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Foreword

One given definition of the word fextbook is “a book used as a standard work for the study of
a particular subject.” Our collective goal for the third edition of the American Society of Colon
and Rectal Surgeons’ ASCRS Textbook of Colon and Rectal Surgery was to make this volume
the standard for the study of colon and rectal surgery, providing a valuable resource for sur-
geons and healthcare providers at all stages of their career caring for patients with colorectal
disease. In line with previous editions, we aimed to build upon the collective experience and
expertise from national and international experts in the field, providing a completely revamped,
up-to-date tome covering the wide breadth of colorectal disease. In addition to providing all
newly written chapters, we have reorganized the text around the “pillars” of colorectal disease:
perioperative (including endoscopy), anorectal disease, benign disease (including inflamma-
tory bowel disease), malignancy, pelvic floor disorders, and a “miscellaneous™ section that
covers aspects both inside and beyond the operating room that are pertinent to providers at
every level. This restructuring coincides effectively with the ASCRS Online Education Portal
(www.fascrs.org) and mirrors the configuration of the Society’s collection of educational and
CME-accredited programs including CREST and CARSEP. In addition, each chapter contains
several Key Concepts that succinctly depict the major learning objectives for individual sec-
tions and are in line with the Core Curriculum for Colon and Rectal Surgery provided by the
Association of Program Directors in Colon and Rectal Surgery and the key topics used by the
American Board of Colon and Rectal Surgery.

In addition, we have expanded beyond the initial print-only edition to encompass a multime-
dia platform with the availability of an electronic version of the text along with online videos
depicting procedures, tips and tricks, and complications—all easily accessible through desktops,
tablets, and smartphones to accommodate the mobile healthcare world in which we live.

While this textbook was originally conceived as a means of providing state of the art infor-
mation to residents in training and fully trained surgeons, our hope, more than anything, is that
this volume continues to support the mission of the American Society of Colon and Rectal
Surgeons as the world’s most established authority on colon and rectal disease. We are honored
to have been a part of this project and wish to thank the leaders of the ASCRS for their contin-
ued support of the textbook. We especially would like to recognize the editors of the first and
second editions for having the vision and purpose to produce such high-quality, evidence-
based texts that have made the ASCRS Textbook of Colon and Rectal Surgery the success and
reference it remains today. Lastly, we would like to thank our Developmental Editor Elektra
McDermott for her extraordinary efforts and thoroughness in overseeing and ensuring its
timely completion, and each chapter author and coauthor(s) for their devotion to this task and
to the mission of the ASCRS. Since inception, it has been our privilege and pleasure to work
with this tremendous gathering of authors and editors, as their unique contributions have come
together to make this textbook a reality.

Cleveland, OH Scott R. Steele, MD
Cleveland, OH Tracy Hull, MD
Burlington, MA Thomas Read, MD
Chicago, IL Theodore Saclarides, MD
Galveston, TX Anthony Senagore, MD

New Orleans, LA Charles Whitlow, MD
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Preface

The field of Colon and Rectal Surgery has a long and respected tradition of patient service,
knowledge expansion, and education. The American Society of Colon and Rectal Surgeons
(ASCRS) is the premier professional organization of this specialty. The leaders of our
Society (ASCRS) recognized that there were several textbooks in the field of Colorectal
Surgery, but none of which could be deemed as truly representative of the collective objec-
tive views of the ASCRS. At the inaugural meeting of the senior and associate editors, prior
to the 2007 publication of the ASCRS Textbook of Colon and Rectal Surgery 1st edition, the
group made several fundamental decisions. One of those decisions was to have chapters
extensively referenced, authoritatively written, appropriately illustrated, and as unbiased as
possible. This very important latter point was strictly enforced by adherence by the chapter
authors to ASCRS materials including the evidence-based ASCRS clinical practice guide-
lines, core subjects, presentations at our annual meeting, questions in the colon and rectal
self-assessment program (CARSEP), and material otherwise presented through official soci-
ety vehicles. In addition, first edition chapters were, in general, written by a “junior” and a
“senior” coauthor. A second decision was a rotation schedule for the editors: two to three of
the editors would rotate off after each edition. This would provide wider participation and
ensure that the text would represent the specialty as a whole and not a select group of
individuals.

The overwhelming success of the first edition led to the publication of a second edition in
2011. The second edition expanded upon the first edition, added new authors, supplemented a
significant number of color plates, and increased the text itself from 810 to 946 pages. The
vision provided by the leaders of our Society was certainly correct, as attested to by the tre-
mendous interest in both editions of the ASCRS textbooks. We are proud that the standardized
reference for evidence-based material in Colorectal Surgery is the work product of our Society
members, owned by our Society, and has become a source of financial support to our Society.
In addition, a corresponding manual (the ASCRS Manual of Colon and Rectal Surgery),
designed more towards residents in training and physicians desiring a focused reference, has
been released for each edition and has also been exceptionally popular.

The continued rapid expansion of knowledge, in part attested by the increased number of
pages in each subsequent edition, as well as the new technologies and new techniques has
ensured the longevity of our work and has necessitated this third edition. We congratulate
the current editors Drs. Scott Steele, Tracy Hull, Thomas Read, Anthony Senagore, Theodore
Sacclarides, and Charles Whitlow on their tremendous accomplishment. We also thank all of
the chapter authors and coauthors whose dedication, devotion, energy, and expertise have
enabled the editors to produce this volume. The third edition has been reorganized and com-
pletely rewritten to reflect advances in our specialty and the evolution of our practice. In
addition, the current grouping of topics serves as a framework for the ongoing educational
efforts of the Society and certification process by the American Board of Colon and Rectal
Surgery.

New developments in the management of colorectal diseases and our colleagues’ continued
search for answers have produced the need for this and future editions of the ASCRS Textbook
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of Colon and Rectal Surgery. We are gratified that this significant educational endeavor
continues to flourish. We commend this work to every practitioner of colorectal surgery
throughout the world and eagerly await reports of its success.

New Orleans, LA Dave Beck, MD
Weston, FL Steven Wexner, MD

Preface
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Anatomy and Embryology of the Colon,

Rectum, and Anus

Joseph C. Carmichael and Steven Mills

Key Concepts

* The dentate line represents a true division between embry-
onic endoderm and ectoderm.

* The location of the anterior peritoneal reflection is highly
variable and can be significantly altered by disease such
as rectal prolapse.

e The right and left ischioanal space communicate posteriorly
through the deep postanal space between the levator ani
muscle and anococcygeal ligament.

e The junction between the midgut (superior mesenteric
artery) and the hindgut (inferior mesenteric artery) leads
to a potential watershed area in the area of the splenic
flexure.

e There is a normal, three-stage process by which the intes-
tinal tract rotates during development beginning with her-
niation of the midgut followed by return of the midgut to
the abdominal cavity and ending with its fixation.

Anatomy of the Anal Canal and Pelvic
Floor

Textbooks of anatomy would define the “anatomic” anal
canal as beginning at the dentate line and extending to the
anal verge. This definition is one defined truly by the embry-
ology and mucosal histology. However, the “surgical” anal
canal, as first defined by Milligan and Morgan, [1] extends
from the anorectal ring to the anal verge. The surgical defini-
tion of the anal canal takes in to account the surrounding
musculature that is critical to consider during the conduct of
operations from low anterior resection to anal fistulotomy.
The surgical anal canal is formed by the internal anal sphinc-
ter, external anal sphincter, and puborectalis (Figure 1-1) and
is easily identified on digital examination and ultrasound
imaging. On average, the surgical anal canal is longer in
males than in females. Intraoperative measurements of the
posterior anal canal have estimated the surgical anal canal to
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be 4.4 cm in men compared with 4.0 cm in women [2]. In addi-
tion, the anal canal was shown to be a unique muscular unit
in that its length did not change with age.

The anatomy of the anal canal has also been characterized
using magnetic resonance imaging. MR imaging does not
show a difference in the length of the posterior anal canal in
men and women, but does show that the anterior and posterior
external anal sphincter length (not including the puborectalis)
is significantly shorter in women [3].

The anal canal forms proximally where the rectum passes
through the pelvic hiatus and joins with the puborectalis
muscle. Starting at this location, the muscular anal canal can
be thought of as a “tube within a tube.” The inner tube is the
visceral smooth muscle of the internal anal sphincter and
longitudinal layer that is innervated by the autonomic ner-
vous system. The outer muscular tube consists of somatic
muscles including the components of the puborectalis and
external anal sphincter [4]. It is the outer muscular tube that
provides conscious control over continence and is strength-
ened during Kegal exercises. The external anal sphincter
extends distal to the internal anal sphincter and the anal canal
terminates at the anal verge where the superficial and sub-
cutaneous portions of the external anal sphincter join the
dermis.

Anal Canal Epithelium

The proximal anal canal has a pink appearance and is lined
by the columnar epithelium of the rectal mucosa. Six to
twelve millimeters proximal to the dentate line, the anal tran-
sition zone (ATZ) begins. The ATZ appears purple in color
and represents an area of gradual transition of columnar epi-
thelium to squamous epithelium. The columns of Morgagni
are noted in this area were redundant columns of tissue are
noted with anal crypts at their base. This forms the rippled
dentate line (or pectinate line) which may be most easily
identified by locating the anal crypts at the base of the
Columns of Morgagni. Anal crypts are connected to
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Conjoined longitudinal muscle

Internal anal sphincter muscle
Dentate line
External anal sphincter muscle

Corrugator cutis ani muscle

Anoderm

FiGure 1-1. Anal canal.

underlying anal glands which are the presumed source of
sepsis in the majority of anorectal abscesses and fistula. On
average, there are six anal glands surrounding the anal canal
(range 3—12) [4-6] and they tend to be more concentrated in
the posterior quadrants. More than one gland may open into
the same crypt and some crypts may not be connected to anal
glands. The anal gland ducts proceed inferior and lateral
from the anal canal and enter the submucosa where two-
thirds enter the internal anal sphincter and half terminate in
the intersphincteric plane [5]. It is theorized that obstruction
of these ducts leads to anal fistula and abscess [4]. Knowledge
of the anatomy also explains why the internal opening of a
“cryptoglandular” anal fistula should typically be at the den-
tate line.

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

The dentate line represents a true division between embry-
onic endoderm and ectoderm. Proximal to the dentate line,
the innervation is via the sympathetic and parasympathetic
systems, with venous, arterial, and lymphatic drainage asso-
ciated with the hypogastric vessels. Distal to the dentate line,
the innervation is via somatic nerves with blood supply and
drainage from the inferior hemorrhoidal system.
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Internal Anal Sphincter

The internal anal sphincter (IAS) is the downward continua-
tion of the circular smooth muscle of the rectum and termi-
nates with a rounded edge approximately 1 cm proximal to
the distal aspect of the external anal sphincter. 3D imaging
studies of this muscle demonstrate the overall volume does
not vary according to gender, but the distribution is different
with women tending to have a thicker medial/distal internal
anal sphincter [7]. Overall, the IAS was found to be approxi-
mately 2 mm in thickness and 35 mm in length. The authors
note that on any study, it is difficult to identify the proximal
portion of the IAS as it is a continuation of the wall of the
lower rectum.

Conjoined Longitudinal Muscle

The anatomy and function of the perianal connective tissue is
often overlooked, but plays a significant role in normal ano-
rectal function. Measuring approximately 0.5-2.0 mm in
thickness, the conjoined longitudinal muscle (or conjoined
longitudinal coat) lies in between the internal and external
anal sphincters. It begins at the anorectal ring as an extension
of the longitudinal rectal muscle fibers and descends cau-
dally joined by fibers of the puborectalis muscle [8]. At its
most caudal aspect, some of the conjoined longitudinal
muscle fibers (referred to as corrugator cutis ani muscle)
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traverse the distal external anal sphincter and insert into the
perianal skin and some enter the fat of the ischiorectal fossa.
Fibers of the conjoined longitudinal muscle also pass
obliquely and caudally through the internal anal sphincter to
interlace in a network within the subepithelial space. These
subepithelial smooth muscle fibers were originally described
by Treitz in 1853 [9] and have been referred to as Treitz’s
muscle. They have also been referred to corrugator cutis ani,
musculus submucosae ani, mucosal suspensory ligament,
and musculus canalis ani [10] It has been hypothesized by
Thomson that disruption of Treitz’s muscles results in anal
cushion prolapse, vascular outflow obstruction, and hemor-
rhoidal bleeding and thrombosis [11]. Haas and Fox have
hypothesized that the conjoined longitudinal muscle, along
with the network of connective tissue that it supports, plays
a role in minimizing anal incontinence  after
sphincterotomy.

External Anal Sphincter

The external anal sphincter (EAS) is composed of striated
muscle that forms an elliptical tube around the internal anal
sphincter and conjoined longitudinal muscle. As it extends
beyond the distal most aspect of the internal anal sphincter
the intersphincteric groove is formed. At its distal most
aspect, corrugator cutis ani muscle fibers from the conjoined
longitudinal muscle traverse the external anal sphincter and
insert into the perianal skin. Milligan and Morgan described
the external anal sphincter as having three distinct divisions
from proximal to distal that were termed: sphincter ani exter-
nus profundus, superficialis, and subcutaneus [1]. With time,
this theory of three distinct divisions was proven invalid by
Goligher who demonstrated that the external anal sphincter
was truly a continuous sheet of skeletal muscle extending up
to the puborectalis and levator ani muscles [12]. While the
external anal sphincter does not have three distinct anatomic
layers, it is not uncommon to see the proximal portion of the
EAS referred to as deep EAS, the mid-portion referred to as
the superficial EAS and the most distal aspect as the subcu-
taneous EAS. The mid EAS has posterior attachment to the
coccyx via the anococcygeal ligament and the proximal EAS
becomes continuous with the puborectalis muscle. Anteriorly,
the proximal EAS forms a portion of the perineal body with
the transverse perineal muscle. There are clear differences in
the morphology of the anterior external anal sphincter that
have been demonstrated on both MRI and three dimensional
endoanal ultrasound studies in normal male and female vol-
unteers [13, 14]. The normal female external anal sphincter
has a variable natural defect occurring along its proximal
anterior length below the level of the puborectalis sling that
was demonstrated in 75% of nulliparous volunteers. This
defect correlated with findings on anal manometry and the
authors noted that it can make interpretation of an isolated
endoanal ultrasound difficult resulting in over-reporting of
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obstetric sphincter defects [13]. This natural defect of the
anterior anal sphincter provides some justification as to why
anterior anal sphincterotomy is not routinely recommended
in women.

The external anal sphincter is innervated on each side by
the inferior rectal branch of the pudendal nerve (S2 and S3)
and by the perineal branch of S4. There is substantial overlap
in the pudendal innervation of the external anal sphincter
muscle on the two sides which enables re-innervation to be
partially accomplished from the contralateral side following
nerve injury [15].

Perineal Body

The perineal body represents the intersection of the external
anal sphincter, superficial transverse perinei, deep transverse
perinei, and bulbospongiosus (also referred to as bulboca-
vernosus) muscles (Figure 1-2). Recent research, based on
advanced magnetic resonance and ultrasound imaging, has
suggested that the transverse perinei (TP) and bulbospongio-
sus (BS) muscles contribute significantly to anal continence
[16]. It has been proposed that the EAS, TP and BS muscles
be collectively referred to as the “EAS complex muscles.” In
this theory, the EAS complex morphology is “purse string”
shaped rather than the typical “donut” shape previously con-
sidered. When these muscles are considered as a functional
unit, it lends further support to the idea that it is critical to
attempt to repair the perineal body during overlapping
sphincter reconstructions.

Pelvic Floor Muscles

In addition to the anal sphincter and perineal body, the leva-
tor ani (LA) muscles contribute to pelvic organ support. For
example, injury to the LA is seen in 55% of women with
pelvic organ prolapse, but in only 16% without prolapse
[17]. The LA has three subdivisions including the pubococ-
cygeus (aka pubovisceral), puborectalis, and iliococcygeus.
Some authors had previously suggested that the puborectalis
was part of the deep portion of the EAS [18]; however, a
significant amount of evidence has been presented to the
contrary. In vivo MRI measurements in women have shown
distinct, visible muscle fascicle directions for each of the
three LA component muscles [19]. Embryology studies have
also demonstrated that the puborectalis muscle is a portion of
the LA muscle and shares a common primordium with the
iliococcygeus and pubococcygeus muscles [20].

Innervation of the levator ani muscles has been described
in detailed cadaveric studies [21]. The contemporary cadav-
eric studies suggest that the LA muscles are innervated by
the pudendal nerve branches: perineal nerve and inferior
rectal nerve as well as direct sacral nerves S3 and/or S4 (i.e.,
levator ani nerve) [22]. The pubococcygeus muscle and
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perinei muscle

Ischial tuberosity
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Puborectalis muscle

External anal sphincter

Gluteus maximus Anococcygeal ligament

Tip of coccyx

Male Pelvic Floor
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Figure 1-2. Pelvic floor muscles.
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Female Pelvic Floor

Perineal artery and vein
Perineal nerve

Internal pudendal
artery and vein

Levator ani muscle
External anal sphincter
Anococcygeal ligament

Coccyx

Male Pelvic Floor

Perineal artery and vein

Perineal nerve

Internal pudendal
artery and vein

Levator ani muscle
External anal sphincter
Anococcygeal ligament

Coccyx

FiGure 1-3. Pelvic floor nerves and blood supply.

puborectalis muscle are primarily innervated by the pudendal
nerve branches while the iliococcygeus muscle is primarily
innervated by the direct sacral nerves S3 and/or S4
(Figure 1-3).

Puborectalis Muscle

The puborectalis muscle (PRM) fibers arise from the lower
part of the symphysis pubis and from the superior fascia of
the urogenital diaphragm and run alongside the anorectal
junction. Posterior to the rectum, the fibers join forming a
sling. The “anorectal ring” is composed of the upper
borders of the internal anal sphincter and puborectalis

Superficial transverse
perinei muscle

Ischial tuberosity
Pudendal nerve
Inferior rectal artery

Inferior rectal nerve

Superficial transverse
perinei muscle

Ischial tuberosity

Pudendal nerve

Inferior rectal nerve

Inferior rectal artery

muscle [1]. Contraction of the PRM sling causes a
horizontal force [19] that closes the pelvic diaphragm and
decreases the anorectal angle during squeeze. This is
widely considered the most important contributing factor
to gross fecal continence.

lliococcygeus Muscle

Iliococcygeus muscle (ICM) fibers arise from the ischial
spines and posterior obturator fascia, pass inferior/posterior
and medially, and insert into the distal sacrum, coccyx, and
anococcygeal raphe. The ICM, along with the pubococcygeus
muscle, contributes to “lifting” of the pelvic floor [19].
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Pubococcygeus Muscle

The pubococcygeus (PCM) muscle lies medial to the PRM.
PCM fibers arise from the anterior half of the obturator fas-
cia and the high posterior pubis. The PCM fibers are directed
posterior/inferior and medially, where they intersect with
fibers from the opposite side and form the anococcygeal
raphe (or anococcygeal ligament). PCM muscle fibers insert
in the distal sacrum and tip of the coccyx. Portions of the
PCM contribute to the conjoined longitudinal muscle. The
PCM forms the “levator hiatus” as it ellipses the lower rec-
tum, urethra, and either the vagina in women or the dorsal
vein of the penis in men. The levator hiatus is connected to
the intrahiatal organs by a fascial condensation called the
“hiatal ligament” (Figure 1-4). The hiatal ligament arises cir-
cumferentially around the hiatal margin as a continuation of
the fascia on the pelvic surface of the levator muscle [23].
Enlargement of the levator hiatus has been implicated as a
cause of female pelvic organ prolapse [24]. The PCM is the
portion of the levator ani that is typically injured during trau-
matic vaginal delivery [25].

Pubococcygeus

Hiatal ligament

Levator hiatus

Obturator internus /.

Piriformis

Ficure 1-4. Pelvic floor anatomy, abdominal view.
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Anatomy of the Rectum

The rectum is arbitrarily considered to have three distinct
parts: the upper, middle, and lower rectum. Although not
anatomically distinct, the upper, mid, and lower rectal divi-
sions are important when considering surgical treatment of
rectal cancer. From the anal verge, the lower rectum is
0-7 cm; middle rectum, 7-12 cm; and upper rectum
12-15 cm [26]. However, the rectum is actually variable in
length and may extend beyond 15 cm from the anal verge.
The upper rectum can be distinguished from the sigmoid
colon by the absence of taenia coli and epiploic
appendages.

The majority of the rectum lies outside of the peritoneal
cavity, although anteriorly and laterally the upper rectum is
covered by a layer of visceral peritoneum down to the perito-
neal reflection. The location of the anterior peritoneal reflec-
tion is highly variable and can be significantly altered by
disease such as rectal prolapse. One study sought to identify
the location of the anterior peritoneal reflection in 50 patients

Puborectalis

Dorsal vein of penis
Urethra

Pubococcygeus
Anorectal junction

Anococcygeal
raphe
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who were undergoing laparotomy [27]. It was found that the
anterior peritoneal reflection was located on average 9 cm
from the anal verge in females and 9.7 cm from the anal
verge in males—there was no statistically significant differ-
ence based on gender.

Mesorectum

The origin of the word “mesorectum” is difficult to identify
and may be attributed to Maunsell in 1892 [28], but was
certainly later popularized by Heald [29]. Unfortunately, the
term mesorectum is a misnomer that is not generally
acknowledged in classic texts of anatomy such as the Nomina
Anatomica [30]. In anatomic terms, the prefix “meso” refers
to two layers of peritoneum that suspend an organ and the
suffix applied indicates the target organ (e.g., mesocolon).
The term “meso” cannot be assigned to the rectum, as it
implies a mobile, suspended rectum, which may only be the
case in patients with rectal prolapse.

The mesorectum is a term employed by surgeons to
describe the fascial envelope of the rectum that is excised
during surgical treatment of rectal cancer. Indeed, failure to
completely excise this envelope intact has been associated
with an increased incidence of local recurrence of rectal can-
cer [31]. The mesorectum is contained within the fascia pro-
pria. The fascia propria is an upward projection of the parietal
endopelvic fascia that lines the walls and floor of the pelvis.
The fascia propria encloses the perirectal fat, lymphatics,

Rectovesical pouch

Prostate

Seminal vesicles

FiGure 1-5. Fascial relationships of the rectum.

9

blood vessels, and nerves and is not considered a barrier
strong enough to prevent the spread of infection or
malignancy [32].

Presacral Fascia

The presacral fascia is a thickened portion of the parietal
endopelvic fascia overlying the sacrum that covers the presa-
cral veins and hypogastric nerves (Figure 1-5). It extends
laterally to cover the piriformis and upper coccyx. As the
presacral fascia extends laterally, it becomes continuous with
the fascia propria and contributes to the lateral ligaments of
the rectum. Caudally, this fascia extends to the anorectal
junction covering the anococcygeal ligament. During total
mesorectal excision, the fascia propria is elevated sharply off
the presacral fascia. Leaving the presacral fascia intact elimi-
nates the possibility of causing presacral bleeding.

Retrosacral Fascia

The retrosacral fascia originates at the third and fourth por-
tion [33] of the sacrum and extends anteriorly to the poste-
rior layer of the fascia propria 3-5 cm proximal to the
anorectal junction [34]. This tough fascia layer is surgically
relevant as it must be sharply incised during total mesorectal
excision [32]. The space posterior to the retrosacral fascia is
referred to as the supralevator or retrorectal space.

Peritoneum

Presacral
fascia

Retrosacral
fascia

Denonvilliers’
fascia

Anterior
mesorectum
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Waldeyer’s Fascia

There is significant confusion about what Waldeyer’s fascia
represents as the eponym has been used to describe the pre-
sacral fascia, the retrosacral fascia or all fascia posterior to
the rectum. In Waldeyer’s original description of pelvic
fascia, there was no particular emphasis on the presacral
component [32, 34]. While the debate continues regarding
“Waldeyer’s fascia,” it is important to simply understand that
the phrase can have the potential to mean presacral fascia,
rectosacral, or retrorectal fascia [35].

Denonvilliers’ Fascia

Denonvilliers’ fascia arises from the fusion of the two walls of
the embryological peritoneal cul-de-sac and extends from the
deepest point of the rectovesical pouch to the pelvic floor [36].
Originally described by Denonvilliers in 1836 as a “prostato-
peritoneal” membranous layer between the rectum and semi-
nal vesicles, Denonvilliers’ fascia is also present in females as
part of the rectovaginal septum and is sometimes referred to as
rectovaginal fascia. It is found immediately beneath the vagi-
nal epithelium and is clearly what most would consider as part
of the vaginal wall. It merges superiorly with the cardinal/
uterosacral complex in females or the rectovesical pouch in
males. It merges laterally with the endopelvic fascia overlying
the levator muscle and distally with the perineal body. It con-
tains collagen, some strands of smooth muscle and heavy elastin
fibers. Rectoceles represent a defect in this layer that allows
the rectum to bulge anteriorly [37].

Microscopically, the Denonvilliers’” fascia has two layers;
however, it is not possible to discern two layers during pelvic
dissection [36]. In the anterior rectal plane, the mesorectum is
contained by the fascia propria which lies dorsal to Denon-
villiers’ fascia. The cavernous nerves run in neurovascular
bundles at the anterolateral border of Denonvilliers’ fascia.

Lateral Ligaments

While frequently referred to by surgeons, there are two con-
troversial points regarding the lateral ligaments of the rec-
tum. First, do the lateral ligaments exist? Second, what do
they contain? Miles refers to division of the lateral ligaments
of the rectum in his seminal description of abdominoperineal
resection in 1908. Specifically, he notes “In these structures
the middle hemorrhoidal arteries are found but seldom
require a ligature” [38]. It is interesting to note that at least
one modern cadaveric dissection study identified the pres-
ence of a middle rectal artery in only 22% of specimens [33]
which could be a contributing factor as to why Miles saw no
significant bleeding in this area.

Total mesorectal excision, as popularized and described
by Heald involves sharp dissection along the fascia propria
circumferentially to the pelvic floor. While acknowledging
that the middle rectal vessels are “divided as far from the
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carcinoma as possible,” Heald does not mention “lateral lig-
aments” of the rectum at all [39].

In an extensive review of the anatomy of the lateral liga-
ment, Church notes that it is a common misconception that
the lateral ligaments contain the middle rectal artery at all. It
appears that the lateral ligaments comprise “primarily nerves
and connective tissue” and their division without bleeding
attests to the absence of a “significant accessory rectal artery
in this location in the majority of patients” [32].

In a separate cadaveric study, the lateral ligaments of the
rectum were identified as trapezoid structures originating
from mesorectum and anchored to the endopelvic fascia at
the level of the midrectum. It was recommended that, as lat-
eral extensions of the mesorectum, the ligaments must be cut
and included in the total mesorectal excision (TME) speci-
men. It was further noted that the lateral ligaments did not
contain middle rectal arteries or nerve structures of impor-
tance. The urogenital bundle runs just above the lateral liga-
ment at its point of insertion on the endopelvic fascia, the
middle rectal artery (if present) runs posterior to the lateral
ligament and the nervi recti fibers (which originate from the
inferior hypogastric plexus) course transversely under the
lateral ligament to the rectal wall [40]. Other modern cadav-
eric investigations note the rarity of middle rectal arteries
and the absence of clinically relevant neurovascular struc-
tures in the lateral ligaments [41].

Valves of Houston

The rectum has been classically described to have three dis-
tinct, semicircular, inner folds called valves of Houston
(Figure 1-1) with the superior and inferior valves located on
the left side of the rectum and the more prominent middle
rectal valve on the right; however, this is not uniformly the
case [42]. Only 45.5% of patients will have the classic three
valve rectal anatomy; 32.5% will have only two valves; and,
10.25% may have four valves.

Anorectal Spaces

It is important to acknowledge and understand the anorectal
spaces created by the various myofascial relationships in the
pelvis as these spaces help us understand how anorectal sep-
sis can spread throughout the pelvis.

Perianal Space

The perianal space contains external hemorrhoid cushions, the
subcutaneous external anal sphincter and the distal internal
anal sphincter. The perianal space is in communication with
the intersphincteric space (Figure 1-6). The perianal space has
its cephalad boundary at the dentate line and laterally to the
subcutaneous fat of the buttocks or is contained by fibers
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FiGURE 1-6. Perianal and perirectal spaces, coronal view.

extending from the conjoined longitudinal muscle often
referred to as corrugator cutis ani muscle fibers. Otherwise,
the perianal space is contained by anoderm.

Intersphincteric Space

The intersphincteric space is the potential space that lies
between the internal and external anal sphincter and is con-
tinuous with the perianal space. It is of clinical importance as
cryptoglandular infections tend to begin in this area and
expand elsewhere to create anal fistula [4].

Submucous Space

This space lies between the medial boarder of the internal
anal sphincter and the anal mucosa proximal to the dentate
line. It is continuous with the submucosa of the rectum. This
area contains internal hemorrhoid vascular cushions.

Ischioanal/Ischiorectal Space

The ischioanal (also referred to as ischiorectal) space is the
largest anorectal space. It has been described as a pyramid
shape with its apex at the levator muscle insertion into the
obturator fascia. The medial boarder is thus the levator ani
muscle and external anal sphincter. The obturator internus
muscle and obturator fascia make up the lateral boarder of
the ischioanal space. The posterior boundary is formed by
the lower border of the gluteus maximus muscle and the
sacrotuberous ligament. The space is has an anterior
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boundary formed by the superficial and deep transverse peri-
neal muscles. The caudal boundary is skin of the perineum.
The ischioanal fossa contains adipose tissue, pudendal nerve
branches and superficial branches of the internal pudendal
vessels. The right and left ischioanal space communicate
posteriorly through the deep postanal space between the
levator ani muscle and anococcygeal ligament (Figure 1-7)
[43]. When the ischioanal and perianal spaces are regarded
as a single space, it is referred to as the ischioanal fossa [35].

Supralevator Space

The upper boundary of the supralevator space is the perito-
neum, the lateral boundary is the pelvic wall, the medial
boundary is the rectum and the inferior boarder is the levator
ani muscle (Figure 1-8).

Superficial and Deep Postanal Spaces

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

The deep postanal space (retrosphincteric space of
Courtney) [44] is located between the levator ani muscle and
the anococcygeal raphe. This space allows ischioanal sepsis
to track from one side to the other resulting in the so called
“horseshoe” abscess.
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Ficure 1-7. Communication of the anorectal spaces.
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FiGURE 1-8. Perianal and perirectal spaces, lateral view.
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Retrorectal Space

The retrorectal space is found between the presacral fascia
and fascia propria. It contains no major blood vessels or
nerves. It is limited laterally by the lateral ligaments of the
piriformis fascia and inferiorly by the retrosacral fascia. The
fascia propria and presacral fascia come together at the apex
of this space [32].

Rectal Blood Supply

The rectum is supplied by the superior, middle, and inferior
rectal (hemorrhoidal) arteries (Figure 1-9). Both the middle
and inferior hemorrhoidal vessels are paired arteries and the
superior rectal artery is not.

Superior Rectal Artery

The superior rectal artery (SRA) is the continuation of the
inferior mesenteric artery and is so named after the inferior
mesenteric artery crosses the left iliac vessels. The SRA
gives off a rectosigmoid branch, an upper rectal branch, and
then bifurcates into right and left terminal branches in 80%

Middle
colic artery

Right
colic artery

lleocolic
artery

Internal iliac
artery

Middle rectal artery
Inferior rectal artery

FIGURE 1-9. Arterial anatomy of the colon and rectum.
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[45] of cases as it descends caudally in the mesorectum. On
average, eight terminal branches of the SRA have been iden-
tified in the distal rectal wall [46].

Middle Rectal Artery

The middle rectal artery (MRA) has been variably noted in
many studies. It may be found on one or both sides of the
rectum and has been noted to be present 12-28% of the time
[41, 47]. At least one study reported the presence of the mid-
dle rectal artery in at least 91% of cadaveric specimens [40].
The MRA originates from the anterior division of the internal
iliac or pudendal arteries. Please see the “Lateral Ligament”
discussion above for more review on the anatomic course of
the middle rectal artery.

Inferior Rectal Artery

The inferior rectal arteries (IRA) are paired vessels that
originate as branches of the internal pudendal artery which
receives its blood supply from the internal iliac artery. The
artery originates in the pudendal canal and is entirely extra-
pelvic (caudal to the levator ani) in its distribution. The IRA
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Ficure 1-10. Venous anatomy of the colon and rectum.

traverses the obturator fascia, the ischiorectal fossa and pierces
the wall of the anal canal in the region of the external anal
sphincter [32].

Venous and Lymphatic Drainage of the Rectum
and Anus

Venous drainage from the rectum and anus occurs via both
the portal and systemic systems. Middle and inferior rectal
veins drain to the systemic systems via the internal iliac vein
while the superior rectal vein drains the rectum and upper
anal canal into the portal system via the inferior mesenteric
vein (Figure 1-10).

Lymphatics from the upper two-thirds of the rectum drain
to the inferior mesenteric lymph nodes and then to the para-
aortic lymph nodes. Lymphatic drainage from the lower third
of the rectum occurs along the superior rectal artery and
laterally along the middle rectal artery to the internal iliac
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lymph nodes. In the anal canal, lymphatic above the dentate
drain to the inferior mesenteric and internal iliac lymph
nodes. Below the dentate line lymphatics drain along the
inferior rectal lymphatics to the superficial inguinal nodes.

Innervation of the Rectum and Anus

Sympathetic fibers arise from L1, L2, and L3 and pass through
the sympathetic chains and join the pre-aortic plexus
(Figure 1-11). From there, they run adjacent and dorsal to the
inferior mesenteric artery as the mesenteric plexus and inner-
vate the upper rectum. The lower rectum is innervated by the
presacral nerves from the hypogastric plexus. Two main
hypogastric nerves, on either side of the rectum, carry sympa-
thetic information form the hypogastric plexus to the pelvic
plexus. The pelvic plexus lies on the lateral side of the pelvis
at the level of the lower third of the rectum adjacent to the
lateral stalks (please see discussion of lateral stalks above).
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Ficure 1-11. Nerves of the rectum.

Parasympathetic fibers to the rectum and anal canal
originate from S2, S3, and S4 to penetrate through the sacral
foramen and are called the nervi erigentes. These nerves
course laterally and anterior to join the sympathetic hypo-
gastric nerves and form the pelvic plexus on the pelvic side-
wall. From here, postganglionic mixed parasympathetic and
sympathetic nerve fibers supply the rectum, genital organs,
and anal canal. The periprostatic plexus is considered a
subdivision of the pelvic plexus and supplies the prostate,
seminal vesicles, corpora cavernosa, vas deferens, urethra,
ejaculatory ducts, and bulbourethral glands.

The internal anal sphincter is innervated by sympathetic
(L5) and parasympathetic (S2, S3, and S4) nerves following
the same route as the nerves to the rectum as noted above.
The external anal sphincter is innervated on each side by the
inferior rectal branch of the internal pudendal nerve (S2 and
S3) and by the perineal branch of S4. Anal sensation is medi-
ated by the inferior rectal branch of the pudendal nerve.

Anatomy of the Colon

The colon is a long tubular organ consisting of muscle and
connective tissue with an inner mucosal layer. The diameter
of the colon differs depending upon which segment is
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evaluated, and generally decreases in diameter as one travels
proximal to distal (cecum about 7 cm and sigmoid colon
about 2.5 cm in diameter). The overall length is variable with
an average length approximating 150 cm. The right and left
sides of the colon are fused to the posterior retroperitoneum
(secondarily retroperitonealized) while the transverse colon
and sigmoid colon are relatively free within the peritoneum.
The transverse colon is held in position via its attachments to
the right/left colon at the flexures (hepatic and splenic,
respectively) and is further fused to the omentum. Generally
speaking the colon is located peripherally within the abdo-
men with the small bowel located centrally.

There are three important anatomic points of differen-
tiation between the colon and the small intestine: the
appendices epiploicae, the taeniae coli, and the haustra. The
appendices epiploicae are non-mesenteric fat protruding
from the serosal surface of the colon. They are likely residual
from the anti-mesenteric fat of the embryologic intestine
which dissipates (unlike the omentum on the stomach). The
taenia coli are three thickened bands of outer, longitudinal
muscle of the colon. This outer layer of muscle is indeed
circumferentially complete [48], but is considerably thicker
in three areas represented by the taenia. The three taeniae
have been given separate names by some: taenia libera to
represent the anterior band, taenia mesocolica for the
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posteromedial band, and taenia omentalis for posterolateral
band. The bands are continuous from their origin at the base
of the appendix until the rectosigmoid junction where they
converge (marking an anatomically identifiable differentiation
between the sigmoid colon and rectum). Though they run
along the full length of the colon, they are not as long as the
bowel wall. This difference in length results in outpouchings
of the bowel wall between the taenia referred to as haustra.
The haustra are further septated by the plicae semilunares.

Cecum

The proximal most portion of the colon is termed the cecum,
a sac-like segment of colon below (proximal to) the ileocecal
valve. The cecum is variable in size, but generally is about
8 cm in length and 7 cm in diameter. At its base is the appen-
dix. Terminating in the posteromedial area of the cecum is
the terminal ileum (ileocecal valve). The cecum is generally
covered by visceral peritoneum, with more variability near
the transition to the ascending colon (upper or distal cecum).
The ileocecal valve is a circular muscular sphincter which
appears as a slit-like (“fish-mouth”) opening noted on an
endoscopic evaluation of the cecum. The valve is not compe-
tent in all patients, but when present, its competence leads to
the urgency of a colon obstruction as it develops into a
closed-loop obstruction. Regulation of ileal emptying into
the colon appears to be the prime task in ileocecal valve
function [49].

The Appendix

The appendix is an elongated, true diverticulum arising from
the base of the cecum. The appendiceal orifice is generally
about 3—4 cm from the ileocecal valve. The appendix itself is
of variable length (2-20 cm) and is about 5 mm in diameter
in the non-inflamed state. Blood is supplied to the appendix
via the appendiceal vessels contained within the mesoappen-
dix. This results in the most common location of the appen-
dix being medially on the cecum toward the ileum, but the
appendix does have great variability in its location including
pelvic, retrocecal, preileal, retroileal, and subcecal.

Ascending Colon

From its beginning at the ileocecal valve to its terminus at the
hepatic flexure where it turns sharply medially to become the
transverse colon, the ascending colon measures on average,
about 15-18 cm. Its anterior surface is covered in visceral
peritoneum while its posterior surface is fused with the retro-
peritoneum. The lateral peritoneal reflection can be seen as a
thickened line termed the white line of Toldt, which can
serve as a surgeon’s guide for mobilization of the ascending
colon off of its attachments to the retroperitoneum, most
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notably the right kidney (Gerotta’s fascia) and the loop of the
duodenum located posterior and superior to the ileocolic
vessels. The right ureter and the right gonadal vessels pass
posteriorly to the ascending mesocolon within the
retroperitoneum.

Transverse Colon

The transverse colon traverses the upper abdomen from the
hepatic flexure on the right to the splenic flexure on the left.
It is generally the longest section of colon (averaging
45-50 cm) and swoops inferiorly as it crosses the abdomen.
The entire transverse colon is covered by visceral perito-
neum, but the greater omentum is fused to the anterosuperior
surface of the transverse colon. Superior to the transverse
mesocolon, inferior to the stomach, and posterior to the
omentum is the pocket of the peritoneal cavity termed the
lesser sac, with the pancreas forming the posterior most
aspect. The splenic flexure is the sharp turn from the trans-
versely oriented transverse colon to the longitudinally ori-
ented descending colon. It can be adherent to the spleen and
to the diaphragm via the phrenocolic ligament.

Descending Colon

The descending colon travels inferiorly from the splenic
flexure for the course of about 25 cm. It is fused to the retro-
peritoneum (similarly to the ascending colon) and overlies
the leftkidney as well as the back/retroperitoneal musculature.
Its anterior and lateral surfaces are covered with visceral
peritoneum and the lateral peritoneal reflection (white line of
Toldt) is again present.

Sigmoid Colon

The sigmoid colon is the most variable of the colon seg-
ments. It is generally 35—45 cm in length. It is covered by
visceral peritoneum, thereby making it mobile. Its shape is
considered “omega-shaped” but its configuration and attach-
ments are variable. Its mesentery is of variable length, but is
fused to the pelvic walls in an inverted-V shape creating a
recess termed the intersigmoid fossa. Through this recess
travel the left ureter, gonadal vessels, and often the left colic
vessels.

Rectosigmoid Junction

The end of the sigmoid colon and the beginning of the rectum
is termed the rectosigmoid junction. It is noted by the conflu-
ence of the taeniae coli and the end of epiploicae appendices.
While some surgeons have historically considered the recto-
sigmoid junction to be a general area (comprising about 5 cm
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of distal sigmoid and about 5 cm of proximal rectum), others
have described a distinct and clearly defined segment. It is the
narrowest portion of the large intestine, measuring 2-2.5 cm
in diameter. Endoscopically, it is noted as a narrow and often
sharply angulated area above the relatively capacious rectum,
and above the three rectal valves.

In the early nineteenth century, it was proposed that the
sigmoid acts as a reservoir for stool, thus aiding in conti-
nence [50]. Subsequently, an area of thickened circular mus-
cle within the wall of the rectosigmoid was described and
felt to function as a sphincter of sorts. Historically, it has
been variably named the sphincter ani tertius, rectosigmoid
sphincter, and pylorus sigmoidorectalis [51-55]. A more
recent evaluation of the rectosigmoid junction utilizing ana-
tomic and histologic studies as well as radiographic evalua-
tion concluded that there was an anatomic sphincter at the
rectosigmoid junction [56]. Microscopic evaluation of the
area does reveal thickening of the circular muscle layer as it
progresses toward the rectum. Though not identifiable exter-
nally, radiologic evaluation can identify the area as a narrow,
contractile segment [56].

Blood Supply

The colon receives blood supply from two main sources,
branches of the Superior Mesenteric Artery (SMA) (cecum,
ascending, and transverse colon) and branches of the Inferior
Mesenteric Artery (IMA) (descending and sigmoid colon)
(Figure 1-9). There is a watershed area between these two
main sources located just proximal to the splenic flexure
where branches of the left branch of the middle colic artery
anastomose with those of the left colic artery. This area rep-
resents the border of the embryologic midgut and hindgut.
Though the blood supply to the colon is somewhat variable,
there are some general common arteries. The cecum and
right colon are supplied by the terminus of the SMA, the
ileocolic artery. The right colic artery is less consistent and,
when present, can arise directly from the SMA, from the
ileocolic, or from other sources. The transverse colon is sup-
plied via the middle colic artery, which branches early to
form right and left branches. The middle colic artery origi-
nates directly from the SMA. The left colon and sigmoid
colon are supplied by branches of the IMA, namely the left
colic and a variable number of sigmoid branches. After the
final branches to the sigmoid colon, the IMA continues infe-
riorly as the superior hemorrhoidal (rectal) artery.

Superior Mesenteric Artery

The superior mesenteric artery (SMA) is the second, unpaired
anterior branch off of the aorta (Figure 1-9). It arises poste-
rior to the upper edge of the pancreas (near the L1 vertebrae),
courses posterior to the pancreas, and then crosses over the
third portion of the duodenum to continue within the base of
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the mesentery. From its left side, the SMA gives rise to up to
20 small intestinal branches while the colic branches
originate from its ride side. The most constant of the colic
branches is the ileocolic vessel which courses through the
ascending mesocolon where it divides into a superior
(ascending) branch and an inferior (descending) branch [57].
A true right colic artery is absent up to 20% of the time and,
when present, typically arises from the SMA. Alternatively,
the right colic artery can arise from the ileocolic vessels or
from the middle colic vessels [45, 57, 58]. The middle colic
artery arises from the SMA near the inferior border of the
pancreas. It branches early to give off right and left branches.
The right branch supplies the hepatic flexure and right half of
the transverse colon. The left branch supplies the left half of
the transverse colon to the splenic flexure. In up to 33% of
patients, the left branch of the middle colic artery can be the
sole supplier of the splenic flexure [57, 59].

Inferior Mesenteric Artery

The inferior mesenteric artery (IMA) (Figure 1-9) is the third
unpaired, anterior branch off of the aorta, originating 3—4 cm
above the aortic bifurcation at the level of the L2 to L3 ver-
tebrae. As the IMA travels inferiorly and to the left, it gives
off the left colic artery and several sigmoidal branches. After
these branches, the IMA becomes the superior hemorrhoidal
(rectal) artery as it crosses over the left common iliac artery.
The left colic artery divides into an ascending branch (splenic
flexure) and a descending branch (the descending colon).
The sigmoidal branches form a fairly rich arcade within the
sigmoid mesocolon (similar to that seen within the small
bowel mesentery). The superior hemorrhoidal artery carries
into the mesorectum and into the rectum. The superior hem-
orrhoidal artery bifurcates in about 80% of patients.

The Marginal Artery and Other Mesenteric
Collaterals

The major arteries noted above account for the main source
of blood within the mesentery. However, the anatomy of the
mesenteric circulation and the collaterals within the mesen-
tery remain less clear. Haller first described a central artery
anastomosing all mesenteric branches in 1786 [60]. When
Drummond demonstrated its surgical significance in the early
twentieth century, it became known as the marginal artery of
Drummond [61, 62]. The marginal artery (Figure 1-9) has
been shown to be discontinuous or even absent in some
patients, most notably at the splenic flexure (Griffiths’ critical
point), where it may be absent in up to 50% of patients [63].
This area of potential ischemia is the embryologic connection
between the midgut and hindgut. Inadequacy of the marginal
artery likely accounts for this area being most severely
affected in cases of colonic ischemia. Another potential
(though controversial) site of ischemia is at a discontinuous
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area of marginal artery located at the rectosigmoid junction
termed Sudeck’s critical point. Surgical experience would
question whether this potential area of ischemia exists; a
recent fluorescence study indicates that it does [64], though
its clinical importance remains in doubt.

Venous Drainage

Venous drainage of the colon largely follows the arterial
supply with superior and inferior mesenteric veins draining
both the right and left halves of the colon (Figure 1-10).
They ultimately meet at the portal vein to reach the intrahe-
patic system. The superior mesenteric vein (SMV) travels
parallel and to the right of the artery. The inferior mesenteric
vein (IMV) does not travel with the artery, but rather takes a
longer path superiorly to join the splenic vein. It separates
from the artery within the left colon mesentery and runs
along the base of the mesentery where it can be found just
lateral to the ligament of Treitz and the duodenum before
joining the splenic vein on the opposite (superior) side of
the transverse mesocolon. Dissecting posterior to the IMV
can allow for separation of the mesenteric structures from
the retroperitoneal structures during a medial-to-lateral
dissection.

Lymphatic Drainage

The colon wall has a dense network of lymphatic plexuses.
These lymphatics drain into extramural lymphatic channels
which follow the vascular supply of the colon. Lymph nodes
are plentiful and are typically divided into four main groups.
The epiploic group lies adjacent to the bowel wall just below
the peritoneum and in the epiploicae. The paracolic nodes
are along the marginal artery and the vascular arcades. They
are most filtering of the nodes. The intermediate nodes are
situated on the primary colic vessels. The main or principal
nodes are on the superior and inferior mesenteric vessels.
Once the lymph leaves the main nodes, it drains into the cis-
terna chili via the para-aortic chain.

Nervous Innervation

The colon is innervated by the sympathetic and parasympa-
thetic nervous systems and closely follows the arterial blood
supply. The sympathetic innervation of the right half of the
colon originates from the lower six thoracic splanchnic
nerves which synapse within the celiac, pre-aortic, and
superior mesenteric ganglia. The post-ganglionic fibers then
follow the SMA to the right colon. The sympathetic inner-
vation for the left half originates from L1, L2, and L3.
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Parasympathetic fibers to the right colon come from the
posterior (right) branch of the Vagus Nerve and celiac plexus.
They travel along the SMA to synapse with the nerves within
the intrinsic autonomic plexuses of the bowel wall. On the
left side, the parasympathetic innervation comes from S2,
S3, and S4 via splanchnic nerves.

Embryology

The embryologic development of the GI system is complex.
That said, however, a working knowledge of the develop-
ment of the small bowel, colon, and anorectum is critical for
a colorectal surgeon as it can aid in understanding patho-
physiology and is essential for recognizing surgical planes.

Anus and Rectum

The colon distal to the splenic flexure, including the rectum
and the anal canal (proximal to the dentate line), are derived
from the hindgut and therefore have vascular supply from
the inferior mesenteric vessels (Figure 1-9). The dentate line
(Figure 1-1) is the fusion plane between the endodermal and
ectodermal tubes. The cloacal portion of the anal canal has
both endodermal and ectodermal components which develop
into the anal transitional zone [65]. 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 while the hindgut originates above it.
Before the fifth week of development, the intestinal and uro-
genital tracts are joined at the level of the cloaca. By the
eighth week, the urorectal septum migrates caudally to
divide the cloacal closing plate into an anterior urogenital
plate and a posterior anal plate. Anorectal rings result from a
posterior displacement in the septum and the resultant
smaller anal opening. By the tenth week, the anal tubercles
fuse into a horseshoe shaped structure dorsally and into the
perineal body anteriorly. The external anal sphincter forms
from the posterior aspects of the cloacal sphincter earlier
than the development of the internal sphincter. The internal
sphincter develops from enlarging fibers of the circular mus-
cle layer of the rectum [66]. The sphincters migrate during
their development with the internal sphincter moving
caudally while the external sphincter enlarges cephalad.
Meanwhile, the longitudinal muscle descends into the inter-
sphincteric plane [6]. In females, the female genital organs
form from the Miillerian ducts and join the urogenital sinus
by the 16th week of development. In contrast, in males, the
urogenital membrane obliterates with fusion of the genital
folds while the sinus develops into the urethra.
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Ficure 1-12. Summary of normal intestinal rotation during development.

