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Abstract
The focus on colorectal neoplasia has led to an exponential increase in the use of
colonoscopy in many countries. Although colonoscopy facilitates the diagnosis and
treatment of colonic disease, there are public health issues that include access, training,
diagnostic accuracy, complications and additions to health-care costs. Because of this,
colonoscopists have a responsibility to ensure that the procedure is appropriate, safe and
of high-quality. This article addresses the issue of variation in technical skills that is
known to exist within the endoscopic community, even among individuals with similar
experience. While some of this variation reflects innate manual dexterity, another aspect
is variation in the adoption of technical manoeuvers that facilitate various aspects of the
procedure including rates for cecal intubation. Although technical manoeuvers are difficult to evaluate in controlled trials, there is persuasive data that high cecal intubation
rates can be achieved by minimizing inflation and looping in the sigmoid colon and by
the appropriate use of positional changes and abdominal pressure. In difficult settings,
there is also benefit from the use of non-standard endoscopes and various accessories
including overtubes.

no clear evidence that this is associated with higher rates for
perforation.

Introduction
Colonoscopy can be a challenging procedure for both the patient
and the colonoscopist. For the patient, the procedure can be prolonged and painful and a minority have major concerns about
potential complications such as perforation and bleeding. For the
colonoscopist, difficult procedures can be stressful and may
involve decisions that balance the risk of complications against the
likelihood of successful completion of the procedure.
One important variable is the use of analgesia.1,2 This issue will
be addressed in a future review article in this Miniseries. In relation to colonoscopy, some centers use sedation in only a minority
of patients. In other centers, sedation is used in most patients
although this varies from moderate (conscious) sedation using
midazolam and fentanyl (or meperidine) to unconscious sedation
that often includes the use of propofol. These sedatives are usually
given by the colonoscopist but, for unconscious sedation, some
institutions have insisted on the use of anesthetists or anesthetic
assistants. These additional personnel may well facilitate sedation
in selected patients but also contribute to costs.
The use of analgesia can also influence the technical aspects of
the procedure. For example, with unconscious sedation, endoscopists may be prepared to ‘push through’ sigmoid loops whereas
alternative techniques may be examined when patients who are
only mildly sedated complain of pain. Another effect of unconscious sedation is greater difficulty with changing the position
of the patient. Although unconscious sedation may permit more
forceful pushing during insertion of the colonoscope, there is
180

Is there a problem?
Although there are a number of indicators of competence, most
attention has been directed to rates of intubation of the cecum.
Targets established by the US Multidisciplinary Task Force on
Colorectal Cancer include cecal intubation rates of 90% in symptomatic patients and 95% in asymptomatic (screening) individuals.3 These different targets reflect the inclusion of more elderly
patients with comorbidities within the symptomatic group. While
many colonoscopists claim cecal intubation rates above these
targets, there are real pathological and anatomical reasons why this
cannot reach 100%. The pathological reasons include obstructing
cancers and tight strictures associated with diverticulitis and
Crohn’s disease. Colonoscopy can also be risky in the presence
of complex hernias4 and is either difficult or impossible with
anatomical variants such as the Chilaiditi syndrome or colonic
malrotation.5
There are now several reports of cecal intubation rates in a
variety of clinical settings. In a multicenter study in the USA, 45%
of 69 colonoscopists had cecal intubation rates of less than 90%
while 9% had cecal intubation rates of less than 80%.6 In the UK,
even lower cecal intubation rates (77%) were recorded among a
group of colonoscopists that included gastroenterologists, training
registrars, surgeons and radiologists.7 In Canada, a large study
reported an overall cecal intubation rate of 87% with lower
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frequencies for low-volume endoscopists and for those procedures
performed in community hospitals or private offices.8 In the USA,
however, community gastroenterologists had similar intubation
rates to those in academic centers.9 In Australia, intubation rates
(self-reported) were 96% in procedures performed in a pilot study
for the National Bowel Cancer Program.10 However, these procedures were mostly performed by experienced colonoscopists in a
limited number of centers.
On-going concerns about the quality of colonoscopy have led to
national initiatives in some countries. In the UK, this includes the
identification of training centers, publication of a curriculum and
the identification of domains that are relevant to the development
of endoscopic skills.11

