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Incomplete Colonoscopy:  
New Pathways to Completion  
of Colonic Evaluation
Introduction 
Colonoscopy is the gold standard for the evaluation 
and surveillance of colorectal cancer, as well as for 
the evaluation of other colonic lesions in symptomatic 
patients.1,2 Complete colonoscopy to the cecum is 
critical to identify and rule out significant lesions of the 
right colon.3 In one US study, during a 1-year period 
approximately 5 million to 7 million colonoscopies were 
performed by gastroenterologists and other physicians 
for screening purposes, and in all, approximately 14 
million were performed.4 Of these, up to 13% may be 
considered incomplete, with reported completion rates 
ranging from 7% to 19%.5-8 (It is important to note that 
gastroenterologists may bill for a complete colonoscopy 
if the insertion reaches the splenic flexure, making it 
difficult to determine the length of unevaluated colon 
segments in any data set reporting incompletion rates.) 
A colonoscopy is considered incomplete when the 
insertion of the colonoscope tip into the cecal caput 
is not completed, preventing full evaluation of the 
medial wall of the cecum for lesions.9 Successful cecal 
intubation is critical because colorectal neoplasms that 
develop in interval colon cancer are often located in the 
proximal colon.10

Incomplete Colonoscopy Rates:  
Guidelines and the Reality 
The US Multi-Society Task Force on Colorectal Cancer 
has set specific guidelines for colonoscopy intubation 
rates at ≥90% for all colonoscopies and ≥95% for 
screening colonoscopies, with targets for detecting 
adenoma in 25% of men aged 50 years and older, and 
in 15% of women in that same age group.11 However, 

no clear guidelines exist for the further management of 
colonoscopic evaluation after an incomplete procedure. 

Surveyed gastroenterologists perceive themselves 
to have lower incompletion rates than both other 
US gastroenterologists as a whole and other 
gastroenterologists in their own practice or hospital.12 
Although reported rates of incompletion range from 
7% to 19%, the percentage can vary widely based on 
how the sample for the study is taken.5-8 For example, 
2 studies that sampled a veterans hospital and a 
corporate screening program had much lower rates 
of incompletion (closer to 3%); whereas studies that 
sampled a broader-based public health population, such 
as that from a regional area, tended to have higher rates 
of incompletion.7,8,13,14 These differences may very likely 
represent distinctions in a defined or limited population 
or reflect other distinguishing attributes such as variable 
support in bowel preparation. 

Causes of Incomplete Colonoscopy 
The most common reasons for an incomplete 
colonoscopy are inadequate bowel preparation, 
technical difficulties and anatomic complications. 
Inadequate bowel preparation results in residual 
fecal matter obscuring visualization of the bowel 
wall. Technical reasons for incomplete colonoscopy 
may include a looping scope, patient discomfort 
and insufficient sedation.9,15 Anatomic complications 
may include an angulated or narrow sigmoid colon, a 
redundant colon, an obstructing tumor or diverticulosis, 
and strictures and adhesions.7,15 As many as 75% of 
all incomplete colonoscopies may be due to technical 
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difficulties such as these.7 Patient discomfort and 
insufficient sedation may be more common in women 
who have had a prior hysterectomy; compared with 
men, women are generally more likely to experience an 
incomplete colonoscopy, possibly because as a group 
women undergo more abdominal 
surgeries (e.g., hysterectomy) that may 
cause adhesions, strictures and other 
impediments to colonoscopy.8,16-18 
It is important to note that the 
higher prevalence of incomplete 
colonoscopies among women 
places them at particular risk. A large 
population-based study found that 
a previous incomplete colonoscopy 
with negative findings is independently 
associated with a greater than fourfold 
increase in the risk of interval cancers 
in women (adjusted odds ratio of 2.28 
[95% confidence interval, 1.35-3.83]).19

Importance of Completing 
Colonoscopy 
The importance of completing a colonic 
evaluation was further recognized in 
a review of 8910 colonoscopies, in 
which a 7.8% rate of incompletion was found, and new 
diagnoses were made at second investigation in 7.3% of 
these patients.6 A 2012 study found that failure to remove 
all such polyps was the single most important factor for 
the risk of late-stage and proximal cancer.19 Thus, it was 
concluded that irrespective of presenting symptoms, when 
a colonoscopy is completed and yields normal findings, the 
risk that an advanced colorectal neoplasm will be present 
at 5 years’ follow-up becomes small (0.5%).20