Colon and Small Intestine

The endodermal roof of the yolk sac develops into the primi-
tive gut tube. This initially straight tube is suspended upon a
common mesentery. By week 3 of development, it has three
discernible segments; namely the foregut, midgut, and hind-
gut. The midgut starts below the pancreatic papilla to form
the small intestine and the first half of the colon (all supplied

by the superior mesenteric artery). The distal colon and
rectum, as well as the anal canal develop from the hindgut
and are therefore supplied by the inferior mesenteric artery.
There is a normal process by which the intestinal tract
rotates (Figure 1-12). The first stage is the physiologic her-
niation of the midgut, the second stage is its return to the
abdomen, and the third stage is the fixation of the midgut.
Abnormalities in this normal process lead to various malfor-
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mations (see below). The physiologic herniation (first stage)
occurs between weeks 6 and 8 of development. The primitive
gut tube elongates over the superior mesenteric artery and
bulges out through the umbilical cord (Figure 1-13). During
the eighth week, these contents move in a counterclockwise
fashion, turning 90° from the sagittal to the horizontal plane
(Figure 1-14). Anomalies at this stage are rare, but include
situs inversus, duodenal inversion, and extroversion of the
cloaca. During the second stage (tenth week of gestation),

Midline section,
midline loop

Superior
mesenteric
artery

Vitelline duct

Cecal
diverticulum

Ficure 1-13. Elongation of the midgut loop.

Rotation of the midgut loop

Lateral view

AT

42 days

FIGURE 1-14. Rotation of the midgut loop.
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the midgut loops return to the peritoneal cavity and simulta-
neously rotate an additional 180° in the counterclockwise
direction (Figure 1-15). The pre-arterial portion of the duo-
denum returns to the abdomen first, followed by the counter-
clockwise rotation around the superior mesenteric vessels,
resulting in the duodenum lying behind them. The colon
returns after the rotation, resulting in their anterior location.
Anomalies in this stage are more common and result in non-
rotation, malrotation, reversed rotation, internal hernia, and
omphalocele. The third stage (fixation of the midgut) begins
once the intestines have returned to the peritoneal cavity and
end at birth. The cecum migrates to the right lower quadrant
from its initial position in the upper abdomen (Figure 1-16).
After the completion of this 270° counterclockwise rotation,
fusion begins, typically at week 12—13. This results in fusion
of the duodenum as well as the ascending and descending
colon (Figure 1-17).

Major Anomalies of Rotation
Non-rotation

The midgut returns to the peritoneum without any of the nor-
mal rotation. This results in the small intestine being on the
right side of the abdomen and the colon on the left side
(Figure 1-18). This condition can remain asymptomatic (a
finding noted at laparoscopy or laparotomy) or result in vol-
vulus affecting the entirety of the small intestine. The twist
generally occurs at the duodenojejunal junction as well as
the midtransverse colon.

90°

50 days O-Q-O

90°/‘
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Ficure 1-15. Return of the
intestinal loop to the abdomen.

Return to the abdomen

%
70 days °+O
180"
Later fetal period
Ascending Descending
colon colon

Sigmoid colon
Cecum and
appendix

FiGure 1-16. Later fetal development.

Malrotation

There is normal initial rotation, but the cecum fails to com-
plete the normal 270° rotation around the mesentery. This
results in the cecum being located in the mid-upper abdomen
with lateral bands (Ladd’s bands) fixating it to the right
abdominal wall (Figure 1-19). These bands can result in
extrinsic compression of the duodenum.
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Reversed Rotation

Clockwise (rather than counterclockwise) rotation of the
midgut results in the transverse colon being posterior to the
superior mesenteric artery while the duodenum lies anterior
to it.

Omphalocele

An omphalocele is, basically, the retention of the midgut
within the umbilical sac and its failure to return to the perito-
neal cavity.

Internal Hernias

Internal hernias, as well as congenital obstructive bands, can
cause congenital bowel obstructions. These are considered
failures of the process of fixation (the third stage of rotation).
This can be the result of an incomplete fusion of the
mesothelium or when structures are abnormally rotated.
Retroperitoneal hernias can occur in various positions, most
notably paraduodenal, paracecal, and intersigmoid.

Other Congenital Malformations of the Colon
and Small Intestine

Proximal Colon Duplication

There are three general types of colonic duplication: mesen-
teric cysts, diverticula, and long colon duplication [67].
Mesenteric cysts are lined with intestinal epithelium and
variable amounts of smooth muscle. They are found within
the colonic mesentery or posterior to the rectum (within the
mesorectum). They may be closely adherent to the bowel
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Ficure 1-17. Development of the mesentery and omental fusion.

Fused layers of greater
omentum and transverse



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

Nonrotation

Stomach

Duodenum

Jejunoileal
loops

Cecum

FiGure 1-18. Intestinal non-rotation.

Intestinal Malrotation
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Duodenum

Ladd’s bands ———

Cecum

Small intestine

FiGUre 1-19. Intestinal malrotation.

wall or separate from it. They generally present as a mass or
with intestinal obstruction as they enlarge. Diverticula can be
found on the mesenteric or antimesenteric sides of the colon
and are outpouchings of the bowel wall. They often contain
heterotopic gastric or pancreatic tissue. Long colonic dupli-
cations of the colon are the rarest form of duplication. They
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parallel the functional colon and often share a common wall
throughout most of their length. They usually run the entire
length of the colon and rectum and there is an association
with other genitourinary abnormalities.

Meckel’s Diverticulum

A Meckel’s diverticulum is the remnant of the vitelline or
omphalomesenteric duct (Figure 1-13). It arises from the
antimesenteric aspect of the terminal ileum, most com-
monly within 50 cm of the ileocecal valve. They can be
associated with a fibrous band connecting the diverticulum
to the umbilicus (leading to obstruction) or it may contain
ectopic gastric mucosa or pancreatic tissue (leading to
bleeding or perforation) (Figure 1-20). An indirect hernia
containing a Meckel’s diverticulum is termed a Littre’s her-
nia. Meckel’s diverticulum is generally asymptomatic and,
per autopsy series, is found in up to 3% of the population
[68]. Surgical complications, which are more common in
children than adults, include hemorrhage, obstruction,
diverticulitis, perforation, and umbilical discharge.
Generally, there is no hard indication for excision of an
incidentally discovered Meckel’s diverticulum, though its
removal is generally safe [69, 70].

FiGurE 1-20. Perforated Meckel’s diverticulum with fistula to ileum.
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Atresia of the Colon

Colonic atresia, representing only 5% of all gastrointestinal
atresias, is a rare cause of congenital obstruction. They are
likely the result of vascular compromise during development
[71]. They vary in severity from a membranous diaphragm
blocking the lumen to a fibrous cord-like remnant, on to a
complete absence of a segment [72].

Hirschsprung’s Disease

This nonlethal anomaly, which is more common in males,
results from the absence of ganglion cells within the myen-
teric plexus of the colon. It is caused by interruption of the
normal migration of the neuroenteric cells from the neural
crest before they reach the rectum. This results in dilation
and hypertonicity of the proximal colon. The extent of the
aganglionosis is variable, though the internal sphincter is
always involved. Its severity is dependent upon the length of
the involved segment. It is discussed fully in Chap. 64.

Anorectal Malformations

Abnormalities in the normal development of the anorectum
can be attributed to “developmental arrest” at various stages of
normal development. These abnormalities are often noted in
concert with spinal, sacral, and lower limb defects, as noted by
Duhamel and theorized to be related to a “syndrome of caudal
regression” [73]. Indeed, skeletal and urinary anomalies are
associated in up to 70% [74], while digestive tract anomalies
(e.g., tracheoesophageal fistula or esophageal stenosis), car-
diac, and abdominal wall abnormalities are also noted in
patients with anorectal anomalies. While these are discussed in
detail in Chap. 64, a few notable traits are worth pointing out.

Anal Stenosis

While anal stenosis in a newborn is relatively common, noted
in 25-39% of infants, symptomatic stenosis is only noted in
25% of these children [75]. The majority of these children
undergo spontaneous dilation in the first 3—6 months of life.

Membranous Atresia

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

Anal Agenesis

The rectum develops to below the puborectalis where it
either ends in an ectopic opening (fistula) in the perineum,
vulva, or urethra, or it ends blindly (less commonly). The
sphincter is present at its normal site.
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Anorectal Agenesis

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

Rectal Atresia or “High Atresia”

In rectal atresia, the rectum and the anal canal are separated
from one another by an atretic portion. It is embryologically
the distal most type of colon atresia, but is still considered an
anorectal disorder clinically.

Persistent Cloaca

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

Conclusion

It is said that to understand abnormal, you must first under-
stand the normal. No where is that more of a true statement
than with human anatomy. Further, to understand the patho-
physiology of colorectal and anorectal disease mandates a
wide-ranging knowledge base of the underlying anatomy and
embryology. To properly care for these patients, one must first
have a strong foundation and understanding the anatomical
“building blocks” of the human body.
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Colonic Physiology

Joshua I.S. Bleier and Kirsten Bass Wilkins

Key Concepts

e Colonic innervation is supplied by both extrinsic and
intrinsic pathways. The extrinsic pathways are derived
from the autonomic nervous system including parasym-
pathetic and sympathetic routes. Parasympathetic input is
excitatory while sympathetic input is inhibitory to colonic
motor function. The intrinsic colonic nervous system con-
sists of the myenteric plexus.

e Short chain fatty acids are produced by the colon as a
result of the fermentation of complex carbohydrates by
colonic flora. The SCFA, butyrate, is the primary energy
source of the colon.

e The colon absorbs sodium and water and secretes bicar-
bonate and potassium. Aldosterone mediates the process
of active sodium absorption in the colon.

* Colonic contractile events are divided into (1) segmental
contractions and (2) propagated contractions (including
low-amplitude and high-amplitude propagating contrac-
tions, LAPC and HAPC, respectively). The main function
of HAPC is to propagate colonic contents towards the anus.

* The Interstitial cells of Cajal (ICC) are the primary pace-
maker cells governing the function of the enteric nervous
system.

Introduction

The colon plays a central role in gastrointestinal (GI) physi-
ology. There are multiple functions that the colon and rectum
serve. The primary role of the colon is one of absorption of
excess water and electrolytes, serving to salvage valuable
fluid and unabsorbed nutrients as well as to create solid stool.
It also plays a central role in bacterial homeostasis, serving
as a home to billions of commensal bacteria whose role is
symbiotic in maintaining the health of the colonic epithe-
lium. The rectum has evolved complicated and elegant
mechanisms to store feces and accommodate it while
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allowing for the selective egress of stool or gas. Understanding
the physiologic and histologic components of the colon and
rectum are critical to understanding normal and pathologic
states.

Embryology

Understanding the embryology of the colon and rectum pro-
vides essential information for understanding its function.
During the third and fourth weeks of gestation, the primitive
gut arises from the cephalic caudal and lateral foldings of the
dorsal endoderm lined yolk sac. The mucosa arises from the
endodermal layer, however the muscular wall, connective
tissue and outer serosal surface arises from the mesodermal
layer. By the fourth week of gestation, three distinct regions
have differentiated based on their blood supply. The midgut,
supplied by the superior mesenteric artery, begins distal to
the confluence of the common bile duct in the third portion
of the duodenum and includes the proximal two-thirds of the
transverse colon. This portion of the intestine maintains a
connection to the yolk sac via the vitelline duct. Absence of
its obliteration results in a Meckel’s diverticulum. The hind-
gut, which comprises the rest of the distal GI tract, includes
the distal transverse colon, descending colon, sigmoid colon,
and rectum. This is supplied by the inferior mesenteric artery
(IMA). During the fifth week of gestation, the midgut under-
goes a rapid elongation which exceeds the capacity of the
abdominal cavity. This results in a physiologic herniation
through the abdominal wall at the umbilicus. Through the
sixth week, continued elongation results in a 90° counter-
clockwise rotation around the superior mesenteric artery
(SMA). The small intestine continues its significant growth,
forming loops, while the caudal end enlarges into the cecal
bud. During the tenth week, herniated bowel returns to the
abdominal cavity, completing an additional 180° counter-
clockwise loop which leaves the proximal small bowel on
the left, and the colon on the right. The dorsal mesentery of
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the ascending and descending colon shortens and involutes
resulting in secondary retroperitoneal fixation [1]. The
embryology of the distal rectum is more complex. It initially
begins as the cloaca which is a specialized area comprising
endodermal and ectodermally derived tissue. The cloaca
exists as a continuation between the urogenital and GI tracts,
however, during the sixth week it begins to divide and dif-
ferentiate into the anterior urogenital and posterior anorectal
and sphincter components. At the same time, the urogenital
and GI tracts become separated by caudal migration of the
urogenital septum. During the tenth week, while the majority
of the midgut is returning to the abdomen, the external anal
sphincter is formed in the posterior cloaca as the descent of
the urogenital septum becomes complete. The internal anal
sphincter is formed during the 12th week by enlargement and
specialization of the circular muscle layer of the rectum [1].

Colonic Anatomy

Introduction

The colonic epithelium has both absorptive and secretory
functions. The colon is highly efficient at absorbing sodium
chloride, water, and short chain fatty acids. In addition, the
colonic epithelium secretes bicarbonate, potassium chloride,
and mucus. The colonic epithelium is a typical electrolyte-
transporting layer that is capable of moving large quantities of
water and salt from the lumen towards the blood. Under nor-
mal circumstances, the colon is presented with between 1 and
2 1 of electrolyte-rich fluid per day. Under normal physiologic
conditions, nearly 90% of this fluid is absorbed. The end
result is the excretion of feces that has a sodium concentration
that approximates 30 mmol/l and a potassium concentration
of approximately 75 mmol/l. Under normal circumstances,
fecal and plasma osmolality are similar. Colonic epithelial
cells are polarized and equipped with numerous ion channels,
carriers, and pumps that are localized on both the luminal and
basolateral membranes. Many transport proteins have been
identified and their functions elucidated. While an in-depth
discussion of these mechanisms is beyond the scope of this
chapter, important aspects are highlighted below.

Colonic Wall Anatomy

The luminal surface of the colon is lined by epithelium. Deep
to this is the submucosal layer, rich in vascular and lymphatic
supply. This is surrounded by the continuous inner circular
muscle layer and the outer longitudinal muscle layer which has
three condensations known as taenia coli. The serosa, or outer
layer of the colon, is surrounded by visceral peritoneum.
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Colonic Epithelial Cell Types

Three main cell types are present in the colonic epithelium
including columnar epithelial cells, goblet cells, and entero-
chromaffin cells. Columnar epithelial and goblet cells com-
prise nearly 95% of the cells in the colonic epithelium. The
surface and crypt epithelial cells can be differentiated from
one another based on proliferative activity, degree of differ-
entiation, and function. Crypt epithelium is highly prolifera-
tive, relatively undifferentiated, and secretes chloride. The
surface epithelium in contrast has low proliferative activity,
is well-differentiated, and is highly absorptive. In general,
epithelial cells become increasingly differentiated the farther
they are from the crypt base. Thus, the base of the crypts
forms the source of continually regenerating epithelial cells.
This polarization provides distinct histologic characteristics,
which are easily identified on standard H and E staining
(Figures 2-1 and 2-2). Recent evidence, however, indicates
that ion absorption and secretion occurs at both the surface
and crypt levels [2]. The role of the enterochromaffin cells is
discussed below.

The cells responsible for the enteric nervous system, the
enteric ganglia, are located in the submucosa, otherwise
known as Meissner’s plexus. An additional layer of ganglia
are located between the inner circular and outer longitudinal
muscle layers known as Auerbach’s plexus. The interstitial
cells of Cajal (ICC), are specialized, c-kit positive cells that
are thought to primarily serve as the pacemaker cell of the
enteric nervous system, linking the colonic submucosa elec-
trochemically with the myenteric plexi. These are the cells of
origin of GI stromal tumors (GISTs) which arise from the
colonic wall rather than the mucosa [3].

submucosa

I

su bse{osa musviularis

Ficure 2-1. Normal colonic mucosa. H and E, 250%. The layers of
the normal colonic wall are indicated by the brackets. Courtesy of
Julieta E. Barroeta, MD.
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Columnar epithelial cell
Goblet cell
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FiGure 2-2. Normal colonic mucosa. H and E, 1000x. Epithelial
cells types are clearly visible including goblet cells and columnar
epithelial cells. The crypts are the source of the continually regen-
erating mucosal cells. Courtesy of Julieta E. Barroeta, MD.

Colonic Flora

By the time enteric contents reach the colon, the majority of
nutrients have been digested and absorbed by the small intes-
tine. This leaves a fluid rich in electrolytes, bile salts, and
undigested starches. These are the primary substrates upon
which the colon functions. The colon is home to an enor-
mous quantity of autochthonous flora consisting of more
than 400 species of bacteria. Feces contains as many as
10"'-10" bacteria/gram of stool, and these bacteria contrib-
ute to approximately 50% of fecal mass. The majority of
these bacteria are anaerobes which feed on residual proteins
and undigested carbohydrates. This microflora contributes
several important functions to the host including metabolic
support of the colonocyte and gut-associated lymphoid tis-
sue (GALT), which contributes significantly to both innate
and adaptive immunity. Bacteroides species compose the
predominant bacterial type throughout the colon, and they
are responsible for almost 2/3 of the bacteria within the prox-
imal colon and 70% of the bacteria in the rectum. The other
predominant species are facultative aerobes and comprise
Escherichia, Klebsiella, Proteus, lactobacillus, and entero-
cocci. Unlike the majority of the proximal GI tract, the
colonic mucosa does not receive its primary nutrition from
blood-borne nutrients. In the colon and rectum, luminal con-
tents provide the primary substrate. The main source of the
substrate is undigested dietary fiber. This is metabolized
by colonic bacteria through the process of fermentation.
Cellulose is a partially fermented starch, which leaves behind
bulk, whereas fruit pectins are completely metabolized (clar-
ify). The primary end products of this process include short
chain fatty acids, including butyrate, and gas. Several of the
common dietary complex carbohydrates, including lignin
and psyllium, are not metabolized at all, but remain as
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hydrophilic molecules in stool. These lead to water retention
and stool bulking. Butyrate is the main source of energy for
the colonocyte. This provides the substrate necessary to
maintain epithelial integrity and developmental functions
that stimulate epithelial cell differentiation and immune
function. Protein fermentation, or putrefaction, may result in
the formation of potentially toxic metabolites including
phenols, indoles, and amines. These toxic end products of
bacterial metabolism can lead to mucosal injury, reactive
hyperproliferation, and possible promotion of carcinogene-
sis. Increased stool bulk is felt to provide enhanced colonic
transit resulting in decreased time of exposure of the colonic
lumen to these toxins, as well as a decreased need for higher
intracolonic pressures necessary for segmental motility, a
process which may retard the development of diverticular
disease. Taken together, these aspects are the reason for
many of the recommendations for dietary supplementation
with indigestible fiber [4].

Electrolyte Regulation and Water
Absorption

Sodium chloride absorption occurs by both electroneutral
and electrogenic active transport mechanisms. While elec-
troneutral absorption takes place in both the surface and
crypt epithelium, electrogenic absorption appears to be con-
fined to the surface epithelium. A majority of sodium chlo-
ride absorption occurs in the proximal colon and is driven
primarily through electroneutral absorption by tightly cou-
pled luminal Na*/H* and CI7/HCO;™ exchange. This process
is driven by the basolateral Na*-K*-ATPase resulting in
1 mol of ATP being hydrolyzed for every 3 mol of NaCl
absorbed. Three types of Na*/H* exchangers (NHE) have
been identified in colonic epithelium. Similarly, several Cl-
exchange mechanisms have been identified. The luminal Cl/
HCO;™ exchange is represented by the anion exchanger type
1 (AE1). A separate CI7/OH" exchange is represented by a
protein called DRA (downregulated in colonic adenomas).
Human DRA mutations are responsible for congenital chlo-
ride diarrhea [2].

Epithelial cells in the distal colon participate in electro-
genic absorption of sodium. The epithelial sodium channel
(ENaC) mediates this absorption and is located on the lumi-
nal surface. Sodium is taken up by the ENaC on the luminal
surface and is excreted on the basolateral side by the Na*-K*-
ATPase. Potassium is secreted on the luminal side and is
driven by the electrogenic uptake of sodium. Chloride is
absorbed through luminal cystic fibrosis conductance regula-
tor (CFTR) and other chloride channels. Chloride is then
excreted on the basolateral side via multiple mechanisms
including KCL cotransporter (KCC1), Cl~ channels, and Cl/
HCO;™ anion exchangers [2]. The net result is tight regula-
tion of electrolyte secretion in excreted stool (Figure 2-3).
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FIGURE 2-3. Schematic of
ion-transport channels in
proximal and distal colonocytes.
Courtesy of Robin Noel.
Cl
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Regulation of sodium absorption is complex and multiple
mechanisms are involved. One mechanism of sodium
absorption regulation is by feedback inhibition. Namely,
changes in intracellular sodium concentration during sodium
chloride absorption downregulate ENaC activity. Blood
pressure and potassium levels also regulate sodium absorp-
tion via angiotensin II. Aldosterone, a mineralocorticoid, is
the final endocrine signal in the renin—angiotensin—aldoste-
rone pathway that targets renal and colonic epithelium.
Aldosterone is a steroid hormone that is synthesized in the
zona glomerulosa of the adrenal cortex. Previously, it was
thought that aldosterone regulated sodium absorption solely
via luminal ENaC. However, aldosterone also increases
activity of NHE3. Therefore, aldosterone plays a role in both
electrogenic and electroneutral active sodium absorption.
Early and late phase aldosterone genomic actions have been
identified. In the first 1-6 h, aldosterone-induced proteins
including serum and glucocorticoid-inducible kinase (Sgk),
corticosteroid hormone-induced factor (CHIF), and K-Ras

Proximal Colon

Basolateral

J.1.S. Bleier and K.B. Wilkins

Distal Colon

Luminal Luminal

Secretion

Secretion

Secretion Secretion

Absorption

Absorption

Impact on HCO," Secretion

Impact on Na+ Absorption

il HCO co
y +—==—HCO,
K* o B cr

\\

HCOy

(KRAS) increase the posttranslational activation of existing
ion channels and other proteins involved in ion transport
such as ENAc. In the late phase (>6 h), aldosterone acts via
the upregulation of nuclear transcription of these receptors.
In addition, electroneutral absorption is known to be regu-
lated in response to some G protein-linked receptors, tyrosine
kinase-coupled receptors, and protein kinases. For example,
activation of protein kinase C, Ca*/calmodulin-dependent
kinase, and increases in cAMP inhibit NHE3 [2, 5].

Evidence also points towards the regulation of sodium
absorption by CFTR. ENaC, NHE3, and CFTR are coex-
pressed in colonic epithelial cells and thus CFTR plays a
role in both the electrogenic and electroneutral absorption of
electrolytes. CFTR inhibits both electroneutral NaCl absorp-
tion as well as electrogenic Na* absorption. In the crypts,
CFTR is a cAMP-mediated chloride channel that is essential
for chloride secretion. In patients with cystic fibrosis, muta-
tions in CFTR result in both impaired chloride secretion and
enhanced sodium absorption [2, 6].
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Along with the kidneys, the colon assists with potassium
homeostasis through the absorption and secretion of potas-
sium. Active potassium absorption is restricted to the distal
colon and is mediated by H*-K*-ATPase [2].

Water is passively absorbed and can be transported by
various pathways including through paracellular shunts and
through transcellular flux potentially through aquaporin
channels located on luminal and basolateral membrane
surfaces [2].

Short Chain Fatty Acid Absorption

As indicated earlier, short chain fatty acids (SCFA) are
produced during fermentation of dietary fibers by luminal
bacteria. The most common short chain fatty acids include
acetate, proprionate, and butyrate. Short chain fatty acids are
absorbed by nonionic diffusion and paracellular absorption
in the proximal colon. Butyrate is the main energy source for
the colonocyte. Butyrate also plays a major role in the stimu-
lation of sodium chloride absorption and inhibition of chlo-
ride secretion. Absorption of SCFA plays a significant role in
NaCl absorption presumably by the acidification of colono-
cytes and activation of luminal Na*/H* exchangers. Chloride
absorption is also upregulated by increased HCO5~ produc-
tion and stimulation of the luminal CI/HCO;~ exchanger.
This HCO;~ luminal secretion is paramount in regulating
luminal intestinal pH. It has been proposed that antibiotic
associated diarrhea is secondary to decreased butyrate pro-
duction resulting in net secretion of fluid [2, 7].

In addition to its role in ionic absorption, butyrate has sev-
eral other important functions. Butyrate has a trophic effect
and stimulates cell proliferation in the crypts. It also reduces
the number and size of aberrant crypt foci. This is important
as aberrant crypt foci are the earliest precursors of colonic
neoplasms. In colon cancer cell lines, butyrate induces apop-
tosis and cell cycle arrest via inhibition of histone deacety-
lase. Butyrate also has an anti-inflammatory role primarily
by inhibition of nuclear factor kB (NF-kB) in colonic epithe-
lial cells. Some studies have implicated impaired butyrate
metabolism in patients with ulcerative colitis. Butyrate stim-
ulates the production of MUC2 mucin and thus may play a
role in maintaining the colonic defense barrier. In addition,
butyrate may play a role in intestinal motility by regulating
gene expression in the enteric nervous system. Finally, butyr-
ate may decrease visceral sensitivity [7, 8].

Despite, the benefits of butyrate discussed above, com-
mercially available butyrate available for oral administration
is limited by its short half-life, poor palatability, and side
effects such as nausea and anorexia. Rectal formulations are
most commonly utilized at this time. Prebiotics and probiotics
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which produce butyrate are alternative methods of delivery.
Prebiotics are nutrients (typically carbohydrates) that sup-
port the growth of probiotics bacteria. Probiotics are live
bacteria that when consumed in sufficient quantities confer
positive health benefits [7, 8].

Secretory Role of the Colonic
Epithelium

Another major function of the colonic epithelium is elec-
trolyte secretion. Electrolyte secretion may help transport
mucus from the crypts and mucus secretion may be activated
by an increase in intracellular cAMP that parallels electro-
lyte secretion. Chloride secretion occurs predominantly in
the crypt cells, but can occur from the surface epithelium as
well. Chloride secretion is activated by cAMP-dependent
stimulation of CFTR chloride channels. CFTR is the gene
product that is affected by any of a number of mutations that
cause cystic fibrosis. CFTR is the predominant CI~ channel
in the colon and is responsible for both cAMP- and Ca**-
mediated chloride secretion. CFTR is primarily activated by
protein kinase A; however, other second messenger path-
ways are involved including protein kinase C, cGMP, and
calmodulin-dependent kinase [2, 6].

Additional CI~ channels have been identified in the colonic
mucosa that belong to a family of CIC Cl- channels. The
CIC-2 channel is found in colonic epithelium and is regu-
lated by changes in intracellular pH as well as cell volume.
They have been localized at tight junction complexes in the
crypts [2]. Lubiprostone accelerates colonic transport
through the activation of CIC-2 channels on the apical mem-
brane of epithelial cells [9, 10].

As mentioned above, bicarbonate is also secreted to the
luminal side of the epithelium and is responsible for the
slightly alkaline pH of the colonic lumen [2].

Secretion of electrolytes is often accompanied by secre-
tion of macromolecules. Mucus is probably the most impor-
tant of these macromolecules and this mucus creates a barrier
between the colonic luminal contents and the epithelium [2].
Secreted mucus in the colon forms two distinct layers. The
outer loose layer contains bacteria and lubricates feces and
protects epithelial cells from abrasion and chemical insult.
An inner layer is essentially sterile and is a dense gel
that contains antimicrobial peptides, enzymes, and secretory
immunoglobulin A (IgA) amongst other substances [3].
Mucus is secreted from goblet cells as well as crypt epi-
thelial cells. Cholinergic stimulation releases preformed
mucus. Increased intracellular cAMP induces mucus synthe-
sis. Prostaglandins stimulate mucus secretion from columnar
epithelial cells [2].
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FIGURE 2-4. Schematic
representation of the components
of the enteric nervous system.

Courtesy of Robin Noel. Sensory
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Regulation of Electrolyte and Water
Absorption and Secretion

Under normal physiologic conditions, there is a net absorption
of sodium chloride and water. Under pathologic conditions,
active CI~ secretion predisposes to the development of
diarrhea. Secretion and absorption are mediated by endocrine,
paracrine, autocrine, immunologic, and neuronal input [2, 6].
The major neuronal input is via the myenteric (Auerbach’s)
plexus and the submucosal (Meissner’s) plexus. These plexi
innervate epithelial as well as vascular smooth muscle cells
and regulate colonic blood flow, absorption, and secretion.
Food substances, bile acids, and bacterial or viral toxins may
act as secretagogues. Secretory hormones and neurotransmit-
ters include vasoactive intestinal polypeptide (VIP), acetyl-
choline (ACh), histamine, secretin, and serotonin. Substances
that inhibit secretion include growth hormone, neuropeptide
Y, somatostatin, opiates, and norepinephrine [2]. There is also
evidence to suggest that small gaseous molecules, gasotrans-
mitters, also play a role in regulating colonic ion transport.
Examples of gasotransmitters include nitric oxide, carbon
monoxide, and hydrogen sulfide [6].

Colonic Innervation

Nerves supplying the colon serve to control and modulate
colonic motor function. These nerves have a multitude of
functions including the following: (1) afferent input via
chemoreceptors and mechanoreceptors, (2) efferent output
to smooth muscles cells that either stimulate or inhibit

ACh ACh

Y \J " ~ \J

contraction by the release of neurotransmitters, (3) modulate
the release of neurotransmitters through the release of neuro-
modulators, (4) control colonic sphincter activity for func-
tions including defecation, and (5) generate signals for the
initiation of propagating and nonpropagating motor com-
plexes (see below) [11].

The nerves that control these functions are of both extrin-
sic and intrinsic origin. The extrinsic pathways originate
from the central and autonomic (sympathetic and parasym-
pathetic) nervous systems. Intrinsic innervation consists of
the enteric nervous system [11, 12].

It is speculated that central control contributes minimally
to baseline colonic tone except as it relates to defecation
when voluntary relaxation of the external anal sphincter
and contraction of abdominal musculature is required. It is
unknown whether the central nervous system provides con-
tinuous input to colonic motor control [11].

Autonomic pathways run along parasympathetic and sym-
pathetic chains. Each of these pathways include afferent
(sensory) and efferent (motor) innervation. Vagal and pelvic
nerves provide parasympathetic input to the colon. Vagal
fibers reach the proximal colon along the posterior vagal
trunk that follows the arterial blood supply along superior
mesenteric arterial branches. The rectum and distal colon
receives parasympathetic input from the sacral nerves (S2—
S4) through the pelvic plexus. Parasympathetic stimulation
stimulates motor activity of the circular and longitudinal
muscle throughout the colon. Unlike vagal afferents, the pel-
vic afferents contain pain fibers and thus convey visceral
sensory input (Figure 2-4). Acetylcholine is the major cho-
linergic parasympathetic neurotransmitter. Noncholinergic
neurotransmitters may also play a role [11, 12].
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Sympathetic fibers originate from several sources
including the lumbar ventral roots (L2-L5), postganglionic
hypogastric nerves, and the splanchnic nerves (T5-T12).
The lumbar ventral nerve roots provide the main sympathetic
supply to the colon. These nerves synapse on the inferior
mesenteric ganglia. From there, the post-ganglionic nerves
course along the inferior mesenteric artery to synapse on the
enteric ganglia. The postganglionic hypogastric nerves also
originate from the inferior mesenteric ganglia and then join
the pelvic plexus. The hypogastric nerves primarily inner-
vate the anal sphincters. The splanchnic nerves reach the
proximal colon as they course along the blood supply. It is
speculated that the lumbar nerves innervate the entire colon
while the splanchnic nerves likely only innervate the proxi-
mal colon. The primary targets of the sympathetic efferent
pathways include myenteric ganglia, submucosal ganglia,
blood vessels, and sphincters. Sympathetic innervation is
inhibitory to the myenteric ganglia and thus inhibits colonic
contractions. However, sympathetic input to sphincter mus-
cle is excitatory. Taken together, sympathetic input decreases
peristalsis. Amongst numerous other substances, norepi-
nephrine is a neurotransmitter that is known to exert inhibi-
tory effects via a-2 adrenergic receptors in the myenteric
plexus [13, 14].

While central and autonomic innervation is important, the
intrinsic (enteric) nervous system is unique in that colon can
continue to function even when these circuits have been
interrupted. Specifically, the colon exhibits reflexes in the
absence of extrinsic neural input. This is due to the complex
system of 200—600 million ganglia that comprise the enteric
nervous system. These ganglia arise from neural crest cells
that colonize the gut during embryological development.
The enteric nervous system consists of full reflex circuits
comprising sensory neurons, interneurons, and motor neu-
rons. This complex system is regulated by a multitude of
neurotransmitters and neuromodulators and is responsible
not only for controlling colonic motor activity, but also
mucosal ion absorption and secretion and intestinal blood
flow [3, 11, 12, 15].

Two major sets of ganglia are found in the colon. The
myenteric or Auerbach’s plexus is located between the longi-
tudinal and circular smooth muscle layers and plays a crucial
role in colonic smooth muscle function. The submucosal or
Meissner’s plexus regulates ion transport [3, 13—15]. The
extreme importance of these two plexuses is clear in children
with Hirschsprung’s disease in which the ganglia of the
myenteric and submucosal plexuses are congenitally absent.
The aganglionic segments do not relax and peristalsis is dis-
turbed resulting in severe constipation [14]. There is also a
mucosal abnormality predisposing to enterocolitis. Nearly
20 types of enteric neurons have been identified and every
class of CNS neurotransmitters has been identified in the
enteric nervous system. Besides neurotransmitters, other
chemicals act in an endocrine or paracrine function to influ-
ence the enteric nervous system. While not totally inclusive,
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substances identified as playing a role in the enteric nervous
system include acetylcholine, norepinephrine, 5-hydroxy-
tryptamine (serotonin), dopamine, substance P, neurotensin,
vasoactive intestinal peptide, somatostatin, prostaglandins,
and neuropeptide Y [11, 12, 16].

Intrinsic primary afferent neurons (IPANs) are the neu-
rons through which enteric reflexes are initiated. These
were initially described as Type II neurons with long axonal
processes extending to the mucosa and other neurons.
However, it has become clear that other non-Type II neu-
rons also play a crucial role in enteric sensation. Nonetheless,
these IPANSs function to sense changes in luminal chemistry
and pressure as well as colonic muscular tone. IPANs are
present in the myenteric and submucosal plexi [12, 14, 15].
While the IPANs monitor luminal stimuli, they need to do
this transepithelially, since nerve fibers do not directly have
contact with the colonic lumen. Therefore, sensory trans-
ducer cells in the epithelium are present to respond to muco-
sal changes. Enterochromaffin (EC) cells represent a type of
this sensory transducer cell. EC cells contain large quanti-
ties of serotonin. Nearly 95% of serotonin is found in the
gut and most of that is stored in the EC cells. When EC cells
are stimulated, serotonin is secreted from the basolateral
surface of the EC cells of the lamina propria. This is where
the serotonin has access to nerve fibers. Serotonin can be
excitatory or inhibitory depending on which type of sero-
tonin receptor with which it interacts. Serotonin is not
catabolized by enzymes, but is taken up by specific sero-
tonin reuptake transporters (SERT) present in serotonergic
neurons. While beyond the scope of this chapter, it is worth
mentioning that in patients with irritable bowel syndrome,
mucosal expression of SERT is reduced. The importance of
serotonin in the enteric nervous system and the role it plays
in irritable bowel syndrome has allowed the development of
medications to reduce the symptoms of IBS [3, 12, 15]. The
5-HT3 antagonist, alosetron, has been approved for treat-
ment of IBS-associated diarrhea in women [10, 15]. On the
other hand, the 5-HT4 agonist, tegaserod, was initially
approved for the treatment of IBS-associated constipation.
Tegaserod was withdrawn from the market by the FDA
in 2007 because of concerns of potential adverse cardiac
events [9, 12, 15].

Colonic Motility

Basic colonic motility requirements include slow net caudal
propulsion, extensive mixing of semisolid stool, and uniform
exposure of luminal contents to the mucosal surface. The
colon also needs to rapidly move stool caudally during mass
movements. In addition, the colon must be able to store fecal
material in the colon until defecation. As reviewed above,
most colonic motility is involuntary and is primarily medi-
ated by the enteric nervous system in association with auto-
nomic parasympathetic and sympathetic input.
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Cellular Basis of Motility

The muscular apparatus of the colon consists of two distinc-
tive layers of smooth muscle cells including the circular and
longitudinal layers. These smooth muscle cells are intercon-
nected by gap junctions that allow electrical signals to spread
in coordinated fashion. Very important to this function are
the colonic pacemaker cells, also called the interstitial cells
of Cajal. The ICC are cells of mesenchymal origin. The ICC
generates electrical pacemaker activity that provides the
smooth muscle with the mechanism to produce propulsive
rhythmic activity. They also appear to serve as conduits for
muscle innervation and may transmit sensory information.
In colon biopsy specimens, ICC density is able to be
measured by c-Kit immunohistochemistry. ICC occur in
the submucosa and myenteric borders [3, 17-20]. ICC of the
submucosa (ICC-SM) generate electrical stimuli with an
oscillatory pattern of 2—4 Hz. Coupling of the ICC-SM to
smooth muscle cells triggers large, slow repetitive depolar-
izations of the smooth muscle referred to as slow waves.
Higher frequency oscillations (17-18 Hz) are generated in
the ICC of the myenteric border (ICC-MP), but the slow
waves from the ICC-SM seem to predominate [17-19].

Motility Patterns and Measurement

Intraluminal colonic motility measurements (manometry
and barostat studies) have provided an understanding of
colonic motility patterns. Colonic motor activity is not
rhythmic, but is characterized by brief (phasic) and sustained
(tonic) contractions. At least seven different patterns of
human colonic phasic pressure activity have been identified.
These include non-propagating and propagating pressure
waves and contractions. Non-propagating pressure waves
occur randomly for at least 30 s. Simultaneous pressure
waves occur simultaneously at least 10 cm apart with an
onset time of <1 s. Periodic colonic motor activity also mani-
fests as discrete random bursts of phasic and tonic pressure
waves with a frequency of >3 per minute and a cycle dura-
tion of >3 per minute. Similar discrete bursts of phasic and
tonic pressure waves also occur in the rectosigmoid and
occur predominantly at night and are referred to as periodic
rectal motor activity (PRMA). The function of these non-
propagating waves is not well delineated, but they may serve
as a means for local mixing of luminal contents and may
allow for adequate mucosal sampling [19-22].

Propagating pressure waves and contractions serve to
propel the colonic contents in aborad and orad directions.
Aborad pressure waves include propagating pressure waves
that migrate aborad across >10 cm at a velocity of 0.5 cm/s
and high amplitude propagated contractions (HAPC) of
pressures >75 mmHg and that migrate aborad >15 cm.
HAPCs occur approximately six times a day and serve to
move stool en masse across the colon. Frequently, but
not always, these occur prior to defecation. There are also
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retrograde waves that migrate orad >15 cm with a velocity of
>0.5 cm/s [19, 21, 22].

Clear physiologic patterns of colonic motor activity are
recognized. Phasic activity demonstrates diurnal variation
with activity decreasing during sleep and increasing upon
awakening. Phasic activity also increases within a few min-
utes after a meal and continues for up to 2.5 h depending on
the nutrient composition and caloric content of the meal.
High fat meals elicit more of a response than carbohydrate
rich meals. At least 500 kcal needs to be ingested to predict-
ably cause a colonic response to the meal. Finally, colonic
instillation of bisacodyl or intravenous neostigmine induces
HAPCs. Colonic tone can be measured with a barostat.
In physiologic states, colonic tone increases in response to a
meal [17, 21-23].

Altered colonic motility may be manifest as constipation.
Patients with constipation can be evaluated with several
modalities including radiopaque marker studies, radionu-
clide scintigraphy, magnetic resonance imaging, dynamic
defecography, wireless motility capsule (smart pill®, Given
Imaging) evaluation, and colonic manometry/barostat stud-
ies [17, 18, 22, 23]. While the details of these modalities are
discussed in subsequent chapters, it is worth mentioning sev-
eral common findings in patients with slow transit constipa-
tion. Patients with slow transit constipation have a reduced
frequency of HAPCs. These patients also lack the normal
phasic response that is elicited by the intake of a meal. The
diurnal variation of colonic motor activity also may be
abnormal in patients with slow transit constipation. Colonic
bisacodyl administration also produces a blunted HAPC
response in patients with slow transit constipation. A dimin-
ished increase in colonic tone following a meal has also been
observed in slow transit constipation [21-24]. Loss and
injury to the ICC has also been observed in patients with
constipation [20]. Taken together, slow transit constipation
may be associated with both myopathic and neuropathic
etiologies.

Clinical Aspects of Colon Physiology

Ultimately, the main goal of understanding the concepts
behind colonic physiology is to be able to translate these into
effective therapy for the problems that plague our patients.
Subsequent chapters in the text deal more specifically with
these issues, but to illustrate this concept, we can consider
the use of sacral neuromodulation (SNM). This is not a new
therapy; however, its FDA approval for the treatment of fecal
incontinence has brought it into the spotlight more recently.
In addition to its efficacy for fecal incontinence and its com-
plex interaction with the pelvic floor, European data has also
shown its efficacy for the treatment of colonic motility disor-
ders, specifically chronic constipation as well as low anterior
resection syndrome. The postulated effectors for its success
are based on the known principles of colonic motility
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illustrated in this chapter. Dinning et al. performed an elegant
study in which patients with slow-transit constipation were
treated with SNM. A manometry catheter was positioned
colonoscopically, with its tip fixed in the cecum. Electrodes
were then placed in both the S2 and S3 foramina and stimu-
lated. They found that stimulation to the S3 nerve root
significantly increased pan-colonic antegrade propagating
sequences (PS), while stimulation at S2 significantly incre-
ased retrograde PSs. During a 3-week trial 75% of patients
reported increase frequency of bowel movements and decre-
ased laxative use [25]. The true mechanism of SNM on the
enteric nervous system is not known; however, it is hypoth-
esized to affect autonomic innervation, largely through CNS-
mediated effects.

The colorectum is a complex organ with multiple roles in
human homeostasis. By increasing understanding of its anat-
omy and complex physiologic components, the colorectal
surgeon can gain not only a better understanding of its nor-
mal role, but the etiology of derangement in pathophysio-
logic conditions, as well as an opportunity to develop new
therapies based on its known functions. These examples
are demonstrated with much greater detail throughout other
sections of the text.
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Anal Physiology: The Physiology
of Continence and Defecation

Vitaliy Poylin and Thomas E. Cataldo

Abbreviations

RAIR  Rectoanal inhibitory reflex
SNS Sacral nerve stimulation
FI Fecal incontinence

MR Magnetic resonance

Key Concepts

e The innervation of the anal sphincter complex is a mixed
sympathetic and parasympathetic crossed over system
that provides redundant safeguards to continence.

e Normal continence and defecation require intact sensa-
tion and motor control and reflexes to sense, retain, and
voluntarily expect the rectal contents at a socially appro-
priate time and place.

e The normal physiology of the anus can be disturbed in a
variety of ways resulting in lack of control, inability to
expel, or chronic pelvic pain.

e The process of childbirth can contribute significantly to
alteration in anorectal anatomy and physiology resulting in
a variety of disorders of defecation and/or incontinence.

Introduction

The physiology of the anus and its surrounding structures is
in essence the physiology of continence and controlled def-
ecation. This is a physiology of balance and continuous feed-
back and complex reflexes. Normal continence requires a
balance between the pressure inside the rectum and the com-
bined tone of the internal and external sphincters. Defecation
and the controlled passage of gas or stool at socially
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appropriate circumstances required very fine sensation and
ability to discern the rectal contents. Defecation requires the
balance to tip in favor of the rectal pressure and contraction
with simultaneous coordinated relaxation of the pelvic floor
and internal and external sphincters. Disturbance in any part
of this complex balance can result in incontinence either
through reduced anal tone, excess rectal contraction, reduced
sensation, or the inability to differentiate the consistency of
the rectal contents. Alternatively, disorders tipping in the
opposite direction may result in inability to properly or com-
pletely empty the rectum. Additionally, more proximal con-
ditions resulting in chronic diarrhea or constipation may tip
the balance. And forces even higher can contribute to the
behavioral and psychosocial aspects of ordered and disor-
dered function of the rectum and anal canal.

It is the patient and skilled practitioner who listens to what
the patient can teach and tell about how and what they are
doing combined with a good working knowledge of anorec-
tal physiology that can effectively intervene in disorders of
defecation.

Normal Anatomy and Physiology

For a detailed discussion on the anal anatomy, see Chap. 1.
Briefly, the musculature of the anus is made up of three
concentric cylindrical structures. The internal sphincter is
derived as an extension of the involuntary circular smooth
muscle of the rectum. The longitudinal muscle is derived
from the outer longitudinal smooth muscle of the rectum,
and ultimately does extend into the anus and turns medially
through the internal sphincter to comprise the muscles of
Treitz that support the internal hemorrhoids. Lastly, the
external sphincter is derived from the voluntary striated
muscle of the pelvic floor.

The internal sphincter begins as a condensation of the inner
circular involuntary smooth muscle of the GI tract at the top
of the surgical anal canal, as the top of the anorectal ring. It
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extends downward to just proximal to the end of the external
sphincter in the non-retracted or effaced state. The length of
the normal internal sphincter can vary from under 2 to over
4 cm. In the unstimulated state, the internal sphincter is
chronically contracting and contributes approximately
50-75 % of the resting tone of the anus. It appears as a 2-3-
mm hypoechoic band on transanal ultrasound imaging [1].
The internal sphincter may not represent a perfect cylinder in
all patients. Proximal anterior defects have been demon-
strated in nulliparous women [2]. Length and bulk of the
sphincter can be reduced if deprived of innervation or hor-
mones in postmenopausal women (progesterone).

The external sphincter is a cylinder of striated muscle that
extends downward from the levator ani muscle to the distal
anoderm. Like the internal sphincter, it exists in a chronically
contracting state, but has the potential when stimulated under
voluntary control, to more than double the tone of the anus
above the resting state. It was initially considered to be
divided into three separate segments, deep, superficial, and
subcutaneous; this is no longer thought to be a meaningful
distinction [3].

Between the internal and external sphincters is a layer of
mixed smooth and striated muscle that is made up of an
extension of the longitudinal outer muscle of the bowel and
some striated extensions of the levator ani muscle. As it
extends downward, some aspects of the muscle cross medi-
ally through the internal sphincter to contribute to the sus-
pensory muscles that hold the hemorrhoid complex in place
(Trietz’s muscle). Distally, the conjoined muscle extends to
the anoderm and through the external sphincter radially
to form the corrugator cutis ani [1, 4, 5].

Innervation of the Anus and Pelvic Floor

The parasympathetic fibers to the rectum and anal canal
emerge from the sacral foramina at the S2, 3, 4 levels. They
join the sympathetic hypogastric nerves in the pelvic plexus.
From there mixed postganglionic fibers extend to the lower
rectum and anal canal. Thereby internal sphincter is inner-
vated by L5-S4 mixed autonomic function in crossed fash-
ion so that unilateral injury still results in preserved function.
The external sphincter is similarly innervated from branches
of S2-3 via the inferior rectal branch of the pudendal nerve
and the perineal branch of S4. This nervous distribution also
carries the nerves of sensation and contributes to the func-
tional aspects of continence. The upper anal canal contains a
high density of free and organized sensory nerve endings [1,
6, 7]. Organized nerve endings include Meisner’s corpuscles
(touch), Krause’s bulbs (cold), Golgi-Mazzoni bodies (pres-
sure), and genital corpuscles (friction).
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Normal Continence

Rectal Capacity

Normal continence first requires a location to temporarily
hold and assess the contents and expel them under control.
The rectum therefore needs both a baseline capacity and the
compliance to expand and the force to expel. The empty rec-
tum is a low pressure vessel with the capacity to receive stool
from the sigmoid. It must have the capacity to expand sig-
nificantly to accommodate stool under pressure. Patients
with diminished rectal capacity will suffer from fecal
frequency, urgency and frequently may contribute to
incontinence.

Pressure and Motility

Baseline pressure in the rectum is low, about 5 mmHg with
frequent low amplitude contractions every 6—12 s. Occasional
high pressure waves up to 100 mmHg have been demon-
strated. The anal canal shows overlapping of resting tone with
small oscillations of pressure and frequency of 15 cycles/min
and cm H,O. Pressure in the anal canal ranges 10—14 times
that of the rectum. Motor activity is more frequent, and con-
tractile waves are of higher amplitude in the rectum than in
the sigmoid [6]. This reverse gradient provides a pressure bar-
rier resisting forward motion of stool and may propel stool
back into the sigmoid as part of delaying bowel movements
when it is not convenient [7]. Slow waves are observed in the
anal canal with increasing frequency distally. This gradient is
thought to help maintain continence by propelling the con-
tents back into the rectum and helps keep the canal empty.