The difficult procedure
There is no satisfactory definition of the difficult procedure.
Colonoscopy can be difficult for the endoscopist because the procedure is prolonged, difficult for the patient because of pain or
difficult in both areas. Perhaps a practical but qualitative definition
is a procedure where the endoscopist struggles or fails to reach the
cecum.12 For colonoscopists with average experience (e.g. 1000–
5000 procedures), this will apply in 5–20% of cases.
Factors that influence the degree of difficulty of the procedure
include the adequacy of bowel preparation, the training and experience of the operator and patient factors that include colonic
angles and loops and the presence of colonic disease.13 In a study
that assessed difficulty by cecal intubation time, independent
factors predicting prolonged times were advanced age, female
gender, low body mass index, poor bowel preparation and higher
pain scores.14 In another study, failure to reach the cecum was
more common in women, particularly those who had previously
had an abdominal hysterectomy.15 When the degree of difficulty is
assessed by pain, higher scores are recorded in women16 and some
studies have shown additional independent risk factors including
younger age, low body mass index, prolonged procedures and
previous pelvic surgery.17 Other studies have also shown a close
relationship between higher pain scores and prolonged insertion
times.18
Colonic features associated with difficult colonoscopy have
been examined by subsequent barium enema studies. In one study
that compared colonic measurements in those with and without
difficult colonoscopy, the difficult procedures were associated with
greater total colonic length (157 cm vs 140 cm) and greater rectosigmoid length (61 cm vs 54 cm). In addition, the difficult group
had a more mobile transverse colon that was more likely to dip into
the true pelvis on an erect film (65% vs 17%).19 Comparisons of
barium enema measurements between men and women have also
shown that women have a longer colon as well as a longer transverse colon that is more likely to dip into the true pelvis.20 The
association with previous pelvic surgery has been attributed to
pelvic adhesions, perhaps causing sharper angulation at the rectosigmoid junction and a higher frequency of sigmoid loops.
In contrast, rapid cecal intubation times by some Asian endoscopists have raised the possibility that the Oriental colon is easier
to colonoscope than its Western counterpart. When measurements
are taken at laparotomy, Oriental and Western patients have a
similar colonic length but the latter have more sigmoid adhesions
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and greater colonic mobility.21 An additional difference is the
prevalence and location of diverticulosis. This is focussed on the
sigmoid colon in Western subjects but tends to occur in the right
colon in at least some Oriental populations.22

Levels of evidence
Theoretically, it should be possible to justify the use of a particular
technique on the basis of randomized trials. In the case of the
difficult colon, no such trials exist. This presumably reflects the
complex nature of the difficult colon that is determined by a
number of variables that apply to both the patient and the endoscopist. In addition, it is difficult to identify two or more specific
technical manoeuvers that could be readily compared in randomized trials. Currently, levels of evidence are low and are based on
cecal intubation rates with different endoscopes or accessories and
individual success rates in patients in whom colonoscopy was
previously incomplete.

Making the difficult colon easier
General principles
The length of the adult colon varies from 91 cm to 125 cm.23 The
colon is relatively fixed in the cecum, ascending colon, descending
colon and rectum but both the transverse colon and sigmoid colon
are much more mobile because of the presence of a mesentery
(mesocolon). Because of this, the most common causes of incomplete colonoscopy are looping (largely in the sigmoid colon) and
redundancy (largely in the transverse colon). The other major
cause is sigmoid abnormalities including strictures, angulation
and diverticulosis.12,13 Many of these potential problems can be
avoided by a sound technique that includes shortening the colon
after negotiation of each curve and avoiding excessive inflation.
This often includes the use of a rapid in and out motion (jiggle) and
the application of a clockwise torque during shortening, particularly in the sigmoid colon. Advancement of the colonoscope using
a blind, slide-by manoeuver should be rare but is occasionally
necessary for sharp angulation at either the rectosigmoid junction
or the sigmoid-descending colon junction. The two most reliable
criteria for intubation of the cecum are visualization of the ileocecal valve and visualization of the appendiceal orifice. When the
colonoscope is withdrawn without loops, the cecum, hepatic
flexure, splenic flexure, sigmoid-descending junction and rectosigmoid junction lie at approximately 70 cm, 50 cm, 40 cm, 30 cm
and 15 cm from the anal verge, respectively.24
Colonic loops
The formation of loops during colonoscopy can be confirmed by
either fluoroscopy or magnetic endoscope imaging. The most
common sigmoid loops are the N loop, alpha loop and reverse
alpha loop as illustrated in Fig. 1. Using magnetic endoscope
imaging, a study from the United Kingdom reported the formation
of N loops, alpha loops and reverse alpha loops in 79%, 12% and
11% of patients, respectively.25 In a subsequent study from Japan,
experienced endoscopists created N loops, alpha loops and reverse
alpha loops in 47%, 12% and 6% of patients, respectively.26 Pain
scores were assessed in the absence of sedation and were higher in
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Figure 1 Illustrations of the creation of an N
loop (left), alpha loop (central) and reverse
alpha loop (right) in the sigmoid colon. The
upper panels show the magnetic imager view
(antero-posterior) while the lower panels
include an outline of the sigmoid colon.

