attacks of internal hemorrhoids. Together
with recommendations about diet and bowel discipline, oral
calcium dobesilate treatment provided efficient, fast, and
safe symptomatic relief from acute symptoms of hemor-
rhoidal disease.

Office Treatments
Rubber Band Ligation

Rubber band ligation is a method of tissue distruction and fixation.
It is one of the most widely used techniques in the United States to
treat first-, second-, and third-degree internal hemorrhoids.

The rubber band is placed on the redundant mucosa a minimum
of 2 cm above the dentate line causes strangulation of the
blood supply to the banded tissue, which sloughs off in 5-7
days leaving a small ulcer that heals and fixes the tissue to the
underlying sphincter.

Rubber band ligation is recommended for individuals with
first- or second-degree hemorrhoids and, in some circum-
stances, third-degree hemorrhoids.

Several commercially available types of hemorrhoid ligators
are available. A suction ligator (McGown™, Pembroke Pines,
FL) (see Fig. 11.2a) draws the hemorrhoid tissue into the ligat-
ing barrel via suction, and closing the handle inserts a band
around the hemorrhoid.

The advantage of this ligator is that only one hand is required
for placement of the band, making an assistant unnecessary for
the procedure. The disadvantage of the suction ligator is that
the ligating barrel is usually smaller than other ligators, hence
less tissue is banded.
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Fig. 11.2. Banding an internal hemorrhoid. (a) The internal hemorrhoid is teased
into the barrel of the ligating gun with a McGown suction ligator, or (b) a McGivney
type ligator. (¢) The apex of the banded hemorrhoid is well above the dentate line
in order to minimize pain. (Reprinted from Beck D, Wexner S. Fundamentals of
Anorectal Surgery. 2nd ed. Copyright 1998, with permission from Elsevier.)

. With the conventional ligators, an atraumatic clamp is used
to draw hemorrhoid tissue into the barrel of the ligator and
a small rubber band is placed (see Fig. 11.2b, c). Disadvantage
compared with the suction ligator is that two hands are required
for placement of a band necessitating an additional assistant
for the procedure and the grasped tissue may be torn by exces-
sive traction. An advantage is that a greater amount of excess
hemorrhoid tissue can be eliminated with these ligators.
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. An alternative device developed for hemorrhoid banding consists
of a disposable syringe-like hemorrhoid ligator, invented to
simplify the banding procedure for both patient and surgeon
(see Fig. 11.3).

d It is imperative to avoid banding too close to the dentate line
or incorporating internal sphincter into the ligator because this
can lead to severe pain or pelvic sepsis. It has been shown that
multiple hemorrhoid groups can be banded at a single session
with no significant increase in morbidity when compared with
single ligation. Some surgeons prefer banding one group initially
to monitor patient response and then perform multiple bandings at
a subsequent session if the initial banding was well tolerated.

Fig. 11.3. (a) O’Regan disposable banding system (Medsurge Medical Products
Corp., Vancouver, Canada). (b, ¢) Technique of internal hemorrhoid ligation using
the O’Regan ligating system.
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Banding patients on sodium warfarin or heparin therapy must
be done cautiously because subsequent sloughing of tissue
may lead to massive hemorrhage.

Complications of hemorrhoid banding include pain, throm-
bosis, bleeding, and life-threatening perineal or pelvic sepsis.
The most common complication of rubber band ligation is
pain, which is reported in 5-60% of patients.

Constipation should be avoided during treatment because it has
been shown to worsen the outcome of rubber band ligation.
There have been reported cases of life-threatening perineal and/
or pelvic sepsis after hemorrhoid banding. Frequent symptoms
are anal pain, fever, and difficult urination This necrotizing
perineal or pelvic sepsis is rare but mandates emergent atten-
tion (intravenous fluids, antibiotics, and perineal examination
and debridement).

The risk of necrotizing infection seems to be increased in indi-
viduals with immune compromised states, including patients
with uncontrolled acquired immunodeficiency syndrome, neu-
tropenia, and severe diabetes mellitus.

Approximately two-thirds to three-quarters of all individuals
with first- and second-degree hemorrhoids respond to banding
although this may need to be repeated at a later date.