Rectoanal Sensation and Sampling

The rectum does not itself have receptors for propriocep-
tion. The conscious sensation of the need to defecate lives in
the levators and the anal canal, hence the preserved sensa-
tion in patients who have had complete proctectomies and
anal anastomoses. Distention of the rectum triggers contrac-
tion of the external anal sphincter and significant internal
anal sphincter contraction. As first described by Gowers in
1877 [8] the rectoanal inhibitory reflex (RAIR) is thought to
allow the highly innervated sensitive epithelial lining of the
upper anal canal to sample the contents of the distal rectum
to determine its quality and consistency. This allows the
patient to accurately discern flatus from stool, and liquid
stool from firm. Alterations in this mechanism, either
through reduced sensation, or impaired sampling can result
in incontinence either through overflow or inability to
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discern that defecation is occurring. Impaired anal sensation
has been associated with childbirth, perineal descent, and
mucosectomy [9-11].

Structural Considerations

In addition to the baseline resultant tone provided by the anal
sphincter complex and the puborectalis sling, the entire
structure is held closed by the angulation created by the
puborectalis in its chronically contracted unstimulated state.
This angle between the axis of the anus and the axis of
the rectum is between 80° and 90° and is responsible for the
majority of gross fecal continence. It may increase normally
above 90 while sitting and will extend beyond 110° during
normal defecation. In cases of dysfunctional defecation
where the puborectalis does not sufficiently relax the angle
can be enhanced by squatting and flexing the hips to an angle
of less than 90°. The flap valve theory advocated by Parks
suggests the anterior rectal mucosa constitutes a flap that lies
over the upper end of the anal canal. Increased inter abdomi-
nal pressure not associated with defecation increased the
angulation and closes flap more firmly over the upper anal
canal. The flap is opened when the perineum descends and
the anorectal angle is straightened. The anterior mucosal flap
certainly seems to be a component of the issue when patients
suffer from obstructed defecation and have evidence of inter-
nal rectal prolapse.

Role of Hemorrhoids in Normal Continence

It has also been postulated that the normal function of the
hemorrhoids, in a non-pathologic state serve as an additional
important component of normal continence. Stelzner referred
to the hemorrhoids as the corpora cavernosum of the anus
[12]. These vascular cushions have the ability to expand as
needed to create a seal above the anus creating the fine tun-
ing of continence. This concept is supported by the observa-
tion that after formal hemorrhoidectomy some patients
experience minor alterations in continence.

Sensation and Innervation

Within the pelvis, the innervation of the proximal anal canal
descends from the rectum. The rectum has a mixed sympa-
thetic and parasympathetic innervation derived from the
hypogastric nerves and the sacral parasympathetic nerves
through the pelvic plexi. Extrapelvic innervation comes to
the anus from the pudendal nerve derived from S2 to S4 via
the inferior rectal nerve and ultimately spreads around the
anus from both sides entering at lateral to slightly anterior
positions. There is known to be significant crossover inner-
vation around the anus as a complete disruption of either
pudendal nerve does not result in asymmetric sphincter
atrophy or fecal incontinence.
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Sensory innervation within the rectum is sensitive only to
stretch, resulting in vague sensation to visceral pelvic pain.
Distal rectal stretch or distention can result in significant
parasympathetic stimulation of the vagus nerve, thereby
resulting in bradycardia and hypotension. The lack of pain-
sensitive innervation proximal to a short distance from the
dentate line is what allows some hemorrhoid treatments to be
performed with relatively limited discomfort, e.g., elastic
band ligation, injection sclerotherapy, and stapled hemor-
rhoidopexy. Somatic sensory innervation begins in the anal
transitional zone proximal to the dentate line for a short vari-
able distance 0.3-1.5 cm [13]. Within this zone, there is a
dense collection of nerve endings for pain, touch, pressure,
and temperature. As such they are theorized to be an integral
part of the sampling aspect of the continence mechanism
[14]. These fibers are derived from the pudendal branches,
and complete anesthesia to this area can be provided by
bilateral anal nerve blockade.

Normal Defecation

Normal defecation is a complicated mechanism that relies on
a close interaction between the somatic and autonomic ner-
vous system, which includes the conscious and unconscious
control of both sensory input and muscle contraction. The
process starts with stool arriving into the rectum and sam-
pling as described above. If it is not an appropriate time for
defecation, the anal sphincter will contract and rectum will
start to distend [7]. This process continues with progressive
distention of the rectum without a person’s full awareness;
patients are often unaware that they have stool in the vault
during rectal exam. Conscious sampling, however, is also
present during this process (one can differentiate between
gas and stool and allow gas to pass, even with full rectum).
As the rectum continues to expand, a person becomes aware
(with continuous sampling) There is an urge defecate that
usually lasts for a few seconds and can be controlled by fur-
ther contraction of external anal sphincter (efferent nerve
endings end in lumbosacral spine which is under higher con-
trol, that allows conscious suppression of the urge) [15, 16].

When it becomes socially appropriate to proceed, the def-
ecation process again relies on both conscious and uncon-
scious response. The process starts with contraction of
abdominal musculature (Valsalva), which is also associated
with contraction of the sigmoid colon to move stool forward.
Pelvic floor musculature on the other hand relaxes, which is
a combination of relaxation of puborectalis (releases sling
around anorectal junction) and relaxation of remaining leva-
tor muscle. This allows the pelvic floor to descend slightly
and straighten the anorectal angle. The rectum itself starts to
contract and both internal and external sphincters relax.
Even if the sphincters are not completely relaxed, at this
point pressure in the rectum exceeds pressure in the anal
canal and defecation will occur. This process can also be
aided by assuming the squatting position, which increases
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the intra-abdominal pressure and straightens the rectum
further. If the conscious decision to defecate is made during
sampling (rectum is contracting, internal sphincters already
partially relaxed) allowing the external sphincters to relax,
then defecation will occur [17—19]. Once begun a number of
patterns can occur. There may be a single evacuation of the
rectal contents accompanied by mass peristalsis of the left
and sigmoid colon clearing the bowel in one continuous
movement, or the passage of smaller volumes of stool indi-
vidually over a short time requiring recurrent efforts and
straining [20]. These two patterns and variations thereof are
dictated by the habits of the patient and other factors includ-
ing the overall consistency of the stool.

If a large volume of stool is delivered quickly to the rec-
tum, normal rectal compliance and accommodation may be
insufficient. In this case the patient with normal sensation
and function will have a sense of acute urgency and can fore-
stall defecation for 40—60 s with the use of voluntary con-
traction of the external sphincter to allow accommodation or
move to a socially appropriate location to evacuate.

For obvious reasons, studying this process can be difficult,
and thus our understanding of it relies on what is observed
during testing (e.g., defecography — Video 3.1; and anal mano-
metric studies) [2, 6], patients with neurologic deficits
(specifically spinal injuries) [21] and animal studies. Animal
studies revealed the presence of different, more sensitive
mechanoreceptors in the rectum, when compared to the
colon that are most responsive to tension and rapid distention
[22-24]. These tension mechanoreceptors respond to both
rectal distension and muscle contraction consistent with
the observation that rectal filling sensation coincides with the
period of raised rectal pressure during rectal distension [3-6].

Physiology of Tibial Nerve and Sacral
Nerve Root Stimulation in Fecal
Continence

For many years it has been recognized that chronic electrical
stimulation of nerves entering the pelvis has had effects of
visceral function and activity. Unilateral stimulation of the
S3 or S4 nerve as it exits the foramen has been used for
urinary incontinence for over 30 years; meanwhile benefits
for fecal incontinence have been recognized as well. Most
recently, sacral nerve stimulation has shown encouraging
results for idiopathic constipation as well [25-27].

The exact mechanism of how sacral nerve stimulation cre-
ates its effect remains unclear. The physiological control of
defecation relies on the coordinated sensory and motor
efforts of the colon, rectum, and anus. Current opinion is that
disordered defecation is secondary to several disturbances of
anorectal and colonic physiology and not purely a sphincter
disturbance in patients with FI or colonic transit failure in
constipation. It is therefore likely that the therapeutic effects
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of SNS are due not only to peripheral motor stimulation of
the anal sphincter complex in patients with FI as was initially
proposed, but instead due to changes in the motor and/or
sensory function of the combined functional anorectal
unit. Such a hypothesis would explain the “paradox” of SNS
effectiveness in both FI and chronic constipation, i.e., it is
likely that SNS is effective in both conditions not due to
paradoxical actions in each, but instead by improvement of
common pathophysiologies. This hypothesis also explains
why FI and disordered defecation so frequently coexist [28].
Similarly, intermittent stimulation of the posterior tibial
nerve has a beneficial effect on fecal incontinence through a
mechanism that is not fully understood [29].

In 2014, Carrington et al. performed an exhaustive review
of the scientific literature regarding sacral and peripheral
nerve stimulation for fecal incontinence and constipation
[15]. To summarize their findings, SNS had no demonstrable
effect of rectal compliance or motility. It did seem to reduce
hypersensitivity in those with reduced capacity and hyper-
sensitivity, while increasing sensitivity in those patients with
reduced sensitivity. Additionally sacral nerve stimulation
increases mucosal blood flow when on and returns to baseline
when off. There are higher levels of the neuropeptide sub-
stance P identified in rectal biopsies of those undergoing
stimulation, which reverses after it is discontinued. The
exact importance or impact of these two phenomena has not
been identified as yet. Forty studies have examined changes
in anal sphincter function through the use of anorectal
manometry. Direct comparison between studies is difficult,
as equipment specifications, study protocol, and method of
results reporting is extremely variable between centers.
Fourteen studies reported a significant increase in voluntary
anal squeeze, with eight of these also reporting an increase in
resting pressure.

Spinal Cord Injuries and Defecation

The most interesting and informative studies in normal and
abnormal defecation are provided by patients with spinal
cord injuries. However, it is important to remember that this
is a very heterogeneous group of patients with degrees of
injury that can vary significantly from patient to patient [7].
High spinal cord injuries (above T7) interrupt higher control
and sensation of the abdominal and pelvic floor musculature
as well as colon in rectum [12, 29, 30]. This combination
allows for lower tone in the colon and rectum. The decrease
in propulsive ability of the colon, the decrease in tone result-
ing in distention and slower transit through the colon explains
the constipation that often accompanies high spinal cord
injuries. These patients are often unable to generate adequate
intra-abdominal pressure or take squatting position to aid
defecation [11, 13, 31]. At the same time, there is an unopposed
stimulation of the lower neurons that increase contraction
and spasticity of the pelvic floor and external anal sphincters.
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Sensation is often also impaired which can eliminate the
normal urge to defecate. Interestingly, this often does not
affect mechanoreceptors and some patients will report vague
sensation of pressure that is then interpreted as a need to def-
ecate [31-33]. As a result, these patients often have chronic
constipation caused by both diminished sensation and inabil-
ity to move stool forward [12, 13]. This is combined with
pelvic floor dysfunction and the inability to identify the urge
to defecate and an inability to relax the pelvic floor. They
often rely on a strict bowel program, which is a combination
of laxatives, rectal stimulation and manual disimpaction
[11-13]. Rectal stimulation can allow some patents to have
decreased anal sphincter pressure. They can also experience
fecal incontinence as a result of overflow and overfill of the
rectum and well as damage to sphincters from manual disim-
paction [12-14, 34].

Patients with low spinal cord injuries such as Cauda
Equina Syndrome often have impaired afferent fibers that
results in loss of tone in the internal and external sphincter
muscle as well as impaired sensation. This can result in sig-
nificant incontinence since any generation of intra-abdominal
pressure may result in bowel movement [11-13].

Obstructed Defecation

Obstructed defecation is a poorly understood group of disor-
ders resulted from an alteration in sensation, muscle relax-
ation or both. In many patients with these problems, the
exact cause is multifactorial and/or the inciting event is not
easily identifiable [35]. It is possible that an abnormality in
the sensory mechanism is the primary insult in a number of
patients [36]. Normal sensation is an integral part of normal
defecation. It allows for appropriate reflexes, mostly impor-
tantly the anal sampling RAIR. Some causes of abnormal
sensation can be fairly evident in patients such as those with
significant proctitis (infectious or inflammatory) or those
after anorectal injury/surgery. In the absence of above, the
etiology is less clear. Dysfunction may be associated with
conscious/subconscious inhibition of the need to defecate
during childhood [15, 16, 37, 38]. According to this theory,
repeated delays in defecation result in altered sensation that
eventually leads to dyscoordination between the anorectal
and pelvic floor musculature. As this process continues, even
though patient may continue to experience “normal” urge to
defecate, changes in sensation cause an increase in stimula-
tion of lower (lumbosacral) neuronal loop; the relaxing
effects of the upper parts of the nervous system are insuffi-
cient to overpower the abnormal stimulation. Once this
occurs, and pelvic floor musculature such as puborectalis and
sphincter complex fail to relax appropriately, increasingly
higher intra-abdominal pressure is needed to overpower the
rectal/anal pressure to evacuate [39]. This failure can be
associated with pain and a feeling of incomplete evacuation.
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Independent of what part of normal defecation was
affected first, over time there is probably significant damage
to the sensory pathways including receptors, efferent nerves
and muscles. With time, this process will also start affecting
the structural integrity of the pelvic floor. Obstructed defe-
cation disorders include intussusception, rectocele, non-
relaxing puborectalis/levator muscle spasm, dyssynergic
puborectalis, as well as enterocele and rectal prolapse.
Although causes of enterocele and rectal prolapse may be
complex, these disorders in their pure form are mechanical
obstructions to defecation and thus beyond the scope of this
chapter. Here we describe a few pathological conditions that
are more directly affected abnormalities in sensory-muscular
neurological loop.

Intussusception is mucosal descent causing blockage of
the lower rectum/anal canal. It is possible that it is a primary
process in some patients arising from redundancy of
mucosa, possibly poor tone, and pelvic floor descent (either
primary structural problems or as a result of childbirth and
muscle/nerve damage in women). In most patients it is
likely a secondary process resulting from increased pushing
and decreased relaxation. Once developed, intussusception
itself generates mechanical blockage to defecation and fur-
ther attempts to generate more pressure to evacuate stool
[17-19, 40].

Rectocele likely develops by a similar process. It is defined
as greater than 2 cm of rectal wall out pouching or bowing
anteriorly while straining. It can be accompanied by intus-
susception. Rectoceles are caused by abnormal relaxation of
the pelvic floor/sphincter complex or structural defects in the
rectal wall created during childbirth. As a result, when a
patient attempts to evacuate, generated pressure delivers
stool anteriorly towards the weakened portion of the wall
that is not contracting appropriately. This generates a sensa-
tion of bulge and incomplete evacuation and can be at least
in part relieved in women by pushing on the vagina in the
initial stages of the disease (Figure 3-1; Video 3.2). However,
a rectocele itself is a very common finding on the exam and
only a small proportion of patients who have it will ever have
symptoms. Most symptomatic patients likely have a combi-
nation of a weaker rectal wall as well as dyssynergy of the
sphincters or puburectalis [15, 41].

Pelvic floor dyssynergy (pelvic outlet obstruction) results
from a failure of the puborectalis and/or sphincter complex
to relax. It can also be caused by an abnormal contraction
during evacuation. As a result, when a patient tries to evacu-
ate the anorectal angle may not increase or may even become
sharper. A patient’s natural response is to generate higher
pressures in which only further worsens the symptoms. Over
time, these changes likely cause more damage to the muscu-
lature and nerves. Similar to the rest of the disorders in this
group, rectal sensation is also impaired, but whether it is a
result of long-term damage or from an inciting event is
unclear [15, 16, 18].
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FiGure 3-1. Defecography still image of a rectocele.

Functional Anorectal Pain

Most causes of anorectal pain can be routinely ascribed to
such common conditions as anal fissures, hemorrhoidal dis-
ease, or inflammatory bowel diseases (see Chap. 11). There
is a small group of disorders, however, that seem to be related
to more functional, rather than structural problems [42].

Levator ani syndrome (levator spasm, puborectalis syn-
drome) is often described as dull pain, high in the rectum that
is often made worse with sitting. By definition, it should last
more than 20 min at the time and other causes are excluded
[43]. Etiology of this condition is unclear. Interestingly, even
though episodes may be triggered by difficult defecation
(along with emotional stress among other things) it is not
always associated with difficulty evacuating. Similar to other
functional disorders, it is possible that alternations in sensa-
tion, and perhaps behaviors (deferring defecation, damage
with hard stool) could contribute to the development and
propagation of this problem. In addition, it is thought that pro-
longed muscle contraction may result in compression of vas-
culature, which then leads to relative ischemia and an increase
in anaerobic consumptions. That in turn can cause activation
of nociceptors in the muscle (bradykinin, Substance P), and
further decrease in relaxation with spasm and pain [15, 16, 22].

Proctalgia fugax is a sudden severe anal pain, lasting sec-
onds to minutes, that disappears completely. The etiology is
unknown, but it seems to be related to stress. It is associated
in some patients with a thickened internal sphincter muscle.
Some studies suggest smooth muscle contraction is respon-
sible for this pain [15, 16, 44].

V. Poylin and T.E. Cataldo

Pathophysiology of Obstetric-Related
Problems

One of the worrisome potential sequelae of pregnancy and
delivery is fecal incontinence. It can develop as a result of
direct disruption of the anal sphincter, muscle, connective
tissue or pudendal nerve injury [45]. During pregnancy, there
is direct pressure on the pelvic floor as well as hormonal
changes. Progesterone, released during pregnancy, acts by
suppressing contraction of smooth muscle and prevents
premature uterine contraction. This leads to decreased gut
motility (that can contribute to constipation) and diminished
tonic contraction of anal sphincters [25, 46]. Androgen, pro-
gesterone, and estrogen receptors are found in squamous
epithelium of the anal canal, indirectly supporting possible
effects of this hormone on the sphincters [47]. In addition,
progesterone causes ligamentous laxity [48]. When com-
bined with increased intra-abdominal pressure, these changes
contribute to stretching of the pelvic floor musculature, wid-
ening of the levator hiatus, and potentially pudendal nerve
injury. The pudendal nerve can be affected during pregnancy
by stretching as well as traction injury during delivery as
described below [49]. Pudendal nerve injury can affect both
external sphincters by de-innervating them and causing mus-
cle atrophy as well as by affecting sensory components and
altering RAIR. Evidence of neuropathy in pelvic floor mus-
culature has been found after delivery as well as in idiopathic
FI and constipation.

Labor further complicates issues of continence. Pushing
during labor can significantly exacerbate the above problem
[50]. It can be associated with further muscle stretching or
even evulsion and pudendal nerve injury [25]. This explains
why a longer second stage of labor (pushing) is associated
with higher rates later in life. In addition, there is likely
effects of traction injury (increased baby weight is associated
with higher chances of immediate and long-term problems).
Use of additional devices to aid labor such as forceps and
vacuum is associated with increased incidence of FI [25, 51].
This is likely related to direct damage to the sphincters as
well as traction injury. Tearing and episiotomy are additional
risk factors for FI and related to direct damage to the sphinc-
ter complex. Cesarean section is associated with lower inci-
dences of flatus and stool incontinence, but this difference is
smaller when comparing emergent Cesarean sections and
vaginal deliveries. Emergent cesarean are often initiated
after failure of labor to progress following significant push-
ing [52]. Although many women experience immediate mild
problems with incontinence to flatus or stool, most have
enough reserves to compensate. Presence of symptoms after
delivery is an additional risk factor for developing signifi-
cant incontinence in the future when age further weakens
already damages muscles and nerves.



3. Anal Physiology: The Physiology of Continence and Defecation

Urogynecological Considerations
and Pelvic Pain

With all its complexity, the pelvic floor is anatomically very
small area. It includes pelvic musculature and their corre-
sponding nerves responsible not only for maintenance of
continence and normal defecation, but also normal urinary
gynecologic function. Not surprisingly, although dysfunc-
tion in any single system is common, more than one system
is frequently affected. For example, physiologic and muscu-
lar changes associated with pregnancy and labor which
effects the posterior compartment often has similar effects
on middle and anterior compartment structures as well.
Uterine prolapse is more common in multiparous women,
especially in complicated deliveries. Urinary problems
including incontinence are also common [16, 25]. The
mechanism for urinary issues is likely the same as in poste-
rior compartment problems, which is a combination of hor-
monal effects as well as direct damage to the pelvic floor
muscle, nerves, and sphincters. Widening of the levator hia-
tus has been shown to affect middle and anterior compart-
ments as well as posterior one. This can result in uterine and
bladder prolapse in addition to rectal prolapse, intussuscep-
tion, and rectocele [21]. Pregnancy and delivery effects on
anal sphincters can affect urinary sphincters as well. It is
common for women presenting with urinary incontinence to
report fecal incontinence as well [16, 25]. As a result, uro-
gynecologists see and treat a number of patients with ano-
rectal problems, especially since the treatments available
are similar between specialties (e.g., pelvic floor physical
therapy, sacral nerve stimulation). Pelvic floor prolapse
problems, especially of the middle compartment, may
contribute to obstructed defecation. For this reason care
should be taken to obtain full history of pelvic floor prob-
lems. Otherwise one risks missing significant contributors
to patients’ symptoms and may compromise success of
treatment.

Another common problem is pelvic pain, and women with
these symptoms are often referred directly to gynecologists,
although underlying cause could be levator spasm or pelvic
floor dyssynergy [23]. These problems are also commonly
treated by our urogynecology colleagues utilizing similar
techniques including physical therapy and other pelvic floor
relaxation techniques. Diagnostic techniques employed by
urogynecologists to diagnose anterior pelvic problems are
often the same (MR defecography and conventional cine
defecography, anal manometry). As a result, when patients
present with anorectal problems related to pelvic floor issues,
one has to maintain vigilance in identifying related problems
with anterior and middle compartment since they can affect
overall symptom control as well as how these problems are
ultimately addressed.
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Key Concepts

* The endoscopic examination is critical for patients with
colorectal complaints and is a key component of the com-
plete colorectal examination.

* The anoscopic examination is the best way to adequately
evaluate the anoderm, dentate line and evaluate for inter-
nal and external hemorrhoids, and anal masses.

e Multiple bowel preparation regimens exist, but regardless
of which prep is chosen, splitting the timing into the half
the day prior to and half the day of the procedure results
in a better prep.

* There is no ideal sedation medication, but the endoscopist
must be familiar with the side effect profile of any medi-
cations being used and be prepared and comfortable with
any reversal agents.

* Adjunctive maneuvers employed with endoscopy serve as
the markers between seasoned experts and novices: these
include abdominal pressure, adjusting position, torque-
ing, and dithering.

e PillCam endoscopy allows the clinician to evaluate the
small bowel for occult gastrointestinal bleeding, insipient
tumors, polyposis syndromes, or Crohn’s disease.

Introduction

The endoscopic evaluation of the patient with colorectal
complaints forms the keystone of the physical examination.
It allows the physician to visually assess the entirety of the
intestinal tract from the mouth to the anus and allows for the
diagnosis, treatment, and monitoring of the effectiveness of
any therapy. It is imperative for all physicians treating
patients with colorectal diseases to be facile in the more
common endoscopic diagnostic and therapeutic techniques.
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The Complete Anorectal Examination

While performing any anorectal or endoscopic examination,
an anxiety-free and modest environment must be created.
Most patients will exhibit nervousness, and apprehension,
which can cause anal or gluteal spasm that will preclude an
accurate assessment. The examiner must reassure the patient
and keep anxiety and embarrassment to a minimum. This can
be accomplished by effective communication, keeping the
patient covered as much as possible, keeping ancillary per-
sonnel in the room to a minimum and not rushing through the
examination. Physicians should strive to actively communi-
cate with the patient as the examination is progressing.

Before a discussion on endoscopic techniques, a thorough
understanding of the initial steps of the anorectal examina-
tion is compulsory for success and patient well-being and
satisfaction. Before any instrument is inserted, a focused his-
tory must be obtained coupled with a local examination. The
local examination is an important precursor to any endo-
scopic examination and consists of: proper patient position-
ing, visual inspection, and manual palpation of the anorectal
region followed by the digital rectal examination. Once this
stepwise examination is complete, then inspection of the
colon, rectum, and anus can commence.

Patient Position

There are two positions that may be used for effective ano-
rectal examination. The choice of position may depend on
several variables including available equipment, patient age
and comorbid status, and physician preference. Regardless
of the position chosen, both the patient and the examiner
must be comfortable in order to carry out an effective ano-
rectal and endoscopic evaluation.
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FiGure 4-1. Prone jackknife
position. Reprinted with
permission, Cleveland Clinic
Center for Medical Art &
Photography ©2015. All
Rights Reserved.
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Prone Jackknife

The prone jackknife position (knee-chest), performed with
the aid of a specialized proctoscopic table is commonly
employed and allows for excellent visualization of the
entire anus and perianal and perineal region, as well as the
sacrococcygeal region. The patient kneels on the padded
portion of the table and leans forward with their trunk and
arms extended forward (Figure 4-1). The table is angled
forward gradually so that the patient’s buttocks and
perineum are superior, while the head and feet are inferior.
This is a comfortable position for the examiner and also
allows for easy insertion of the anoscope, proctoscope, or
flexible sigmoidoscope. This position is well tolerated by
most patients, but should be avoided in various situations,
such as debilitated patients, recent abdominal surgery,
cardiopulmonary issues, various arthritic/rheumatologic
conditions, or late pregnancy.
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Left Lateral

The left lateral recumbent (Sims”) position is also widely used,
especially if a specialty bed is not readily available (Figure 4-2).
This position is very well tolerated and is well suited for
elderly or debilitated patients. The patient lies on their left side
and the thighs are flexed as to form a 90° angle with the trunk.
It is imperative that the buttocks project slightly beyond the
edge of the examining table. This position will allow for excel-
lent visualization of the perianal and sacral regions, but the
anterior perineum is often obscured and requires the retraction
of the buttock by an assistant. Anoscopic or endoscopic evalu-
ation is easily performed in this position.

Inspection and Palpation

Proper stepwise visual inspection of the perineum, anal canal,
rectum, and vagina should precede any other examination.
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FiGURE 4-2. Left lateral (Sims’) position. Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography
©2015. All Rights Reserved.

Proper lighting is essential, and various light sources are
commercially available, including overhead lights, goose-
neck lamps, or headlamps. It should be noted that the “clock-
face” nomenclature is not recommended for localizing
anorectal findings. This nomenclature is dependent upon the
position of the patient, and hence different interpretations of
the true location may differ from examiner to examiner. It is
more proper to delineate anatomical location using the cardi-
nal quadrants (i.e., left lateral, right anterior, right posterior).
This is the practice most commonly employed by colorectal
surgeons.

An overall assessment of the shape of the buttock and
inspection of the lower sacrococcygeal area is undertaken.
This is followed by the gentle spreading of the buttocks to
gain proper exposure. A great deal of information can be
gained from visualization. The physician should examine for
and document any scarring, fecal soiling, purulence, blood or
mucous drainage, excoriations, erythema, anal sphincter
shape, perineal body bulk, hemorrhoidal disease, skin tags,
overt signs of inflammatory bowel disease, external fistulous
openings, rectal prolapse, neoplasm, and any evidence of pre-
vious anorectal surgery. Next, the patient is asked to strain
(Valsalva maneuver) to help determine and assess for perineal
descent, uterine, vaginal, or bladder prolapse, or rectal pro-
lapse. It should be noted that the best position to evaluate rec-
tal prolapse is in the sitting position on the toilet or commode
after an enema has been administered. Gentle and directed
palpation of the anorectal region also gives the examiner a
great detail of information. Gently touching the anal verge
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will elicit the anocutaneous reflex (anal wink), which is
indicative of an intact pudendal nerve. Additionally, gentle
spreading of the anus will help elicit an anal fissure or ulcer-
ation. Palpation of the gluteal region can help identify an
abscess, external opening of a fistulous tract, or possibly a mass.

Digital Rectal Examination

The digital rectal examination (DRE) is simple and is typi-
cally well tolerated and should be performed before all
endoscopy of the rectum and colon. A well-performed DRE
will provide information regarding the contents and potential
pathology of the anal canal, distal rectum, and adjacent
organs. The DRE may also permit an assessment of the neu-
rological function of the muscles of fecal continence. While
the medical school maxim of the only patient not receiving a
DRE is the one that lacks an anus is obviously excessive—
there are relative contraindications to performing this por-
tion of the exam. These include painful lesions such as an
anal fissure, thrombosed external hemorrhoids, grade IV
internal hemorrhoids, and neutropenic patients. The keys to
a successful DRE can be summarized by simple rules: ade-
quate lubrication, gentleness, and attention to detail [1]. It is
important to minimize pain during DRE as this may affect
patient cooperation during endoscopy.

After proper communication with the patient, a well-
lubricated index finger is placed across the anus to lubricate
the general area. The fingertip is then gently inserted into the
anal opening. Lubrication should be warmed if possible, and
lidocaine jelly should also be available. If the patient’s
response is an involuntary spasm of the internal sphincter,
the examiner should withdraw their fingertip and gently try
again. Ask the patient to bear down as to pass a stool. This
maneuver will cause relaxation of the entire sphincter com-
plex and should facilitate an easy digital insertion [2]. The
finger should be gradually and slowly advanced. The distal
rectum and anal canal along with surrounding structures
should be investigated in an organized and stepwise fashion.
Resting anal tone followed by squeeze tone should be
assessed. Assessment should be made of the entire circum-
ference of the lumen by gently sweeping around the entire
anus and distal rectum. Anteriorly in a male, the prostate
should be palpated and assessed for nodularity, hypertrophy
and firmness. In the female, anteriorly palpate for a rectocele.
The cervix and uterus can also be palpated. Posteriorly, the
presence of a presacral (retrorectal) mass may be palpated.
Bimanual examination may be necessary when examining a
female patient in order to adequately examine the rectovagi-
nal septum and associated adnexal structures. Redundant rec-
tal mucosa may be palpated as well as a stricture or narrowing.
Induration or a fibrous cord, representing an internal fistulous
opening, may also be felt on DRE. Exclusion of any masses
should be carefully performed. The patient should be asked
to perform a Valsalva maneuver to potentially bring any
lesions of the upper rectum or the rectosigmoid into the
examiners reach. If a mass is palpated, its size, position,
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FiGure 4-3. Various beveled anoscopes. From fop to bottom: Large
Hirschmann (short bevel); Buie-Hirschmann anoscope (long
bevel); small (pediatric) Hirschmann anoscope.

characteristics  (sessile, polypoid, ulcerated), mobility
(mobile, tethered, fixed), and relationship to other structures
(distance from the anal verge, distance for the anorectal ring)
must be accurately recorded.

The levator ani/puborectalis muscles can also be assessed
on DRE with evaluation of both the strength and function of
these muscles, along with any tenderness on direct palpation,
indicating a possible pelvic pain disorder. When a patient with
good sphincter function is asked to squeeze these muscles, the
examiner’s finger will feel the muscle tighten and will have his
finger pulled up into the rectum. Additionally, when the exam-
iner pulls posteriorly on these muscles, the anal opening
should gape and then return to normal, representing an intact
reflex pathway to the thoracolumbar spinal cord.

Anoscopy/Proctoscopy

The anorectal examination in most cases should be followed
with some component of an endoscopic investigation to
complete the workup. This may include anoscopy, proctos-
copy, or flexible endoscopy. Anoscopy and proctoscopy are
typically performed in the clinic setting without sedation or
mechanical bowel preparation and are tolerated quite well by
the patient.

It should be noted that the term proctoscopy will be used
as to describe the rigid scope implemented to evaluate the
rectum and the distal sigmoid colon. Therefore, “rigid proc-
tosigmoioscope” or “proctosigmoidoscopy’ will be referred
to as “rigid proctoscopy” or “proctoscopy.” Sigmoidoscopy
refers to the use of the flexible sigmoidoscope.

K. Davis and M.A. Valente

Anoscopy

Anoscopy is the examination of the anal canal and the distal
rectum. Anoscopy offers the best way to adequately evaluate
the anoderm, dentate line, internal and external hemorrhoids,
papillae, fissures, anal masses, and distal rectal mucosa.

The anoscope is a relatively simple instrument consisting
of an obturator, the scope itself, and a light source. There
exist several variations in type, size, and length of anoscopes
available. Additionally, commercially available anoscopes
include slotted or beveled styles, reusable or disposable, and
lighted or unlighted. The particular type of instrument and
light source used are based on individual preference, expense,
and prior training (Figure 4-3).

Regardless of the choice of instrument used, the examina-
tion is initiated only after a DRE has been performed (if a DRE
is unable to be performed secondary to pain, spasm, or stenosis,
an anoscopic exam should not be attempted). For most
instances, cleansing of the anorectum with an enema is not
warranted. The anoscope (with obturator in place) is liberally
lubricated and gently and gradually advanced until the instru-
ment is fully inserted. It is important to align the anoscope
along the anterior—posterior axis of the anus. If unsuccessful
due to patient intolerance, remove the scope, reapply lubrica-
tion and try again. After successful insertion, the obturator is
removed and examination of the anorectum undertaken. The
obturator should then be reinserted while the scope still in the
anus, and the anoscope is gently rotated to examine a new area.

The prone jackknife position offers good visualization and
ease of insertion as well does the lateral position, however, an
assistant must retract the buttock if the lateral position is uti-
lized. During the examination, the patient is asked to strain
while the anoscope is withdrawn to visualize any prolapsing
anorectal mucosa or hemorrhoidal tissue. During the anoscopic
examination, hemorrhoids may be banded or sclerosing agents
injected and biopsies of any suspicious lesions may be obtained.
Complications are rare, but may include occasional bleeding
from hemorrhoids or inadvertently tearing the anoderm.

Proctoscopy

Rigid proctoscopy is suitable to examine the rectum, and in
some patients, the distal sigmoid colon may also be evaluated.
Similar to the anoscope, the proctoscope consists of an obtura-
tor, the scope itself, and a light source. Illumination is supplied
by a built-in light source and a lens is attached to the external
orifice of the scope after the obturator is removed. The main
difference between an anoscope is that a proctoscope needs to
hold air so the rectum can be distended. This is achieved by
having a bellows attached to the scope, which allows for insuf-
flation of air to gain better visualization and negotiation of the
scope proximally through the rectum. A suction device or cot-
ton tipped swabs can be used to remove any endoluminal
debris or fluid or to enhance visualization (Figure 4-4). Ideally,
the patient should receive an enema preparation within 2 h of
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FiGUure 4-4. Proctoscopy suction catheter and long cotton-tipped
applicators for clearing small amounts of fecal debris. The cotton-
tipped swaps are also used for manipulating the rectal and anal
mucosa during anoscopy and proctoscopy.
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FiGuRe 4-5. Proctoscopes. From fop to bottom: large proctoscope,
length 25 cm, diameter 19 mm; standard proctoscope, length 25 cm,
diameter 15 mm; pediatric proctoscope, length 25 cm, diameter 11 mm.

the procedure in order to clear any stool, which may make pas-
sage of the scope and visualization difficult.

Proctoscopes are available in three sizes, all 25 cm in
length. Different luminal diameters include 11, 15, and
19 mm (Figure 4-5). The largest scope is suited best for pol-
ypectomy or biopsies in which electrocoagulation may be
needed. In most patients, the 15 mmx25 cm scope is ideal
for a general inspection. There is also a disposable plastic,
self-lighted proctoscope which is available for use.

The procedure can be performed in either the prone
jackknife or left lateral position as previously described.
When properly performed, the patient feels little to no dis-
comfort. Pain may occur with stretching of the rectosig-
moid mesentery due to over insufflation of air or the scope
hitting the rectal wall. An overzealous examiner trying to
advance the scope too quickly or too proximal is the main
cause of patient discomfort. Unfortunately, the art of using
the rigid proctoscope has declined in recent years due to
the ubiquity of flexible endoscopy. The proctoscope how-
ever, still has important indications, especially in the iden-
tification and precise localization of rectal lesions or in the
evaluation of rectal bleeding. Contraindications are similar
to anoscopy and include painful anorectal condition such
as acute fissure, incarcerated hemorrhoids, recent anorec-
tal surgery (<1 month), or anal stenosis.

After adequate lubrication, while the obturator is held in
place with the right thumb, the instrument is gently inserted
into the anal canal and advanced approximately 4-5 cm in the
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FIGURE 4-6. Turell angulated biopsy forceps. A curved upper jaw
allows for 360° rotation. A variety of jaw sizes and types are available.

Ficure 4-7. Rigid-wire (Frankfelt) snare. This snare allows for pol-
ypectomy or tumor debulking via the anoscope or proctoscope.

FiGure 4-8. Suction catheter/electrocoagulation catheter. From rop

to bottom: an insulated catheter for combining suction and electro-
cautery, and an electrocoagulation catheter.

general direction of the umbilicus. The scope is then aimed
toward the sacrum and advanced for an additional 4-5 cm.
The obturator is then removed and the viewing lens is placed.
Minimal air insufflation is used in order to open the bowel
lumen and gently withdrawing and advancing the scope to
straighten out angulations proximally aids in achieving suc-
cessful navigation. It should be noted that the distal extent
reached on proctoscopic examinations averages approxi-
mately 17-20 cm and very rarely can the scope be inserted to
its full length [3]. If at any time the insertion becomes difficult
or painful to the patient, the procedure should be terminated
and the farthest extend reached should be recorded.

As the proctoscope is withdrawn from the farthest extent
reached, careful examination is performed of the entire cir-
cumference of the rectal wall with minimal air insufflation
and rotation of the scope. The valves of Houston are flattened
out with the tip of the scope to reveal areas just proximal to
the folds. If any lesions are found, accurate measurements
and descriptions are necessary. These include: size of the
lesion, the exact distance from the anal verge, appearance,
and location on the bowel wall. Several different types of
biopsy forceps are available (Figure 4-6) and biopsies can be
done in the office setting with or without the use of electro-
cautery. Additionally, polyps or small lesions can be snared
(Figure 4-7) or fulgurated. Proper suction, electrocautery
and irrigation devices should be readily available in the
examining room for these purposes (Figure 4-8).
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Serious complications during rigid proctoscopy are rare, with
bleeding the most common, especially after biopsy or polypec-
tomy. Perforation is a very rare occurrence and should not hap-
pen with proper technique. Before the introduction of flexible
endoscopy, rigid proctoscopy was the standard technique to
evaluate the distal sigmoid and rectum and large series of patients
have shown minimal to no complications [4, 5]. Perforation of a
normal rectum or sigmoid colon is a rare occurrence, but passing
a scope or excess insufflation in a diseased or inflamed rectosig-
moid may prove hazardous and caution must be undertaken in
patients with inflammatory bowel disease, radiation proctitis,
diverticulosis/diverticulitis, volvulus, or malignancy.

Anal and Rectal Ultrasound

Endoanal ultrasonography (EUS) is a highly reliable and
reproducible imaging modality that provides information on
the anatomy and function of pelvic floor structures, anorectal
disease processes, and anorectal tumors. In experienced hands,
EUS is accurate, with high sensitivity and specificity for
detecting anal sphincter injuries. Advantages of EUS include
the relatively inexpensive cost to perform and its widespread
availability. One obvious disadvantage of EUS is that like all
ultrasound examinations, it is an operator-dependent test, with
varied published results for the same disease process.

Circumferential assessment of the anal canal and distal rec-
tum is made possible by a 360° rotating transducer that is
either a 7 or 10 megaHertz (MHz) probe for two-dimensional
(2D) units or a 13 MHz probe for three-dimensional (3D)
(Figure 4-9). In recent years, the use of 3D units has increased,
with a similar sensitivity in detecting both external and inter-
nal sphincter defects, but it has been demonstrated that with
the 3D units, intra-observer variation is decreased and thereby
the diagnosis of pathology has been increased [6].

Prior to testing, patients receive an enema to clear the ano-
rectum of any stool that may interfere with images due to
artifact. Additionally, as with rigid proctoscopy above, EUS
should not be performed on patients diagnosed with anal ste-
nosis or fissure-in-ano, as this will undoubtedly render the
test uncomfortable for the patient and difficult for the exam-
iner to perform. EUS is most commonly performed with the
patient in the left lateral recumbent position. After a gentle
DRE, the well-lubricated ultrasound probe is inserted and
slowly advanced and then withdrawn to view the entire area
of the anal canal/rectum (in modern systems, a crystal moves
up and down along the transducer to acquire images while
the probe is held stationary).

The anal canal is divided into three levels on EUS: upper,
middle, and lower based on anatomic landmarks. The upper
anal canal is defined by the U-shaped puborectalis muscle;
the middle canal has both EAS and IAS muscles visible
(this is also where the TAS is at maximum width); and in the
lower anal canal, only the most distal external sphincter
fibers are visualized (Figures 4-10, 4-11, and 4-12). Highly
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reflective tissue on EUS reveals a hyperechoic (white)
image, while poorly reflective tissues are hypoechoic
(black). Thus, the smooth muscle-based IAS, which has
higher water content, shows up black on EUS. In post-
obstetrical sphincter injuries, the defect is usually located
anteriorly and encompasses the EAS and may involve the
IAS as well. In cases of postsurgical or posttraumatic inju-
ries of the anal sphincters, defects can involve either or both
muscles and may be unifocal or multifocal in nature
(Figure 4-13). The accuracy of EUS compared to surgical
findings has been reported to be as high as 90-100% by
some authors and additionally, EUS has been used after
operative sphincter repair to show the overlap of the mus-
cles and to confirm a proper repair has been performed.

Flexible Endoscopy

Flexible Endoscopic Insertion Techniques

Due to the fact that no two colons are the same, the tech-
niques described here are generalizations and guidelines to
help navigate the flexible endoscope to its completion.
The technique of performing an endoscopic examination,
like any invasive procedure, is best learned under the watch-
ful eye of a seasoned mentor, rather than reading a text; how-
ever, there are some points that can be generalized.

The keys to a comfortable and efficient endoscopic exami-
nation include a mastery of the insertion techniques described
here to maintain a straight scope while keeping pain and
trauma to the patient at a minimum. The skilled endoscopist
must be able to use torque, tip deflection, dithering/jiggle,
and push and pullback techniques as second nature in order
to successfully achieve these goals. The techniques described
here apply to both sigmoidoscopy and colonoscopy.

Torque

The twisting motion applied to the shaft of the scope by the
endoscopist’s right hand is called torque (Figure 4-14).
Torque is an essential technique that allows for a stiffening
of the scope and alters the direction in which the tip deflec-
tion controls work. Torque also has the ability to increase
the scopes resistance to avoid troublesome loops. Torque
can be to the right (clockwise) or left (counterclockwise)
based on whichever direction seems to work best for the
task at hand. Gentle torque is used while keeping the scope
straight and a more forceful torque is used when removing
or following a loop.

Tip Deflection

The tip of the endoscope should always be kept in the middle of
the bowel lumen. The techniques of torque, pull/push, and
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Ficure 4-9. B-K Medical
(Herlev, Denmark) three-
dimensional anorectal ultrasound
equipment.

dithering-jiggle will tend to move the tip in several directions.
The endoscopist should bring the tip back by controlling both
the outer and inner controls with their left hand. With practice,
the endoscopist should be able to control and use both tip deflec-
tion control knobs in different directions with only the thumb of
the left hand. The preference of locking one or both of the knobs
is operator dependent. It should be noted, however, that the
endoscopist should strive to keep their right hand on the shaft and
their left hand on the tip deflection controls throughout the exam-
ination in order to maintain proper feel of the scope and to not
miss opportunities for advancement and also to avoid “losing
ground” by having the scope slide retrograde.
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Dithering/Jiggle

The rapid up-and-down, side-to-side, and to-and-fro move-
ments of the shaft of the scope are referred to as dithering or
jiggle (Figure 4-15). This technique can be combined with
rapid torqueing and rapid in-and-out movements of the
scope. The object of this important maneuver is to pleat
the colon onto the shaft of the endoscope in order to shorten
the colon and to keep the scope straight. Every endoscopist
should employ this technique throughout the entire insertion,
even when scope advancement appears easy in a straight por-
tion of the colon, especially the descending and transverse
colon.
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FiGure 4-10. Two-dimensional endoanal ultrasound view of the  Figure 4-11. Two-dimensional ultrasound from the mid-anal canal.
U-shaped puborectalis muscle (PR). JAS internal anal sphincter. This ultrasound image represents normal, intact internal anal sphincter
(IAS) (hypoechoic) and external anal sphincter (EAS), (hyperechoic).

FiGUure 4-12. Three-dimensional coronal view of the upper, middle, and lower anal canal. EAS external anal sphincter, JAS
internal anal sphincter.

Aspiration of Air and Breath Holding discomfort to the patient. The judicious and cautious use of
air is important during the examination, but thoughtful and
calculated aspiration/suction of air is an important adjunct
insertion technique. Aspiration of air can allow the scope to

As insufflation of air accumulates during the procedure, the
colon becomes distended and elongates, thereby making
the goal of reaching the cecum farther away and often causing
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Ficure 4-13. Anteriorly located defect of both the EAS and IAS in
the mid anal canal.

FIGURE 4-14. Torque—a twisting motion of the endoscopist’s right
hand to the left (counterclockwise) or right (clockwise). Reprinted
with permission, Cleveland Clinic Center for Medical Art &
Photography ©2015. All Rights Reserved.

advance the tip past a turn (especially at the hepatic flexure)
without needed to push the scope forward and likely form-
ing a loop. Once the tip of the scope is past the turn,
advancement is much easier due to the straightness of the
scope.

Another technique to help the scope around the flexure is
the “breath-hold” maneuver. While negotiating difficult turns
and bends (especially the hepatic and splenic flexure), have
the patient take a deep breath in and hold it. This causes the
diaphragm to drop and pushes the flexures over the scope and
thereby allows the scope to pass [7]. Aspiration of air and
breath holding can be used in conjunction along with precise
abdominal pressure techniques.
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Ficure 4-15. Jiggle (Dithering)—rapid side-to-side, up-and-down,
and to-and-fro movements of the endoscope in order to pleat or
“accordion” the colon onto the scope’s shaft. Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography ©2015.
All Rights Reserved.

Slide-By

The technique of pushing blindly into a turn or bend with
maximum tip deflection and without full visualization of the
colon lumen to guide the scope along the curvature of the
bowel wall to advance the scope past the turn is termed a
slide-by technique. Slide-by is a controversial technique that
should never be used by unsupervised trainees or novice
endoscopists due to the potential dangers and complications
that may occur, namely perforation. Slide-by should be ter-
minated if there is any resistance to forward advancement or
the mucosa becomes blanched at the tip of the scope. Slide-by
can be very painful to the patient because it causes tension on
the bowel mesentery and will need to be terminated if not tol-
erated by the patient. Once the slide-by is successful, the scope
needs to be straightened and any loops need to be reduced.
Modern endoscopes have a great deal of tip deflection and
thus, slide-by is not as commonly employed as when endos-
copy was in its infancy (Fig. 4.16).

Adjunctive Maneuvers for More Difficult
Examinations

The adjunctive maneuvers employed with endoscopy often
serve as the markers between seasoned experts and novices.
There are several different maneuvers including abdominal
pressure and other external manipulation provided by an
assistant under the direct supervision of the endoscopist. In
addition it is possible to adjust the position of the patient to
either the supine or prone positions. There are also commer-
cially produced overtubes, which are seldom required now
with the advent of adjustable stiffness endoscopes. All of
these adjunctive maneuvers are designed to reduce the loop
formation of the endoscope or to prevent it from reforming
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FiGure 4-16. Slide-by technique. The colonoscope is blindly
pushed around a bend, guided by the curve of the scope and the
curvature of the bowel wall. Slide-by should be terminated with
excessive patient pain or blanching of the mucosa occurs. This

once it has been reduced. In one study evaluating the use of
ancillary techniques, directed abdominal pressure was used
in 56% of colonoscopies, while turning to the left and right
was performed in 17% and 23% of exams respectively [7].
Like all techniques, however, they are best learned under the
supervision of a seasoned endoscopist.

The most likely cause of a difficult examination is the for-
mation of a loop, which makes further advancement of the
scope impossible, painful, and potentially harmful. It should
be remembered that when facing a difficult-to-negotiate area
of the colon, a different technique must be employed to facil-
itate success. It is the authors’ opinion that once a technique
has failed twice, a new technique should be employed. The
technique of withdrawing the scope all the back to the recto-
sigmoid and starting the procedure over is a valuable maneu-
ver and again should not be overlooked. It may be necessary
during a difficult examination to “take a few steps backwards
in order to move forward.”

technique should be avoided in diseased bowel or in the presence
of diverticuli. Reprinted with permission, Cleveland Clinic
Center for Medical Art & Photography ©2015. All Rights
Reserved.

