
45© ASCRS (American Society of Colon and Rectal Surgeons) 2016 
S.R. Steele et al. (eds.), The ASCRS Textbook of Colon and Rectal Surgery, DOI 10.1007/978-3-319-25970-3_4 

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.

•	 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.

•	 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.

�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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�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.

�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. 

Figure 4-1.  Prone jackknife 
position. Reprinted with 
permission, Cleveland Clinic 
Center for Medical Art & 
Photography ©2015. All 
Rights Reserved.
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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 

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, 

Figure 4-2.  Left lateral (Sims’) position. Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography 
©2015. All Rights Reserved.
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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.

�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 

Figure 4-3.  Various beveled anoscopes. From top to bottom: Large 
Hirschmann (short bevel); Buie-Hirschmann anoscope (long 
bevel); small (pediatric) Hirschmann anoscope.
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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 mm × 25 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 

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).

Figure 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.

Figure 4-5.  Proctoscopes. From top 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.

Figure 4-6.  Turell angulated biopsy forceps. A curved upper jaw 
allows for 360° rotation. A variety of jaw sizes and types are available.

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

4.  Endoscopy
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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 IAS 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 

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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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.

�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.

Figure 4-9.  B-K Medical 
(Herlev, Denmark) three-
dimensional anorectal ultrasound 
equipment.
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Figure 4-10.  Two-dimensional endoanal ultrasound view of the 
U-shaped puborectalis muscle (PR). IAS internal anal sphincter.

Figure 4-11.  Two-dimensional ultrasound from the mid-anal canal. 
This ultrasound image represents normal, intact internal anal sphincter 
(IAS) (hypoechoic) and external anal sphincter (EAS), (hyperechoic).

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

�Aspiration of Air and Breath Holding

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 

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 
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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.

�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 

Figure 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.

Figure 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.
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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.”

�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 

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 

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.
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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 

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 4-17.  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 

keep the tip centered in the lumen. Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography 
©2015. All Rights Reserved.

Figure 4-18.  Flexible sigmoidoscope.
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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, 

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.
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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 

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 0 
(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 

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.

Table 4-1.  Antibiotic prophylaxis for elective colonoscopy ± biopsy

Conditions Patient risk Antibiotics

Prosthetic heart valves High-risk patients Prophylaxis is optional

History of endocarditis

Systemic-pulmonary shunt

Complex cyanotic congenital heart disease

Cardiac Transplant with valvulopathy

Other congenital cardiac abnormalities Moderate-risk patients Prophylaxis is not recommended

Mitral valve prolapse with regurgitation

Rheumatic heart disease

Hypertrophic cardiomyopathy

CABG Low-risk patients Prophylaxis is not recommended

Defibrillators

Pacemakers

Repaired septal defect or PDA

Physiologic heart murmurs

Mitral valve prolapse without regurgitation

Prosthetic joints <6 months Patients to consider prophylaxis Consider prophylaxis

Peritoneal dialysis

Vascular grafts Insufficient data 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 

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

↑ Risk procedures ↓ Risk procedures

Polypectomy >1 cm Diagnostic endoscopy

Endoscopic dilatation 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) ↓ No medication adjustment necessary

↑ 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 ↓ No change necessary

↑ D/C 7–10 days prior to procedure, 
consider continuing aspirin if on dual 
therapy

Restarting individualized

Dipridamole ↓ If no preexisting bleeding disorder, no 
change necessary

↑ 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].

�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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�Ketamine

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.

�Propofol

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 

Figure 4-20.  (a) End-on view of 
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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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 

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 

Figure 4-21.  The first and second rectal valves of Houston. Note 
the large submucosal venous plexus.
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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, 

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 

Figure 4-22.  The sigmoid colon has variable degrees of tortuosity, 
spasm, diverticular disease, and muscular tone.

Figure 4-23.  Transverse colon: note the common triangular appear-
ance of the lumen.
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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-

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 

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.

Figure 4-25.  Different appearance of the ileocecal valve. (a) Flat 
and subtle. (b) Polypoid and obvious.
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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 

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 4-26.  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 

terminal ileum. Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography ©2015. All Rights 
Reserved.

Figure 4-28.  Terminal ileum: note the granular mucosa and the fine 
muscular folds.
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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

�CO2 Insufflation

Two alternatives to traditional air infusion colonoscopy are 
water-assisted colonoscopy and insufflation with Carbon 
Dioxide. Due to the fact that CO2 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 
CO2 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 CO2 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 

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 

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 IV 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 

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 

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].

�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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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 

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)
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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 

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 
a role in the testing, training, and advancement of endoscopic 
techniques and technology.
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