those patients with loops, particularly the reverse alpha loop.
However, the identification of loops did not necessarily result
in a significant reduction in pain scores. In other studies in the
difficult colon, only one of two studies showed that routine fluoroscopy facilitated cecal intubation and reduced the duration of the
procedure.27,28
Various techniques have been adopted to correct loop formation.
For N loops, shortening the colonoscope and aspirating excessive
air is often sufficient. For alpha and reverse alpha loops, the recommendation is clockwise and anti-clockwise torque, respectively, during withdrawal of the endoscope. These manoeuvers
may be best performed with the tip of the endoscope in the transverse colon and may involve withdrawal of the endoscope from the
transverse colon into the descending colon. Interestingly, formal
correction of an alpha loop may be uncommon if clockwise torque
is applied during negotiation of the sigmoid colon.24
Another interesting option that may facilitate passage of the
endoscope through the sigmoid colon is distension of the sigmoid
with 200–300 ml of water rather than air.29,30 This technique
appears to minimize inflation of the sigmoid colon and stretching
of the mesentery. In one study, time for cecal intubation and
analgesic requirements were lower in the ‘water immersion’ group
than in the ‘air’ group although the effect was largely restricted to
trainees rather than consultants.30
In the transverse colon, colonoscopy can be difficult because
of a redundant loop that dips into the pelvis or because of the
creation of a gamma loop (Fig. 2). The effects of these loops can
be either difficulty negotiating the transverse colon or, more
commonly, an inability to reach the cecum despite insertion of
the total length of the colonoscope. The latter is usually the
result of a coexisting loop in the sigmoid colon that can often be
corrected by rotation and withdrawal. Other helpful measures
include the liberal use of suction, gentle pressure and maintaining position within the colon by ‘hooking’ the tip of the colonoscope into colonic folds.24
182

Figure 2 Illustrations of a long transverse colon that clips into the
pelvis (left), sometimes with the creation of a gamma loop (right). The
upper panels show the magnetic imager view (antero-posterior) while
the lower panels include an outline of the transverse colon.