Patient Position

While the procedure starts with the patient on their left side,
transitioning to a supine position may ease the navigation of
the sigmoid, sigmoid/descending, splenic flexure, and
hepatic flexure. Alternatively, if the patient begins supine,
turning to the left lateral will help achieve the same goal.
While the patient is being moved with the assistance of the
endoscopy team, the endoscopist should keep their eye on
the screen and attempt to maintain the scope in the middle of
the lumen, as it is common for the scope to lose its position
during patient movement. Turning the patient to their right
side is a technique that is especially useful when the exami-
nation has reached the ascending colon and it cannot be
advanced into the cecum. Placing the patient into a prone
position can also be performed, but this position is often
difficult and cumbersome for the staff and the patient. Patient
safety must be maintained during this maneuver. The authors
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finds this technique useful very occasionally to help the scope
navigate in more obese individuals, as the act of having their
abdomen on the bed supplies abdominal pressure.

Abdominal Pressure

The technique of splinting certain redundant areas of the
colon with external pressure via the abdominal wall may
help reduction in loop formation. However, this technique is
most effective when a known loop is present and the endos-
copist can guide the staff to apply pressure in the correct
location. The most common areas of looping are the sigmoid
and transverse colon, but simply pressing on different areas
of the abdomen will often clue the examiner where the prob-
lem exists. Initial attempts at “blind pressure” should be
from superior and right of the umbilicus directed toward the
left lower quadrant. This has the effect of stabilizing the sig-
moid colon and giving counter-pressure to the scope.
However, pressure may need to be applied to different areas
of the abdomen in order to successfully reduce the loop. The
scope should be in the middle of the lumen and as straight as
possible before pressure is asserted. This technique should
be performed gently and it should not cause the patient any
discomfort.

Turning the Scope

During the navigation of a very difficult or acute turn, it may
help to change the entire angle of approach of the scope. This
is accomplished by torqueing the shaft 180°, while keeping
the tip of the scope stabilized in the middle with the help of
the deflection knobs (Figure 4-17).

Sigmoidoscopy

The use of the flexible sigmoidoscopy (FS) in the office set-
ting has increased in popularity due to its many applications,
ease of use and high yield of findings over conventional rigid

AN

FIGURE 4-17. Turning the scope. This maneuver allows the
examiner to change the angle of approach to a turn. Scope
torque of 180° is accomplished while the deflection controls
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proctoscopy. In approximately 50-85% of patients, the entire
sigmoid colon can be evaluated and in some patients, the
splenic flexure can be reached as well. The flexible sigmoid-
oscope is easier to handle and the technique is easier to learn
than colonoscopy, but nonetheless, supervised training is
compulsory. In terms of selective screening purposes, the
flexible sigmoidoscope offers a three to sixfold increase in
the yield of findings, especially neoplasms, in the rectum and
sigmoid colon compared to rigid proctoscopy. It should be
noted, however, that FS is not an adequate substitute to colo-
noscopy for detection of colonic polyps and neoplasms.

The flexible sigmoidoscope is available from various com-
panies with minor variations between them. In general, the
channel size ranges between 2.6 and 3.8 mm, the diameter of
the scope ranges between 12 and 14 mm and the length varies
from 60 to 71 cm (Figure 4-18). As with most instruments in
a surgeon’s armamentarium, the exact instrument selected is
based on surgeon preference in regards to availability, cost
and surgeon experience.

The indications for FS in the office setting are broad. FS is
an excellent tool to evaluate the patient with bright red rectal
bleeding as well as a myriad of other conditions such as in
radiation proctitis, nonspecific proctitis, rectal ulcer, anorec-
tal Crohn’s disease, or suspected distal neoplasms. FS also

FiGURE 4-18. Flexible sigmoidoscope.
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keep the tip centered in the lumen. Reprinted with permission,
Cleveland Clinic Center for Medical Art & Photography
©2015. All Rights Reserved.
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FIGURE 4-19. The flexible endoscope should be inserted “side first” for less painful passage through the anal canal. Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography ©2015. All Rights Reserved.

has utility in examining and acquiring cultures or biopsies of
the distal colorectum in diarrheal states, ruling out
Clostridium difficile, infectious and ischemic colitis.
Radiographical abnormalities can be confirmed with the use
FS as well as diagnosing or for the follow-up of inflamma-
tory bowel disease. Additionally, postoperative evaluation of
distal anastomoses can rapidly be performed, evaluating for
stricture or recurrence of cancer as well as recurrences after
local excision.

Patients are typically given one to two enemas prior to the
procedure and generally do not require oral laxatives or
dietary restrictions. The position that offers the easiest
approach is the left lateral recumbent but the prone jackknife
position can also be used. Sedation is not typically necessary
in the vast majority of patients.

The well lubricated scope is inserted “side first” rather than
“end on” which allows for the edge of the endoscope to act as
a leading point and avoids pushing the blunt end “en face”
against the anal sphincter with subsequent trauma and pain
(Figure 4-19) [2]. After proper insertion of the scope, gentle
air insufflation is achieved and the scope is advanced under
direct visualization to approximately 10-12 cm. The instru-
ment is then passed into the sigmoid colon by a combination
of torqueing in either the clockwise or counterclockwise
direction and short advancement and withdrawal (dithering).
These maneuvers are used to advance the scope as far as the
splenic flexure, if amendable. The endoscopist should use
a combination of these techniques along with air insufflation,
suction and irrigation to successfully advance the scope. After
the scope has been advanced to its extent, careful and thought-
ful withdrawal is achieved slowly, in order to evaluate the
entire mucosal surface. Any lesions that are detected can be

biopsied or have brush cytology performed to establish a
diagnosis. Additionally, small polyps can be removed with
cold or hot biopsy forceps. Larger polyp removal may be best
suited during a subsequent colonoscopy when a full bowel
preparation has been achieved. It is important to remember
that FS is excellent at examining the proximal and mid rec-
tum as well as the left and sigmoid colon, but is suboptimal
for the most distal anorectal disorders, and therefore, another
method such as anoscopy should be employed to visualize
this area.

Complications of FS are uncommon but may be serious or
life threatening when they do occur. Over distention of air
will cause abdominal pain and patient discomfort or possibly
perforation due to barotrauma. Perforation is most common
at the distal sigmoid where it angulates from the relatively
fixed rectum at the sacral promontory. It is critical for the
endoscopist to be aware of any patient discomfort during the
procedure, to use as little insufflation as necessary and abort
the procedure if necessary. Electrocoagulation should be
avoided or used very judiciously in biopsies or snare tech-
niques unless the patient has received a full mechanical
bowel preparation to reduce the risk of explosion due to the
presence of hydrogen and methane gas present within the
bowel lumen.

Colonoscopy

The colonoscopic examination is often at the center of the
evaluation and treatment of many patients with intestinal
complaints. A thorough colonoscopy allows the physician to
completely evaluate the mucosa of the terminal ileum, colon,
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and rectum as well as to obtain biopsies or photodocumenta-
tion of any abnormalities identified. The colonoscopy also
remains at the forefront of the screening for colorectal carci-
noma. The procedure also plays a central part of the clinical
practice of most colon and rectal surgeons. Over 90% of
colon and rectal surgeons reported performing colonosco-
pies as part of their regular practice, with these surgeons
reporting an average of over 40 endoscopic procedures a
month. Clearly the performance of colonoscopy plays a cen-
tral role in the training and practice of colorectal surgeons
across the world [8].

Indications and Contraindications

The specific indications for performing a colonoscopy are
multiple and the endoscopic evaluation and management of
these conditions is covered in the appropriate sections else-
where in this text. There does exist some debate regarding
the appropriateness of performing the procedure in varying
clinical scenarios and an attempt to ensure the appropriate-
ness of the procedure has been sought. In 2000, the American
Society for Gastrointestinal Endoscopy and in 2008 the
European Panel on the Appropriateness of Gastrointestinal
Endoscopy was revised to EPAGE II [9]. Each published
their respective appropriateness guidelines regarding when
to perform a colonoscopy. The EPAGE II guidelines are
intended to serve as a guide for referring physicians and is
available to the clinician online at: http://www.epage.ch/,
allowing the consulting physician to ensure the procedure is
indicated prior to making the referral to an endoscopist.
Despite the existence of these guidelines, they have not been
widely accepted [10].

Using either of these two sets of guidelines, there are
numerous publications demonstrating that many colonosco-
pies are indeed inappropriate. Using the ASGE guidelines
there have been reports ranging from a 13% inappropriate
procedure rate [11] to 18% [12]. These are even higher when
the European criteria are utilized. Inappropriate procedure
rates of 30% are reported [13], and these percentages have
been confirmed in several multi-institutional studies [14,
15]. One reason for these high numbers is that an open access
practice pattern is common among many physicians who
perform endoscopy [16]. Indeed, these guidelines are
designed primarily for the open access endoscopy scenario,
where the endoscopist serves more as a technician: perform-
ing and interpreting the procedure for the physician ordering
the procedure. These studies show that it is often surgeons
that fall outside the ordering guidelines. Since colon and rec-
tal surgeons seldom perform endoscopy in these open access
systems, there are no studies evaluating the appropriateness
of colonoscopies performed by these subspecialty surgeons.

The only absolute contraindication for performing a colo-
noscopy is in a patient who requires immediate operative
intervention. All other contraindications are relative and are at
the discretion of the endoscopist. Patients with active colitis or
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those with a recent intestinal anastomosis are at higher risk for
complications but a careful endoscopic examination can be
safely conducted in these patients [17]. As with any procedure
being performed, the benefits must outweigh the risks.

Bowel Preparation

Unlike in elective colon surgery there is no controversy sur-
rounding the necessity of mechanical bowel preparation
prior to a colonoscopy. The bowel prep is of critical impor-
tance in order to be able to adequately examine the entire
colon, with inadequate cleaning reported in up to 27% of
patients [18]. It is often considered the most unpleasant part
of the procedure on the part of the patient and a great deal of
research has gone into making it more effective and the pro-
cess more palatable for the patient. Despite this, the optimal
regimen has yet to be determined [19]. While many practitio-
ners add additional dietary restrictions such as protein
restriction or a low residue diet for 2-3 days prior to the pro-
cedure but there are no studies that validate these practices.

There remain numerous options for bowel preparation
prior to the procedure with three broad categories of agents
in use: osmotic agents, polyethylene glycol (PEG) solutions
and stimulants. The choice is somewhat practice-dependent,
although more practitioners use PEG-based preparations in
their practices than the osmotic agents. Osmotic agents such
as Sodium Phosphate and Magnesium Citrate work by
increasing the passage of extracellular fluid across the bowel
wall. Following the FDA alert regarding renal damage asso-
ciated with oral sodium phosphate with bowel cleansing
prior to colonoscopy in 2008, its use declined precipitously
in the USA [20, 21], yet it remains a viable option [22]. The
potential side effects associated with its use include nephrop-
athy and renal insufficiency resulting from the tubular depo-
sition of phosphate [23]. These side effects are uncommon;
yet, with many and potentially better options, most practitio-
ners including the authors forgo using it in clinical practice.
Stimulants such as Senna and Bisacodyl increase bowel wall
smooth muscle activity, and are primarily used as adjuncts to
one of the other preps rather than as a stand-alone prep [24].

There is also good evidence to suggest that regardless
which agent is chosen, splitting the timing into the half-day
prior to and half-day of the procedure results in an overall
better cleansing [25]. The majority of patients seem willing
to comply with this split preparation and this results in an
improvement in the number of satisfactory bowel prepara-
tions [26]. At least one meta-analysis demonstrates that a 4-L
split-dose PEG is superior to other preparation strategies
[27]. It is also critical that the instructions that are given to
the patient are understood. It is beneficial if the language is
tailored to the individual and instructions should include
commonly asked questions, as this will increase patient
understanding and compliance with whichever agent(s) is
chosen [28].
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The reporting of the quality of the bowel prep is both an
important part of documentation of the procedure as well as a
standard of quality. An adequate bowel preparation should be
achieved and documented in greater than 85% of procedures
[29]. There are numerous scales for grading the adequacy of
the bowel prep, yet none is proven superior. The Aronchick
scale grades the overall quality on a scale of 5 (excellent) to O
(inadequate) [30]. The Ottawa [31], Boston [32] and Chicago
[33] scales grade the preparation quality in different anatomic
areas of the colon adding them together to form a total score.
These scores range up to 9 for the Boston, 14 for the Ottawa
and 36 for the Chicago. The easiest and therefore the most
commonly employed is the 4-point scale of excellent, good,
fair, and poor. Regardless of which scale is chosen, they are
all subjective and therefore subject to bias.

Special Considerations

The Difficult-to-Prep Patient

With the high number of patients with an inadequate bowel
prep, as above, it is not uncommon to encounter patients with
a prior history of a poor bowel prep presenting for a repeat
evaluation. It is recommend that patients undergo early
repeat colonoscopy when the bowel preparation quality is
deemed inadequate, defined as the inability to detect polyps
smaller than 5 mm [34]. Adenomas and high-risk lesions are
frequently detected on repeat colonoscopy in these inade-
quate prep patients, suggesting that these lesions were likely
missed at the time of the initial evaluation [35].

There are no prospective studies dealing with this patient
population and the practices are individualized. Some practitio-
ners either increase the amount of liquid diet by 1 day or add an
osmotic or cathartic agent to the existing regimen. In addition

TaBLE 4-1. Antibiotic prophylaxis for elective colonoscopy +biopsy
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antiemetics or anxiolytics may be added in an attempt to make
the prep more palatable to the patient. It has also been demon-
strated that patients tolerate a larger volume PEG prep solution
[36]. In hospitalized patients it has also been demonstrated that
the prep can be administered via a gastroscope the day prior to
colonoscopy, improving patient tolerance and the subsequent
quality of bowel preparation for colonoscopy [37]. Ultimately
the clinician is left to their best clinical judgment.

The Patient Requiring Antibiotics

The data regarding the need for prophylactic antibiotics for
patients undergoing a colonoscopy is lacking. While there
are case reports of endocarditis following colonoscopy, the
need for antibiotic prophylaxis for patients undergoing elec-
tive endoscopy is rare. Antibiotic prophylaxis against infec-
tive endocarditis is not routinely recommended for
colonoscopy although there is some evidence suggesting that
infective endocarditis due to Streptococcus and Enterococcus
species may indeed warrant prophylaxis in these patients
[38] Based upon current guidelines antibiotic prophylaxis is
reserved for individuals with cardiac valvular disease at high
risk of infective endocarditis. There has been a small but sig-
nificant increase in the incidence of infective endocarditis
since 2008, when the more restrictive guidelines regarding
the lack of need for prophylaxis were issued [39], but the
clinical significance remains unclear at this time [40, 41].

The ASGE guidelines published in 2003 and revised in 2008
(Table 4-1) divide the patients into high, moderate, and low risk
based upon the cardiac risk factors [42]. However, even high-
risk patients are not required to have antimicrobial prophylaxis
prior to endoscopic procedures. In patients who fall into the
high-risk category, a frank discussion with the patient’s cardi-
ologist or infectious disease specialist is warranted.

Conditions Patient risk

Antibiotics

Prosthetic heart valves

History of endocarditis
Systemic-pulmonary shunt

Complex cyanotic congenital heart disease
Cardiac Transplant with valvulopathy
Other congenital cardiac abnormalities
Mitral valve prolapse with regurgitation
Rheumatic heart disease

Hypertrophic cardiomyopathy

CABG

Defibrillators

Pacemakers

Repaired septal defect or PDA
Physiologic heart murmurs

Mitral valve prolapse without regurgitation
Prosthetic joints <6 months

Peritoneal dialysis

Vascular grafts

High-risk patients

Moderate-risk patients

Low-risk patients

Patients to consider prophylaxis

Insufficient data

Prophylaxis is optional

Prophylaxis is not recommended

Prophylaxis is not recommended

Consider prophylaxis

Consider prophylaxis
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The Anticoagulated Patient

The anticoagulated patient poses an even larger dilemma for
the endoscopist. As the number of anticoagulation medica-
tions and the number of patients receiving these medications
increase coupled with the rising number of colonoscopies
performed, this clinical scenario is frequently encountered,
and can be expected to increase. While a diagnostic colonos-
copy itself poses little bleeding risk, the possibility of biop-
sies or polypectomy must be considered. It is imperative that
the endoscopist weighs the risk of possible thrombotic events
if any medication is withdrawn against those of bleeding.
This must often be done prior to the procedure, when knowl-
edge of any pathology or whether any biopsy or polypec-
tomy does not exist.

According to the 2005 ASGE guidelines [43], a diagnostic
colonoscopy or a colonoscopy with biopsy is considered a
low-risk procedure for causing hemorrhage. A polypectomy
however is considered to be a high-risk procedure and any
anticoagulant medications should be adjusted according to
the medication that is being taken (Table 4-2) [44—47]. These
decisions will often need to be coordinated with the physi-
cian monitoring the anticoagulant, as it is often not within
the purview of the endoscopist to evaluate the thrombotic
risk. When to reinitiate anticoagulation is another difficult
issue that must take into account what was performed at the
time of the endoscopy, with the recommendation being to
reinitiate the therapy as soon as hemostasis has been
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confirmed, which is obviously difficult [48]. The incidence
of post-polypectomy hemorrhage peaks at 4—6 days and this
risk extends to at least 14 days. In general, the morbidity of a
thromboembolic event is greater than that of hemorrhage —
therefore, resuming anticoagulation as soon as possible and
treating hemorrhagic complications as they occur seems to
be the most prudent management strategy.

Incomplete Colonoscopy

A complete colonoscopy examination to the cecum should be
achieved in >95% for screening cases and is considered a
major benchmark of quality. The slight decrease in colorectal
cancer incidence over the past several decades is attributed in
part to early detection and removal of colorectal polyps
before they progress to invasive malignancy [49]. This
decrease is attributed mostly to left sided lesions versus right
sided lesions due to potential genetic factors, missed lesions,
poor bowel preparation, and incomplete examinations [50].
Right-sided colon lesions tend to more flat and depressed
which undoubtedly contributes to missing these lesions.

Rates of incomplete colonoscopy range from 5 to 25% and
reasons are varied [49, 51]. Whatever the reason for incomple-
tion, a secondary examination must be offered to the patient.
The dilemma of what to do after an incomplete colonoscopy is
best approached by delineating what was the specific reason for
the incomplete exam.

TABLE 4-2. Management of anticoagulation medications for elective lower GI endoscopy

1 Risk procedures

| Risk procedures

Polypectomy >1 cm
Endoscopic dilatation

Diagnostic endoscopy
Flexible sigmoidoscopy/colonoscopy +biopsy
Stent placement without dilation

Medications
Medication Risk Medication instructions Medication restart
Warfarin Hold 3-5 days prior
A-fib Hold warfarin and start UFH or LMWH
when INR <2.0
A-fib w h/o embolic event Hold warfarin and start UFH or LMWH
when INR <2.0
Mechanical valvular heart disease
Low molecular weight heparin (LMWH) l No medication adjustment necessary
1 D/C 8 h prior to procedure Restarting medication Individualized
Bridging LMWH: to replace Heparin Window Consider 1 mg/kg q 12 h D/C as above
D/C Warfarin 3-5 days prior to procedure
Thienopyridines: clopidogrel/ticlopidine l No change necessary
) D/C 7-10 days prior to procedure, Restarting individualized
consider continuing aspirin if on dual
therapy
Dipridamole l If no preexisting bleeding disorder, no
change necessary
1 Unknown

GIIb/IIIa inhibitor

Medication not usually used in patients

undergoing elective procedures.
Consult with Prescribing Physician or

Cardiology
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Patients who had an incomplete colonoscopy due to an
unsatisfactory or poor prep must be re-educated on the prep-
aration process, as above. A repeat colonoscopy in this situa-
tion is the most logical and effective approach [52, 53]. In
patients whom the procedure was terminated secondary to
tortuosity or pain, a repeat colonoscopy under alternate anal-
gesia or a repeat colonoscopy with a more experienced
endoscopist may be appropriate [49, 53]. Alternatively, CT
colonoscopy (virtual colonoscopy) may also be performed
with good success. It should be noted that any lesion >6 mm
found on CT colonoscopy will require a standard colonos-
copy as follow-up. As a final option, a double (air and
ingested contrast) barium enema can be considered. Even
though barium enema has been available for decades and is
an accepted screening tool for colorectal carcinoma, a recent
large population-based study showed a cancer miss rate of
22%, which makes this a very poor second test to either
standard or CT colonoscopy [54].

In patients in whom the colonoscopy was incomplete
secondary to stricture or an obstructing lesion, options include
on-table colonoscopy at the time of resection, preoperative
CT colonoscopy, or postoperative colonoscopy [49].

Procedure

The Endoscopy Suite

Unlike the flexible sigmoidoscopic examination that can be
adequately performed in the office, a full colonoscopy typically
requires a larger space with more equipment. The endoscopy
suite should provide an adequate amount of space for the nec-
essary endoscopic equipment and patient stretcher as well as
allow adequate egress of staff and equipment. It is important
that clear and unobstructed sight lines are maintained for all of
the personnel in the endoscopy suite such that adequate visual-
ization on the patient as well as any monitoring equipment is
maintained at all times. It is dark in the endoscopy suite and the
endoscopist is concentrating on the procedure therefore it is
imperative to have a designated person, who’s primary respon-
sibility is for monitoring the patient throughout the procedure.
If sedation is to be used, as is most commonly performed
in the USA, it is important that oxygen and routine EKG
monitoring are performed. A consensus statement states that
patients who are having their procedure performed under
moderate or deep sedation “must have continuous monitor-
ing before, during, and after the administration of sedatives.”
Monitoring may detect early signs of patient distress, such as
changes in cardiovascular or pulmonary parameters prior to
any clinically significant compromise. Standard monitoring
of sedated patients undergoing GI endoscopic procedures
includes recording the heart rate, blood pressure, respiratory
rate, and oxygen saturation. Although electronic monitoring
equipment often facilitates assessment of patient status, it
does not replace a well-trained and vigilant assistant [55].
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Instruments

As with flexible sigmoidoscopes above, there are numerous
manufacturers of colonoscopes that typically vary from 130
to 168 cm in length. There are also pediatric colonoscopes
that are smaller in diameter than the typical adult endoscope:
11.3 mm versus 12.8 mm. The basic colonoscope consists of
a suction channel, an air/water channel, and fiber-optic bun-
dles for light transmission, along with a biopsy port, which is
connected into the suction channel (Figure 4-20a, b). Modern
colonoscopes commonly possess variable stiffness controls
that allow the endoscopist to vary the rigidity of the endo-
scope dependent on the clinical situation. It is hypothesized
that this ability decreases the need for external over the tube
stiffeners, and they have been proven to decrease procedure-
related pain and the doses of sedative medications during
colonoscopy [56].

Sedation

There are numerous studies evaluating the optimal method
in which to sedate the patient for colonoscopy procedures
and there is ample dogma employed as well. As with a
bowel prep, there is no perfect sedation regimen but the
endoscopist must be familiar with the side effect profile of
medications being used and be prepared and comfortable
with any reversal agents. While there is literature demon-
strating that colonoscopy can be performed adequately and
safely on the un-sedated patient, the practice in the USA is
rare. In one study, less than half of the endoscopists polled
practiced unsedated colonoscopy, listing a lack of patient
acceptance as the most common reason for not offering it
[57]. In an evaluation of Canadian gastroenterologists and
colon and rectal surgeons, the endoscopists reported using
sedation for more than 90% of colonoscopies they per-
formed. The most common sedation regimen was a combi-
nation of midazolam and fentanyl [58]. While the
combination of a narcotic with a benzodiazepine remains
popular for providing colonoscopy sedation, several alter-
nate medications have been evaluated.

Nitrous Oxide

Nitrous oxide is one medication that has been found effective
in several studies to be effective for colonoscopic sedation.
While some studies show that it is not an effective substitu-
tion for intravenous sedation and analgesics [59], there are
several studies that show it to work well in that setting. In a
review of seven randomized trials using nitrous oxide for
colonoscopy, four showed that nitrous oxide is as good at
controlling pain as conventional methods, while another
showed that sedation was actually improved [60]. Despite
this it is unlikely that Nitrous Oxide will become widely
used in clinical practice.
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FIGURE 4-20. (a) End-on view of a
the endoscopic tip, showing
suction/biopsy channel, air/water
channel, lens, and light source.

(b) Basic endoscope design.

Reprinted with permission,

Cleveland Clinic Center for

Medical Art & Photography

©2015. All Rights Reserved.
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Ketamine is another medication that has demonstrated
beneficial in colonoscopy. In one study, the addition of low-
dose ketamine to a standard sedation regimen resulted in
more rapid and better quality of sedation with stable hemo-
dynamic status, and similar recovery times [61]. Due to a
lack of familiarity with the medication and concerns regard-
ing central nervous system alteration this medication is also
unlikely to receive widespread use for endoscopic
sedation.

By far, the preponderance of the recent literature involving
sedation for endoscopy involves the use of propofol, which
has increased substantially among endoscopists [62]. In a
Cochrane Review of the randomized controlled studies com-
paring propofol with standard sedation of a narcotic and ben-
zodiazepine, the findings were that recovery and discharge
times were shorter with the use of propofol. In addition,
there was higher patient satisfaction with use of propofol.
No difference in the procedure time, the cecal intubation rate
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or the incidence of complications was noted [63]. A later
meta-analysis confirmed these findings [64].

One criticism of the use of propofol is that an anesthesia
provider is typically required to administer the agent— thereby
increasing the cost associated with the procedure. It has been
demonstrated that the medication can be delivered in a patient
controlled setting [65] or by a nurse under the supervision of
the endoscopist [66]. These methods are likely to remain in the
minority, however, and the question remains unanswered in an
era of cost containment whether the benefits listed above jus-
tify its use.

Colonoscopy Technique

Colonoscopy is the most challenging endoscopic examina-
tion, and appropriate training, practice, attention to detail,
and patience is needed in order to successfully complete this
examination. The act of negotiating a 5-6 ft flexible tube
through a tortuous colon painlessly and efficiently while per-
forming detailed surveillance and therapeutic maneuvers is a
difficult task. This section will describe successful naviga-
tion to the full extent of the colonoscopy relying on the prin-
ciples mentioned prior.

Anal Intubation

The well-lubricated colonoscope is inserted as previously
described for sigmoidoscopy. The examiner must make sure
that the scope is brought over to the patient straight without
any twists or loops from the endoscopy tower.

The Rectum and Rectosigmoid

Once the endoscope is placed into the anus, it is advanced
into the rectum while insufflating an appropriate amount of
air to distend the rectum. The distensibility of the rectum is an
easy way to evaluate rectal compliance based on how easily
and how much the rectum distends. Negotiating through the
rectum is usually not difficult, but if difficulty is encountered
going through the three valves of Houston (Figure 4-21),
torque can be employed to reach the rectosigmoid.

The rectosigmoid can pose extreme difficulty and is often
one of the more challenging areas of the colonoscopy. There
is often an acute angle at this junction from a redundant and
floppy sigmoid colon. If the patient has undergone prior pel-
vic surgery, especially hysterectomy, the sigmoid may
become fixed and adherent which makes negotiation of the
turn difficult and often painful. In other patients (usually
males) this turn is obtuse and very easy to advance. In situa-
tions where the turn is difficult, a combination of all the basic
maneuvers discussed should be employed. The scope should
be kept as straight as possible as a combination of short
advancements — withdrawals with jiggle and a slight clockwise
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Ficure 4-21. The first and second rectal valves of Houston. Note
the large submucosal venous plexus.

torque (this torque may be considerable in certain individuals)
should be employed to advance the scope into the sigmoid
colon. This portion of the exam requires adequate patient
sedation and relaxation. For the most acute angles, multiple
small advancing steps toward getting the tip of the scope past
the angle with tip deflection and torque are needed. Slide-by
maneuvers should not be routinely performed.

Once the scope advances into the sigmoid, tip deflection
and some torque will help reduce any loops. If this is not pos-
sible, the scope can be carefully inserted farther into the sig-
moid with the loop still in place as long as this does not cause
too much patient discomfort. Once the descending colon
comes into view, any loops should be reduced with with-
drawal and torqueing maneuvers. This may require a sub-
stantial torque with the right hand and usually the endoscopist
can feel the scope reduce and any patient discomfort or pain
will usually abate at this time. It should be noted that suc-
cessful completion of the procedure is quite low if the recto-
sigmoid loop is not reduced [67].

Sigmoid Colon

The sigmoid colon is the most tortuous segment of the colon
with associated high muscular tone, spasm, and a higher inci-
dence of diverticulosis (Figure 4-22). The sigmoid colon is not
fixed and can be very redundant and elongated. The sigmoid
readily accepts the endoscope and a considerable length of
scope can be inserted. All of these factors contribute to making
this a difficult-to-navigate segment requiring insertion-pull
back, jiggle, and a variable amount of torque (usually clock-
wise). These maneuvers will allow the sigmoid to “accordion”
over the scope, which allows for efficient advancement and the
prevention of loop formation.

Diverticula, when present, can be of various sizes and the
larger ones can be dangerous as they can be mistaken for the
true bowel lumen. Careful navigation around a diverticula
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Ficure 4-22. The sigmoid colon has variable degrees of tortuosity,
spasm, diverticular disease, and muscular tone.

laden sigmoid requires patience and the pull back techniques
in order to gain a broader view of the colon. Perforation of a
diverticulum can occur if too forceful or blind advancement
(slide-by) is incorporated.

Sigmoid-Descending Junction

The junction of the sigmoid and descending colon can be
difficult if a sigmoid loop is present or has only been par-
tially reduced. Keeping the scope straight and gently advanc-
ing and withdrawing 1-2 cm at a time usually works, as
opposed to pushing through the loop which will undoubtedly
cause pain. One can also attempt to apply abdominal pres-
sure at this point or turn the patient position to supine (or
lateral) in attempts to advance into the descending colon.

Descending Colon

The descending colon is usually straighter and less muscular
than the sigmoid colon. It should be noted that even though
this segment of the colon is easier to advance, jiggle, torque,
air suction, and push and pullback techniques should still be
employed to pleat the colon over the scope.

Splenic Flexure

After advancing through the descending colon, the splenic
flexure is the next obstacle. The splenic flexure is identified
by the strong cardiac pulsations often seen and occasionally
the blue shadow from the spleen itself. Often, this is a simple
90° turn that can be easily negotiated with some tip deflec-
tion and torque and other times, the splenic flexure may be a
series of turns and twists in multiple planes. A difficult
splenic flexure should be treated as already described using
tip deflection, torque and push and pull techniques. Often,
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Ficure 4-23. Transverse colon: note the common triangular appear-
ance of the lumen.

changing patient position or externally splinting the sigmoid
with abdominal pressure can achieve flexure passage as well.
It should be noted that the straighter the sigmoid colon is, the
easier the splenic flexure will be. A sigmoid loop can form
during this portion of the exam if forward push is used to get
past the flexure.

Transverse Colon

The transverse colon is characterized by the triangular
appearance formed by the taenia coli (Figure 4-23). If no
proximal loop has been formed, the scope will advance read-
ily through this segment. If a loop is formed in the splenic
flexure or the sigmoid, application of abdominal pressure at
the sigmoid coupled with a strong torque (left or right) will
usually reduce the loop and allow for a one-to-one advance-
ment rather than a paradoxical advance. It should be remem-
bered that torque, jiggle, and push-pull should be employed
even when this segment is straight.

One area of difficulty may be in the mid-transverse colon.
The mid transverse colon may exhibit ptosis and descend
down into the pelvis and could be fixed with adhesions, espe-
cially following pelvic surgery. Loops are commonly created
during this part of the exam, and external pressure and
changing the patient position to either right lateral or supine
will help with advancement.

Hepatic Flexure

The hepatic flexure is often recognized by the large blue
shadow from the liver (especially in thin patients)
(Figure 4-24). As one advances through the transverse colon,
the hepatic flexure comes into view, often with a variable
amount of pooling liquid stool. If the flexure turn is very
acute, the novice endoscopist often mistakes this “fools
cecum” for the true one, believing that they are at the end of
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FiGURE 4-24. Hepatic flexure: note the blue shadow from the liver.
There is usually a sharp turn which can be quite difficult to
negotiate.

the colon. As with any other turn or flexure, if the scope is
straight, advancement will be easier than if a loop is formed
proximally. Often, one can gently push through a loop and
get into the ascending colon and then reduce the loop. At
other times, the examiner may find it useful to use air suction
and abdominal pressure techniques to negotiate this turn.
Another technique previously mentioned, involves having
the patient take a deep breath of air to push the diaphragm
down, and thus, the scope down into the ascending colon.

Ascending Colon and Ileocecal Valve

As the scope advances past the hepatic flexure into the
ascending colon, prevention of a new loop is critical, as any
proximal loop at this point will make further advancement of
the scope extremely difficult. Pushing through a loop in the
ascending colon is not as successful as it is on the left side of
the colon since there are many bowel loops to accommodate
before push pressure is transmitted to the end of the scope
[67]. It can be very common to have the entire length of the
scope inserted and there is still additional colon to traverse,
due to inappropriate or minimal pleating techniques and the
presence of loops. A change in patient position to either
supine, right lateral, or prone coupled with the basic inser-
tion techniques will prove to be extremely important in these
situations and help advance the scope to the cecum.

The ileocecal valve is a fold at the base of the ascending
colon that may appear as an obvious polypoid-like yellowish
mass or can be totally hidden (Figure 4-25a, b). When the
valve is not easily recognizable, the presence of gas, stool, or
bile flowing from it is helpful to aid in its identification.

Cecum

The complete colonoscopic examination is ensured when the
cecum has been reached. This blind sac is characterized by
the “crow’s foot” which is made up of the muscular arrange-
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Ficure 4-25. Different appearance of the ileocecal valve. (a) Flat
and subtle. (b) Polypoid and obvious.

ment of the colonic wall and the crescent or circular shaped
appendicle orifice (Figure 4-26a, b). These landmarks are
extremely important in quality assurance of a complete
examination and photodocumentation is mandatory. Relying
on trans-illumination of the scope through the abdominal
wall in the right lower quadrant can be deceptive and is inad-
equate evidence of a complete examination. Careful and
detailed examination of the entire cecum is important due to
the fact that many cecal lesions, including serrated adenomas
are flat or recessed and can be quite deceptive and easily
missed with a casual examination.

Ileocecal Valve Intubation

It is common for some endoscopists to routinely advance the
endoscope into the terminal ileum. While it is considered a
critical assessment when performing either an initial
evaluation or follow-up for Crohn’s disease, or in a search for
obscure bleeding, it is unclear the precise role of routine visu-
alization of the terminal ileum on colonoscopy. It is a skill,
and the ability of the endoscopist to perform the maneuver
improves with practice. The technique involves first remov-
ing any loops from the colonoscope, as significant looping of
the instrument make entering the ileum much more techni-
cally challenging. The edge of the ileocecal valve is hooked
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with the curved endoscope and the scope is then gently
inserted into the ileum when the lumen is visualized
(Figure 4-27). The intubation of the ileum confirms a com-
plete colonoscopic evaluation and this confirmation can often
be a frustrating endeavor for beginning endoscopist [68].

In an assessment of the ileal intubation learning curve,
50 procedures was the benchmark, but once learned could

FiGure 4-26. Reaching and proper identification of the cecum is
compulsory for a complete examination. (a) Round appendiceal
orifice with associated crow’s foot. (b) Crescent shaped appendiceal
orifice.

FIGURE 4-27. Intubation of the ileocecal valve: identification of
the orifice, impacting the scope while giving air insufflation and
then waiting for the bowel to relax before advancement into the
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be accomplished in most patients in less than 1 min [69].
The addition of routine ileoscopy to screening colonoscopy
has been demonstrated to detect asymptomatic small bowel
carcinoid tumors and has led some to argue that this should
be considered part of the endoscopic examination [70]. A
large study at the Mayo Clinic involving over 6000 patients
however did not validate this. Terminal ileum intubation
showed gross abnormalities in only 1% of the patients, and
pathologic abnormalities were identified for only 0.3% of
the patients. These authors concluded that intubation of the
terminal ileum should not be a required part of screening
colonoscopy [71].

Terminal Ileum

If the endoscopist chooses to intubate the ileum, it is easily
recognizable by its granular appearance and its increased
motility (Figure 4-28). Quite often in younger patients, there
will be innumerable lymphoid follicles that may resemble
small polyps. The scope should be advanced as far as it is

FiGURE 4-28. Terminal ileum: note the granular mucosa and the fine
muscular folds.
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©1994

terminal ileum. Reprinted with permission, Cleveland Clinic
Center for Medical Art & Photography ©2015. All Rights
Reserved.
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comfortable and appropriate biopsies taken when needed.
One should try to keep air insufflation to a minimum during
this portion of the examination.

Alternate Techniques
CO, Insufflation

Two alternatives to traditional air infusion colonoscopy are
water-assisted colonoscopy and insufflation with Carbon
Dioxide. Due to the fact that CO, is more rapidly expelled
from the colon than air, the hypothesis is that due to this
rapid diffusion, there will be decreased pain associated with
CO, infusion compared to air. Some evaluations have been
consistent with this [72] hypothesis, while others have not
shared these findings [73]. Due to the paucity of literature
documenting efficacy, the technique must be considered
experimental at this point.

Water Insufflation

The second method shows more promise. It involves the infu-
sion of water without air and subsequent suctioning either
during the insertion or withdrawal of the endoscope [74]. It has
been demonstrated in limited studies that the use of water-
assisted colonoscopy has a positive effect on patients, pre-
dominantly with lower levels of pain during the procedure
[75, 76]. In addition, one study demonstrated that water
immersion colonoscopy prevented loop formation in the sig-
moid colon [77]. In a meta-analysis of nine studies, warm
water infusion was demonstrated to be less painful than stan-
dard air insufflation, while reducing the need for sedation or
analgesia during the procedure. There is a higher incomplete
colonoscopy rate with this technique, however, and the endos-
copist must consider this if considering employing this tech-
nique [78]. Interestingly when the methods of water
insufflation and CO, insufflation are compared to each other,
there is no significant reduction in either moderate or severe
pain with either technique, compared with patients receiving
no sedation [79].

Chromocolonoscopy (Chromoendoscopy)

Chromocolonoscopy involves the use of dye with spray cath-
eters to spray coat the colonic mucosa in an attempt to
increase the visualization of the mucosa. The dye enhances
delineation, thereby aiding the endoscopist in differentiating
between small structures, especially small and flat neoplastic
lesions that are hard to recognize with traditional endoscopy.
There has been some demonstrated benefit with this technol-
ogy in high-risk populations such as those with inflamma-
tory bowel disease or those with known genetic disorders
[80, 81], due to the difficulty in differentiating abnormal
from normal mucosa in some of these patients. The technology
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has primarily demonstrated an increase in the yield of small
polyps in the general population, however. Due to this lack
of clinical significance in the population as a whole, there is
a questioning of the necessity for widespread application of
the technique [82].

High Definition/NBI Endoscopy

High definition endoscopes with wider angle viewing capa-
bility have the ability to increase the magnification and the
visualization in endoscopy. High definition endoscopy has
not proven superior in the ability to detect additional colon
neoplasms, however [83]. Narrow Bandwidth Imaging (NBI)
uses a filter to narrow the blue and green wave light and
eliminates the red wavelength from standard white light.
This leads to an accentuation of the microvasculature and
improved visualization of pathology. The endoscopist is able
to rapidly switch between white light and NBI views with the
use of a foot pedal [84]. It has been noted in small studies
that using NBI technology there is an increase in the number
of adenomatous polyps detected [85]. In addition surface
patterns differentiation between hyperplastic and adenoma-
tous polyps is enhanced [86]. Due to this ability to better
predict histology, NBI technology may play a role in the
future resection and discarding of diminutive polyps, but it
has not received widespread acceptance.

Full Spectrum Endoscopy

Full spectrum endoscopy uses three cameras, with the two
additional cameras located adjacent to the scope’s tip. This
allows simultaneous viewing of all three cameras, which the
endoscopist has from three adjacently located monitors.
This colonoscopy platform has been demonstrated to be fea-
sible, usable, and safe [87]. Despite the impressive visual-
ization that is gained from the additional cameras, at this
point, there is no proven benefit regarding increased ade-
noma detection, making it only a viable alternative to tradi-
tional endoscope technology [88].

Retroflexion

Many endoscopists routinely perform retroflexion, or the turn-
ing of the endoscope back upon itself in a U shape, in order to
obtain a better view than with straight viewing. There is sparse
data on either the benefits or the risks associated with the rou-
tine use of retroflexion of the endoscope in the rectum. There
is one study that using the retroflexion technique with sig-
moidoscopy increases adenoma detection [89]. Other studies
cast some doubt on this. In one study of over 450 patients, in
only 9 cases did the retroflex view identifiable pathology —
predominantly hyperplastic polyps [90]. In another study of
over 1500 patients, only 7 polyps were visualized solely by
retroflexion. Six of these were hyperplastic and one was a
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4 mm sessile tubular adenoma [91]. More concerning than a
low yield is a higher rectal perforation rate reported associated
with the technique [92]. The procedure can undoubtedly be
performed safely, and some experts tout that it provides valu-
able information and photodocumentation of benign disease at
the rectal outlet such as hemorrhoids [93]. It is unclear if the
limited data is worth any added risk.

There is some data that retroflexion performed in the
ascending colon, may offer benefit, however. One study eval-
uating routine retroflexion in the right colon showed that it
could be safely achieved in the majority of patients undergo-
ing screening colonoscopy [94]. In addition retroflexion
identified additional polyps, predominantly adenomas,
increasing the polyp yield as well as the adenoma detection
rate in one study [95]. Due to the concerns regarding missed
lesions in the right colon, retroflexion in patients with polyps
identified on initial forward viewing should be considered.

Complications

While the performance of colonoscopy is very safe with several
million procedures performed every year with no untoward
events—it is an invasive procedure and complications are
possible. These should be discussed with the patient frankly
and documented prior to the procedure. The complications
can be broadly grouped into those relating directly form the
procedure such as bleeding and perforation and those relating
to the sedation involved with the procedure —primarily car-
diac and pulmonary complications. The exact incidence of
complications varies widely in the literature, from 4.0 for
10,000 colonoscopies [96] to 17.8 per 1000 procedures [97].
The incidence varies somewhat depending on what exactly is
considered a complication, and looking only at serious com-
plications, defined as those resulting in hospital admission
within 30 days of the procedure occur with a rate of 1 per 1000
[98-100] to 5.0 per 1000 exams [101, 102].

Sedation Complications

There are obviously risks associated with the administration of
any medication, particularly sedative medications. The reason
for the monitoring guidelines outlined above is to monitor for
just these risks [103]. The primary concerns regarding the
administration of sedation revolve around the cardiac and
pulmonary complications associated with these medicines.

Vasovagal/Cardiac Arrhythmia

A vasovagal reaction is a slowing of the heart rate, often
accompanied by a drop in blood pressure. This is believed to
reflect the stimulation of the vagus nerve. It is common during
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colonoscopy and has been reported to occur in up to 16% of
cases [104]. It is most likely not related to sedation, however,
as the occurrence is unrelated to sedative medication admin-
istration and [105] it more likely results from the distension
of the bowel or from a relative hypovolemic state resulting
from the bowel prep. A vasovagal reaction is typically self-
limited, but should be addressed by colonoscopic aspiration
of air and/or reduction of loops. It typically requires no med-
ical intervention other than monitoring and I'V fluid adminis-
tration. True cardiac arrhythmias are uncommon in
association with colonoscopy. While there are reports of life
threatening cardiac dysrhythmias during the procedure, these
are primarily from case reports [106, 107]. Cardiac arrhyth-
mias occur in approximately 2% of patients while undergo-
ing endoscopic procedures [108] but the vast majority of
these require no medical intervention [109].

The administration of sedative medications, particularly
midazolam does cause transient hypotension in 20% of
patients, with ST-segment depression in 7% of them [110].
It has also been noted in patients undergoing endoscopy that
there is evidence of cardiac arrhythmias in 16%, with isch-
emic changes noted in 4% of those [108]. The clinical sig-
nificance of these changes is unclear, however, as these are
only electrocardiographic abnormalities. When comparing
patients not having a colonoscopy, the incidence of myocar-
dial infarction or stroke is similar to patients undergoing
colonoscopy [111], implying that the procedure does not
place the patient at increased risk for a cardiac event. In
addition, it has been demonstrated that endoscopic proce-
dures are safe and beneficial in patients after recent MI and
should be performed if necessary in this patient population
[112]. Colonoscopy in patients with a recent myocardial
infarction is associated with a higher rate of minor, tran-
sient, and primarily cardiovascular complications compared
with control patients but is infrequently associated with
major complications [113].

Pulmonary

The incidence of pulmonary complications is even less com-
mon than for cardiac events, and any evidence of pulmonary
issues following a colonoscopy should prompt the endosco-
pist to consider the abdomen as the ultimate source. The
majority of patients that are undergoing colonoscopy are
older and patients over 80 have not surprisingly demonstrated
higher rates of pulmonary complications [111]. There are
reports of aspiration following the administration of sedative
medications for colonoscopy [114], but this is a very uncom-
mon event. In addition, there are also numerous reports of
pneumothorax or pneumomediastinum, following a colonos-
copy [115]. These events are most commonly related to an
intra-abdominal perforation, however, and should prompt a
quick investigation for that possibility [116].
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Procedural Complications

Procedural complications such as bleeding, perforation, and
post-polypectomy syndrome serve as the other broad classi-
fication of complications. There are reports of unusual occur-
rences such as colonoscopes becoming incarcerated in either
inguinal or ventral hernias [117, 118], but these are extremely
uncommon events and serve primarily to warn the practitio-
ner that there is always something else that can go wrong
with any procedure. All endoscopists should be aware of the
more common risks associated with the endoscopy and
attempt to mitigate them.

Splenic Injury

The incidence of splenic injury in association with a colonos-
copy is uncommon but is something that many endoscopists
will encounter. A comprehensive literature search identified
just over 100 patients worldwide with this complication
[119]. It is likely that it is a much more common occurrence,
however, as most of the cases in the literature are severe and
the patients reported typically are managed with splenectomy
[120]. There are likely many more cases that are not reported
that are managed nonoperatively or even go unrecognized. It
is believed that the etiology of this injury is from traction and
subsequent tearing of the splenocolic ligament during the
procedure, with subcapsular hematoma the most common
injury pattern seen [121]. Splenic rupture at colonoscopy usu-
ally presents with abdominal pain developing within the first
24 h [122], although patients can present anywhere from a
few hours to several days following the procedure [123].
Selection criteria for operative management may be extrapo-
lated from those used for the management of traumatic
splenic injury, but while there are reports of using splenic
embolization [124], as mentioned above, the majority of
patients in the literature have required splenectomy.

Perforation

A perforation of the colon during a colonoscopy can be a dev-
astating complication that can result in serious morbidity or
mortality. While it is uncommon, endoscopists will likely
encounter it at some point in their career. The exact incidence
of perforation is difficult to precisely define, but it is much less
than 1/1000 procedures, with rates of 0.012% [125] to 0.016%
reported in large studies [126]. It is believed to be more com-
mon when the procedure is performed in a diseased colon such
as in inflammatory bowel disease patients, but a large study of
IBD patients showed a low perforation rate of 0.16% [127]. In
most series attempting to examine the etiology of the complica-
tion, the incidence is as common when a biopsy is performed
as from a diagnostic endoscopy alone [99, 128, 129].

There are three mechanisms believed to be responsible for
colonoscopic perforation. The first is believed to be a
mechanical perforation resulting from direct trauma from the
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colonoscope itself [130]. The most common anatomic site
for perforation is the sigmoid colon, occurring in up to [131]
74% in some series [132]. This would be consistent with
direct trauma, as the sigmoid is the narrowest and most tortu-
ous section of the colon. The second mechanism is believed
to be a result of barotrauma from air insufflation, and the
ascending colon or cecum, which would be the most suscep-
tible to this mechanism, is the second most common location
for a perforation. However, one series that examined specifi-
cally patients that had a cecal perforation found that cecal
pathology such as inflammation or ulceration contributed to
the perforation in most of these patients [133]. The final eti-
ology of perforation is believed to be from therapeutic proce-
dures such as polypectomy or the dilation of strictures.

The management depends not only on the condition of the
patient, but on what the etiology of the perforation is felt to
be. If the patient presents acutely and has peritonitis, the
management is relatively clear and the patient warrants an
emergent celiotomy. If the patient had a therapeutic endos-
copy, and is clinically stable, then an attempt at nonoperative
management is acceptable. The management with bowel rest
and IV antibiotics has been demonstrated to be successful in
13/21 patients in one series of patients, all of whom had a
perforation resulting from a therapeutic colonoscopy [134].
Perforations from a diagnostic colonoscopy are likely larger
and are less successfully managed with nonoperative treat-
ment [135]. The operative management of colonoscopic per-
forations has evolved as well. As in the trauma literature, if
the patient requires surgical intervention, primary repair or
resection with a primary anastomosis has proven to be an
effective management strategy [132].

One emerging technology is the use of clips to manage a
perforation that is either identified endoscopically or as pro-
phylaxis when the endoscopist feels that the tissue has been
thinned to the point that a perforation is likely. There are
several case series reported in the literature with good results.
A literature review of perforations managed with this tech-
nology show that if the clips were placed for a perforation
during therapeutic colonoscopy it is successful in 69-93% of
cases [136]. In one cohort of 27 patients with perforation
from a therapeutic colonoscopy, the placement of clips
resulted in successful nonoperative management in 25 of
these patients [137]. In another review of 28 visible or sus-
pected perforations, 13/19 evident and 8/9 suspected perfo-
rations underwent successful endoscopic closure with clips
[138]. Clearly this technology has a place in the endosco-
pist’s armamentarium, but should also be employed with sur-
gical consultation, so that early decisions regarding operative
management can be made.