The majority of patients experience relief of symptoms with
banding, but more than one banding session may be required.

Infrared Photocoagulation, Bipolar Diathermy, and Direct-Current
Electrotherapy

These techniques rely on coagulation, obliteration, and scarring

which eventually produce fixation of the hemorrhoid tissue.

The infrared coagulator works best with small, distal, bleeding,

first- and second-degree hemorrhoids. It has been described

to be slightly less painful than rubber banding. In three rand-

omized trials, hemorrhoid bleeding was successfully control-

led in the majority of patients with first- and second-degree

hemorrhoids.

Bipolar diathermy or coagulation (BICAP; Circon ACMI,

Stamford, CT) is essentially electrocautery in which the heat

does not penetrate as deeply as in monopolar coagulation.

— First-, second-, and third-degree hemorrhoids have been
treated with success rates varying from 88 to 100% whereas



11. Benign Anorectal: Hemorrhoids 241

up to 20% of patients may need excisional hemorrhoidec-
tomy for prolapsing tissue.
Direct-current electrotherapy is applied through a probe
placed via an anoscope onto the mucosa at the apex of the
hemorrhoid.
- This technique, however, has not been widely accepted
primarily because of the lengthy treatment times and lim-
ited effect in higher-degree hemorrhoids.

Sclerotherapy

This office method relies on the injection of chemical agents
into hemorrhoids that create fibrosis, scarring, shrinkage, and
fixation of the hemorrhoid by obliterating the vascularity with
a sclerosant solution.

Frequently used agents include 5% phenol in oil, 5% quinine
and urea, or hypertonic salt solution.

Sclerotherapy should not be performed in the face of anorectal
infection or with prolapsed thrombosed hemorrhoids.
Sclerotherapy can be used in patients on long- or short-term
anticoagulation.

Repetitive sclerotherapy should be used with caution because
of the potential of scarring and stricture formation.
Sclerotherapy works best for first- and second-degree hem-
orrhoids.

Anal Dilatation or Stretch

Although it has had its proponents, primarily in European
countries, subsequent reports have shown endosonographic
evidence of sphincter injury as well as high rates of associated
incontinence especially with long-term follow-up.

Cryotherapy

Cryotherapy is based on the concept that freezing the
internal hemorrhoid at low temperatures can lead to tissue
destruction.

The procedure is time consuming and associated with a foul-
smelling profuse discharge, irritation, and pain.
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The procedure should no longer be recommended for the treat-
ment of internal hemorrhoids.

External Hemorrhoids

Acute Thrombosis

Patients with a thrombosed external hemorrhoid typically present
with complaints of a painful mass in the perianal region.

The pain is frequently described as burning in nature. The pain
associated with the abrupt onset of an anal mass usually peaks at
around 48 h and subsides significantly after the fourth day (see Fig.
11.4). The skin overlying the thrombosed hemorrhoid may necrose
and ulcerate, resulting in bleeding, discharge, or infection.
Treatment should be aimed at relief of pain. The management will
depend, therefore, on the patient’s symptoms at the time seen.
If the pain is intense, then excision of the thrombosed external
hemorrhoid should be offered. If the pain is subsiding, then con-
servative nonoperative management is warranted.

Nonoperative treatment consists of warm sitz baths, noncon-
stipating analgesics, and bulk-producing fiber supplements.
Anoscopy and proctoscopy to rule out associated anorectal
disease are postponed to a later date when the patient is not in
acute pain.

Maximum pain

Observe

Pain

Excise

>
01234567 89 10

TIime in Days

Fig. 11.4. Timing of excision of a thrombosed external hemorrhoid.
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The operative treatment of a thrombosed external hemorrhoid
demands excision of the entire thrombus. This can be done in
the clinic, office, or emergency room under local anesthesia
(0.5% lidocaine mixed with equal amounts of 0.25% bupi-
vacaine containing 1:200,000 epinephrine).

Operative Hemorrhoidectomy

Hemorrhoidectomy is indicated for patients with symptomatic
combined internal and external hemorrhoids who have failed
or are not candidates for nonoperative treatments. This would
include patients with extensive disease, patients with concomi-

tant conditions such as fissure or fistula, and patients with a

preference for operative therapy.