Positional changes
There appears to be wide variation among colonoscopists in the use
of positional changes to facilitate either intubation of the cecum or
views of the colon during withdrawal. During insertion, a change
from the left lateral position to the supine position appears to
facilitate negotiation of a difficult hepatic flexure (especially when
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accompanied by suction) while a change to the right lateral position
may facilitate passage of the colonoscope from the ileocecal valve
into the cecal pole.12,13 During withdrawal, a blinded videotape
study compared colonic distension in patients restricted to the left
lateral position to that in patients where positions were changed to
facilitate distension (left lateral for the cecum to hepatic flexure,
supine for the transverse colon and right lateral for the splenic
flexure and descending colon). Overall, patients whose positions
were changed had fewer areas of poor distension in the transverse
colon, splenic flexure and descending colon.31 This is at least partly
consistent with data from computed tomography (CT) colonography that showed superior distension of the ascending colon, hepatic
flexure and transverse colon when patients were in the supine
position rather than the prone position and vice versa for the
descending colon and sigmoid colon.32 However, although detection rates for adenomas can correlate with the quality of inspection,
one study showed similar detection rates for adenomas when
colonoscopy withdrawal was performed with patients in the prone
position rather than the left lateral or supine position.33
Abdominal pressure
There are even fewer data to support the beneficial effects of
abdominal pressure in the difficult colon. However, abdominal
pressure appears to be widely used for limiting loop formation in the
sigmoid and transverse colons. For sigmoid loops, pressure can be
applied over the left iliac fossa with the patient in either the left
lateral or supine position although the latter may be preferred. For
the redundant transverse colon, pressure is usually applied to the
upper abdomen with the patient in a supine position or may be
applied over both the upper abdomen and the left iliac fossa.
Although there are no studies that have compared cecal intubation
rates with and without the use of abdominal pressure, one study
showed that positional changes were more helpful for advancement
of the endoscope than the application of abdominal pressure.25
Different endoscopes and accessories
There is persuasive evidence that success rates for cecal intubation in the difficult colon can be improved by non-standard endoscopes. If the problem appears to be a narrow or angulated
sigmoid colon, the best approach is to use either an upper gastrointestinal endoscope (diameter 8.6–9.2 cm) or a pediatric
colonoscope (diameter approximately 10 mm). The former is
more likely to negotiate the sigmoid colon but, because of its
shorter length, intubation of the cecum can only be achieved in
60–70% of patients.34 Using a pediatric colonoscope in patients
with a difficult sigmoid colon, one study showed a cecal intubation rate of 58%.35 Another option is to use an upper gastrointestinal endoscope to negotiate the sigmoid colon followed by
placement of a guide-wire in the transverse colon that may facilitate passage of a pediatric colonoscope.13
If the difficult colon appears to be related to a redundant transverse colon, options include the use of an enteroscope,36 a variablestiffness colonoscope37,38 or perhaps a single or double-balloon
enteroscope.39 In one study, use of a push-enteroscope was successful in 69% of patients who failed with a standard procedure,36 while
in another study, single-balloon enteroscopy was helpful in 14
patients with incomplete colonoscopy using either a standard or a
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pediatric colonoscope.39 Other endoscopes are in various phases of
development including self-propelling colonoscopes.12
Accessories that may facilitate difficult colonoscopy or improve
adenoma detection rates include the use of overtubes, largely in the
sigmoid colon,13 and the use of transparent caps on the tips of
colonoscopes.40 The former will largely be restricted to dedicated
experts but the latter could be widely applied to flatten folds and
enhance mucosal visualization. Indeed, caps have now been
reported to facilitate cecal intubation,41 decrease procedural pain26
and increase detection rates for adenomas.42 However, nonretractable caps do increase the degree of difficulty of retroflexion
of the colonoscope in the rectum.
Different drugs
When colonoscopy is difficult because of pain, a common
response is to increase the dose of sedatives or to change to
propofol. While this is often appropriate, it should not be used
as an alternative to a careful review of endoscopic techniques.
An additional consideration is the use of antispasmodic drugs such
as hyoscine butylbromide (Buscopan). Some colonoscopists routinely administer antispasmodic drugs at the start of the procedure43 while others use them rarely if at all.13 The potential benefits
of antispasmodic drugs include better colonic distension and
mucosal visualization but this may be offset by enhanced loop
formation. At present, there are no data to support the use of
antispasmodic drugs in the setting of a difficult procedure. Another
option for the difficult or prolonged procedure is inflation of the
colon with carbon dioxide rather than air.44 This does not influence
the degree of difficulty of the procedure but does minimize the risk
of bloating and abdominal pain during the recovery period.

Summary
Colonoscopy is a relatively demanding procedure for the patient
and can be a demanding procedure for the endoscopist. As a
profession, we have a responsibility to ensure that the procedures
are appropriate, safe and of high-quality. These aims can usually
be achieved by training programs that include good tuition and
adequate experience. However, endoscopic skills vary widely
between endoscopists, even among those with similar experience.
This may be partly related to innate manipulative skills but also
reflects variation in the technical response to particular endoscopic
issues. This article attempts to highlight those manoeuvers that
may make the difficult colonoscopy not only easier but safer.
Levels of evidence for most of these manoeuvers, however, are
low and there may be more than one solution to at least some
endoscopic problems. Endoscopists also need to recognize those
patients who are best referred to a more expert colleague and those
who can be adequately investigated by other procedures such as
barium enema or CT colonography.
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