Post-polypectomy Syndrome

Post-polypectomy syndrome is a spectrum of symptoms
including abdominal pain, fever, leukocytosis, peritoneal ten-
derness, and guarding, following a colonoscopic polypectomy.
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It is believed to be the result of an electrocoagulation injury to
the colonic wall, thereby creating a transmural burn with
localized peritoneal inflammation, but without evidence of
perforation. It has carried several other monikers as well,
including post-polypectomy coagulation syndrome and trans-
mural burn syndrome. Typically patients present several days
following a colonoscopy with fever, localized abdominal pain,
and leukocytosis and may have localized peritoneal signs on
physical examination. The majority of these patients do not
require surgical treatment and are usually adequately managed
with bowel rest, intravenous hydration, broad-spectrum par-
enteral antibiotics until symptoms resolution [139]. In one
series, all patients were successfully managed medically with-
out the need for surgery, with a median hospitalization of 5
days [140]. In an attempt to identify risk factors, one study
found that polyp size greater than 2 cm and the presence of
hypertension were the largest risk factors [141], but any patient
who undergoes a polypectomy with cautery is at risk.

Bleeding

Bleeding following a polypectomy is the most common seri-
ous complication following a colonoscopy and patients
should be given specific written instructions regarding the
actions they should take if it should occur. It is estimated that
significant bleeding, requiring a patient to seek medical care,
occurs in over [142] 3% of all colonoscopic polypectomies,
with significant bleeding in over 1% [143-146]. While
bleeding can happen immediately when the polyp is removed,
this is typically dealt with by the endoscopist at the time of
the procedure [147]. Clinically significant hemorrhage typi-
cally manifests itself 4—6 days following the procedure when
there is clot dissolution [145].

There have been several studies attempting to elucidate
those patients at higher risk for this complication. A difficult
colonoscopy with procedural bleeding is one group of
patients at higher risk [148]. Hypertension has also been
noted to be not only a risk for bleeding, but for increasing the
interval between the polypectomy and hemorrhage [149] In
addition, patients on anticoagulation medications are not sur-
prisingly at higher risk, with 34% of patients in one series
having been recently restarted on their anticoagulant medi-
cations [145]. While there is an increased risk with antico-
agulants, surprisingly, this risk is not seen with aspirin,
NSAIDS, or other antiplatelet medications [150]. The size of
the polyps excised is the most consistent predictor of delayed
hemorrhage after a polypectomy [151]. It is much more
common with larger polyps. Polyps greater than 2.0 cm
diameter were noted to experience bleeding 3.8% of the
time, compared to 0.3% when the polyps removed were
smaller than 2 cm in one study [148]. In addition to the abso-
lute size, the risk is noted to increase by 13% for every 1 mm
increase in polyp diameter. While polyp size correlates with
bleeding, the type of polyp either sessile or pedunculated has
not been demonstrated to be a risk factor [152]. The location

69

of the polyp has, however, with polyps located in the right
colon more susceptible to bleeding [153]. Microscopic
examination of the vascular supply of resected polyps reveal
that sessile and thick-stalked pedunculated polyps are sup-
plied with more vessels than other polyps. Patients with pol-
yps larger than 17 mm, pedunculated polyps with a stalk
diameter >5 mm obviously place the patient at higher risk
[154]. The endoscopist should obviously recognize those
patients that are at highest risk for post-procedural bleeding
and counsel them appropriately.

The initial management of a patient with post-polypectomy
bleeding is identical to any other patient with intestinal
bleeding. The patient should have coagulation parameters
measured and resuscitation should be based upon hemody-
namic parameters. There are no specific transfusion triggers
with post-polypectomy bleeding, but advanced age is predic-
tive of a patient receiving a transfusion [155]. Almost all
patients can be managed with a repeat endoscopy and rarely
are operative or other interventions necessary, although angi-
ographic embolization has been demonstrated to be effective
in the management of post-polypectomy bleeding [156]. The
endoscopist should be familiar with advanced endoscopic
hemostatic techniques for these procedures, or consult an
experienced colleague.

As with the management of perforation above, endoscopic
clipping has been demonstrated beneficial in patients at
increased risk for post-polypectomy hemorrhage. In one
evaluation of polyps 2 cm or larger, there was a significantly
decreased rate of post-procedure bleeding when the site was
prophylactically clipped [157]. In addition, clipping has
been shown to be beneficial in anticoagulated patients with
lesions larger than 1 cm who were able to undergo successful
polypectomy without interrupting the anticoagulation or
antiplatelet medications [158].

Infectious Complications

A word of caution should be made regarding the extremely
rare infectious complications associated with endoscopy.
Although it is uncommon, it is associated with sensationalis-
tic press coverage when it does occur. The endoscopist
should have a basic understanding of the process involved in
the cleaning of the endoscopes and endoscopic equipment,
as the majority of infectious complications result from
breaches in cleaning procedures. In one survey of endoscopy
centers, it was found that a significant number of centers did
not conform to guidelines regarding the cleaning, processing
and care of endoscopes [159]. A separate study found that
several of the guidelines are inconsistent with one another,
making it difficult to determine which guideline to follow
[160]. Salmonella, Pseudomonas, and Mycobacterium spe-
cies are the most commonly transmitted organisms associ-
ated with endoscopic equipment [161] and the ability of
these bacteria to form biofilms on the inner channel surfaces
is believed to contribute to their ability to survive the decon-
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tamination process [162]. There have recently been reports
of Carbapenem-resistant organisms associated with endos-
copy as well [163]. The endoscopist should always be vigi-
lant regarding the equipment used and ensure that proper
protocols are in place and are being followed.

Training and the Use of Simulation

The training of medical personnel to safely and adequately
perform colonoscopy is obviously critical. The criteria of
what constitutes adequate training is controversial, however.
Gastroenterologists perform the vast majority of colonosco-
pies and there are understandably differences in the manner
in which different specialists, either gastroenterologists or
surgeons educate and evaluate their trainees in performing
procedures. Most of the literature on the topic involves gas-
troenterology fellows, and tends to focus on the number of
procedures necessary in order to achieve competency.
Surgical trainees obviously spend more time throughout
their education learning procedural skills and it is doubtful
that the two groups can be adequately compared regarding
the speed or alacrity with which they learn procedures. It is
unlikely that there will ever be a consensus on what consti-
tutes adequate training. What is clear is that colonoscopy is a
critical element in the treatment of the patient with colorectal
disease and the colorectal surgeon must continue to be
involved and have a voice in the education of the next gen-
eration of endoscopists.

The ability to perform a colonoscopy is undoubtedly a
skill and as with any skill, the ability to perform it improves
with repetition. It is a point of contention exactly how many
of these repetitions a trainee must perform. In evaluating
first year gastroenterology fellows, it was found that the
ability to intubate the cecum successfully improved and
reached the requisite standard of competence —defined as
completing the task greater than 90% of the time and within
20 min after 150 procedures had been performed [164].
When comparing first and third year gastroenterology fel-
lows, it was found that competence improved throughout
training but an independent completion rate of 90% was not
obtained until after 500 colonoscopies were performed
[165]. As with the ability to technically perform the proce-
dure, quality metrics improve with experience as well. In
one study, the adenoma detection rate (ADR) increased by
year of training [166]. Another study however showed that
from the beginning of their education, trainees were able to
provide high-quality investigations, again using ADR as the
quality indicator benchmark [167]. In one of the few com-
parisons between gastroenterology and surgery trainees,
there was a disparity in endoscopic performance between
trainees favoring the gastroenterology trainees [168]. A dif-
ferent study showed that following the use of endoscopy
simulation surgery residents were capable of performing
colonoscopy equivalent to their gastroenterology counter-
parts using quality metrics as the benchmark [169].
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Simulation

The practice of endoscopy lends itself well to simulation,
yet it has not been fully embraced. While surgical simula-
tion is difficult to portray, basic endoscopy skills are well
illustrated. Due to the myriad of surgical procedures that
are performed and the manner in which they are performed,
it is difficult to incorporate surgical simulation into the
educational curriculum. Endoscopy, lends itself much bet-
ter to simulation. The improvement of trainees using simu-
lation is most noticeable during the beginning of their
endoscopic experience [170]. Following a 6-h colonos-
copy simulation, trainees were noted to significantly out-
perform those who did not have the training but these
advantages are negligible after approximately 30 proce-
dures on patients [171].

Despite this reported advantage, the technology has not
received widespread adoption in gastroenterology train-
ing. In a survey of active gastroenterology fellows, they
noted that while half of the programs have endoscopic
simulators, only 15% are required to use them prior to
performing endoscopy on patients [172]. In a review of
program directors, this was confirmed with 15% requiring
their fellows to use simulation prior to clinical cases, with
only one program having a minimum number of hours
required in simulation training. The majority of the pro-
gram directors felt that there is a need for endoscopic
simulator training [173]. The reasons for a lack of embrac-
ing simulation are unclear. An attractive method to
increase the quality of colonoscopy performance and to
increase the skill levels of trainees without excessive
numbers of procedures is the incorporation of endoscopy
simulation into the curriculum of training programs that
train endoscopists.

Documentation and Quality

Documentation

After completion of the procedure it is important to ade-
quately document any findings as well as any adjunctive pro-
cedures that were performed at the time. It is imperative to
photodocument any lesions or areas that were biopsied, as
well as the endoscopists interpretation of these lesions. An
attempt to place the location anatomically should be made,
as the distance of the inserted colonoscopy can vary greatly
depending upon looping and can vary depending on whether
the measurement was taken on insertion or while the endo-
scope was being withdrawn. In addition, if any lesion was
biopsied, or if a polyp was excised, the note should docu-
ment whether the excision was complete or whether there
was grossly abnormal tissue remaining.

A Multi-Society Task Force on Colorectal Cancer devel-
oped a consensus-based set of data points that reflected what
should be included in any colonoscopy report (Table 4-3) [174].
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TaBLE 4-3. Recommended elements in standard colonoscopy report

Documentation of informed consent
Facility where endoscopy performed
Patient demographics and history
Age/sex

Receiving anticoagulation: if yes, document management plan

Need for antibiotic prophylaxis: if yes, document reason and management plan

Assessment of patient risk and comorbidity
ASA classification
Indication(s) for procedure
Procedure: technical description
Procedure date and time

Procedure performed with additional qualifiers (CPT codes, polypectomy, etc.)

Sedation: medications given and by the type of provider responsible

Level of sedation (conscious, deep, general anesthesia)

Extent of examination by anatomic segment: cecum, ascending colon, etc.

If cecum is not reached, provide reason

Method of documentation: i.e., photo of ileocecal valve and/or appendiceal orifice

Time of examination: scope was inserted, withdrawal started, when withdrawn from patient

Retroflexion in rectum (yes/no)

Bowel prep: type of preparation, quality, adequate or inadequate to detect polyps >5 mm

Technical performance: not technically difficult or examination difficult

Patient discomfort/looping/need for special maneuvers including turning patient

Type of instrument used: model and instrument number

Colonoscopic findings
Colonic masses or polyp(s)
Anatomic location: length/size (mm)

Descriptors: pedunculated/sessile/flat/obstructive (% of lumen reduced)/ulcerated

Biopsy obtained: hot/cold or snare/tattoo (if performed)

Fulguration or ablation with cautery

Completely removed (yes/no)/retrieved (yes/no)/sent to pathology (yes/no)

Mucosal abnormality

Suspected diagnosis: ulcerative colitis, Crohn’s, ischemia, infection

Anatomic location/extent/pathology obtained (yes/no)

Other findings

Diverticulosis/arteriovenous malformations/hemorrhoids

Assessment
Follow-up plan

Immediate follow-up/further tests, referrals/medication changes

Follow-up appointments and recommendation for follow-up colonoscopy and tests

Documentation of communication directly to the patient and referring physician

Pathology

Pathology results reviewed, communicated with referring provider with recommendation for follow-up and

communicated with patient

Adapted from Lieberman D, Nadel M et al. Standardized colonoscopy reporting and data system: report of the
Quality Assurance Task Group of the National Colorectal Cancer Roundtable. Gastrointest Endosc 2007

May;65(6):757-66 (17)

There are numerous commercially available software programs
that allow rapid and accurate documentation and these guide-
lines will look familiar to any provider who has utilized these
systems. Unfortunately, the very ease of these programs and
their check-box design allow trainees or busy professionals
to perform documentation that is inadequate. In one study
involving both community hospitals and academic centers
several deficiencies in reporting were identified. For exam-
ple, bowel preparation quality was reported in only 20%, but

more concerning, the description of polyp appearance was
present in only in 34% of notes [175]. In another study, pho-
todocumentation was often missing and the size and mor-
phology of polyps was present in only slightly more than
60% of cases [176]. Other studies show a consistent lack of
documenting the quality of the bowel preparation, lack of
documentation of the cecal landmarks as well as poor proce-
dural interpretation [177, 178]. Clearly physicians who per-
form these procedures must not only ensure that the
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procedure is done well and safely, but that it is properly
documented and these findings are relayed to the patient and
any other treating physicians.

Quality

There is increasing attention to quantifiable measures of
quality in medicine, and colonoscopy lends itself well to
metric analysis and therefore there has been a great deal of
attention paid to these performance measures [179]. Almost
14 million colonoscopies are performed annually in the USA
and there is understandably a great deal of attention paid to
quality associated with the procedure. The five most fre-
quently cited quality measures are cecal intubation rate,
adherence to recommended screening and surveillance inter-
val, adenoma detection rate, quality of bowel preparation,
and colonoscopy withdrawal time [180]. While some of
these elements are addressed elsewhere in this text, is imper-
ative that surgeons remain involved in these discussions and
the continuing quest for quality improvement for our profes-
sion and for our patients.

PillCam Endoscopy

The advent of PillCam endoscopy (PCE) has revolutionized
the evaluation of the small intestine. It allows the clinician to
evaluate this portion of the intestine that was previously rel-
egated to inaccurate or uncomfortable studies such as small
bowel radiographic series or enteroclysis. The procedure is
most commonly used in patients with occult gastrointestinal
bleeding or in the search for other small bowel pathology,
such as insipient tumors, polyposis syndromes, or Crohn’s
disease [181]. It typically is performed after an upper and
lower endoscopic examination has already been completed;
however, it can complement the latter as well, as in at least
one study 28% of abnormalities identified on PCE were
within the area normally covered by an endoscopic exam
[182]. The use of PillCam endoscopy is easy to perform and
learn and is a natural adjunct in the endoscopists’ armamen-
tarium. Capsule endoscopy does not require a bowel prepara-
tion, but most patients are instructed to remain either NPO or
on a clear liquid diet for 10—12 h prior to the procedure. The
patient swallows the disposable capsule, which then trans-
mits images wirelessly to a recorder, and the clinician can
review the images at a time when it is convenient to spend
the 15-60 min, on average, for image viewing and documen-
tation [183].

PillCam endoscopy has been demonstrated to play a sig-
nificant role in Crohn’s disease, where the small intestine is
difficult to visualize radiographically. While there are con-
cerns for evaluating patients with stricturing Crohn’s disease,
as the capsule can be retained at the location of a stricture
[184, 185], this is typically less of a concern for a surgeon
contemplating operative management and can serve as a
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marker of stricture location enabling the procedure to be per-
formed with minimally invasive techniques. PCE has resulted
in medication changes in up to 60% of patients in some stud-
ies and [186] has proven superior to other imaging modali-
ties in identifying obscure sources of intestinal bleeding and
is beneficial in the localization of small bowel neoplasms
[187, 188]. In addition, there is data that PCE may play a role
in screening for colonic neoplasm, or in the evaluation of
large intestinal inflammatory bowel disease. It is clear that
the uses for this technology will only expand and physicians
who treat intestinal disease will have to be familiar with the
technology [189].

Summary

The endoscopic evaluation of the patient with colorectal
complaints is essential in both the diagnosis and manage-
ment of the patient. It allows the physician to visually assess
the entirety of the intestinal tract and should not be thought
of as a separate entity, but as an adjunct in the examination of
the colorectal patient. These techniques should be familiar to
the colorectal surgeon, and surgeons should continue to play
arole in the testing, training, and advancement of endoscopic
techniques and technology.
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Key Concepts

e Colonoscopic polypectomy is the treatment of choice for
diagnosing and removing most colon polyps.

* Operator variability influences the quality of colonoscopy
for both detection and resection.

* Multiple questions remain about best practice techniques
for colonoscopic polypectomy.

* EMR of colorectal lesions is safe and effective but results
in piecemeal resection that may prevent accurate histo-
logical diagnosis. Colonoscopy surveillance is required to
assess for and manage local recurrence of neoplasia.

e ESD is able to resect superficial lesions en bloc regardless
of tumor size, location, and fibrosis. These advantages
come at a cost of an increased risk of perforation, bleeding,
and a longer procedure time as compared with EMR.

* Combined endo-laparoscopic surgery is an adjunct to endo-
scopic polypectomy that may help to avoid colectomy.

Introduction

It is estimated that 93,090 new cases of colon cancer will be
diagnosed in the year 2015 with almost 50,000 estimated
deaths due to colon cancer [1]. Although colon cancer is still
the third most common cause of cancer related mortality in
the USA, there has been a steady decline in the colorectal
cancer incidence since the mid-1980s which is partially
attributed to the introduction of colorectal cancer screening
[2]. There has even been a more rapid decline in recent years
(4% or greater per year from 2008 to 2011) which may be
multifactorial but likely reflects the increased use of screening
colonoscopy. Among adults aged 5075 years, colonoscopy
use increased from 19.1% in 2000 to 54.5% in 2013 [3].
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Recently published data of the long-term follow-up from
patients enrolled in the National Polyp Study provides evi-
dence that colonoscopic removal of adenomatous polyps
reduces colon cancer incidence and related mortality [4].

Colonoscopic polypectomy is the treatment of choice for
diagnosing and removing most colon polyps. In the past
decade, polypectomy technique, instrumentation, and evolu-
tion of endoscopy skills have improved polyp detection rates
and the ability to remove polyps. Even so, large polyps or
polyps in an anatomically difficult location can be challeng-
ing to remove endoscopically. Traditionally the most common
recommendation for these patients has been to undergo a
colon resection. Although the laparoscopic approach
has reduced the morbidity of an abdominal operation, it still
poses potential morbidities related to bowel resection.
A combined approach using both laparoscopy and colonos-
copy has more recently been described as an alternative to
bowel resection in select patients with polyps that cannot be
removed endoscopically. This chapter addresses endoscopic
polypectomy—basic and advanced techniques and com-
bined endoscopic endo-laparoscopic techniques.

Identification of Polyps

Although there is little dispute about the impact of colonos-
copy, there remains marked variability in the quality of colo-
noscopy. Indicators of quality colonoscopy include cecal
intubation, withdrawal time, and polyp detection rate [5].
The need for cecal intubation is based on the persistent find-
ing that a substantial fraction of colorectal neoplasms are
located in the proximal colon including the cecum. Low
cecal intubation rates have been associated with higher rates
of interval proximal colon cancers [6]. Colonoscopy studies
in screening patients in the USA have reported cecal intubation
rates of 97% or higher [7, 8]. As the detection of neoplastic
lesions is the primary goal of most colonoscopic examina-
tions, careful inspection of the mucosa is essential. In 2002,
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the US Multi-Society Task Force on Colorectal Cancer
recommended a withdrawal time (defined as the time from
cecal intubation to the time the colonoscope is withdrawn
out of the anus) of at least 6 min as an indicator of quality
colonoscopy [9]. In 2006, Barclay et al. found a correlation
between longer withdrawal time and an increased rate in the
detection of adenomas [10]. There have been variations in
the adenoma detection rates (ADR) and for this reason, tar-
gets for ADR have been recommended. The American
Society for Gastrointestinal Endoscopy (ASGE) and the
American College of Gastroenterology (ACG) recommends
a minimum target for overall ADR of at least 25% based on
the observation that higher ADRs were associated with a
reduced risk of both proximal and distal cancer [11, 12].

Criteria for Polypectomy

Polyps occur in all parts of the colon. It is the current practice,
that when polyps are detected that they should be removed as
any adenomatous tissue visualized should be assumed to
carry some malignant potential [13, 14]. It is widely accepted
that more than 95% of colorectal cancers arise from adeno-
matous polyps [15, 16]. This adenoma-carcinoma sequence
is well described and is often an indolent process that takes
many years. Polyps are characterized by their size and mor-
phology (pedunculated or sessile), which are two important
features that may predict underlying malignancy and should
guide how polyps are managed. As defined by the US
National Polyp Study, an advanced adenoma is one that
is>1 cm in size or contains high grade dysplasia or appre-
ciable villous tissue. When screening colonoscopy is per-
formed in average-risk, asymptomatic individuals over the
age of 50, the prevalence of advanced adenomas ranges from
6 to 9% [7]. It is accepted that removal of large adenomas is
advisable to prevent progression to colorectal cancer. The
malignant potential of adenomas<0.5 cm is not as well stud-
ied. In order to determine the clinical significance of polyps
<0.5 cm, a retrospective study from Vienna, 7590 adenoma-
tous polyps from 4216 patients between 1978 and 1996
were analyzed. Size was the strongest predictor of advanced
pathologic features. Advanced pathologic features were
defined as high grade dysplasia or invasive cancer. The per-
centages of adenomas with advanced pathologic features
were 3.4%, 13.5% and 38.5% for adenomas <0.5 cm, 0.5—
1.0 cm and >1 cm respectively. Villous change, left sided
location and age >60 were also associated with advanced
pathologic features. No invasive cancer was found in any
polyp <0.5 cm, but since 3.4% of these contained high-grade
dysplasia, the authors recommended removal whenever pos-
sible [17]. Another study found that a small (<0.5 cm) right
sided polyp in a young patient (<60 years of age) has only a
3.8% risk for containing advanced pathologic features
whereas polyps in patients over age 60, in the presence of
anemia, polyp size>1 cm, or left sided location as single or
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combined parameters had a maximum predictive value of
75.4% for advanced adenomas [18].

There are several reasons why a polyp should not be
removed during colonoscopy. If there are characteristics
suspicious for malignancy and if its endoscopic appearance
suggests penetration deeper than the submucosa, a polypec-
tomy should not be performed. The characteristics of a polyp
that may be indicative of malignancy are firmness or hardness,
mucosal irregularity, vascular pattern on narrow band imag-
ing, ulceration or central umbilication, large size, and if the
polyp does not lift with submucosal injection [19, 20]. In these
cases, one would consider biopsy of the polyp instead of
removal. Large polyp size may be another reason to defer pol-
ypectomy. Large polyps in the cecum have a higher risk of
perforation during resection, and therefore, one may consider
doing a combined endo-laparoscopic approach. Finally, a pol-
ypectomy should not be performed if the risks outweigh the
benefits. Examples of this would be any polyp in an asymp-
tomatic patient whose life expectancy is less than 2 years
(patients with terminal cancer), polyps discovered during
unfavorable circumstances (patients undergoing workup for
bleeding), patients with comorbidities or on medications that
would make polypectomy too risky (anticoagulation) [19].

Polypectomy Techniques

Polypectomy is fundamental to the practice of colonoscopy.
The principles of polypectomy are to remove all visibleade-
nomatous tissue. There are many different techniques that
are used in creating a wide variability in practice. Reasons
for variability likely reflect the lack of standardized polypec-
tomy protocols, difference in training and experience, mis-
sizing of polyps, and concern regarding adverse events and
time constraints [21].

Polypectomy is best performed with the polyp in the 5-7
o’clock position. Cold forceps biopsy is the simplest method
of polypectomy. This is frequently used for diminutive
lesions (polyps<5 mm). In a survey of 187 gastroenterolo-
gists, forceps removal was the resection technique of choice
for lesions 1-3 mm in size [22]. The technique for polypec-
tomy using cold biopsy forceps is simple. The biopsy for-
ceps is passed through the biopsy channel of the colonoscope
and the jaws are positioned over the polyp. The polyp tissue
is grasped and removed. The forceps is removed for tissue
retrieval [23]. This technique requires minimal manipula-
tion, uses no electrocautery, and has an insignificant risk of
perforation [24]. Frequently however, more than one bite is
needed to remove all polypoid tissue. In addition, after the
initial bite, minor bleeding can obscure the field, increasing
the risk of leaving residual polyp behind. Biopsy and histologic
evaluation of polypectomy sites after what was considered a
complete cold forceps polypectomy can show residual polyp-
oid tissue in 29-38% of specimens [25-27]. In addition, if
two bites are taken in one pass, the tissue obtained with the
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first bite can become dislodged and get lost. Therefore, a
single-bite polypectomy may be more efficient and decrease
the risk of incomplete polypectomy. In comparing jumbo
forceps (jaw volume 12.44 mm) to standard forceps (jaw
volume 7.22 mm) in a randomized controlled trial, a trend
toward a higher complete histologic eradiation was noted
with the jumbo forceps but this did not reach statistical sig-
nificance [28].

Another method of removing small polyps is with the
application of electrocautery to the forceps during tissue
removal. The application of thermal energy fulgurates the
base of the polyp while the specimen is protected in the jaws
of the forceps [29]. There are several drawbacks to this tech-
nique, which have caused it to fall out of favor. There may be
architectural distortion from thermal energy resulting in
impaired histologic evaluation of the specimen [30]. This
technique has also been associated with an increased risk of
delayed bleeding and perforation in the right colon [31, 32].
It has also been suggested that the use of hot biopsy forceps
is unreliable in completely removing all adenomatous tissue
with 17% of polypectomy sites revealing persistent viable
polyp remnants [33]. National societies recommend avoid-
ance of hot biopsy forceps for polyps >5 mm and those in the
right colon [34, 35].

Snare polypectomy is the preferred method for polypec-
tomy among clinical gastroenterologists [22]. Once the
instrument is passed through the working channel of the
scope, the snare is extended from a plastic sheath and then
passed around the base of the polyp. Once it is in proper
position, the snare is closed transecting the base of the polyp.
Advancing the catheter tip or sheath to the base of the polyp
will avoid the snare from slipping back over the head of the
polyp [23]. Snare polypectomy can be done with a cold tech-
nique or combined with electrocautery. It has been suggested
that cold snaring is the preferred technique for all small
(<10 mm) and most diminutive polyps but this has not been
well studied [36, 37]. The technique of cold snaring allows
for a resection of a 1-2 mm margin of normal tissue around
the polyp. Bleeding is typically minor and not significant
[38]. Several randomized controlled trials have shown that
the risk of bleeding is similar between cold and hot snare
polypectomy in lesions up to 8 mm and use of the cold snare
may actually shorten procedure times [38—40]. The applica-
tion of electrocautery with snare polypectomy is more com-
mon for larger polyps (>7-8 mm) and pedunculated polyps
[21, 22, 41]. As previously stated, the polyp should optimally
be in the 5-7 o’clock position and if it is a pedunculated
polyp, one may consider repositioning the patient so the base
of the polyp is not in a dependent position to make post-
polypectomy bleeding easier to control. When using electro-
cautery, the polyp should be tented toward the center of the
lumen to stretch the submucosa away from the muscularis
propria and serosa. The duration of energy delivery should
be minimized to prevent injury to the wall of the colon. For
pedunculated polyps, the snare should be closed at a third or

halfway from the base of the polyp to ensure a sufficient
stump to regrasp if there is immediate bleeding. Energy
should be applied early and the snare should be closed
slowly [23]. There are many different snare devices available
and there are no trials to establish the advantage of one
device over another. In a study looking at 147,174 subcenti-
meter polyps from the English Bowel Cancer Screening
Program, pedunculated polyps were most commonly removed
using hot snare (84.7%) although this technique was used
somewhat less frequently in the right side of the colon than
in the left side for all polyps sizes (69.6% vs. 88.3%,
p<0.001). For non-pedunculated polyps, hot snare was also
the most commonly used technique overall (29.2%) [21].

Endoscopic Mucosal Resection

Large polyps, those involving more than one third of the cir-
cumference of the colon or two haustral folds, or those with
a flat or depressed morphology are more challenging to
remove with the standard polypectomy technique. [42]
Endoscopic mucosal resection (EMR) can assist in removal
of these lesions that may otherwise require surgical interven-
tion. EMR allows removal of superficial tumors of the
gastrointestinal tract. This technique was originally described
and popularized in Japan for the treatment of gastric and
esophageal tumors. It was further described for removal of
colorectal polyps that were not amenable to traditional
endoscopic polypectomy techniques. Because the plane of
resection of EMR is typically the middle to deep submucosal
layer, compared with standard polypectomy, which normally
provides resection at the mucosal layer, EMR offers the
potential advantage of providing en bloc resection specimens
for histopathologic analysis. Unfortunately however, EMR
tends to result in piecemeal excision of polyps which can
cause difficulty with histologic diagnosis, staging and evalu-
ation of margins. In addition, in contrast to the stomach, the
colon wall is much thinner which can lead to higher rates of
complications, i.e., perforation. Indications for EMR include
adenomas or small well differentiated carcinomas that are
confined to the mucosa or with superficial invasion of the sub-
mucosa, polyps less than 1/3 the circumference of the lumen
and flat or depressed polyps [42].

EMR is a modification of conventional snare polypec-
tomy. A solution is injected into the submucosa beneath the
lesion. This serves to elevate the mucosal layer that contains
the lesion on a submucosal fluid cushion providing a safety
zone for snare resection. Many different solutions have been
used for injection including normal saline, hypertonic saline,
50% dextrose, glycerol solutions, hyaluronic acid, and
diluted epinephrine solution. The ideal agent prolongs the
“pillow effect” which decreases the risk of bleeding and per-
foration [42]. Once the lesion is raised, snare polypectomy
is performed. For large lesions, piecemeal polypectomy is
invariably required. The cap-assisted technique (EMRC) is
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FiGURE 5-1. Illustration of piecemeal endoscopic mucosal resection. 1-6: mucosal lift by submucosal injection of indigo carmine.

another method used which involves a cap with a lip on the
distal end. A snare is positioned around the lip of the cap and
then the target mucosa is suctioned into the cap. Once the
tissue is aspirated, the snare is then closed around the tissue
(Figures 5-1 and 5-2). The benefits of this technique are
reported better visualization and the possibility of resecting
lesions in variable positions. The pressure of the cap on the
wall of the colon allows flattening of the folds maximizing
the view of interhaustral lesions. This technique is frequently
performed in the stomach in Japan. EMRC is not as popular
for colorectal polyps for fear of entrapping the muscularis
propria into the snare, therefore increasing the risk of perfo-
ration [43].

EMR is limited by the difficulty in determining which
lesions are likely to be confined to the mucosa. In a prospective,
multicenter cohort, risk factors for submucosal invasion and

failure of successful EMR were identified. In their experience,
risk factors for submucosal invasion were Paris classification
0-Ila+c morphology, non-granular surface morphology, or
Kudo pit pattern type V (Tables 5-1 and 5-2). The presence of
multiple risks factors magnified the risk of submucosal inva-
sion [44]. In this study, EMR was attempted on 464 patients
and successful in 89% of patients. Risk factors for failure
included a prior attempt at EMR (OR=3.8; 95% CI: 1.77-
7.94), difficult position (OR=2.17; 95%CI: 1.14-4.12) and
ileocecal valve involvement (OR=3.38; 95%CI: 1.20-9.52).
EMR is effective and practical with good outcomes
(Table 5-3). When performed by experts, anywhere from 3 to
7% of patients are referred for surgical resection because
of inability to remove the polyp endoscopically [45, 46].
Approximately 44% of lesions are removed en bloc and the
remaining are removed piecemeal [45]. Complication rates
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Ficure 5-2. Illustration of piecemeal endoscopic mucosal resection. 7-10: Piecemeal hot snare polypectomy. 11: intact muscularis. 12:

Removed specimen.

TaBLE 5-1. Paris classification

TaBLE 5-2. Kudo pit pattern

Pedunculated Ip Pit pattern type Characteristics

Subpedunculated Isp I Round pits

Sessile, higher than height of closed forceps (2.5 mm) Is I Stellar or papillary pits

Slightly elevated, below height of closed forceps (2.5 mm) Ila I s Small tubular or round pits (smaller than type I pits)
Completely flat lesion, does not protrude above mucosal surface 1Ib L Large tubular or round pits (larger than type I pits)
Slightly depressed, lower than mucosa but depth< 1.2 mm Ilc v Branch-like or gyrus-like pits

Excavated/ulcerated, deep ulcer below mucosa below 1.2 mm 1 v Irregular or non-structured pits (absence of pit pattern)

are low. Intraprocedural bleeding occurs in about 8% of
patients, post-procedural bleeding in 0—1%, and perforation
1-2% [45, 46]. Local recurrence after EMR is variable and
reported in up to 27% of cases [47]. In a multicenter, pro-
spective study of 1000 consecutive patients treated with

EMR where the lesion was thought to have been completely
treated, early recurrent/residual adenoma (4 months follow-
ing EMR) was present in 16% and late recurrent/residual
adenoma (16 months following EMR) was uncommon (4%).
On multivariate analysis, risk factors for recurrence were
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lesion size >4 cm, use of argon plasma coagulation
to ablate adenomatous tissue and intraprocedural bleeding.
The recurrent adenoma was usually unifocal and diminutive,
and was managed endoscopically in 93% of cases [45].
Further reported risk factors for recurrence include granular
appearance of the lesion and distal rectal lesions. Incomplete
resection and resections with deep positive margins should
be considered for surgery [48].

Endoscopic Submucosal Dissection

The technique of endoscopic submucosal dissection (ESD)
developed for en bloc resection for large and ulcerative lesions
in the stomach has been widely accepted in Japan for the treat-
ment of early gastric cancer [49]. Compared with EMR, ESD
has the advantage of definitively permitting an en bloc and
therefore histologically complete resection. With this tech-
nique, one is able to resect superficial lesions regardless of
tumor size, location, and fibrosis [50-52]. These advantages
come at the cost of an increased risk of perforation, bleeding,
and a longer procedure time as compared with EMR. [53]

As the major difference between surgical resection and
endoscopic resection is the absence of lymph node dissec-
tion, endoscopic resection should only be considered in
lesions that have an insignificant risk of lymph node metasta-
sis. The risk of lymphatic disease is largely based on a tumor’s
depth of invasion, and hence, a large part of the evaluation is
determining this. Therefore, the use of ESD for colorectal
lesions has been limited to patients who have undergone
accurate preoperative diagnosis. This technique is indicated
when an en bloc resection cannot be done with EMR. It is
also indicated for polyps with intramucosal to shallow sub-
mucosal invasion as well as lesions with submucosal fibrosis
that cannot be lifted with submucosal injection during con-
ventional EMR. It may also be indicated in sporadic localized
tumors in conditions of chronic inflammation such as ulcer-
ative colitis or local residual or recurrent early carcinomas
after endoscopic resection [54]. Experience with ESD out-
side of Japan is still limited. In a consensus statement by a
panel of experts, the goals of ESD remain: treating mucosal
cancer, achieving an RO resection, meeting quality standards,
ensuring the procedure is performed by endoscopists
trained in this technique and under institutional review board
approval [55].

The technique of ESD is similar to EMR in that it involves
a single channel scope and submucosal injection. The border
of the lesion may first be marked out by injecting indigo car-
mine or using indigo carmine dye spray. A variety of solu-
tions have been used for submucosal injection but the most
common are normal saline, glycerol or hyaluronic acid.
Normal saline is safe and widely available but the lift that it

creates is of short duration, which may come at a disadvan-
tage. For safety in the thin walls of the colon, longer lasting
solutions such as glycerol or hyaluronic acid are needed [56].
The optimal injection solution should achieve and maintain
the necessary submucosal lifting height and duration, not
influence the histological evaluation, not have tissue toxicity
and be easily prepared and administrated [57]. Once the
lesion is lifted, specialized endoscopic knives help to dissect
out the lesion (Figure 5-3). There are a variety of knives
available but the two traditional types of needle knives and
insulted tip knives. Both types of knives are used in com-
bination with electrocautery to dissect and separate the
mucosal and submucosal layers. Bleeding is common during
ESD, and therefore, management of bleeding is important
for the procedure to be successful. Hemostasis is maintained
using either monopolar or bipolar coagulation forceps, which
can increase the risk of perforation or hemoclips, which can
obstruct the plane of dissection [56].

Similar to new techniques elsewhere, ESD has a high
learning curve. Compared with gastric lesions, ESD in the
colon and rectum is more difficult due to anatomic features
(thin wall, peristalsis, folds) and the position of the endo-
scopic is less stable especially outside of the rectum. Probst
and colleagues divided their experience with ESD into three
periods and demonstrated a clear learning curve over time
with resection rates increasing and procedure times decreas-
ing as expected. They suggest a learning curve of 25-50
cases [58]. Others have suggested 40 procedures are neces-
sary to acquire skill in avoiding perforation and 80 cases to
be proficient in resecting large colorectal lesions [59].
Successful en bloc resection may be as low as 60% in initial
cases but increases up to 88—97% with experience [58—60].
Similarly, RO resection rate improves with experience and
is reported as high as 96% [58]. Procedural complications
are higher than with EMR and consist of bleeding in 1.5—
7.9% and perforation in up to 10.7% of cases (Table 5-4)
[58, 60, 61]. Frequently, complications are successfully
treated with endoscopic clipping. Follow up and surveil-
lance after ESD should be case dependent. The aim of
surveillance is to detect residual disease or recurrent dis-
ease early. The follow up plan should be based on whether
resection was en bloc or piecemeal, the pathology of
the lesion, risk factors for multiple lesions and underlying
disease [54].

Combined Endo-Laparoscopic
Surgery (CELS)

As previously discussed, large polyps or polyps within or
behind a haustral fold can be very challenging to remove
endoscopically. Although EMR and ESD are performed for
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Ficure 5-3. Steps of endoscopic submucosal dissection. (a) submucosal injection. (b) marking of the resection margin. (¢) submucosal
dissection using a needle knife. (d) extraction of specimen. (e) intact muscularis.

these polyps, these techniques are not widely available and
require a high level of technical skill. Traditionally, the most
common recommendation for these patients has been seg-
mental colectomy—an oncologic resection. Although the
laparoscopic approach can minimize the morbidity associ-
ated with colectomy, only a minority of the colon resections
performed in the USA are being done laparoscopically [62].
Furthermore, even if a minimally invasive approach is used,
it still entails a major abdominal operation with associated
morbidities. Combined endo-laparoscopic surgery (CELS)
has been described as an alternative to bowel resection in
select patients.

Laparoscopic assisted polypectomy was first described in
1993 as a means to avoid bowel resection [63]. Larger retro-
spective studies have since been published indicating that

the technique is safe and effective [64—69]. There are several
ways in which laparoscopic assistance during colonoscopic
polypectomy can be helpful: (1) the underlying colon can be
invaginated to assist in snaring of a flat polyp, (2) laparoscopic
mobilization of flexures and angulated colon can provide
better access and exposure, and (3) full-thickness injury to
the colon can be detected and repaired laparoscopically.
Simultaneous performance of laparoscopy and colonoscopy
can often present technical challenges. Insufflation using
room air during colonoscopy can significantly obscure the
laparoscopic view and compromise exposure. A technique of
laparoscopically clamping the terminal ileum to minimize
bowel distention has been described, but colonic disten-
sion is still a major impediment with this method [63, 64].
The use of carbon dioxide (CO,) for insufflation during
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colonoscopy has been shown to be safe and can remedy this
issue. CO, gas is absorbed approximately 150-times faster
than room air so there is minimal unwanted distention of the
colon providing excellent simultaneous endoscopic and lap-
aroscopic visualization [70].

Consideration for CELS starts by reviewing the initial
procedure report and photographs looking for any concern-
ing signs of malignancy, such as ulceration and hypervascu-
larity. Presence of high-grade dysplasia is concerning for
malignancy but is not necessarily a contraindication to
performing CELS. In our practice, prior to obtaining laparo-
scopic access to the abdomen, colonoscopy is performed
and at that point, decision is made whether the polyp is
resectable using colonoscopy alone or if laparoscopic assis-
tance is needed (Video 5.1). If laparoscopic assistance is
needed, then abdominal access is performed. The exact
location of the polyp is determined by visualizing the tattoo
mark and manipulating the polyp laparoscopically while
visualizing the polyp endoscopically. For laterally and retro-
peritoneally located polyps, the colon needs to be mobilized.
Polyps located on the mesenteric side may be difficulty to
visualize and laparoscopically repair in case of perforation.
Once the polyp is identified intraluminally, using laparo-
scopic manipulation, the base of the polyp is exposed. The
lesion can then be elevated further with submucosal injec-
tion. Malignancy is suspected with specific morphology
(ulceration, central umbilication, or a vascular pattern on
narrow-band imaging) or if the polyp does not lift up with
injection. If there is no suspicion of malignancy, polypec-
tomy is performed using snare and electrocautery. The wall
of the colon can be invaginated laparoscopically to aid in
optimal snaring of the polyp. While polypectomy is per-
formed, the serosal aspect of the colon can be monitored for
thermal related changes. If a full-thickness burn of perfora-
tion is even suspected, repair can be done intracorporeally.
An air leak test can also be performed using insufflation
with the colonoscope. If the polyp feels firm on palpation or
seems in any way suspicious for malignancy after excision,
an intraoperative frozen section can be performed. In select
patients with cecal or right colon polyps, if the polyp is
located on the anti-mesenteric side of the colon, a colono-
scopic assisted laparoscopic wall excision can be performed
using a laparoscopic stapler. When the stapler is placed
across the bowel wall, colonoscopy can be used to moni-
tor the margins of excision and the ileocecal valve when in
the cecum.

Several published studies have similarly addressed this
combined technique, considering it a safe and effective
method to avoid colectomy and remove difficult polyps in
many cases (Table 5-5). A large study describing a 10-year
experience with the technique of combined laparoscopic
endoscopic resection reported results on 146 patients with 156
lesions. The authors performed four separate techniques com-
bining endoscopy and laparoscopy but only eight patients
(5.4%) had laparoscopic-assisted endoscopic resection. Most

of the patients (76.7%) underwent either an endoscopic-
assisted transluminal resection, which was done through a
colotomy. In addition, the mean length of stay was 8 days,
which is long compared with other studies. This may have
been due to the nature of the resections. There was also a 25%
complication rate, which may have contributed to the pro-
longed length of stay. Although there was only a 0.9% local
recurrence rate, with a follow up of 2.9 years [65]. One of the
largest studies to date was reported by Franklin and Portillo
describing the technique of laparoscopic-monitored colono-
scopic polypectomy in 176 patients with excision of 251
polyps. The procedure was performed successfully in all but
four patients (97.8%). This study was an update of two previous
publications from their group in 2000 and 2007. In their prac-
tice, all specimens were sent for frozen section and ultimately,
18 (10.2%) patients required colectomy for cancer [71].

Overall, technical success rates for CELS are consistently
reported between 74 and 97%. Postoperative complications
are typically minor and less than 5%. Recurrence rates are
low, reported in 10-15% and can typically be approached
endoscopically or with CELS [65, 69, 70].

Conclusion

Polypectomy is fundamental to the practice of colonoscopy.
A range of techniques is available and the choice of technique
should be tailored to the size, site, and morphology of the
polyp. There is a wide variation in practice. Advanced endo-
scopic techniques such as EMR, ESD, and combined endo-
laparoscopic techniques provide options for patients with
benign polyps not amenable to traditional endoscopic removal
that would have otherwise undergone colon resection.
Although polyp removal using these advanced techniques
may be an effective alternative in select patients, they require
both experience and expertise to become an available option
in a surgeon’s armamentarium [66, 70, 71].
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Preoperative Assessment of Colorectal Patients

Jennifer S. Davids and Justin A. Maykel

Key Concepts

* A thorough history and physical exam performed by the
surgeon is the single best preoperative “test.”

e Complex surgical patients with multiple comorbidities
need careful preoperative assessment in order to mini-
mize risk of perioperative complications.

e Preoperative laboratory studies should be ordered on a
selective basis, as “routine” preoperative labs on otherwise
asymptomatic, healthy patients have low diagnostic yield.

* Depending on patient’s risk factors, a preoperative car-
diac risk assessment should be made and appropriate test-
ing obtained. Cardiac medications should be continued,
although beta blockers should not be initiated in the pre-
operative setting. Cardiac interventions should be per-
formed for standard indications, independent of the need
for abdominal surgery.

* Smoking cessation should be strongly encouraged prior
to elective surgery.

e The surgeon should carefully review the patient’s medica-
tion list, paying particular attention to anticoagulants,
immunosuppressants, and chemotherapy agents.

Evaluation of the Routine Colorectal
Patient

In Office by Surgeon

The in-office surgical consultation, including a detailed his-
tory and physical exam performed by the surgeon, is the single
most important part of the preoperative evaluation. This also
includes a thorough review of the patient’s medical record,
which often will uncover additional relevant medical and sur-
gical history, as well as medications. Particularly for complex
patients with known cardiopulmonary disease or other major
comorbidities (as well as patients with surgical diseases
involving multidisciplinary care teams such as inflammatory
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bowel disease (IBD) and rectal cancer), it is essential to obtain
the names, phone numbers, and e-mail addresses of the
patients’ specialists for further communication and coordina-
tion of care. Many patients shuttle between different hospital
systems and despite advances in information technologies,
fluid communication between specialists remains challenging.
The task of coordinating these patients’ preoperative care can
be enormously time-consuming for the busy surgeon; how-
ever, it is incredibly important to communicate and exchange
vital information prior to elective surgery, in order to mini-
mize risk of perioperative complications.

Major Abdominal Surgery

It goes without saying that the surgeon should personally
perform a detailed history and physical examination of every
patient undergoing elective abdominal surgery. The history
should make sure to include a detailed list of active medications,
including blood thinners and over-the-counter drugs or topical
agents. The history should include complementary or alterna-
tive medicine practices and substances. Personal and/or family
history of clotting or bleeding disorders (or bleeding complica-
tions from prior surgery) should be obtained. Additionally, the
surgeon should ask about activity level, in order to estimate
exercise capacity. Poor baseline exercise capacity has been
shown to correlate with increased risk of perioperative cardiac
complications [1]. Can the patient walk up a flight of stairs, do
heavy housework, or walk up a hill? “Yes” to these questions
indicates that the patient can perform at least four METs
(metabolic equivalents) and if otherwise healthy, the patient
does not need a preoperative cardiac workup [2].

Anorectal Surgery

Anorectal surgical procedures are considered low acuity and do
not trigger the major physiologic changes associated with major
abdominal surgery. Accordingly it is not necessary to obtain any
additional preoperative workup for healthy patients undergoing
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elective anorectal procedures. This includes patients who are
over 50 years old, with comorbidities such as hypertension,
hyperlipidemia, and diabetes that are well-compensated and
properly managed by their PCP or specialists.

Preoperative Testing
Laboratory Studies

Multiple studies have demonstrated that routine preoperative
labs are very low-yield in identifying abnormalities that
require a change in management in healthy, asymptomatic
patients. A selective approach to preoperative laboratory
studies should be taken, based on the evidence outlined in
this section. A landmark retrospective study of 2000 patients
undergoing elective surgery demonstrated that approxi-
mately 60% of all preoperative laboratory studies were not
indicated, and only 0.2% of these non-indicated tests (which
occurred in ten patients) revealed abnormalities that could
potentially result in a change in management [3]. Further
analysis of these ten individual patient charts was performed
and it was determined that no further actions were taken in
any instance. When laboratory tests are indicated, lab values
from the 4 month timeframe prior to surgery may be used,
unless there has been a change in clinical status (uptodate.
com, preoperative evaluation of the healthy patient).
Hemoglobin is recommended for all patients age 65 or
older who are undergoing abdominal surgery. Younger
patients should be tested if there is potential for major blood
loss, or if the history is suggestive of anemia. White blood
cell count as a screening test is of limited utility, but is cer-
tainly relevant in cases where recent infection has been
treated or in the setting of immunosuppression. Platelet
counts should be checked if the patient will undergo spinal or
epidural anesthesia. Coagulation studies and bleeding time
are not needed in patients with no personal or family history
of bleeding disorders. Further, abnormal prothrombin time
and bleeding time have not been shown in large studies to
correlate with increased risk of intraoperative or postopera-
tive bleeding complications [4, 5]. Pre-transfusion testing
consisting of ABO and Rh typing (“type and screen”) should
be performed preoperatively in all patients undergoing major
abdominal surgery, including bowel resection. This is par-
ticularly important for patients who have a significant trans-
fusion history, who may have multiple alloantibodies.
Serum creatinine should be checked in patients 50 years
or older, as elevated creatinine is an independent predictor of
increased postoperative cardiac complications [6], as well as
mortality [7] in elective noncardiac surgery. Further, some
anesthetics require dose adjustments for patients with
impaired renal function, so this information is vital to our
anesthesia colleagues. Routine electrolytes are not required
unless the patient has a history of prior electrolyte abnor-
malities, chronic kidney disease, or diuretic use. Routine
blood glucose measurements are not indicated in nondia-
betic patients, as the incidence of asymptomatic hyperglyce-
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mia is low [8]. The same logic also applies to liver function
tests, which also should not be routinely ordered in a healthy,
asymptomatic patient [4]. Routine urinalysis does not need
to be performed in healthy, asymptomatic patients, and
should be only performed on a more selective basis, in
patients with history of frequent urinary tract infections or
other relevant urinary symptoms. In most instances, asymp-
tomatic patients with positive urinalyses may be treated
empirically for urinary tract infection, and may proceed with
elective abdominal surgery as scheduled. Most studies of the
utility of preoperative urinalysis are from the orthopedic sur-
gery literature, and they do not demonstrate a correlation
between preoperative positive urinalysis or bacteriuria and
postoperative infectious complications [9].