Only about 5-10% of patients need surgical hemorrhoidectomy.

Recurrence with operative hemorrhoidectomy is uncommon

and hemorrhoidectomy is the most effective treatment for

hemorrhoids, especially those that are third degree.

Hemorrhoidectomy can be performed using a variety of tech-

niques or instruments; however, most are variants of either a

closed or open technique.

—  The Milligan—-Morgan technique (open) is widely used
in the United Kingdom (Fig. 11.5). It involves excision
of the external and internal hemorrhoid components
leaving the skin defects open to heal by secondary inten-
tion over a 4- to 8-week period.

—  The Ferguson hemorrhoidectomy (closed) involves exci-
sion of the external and internal hemorrhoid components
with closure of the skin defects primarily (Fig. 11.6).

Table 11.6 lists four randomized prospective studies comparing

open vs. closed hemorrhoidectomy. The majority of trials showed

no difference in pain, analgesic use, hospital stay, and complica-
tions, whereas complete wound healing shows mixed results.

One of the most significant obstacles to patients seeking surgical

management of their hemorrhoids is postoperative pain. Narcot-

ics are often required to control pain and patients are frequently
not back to their usual activities including work for 2—4 weeks.

The majority of randomized trials have shown no difference

between diathermy or scissor excision hemorrhoidectomy (see

Table 11.7).
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Fig. 11.5. Open (Milligan-Morgan) hemorrhoidectomy. (a) External hemor-
rhoids grasped with forceps and retracted outward. (b) Internal hemorrhoids
grasped with forceps and retracted outward with external hemorrhoids. (¢) Exter-
nal skin and hemorrhoid excised with scissors. (d) Suture placed through proxi-
mal internal hemorrhoid and vascular bundle. (e) Ligature tied. (f) Tissue distal
to ligature is excised. Insert depicts completed three bundle hemorrhoidectomy.
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Fig. 11.6. Modified Ferguson excisional hemorrhoidectomy. (a) Double ellipti-
cal incision made in mucosa and anoderm around hemorrhoidal bundle with a scal-
pel. (b) The hemorrhoid dissection is carefully continued cephalad by dissecting
the sphincter away from the hemorrhoid. (¢) After dissection of the hemorrhoid to
its pedicle, it is either clamped, secured, or excised. The pedicle is suture ligated.
(d) The wound is closed with a running stitch. Excessive traction on the suture is
avoided to prevent forming dog ears or displacing the anoderm caudally.
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Table 11.6. Randomized, prospective studies of open vs. closed hemorrhoid-
ectomy.

Complete
wound Hospi-
Author N  Pain healing Analgesics tal stay Complications
Ho 67 n.s. 0>C n.s. n.s. n.s.
Carapeti 36 ns. n.s. n.s. n.s. n.s.
Arbman 77 ns C>0 n.s. n.s. n.s.
Gencosma- 80 C>0 C>O0O C>0 n.s. C>0

noglu

C close; O open; n.s. not significant

Table 11.7. Randomized, prospective studies of LigaSure™ vs. diathermy hem-
orrhoidectomy.

Postop-
Operative Blood Hospital erative
Author N time loss Stay pain Complications
Jayne 40 L<D L<D L<D n.s. n.s.
Palazzo 34 L<D ? n.s. n.s. n.s.
Franklin 34 L<D ? n.s. L<D ?

L LigaSure™; D diathermy; n.s. not significant; ? not reported; N number

. Complications associated with hemorrhoidectomy include
urinary retention (2-36%), bleeding (0.03—6%), anal stenosis
(0-6%), infection (0.5-5.5%), and incontinence (2—-12%).

. Over the past 6-7 years, stapled “hemorrhoidopexy” has been
developed as an alternative to standard Ferguson or Milligan—
Morgan hemorrhoidectomy mainly because of the pain associ-
ated with traditional hemorrhoid surgery (see Fig. 11.7).

. The procedure involves the use of a specially designed cir-
cular stapler (Ethicon Endo-Surgery), which performs a cir-
cumferential resection of mucosa and submucosa above the
hemorrhoids and then staples closed the defect (see Fig. 11.8).
This procedure is more of a hemorrhoidopexy than a 