Pregnancy tests should be performed on all women of child-
bearing age, if the results would alter management [10]. While
serum human chorionic gonadotropin (HCG) assays are the
most sensitive in detecting very early pregnancy, most urine
pregnancy tests are positive within a week of a missed period,
and can be processed quickly in the preoperative setting.

Electrocardiogram

Electrocardiograms (ECGs) are quick, noninvasive, and
inexpensive; consequently, they are overutilized in the rou-
tine preoperative workup of most patients. In asymptomatic
patients undergoing low-risk surgery, ECG is unlikely to
identify abnormalities that result in a change in management.
Further, the incidence of abnormal ECGs is very low in
patients under 45 years old. According to the ACC/AHA
guidelines, preoperative ECG should be performed on
patients with known heart disease, peripheral arterial dis-
ease, or cerebrovascular disease [11].

Chest X-Ray

The American College of Physicians recommends obtaining
chest X-ray (CXR) for patients with known cardiopulmonary
disease, as well as all patients 50 years or older who require
major abdominal surgery [12]. The American Heart Association
also recommends CXR (posterior—anterior and lateral views)
on obese patients with BMI>40 [13]. Despite these recom-
mendations, CXR are low yield in identifying clinically signifi-
cant abnormalities that alter management [14].

Patients with Specific Comorbidities

Assessment of Cardiac Risk

The overall risk of perioperative cardiac events is low in
patients undergoing elective noncardiac surgery; however, it is
essential to identify patients who may be at increased risk, in
order to optimize them preoperatively and thereby minimize
their potential for adverse perioperative cardiac events. A large
study of over 8000 high-risk patients undergoing noncardiac
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surgery demonstrated that postoperative myocardial infarction
is associated with high 30-day mortality (11.6%), and the
majority (65%) was not associated with ischemic symptoms
[15]. It is therefore important to ensure that these risks are
identified preoperatively and patients are optimized, as these
adverse events can range from subtle to fatal.

Initial Workup

The most common postoperative cardiac events include
myocardial infarction, heart failure, arrhythmia, and cardiac
arrest. The first step is to obtain a detailed history and physi-
cal during the office consultation. Patients should be asked
whether they can climb two flights of stairs, and/or walk four
city blocks (noting that some may have orthopedic issues
limiting these tasks) [16]. They should also be asked about
the following symptoms: palpitations, chest pain, syncope,
dyspnea, orthopnea. Not only is history of cardiac disease
important (including valvular or ischemic heart disease, car-
diomyopathy, and arrhythmia), but history of diabetes, renal
impairment, peripheral artery disease, and cerebrovascular
disease is also highly relevant in assessing risk due to their
association with coronary artery disease.

There are several validated models that can be used by the
clinician to predict risk of perioperative cardiac adverse
events. The simplest of these models is the Revised Goldman
Cardiac Risk Index (RCRI) (Table 6-1) [6]. Other user-
friendly models include the American College of Surgeons’
National Surgical Quality Improvement Program (ACS-
NSQIP) risk calculator, which requires more input variables,
but also will provide quantification of other, noncardiac risks
[17]. The calculator is online, and accessible at http://riskcal-
culator.facs.org.

Who Needs Additional Testing?

The extent of preoperative workup is based on the patient’s
estimated risk according to these models. Patients with less
than 1% risk of perioperative death from cardiac disease do

TaBLE 6-1. Revised Goldman Cardiac Risk Index (RCRI) [6]
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not require additional workup. Patients whose risk is 1% or
more are likely to have a known history of recent myocardial
infarction, unstable angina, heart failure, valvular disease, or
arrhythmias. These patients should be evaluated preopera-
tively by their cardiologist, as the decisions regarding which
additional testing to pursue, if any, is rarely simple. The
American College of Cardiology/American  Heart
Association (ACC/AHA) guidelines suggest that functional
performance status is an important indicator of whether
additional testing is necessary in higher risk patients [11].
Further testing may include echocardiography, stress test
(exercise or pharmacologic), 24-h ambulatory monitoring
and cardiac catheterization. Generally, additional testing is
not usually performed beyond what is ordinarily needed if
the patient were not undergoing surgery, as this has not been
shown to improve perioperative outcomes in noncardiac,
nonvascular surgery.

Preoperative “Optimization”

Once the preoperative cardiac assessment has been com-
pleted and risk estimated, the primary care physician or car-
diologist may institute treatment that optimally limits the
risk of a perioperative cardiac adverse event. While long-
standing beta-blockers should be continued, beta-blockers
should NOT be initiated in the preoperative setting. While
there may be a benefit with regard to non fatal MI, multiple
studies and meta-analyses have documented a significantly
increased risk of non fatal stroke and mortality when beta-
blockers are started as soon as 24 h before surgery [18, 19].
Antihypertensive medications can be adjusted to avoid peri-
operative hypotension, targeting a systolic blood pressure of
116-130 mmHg and heart rate of 60-70 beats per minute
[18, 20]. When diagnosed, new dysrhythmias can be con-
trolled with antiarrhythmic agents. Decompensated heart
failure increases perioperative risk and this risk may be miti-
gated by treatment with ACE inhibitors, aldosterone antago-
nists, and digoxin for at least 1 week preoperatively [21].
While cardiac catheterization should be reserved for patients
with high-risk features on noninvasive testing (including

Six Independent Predictors of Major Cardiac Complications [1, 85]

¢ High-risk type of surgery (examples include vascular surgery and any open intraperitoneal or intrathoracic procedures)

* History of ischemic heart disease (history of myocardial infarction (MI) or a positive exercise test, current complaint of chest pain considered to be
secondary to myocardial ischemia, use of nitrate therapy, or ECG with pathological Q waves; do not count prior coronary revascularization procedure

unless one of the other criteria for ischemic heart disease is present)
« History of heat failure (HF)
« History of cerebrovascular disease
* Diabetes mellitus requiring treatment with insulin
 Preoperative serum creatinine <2.0 mg/dL (177 pmol/L)

Rate of cardiac death, nonfatal myocardial infarction, and nonfatal cardiac arrest according to the number of predictors [2]

* No risk factors—0.4% (95% CI: 0.1-0.8)

* One risk factor—1.0% (95% CI: 0.5-1-4)

* Two risk factors—2.4% (95% CI: 1.3-3.5)

* Three or more risk factors—5.4% (95% CI: 2.8-7.9)
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reversible large anterior wall defect, multiple reversible
defects, ischemia occurring at a low heart rate, extensive
stress-induced wall motion abnormalities, transient ischemic
dilatation) the role for percutaneous coronary intervention
(PCI) or operative revascularization remains controversial.
While the discussion is beyond the scope of this chapter,
revascularization should be reserved for those patients who
meet criteria for cardiac intervention regardless of the need
for non cardiac surgery and the timing should be chosen
based on the indication for and urgency associated with the
colorectal resection.

Coronary Stent Management

For patients with either a bare-metal stent (BMS) or drug-
eluting stent (DES), the current recommendation is to con-
tinue dual antiplatelet therapy (aspirin plus an oral antiplatelet
agent such as clopidogrel) for at least 12 months. For patients
who need to undergo nonemergent noncardiac surgery, the
recommendation is to complete at least 1 month dual anti-
platelet therapy preoperatively for BMS, and at least 6
months for DES [22, 23].

These recommendations are based on existing data that
quantifies risk of postoperative coronary and cerebrovascu-
lar thrombotic events in this patient population. The RECO
study is a prospective multicenter observational cohort study
of 1134 consecutive patients with coronary stents undergo-
ing noncardiac surgery from 2007 to 2009. The goal of the
study was to quantify risk of adverse cardiac and cerebrovas-
cular events (MACCEs) and major bleeding, and to risk
stratify patients according to preoperative characteristics. Of
the study group, 54.9% had bare-metal stents (BMS) only,
and 32.4% had drug-eluting stents (DES) (= BMS); in 12.7%
the stent type was unknown. Overall, there was a 10.9% rate
of MACCEs, and a 9.5% rate of hemorrhagic complications.
Multivariable logistic regression was used to determine pre-
operative characteristics that were risk factors for MACCEs,
which included the following: complete cessation of oral
antiplatelet agent >5 days preoperatively, preoperative
hemoglobin <10 g/dl, creatinine clearance <30 ml/min, and
emergency or high-risk surgery. Risk factors for major bleed-
ing included hemoglobin <10 g/dl, creatinine clearance
30-60 ml/min, duration from stent implantation to surgery
<3 months, and high-risk surgery. This study highlights the
importance of delaying elective surgery >3 months after
stent placement if possible, as well as the need to maintain
oral antiplatelet agents through the perioperative period in
order to minimize risk for major adverse cardiac and cere-
brovascular events.

Not infrequently colon and rectal surgeons are presented
with patients who require urgent abdominal surgery, who also
have recently implanted DES. A common scenario is the
patient who has a lower gastrointestinal bleed while on oral
antiplatelet therapy after DES implantation, who is found on
colonoscopy to have a bleeding colon cancer. Patients on oral
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antiplatelet agents for recently implanted drug-eluting coro-
nary stents can be safely “bridged” with IV infusions of
shorter-acting antiplatelet agents. A pilot study of 30 patients
with recently implanted DES (median 4 months; range 1-12
months) undergoing major (ten had abdominal surgery) or eye
surgery had clopidogrel withheld 5 days preoperatively and
were bridged with tirofiban (started 24 h later, discontinued
4 h preoperatively and restarted 2 h postoperatively until clop-
idogrel is resumed) [24]. Fourteen of the patients (47%) were
maintained on aspirin throughout the perioperative course.
There were no adverse cardiac events during the index hospi-
talization, and 28 patients (93%) did not experience significant
postoperative bleeding. One of the two patients had an anasto-
motic bleed after partial colectomy that occurred 4 days after
restarting clopidogrel; this was controlled with endoscopic
clip placement. This study demonstrates the importance of
careful coordination with the inpatient cardiologist in order to
optimize outcomes for these complex patients who require
urgent abdominal surgery while on antiplatelet therapy for a
recently placed coronary stent.

AICD/Management

For nonemergent procedures, it is essential that these high-
risk and complex cardiac patients are evaluated by a cardi-
ologist, preferably the patient’s own electrophysiologist. The
importance of communication between the cardiologist and
anesthesiologist cannot be overstated; above all, it is the
obligation of the colon and rectal surgeon to ensure that this
occurs. Patients with automatic implantable cardioverter-
defibrillators (AICD) often have underlying ischemic heart
disease, which should not be overlooked during the preop-
erative assessment. It is important for the anesthesiologist to
find out from the cardiologist whether the patient is
pacemaker-dependent, which means that the patient has
atrial, ventricular, or both chambers paced 100% of the time.
For patients who are not pacemaker-dependent, the anesthe-
siologist should place a magnet over the device, which will
prevent inappropriate delivery of shocks [2]. For patients
who are pacemaker-dependent, the device may need to be
reprogrammed intraoperatively. All AICD patients should
have an external defibrillator and transcutaneous pacer
immediately available, and the pads should be affixed to the
patient at the start of the case. In emergent settings, in which
a formal cardiology consultation is not feasible, a 12-lead
EKG can be used to determine pacemaker-dependence.

It is important for the surgeon to understand that AICD
activity can be affected by monopolar cautery, causing elec-
tromagnetic interference [2]. This can result in delivery of
inappropriate shocks to the patient, or inadequate pacing.
Intent to use monopolar cautery should be clearly communi-
cated to the anesthesia team prior to the case. Use of bipolar
whenever possible can help decrease risk of electromag-
netic interference but is not feasible for most colorectal
procedures.
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Assessment of Pulmonary Risk
COPD

Patients with chronic obstructive pulmonary disorder (COPD)
are at high risk of perioperative pulmonary complications.
Preoperative optimization of pulmonary function is the best
way to minimize risk. These patients should be evaluated by
their primary care physician, or pulmonologist, if they see a
specialist. Bronchodilators should be continued periopera-
tively. Glucocorticoid use must be balanced against potential
for increased risk of surgical complications such as anasto-
motic leak (see below section on steroids); tapering down or
off is advantageous if at all possible, and should be discussed
with the specialist. A randomized controlled trial of 48 high-
risk pulmonary patients demonstrated significant decrease in
postoperative pulmonary complications, 60% versus 22%
(p<.01), in the group receiving aggressive pulmonary care,
which included bronchodilators, antibiotics, chest physical
therapy, nebulizers, and smoking cessation, compared to a
group who did not receive these therapies [25].

Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea (OSA) is the most common sleep dis-
order, and is characterized by upper airway obstruction, caus-
ing apneic episodes. Rates of OSA are on the rise, partially due
to increased incidence of obesity, a major risk factor. A study
of almost 1000 patients revealed that 60% of surgical patients
with moderate-to-severe OSA are undiagnosed by the anesthe-
tist, and 92% were undiagnosed by the surgeon [26]. OSA is
important to recognize preoperatively, as it is a risk factor for
perioperative cardiopulmonary complications, and is associ-
ated with unplanned ICU admission [27]. One reason why
OSA is under diagnosed is that it can present with a wide

TaBLE 6-2. STOP-bang questionnaire [29, 84]
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range of symptoms, beyond the more classically described
loud snoring, daytime sleepiness, and witnessed apnea by a
sleep partner. Other symptoms include morning headaches,
poor concentration, altered mood, vivid or disturbing dreams,
restless sleep, GERD, and nocturia [28].

Patients undergoing major abdominal surgery should be
screened for OSA, particularly those with high BMI and mul-
tiple comorbidities. There are several simple and efficient
clinical screening tools available, including the STOP-Bang
questionnaire (Table 6-2) [29]. Patients with high scores who
are undergoing major abdominal surgery should be referred
to a pulmonologist for a formal workup. A randomized con-
trolled trial of 177 patients with documented OSA demon-
strated that patients who used auto-titrated continuous
positive airway pressure (APAP) perioperatively (N=87) had
significantly decreased rates of hypoxia and apnea compared
to the untreated group (N=90); the APAP group had three
events/hour postoperatively, decreased from their preopera-
tive baseline of 30 events/hour (P<0.001), and the control
group had 31.9 events/hour, increased from preoperative
baseline of 30.4 events/hour (P=0.302). Importantly, the
investigators noted compliance rates (defined as wearing the
device nightly) of only 45%, which was most commonly
attributed to generalized discomfort, nausea, or vomiting
[30]. Patients with a known diagnosis of OSA should provide
the anesthesiologist with documentation of their sleep study
results and recent pulmonary consultations, and should bring
their CPAP machine to the hospital for perioperative use.

Diabetes

Diabetic patients represent a complex subset of surgical
patients, who often have long-term complications of their
disease (neuropathy, visual impairment), as well as other

Do you Snore Loudly (loud enough to be heard through closed doors or your bed-partner elbows you for

Do you often feel Tired, Fatigued, or Sleepy during the daytime (such as falling asleep during driving)?

Has anyone Observed you Stop Breathing or Choking/Gasping during your sleep?

O Yes O No Snoring?
snoring at night)?
O Yes O No Tired?
O Yes O No Observed?
O Yes O No Pressure?
Do you have or are being treated for High Blood Pressure
O Yes O No Body Mass Index more than 35 kg/m2?
O Yes O No Age older than 50 years old?
O Yes O No Neck size large? (Measured around Adams apple)
For male, is your shirt collar 17 in. or larger?
For female, is your shirt collar 16 in. or larger?
O Yes O No Gender=Male?

Scoring criteria*:

Low risk of OSA: Yes to 0-2 questions
Intermediate risk of OSA: Yes to 3—4 questions
High risk of OSA: Yes to 5-8 questions

OSA obstructive sleep apnea
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related comorbidities, such as chronic renal insufficiency
and cardiovascular disease [6, 31]. The initial office consul-
tation with the surgeon should include a detailed history,
focusing on the type and duration of diabetes, symptoms,
how glucose is monitored at home, baseline glucose range,
glycated hemoglobin (A1C) levels, related symptoms, as
well as the contact information of their primary care physi-
cian and/or endocrinologist. Diabetic patients undergoing
major abdominal surgery should have the following as part
of their preoperative workup: ECG, CXR, serum creatinine,
serum glucose, and an AIC level (within 4-6 weeks preop-
eratively). In particular, elevated AIC levels have been
shown in cardiac surgery to be associated with increased risk
of surgical complications, including infections, myocardial
infarction, and death [32]. Close perioperative involvement
of the anesthesiologist is also critical, as some patients
undergoing major operations will require preoperative intra-
venous insulin infusion to attain euglycemia prior to initia-
tion of surgery [33].

Obesity

More than one-thirds of adults in the USA are obese, which
is defined as having body-mass index (BMI) of 30 or more.
One in 20 adults is considered super-obese (BMI of 40 or
more) [34]. BMI is considered a screening tool to identify
obesity, and is calculated as the patient’s weight (in kilo-
grams) divided by square of the height (in meters). An online
BMI calculator is available at on the CDC website (http://
www.cdc.gov/healthyweight/assessing/bmi/adult_BMI/eng-
lish_bmi_calculator/bmi_calculator.html).

Despite the fact that the obese patient creates substantial
technical challenges for the surgeon, they do not have sig-
nificantly greater risk of perioperative mortality. A prospec-
tive multicenter study of over 100,000 patients undergoing
nonbariatric surgery demonstrated that overweight and obese
patients actually had a statistically significantly lower post-
operative mortality, compared to nonobese patients (over-
weight patients: OR 0.85, 95% CI 0.75-0.99; moderately
obese OR 0.73, CI 0.57-0.94). This unexpected result was
termed the “obesity paradox” and can potentially be
explained by increased nutritional stores, as well as the
chronic inflammatory state of obesity that may prime these
patients for the inflammatory surge of surgery [35].

In terms of postoperative morbidity, obese patients under-
going nonbariatric abdominal surgery have been shown to
have increased risk of perioperative venous thromboembo-
lism and superficial site infection. A prospective study of
over 6000 patients found that the risk of superficial site
infection after open abdominal surgery was 4% for obese
versus 3% for nonobese patients, P=0.03 [36].

Obese patients pose significant intraoperative challenges,
some of which can be mitigated with appropriate preopera-
tive planning. For example, if a stoma may be needed, a visit
from the enterostomal therapist is extremely important, as
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marking on the thinner upper abdomen will be helpful. It is
especially important to ensure that these patients are able to
reach the stoma so they can care for it independently. Both
laparoscopic and open surgery is technically demanding in
obese patients; however, if feasible, laparoscopic surgery has
the advantage to the patient of smaller incisions and improved
visualization for the surgeon. Avoiding lower midline and
Pfannenstiel incisions is helpful in minimizing superficial
site infections and other wound-related complications in the
obese patient with a large pannus. Clear communication with
the operating room staff prior to the case is essential, to
ensure availability of long instruments, deep retractors,
appropriate beds and equipment such as blood pressure cuffs
and large pneumatic compression boots.

Malnutrition

Colorectal surgeons are commonly faced with challenging
patients who are malnourished due to advanced malignan-
cies or inflammatory bowel disease that result in intestinal
blockages, intestinal fistulas, poor absorptive capacity, and
large volume losses from the GI tract. Nutritional risk tends
to be a reflection of the patient’s overall health, and in oncol-
ogy has correlated with the Eastern Cooperative Oncology
Group score and the presence of anorexia or fatigue [37].
Such nutritional risk is associated with increased postopera-
tive complications, longer length of stay, and higher mortal-
ity following elective surgery [38, 39], and is particularly
pronounced in patient with colorectal cancer [40]. Incidence
remains under recognized and malnutrition continues to neg-
atively impact postoperative recovery and patient outcomes,
as well as mortality [41]. Although logistically challenging,
nutritional support can be delivered in the preoperative or
postoperative setting and can be administered via the enteral
and parenteral routes. Most studies are limited by heteroge-
neous patient populations, variable study designs, different
feeding protocols that often result in parenteral overfeeding,
and outdated methodologies. When delivered appropriately,
the malnourished colorectal patient realizes several benefits
from perioperative nutritional support including fewer post-
operative complications, shorter hospital length of stay, and
lower mortality [42].

The evaluation of the potentially malnourished patient
begins with the history and physical examination. Most
patients will complain of some degree of intolerance of oral
intake as a result of poor appetite, nausea, abdominal bloat-
ing, abdominal pain, and weakness. Patients will relate a
recent weight loss, typically over a 1-3 month time period.
On physical examination, the patient appears thin, pale, and
weak with muscle wasting and loose skin. These variables
can be objectified using grading systems such as the rela-
tively intuitive Subjective Global Assessment (SGA) to clas-
sify patients as well nourished, moderately malnourished, or
severely malnourished [43]. The SGA utilizes five features
of the history (weight loss over 6 months, dietary intake
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change, gastrointestinal symptoms, functional capacity, and
the impact of disease on nutritional requirements) and four
features of the clinical exam (loss of subcutaneous fat, mus-
cle wasting, ankle edema, sacral edema, ascites) to elicit a
SGA rank based on subjective weighting.

Serum albumin level has been considered the “classic” test
reflecting overall nutritional status, with serum concentration
of <3.0 g/dL defining the “malnourished state.” However, in
real practice its utility and reliability is limited as levels fluc-
tuate for many reasons, including production alterations in
the catabolic or anabolic states, external losses, or redistribu-
tion between the various fluid compartments of the body
[44]. Other short turnover proteins such as prealbumin,
transferrin, and retinol binding protein have similar limita-
tions as nutritional markers as a result of variable half-lives
and response to dietary intake and renal/liver dysfunction,
although all of these proteins can be useful when followed as
trends over time.

Inflammatory bowel disease, intestinal obstruction, large
tumors, fistulizing diseases, and patients with diarrhea are
often unable to sustain themselves orally due to a poor appe-
tite or resultant abdominal bloating and pain. This limits the
ability to intervene preoperatively, particularly when consid-
ering utilizing the enteral route. Options include oral nutri-
tional supplements (standard or immunonutrition) or feeding
via nasoenteric feeding tubes. Total parenteral nutrition
(TPN) can be uses as long as central intravenous access is
obtained, an appropriate formula is prescribed (1.5 g per
kilogram and 25 kcal per kilogram) and tight glycemic con-
trol is maintained (serum blood sugars <150 g/dL).
Unfortunately, the use of preoperative nutrition has not been
well studied in the malnourished GI surgery patient popula-
tions. A recent Cochrane review [45] highlights this paucity
of evidence and the reality that many of the studies are out-
dated, with only two trials evaluating the administration of
enteral nutrition (years 1992 and 2009) including only 120
participants and a high risk of bias. Neither study showed
any difference in primary outcomes. The three studies that
evaluated preoperative parenteral nutrition (years 1982,
1988, and 1992) showed a significant reduction in postopera-
tive complications, predominantly in malnourished patients.

Solid Organ Transplant Recipients

The introduction of novel, more effective immunosuppres-
sion regimens has resulted in improved long-term survival
after solid organ transplant. Over 150,000 patients in the
USA are living with functional kidney transplants, and this
number is on the rise. It is increasingly common for surgeons
to encounter transplant patients in their practice, in both the
elective and emergency settings. The vast majority of these
patients are maintained on chronic immunosuppressive regi-
mens. These agents are generally continued throughout the
perioperative and early postoperative period in order to min-
imize risk of rejection. It is therefore essential that surgeons

99

familiarize themselves with the more commonly used immu-
nosuppressive agents and their potential to impact periopera-
tive outcomes. Communication with the transplant team of
physicians is necessary prior to elective surgery.

The newer immunosuppressive agents, sirolimus and
everolimus, which belong to the drug class known as inhibi-
tors of the mammalian target of rapamycin (mTOR), have
been shown to negatively impact healing of surgical wounds.
mTOR is a cytoplasmic kinase that is essential for cell
growth and proliferation [46]. Inhibition of lymphocyte
proliferation despite stimulation results in immunosuppres-
sion. This same mechanism is also responsible for inhibition
of the wound healing process. In a prospective trial of 123
patients randomized to receive either sirolimus or tacrolimus
on postoperative day 4 after kidney transplant, Dean et al.
found a significantly higher rate of wound-related complica-
tions (including superficial site infection and incisional her-
nias) in the sirolimus cohort, compared those receiving
tacrolimus (47% vs. 8%, P<0.0001) [47]. This data has
prompted clinicians to replace mTOR inhibitors with tacroli-
mus for 6 weeks prior to elective surgery.

Substance Abuse

All surgical patients should be asked about their use of tobacco,
alcohol, and street drugs. A large database study from 2002
determined that 7.6% of Americans had a substance abuse dis-
order within the prior year (95% CI 6.6-8.6%) [48]. The sur-
geon must also recognize narcotic dependency and use of
prescription opioids that are not medically indicated. It is
important for surgeons to make patients feel comfortable in
answering these questions honestly and accurately. It is never
safe to simply assume that a particular patient does not fit the
expected profile of an “alcoholic” or “drug addict.” Substance
abuse has been shown to affect the elderly [49], as well as
highly functional individuals with families and careers [50]. It
is therefore critical to screen all patients preoperatively in
order to minimize perioperative risk.

Alcohol

Alcoholism has been shown to be associated with a number
of different perioperative complications, in a dose-dependent
manner. Large studies have demonstrated that alcoholism is
associated with surgical site and other infections, cardiopul-
monary complications, and also correlates with longer hospi-
tal stay, increased rates of ICU stay, and increased rates of
reoperation [51, 52]. The AUDIT-C questionnaire is a vali-
dated screening tool that can be used by the clinician to iden-
tify patients at high risk for perioperative complications
(Table 6-3) [53]. A randomized controlled trial of 41 patients
with alcoholism (defined as consumption >60 g ethanol per
day) undergoing elective colorectal surgery demonstrated
that abstinence 1 month preoperatively was associated with
fewer cardiac complications, including myocardial ischemia
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TaBLE 6-3. AUDIT—C questionnaire
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Question # 1: How often did you have a drink containing alcohol in the past year?

Never

Monthly or less

Two to four times a month
Two to three times per week
Four or more times a week

(0 points)
(1 point)

(2 points)
(3 points)
(4 points)

Question # 2: How many drinks did you have on a typical day when you were drinking in the

past year?
lor2
3or4
5or6
7t09
10 or more

(0 points)
(1 point)

(2 points)
(3 points)
(4 points)

Question # 3: How often did you have six or more drinks on one occasion in the past year?

Never

Less than monthly
Monthly

Weekly

Daily or almost daily

(0 points)
(1 point)

(2 points)
(3 points)
(4 points)

The AUDIT-C score on a scale of 0-12 (scores of 0 reflect no alcohol use). In men, a score of 4 or
more is considered positive; in women, a score of 3 or more is considered positive

(23% vs. 85%, P<0.05) and arrhythmias (33% vs. 86%,
P<0.05), as well as overall decreased complication rate
(31% vs. 74%, P=0.02) [54]. It is unknown what the optimal
alcohol-free interval is prior to elective surgery, in terms of
maximizing risk reduction, although the trial investigators
recommend 3-8 weeks, highlighting the importance of
intensive counseling and monitoring of these patients during
this interval [55].

Tobacco

Smoking has been shown in multiple studies to increase peri-
operative pulmonary risk, as well as risk of wound infec-
tions, neurologic complications, and ICU admission [56].
The best way to minimize this risk is to encourage patients to
quit smoking prior to elective surgery. Previously it was felt
that smoking cessation less than 8 weeks preoperatively was
associated with a paradoxical increase in pulmonary compli-
cations, possibly due to a compensatory increase in secre-
tions. This has now been disproven in multiple large studies.
A large trial of 522 smokers undergoing gastric cancer sur-
gery compared risk of postoperative pulmonary complica-
tions between three groups: (1) active smokers or those who
quit less than 2 weeks prior to surgery, (2) those who quit
4-8 weeks prior, and (3) those who quit 8 or more weeks
prior to surgery. The odds ratio for postoperative pulmonary
complications were 2.92 for group 1 (95% CI 1.45-5.90),
0.98 for group 2 (0.28-3.45), and 1.42 for group 3 (0.66—
3.05) [57]. Therefore, the recommendation is to encourage
smoking cessation, regardless of the timing of surgery,
although ideally surgery can be planned for at least 4 weeks
from the “quit date.*

Opioids

There are many different types of patients with chronic opi-
oid dependence, including: abusers of street drugs such as
heroin; abusers of prescription-only opioids; patients with
prior history of opioid abuse, maintained on long-acting
agents such as methadone; and patients on long-term narcot-
ics prescribed for a chronic medical condition. Overall, pre-
scription opioid use is on the rise in the USA and therefore
this is being encountered by the surgeon with increasing fre-
quency [58]. For all patients on narcotics, the surgeon should
always ask preoperatively what the indication is, how long
they have been taking it, side-effects (such as constipation),
if there is a plan to wean off the drug, as well as who has
been prescribing it. The patient’s responses should be cor-
roborated with the prescribing physician and/or medical
record. Regardless of whether it is warranted for an underly-
ing condition, opioid dependency will result in increased
narcotic requirements perioperatively. Whenever possible, it
is helpful to involve the acute pain management service pre-
operatively, in anticipation of these issues, in order to pro-
vide the best perioperative pain management. Non-narcotic
adjunct therapies can be considered, including thoracic epi-
dural catheters, transversus abdominus plane (TAP) blocks,
as well as drugs such as ketorolac (Toradol), acetaminophen
and gabapentin (Neurontin). Preoperatively, a clear plan
should be made with the patient and the clinician who has
been prescribing chronic opioids regarding postoperative
pain management following hospital discharge, particularly
who will be prescribing, and for how long. This is instrumen-
tal in avoiding concerns in the outpatient setting with over-
prescribing and relapse.
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Other lllicit Drugs

All patients undergoing elective surgery should be screened
for the use of illicit drugs— not just “street drugs,” but also
other prescription-only drugs, such as benzodiazepines, that
are not medically indicated. For patients requiring elective
surgery, intensive efforts should be made to encourage cessa-
tion prior to planned surgery. This requires clear communi-
cation with the patient’s primary care physician and/or
psychiatrist. Discussion of individual drugs is beyond the
scope of this chapter; however, additional information is
well-summarized in this 2014 reference from the anesthesia
literature [59].

Medications

In the era of polypharmacy, it is essential for the colorectal
surgeon to carefully assess the patient’s current medication
list. Novel anticoagulants, chemotherapy, and immunosup-
pressants may be disguised by long, difficult to pronounce
names. It is therefore critical for surgeons to be familiar with
these newer agents. In many instances, patients are maintained
indefinitely on medications that may pose significant periop-
erative risk. Discussing these situations preoperatively with
the prescribing physician is essential, as the need for surgery
may provide the necessary impetus to discontinue chronic
medications that are no longer necessary or applicable.

Anticoagulation

In recent years, several novel oral anticoagulants have
become commercially available and are widely used in
patients with atrial fibrillation or history of stroke, as well as
in patients with coronary or endovascular stents. When
determining how to manage anticoagulation perioperatively,
risk of bleeding must be balanced against the risk of throm-
boembolic complications. Additionally, it should be deter-
mined whether “bridging” with a short-acting anticoagulant
is necessary. Although there are evidence-based guidelines,
these decisions should be made on a case-by-case basis, and
should closely involve the patient’s cardiologist and/or
hematologist. The patient should be educated upfront about
the potential risks involved and to recognize that the ability
to restart the medication postoperatively relates to the extent
of surgery and associated bleeding risk.

Clopidogrel (Plavix) is a member of the platelet receptor
PY 12 blocker drug class, and is used in patients with history
of myocardial infarction or stroke, as well as recent coronary
or peripheral vascular stent placement. For most patients, the
maintenance dose is 75 mg orally per day. If the decision has
been made to discontinue clopidogrel prior to elective surgery,
it should be discontinued 5-7 days preoperatively [23].
Clopidogrel should be restarted as soon as possible after sur-
gery. A more extensive discussion of clopidogrel earlier in the
chapter—refer to the section on “Coronary Stent Management.”
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Warfarin (Coumadin) is an inhibitor of vitamin-K-
dependent clotting factor synthesis (factors II, VII, IX, and
X). The half-life of warfarin is 36—42 h. Therapeutic dose
range is measured by the prothrombin time (PT), which is
generally maintained at a goal of INR (international normal-
ized ratio) 2.0-3.0 for most conditions. Patients with cardiac
valves may be maintained at higher doses, with a goal INR
2.5-3.5. For elective surgery, warfarin should be discontin-
ued 5 days preoperatively. Most abdominal surgery is safe to
perform when INR is <1.4 [60]. Ideally, INR should be
checked the day prior to surgery, if possible. For urgent sur-
gery (within 1-2 days), warfarin can be reversed with vita-
min K (2.5-5 mg oral or intravenous). For emergency
surgery, warfarin can be rapidly reversed with fresh frozen
plasma (FFP), which contains the necessary clotting factors
[61]. Provided that there was adequate hemostasis during
surgery, warfarin may be restarted (at the preoperative dose)
as early as 12-24 h postoperatively, although the timing
depends on indication for anticoagulation (for example short
term thromboembolic risk is higher with a mechanical mitral
valve compared to atrial fibrillation).

Heparin binds to and inactivates antithrombin IIT and has
a half-life of 45 min. Unfractionated heparin is administered
as an IV infusion, using a weight-based nomogram to titrate
the dose [62, 63]. Compared to low molecular weight hepa-
rin, unfractionated heparin is less costly, is easier and faster
to reverse, and is preferable in patients with renal insuffi-
ciency (the dose is not affected by creatinine clearance).
Unfractionated heparin should be held 6 h prior to surgery.
Enoxaparin (Lovenox) is a low molecular weight heparin
that has comparable efficacy to unfractionated heparin, but
has many advantages. It is easier to use, is administered as a
subcutaneous injection (and therefore can be given in the
outpatient setting) and does not require monitoring. Its half-
life is 3—5 h. It can be given at prophylactic dose for venous
thromboembolism, as well as therapeutic, weight-based
dose. In preparation for surgery, if twice-daily dosing is
used, the evening dose should be held on the night prior to
surgery; if once daily dosing is being used, a half-dose should
be given the morning prior to surgery [60]. Other low molec-
ular weight heparin products available in the USA include
dalteparin (Fragmin) and tinzaparin (Innohep). Patients on
any heparin derivative need to be monitored for heparin-
induced thrombocytopenia (HIT), although this risk is less
significant with low molecular weight heparin. Heparin
products can be reversed with protamine sulfate.

Apixaban (Eliquis) is an oral factor Xa inhibitor that is
commonly used in patients with atrial fibrillation, as well as
for both prophylaxis and treatment of venous thromboembo-
lism. Additionally, apixaban has been used as postoperative
DVT prophylaxis after hip surgery [64]. The major advan-
tage of apixaban over coumadin is that drug levels do not
need to be checked routinely (although the drug does pro-
long PT/PTT/INR). The drug is dosed twice daily, is unaf-
fected by dietary intake, and can be crushed and administered
via nasogastric tube. The dose must be decreased for Cr> 1.5,
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as well as for age >80 and body weight <60 kg. The drug is
generally well-tolerated with a favorable side-effect profile.
Apixaban should be discontinued a minimum of 48 h prior to
abdominal or anorectal surgery, although depending on the
indication for anticoagulation, it would be acceptable to dis-
continue it 24 h preoperatively for anorectal surgery, if nec-
essary from a risk standpoint. There is a boxed warning
regarding the use of neuraxial anesthesia and risk of spinal or
epidural hematoma (which could result in temporary or per-
manent paralysis), as the optimal interval from drug discon-
tinuation to intervention is not well-defined. Therefore we
recommend not using this drug for perioperative anticoagu-
lation if an epidural catheter or spinal anesthesia is planned.
Although not routinely used to assess drug levels, anti-Fac-
tor 10a (Anti-FXa) levels can help guide management. There
are currently no specific reversal agents for this drug.

Aspirin impairs platelet function primarily by downstream
effects of irreversibly inhibiting cyclooxygenase-1 (COX-1).
Its antiplatelet effects start as soon as 30 min after ingestion,
and last throughout the platelet life span, which ranges from
8 to 10 days.

Despite the fact that there is no clear consensus among
surgeons regarding perioperative aspirin use in noncardiac
surgery, the risk of aspirin on postoperative bleeding is actu-
ally well studied in the literature. Perioperative continuation
of low-dose (81 mg) aspirin in low-risk patients (for primary
prevention of thrombotic cardiovascular events) undergoing
abdominal surgery has not been shown in randomized con-
trolled trials to be associated with an increase in major post-
operative bleeding complications [65] Other larger
randomized controlled studies have demonstrated compara-
ble results in patients at higher risk for adverse cardiovascu-
lar thromboembolic events, who are on chronic low-dose
aspirin for secondary prevention of myocardial infarction or
stroke. The STRATAGEM trial randomized 291 patients
undergoing elective intermediate- or high-risk noncardiac
surgery (of which 20% was abdominal surgery) to receive
low-dose (75 mg) aspirin versus placebo starting 10 days
preoperatively; these patients were all on long-term aspirin
or another antiplatelet agent for secondary prevention of car-
diovascular thromboembolic events [66]. Although the study
was underpowered due to difficulty with recruitment, the
investigators found no statistically significant difference in
the rate of major bleeding complications within 30 days
postoperatively between the aspirin and placebo groups,
6.2% versus 5.5%, respectively; P=0.81. Importantly, they
also found no difference in the rate of cardiovascular throm-
botic events, 3.4% versus 2.7%, P=0.75. Surprisingly, very
few studies specifically evaluate the perioperative risk of
high-dose (325 mg) aspirin; many of the larger studies on
antiplatelet agents do not even take the aspirin dose into
account [67]. A retrospective analysis of 1017 patients under-
going elective pancreatic resection compared patients on
aspirin (55 patients on 325 mg aspirin, 234 patients on 81 mg
aspirin) to no-aspirin (n=728), and found no significant dif-
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ference in rate of blood transfusion within 30 days postop-
eratively between groups (29% versus 26% P=.37) [68].
The higher dose aspirin group was too small to stratify risk
according to aspirin dose.

In our practice, we do not discontinue low-dose “baby”
aspirin perioperatively for anorectal or abdominal cases,
regardless of the indication for its use. For patients on high-
dose (325 mg) aspirin, the decision is more individualized
and requires input of the patient’s cardiologist and/or vascu-
lar surgeon. If the decision is made to discontinue aspirin
preoperatively, it should be held for 7 days prior to surgery.

Immunosuppressive Agents

Corticosteroids have been shown to impair wound healing in
both animal models as well as clinical studies. In animal
models, corticosteroids have been shown to alter multiple
independent signaling pathways, impairing all three phases
of wound healing: inflammatory, proliferative, and remodel-
ing. Clinical studies have also demonstrated a higher rate of
anastomotic complications in patients on chronic steroids
[69]. A prospective study performed in the 1980s specifically
evaluated the risk of steroids in Crohn’s patients, and dem-
onstrated in multivariate analysis that corticosteroids were
associated with an increased overall postoperative complica-
tion rate in Crohn’s patients undergoing surgery involving
bowel anastomosis (15.4% vs. 6.7%; p=.03) [70]. One of the
largest studies looking at anastomotic leak in colorectal
patients included 250 left sided resections with anastomosis.
The overall anastomotic leak rate was 7.5%. When patients
were administered corticosteroids, either perioperatively or
long term, the multivariate model concluded that corticoste-
roid use increased the risk for AL by more than seven times
(OR, 7.52; standard error, 4.47; P=0.001; 95% CI, 2.35—
24.08 [71]. A meta-analysis evaluating the risk of corticoste-
roids on colorectal anastomotic integrity is included 9564
patients from 12 studies demonstrated an overall leak rate of
6.77% (95% CI 5.48-9.06) compared to 3.26% (95% CI
2.94-3.58) in the non-corticosteroid group [72]. In addition,
corticosteroids impact wound healing and are a risk factor
for the development of superficial and deep surgical site
infections and have even been shown to impact postopera-
tive mortality [73]. Ultimately, this understanding allows the
surgeon to better counsel the patient regarding possible post-
operative complications, wean steroids during the preopera-
tive period when possible, and make decisions in the
operating room (such as the decision to create diverting
stoma and wounds closure) to optimize patient outcomes.
Immunomodulators, including azathioprine and 6-mercap-
topurine, are used in both Crohn’s disease and ulcerative
colitis to maintain steroid-induced remission. These drugs
often take 3—4 months until clinical benefit is apparent, and
have infrequent but serious side-effects such as leucopenia,
liver function abnormalities, pancreatitis, and lymphoma.
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A retrospective study of 417 operations involving bowel
anastomoses for Crohn’s disease demonstrated no difference
in the rate of anastomotic complications for patients on
immunomodulators (10% vs. 14%; p=0.263) [74]. Similar to
the studies above, they also found that in multivariate analy-
sis, corticosteroids (preoperative prednisolone 20 mg or
more) was a predictor of anastomotic complication (OR
0.355, 95% CI 0.167-0.756; p=0.007). Accordingly these
medications are often continued until surgery.

Biologic agents include infliximab (Remicade), a chimeric
monoclonal antibody that targets tumor necrosis factor, a pro-
inflammatory cytokine that has been shown to be elevated in
inflamed tissue of IBD patients. Biologics including inflix-
imab have been demonstrated to induce remission and control
symptoms in patients with moderate-to-severe Crohn’s and
ulcerative colitis. With more widespread use of biologic
agents such in other inflammatory conditions such as rheuma-
toid arthritis and psoriasis, surgeons are seeing a larger per-
centage of patients on these agents perioperatively. Krane
et al. performed a retrospective analysis of 518 patients with
IBD undergoing elective laparoscopic bowel resection, of
which 142 patients were on preoperative infliximab [75].
There was no difference in the rate of anastomotic leak, which
was overall low in both groups (2.1% with infliximab versus
1.3% without; p=0.81). A significantly higher percentage of
the patients on infliximab were also on steroids, 73.9% vs.
58.8%, p=0.006, and still this did not impact anastomotic
leak rate. Overall the existing literature is limited and contro-
versial but biologic agents are thought to impact wound heal-
ing and most surgeons prefer to hold these agents for 4-6
weeks if possible prior to major abdominal surgery [76].

Chemotherapy

Through a myriad of mechanisms, the final common path-
way of cytotoxic chemotherapy is induction of cell death.
Ideally this effect is minimized in nontumor cells, including
healing anastomoses. Large studies have attempted to evalu-
ate the overall effect of neoadjuvant and adjuvant chemo-
therapy on the rate of anastomotic leak, and there have been
conflicting results. In a recent single-center study of 797
patients with a single anastomosis, Lucan et al. determined
in multivariate analysis that preoperative chemotherapy was
one of the strongest independent risk factors for anastomotic
leak, with an odds ratio of 2.85 (95% CI1 1.21-6.73, P=0.017)
[77]. Morse et al. performed a similar study of 682 patients
with intestinal anastomoses over a 5 year period, and deter-
mined in bivariate analysis that chemotherapy (administered
within 6 weeks of the operation) was not a risk factor for
anastomotic leak.

Bevacizumab (Avastin) is a humanized monoclonal anti-
body, which targets vascular endothelial growth factor A
(VEGF-A), and is thought to work in solid tumors by restrict-
ing neoangiogenesis, which is necessary for tumor growth. It
is the first of the antiangiogenic drugs to be approved for
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first-line treatment of metastatic colorectal cancer, and is
also used for other solid tumors including breast, kidney,
ovarian, and lung cancer. Bevacizumab is associated with
increased incidence of postoperative complications, includ-
ing impaired wound healing and anastomotic leak.
Consequently, phase II and III studies of bevacizumab for
colorectal cancer excluded patients who underwent major
surgery within the previous 28 days [78-80]. Yoshioka et al.
retrospectively evaluated 78 patients with resectable
advanced or metastatic colorectal cancer who received neo-
adjuvant bevacizumab prior to surgical resection (this
included 46 rectal resections and 4 colectomies) [81]. Overall
median interval from last bevacizumab dose to surgery was
9 weeks; anastomotic leaks occurred in six patients, four of
which required re-laparotomy. The mean interval from sur-
gery to diagnosis of anastomotic leak was 15.8 days (range
4-34 days). Although the authors did not document mean
in-hospital length of stay, presumably most of the leaks
occurred after discharge. In multivariate analysis, primary
colorectal anastomosis was the only independent predictive
risk factor for major postoperative complications (OR 8.285;
P=0.013). Interestingly, the interval from last bevacizumab
dose to surgery was not an independent risk factor for post-
operative complications. Bevacizumab has also been associ-
ated with late anastomotic complications [82]. Unsurprisingly,
other newer antiangiogenic drugs have also been implicated
in the development of anastomotic leak, including pazopanib
and aflibercept in small series and case reports [83]. As with
most chemotherapy agents, these agents are held for 6 weeks
before major surgery, when possible.

Conclusion

The preoperative assessment of colorectal surgery patients
should be comprehensive and often requires involvement of
physicians from multiple specialties. The assessment of cardio-
pulmonary risk has been well studied and tends to be the focus
of most surgeons. Attention to other organ systems as well as
comorbidities such as substance abuse, malnutrition, and obe-
sity deserve specific attention. Medications including antico-
agulation and immunosuppressive agents are commonly
encountered and their optimal management (or cessation)
demands a balance between the treatment of conditions and the
risk of bleeding and wound healing. With a thorough preopera-
tive patient evaluation, patient outcomes can be optimized, by
minimizing the risk of perioperative complications.
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Optimizing Outcomes with Enhanced Recovery

Conor P. Delaney and Raul Martin Bosio

Key Concepts

e Enhanced recovery pathways (ERPs) include measures
for preoperative management, intraoperative care, post-
operative recovery, and pathway quality evaluation.

* ERP improves the quality of patient care by establishing
standardized care paths based on evidence-based litera-
ture and current practice guidelines.

* A modified frailty index (MFI) allows for preoperative
risk stratification and identifies patients that will require
extra healthcare resources.

* A combination of oral antibiotics administered during the
preoperative phase combined with intravenous antibiotics
administered within 1 h of surgery appears to be the most
efficacious strategy to decrease SSI.

* Measurement of ERP compliance is necessary to make
sure the individual stated pathway items are being
accomplished.

Introduction

Among the goals of a successful surgical practice, delivering
high-quality patient-centered care while maintaining a low
procedure-specific morbidity and readmission rate is of para-
mount importance. Facilitating a patient’s recovery and
assisting them to return to their usual activities safely, but
also as soon as possible, should be viewed as part of these
goals [1]. Accomplishing these goals benefits not only
patients, but by decreasing length of hospital stay (LOS) and
costs associated with diagnosis and treatments of complica-
tions, they also help to improve the efficiency with which
healthcare is provided [2-5].

In the era of bundled payment, “pay for performance,” and
ongoing cuts in healthcare reimbursement, decreasing hospi-
tal operating expenses may contribute to increasing or at
least maintaining hospitals’ financial viability [6]. Cost-
analysis data demonstrating that a specific healthcare system
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is able to deliver comparable patient care at a lower cost may
also influence insurance preference to established contracts
with a specific healthcare system over another.

Minimally invasive techniques have had a major impact
on postoperative recovery, contributing to a reduction in
LOS and cost [6]. In many subspecialties, these techniques
have now substituted open operations and become the stan-
dard of care. However, optimizing patient recovery goes far
beyond a particular technical approach. It requires a multi-
disciplinary approach that includes not only surgeons, anes-
thesiologists, and nurses, among others but also the patient
himself. Enhanced recovery protocols (ERPs) start at the
surgeon’s office by engaging the patients in this process,
managing expectations, and converting them from a passive
recipient of care into an active member of this recovery
team. Standardization of perioperative care measures com-
bined with minimally invasive colorectal surgery has
decreased, in our hands, LOS to an average of 2.6 days, with-
out a significant impact on readmission rate [7—12].

What Is an ERP?

Traditionally, pre-, intra-, and postoperative management had
varied depending on individuals’ practice preferences of the
various members of the healthcare team involved. This
approach creates significant variability throughout the health-
care process, since surgeons, anesthesiologists, hospitalists,
and ancillary support to name some managed patients based
on past experiences, usually gained during residency or
school training. This variability increases complications and
healthcare cost as patients are not necessarily managed
according to current recommendations [2, 4, 5, 10-33].

In an effort to reduce postoperative complication rates and
decrease or contain healthcare costs, the concept of creating
specific evidence-based protocols or pathways where the
various components of pre-, intra-, and postoperative care
are outlined and could, therefore, be followed by all the
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members that participate in any given healthcare episode
was developed [2, 3, 10, 16, 17, 23].

Initially called fast-track pathways, these care paths are
now most commonly called enhanced recovery pathways
(ERPs), which refer to the multimodality patients’ care
approach where patients’ orders are clearly established based
on evidence-based literature and current practice guidelines.
These orders are then routinely followed, minimizing vari-
ability among providers with the goals of decreasing mor-
bidity and mortality rates and increasing quality of care as a
result. The decrease in healthcare resource utilization
achieved as a result of decreased complications, and LOS
contribute to decrease costs [10, 15, 21, 23, 25]. As patients
progress through a healthcare intervention, specialty-specific
order sets clearly outline patients’ management at any given
point in time, from the preoperative encounter until care is
completed, generally at the time of hospital discharge.

The direct consequences of the application of specialty-
specific pathways are well documented and include a reduc-
tion in morbidity, mortality, and length of hospital stay (LOS).
This reduction in LOS is seen both after open and laparo-
scopic operations when compared to patients that are man-
aged outside a pathway. An even greater reduction in LOS is
seen when open versus laparoscopic colorectal procedures
coupled to a perioperative pathway are compared. This differ-
ence persists even when readmission rates are included into
the overall LOS for any given patient [7, 10, 12, 16-18, 21,
22,27,30-32, 34-42].

Components of an ERP

From a practical standpoint, ERP can be divided in four
parts: (a) preoperative management, (b) intraoperative care,
(c) postoperative recovery, and (d) quality pathway evalua-
tion measures.

Each part includes a series of measures or steps as follows:

(a) Preoperative management: (1) preoperative evaluation
(i.e., frailty score and pre-habilitation); (2) fasting prior
to surgery, mechanical bowel preparation, and preopera-
tive antibiotics usage; (3) patient education; and (4)
analgesia (for practical purposes, as it overlaps with
pre-, intra-, and postoperative management, analgesia is
addressed as a whole in the intraoperative section).

(b) Intraoperative care: (1) minimally invasive colorectal
surgery when possible, (2) standardized intraoperative
fluid resuscitation, (3) analgesia, and (4) venous throm-
boembolism prophylaxis (VTE).

(c) Postoperative recovery: (1) analgesia; (2) intravenous
fluid management; (3) early oral feeding and ambulation;
(4) prevention of postoperative nausea and vomiting
(PONV) and postoperative ileus (POI), role of nasogas-
tric tube and motility agents; (5) venous thromboembo-
lism prophylaxis (VTE); and (6) discharge planning,
follow-up, and coordination of care.

C.P. Delaney and R.M. Bosio

(d) Quality pathway evaluation measures: (1) electronic order
sets creation and updates to comply with best practice
parameter guidelines and evidence-based literature, (2)
implementation and monitoring of pathway application,
and (3) quality improvement measures.

Enhanced Recovery Pathways (ERPs)
After Surgery: Challenging
“Traditional” Patients’ Care
Management

Traditionally, postoperative care varies depending on surgeon’s
preferences and his understanding of patients’ clinical condi-
tion. In general, perioperative management practices learned
during training tend to be maintained once in practice despite
evidence that would suggest that new available pathways may
help decrease postoperative complications, length of stay, and
the associated healthcare cost. Furthermore, compliance with
ERP application has been associated with improved outcomes,
decreased LOS, and cost reduction [19, 43].

Multiple factors may impact the application of new mod-
els of care. Limited time to interact with patients both in the
preoperative setting and during the inpatient stay leads to a
feeling of lack of control when attempting to implement
changes. As surgeons adjust to the demands of current prac-
tice styles, and the implementation of electronic medical
records, providing coverage to multiple hospitals and to
increase productivity, modifying patient care patterns learned
through personal experience during training in favor of new
care pathways described on medical literature, but without
any clinical experience is difficult [44—46].

However, as teaching hospitals expose trainees to these
new models of care, a new generation of surgeons is entering
the working force with the knowledge and experience to
implement and lead these changes.

Electronic medical records, with the capability of creating
order sets, also play an important role in eliminating vari-
ability in patients’ management as they provide a blue print
that is easily reproduced from patient to patient.

Successful implementation of these new models of care
depends not only on the surgeon; on the contrary, they
required significant institutional support as multiple teams
across the healthcare spectrum are necessary in order to
improve patients’ care and reduce costs [47, 48]. As pathways
are developed and implemented, full potential can be achieved
with active participation from anesthesiologists, nursing staff,
physical therapists, and ostomy teams. This increase in
resource utilization may contribute to a perception of
increased cost and healthcare expenditure and lead to a lack
of support from hospitals” administration. Although there is
an initial increase in cost, the increased healthcare expendi-
ture is offset through a reduction in patients’ morbidity and
length of hospital stay [49-51].
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TasLE 7-1. Quality measures between patients managed within and outside an established enhanced recovery pathway (ERP)

Morbidity LOS (days) Readmission rates

Author Within ERP Outside ERP (ERP vs. non-ERP) (ERP vs. non-ERP) (ERPs vs. non-ERP)
Bradshaw et al. [155] 36 36 8% vs. 11% 49vs. 6 3% vs. 3%
Basse et al. [157] 130 130 25% vs. 55% 3.3 vs. 10 21% vs. 12%
Anderson et al. [158] 14 11 28% vs. 45% 3.9 vs. 6.9% 0% vs. 0%
Raue et al. [156] 23 29 17% vs. 24% 4vs. 7 4% vs. 7T %
Delaney et al. [15] 33 31 22% vs. 30% 5.2 vs. 5.8 9.7% vs. 18.2%
Gatt et al. [159] 19 20 47% vs. 75% 6.6 vs. 9° 5.3% vs. 20%
Khoo et al. [59] 35 35 25% vs. 51% S5vs. 7? 9% vs. 3%
Serclova et al. [160] 52 51 21% vs. 48% 7.4 vs. 10.4° 0% vs. 0%
Muller et al. 2009 [161] 75 76 21% vs. 49% 6.7 vs. 10.3* 3.9% vs. 2.6%
LAFA 2011 laparoscopic 100 109 34% vs. 37% 5vs. 6 6% vs. 6.4%

[153]
LAFA 2011 open [154] 93 98 43% vs. 41% 6vs. 7 7.4 % vs. 7.1 %

“Mean length of stay (LOS)

Data obtained and combined into current table from Wind et al. [153], Vlug et al. [154], and Adamina et al. [1]

The concept of “team” is key to the success of these
changes in patients care practices, as surgeons alone without
the appropriate supportive environment may encounter dif-
ficulties in improving patient experience. Monitoring adher-
ence to a given pathway allows for quality control measures
to be periodically evaluated, ensuring participation of the
various teams involved and allows for modifications to the
pathway to be implemented as necessary [52-54].

At the end, incorporating an enhanced recovery pathway
(ERP) into a practice or hospital system should lead to
improve patient care, decreased morbidity and mortality,
reduced length of hospital stay (LOS) and healthcare cost,
while maintaining or even decreasing readmission rates
(Table 7-1) [1].

Where Does the Pathway Start?

The answer to this question needs to be considered both from
the surgeon and from an institutional viewpoint.

From a surgeons’ perspective, in its simplest form, an ERP
starts with a surgeon implementing a specialty-specific order
set. As the use of ERP is applicable to most specialties across
the board and affects hospitals’ expenditure and therefore
profit margins, more advanced setups require the participation
of multiple teams (surgery, anesthesia, nursing, etc.) [55].

As specialty-specific ERPs are created, institutional sup-
port facilitates their introduction and use. Creation of spe-
cialty-/department-specific committees allows for input from
these teams to be incorporated into the ERP. There is no
point in modifying preoperative fasting time to 2 h for lig-
uids, to cite an example, if the individual anesthesiologist
will not accept and be willing to anesthetize a patient due to
his own practice preferences, despite the fact that guidelines
indicate that such practice is safe [56-58]. Multiple exam-
ples like this one can be described, and consensus is neces-
sary among healthcare providers and ancillary teams as the

institution moves forward in the development of these
pathways. Teams usually involved include, but are not limited
to, surgeons, nursing staff, physical therapist, information
technology personnel, residents, respiratory therapist, and
ostomy team members. The configuration of these committees
may vary, as pathways have been successfully implemented
across multiple specialties and specialty-specific needs are
targeted [59].

Preoperative Management

Preoperative Evaluation: Frailty Score
and Pre-habilitation

Several patient factors can negatively affect the outcome
after elective colorectal surgery. Among them, nutritional
status has been directly associated with outcomes and
should be viewed as part of the preoperative assessment
of patients within an ERP program [60]. Several tools can
be used to evaluate nutritional status. The subjective
global assessment (SGA) tool allows patients to be strati-
fied in well, moderate, and severe malnutrition (SGA-A,
SGA-B, and SGA-C, respectively). Postoperative compli-
cations after colorectal surgery, as well as LOS, have both
increased as patients’ nutritional status worsens. Morbidity
increases from 11% for SGA-A to 31% and 41% for
SGA-B and SGA-C. Length of stay increases as well,
with hospital days increasing from 4 to 5 and 7, respec-
tively, for SGA-A, SGA-B, and SGA-C [61]. Prolonged
preoperative nutrition, either enteral (whenever use of the
gastrointestinal tract is possible) or parenteral, may
improve nutrition within 2-3 weeks and decrease compli-
cations. Therefore, preoperative nutritional assessment
and optimization should be part of an ERP, as both
morbidity and LOS improve when appropriate steps are
implemented [62, 63].
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Frailty, defined as a decrease in physiologic reserve and
multisystem impairment independently of the normal aging
process, where patients show a combination of decreased
muscle mass and functionality, signs of chronic inflamma-
tion, and altered metabolism, is also a marker of increased
postoperative morbidity and mortality as well as prolonged
LOS [64, 65].

A modified frailty index (MFI) allows for preoperative
risk stratification and may allow to identify patients that will
require extra healthcare resources early on and to plan in
accordance. Eleven variables are considered, and some of
them can be optimized preoperatively, such as chronic
obstructive pulmonary disease or congestive heart failure
[66]. Published data has demonstrated a correlation with
LOS, and utilization of MFI may allow surgeons to identify
patients early on that may require additional healthcare
resource utilization. Data suggest that approximately 61% of
patients with a MFI of 1 or less had a LOS between 1 and 3
days, while more than 50% of patients with a MFI of 3 or
more are hospitalized between 4 and 8 days [61].

Preoperative optimization is recommended when possible,
and certain measures such as stopping alcohol or smoking 4
weeks prior to surgery are associated with improved out-
comes [60, 61, 64]. Pre-habilitation, a term that refers to a
structured process, aims to improve patients’ capacity to
respond to surgical stress, and decreased postoperative com-
plications are currently an area of research within ERP pro-
tocols. Although creation of a structured program that
combines preoperative exercise training, nutritional support,
and optimization of chronic disease processes appears as a
logical progression of preoperative management, there is not
sufficient data at this time to support the allocation of
resources to the creation of such programs. They represent,
however, an avenue for active research with potential to pos-
itively impact patients’ outcomes and could be considered at
the time of creation of an ERP.

Fasting Prior to Surgery, Mechanical Bowel
Preparation, and Preoperative
Antibiotics Usage

Classic preoperative management teaching had focus on lim-
itation of oral intake prior to surgery, the role of mechanical
bowel preparation, and antibiotics usage [60].

Traditionally, patients are asked to fast from midnight
onwards prior to surgery. Published literature has evaluated
the role of carbohydrate loading prior to elective surgery.
Solid intake is then limited to 6 h prior to surgery and
carbohydrate-rich fluids to 2 h. It appears to be of some ben-
efit in terms of decreasing postoperative insulin resistance,
LOS, and patient satisfaction (i.e., decreased in thirst); how-
ever, the level of evidence is low, and further studies are
required to determine how it may affect patient recovery.
Some literature suggests that preoperative carbohydrate
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loading improves PONV and decreases loss of muscle mass.
However, further studies are needed, as patient benefits may
not be superior when preoperative oral glucose is compared
to intravenous glucose infusion during surgery. Independent
of potential benefits, reducing fasting times and the usage of
preoperative carbohydrate drinks up to 2 h prior to surgery is
safe as there is no increased risk of anesthesia complications
[67-70].

Mechanical bowel preparation prior to colorectal surgery
has also been a topic of debate, with a large body of literature
showing that there is no difference in outcomes whether
mechanical preparation is used or not [71-74]. A Cochrane
review that included 5805 patients demonstrated no differ-
ence in wound infection, anastomotic leakage, intra-
abdominal infectious complications, or need for reoperation
independently of whether a mechanical bowel preparation
was used or not [75]. However, colonic manipulation during
laparoscopic surgery is easier when a mechanical bowel
preparation is used. Jung et al. randomized 1343 patients to
mechanical bowel preparation versus no preparation and
found similar results. This study, published in 2007, evalu-
ated patients enrolled between 1999 and 2005 [76]. Recently,
long-term follow-up data from this study found a change in
cancer-specific survival when a mechanical bowel prepara-
tion was used. The 10-year cancer-specific survival was
84.1% versus 78% for patient who underwent mechanical
bowel preparation versus those who did not [77]. However,
Van’t Sant et al. reviewed data from 382 patients (median
follow-up 7.6 years) and found no difference in survival
among groups (bowel preparation vs. none) [78]. Although
further studies are now needed in order to evaluate the rela-
tionship of mechanical bowel preparation and long-term spe-
cific survival, as the authors themselves point out, surgeons
should consider reviewing their current practices, as mechan-
ical bowel preparation may not change early postoperative
outcomes, but it may impact long-term survival.

It is our practice to use mechanical bowel preparation
when a patient will be diverted, for left colon and rectal
resections, when an intracorporeal anastomosis is planned,
and in those cases that may require an intraoperative colo-
noscopy. As a result of the data mentioned above, mechani-
cal bowel preparation for right colectomies is being used by
part of our team.

The third component of the preoperative management
includes the usage of antibiotics prior to surgery. Adequate
coverage should include both aerobic and anaerobic flora.
Meta-analyses have shown that there is a decrease in surgical
wound infection (SSI) when antibiotics usage is compared to
placebo. A risk reduction of at least 75% has been found with
a decrease in wound infection from 40% to 14-6% [79-82].
As surgeons currently administer antibiotics routinely within
1 h of the surgical starting time as part of compliance with
Surgical Care Improvement Project guidelines (SCIP), the
decision-making process currently centers in what the ideal
regimen is. The ideal regimen should not only control SSI
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but also consider cost and adverse effects of a selected regi-
men. A combination of oral antibiotics administered during
the preoperative phase (usually while the patient undergoes
mechanical bowel preparation) combined with intravenous
antibiotics administered within 1 h of surgery appears to be
the most efficacious strategy to decrease SSI (6.5%).
Continuation of antibiotics beyond 24 h after elective sur-
gery offers no benefit, and it is not recommended under cur-
rent guidelines [79, 83]. It is our practice to give antibiotics
the day prior to surgery during the bowel preparation, fol-
lowed by one dose in the operating room. Re-dosing varies
depending on the antibiotic used half live and the length of
the case.

Patient Education

From a surgeon-patient interaction perspective, an ERP
starts in the first office visit. The concept of early hospital
discharge is not new. The first reports are from the 1990s.
Although successful implementation was demonstrated back
then, they also showed that managing patients’ expectations
is important, as a significant number of patients felt they
were discharged home too early despite meeting discharge
criteria, based mainly in their perception of inpatient postop-
erative recovery times.

Patient education is a key component of an ERP. The con-
cept or view of patients being passive recipients of care
should be changed. Patients should be actively engaged in
the recovery process and understand that they play a signifi-
cant role in decreasing complications. A motivated patient,
with clear goals to meet in mind, is more likely to comply
with perioperative tasks such as ambulating, incentive spi-
rometry usage, and reduction of narcotics intake to name a
few [1, 3, 60].

These goals and expectations can be discussed during the
preoperative encounter and reinforced by written educa-
tional material, preoperative meeting with the ostomy team
when necessary, and encouraging the patient to communi-
cate their questions or concerns as needed. Easy patient
accessibility to the care team, in many cases through a nurse
practitioner or a medical assistant, plays an important role in
the development of the patient-physician-healthcare team
relationship. From a patient’s perspective, being discharged
home in postoperative day 2 or 3 after a major abdominal
surgery may be perceived as a daunting scenario. Easy acces-
sibility to the healthcare team through healthcare extenders
helps develop trust in the system and contributes to improve
patient satisfaction. Institutional support plays an important
role in this process, as resources need to be available to
incorporate, for example, nurse practitioner into the teams.
However, having someone available within the team to
address patients’ questions once discharged, either through
phone or email communication, can contribute to decrease
readmission rates and should be seen as part of the efforts to
improve care and patient satisfaction.

1
Intraoperative Pathway

Minimally Invasive Colorectal Surgery

Current data shows that only 50-70% of colorectal resec-
tions in the United States are performed in a minimally
invasive fashion. The national average LOS after colorec-
tal surgery reported by Medicare is approximately 9 days;
a substantial variability in the quality of care that has been
delivered can be seen when LOS of 2-3 days is common
after laparoscopic colorectal resections [1, 6, 14, 18, 23,
30, 42, 84]. From an economic point of view, the average
cost per inpatient day in the United States varies between
$1625 and $2025 (2010 data). This difference in LOS rep-
resents gross savings of approximately $9750 per patient
per hospital stay.

Minimally invasive colorectal surgery combined with
enhanced recovery protocols has shown to decrease LOS to
an average as low as 2.6 days, with some patients being
safely discharged home within 24 h. At the same time, early
hospital discharge has been associated to readmission rates
comparable to patients being managed outside an ERP
[4,7-10, 12, 38, 40, 41, 85].

ERP can be successfully applied for patients undergoing
open colorectal procedures, with data supporting a decrease in
morbidity and LOS compared to non-pathway patients.
However, LOS is invariably longer when compared to patients
undergoing a minimally invasive procedure. Therefore, proce-
dures performed open, laparoscopic, and in an emergent basis
should be managed within the established ERP, with mini-
mally invasive surgery preferred over open when possible
[5,8,10-12, 17, 24, 26, 31, 38, 40, 41, 43, 86, 87].

Intraoperative Fluid Administration

Fluid administration during surgery is an area of ongoing
debate. As fluid homeostasis is affected by changes in sev-
eral hormones during the postoperative period, the amount
of fluid given during the surgery itself varies significantly
based on individual practices. Historically, fluid resuscita-
tion tends to overestimate requirements which translate into
early postoperative weight gain secondary to fluid retention
and third spacing [55]. Studies using restrictive fluid resusci-
tation strategies have shown a decrease in cardiopulmonary
complications and LOS without an adverse effect in anasto-
motic leakage or surgical-specific complications. However,
the data is not clear regarding the optimal strategy, as differ-
ent studies had used different regimens, with variations in
the type of fluid used (colloid vs. crystalloid) and the option
of increasing fluid administration based on intraoperative
clinical parameter interpretation by the individual anesthesi-
ologist [88]. These situations make comparison difficult;
therefore, there are no clear guidelines as to what the ideal
regimen is. By measuring intraoperative “real-time” volume
status using transesophageal Doppler to determine stroke



112

volume and vasopressor medication once normovolemia is
achieved, a LOS as low as 2.7 days has been reported, with a
subgroup of patients being discharged home within 23 h
[55]. This approach, described as a goal-directed therapy, as
patients’ fluid resuscitation is tailored based on individual
needs, has shown similar results to data published by Delaney
et al., who has reported a similar LOS without the need of
additional intraoperative equipment (i.e., transesophageal
Doppler probe) and the need of anesthesiologists with that
particular skill set. Both these factors may increase cost
without a clear change in outcomes in elective cases or in
patients with minimal comorbidities [88-97]. These results
are further validated by Senagore et al., who randomized
patients undergoing a minimally invasive procedure within
an ERP pathway and compared standard versus goal-directed
fluid resuscitation. The standard group has a shorter LOS
(64.9 h vs. 75.5 h, respectively) [98].

Currently, intraoperative restrictive fluid administration
appears to be superior to traditional intraoperative fluid
resuscitation protocols, and a standardized anesthesia proto-
col should be established as part of an ERP. However, further
studies are necessary to determine the role of goal-directed
therapy, independent of whether intraoperative transesopha-
geal Doppler monitoring or finger-probe monitoring is used,
as there may be a subset of patients that could benefit from
this technology [55].

Analgesia

From our standpoint, pain control starts prior to surgery, con-
tinues during the procedure and the hospital stay, and ade-
quately maintains based on specific patients’ needs after
discharge. Pain management is described in this part of the
chapter; however, the ERP should address pre-, intra-, and
postoperative pain control.

Adequate pain control is of paramount importance after sur-
gery, as patients are more likely to ambulate and resume some
routine daily activities sooner when postoperative pain is well
managed. The opposite is also true, as patients with inadequate
pain control are most likely to remain in bed, to avoid deep
breathing and actively engaging in their recovery, as they per-
ceive pain as a limiting factor to what they can do. At the same
time, it is considered a patient’s right and patients’ satisfaction
can be negatively affected when pain management is not ade-
quate. It is not only indicative of poor patient management in
most cases, but it may also affect hospital reimbursement as
patients’ satisfaction becomes tied to it [55, 60].

There is no ideal pain regimen, as analgesia requirements
vary from patient to patient and type of analgesic used is
influenced by patients’ history of chronic narcotics usage,
liver and kidney function’s profiles, and age to name some.
Ideally, the selected analgesia regimen will control patients’
pain while minimizing the development of adverse effects,
such as PONYV, POI hypotension, or kidney injury, among
others.
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Blocking nociceptor activation prior to a painful stimulus,
a term described as “preemptive” analgesia, has been exten-
sively discussed in the medical literature. However, high-
quality data to support its usage is scarce. Preemptive
analgesia includes multiple interventions, from oral analge-
sic administration starting the day prior to surgery to place-
ment of epidural catheters or spinal analgesia prior to the
beginning of the procedure or local infiltration of the surgical
sites in the case of laparoscopy. Data supporting these differ-
ent strategies varies; however, simple measures such as pre-
operative intake of oral medication should be considered as
part of an ERP. Nonsteroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen or diclofenac are usually incor-
porated into the ERP and administered starting 24 h prior or
the day of surgery [99-101]. Gabapentin, a central acting
agent, can also be started in the preoperative stage, and it is
part of the ERP protocol used by the authors. Data regarding
the use of short- and long-acting anxiolytic medication has
been reported; however, these drugs are currently not recom-
mended by the ERAS society [60, 102—-106].

Intraoperatively, local infiltration of the surgical port sites
has not shown to decrease postoperative pain requirements.
Liposomal bupivacaine may be used; however, there is yet
no evidence to support its use. On the contrary, peripheral
nerve blocks such as a transverse abdominis muscle pain
(TAP) block have shown to decrease postoperative opioid
usage. It is a technically simple, low-cost procedure that can
easily be performed under laparoscopic or ultrasound guid-
ance [107-109].

Postoperative analgesia has also been subject to extensive
debate. The use of epidural analgesia versus a combination
of intravenous opioids delivered using patient controlled
analgesia (PCA) equipment and scheduled intravenous
NSAIDs such as ketorolac and/or paracetamol appears to be
similar in controlling pain in most cases. Although the use of
epidural catheters may improve pain scores initially, overall
pain control, LOS, and patient satisfaction appear to favor
the latter [33, 110-115].

The combination of an opioid PCA and intravenous ketor-
olac or acetaminophen in the initial postoperative phase
(postoperative day zero or 1) followed by a combination of
these medications by mouth as soon as patients start oral
intake is favored by the author and is part of the standard
ERP protocol and the electronic order sets.

A combination of epidural analgesia administered and
intravenous opioids and NSAIDs is an alternative that
should be considered in chronic opioids users. Epidurals
analgesia may be limited to the administration of a local
anesthetic or to a combination of a local anesthetic and opi-
oids. Although there is extensive data regarding the use of
thoracic epidural analgesia documenting its safety, it is an
invasive procedure with associated complications such as
pruritus, urinary retention, and postoperative hypotension.
Postoperative hypotension secondary to an inhibition of the
sympathetic tone is of particular importance when using an
epidural catheter. In these cases, patients may benefit from
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a decrease in the amount of medication being delivered
rather than from the administration of intravenous fluids
boluses [115, 116].

A one-time intrathecal administration of an opioid and
local anesthetic (0.5% bupivacaine) followed by a combina-
tion of a narcotics PCA and NSAIDs appears to be superior
than both of the abovementioned options; however, it is an
invasive procedure, and further data is required to determine
its real impact on LOS [116]. It is not currently part of our
standard ERP.

Venous Thromboembolism Prophylaxis (VTE)

Venous thromboembolism prophylaxis is currently part of
the SCIP guidelines and commonly built in as part of the
mandatory electronic admission order sets. SCIP guide-
lines require starting of prophylaxis within 24 h of surgery.
This allows for variability in the usage of the medication,
as surgeons may opt to administer it prior to the surgical
procedure itself or within the 24 h period. Data supporting
the use of either unfractionated heparin versus low molec-
ular weight heparin shows very little difference between
these prophylactic agents. However, data regarding the
length of prophylaxis after surgery is still controversial
[60, 117]. A Cochrane meta-analysis that included four
randomized trials demonstrated a reduction in VTE from
1.7 to 0.2% when prophylaxis was maintained for 4 weeks
[118]. However, a database review of more than 52,000
patients found that the prevalence of postoperative symp-
tomatic VTE after only inpatient prophylaxis was 0.67%
[119, 120]. A recently published randomized controlled
trial of 1 versus 4 weeks of pharmacological VTE prophy-
laxis specifically after colorectal laparoscopic surgery
showed that VTE occurred in 9.7% versus 0.9%, respec-
tively [121]. Symptoms of VTE were present in only two
and one patient respectively. No episodes of pulmonary
embolism occurred in either group. Guidelines indicated
that prophylaxis should be continued for 4 weeks, espe-
cially in oncologic patients [60].

In our practice, patients with limited mobility, being dis-
charged to a skill nursing facility, morbid obese, with
advanced malignancies, with coagulation disorders, or with
prior history of VTE or PE, are usually discharged on a
4-week course.

Postoperative Recovery

Analgesia

Pain control should continue during the inpatient stay as
well as after discharge. Pain management strategies have
been described earlier in the chapter. From an outpatient
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pain management standpoint, a gradual decrease in medica-
tion usage is expected. Medication (both opioids and
NSAIDs) should be prescribed, keeping this in mind and
considering the potential for abuse associated with narcotics
usage. The amount of narcotics usage in the United States is
significantly higher when compared to the rest of the world,
and efforts are being implemented at a government level to
monitor opioids usage. A fine line is required to maintain
adequate pain control and patients’ satisfaction while
preventing abuse.

It is our practice to start a combination of acetaminophen
and NSAIDs the day after surgery unless a specific contrain-
dication exists. These medications are scheduled, while opi-
oids are used for breakthrough pain control. Opioid PCA is
usually discontinued in postoperative day 1 after a laparo-
scopic resection.

Intravenous Fluid Management

ERP have demonstrated the safety of initiating early oral
intake, thus being able to decrease intravenous fluid require-
ments. At the same time, published data indicated that
restricting intravenous fluids to less than <2 1/day versus
>3 1/day are associated with increase gastric emptying, faster
recovery of gastrointestinal function, and overall decrease
morbidity and LOS [55]. It is our practice to limit or stop
intravenous fluids within 24—48 h of surgery.

Early Oral Feeding, Ambulation, and Role
of Nasogastric Tube

A large body of literature has shown that early introduction
of oral intake within 24 h of surgery is safely tolerated in
70-90% of patients. Even though a Cochrane review and a
meta-analysis fail to show a reduction in LOS when early
feeding is introduced, numerous single institution reports
over the last 10 years or more have reported average LOS
of just over 2 days, and restarting oral intake within the first
day of surgery has been an integral part of their ERPs [122].
Although early feeding increases the risk of vomiting
[123], the risk of aspiration pneumonia remains the same
whether feeding is started early on or after return of bowel
function (absolute risk of 0-6.3% vs. 0-7.1%, respectively)
[122—-126]. Early feeding has also been associated with a
decrease in insulin resistance, hyperglycemia, and wound
infection.

Encouraging and facilitating early ambulation through the
aid of ancillary staff while the patient is still in the hospital is
key to achieve the goal of a short LOS. Early ambulation
helps decrease muscle waste and helps prevent a reduction
in gastrointestinal motility associated with an increased time
in bed [125, 126].
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Prevention of Postoperative Nausea

and Vomiting (PONV) and Postoperative Ileus
(POI): Role of Nasogastric Tube and Motility
Agents

ERP routinely includes medications that try to decrease
PONYV and prevent the development of POI. Several classes
of antiemetics are available, and each class has been shown
to be superior to placebo in the management of PONV. A
combination of two or more drugs decreases even further the
incidence of PONV [127-133].

A single dose of intravenous dexamethasone during sur-
gery combined with ondansetron (serotonergic 5-HT3 recep-
tor antagonists) appears to be the most adequate strategy to
prevent PONV. Ondansetron is continued during the postop-
erative period at a dose of 4 mg every 6—8 h as needed.
Studies have demonstrated a decreased incidence in PONV
with ondansetron compared to metoclopramide. For patients
at increased risk of developing PONV, a combination of a
transdermal scopolamine patch and ondansetron can be used
with studies suggesting increased efficacy when compared to
ondansetron alone [131, 132].

Postoperative ileus (POI) refers to a transient impairment
in gastrointestinal motility that prevents oral intake. Various
definitions of POI have been proposed. Classically, it has
been described as a delay to restart oral intake for more than
3 days after laparoscopic surgery or to more than 5 days after
open procedures. Senagore et al. proposed an alternative
classification by describing POI as any situation that requires
a return to “nil per os” or the insertion of a nasogastric tube
(NG). He further defines ileus as primary or secondary based
on whether it is associated (secondary) or not to any other
complication (i.e., anastomotic leakage) [9, 128, 129].

Primary POI causes not only patient discomfort and delays
hospital discharge; it is a significant cause of healthcare
expenditure, accounting for approximately $750 million per
year [55, 132].

Alvimopan, a peripheral-acting mu-opioid receptor antag-
onist, has been shown to decrease the time required for return
of gastrointestinal function and decrease POI and LOS after
open and laparoscopic colorectal surgery. However, its role
after laparoscopic colorectal surgery and an established ERP
is less clear; Delaney et al. described a reduction in POI from
4 to 12% when comparing two matched laparoscopic colec-
tomy groups when alvimopan was used. However, LOS (3.6
vs. 3.7 days) and hospital readmission rates (4% vs. 4.2%)
were the same in both groups [134—141].

Oral magnesium oxide was described to facilitate return of
bowel function after colonic surgery and as part of an ERP
protocol. However, the data available is small and have not
been validated in further studies.

Bisacodyl, either orally or as a suppository, facilitates
return of bowel function; however, LOS is unchanged, and
the amount of data available is limited [142, 143].
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Chewing sugarless gum postoperatively has also been
associated with a decreased time to return of bowel function
and decreased LOS. The level of evidence is very robust, and
its associated cost and reported adverse effects (i.e., bloat-
ing) are minimal [144-147].

Nasogastric tube decompression has been shown to have
no role as a preemptive measure to prevent PONV or
POI. Furthermore, it delays return of bowel function and
hospital discharge. Therapeutic NG decompression still has
arole in the treatment of POI; however, its usage is required
in less than 10% of patients [148—150].

Venous Thromboembolism Prophylaxis (VTE)

VTE prophylaxis should be initiated within 24 h per SCIP
guidelines. This topic has been addressed earlier on the chap-
ter while discussing intraoperative management; however,
addressing VTE prophylaxis is mandatory during the post-
operative period under current practice parameters.

Discharge Planning, Follow-Up,
and Coordination of Care

Discharge planning, follow-up, and coordination of care
with other healthcare teams (i.e., predischarge appointments
coordination with the different healthcare provider such as
oncology, as needed) should be initiated early on during hos-
pital stay. This process is facilitated by the electronic medi-
cal records system and electronic orders/appointments
scheduling. Incorporation of ancillary support staff such as
nurse practitioners, stoma therapists, social workers, and
physical therapists as members of the ERP team allows for
active education, planning, early identification of patients
that may need home care or to be discharged to physical
rehabilitation or extended care facilities, and decreased
unnecessary hospital stay secondary to poor planning or
administrative delays such as insurance approval [2, 9, 15,
21,29, 31, 151, 152].

Quality Pathway Evaluation Measures

Electronic Order Set Creation and Updates
to Comply with Best Practice Parameters
Guidelines and Evidence-Based Literature

Creation of specialty-specific order sets requires the partici-
pation of the various members that contribute on a daily
basis to patient care and application of the ERP. This includes
surgeons, anesthesiologists, information technology person-
nel, nurses, ostomy/wound care team members, physical
therapist, residents, and social workers to name a few. Data
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have shown that the initial cost of implementing an ERP is
offset by the reduction in morbidity and LOS achieved with
the subsequent pathway implementation. Regular meetings
are required to ensure that the ERP and the associated order
sets remain in compliance with changes in practice parameters,
evidence-based guidelines, and government and insurance
policies [1, 43, 60].

Implementation and Monitoring of Pathway
Application

Compliance and application of the numerous components of
an ERP have been shown to vary within members of any
given colorectal group. Changes in members of the ERP can
impact the way ERPs are implemented, and morbidity and
LOS may change accordingly. Mobile Internet-based appli-
cations currently exist and are being used in high-volume
centers to monitor in real-time ERP compliance and to iden-
tify variables that can affect its application, such as indi-
vidual surgeon’s preferences or a lack of support personnel.
As information technology progresses and variables that
affect patient care are identified, an opportunity for further
improvement of ERP may occur. There is no data at the pres-
ent time to evaluate its effect in overall patients’ experience,
quality of care, and healthcare cost [153-156].

Quality Improvement Measures

Since the beginning of the century and secondary to high
morbidity and mortality rates and a constant increase in
healthcare cost, numerous programs have been developed to
try to standardize care. With the objective of improving qual-
ity by decreasing variability among healthcare providers and
contain cost, programs such as SCIP and National Surgical
Quality Improvement Program (NSQIP) were developed.
Over time, regional initiatives supported by private funding
also developed as the opportunity to change individuals’
practice styles toward an evidence-based, and best practice
guidance model was seen as a way to achieve those goals.
Compliance with SCIP measures is becoming part of
everyday practice. However, some of the standardized mea-
sures have failed to significantly improve quality. Internal
practice monitoring and benchmarking them to national stan-
dards, as long as confounding variables can be included (i.e.,
tertiary center patients’ complexity and postoperative mor-
bidity), may allow physicians and hospitals to modify prac-
tice parameters and improve outcomes [1, 36-38, 45, 48, 64].
An easy-to-apply metric to evaluate for quality in colorectal
surgery was described by the senior author of this chapter.
The HARM score takes into consideration hospital stay, read-
mission, and mortality rates. The score is calculated by giving
each patient discharge a value from 1 to 10. As the hospital
mean HARM score increases from <2, to 2-3, to 3—4 and
more than 4, an increase in complication rates after elective
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colorectal surgery is seen, changing from 15.2% to 18.2%,
to 24.0%, and to 35.6%, respectively. This metric provides
surgeons a low-cost tool to compare quality and may allow
for identification of true outlier performers [152].

Conclusion

The combination of ERPs and minimally invasive colorec-
tal techniques has demonstrated a reduction in morbidity
and mortality and overall length of hospital stay and is
associated with a low readmission rate. This multimodal
approach, based on interdisciplinary work, contributes to
the standardization of patients’ care and, as a result, con-
tributes to increase quality of care. Its implementation
through specialty-specific order sets covers the whole epi-
sode of care, from preoperative management until comple-
tion of care is achieved. Continuous pathway monitoring
allows for updates in the order sets to be made to adjust to
changes in best practice parameters and pathway compli-
ance. Overall, the decrease in complications associated
with the implementation of an ERP and minimally invasive
colorectal surgery achieves the goals of improving quality
of patients’ care while simultaneously reducing healthcare-
related cost when compared to patients managed outside a
specific pathway [1-3, 6-9, 13-16, 18, 21, 35-38, 45, 47,
48, 62, 64, 84, 86].
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Postoperative Complications
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Key Concepts

e Thorough preoperative evaluation including assessment
of social situation, cognitive status, and comorbidities
contribute to safe postoperative recovery.

» Laparoscopic approach to colorectal surgery is associated
with a decreased risk for postoperative complications.

* Risk for mortality after major postoperative complica-
tions is a reflection of surgeon as well as the system in
which the surgeon operates.

e Meticulous operative technique with particular attention to
hemostasis will lead to improved postoperative outcomes.

* Postoperative management with an enhanced recovery
after surgery protocol leads to decreased postoperative
complications.

* Bowel preparation with oral antibiotics correlates with a
decreased risk of superficial surgical site infection.

Introduction

Postoperative complications are common in colorectal sur-
gery with an incidence as high as 40 % depending upon the
study. Many studies have been reported which characterize
the complications and their frequency. The overarching goal
of this chapter is to highlight some of this literature in an
attempt to give the reader a broad overview of some of the
issues surrounding postoperative complications.

Preoperative Considerations
and Prediction of Postoperative
Complications

Given the frequency of postoperative complications and their

implications on quality of life, much current work focuses on
prevention of complications. To that end, many authors have

© ASCRS (American Society of Colon and Rectal Surgeons) 2016

used the database that has come out of the American College of
Surgeons National Surgical Quality Improvement Program
(NSQIP) to characterize postoperative complications [1-6].
Perhaps one of the most significant developments is that of the
ACS NSQIP surgical risk calculator [7, 8]. This tool uses pro-
cedure-specific information to provide an accurate prediction
both of risk for various complications as well as hospital length
of stay. Importantly, the ACS NSQIP calculator provides risk
stratification that allows the patient to see their risk in the con-
text of other more average-risk patients. Figure. 8-1a, b is an
example of a report obtained from the ACS NSQIP risk calcu-
lator. These types of tools allow surgeons to not only anticipate
various complications but to guide patient counseling on
expected outcomes. This type of informed consent allows sur-
geons to consider the outcomes that are most important to
patients so they can make decisions that align with their goals
of life [9, 10].

While this risk calculator seems to accurately predict post-
operative complications [8], risk prediction is dependent
upon the accuracy of the data entered into the model.
Furthermore, factors exist that impact the outcomes that can-
not be measured by any specific model. For example, Dr.
Senagore’s group investigated the accuracy of the ACS
NSQIP risk calculator in predicting outcomes in a high-
volume minimally invasive colorectal surgery practice [11].
The authors of this study found that the risk calculator gener-
ally overestimated the rate of complications [11]. The authors
proposed that the discrepancy in the observed to expected
rate of complications was related to the inability of the calcu-
lator to account for surgeon-specific experience, volume,
and prior outcomes. However, the authors did not report how
well the results of the calculator correlated with the actual
patient outcomes on a per-patient basis, which is a major
limitation to their conclusions. Nonetheless, it is clear that
any prediction calculator developed will always be able to be
improved with more accurate data input.

Patient comorbidity clearly impacts risk for postopera-
tive complications [1]. The NSQIP risk calculator, as well

121

S.R. Steele et al. (eds.), The ASCRS Textbook of Colon and Rectal Surgery, DOI 10.1007/978-3-319-25970-3_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-25970-3_8&domain=pdf

122

a Enter Patient and Surgical Information b

> 44205 - Laparescopy, surgical: colectanmy, partial, with remaval of terminal Seum with
@ p »
rocedure lleacalostamy
Begin by entering the procedure name or CPT code. One or mare pracedures will appear below the
procedure box. You will need to click on the desired procedure 1o properly select it. You may also search
using two words (o1 two partial words) by placing a *+” in between, for example:
“cholecystectomy s chalangiography”™

A. Russ and G.D. Kennedy

Patient Surgical
Risk Report

Cther Surgical
Options

Other Non-operative
opticns

@) Are there other patential appropriate

# Mane
= treatment options?

h a3 much of the folk 9 ¥Oou can to receive the best risk estimates.
A rough estimate will still be generated if you canmot provide all of the information below,

Age Group 7584 years Disbetes @ (Ol ¥

Hypertension requifing ()

S Famaly ¥ medication

Yes v

Functional status (&) Previous cardiac event (B [¥es ¥

Independent v
Congestive heart failure in 30
] z
Emergency case & [No v s o S Wi @ [No v
AsA class KB (10 - Sevem systemic dsease .
Wound class @ [Clear/C oraminated * Dyspoes @8 [Nome
O for chronic o £
Stercid use for chione @y [, Current smoker within 1 year @ [Ho_ ¥
condition
Ascil i F -
dcibed within 30 dayt gy o= History of severe COPD @) [No 7
priar to surgery
Systemic sepsis within 48 {.i) Nome Dialysis ki} Mo v

hours prior to surgery
Acute Renal Faiture @ [No ¥

B Calcutation: 8 ]

Ventilator dependent (8 (N0 v :
Height fin)

Oisseminated cancer @ [No v Wesght (ibs) 155

FiGure 8-1. A sample of the American College of Surgeons risk
calculator is shown. The calculator was found at http://riskcal-
culator.facs.org/ and details of a made-up patient were inserted
according to the instructions. (a) In this example, a 77-year-old
female patient will undergo a laparoscopic right hemicolec-
tomy. Her made-up comorbidities were inserted and the risk

as many other investigators, has clearly shown the impact
of these comorbidities on risk for postoperative complica-
tions. However, as patients with surgical problems age,
surgeons must be able to address issues that are specific to
the older adult population. In particular, it is important to
begin to understand how frailty, cognitive impairment, and
social support impact patient outcomes. These variables
are largely neglected by any current predictive nomogram,
but it is clear that these factors contribute to postoperative
outcomes. For example, cognitive impairment has been
shown to correlate with discharge to a higher level of care
in the older adult population [12]. In this study, 41 % of
patients with a score <14 on the mini-mental status exami-
nation (MMSE) were discharged to a higher-level care
facility compared to only 11 % of patients who scored >14
(OR 4.76, CI 1.72-13.17, P=0.003) [12]. These findings
indicate that preoperative cognitive impairment is an
important predictor of discharge destination. Others have
also found that preoperative cognitive impairment corre-
lated with a higher risk for postoperative complications
(42 % rate of complications in the impaired group com-
pared to 24 % in the intact group, P=0.011) [13]. Cognitive
impairment also correlated with longer length of stay and
higher 6-month mortality. Taken together, the data indicate
that cognitive impairment should be considered an impor-
tant predictor of outcome when dealing with the older
adult population.

Risk Factors

BOD (Worte

| Predicted Length of Hospital stay: 4.uq—||

calculator was run. (b) Results of the risk calculation were
obtained and shown here. This sample patient was found to be
of average risk for serious complication and slightly higher
than average risk for any complication. Risks for specific com-
plications are shown. © American College of Surgeons, used
with permission.

Another commonly forgotten consideration in the high-
risk older adult population is frailty. Frailty is a syndrome
characterized by age-related declines in functional reserves
across an array of physiologic systems. The syndrome is
highly prevalent in older adults and confers a high risk for
falls, disability, hospitalization, and institutionalization.
Despite the prevalence of this syndrome in older adults and
the wide recognition of the importance of frailty on postop-
erative outcomes, it has not been well defined in the litera-
ture until recently. Many different strategies have been used
to measure frailty [14]. Perhaps the best measurement is
termed the frailty phenotype that is characterized by uninten-
tional weight loss, decreased energy, and decrease in activity
and strength [15]. It is clear that frailty directly impacts post-
operative outcomes in the older adult population [16, 17]. In
fact, given all of the issues associated with surgical care of
the older adult patient, the American College of Surgeons
assembled a task force of experts to put together a best prac-
tice guideline for the optimal preoperative assessment of this
group of patients [18].

Finally, as a patient is assessed in clinic for an operation,
another important factor likely to impact the recovery course
is the social structure of the patient. Many authors have
investigated how social structure impacts postoperative
recovery and results have been mixed [19]. In general, it is
thought that social structure contributes to postoperative
recovery either in alleviating anxiety, pain, or response to
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pain [20, 21]. One group from Michigan recently examined
the concept of social connectedness as it relates to postopera-
tive recovery [22]. They found that patients with more social
connectedness, as measured by number of friends and family
as well as by interaction within the network, experienced
less subjective pain and less perceived unpleasantness from
the pain as compared to patients who had less social connect-
edness [22]. While it is clear that a patient’s social structure
is related to their perception of the recovery, it is not under-
stood if connectedness contributes to recovery after suffer-
ing a major complication or if the concept of connectedness
contributes to a patient’s underlying risk for suffering a post-
operative complication. It is likely that social connectedness
does contribute to risk, as patients who are alone may have
poor overall health and malnutrition [23].

As we consider the future, we must begin to consider how
to properly counsel patients prior to surgical intervention.
Quality measures, including outcomes related to safety, effec-
tiveness, and patient centeredness, are already included in
many facets of clinical practice such as credentialing and
reimbursement. Therefore, it is imperative that all surgeons
embrace these measures, become more comfortable with the
details, and strive to improve outcomes. Risk stratification
systems such as the ACS NSQIP risk calculator will be impor-
tant in preoperative assessment. How these assessments will
be used to change management and outcomes remains to be
determined. Future work will focus on enhancing the scoring
systems as well as understanding how a surgeon can modify
the approach to improve surgical outcomes.

Intraoperative Factors that Contribute
to Postoperative Outcomes

Operative Approach and Postoperative Impact

Laparoscopy for colon surgery was first reported in a small
case series in the early 1990s [24]. Shortly after these reports,
Dr. Wexner and his group published results from their earli-
est prospective studies, which found no difference in out-
comes between open and laparoscopic-assisted colectomy
[25, 26]. These studies began the debate on the role of lapa-
roscopy in the treatment of colorectal diseases. Multiple sub-
sequent publications have highlighted the benefit of a
laparoscopic approach to colorectal surgery. Nonetheless, it
is interesting to note that in many circles this debate contin-
ues in spite of the multiple published studies highlighting the
benefits of a laparoscopic approach to colorectal surgery.
However, it is important to consider those endpoints that are
affected by surgical approach in order to fully appreciate the
benefit of laparoscopy in improving outcomes.
Postoperative bowel obstruction is a common complica-
tion of many abdominal and pelvic surgical procedures.
Given the unpredictable timing and potentially quite delayed
presentation of postoperative bowel obstruction, it is difficult
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to know the exact incidence of this complication. A land-
mark paper published in 1999 by Beck et al. used the Health
Care Financing Administration dataset from 1993 to address
this question. They found that between 12.4 and 17 % of
Medicare beneficiaries undergoing either pelvic or abdomi-
nal operations suffered a bowel obstruction sometime within
2 years of the primary operation [27]. Importantly, this study
found the incidence of bowel obstruction to be quite a bit
higher than previous reports. Since this paper, others have
found the incidence of bowel obstruction due to adhesive
disease to be less than 3 % and to be dependent upon the cav-
ity in which the operation was performed [28]. For example,
in one study, an operation on the lower GI tract carried a
higher risk for bowel obstruction than did an operation on
the abdominal wall only (3.8 % versus 0.5 %) [28]. The evi-
dence regarding the impact of laparoscopy on the develop-
ment of postoperative bowel obstruction is somewhat mixed
[28, 29]. A retrospective study of nearly 300 patients under-
going restorative proctocolectomy at a single institution
found no difference in incidence of postoperative small
bowel obstruction between open and laparoscopic approaches
[30]. In summary, the use of laparoscopy may decrease adhe-
sion formation, which likely will result in lower rates of
adhesive postoperative bowel obstruction.

The impact of laparoscopy on other complications and
outcomes is more clear. The prospective randomized con-
trolled trial reported by the Clinical Outcomes of Surgical
Therapy Study Group found that perioperative recovery was
faster in subjects randomized to laparoscopy compared to
those undergoing open procedures, as reflected by a shorter
hospital length of stay [31]. Rates of intraoperative compli-
cations, 30-day mortality, complications at discharge and at
60 days, hospital readmission, and reoperation were similar
between groups [31]. Similarly, results from the MRC
CLASICC trial demonstrated shorter length of stay for
patients treated with a laparoscopic approach, with no differ-
ence in 30-day or 3-month complications [32]. While these
randomized controlled trials failed to show differences in
some short-term outcomes between operative approaches, it
should be noted that they were not designed to detect these
differences. Furthermore, randomized controlled trials are
inherently biased and nonrepresentative of the daily practice
of medicine and surgery, which highlights the importance of
observational and comparative effectiveness studies [33].

A review of the literature reveals several comparative
effectiveness studies looking at the issue of laparoscopic ver-
sus open approach to colon surgery. In general, all have
found that minimally invasive techniques are correlated with
improved short-term outcomes. Specifically, these studies
report at least a 50 % reduction in superficial surgical site
infections, a 50 % reduction in deep wound infection, and a
significant reduction in postoperative length of stay in
patients who have a laparoscopic operation [5, 34-42].
However, these studies have generally reported similar mor-
tality associated with the two approaches, suggesting that
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while surgical approach may decrease some types of postop-
erative complications, other outcomes such as mortality are
more complex and multifactorial. In fact, when examining
the so-called “failure to rescue” phenomenon first published
by Silber in 1992 [43], it is clear that the surgeon, surgical
volume, and the system in which the surgeon operates con-
tribute to the rate of postoperative mortality following major
complications [44—46].

In summary, operative approach clearly relates to the
development of postoperative complications. The exact
mechanism of protection provided by the minimally invasive
approach is unknown and is not reflected in every outcome.
Therefore, future research should address the complication
phenotype, and surgeons should strive to reduce variability
in operative approach.

Luminal Organ Injuries and Postoperative
Impact

In 2003, the Agency for Healthcare Research and Quality
(AHRQ) proposed a set of patient safety indicators (PSIs)
intended to reflect the quality of care delivered in hospitals.
Several PSIs are included in the current CMS pay for perfor-
mance plan, directly affecting reimbursement. These PSIs are
presumed to be preventable by provider or system changes
and include iatrogenic events such as accidental puncture or
laceration (APL) during a procedure. Accidental puncture or
laceration is defined as an accidental perforation of a blood
vessel, nerve, or organ occurring during a procedure [47].
When applying this definition to over two million Veterans
Health Administration admissions, 7023 were flagged for
APL. These included serosal tears, enterotomy, and injury to
the ureter, bladder, spleen, and blood vessels. Of true APLs,
27 % were minor injuries such as small serosal tears with no
clinically significant impact [48]. The clinical significance of
serosal tears is also found to be minimal in other large-vol-
ume studies [49]. In fact, further evidence from the Cleveland
Clinic group found that accidental puncture laceration was
more correlated with complexity of the operation and largely
had no impact on postoperative recovery [49]. Since the rate
of APL is publicly available and used in pay for performance
models, it is important that we fully understand the limita-
tions of this PSI. These data suggest that the utility of APL is
limited and better measures of safety are necessary if we are
to compare organizations in a fair and non-biased fashion.

Vascular Injury and Failure of Hemostatic
Devices

Blood loss has been shown in many studies to correlate with
outcomes across various different types of operations [S0-52].
Using the NSQIP PUF database, Greenblatt et al. found intra-
operative blood transfusion to be significantly associated with
postoperative complications in patients undergoing surgery
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for rectal cancer [53]. These results are consistent with those
found in the single-institution study published by Gu and oth-
ers examining outcomes in patients undergoing ileal pouch-
anal anastomosis [50]. Halabi et al. demonstrated a
dose-dependent effect of blood transfusion, with worse out-
comes in patients receiving more than 3 or more units of blood
compared to those receiving only 1-2 units of blood [54]. All
of these data together indicate that careful attention to hemo-
stasis is not only consistent with good operative technique but
also contributes to decreased postoperative morbidity.

The exact incidence of major vascular injury during
colorectal surgery is unclear. However, examination of the
surgical literature indicates that major vascular injury is rela-
tively rare. For example, in a series of 404 patients undergo-
ing retroperitoneal laparoscopic nephrectomy, Meraney and
colleagues reported seven patients who had major vascular
injuries. Conversion to open or repair of the injury through
the extraction site was necessary in three of the seven
patients. Overall postoperative complication rate in the
group sustaining an injury was 25 % [55]. Others have exam-
ined the rate of trocar injuries to the vasculature at the time
of laparoscopy [56, 57]. One series examined the number of
trocar injuries reported to the FDA through the Center of
Devices and Radiological Health [56]. In this study, the
authors found 408 cases of vascular injury reported to the
FDA as a result of trocar insertion. It is impossible to know
the actual incidence from this study without a denominator;
however, they did note that 26 of the 408 patients died as a
result of the injury for a mortality rate of around 6 % [56].
The actual incidence of trocar injury was reported by
Larobina and Nottle in a case series report as well as a litera-
ture review [57]. Here they found no major vascular injuries
in their case series of 5900 patients and a rate of 0.04 % in a
literature review which included over 760,000 patients [57].
They concluded that vascular injuries at the time of trocar
insertion are rare and can be eliminated by an open, Hasson
access technique [57].

While it is difficult to know the exact impact of vascular
injuries and blood loss on postoperative outcomes, there is
enough data to warrant meticulous attention to hemostasis.
There are a myriad of minimally invasive and open instru-
ments available for hemostasis during colorectal procedures.
These devices can be used for adhesiolysis, dividing embry-
ological attachments, ligating mesentery, and even ligating
named vascular pedicles. The technology continues to evolve
at a rapid pace. A recent Cochrane review looked at various
commercially available instruments used for laparoscopic
colectomy. It evaluated six separate randomized controlled
trials including a total of 446 patients [58]. These trials eval-
uated laparoscopic staplers and clips, as well as electrother-
mal bipolar vessel sealers (EBVS), monopolar electrocautery
scissors (MES), and ultrasonic coagulating shears (UCS)
[58]. This review found significantly less blood loss in stud-
ies using UCS compared to MES. Overall, hemostatic con-
trol was found to be improved in UCS and EBVS over
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MES. No definite conclusion on the cost difference between
these three instruments was made in this review. This review
also found that laparoscopic staples/clips used for pedicle
ligation in colectomy were associated with more failures in
vessel ligation and cost more when compared to EBVS [58].
Additionally, a randomized clinical trial comparing the cost
and effectiveness of bipolar sealers versus clip and vascular
staples for laparoscopic colorectal resection found that bipo-
lar sealers reduced both the time spent and the cost of dispos-
able instruments for achieving vascular control [59]. Another
prospective randomized trial by Marcello and colleagues
found increased failure rates in cases where vascular staplers
and clips were used for pedicle ligation [60]. However, the
amount of blood loss associated with device failure was
higher in those using EBVS for pedicle ligation [60].

The choice of ideal device remains largely up to surgeon
preference. There are now multiple instruments capable of
7 mm vessel sealing with various other capabilities. Based on
the current available literature, electrothermal bipolar vessel
sealing allows for faster operating times, less blood loss, and
less sealing failure [58]. However, sealing failure with an
energy device often leads to more blood loss than sealing fail-
ure with the use of clips and vascular staplers [60]. It is our
practice to take vascular pedicles with an electrothermal bipo-
lar vessel sealing device. For device failure or inadequate seal,
we favor the use of clips or alternatively an endo-loop, as
blindly sealing vessels in a crimson field is often fraught with
complication. In the setting of a known atherosclerotic vessel,
the application of a vascular stapler should be considered.

Urologic Injuries and Their Management
Ureteral Injury

One of the most dreaded complications related to colorectal
surgery is ureteral injury, which thankfully remains an
exceedingly rare occurrence. latrogenic ureteral injury has a
documented incidence of 0.3—1.5 % in most studies. A retro-
spective analysis of over two million colorectal surgical pro-
cedures found an incidence of 0.28 %; however, a
significantly higher incidence was found in the latter time
period of this analysis, suggesting a trend toward increasing
rate of this complication [61]. Risk factors for ureteral injury
in this study included the presence of rectal cancer, adhe-
sions, metastatic cancer, weight loss/malnutrition, and teach-
ing hospitals. A study by Palaniappa et al. examined their
series of over 5000 patients undergoing colectomy for vari-
ous indications [62]. They found a significantly higher rate
of ureteral injury associated with laparoscopic colectomy
compared to open (0.66 % versus 0.15 %, P<0.05) [62].
They also found that female sex, increased operative blood
loss, and reoperation conferred an increased risk of iatro-
genic injury [62]. Ureteral injuries were associated with
higher morbidity and mortality, longer length of stay, and
higher hospital charges by over $30,000 [61]. It does appear
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that experience and working through the learning curve lead
to a decrease in these types of iatrogenic injuries [63].

Preoperative or intraoperative ureteral catheterization is
sometimes used to aid in identification of the ureters and
subsequent injury. Most data suggest that placement of ure-
teral stents neither reduces the incidence of injury nor ensures
intraoperative identification of injury [64]. In an NSQIP
analysis, there was an increasing trend of ureteral stent use
over time from 1.1 to 4.4 % from 2005 to 2011 [65].
Independent predictors of stent utilization included divertic-
ular disease, LAR and APR, recent radiation therapy, and
more recent year of operation [65]. After adjustment for
baseline patient and operative characteristics, there were no
statistically significant differences in any primary or second-
ary endpoints, including overall renal complications. There
was, however, a statistically significant increase in length of
stay associated with stent utilization, which was also
observed by Halabi and colleagues [61, 65].

Early identification of injury is paramount in minimizing
morbidity and preserving renal function. Diagnosis of a sus-
pected injury can be confirmed with an on-table intravenous
pyelogram (IVP), retrograde injection of methylene blue,
intravenous administration of methylene blue or indigo car-
mine, or ureteral catheter contrast administration. Injuries
can be classified as a laceration, ligation, devascularization,
or energy related. Transection and laceration are repaired
based on location of injury. General principles include use of
absorbable suture (to prevent stone formation), tension-free
spatulated anastomosis over an indwelling stent, and place-
ment of a closed suction drain. For those injuries in the prox-
imal one-third (2 % of injuries), repair depends on length of
the damaged segment. Simple spatulated ureteroureteros-
tomy (UU) is the preferred method of repair. For additional
mobilization, a nephropexy can be performed with fixation
to the psoas tendon. Bowel interposition can be utilized for
long-segment damage. Additionally, a psoas hitch or Boari
flap can be used to reach the upper ureter; however, these
procedures are more commonly used for injuries of the mid-
dle or distal third. Injuries to the middle third account for 7 %
of ureteral injuries, and the preferred method of repair is via
ureteroureterostomy for short-segment injury. A psoas hitch
or Boari flap should be used if a tension-free anastomosis is
not possible, with the Boari flap preferred for injuries span-
ning longer and more proximal distances. Lastly, a transure-
teroureterostomy (TUU) can be performed with anastomosis
to the contralateral uninjured ureter. Injuries to the distal one-
third of the ureter are preferentially repaired with ureteroneo-
cystostomy. A Foley catheter should be left in place for 7-14
days with stent removal 4-6 weeks after surgery [64].

Bladder Injury

Bladder injury also presents a significant management chal-
lenge for the colorectal surgeon. These injuries can present in
a delayed fashion or at the time of initial surgery. Risk factors
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include previous operations, radiation treatment, malignant
infiltration, chronic infection, and inflammatory conditions.
Radiographic diagnosis can be obtained with CT cystogram or
fluoroscopic cystogram. Untoward complications of missed
bladder injury can include development of a colovesical or
enterovesical fistula. Abdominopelvic CT scan with oral and
rectal contrast may be performed for accurate diagnosis [64].
Primary repair (cystorrhaphy) with placement of closed
suction drains is the preferred approach when injury is
immediately recognized. Small extraperitoneal injuries can
be effectively treated with 7-14 days of Foley catheter
decompression. Larger or intraperitoneal bladder injuries
require operative repair. For injuries to the ventral bladder,
dome, or posterior bladder away from ureteral orifices, the
bladder can be repaired primarily with two-layer mucosal
and seromuscular closure using absorbable suture. A third
layer, in the fashion of Lembert, can be added for high-risk
cases. Permanent suture must be avoided to prevent the long-
term development of bladder stones. For injuries involving
the posterior bladder or trigone, near the ureteral orifices,
inspection for ureteral injury is mandatory via mobilization
of the space of Retzius and subsequent anterior cystotomy,
allowing for full exposure of the trigone and interior of the
bladder. Indigo carmine can then be administered intrave-
nously to aid in identification of ureteral orifices. Posterior
repair is then performed through this anterior cystotomy
[66]. Delayed diagnosis of urine leak from the bladder is
often managed with percutaneous drainage of a urinoma and
continued Foley catheter decompression. Finally, it is always
prudent to at least consider consultation with specialized ser-
vices when faced with difficult scenarios and specific com-
plications. This allows for the obvious support with the
repair as well as additional advice in difficult scenarios.

Urethral Injury

Perhaps the least frequent intraoperative urologic injury
involves those to the urethra. The most common urethral
injury during colon and rectal surgery is related to traumatic
Foley catheter placement. The exact rate of this injury in the
colorectal patient population is difficult to ascertain. Kashefi
and others prospectively studied men in their institution over
1 year and found the rate to be 3.2/1000 catheter insertions
[67]. After the implementation of an educational program
teaching the inserter to investigate for the presence of risk
factors such as benign prostatic hypertrophy, the incidence
decreased to 0.7/1000 catheter insertions [67]. Direct injuries
also occur during extirpative surgery. Many of these patients
have a history of radiation therapy and are prone to fistula
formation. Intraoperatively, retrograde injection of methy-
lene blue-tinted saline can aid in diagnosis. The most com-
mon presentation of a urethral injury is postoperatively by
virtue of fistula formation. Cystoscopy, retrograde urethro-
gram, exam under anesthesia, and CT scan with both oral and
rectal contrast help to delineate the location of injury, which
has significant impact on reparative options [64].
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Primary repair at the time of injury in two layers with
absorbable suture is of course the preferred method. In the
setting of poor tissue or neoadjuvant radiation, utilization of
an omental flap or local tissue flap can reduce the risk of
postoperative fistula formation. In the case of extensive ure-
thral loss recognized at the time of surgery, local tissue flaps
may be used to aid in reconstruction. If repair is not feasible,
a suprapubic catheter should be placed and repair can be per-
formed after several months [64].

Injuries recognized postoperatively with resultant fistula
formation must be staged according to location, size, and
history of radiation treatment. Spontaneous closure of recto-
urethral fistula is extremely rare [68]:

Stage 1 —low (<4 cm from anal verge, nonirradiated)
Stage 2—high (>4 cm from anal verge, nonirradiated)
Stage 3—small (<2 cm diameter, irradiated)

Stage 4—large (>2 cm diameter, irradiated)

Stage 5—large (ischial decubitus fistula)

Principles of repair include transection and closure of fis-
tulas and placement of interposed local or regional tissue
flaps or grafts [69]. Fecal diversion is recommended for
stages 3 through 5, usually in advance. Reparative choices
depend on local tissue integrity and staging. A suprapubic
catheter is recommended in addition to a Foley catheter for
adequate decompression and drainage [70]. Transanal
advancement flap alone can be performed for stage 1 fistulas
or in combination with other techniques for higher-stage fis-
tulas [71]. Perineal approaches and transanal or
transsphincteric approaches have also been described [72,
73]. Other operative approaches include harvest and interpo-
sition of regional myofascial flaps [74, 75]. Muscle interpo-
sition repairs can be used alone or in combination with
abdominoperineal pull-through with resection of the fistula
and hand-sewn colo-anal anastomosis [76].

Postoperative Management Decisions
that Contribute to Postoperative
Complications

IV Fluid Management

There is little doubt that the administration of intravenous
fluids contributes to postoperative complications. In a study
published by Lobo et al., 20 patients were randomly allo-
cated to either standard fluid management or a restricted
fluid protocol [77]. Patients randomized to a restricted proto-
col had earlier return of bowel function as measured using
radioscintigraphic studies, as well as shorter length of stay
and lower rates of complications [77]. While this was a small
study, other larger trials examining fluid restriction as part of
an enhanced recovery after surgery (ERAS) pathway have
clearly shown that fluid restriction is an essential component
of these protocols [78-81]. In a meta-analysis of randomized
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controlled trials, Adamina et al. found that length of stay was
reduced by an average of 2.5 days and postoperative morbid-
ity was 50 % lower in patients managed on an ERAS proto-
col compared to those receiving standard postoperative care
[80]. The authors of this study estimated that one complica-
tion was avoided for every 4.5 patients managed on the
ERAS protocol [80]. Of course, outside of an ERAS proto-
col, the management of fluids should be tailored to each indi-
vidual patient [82]. In support of this principle, a trial of
liberal fluid management versus fluid restriction in patients
not being managed in an ERAS fashion was published by
Mackay and others [83]. In this study, fluid restriction had no
impact on early return of bowel function [83]. In contrast,
patients in the restricted arm had a slight increase in their
postoperative levels of serum BUN and creatinine, which did
not reach statistical significance. In general, the data indicate
that fluid restriction is a critical part of an ERAS protocol
and that patients have improved outcomes when managed on
these types of regimented pathways.

Wound Management

While there are no clear guidelines for the postoperative
management of wounds, there are some general recommen-
dations that may lead to lower rates of postoperative superfi-
cial surgical site infections (SSIs). Dressings are considered
a standard of care in the management of surgical wounds, but
there has been no standardization [84]. A recent Cochrane
review on the topic of wound dressings and their effect on
wound infection was published by Dumville and colleagues
[84]. In this manuscript, the authors identified 20 random-
ized controlled trials, all of which had significant method-
ological problems. Despite the limitations of the studies, the
authors performed a thorough review and found no evidence
that one type of wound dressing decreased incidence of SSI
over any other type [84]. In short, dressing selection should
be left up to the operating surgeon and should probably
reflect cost and convenience. Table 8-1 lists features of an
ideal wound dressing [84].

Some have recently been interested in using new technol-
ogy to manage wounds. For example, the utility of a negative
pressure wound dressing on primarily closed wounds for the
prevention of wound infections has been examined [85-87].
In general, the work with negative pressure units is filled
with bias, and the role for this technology for the prevention
of wound infections remains to be seen.

The etiology of a wound infection is largely unknown.
While contamination at the time of surgery contributes to
risk for infection, it has been thought that a wound hema-
toma or seroma may be the inciting event that leads to the
postoperative infection in those cases where contamination
did not occur. In an attempt to eliminate this fluid collection
from the wound, Towfigh and others randomized 76 patients
with high-risk wounds to either daily wound probing or stan-
dard wound management [88]. Patients treated with daily
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TaBLE 8-1 Features of an ideal wound dressing

1. The ability of the dressing to absorb and contain exudate without
leakage or strike-through

. Lack of particulate contaminants left in the wound by the dressing

. Thermal insulation

. Impermeability to water and bacteria

[V R RS RN )

. Suitability of the dressing for use with different skin closures
(sutures, staples)

. Avoidance of wound trauma on dressing removal

. Frequency with which the dressing needs to be changed

. Provision of pain relief

NeRieRIEN Rife)

. Cosmesis and comfort
10. Effect on formation of scar tissue

wound probing had lower rates of SSI (3 % versus 19 %) and
shorter postoperative stay by 2 days [88]. While these results
were promising, they have unfortunately never been repro-
duced or expanded to a larger population in general or
colorectal surgery. In summary, there is no good evidence
that any one wound management strategy is better than
another. The choice of management strategies should be
based on institutional experience and buy-in of the surgeons
involved and should ultimately be incorporated into an insti-
tutional SSI reduction bundle which packages all care around
the episode of surgery in order to reduce wound infection
risk [89-93].

Bladder Management

Urinary tract infection (UTI) and catheter-associated UTI
(CAUTI) are frequently encountered postoperative compli-
cations related to colorectal surgery procedures. A study
from the NSQIP PUF found the rate of UTT after colorectal
resection to be 4.1 % compared to 1.8 % after other general
surgery operations [94]. The authors concluded that the
actual rate of UTI in colorectal surgery patients is higher
than expected by predictive models. Factors that correlated
with an increased risk for developing a postoperative UTI
included female sex; ASA class >2; procedure of a total col-
ectomy, proctocolectomy, or APR; functional status of par-
tially or totally dependent; and age greater than 75 [94].
Other significant factors such as presence of indwelling cath-
eter, number of catheter days, and incidence of postoperative
urinary retention are known to strongly associate with risk
for UTI but are unfortunately not included in the NSQIP
database. Therefore, while NSQIP database studies indicate
that colorectal procedures are high risk, they offer little
insight into the modifiable source of this risk.

In 2008, the Centers for Medicare and Medicaid Services
(CMS) implemented a policy whereby they would reduce
payment for hospitalizations that included a preventable
complication [95-97]. Effective for discharges beginning
October 1, 2014, CMS instituted a 1 % payment reduction
for those hospitals whose ranking falls in the bottom quartile
of conditions acquired during the hospital stay [97]. Included
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among these hospital-acquired conditions is the surveillance
measure of catheter-associated urinary tract infection
(CAUTI). Best practices and care bundles have been widely
published in attempts to decrease the rates of CAUTI [98,
99]. While CMS has emphasized CAUTI, many in the
hospital-acquired infection community point to the limita-
tions of these surveillance definitions. For example, it is clear
that a CAUTI is often not relevant to the care of the patient
diagnosed after an unindicated urinalysis has revealed the
presence of asymptomatic bacteriuria [100, 101]. However,
the unintended negative consequences of such a urinalysis
cannot be ignored [100, 101]. The unnecessary antibiotic use
that often results from this type of test result leads to increased
risk exposure to the patient and increased antibiotic pressure
on the patient’s microbial environment and ultimately con-
tributes to the selection of multidrug-resistant organisms.
Given all of these implications of CAUTI, it makes sense
that surgeons pay attention to these measures and contribute
our efforts to the improvement of patient safety and reduc-
tion of hospital-acquired conditions. The question facing
surgeons is how to effectively do this while still managing
the patient according to a standard of care. For example, if all
catheters are discontinued upon completion of an operation,
we will certainly reduce the rate of CAUTI in our patient
population. However, Kwaan et al. have found that early
removal of the urinary catheter increases rates of urinary
retention in patients undergoing pelvic surgery [102]. These
high rates of urinary retention lead to increased catheter rein-
sertion, which likely contributes to an increased rate of uri-
nary tract infection in patients who suffer postoperative
urinary retention (POUR) [103]. However, a randomized
controlled trial of early catheter removal in patients with an
epidural was performed by Coyle and colleagues [104]. Here
the authors found no difference in rates of POUR in epidural
patients who had their catheter removed on postoperative
day number 2 compared to those patients who had their cath-
eters removed after the epidural was removed [104]. The
conclusions drawn from these studies must be tempered
given the clear limitations of both data and study design.
Therefore, before a policy of early catheter removal can be
instituted for all patients undergoing colorectal surgery, we
must better understand the problem of POUR and implement
effective methods to deal with this complex problem.

Pain Management

Perioperative pain is a potent trigger for the stress response
that can activate the autonomic nervous system and may con-
tribute to adverse postoperative outcomes. While there is
very little evidence that poor pain control itself contributes to
worse postoperative outcomes, one study found that hospitals
with low patient satisfaction scores related to pain control
had higher rates of postoperative mortality compared to simi-
lar hospitals [105]. Others have found that poor postoperative
pain control after thoracotomy was associated with the
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development of chronic long-term pain [106]. While it is not
clear if poor pain control contributes to those complications
colorectal surgeons commonly worry about (anastomotic
leak, wound infection, etc.), Lynch and colleagues did find a
correlation between high postoperative pain scores and the
development of postoperative delirium [107]. In addition,
high pain is often treated with high doses of opioids, which
increases risk for respiratory depression and other complica-
tions related to oversedation [108]. Irrespective of the lack of
high-quality data showing a clear relationship between poor
pain control and postoperative complications, very few sur-
geons will argue against the principle of good pain control in
order to ensure humane, high-quality postoperative care of
all patients.

Because of the many obvious negative implications of poor
pain control, many studies have assessed the best route of
analgesic delivery. Specifically, many studies have examined
intravenous versus epidural delivery of pain medications and
have, in general, found that epidural delivery results in
improved postoperative pain control [109—113]. Randomized
controlled trials of laparoscopic versus open colectomy have
found pain scores to be generally decreased in patients under-
going laparoscopic colectomy [114]. Therefore, as laparos-
copy becomes more widespread in colorectal surgery, the use
of postoperative epidural must be reexamined. In fact, a
meta-analysis recently published found that although pain
control was improved by the use of an epidural in patients
undergoing laparoscopic colectomy, there was no difference
in return of bowel function and no impact on length of stay
[115]. Other studies have found no real differences between
epidural and patient-controlled intravenously delivered anal-
gesia [115-118]. Enhanced recovery after surgery protocols
have largely adopted non-opioid-based pain regimens, and
more work is focusing on local blocks, such as the transver-
sus abdominis plane (TAP) block, to enhance pain control
[119, 120]. Further studies are needed to identify the ideal
pain control regimen for patients undergoing laparoscopic
and open colorectal surgery. Regardless, it is clear that ade-
quate pain control improves the overall patient experience.

Impact of Hospital Structure
on Postoperative Complications

Academic Medical Center

The impact of resident training on patient outcome has long
been debated in both the academic and lay press. In fact,
Kiran et al. found a correlation between increased rates of
complications and resident involvement in patient care [121].
While these results must be interpreted in the light of the
limitations within the NSQIP participant use file, they do sug-
gest that resident participation may be potentially detrimental
to patient care. However, they also found that resident partici-
pation was associated with a lower rate of failure to rescue,
indicating that even though patients treated at an academic
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medical center may have a slightly higher rate of complica-
tions, they have a lower mortality rate as a result of these
complications [121]. This is likely related to resident hospital
presence at all hours allowing rapidity of assessment and
implementation of rescue measures. Others have similarly
queried the NSQIP dataset from various years and similarly
found that resident participation increases rates of postopera-
tive complications [122-124]. While the NSQIP database
controls for many factors of patient morbidity that increase
risk for postoperative complications, there are many limita-
tions of the dataset that must be considered prior to drawing
hard and fast conclusions. First, missing data fields is a com-
mon problem of this database, which limits risk stratification.
In addition, there is no control for the attending surgeon’s
gestalt assessment of risk, which also contributes to operative
approach and ultimately to the operation performed.

While the above studies have examined the question of
resident impact on outcomes from the binary, yes-no perspec-
tive, others have examined this question from the seasonal
perspective. In particular, Englesbe et al. examined the rate of
complications according to the time of year using the NSQIP
dataset [125]. They found that patients treated later in the aca-
demic year had lower rates of mortality and morbidity [125].
While these results are intriguing, they still fail to control for
confounding variables including differences in the environ-
ment that may contribute to complications. In fact, one study
of over one million patients undergoing coronary artery
bypass grafting examined outcomes by time of year in both
academic and nonacademic medical centers [126]. The
authors of this study found that rates of complications were
higher in the first part of the year, independent of teaching
status. However, they found that the rate of mortality follow-
ing complication, or failure to rescue, was higher in patients
treated at nonacademic medical centers. They concluded that
a seasonal variation to complications and mortality exists in
medical centers and cannot be explained by the presence of
trainees alone [126]. In summary, it is not entirely clear that
trainee presence is independently associated with postopera-
tive complications. Furthermore, mortality rates after major
complications seem to be lower in hospitals that have training
programs. These findings suggest that more studies are neces-
sary to clearly define the relationship between resident train-
ing and patient outcomes, as well as the source of the seasonal
variability in postoperative morbidity and mortality.

Surgical Volume and Postoperative
Complications

Much has been written on the effect of surgical volume on
complications. On the surface, these papers seem to be
largely self-serving works that conclude low-volume sur-
geons have higher rates of mortality and complications,
which would necessitate referral to higher-volume surgeons.
While this may be true on some level, a more critical
evaluation of the literature reveals that there is a very com-
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plex interplay between the volume of the surgeon and the
volume of the institution. This interplay can be seen quite
nicely in two papers written by Dr. Birkemeyer and col-
leagues [127, 128]. In these papers, he first described a rela-
tionship between hospital volume and postoperative
mortality for specific complicated operations—pancreatec-
tomy, esophagectomy, etc. [128]. In general, they found that
the rate of mortality after all resections, including proctec-
tomy, decreased as the volume of the procedure increased at
the hospital. The group then expanded this work and looked
at the impact of provider volume on these mortality rates
[127]. They found that provider volume could mitigate some
of the effect of the institutional volume for some operations.
However, not all of the effect on mortality could be explained
by provider volume. The end result is a complex relationship
between provider and institutional volume, suggesting that
the system in which a patient undergoes an operation con-
tributes to outcomes. This type of work has been demon-
strated multiple times using many different datasets over the
years [129-136]. While most of this work has indicated that
higher volume is associated with improved outcomes, little
work has been accomplished in understanding the mecha-
nism behind this complex observation. Specifically, it would
be interesting to truly understand the impact of the hospital
system on outcomes. In recent work, Ghaferi et al. examined
the features of hospital systems that correlate with low rates
of mortality after major complications [44]. In this study
from the Nationwide Inpatient Sample database, the authors
found that teaching hospitals with more than 200 beds,
increased nurse-to-patient ratio, and with a high level of
technology had lower rates of failure to rescue [44]. While
the results were not completely surprising, this study lays the
groundwork for future investigations into how systems of
care directly impact patient outcomes.

Prevention and Management of Specific
Complications

Wound Complications

Wound complications and, specifically, surgical site infec-
tions (SSIs) are among the most common source of nosoco-
mial morbidity for patients undergoing surgical procedures.
SSIs are associated with increased hospital length of stay,
increased risk of mortality, and decreased health-related
quality of life [137, 138]. This risk is significantly increased
in those patients undergoing colorectal surgery [139]. This of
course is related to the clean-contaminated nature of many
colorectal procedures and exteriorization of the bowel.
Wound infections are commonly thought of as occurring in
the superficial tissues, deep tissues, or organ space. The bulk
of this discussion will focus on the prevention and treatment
of superficial surgical site infection. However, all principles
are applicable to deep surgical site infections and many are
also applicable to organ-space infections.
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It has been estimated that an SSI adds between $10,000
and $25,000 to the care of a patient depending on extent of
infection [140, 141]. Given the implications of SSI on both
patient outcomes and healthcare costs, much effort has been
directed toward the prevention of these complications.
Preoperative, perioperative, and postoperative interventions
have been implemented in an attempt to decrease the rates of
wound infections in all patients.

Preoperative Considerations

There are a myriad of patient-specific factors that predispose
to an increased risk of perioperative complications. The num-
ber of people classified as overweight [body mass index
(BMI)=25 to <30 kg/m?] or obese (BMI > 30 kg/m?) is at pan-
demic proportions. The prevalence of obesity is increasing and
significantly influences overall survival of the general popula-
tion. The most recent data from the United States show that
40 % of adult men and 30 % of women fall within the over-
weight category [142]. Elevated BMI has been a validated risk
factor for SSIs, with some reporting SSI rate as high as 60 %
among obese patients [143-148]. However, BMI does not
account for all risks associated with wound infection. In an
attempt to better quantify the impact of BMI on both medical
and surgical complications, there has been recent interest in
the role of waist circumference (WC) and waist-to-hip ratio
(WHR) on the development of cardiovascular events, as well
as specifically the relationship between these measurements
and perioperative outcomes of colorectal surgery. Waist cir-
cumference is thought to better reflect abdominal adiposity,
including the subcutaneous fat layer, and intra-abdominal vis-
ceral adiposity. The INTERHEART study found that increased
WC and WHR was predictive of myocardial infarction. To
evaluate the effect of WC and WHR on surgical complica-
tions, a prospective, multicenter, international study of 1349
patients undergoing elective colorectal surgery was performed.
Increased WHR was identified as an independent predictor of
intraoperative complications, conversion, medical complica-
tions, and re-interventions, whereas increased BMI was a risk
factor only for abdominal wall complications [149].

Another well-established risk factor for SSI is administra-
tion of allogeneic blood transfusion [139, 150, 151]. It is
hypothesized that the underlying mechanism is related to
transfusion-induced immunosuppression [150]. In addition
to the deleterious effect that transfusion may have on disease-
free survival in colorectal cancer patients, reduction in SSI
risk is another compelling reason to use blood judiciously in
colorectal surgery patients [152].

Perioperative Interventions

The role of mechanical bowel preparation in the prevention of
SSIs has been extensively studied and debated. The data are
conflicting, and oftentimes the arguments for or against bowel
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preparation relate more to personal preference than to evi-
dence. That being said, much has been written on this topic.
For example, there have been three recent meta-analyses of
RCTs evaluating the need for mechanical bowel prep prior to
surgery. One study evaluating nine RCTs demonstrated a sig-
nificant increase in the percentage of anastomotic leak in pre-
pared patients (6.2 % versus 3.2 % [OR 2.03]) [153]. An
update of this analysis failed to detect significant differences
in anastomotic leakage or SSI between those patients receiv-
ing and not receiving bowel preps [154]. A second meta-anal-
ysis similarly found no difference in anastomotic leakage
rates; however, analysis of secondary outcomes yielded a sig-
nificant difference in SSI, favoring no MBP [155]. Despite
these results, the majority of colorectal surgeons still favor the
use of mechanical bowel prep. Reasons for this include
improved handling of a prepared colon and reduction of stool
burden proximal to a fresh anastomosis. Interestingly,
recently, a large retrospective review of nearly 10,000 patients
did not find any difference in SSI between those with and
without MBP. However, the use of oral antibiotics alone was
associated with a 67 % decrease in SSI, and oral antibiotics
plus mechanical bowel prep were associated with a 57 %
decrease in SSI. Additionally, hospitals with higher rates of
oral antibiotics had lower SSI rates [156].

Skin preparation has also been extensively examined in
relation to wound infection risk. Various skin prep tech-
niques and products are available for colorectal procedures,
but clear evidence supporting one over another is lacking. In
one randomized controlled trial, the use of chlorhexidine-
alcohol rather than povidone-iodine was shown to signifi-
cantly reduce both superficial surgical site infections and
deep incisional infections but had no demonstrable effect on
organ-space infections [157]. Another group performed a
sequential implementation study in which different skin
preparation agents were serially used over the course of a
defined time period [158]. The authors of this study found
the lowest rates of SSI in the time frame that used iodine
povacrylex in isopropyl alcohol, which subsequently led to
institutional adoption of this skin prep agent [158]. This is a
perfect example of classic quality improvement work char-
acterized by the FOCUS-PDCA process (Figure 8-2) [159—
161]. This quality improvement model facilitates concrete
steps toward a defined goal and ultimately implementation
of change to enhance patient care. However, it is important
to note that quality improvement is an iterative process. As
implied in Figure 8-2, the FOCUS-PDCA process is a cycle
that repeats itself. This cycle allows us to always search for a
better “best practice.”

Another relatively straightforward intervention at the time
of operation that may prevent superficial SSI is the use of a
wound protector. While there are conflicting data regarding
the utility of these devices in preventing wound infections in
abdominal surgery, a recent randomized study of 130 con-
secutive patients undergoing elective, open, colorectal sur-
gery found that the use of a wound protector was significantly
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FiGure 8-2. FOCUS-PDCA cycle is shown. The key to a successful quality improvement process is the continuous assessment and process

improvement implied by the cycle.

associated with reduced incidence of incisional SSI [162]. A
recent meta-analysis supported these results, concluding that
the use of a dual-ring wound protector is associated with
decreased risk for SSI [163].

In addition to interventions aimed directly at reducing
microbial burden, treatments that improve oxygen delivery
to the wound have also been examined in the context of SSI
prevention. Murray et al. [164] performed a review of level
1 evidence looking at non-pharmacologic modalities for
decreasing the incidence of SSI. These include easily imple-
mented, cost-effective interventions with a low-risk profile
such as administration of supranormal oxygen, active
rewarming strategies, and adjustment in wound closure tech-
niques. Several prospective randomized trials have attempted
to define the impact of supranormal levels of oxygen during
anesthesia on SSI [165-168]. A meta-analysis of such trials
demonstrated a significant decrease in SSI with the use of
80 % FIO2 in the perioperative setting, favoring the use of
perioperative hyperoxia. In contrast, a recent multicenter
study [PROXI] that randomized patients to receive 80 %
FIO2 intraoperatively and 2 h postoperatively versus 30 %
FIO2 in a similar fashion found no difference in outcomes
[168]. Of note, none of these studies reported any adverse
events attributable to the administration of supranormal lev-
els of oxygen [164]. Another readily available intervention
that has been shown to reduce SSI in colorectal surgery
patients involves the application of an active warming strat-
egy perioperatively [169, 170].

Multiple reports have demonstrated the utility of closing
the midline wound with a suture length-to-wound length ratio
of at least 4 [171]. This technique mandates taking either
>10 mm fascial bites at greater intervals than previously rec-
ommended or alternatively smaller bites of the fascial edge
(5-8 mm) in closer intervals. These techniques were com-
pared in a randomized controlled trial which demonstrated a
significant increase in SSI and incisional hernia when utiliz-
ing the former approach [172]. Specific to colorectal surgery,
ileostomy closure poses a unique challenge with regard to
infection. In this setting, purse-string closure of ileostomy
wounds has been significantly associated with reduced SSI
rate in a meta-analysis of three RCTs [173, 174].

In summary, multiple low-risk perioperative interventions
can be taken that likely improve short-term outcomes. This
phase of care should not be neglected when implementing a
bundle of care designed to decrease risk for surgical site
infection. Such a bundle might include bowel preparation
with oral antibiotics, skin preparation with a chlorhexidine-
based agent, hyperoxygenation, active warming, and meticu-
lous closure with careful attention to tension and hemostasis,
all of which together may contribute to improved outcomes.

Management of Superficial Surgical Site
Infection

Given the enormity of the problem of surgical site infections,
it is clear that the best management strategy is one of preven-
tion. Regardless of the interventions taken to prevent these
hospital-acquired infections, it seems that the most efficient
method involves standardizing the practice to include a bun-
dle of care that is included for every operation. Dr. Cima and
others have recently published their experience on a surgical
site infection reduction bundle at their institution in
Rochester, MN. They have found a reduction of surgical site
infections from 9.8 % pre-bundle to 4.0 % after the bundle
implementation [92]. Monitoring of compliance with the
care bundle is also critically important. As shown by Waits
et al., compliance with all parts of a bundle correlates with a
lower risk of wound infection (2.5 % in those hospitals with
100 % compliance compared to 17.5 % in those hospitals
that were the most noncompliant) [175]. We have similarly
implemented a surgical site infection reduction bundle in our
hospital and have seen our rate of SSI as monitored by
NSQIP to drop into the “as expected” range with the most
recent site report showing our rate of SSI in colorectal sur-
gery to be in the second decile (data not shown). The adop-
tion of bundled care ensures all members of the surgical team
are focused on the safety of the patient and gives the team a
template from which to work.

Despite all attempts to prevent surgical site infections in
colorectal surgery, the average institution will continue to
see rates of infections near 10 %. Therefore, understanding
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the principles of treatment is critical. For an uncomplicated
superficial surgical site infection, the standard treatment is
drainage of the infection and local wound care without the
routine use of antibiotics [176—178]. If patients exhibit signs
and symptoms of shock, one must suspect the presence of a
deeper infection. This type of infection may involve the
deeper layers of the wound (muscle and fascia) or may even
involve the organ space. Aggressive interventional therapy is
often required to adequately treat a deep surgical site infec-
tion and organ-space infections may require reoperation as
well. It is critical that the surgeon stay intimately involved in
all aspects of the patient’s care and also remain vigilant as
the best treatment of these infections is often through early
identification and infection control.

Cardiovascular and Respiratory
Complications

Additional postoperative complications befall those under-
going colorectal surgery. These include cardiovascular com-
plications, which as mentioned have an increased incidence
in those patients with an elevated BMI, as well as more
recently found, elevated waist-to-hip ratio. In the previously
mentioned study of 1349 patients, which identified elevated
waist-to-hip ratio (WHR) as a predictor for postoperative
complications, the incidences of stroke, deep venous throm-
bosis, myocardial infarction, congestive heart failure, and
pulmonary embolism were all less than 1 %. All complica-
tions, to include cardiovascular and respiratory complica-
tions, as well as sepsis and septic shock, were previously
shown to be decreased in those patients undergoing laparo-
scopic colorectal procedures compared to those patients
undergoing similar procedures in an open fashion [34, 179].
Postoperative venous thromboembolism carries a current
prevalence of 1.4-2.4 % in colorectal surgery patients and is
one of the most important potentially preventable conditions
leading to increases in morbidity, mortality, hospitalization
length, and hospital charges [180-182]. A recent study of
116,029 patients utilizing the ACS NSQIP database analyzed
the incidence, risk factors, and 30-day outcomes of VTE in
patients undergoing colorectal procedures [183]. Risk-
adjusted analysis for preoperative factors associated with
DVT included age greater than 70, African American race,
ASA score >2, hypoalbuminemia, disseminated cancer, ste-
roid use, and obesity. Additionally, open colorectal proce-
dures had a higher risk of postoperative DVT compared to
laparoscopic procedures, as did emergently admitted
patients, ulcerative colitis on pathology, and anesthesia
length greater than 150 min. Similarly, with regard to PE,
risk-adjusted analysis found that age greater than 70, emer-
gency admission, open surgery, hypoalbuminemia, steroid
use, and obesity all conferred a significantly increased risk of
postoperative PE. Additionally, as expected, mortality risk is
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significantly increased among those patients diagnosed with
PE. This analysis also found that the majority of VTE and PE
events occurred during the first week after surgery; however,
interestingly, they also found that 34.6 % and 29.3 % of
patients diagnosed with VTE and PE, respectively, were
diagnosed after discharge [183].

These data underscore the importance of VTE and PE pro-
phylaxis in the perioperative setting and also suggest a pos-
sible role for anticoagulating after discharge. It is our practice
to administer 5000 units of unfractionated heparin (UFH)
prior to skin incision and to immediately implement addi-
tional prophylaxis to include UFH or LWMH, on postopera-
tive day 1, provided there are no contraindications. We do not
routinely anticoagulate after discharge; however, this practice
should be considered as we evaluate the most recent litera-
ture. Specifically, a recent randomized prospective analysis
evaluating 1-week versus 4-week prophylaxis in patients
undergoing laparoscopic colorectal surgery for colorectal
cancer found a significant reduction in rates of VTE among
those undergoing 4-week prophylaxis with LMWH with sim-
ilar rates of bleeding between the two groups [184].

Mortality and Failure to Rescue

While postoperative mortality is uncommon after elective
colorectal surgery [34, 35], it would be remiss to not address
this particular outcome as the patient population ages and
becomes higher risk. Fortunately, even in the oldest patient
populations undergoing elective colectomy for colon cancer,
the rate of mortality is at most 4 % in hospitals participating
in the NSQIP program [185]. Given this relatively low rate
of postoperative mortality, it is worth considering what leads
to death after surgery. In general, mortality after elective sur-
gery does not occur in isolation but rather follows another
major complication. In fact, the Agency for Healthcare
Research and Quality (AHRQ) has defined death rate among
surgical inpatients with serious treatable complications as a
patient safety indicator in order to track this metric across
institutions. Failure to rescue is defined as death per 1000
surgical discharges among patients aged 18—89 with serious
treatable complications such as deep vein thrombosis/pul-
monary embolism, pneumonia, sepsis, shock/cardiac arrest,
or gastrointestinal hemorrhage/acute ulcer [186]. Failure to
rescue is considered a measure of the system of care in which
a patient is treated and was discussed previously in relation
to the impact of resident involvement on postoperative out-
comes at academic medical centers. Sheetz and colleagues
examined failure to rescue rates across the state of Michigan
using the Michigan Surgical Quality Collaborative [187].
Failure to rescue rates varied by hospital even when control-
ling for differences in patient characteristics, and rates of
complications were highest in the hospitals with the highest
mortality [187]. These results suggest that failure to rescue is
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more related to the system of care than to the patient popula-
tion. Ghaferi et al. similarly found that systems-related fac-
tors such as number of hospital beds, teaching status,
nurse-to-patient ratio, and high technology utilization corre-
lated with low failure to rescue rates [44]. More research is
necessary to further delineate both risk and mitigating fac-
tors for failure to rescue after major complications.

Long-Term Complications

Many colorectal surgery interventions result in long-term
physiological changes for patients. Effective management
and patient counseling require a thorough understanding of
potential long-term complications and their natural history.

Genitourinary Complications

Bladder dysfunction following colorectal surgery is most
commonly related to extirpative procedures in the region of
the autonomic pelvic plexus. Abdominoperineal resection
and low anterior resection have incidences of postoperative
bladder dysfunction of nearly 50 % and 15-25 %, respec-
tively [188]. The most common sequel of autonomic nerve
damage during colorectal surgery is parasympathetic detru-
sor denervation, resulting in impaired contractility of the
bladder. A majority of patients will regain the ability to
empty the bladder; however, this can take up to 6 months. In
the interim, the bladder is managed with clean intermittent
catheterization. If careful bladder care is neglected,
deleterious effects such as hydronephrosis, urinary reflux,
pyelonephritis, and declining renal function may ensue
[189]. The use of urodynamics allows for objective measure-
ments to identify those patients at risk, and treatment must be
highly individualized [189].

Fertility Complications

Female patients undergoing pelvic procedures should be
engaged in a thoughtful discussion preoperatively of the
potential risk for fertility problems. A meta-analysis found a
postoperative infertility rate of 48 % after restorative procto-
colectomy for ulcerative colitis, compared to 15 % preopera-
tively [190]. Additionally, a systematic literature review was
undertaken to evaluate the impact of restorative proctocolec-
tomy on sexual function, urinary function, fertility, preg-
nancy, and delivery in patients with ulcerative colitis.
Infertility rates of 12 % before surgery and 26 % after sur-
gery were reported among 945 patients in seven studies
[191]. However, some authors contend that this is more
likely related to the disease process itself, rather than the
type of surgery performed. A cross-sectional study of FAP
patients found no association between fertility problems and
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type of surgery but did report an increased risk of fertility
difficulty in women undergoing surgical procedures earlier
in life [192].

Bowel Dysfunction

Pelvic surgery that includes restoration of bowel continuity is
not only technically complicated but introduces new physiol-
ogy to the life of the patients. For example, low anterior
resection syndrome includes a variety of symptoms, includ-
ing fecal incontinence, urgency, frequent bowel movements,
and clustering of bowel movements [193]. When undergoing
a procedure for rectal cancer, it is often assumed that restor-
ative and sphincter-sparing techniques afford patients a qual-
ity of life, which is superior to that of a permanent stoma,
with equivalent oncological outcome. This has been chal-
lenged by recent inquiries comparing patients’ quality of life
postoperatively following low anterior resection and abdomi-
noperineal resection for rectal cancer. Certain prospective
studies found better cognitive and social function, as well as
less symptomatology with respect to pain, sleep disturbance,
diarrhea, and constipation in those undergoing abdomino-
perineal resection. Those undergoing low anterior resection
reported better sexual function; however, 72 % reported some
degree of fecal incontinence [194]. A recent Cochrane review
further calls into question that the quality of life (QoL) with a
permanent stoma is inferior to the QoL of those with restored
bowel continuity. This review did not find evidence that the
QoL after anterior resection is superior to that of patients who
had undergone abdominoperineal resection or Hartmann’s
procedure [195]. This lack of significance led some authors to
surmise that this was in direct relation to bowel function post-
operatively. Indeed, 50-90 % of patients undergoing sphinc-
ter-sparing low anterior resection have some degree of bowel
dysfunction postoperatively [196, 197]. Using a validated
LARS score [198], Juul et al. found that the quality of life
after rectal cancer surgery is closely associated with the
severity of the low anterior resection syndrome [193].

The etiology of the symptoms constituting LAR syndrome
is unknown; however, it is often manifest by some degree of
fecal or gas incontinence, clustering of bowel movements,
frequency, and urgency. The severity of symptoms also
seems to correlate with tumor height more than 5 cm, total
mesorectal excision, and patient treatment with radiotherapy
[199]. In fact, Marijnen et al. found that short-term preopera-
tive radiotherapy led to significantly slower recovery from
defecation problems, a negative effect on sexual functioning
in males and females, as well as more ejaculation disorders
and erectile functioning in males, when compared to those
patients who did not undergo preoperative radiotherapy
[200]. This did not, however, affect health-related quality of
life in their study. Interestingly, when patients who under-
went low anterior resection versus abdominoperineal resec-
tion were compared, those who underwent APR scored better
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on physical and psychologic dimensions of quality of life
[200]. An additional randomized controlled trial found that a
short course of preoperative radiotherapy increased male
sexual dysfunction, as well as an increased level of fecal
incontinence [201]. Taken together, the risk of bowel dys-
function after surgery can be directly attributed to difficulties
with symptoms related to the low anterior resection syn-
drome. While previous reports have assumed that the quality
of life with restorative and sphincter-sparing procedures is
greater than the quality of life with a permanent stoma, this
is not always the case. When evaluating a patient with rectal
cancer, specifically one who qualifies for neoadjuvant treat-
ment, an earnest conversation must be had regarding postop-
erative functional outcomes.

Impact of Postoperative Complications
on Oncologic Outcomes

It is clear that postoperative complications carry implications
for short-term quality of life and negatively impact the cost
of care. In addition, there is evidence that postoperative com-
plications impact long-term oncologic outcomes [202, 203].
While the exact mechanism of the impact on long-term sur-
vival is wunclear, it seems likely that postoperative
complications result in either delay in receiving or complete
omission of chemotherapy in patients with clear indications
for systemic treatment. Hendren and colleagues used the
SEER-Medicare database from 1993 to 2005 to examine risk
for chemotherapy omission [203]. Patients who suffered
postoperative complications were more likely to have che-
motherapy omitted, but this was unable to be correlated with
long-term survival [203]. Tevis and colleagues looked at this
question in patients undergoing surgery for rectal cancer
[202]. In this cohort, patients with postoperative complica-
tions had worse long-term survival than did those with no
complications. Postoperative complications independently
correlated with decreased overall survival even in patients
who received chemotherapy, suggesting that in addition to
omission of chemotherapy, complications may otherwise
lead to poor long-term survival [202]. While no single study
has definitively answered the question, most have found sim-
ilar negative correlations between postoperative complica-
tions and long-term survival, suggesting that there is a
relationship between the two. Further work is required to
fully understand this relationship.

Conclusion

Postoperative complications after colorectal surgery are
common. While we should strive to make postoperative
complications, so-called never events, given the imprecise
and uncontrollable nature of our profession, it is unlikely that
we will achieve such a status. Therefore, we must have a
good understanding of the issues related to these complica-
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tions and be able to work through the implications of these
complications. Research to better understand risk factors and
preoperative risk mitigation may continue to lead to improved
outcomes. How risk modulation can be achieved with surgi-
cal approach and intraoperative management must also be
examined if we want to continue to improve outcomes. While
quality improvement efforts are difficult and not always
rewarding, it is