Incomplete Colonoscopy and Compliance  
With Recommendations for Follow-up 
Examination 
In one study, despite the importance of follow-up 
examination after an incomplete colonoscopy, patients 

with an incomplete colonoscopy 
resulting from inadequate bowel 
preparation were more likely to 
have recommendations from 
their physician to have a second 
examination than those with an 
incomplete colonoscopy resulting 
from difficult anatomy (85.5% vs 
72.2%, P = 0.03).21 This study, 
a retrospective review of all 
colonoscopies performed  
in a teaching hospital, found only  
a slight improvement between  
2004 and 2010 in receipt of a 
follow-up examination within 1 year 
when the incomplete colonoscopy 
resulted from difficult colonoscopy. 
This was despite improved 
patient education on this issue. In 
2004, 3% of patients received a 
follow-up examination, whereas 

in 2010, this rate increased to just 7%.21 Compliance 
was also suboptimal in 2 additional studies. Ridolfi, et al 
found a 26% noncompliance rate in receiving a second 
examination, despite a recommendation for one.18 
Neerincx, et al found a 46% noncompliance rate with a 
doctor recommendation for a follow-up examination.7 

    A colonoscopy is 

considered incomplete 

when the insertion of 

the colonoscope tip into 

the cecal caput is not 

completed, preventing 

full evaluation of the 

medial wall of the  

cecum for lesions.



4   //

Current Landscape of Secondary 
Diagnostic Examination 
Many options for secondary examination are available 
for the gastroenterologist, surgeon or general physician 
to choose from in the case of incomplete evaluation. 
In the review by Sidhu, et al referenced previously, 
the most common secondary examination used to 
complete the colonoscopy was a repeat colonoscopy 
(used 35.8% of the time in this study), with an overall 
yield of significant pathology (colorectal cancer, 
extracolonic cancer or large colonic polyps) for all 
secondary investigations of 7%).6 Rex, et al used 
routine colonoscopy, which was successful (i.e., 
resulted in completion of the examination) in 117 of  
119 patients.15 These authors found 
that additional methods, such 
as applying abdominal pressure, 
manual reduction of abdominal 
wall hernia, changing the patient’s 
position and the use of propofol 
for sedation, were instrumental in 
achieving success. In 59 of these 
patients, a total of 126 adenomas 
were identified that were smaller than 
10 mm and 31 adenomas that were 
larger than 10 mm.15 

The second most common follow-
up examination in the study 
by Sidhu, et al was computed 
tomography colonography (CTC), 
used 20.7% of the time, with a 
yield of significant pathology of 
13.4%.6 CTC has a role in the detection of large 
(>10 mm) polyps, and possibly medium-sized (6-9 
mm) polyps.22 In the study by Copel, et al, lesions 
that were previously not visualized in the earlier 
examination were identified in 72 patients (13%), 
which is in agreement with the Sidhu study).6,22 
Fifty-three polyps in the 6- to 9-mm range that 
had not been previously identified were visualized 
in 47 patients (8.6%), and 23 polyps in the 10- to 
19-mm range were visualized in 18 patients (3%). 
These data result in a per patient positive predictive 
value of 64.7%, a per lesion positive predictive 
value of 70% for polyps ≥10 mm and a positive 
predictive value of >90% for lesions ≥20 mm. In a 
study by Neerincx, et al, a diagnostic yield of 29% 
was found using CTC, with most advanced lesions 
observed in the previously nonvisualized part of 
the colon in patients whose colonoscopy had been 
incomplete owing to an obstructive tumor or severe 
diverticulosis.7 Pickhardt, et al have consistently 

reported sensitivities for CTC that are higher than 
those reported by others (sensitivity of ~94% for 
polyps >10 mm).23 Chaparro, et al performed a 
meta-analysis of 47 clinical trials on CTC, which 
was published in 2009.24 In that analysis, overall 
per polyp sensitivity of CTC was 66% (64%-68%); 
for polyps 6 to 9 mm, 59% (56%-61%); and for 
polyps >9 mm, 76% (73%-79%). Overall per patient 
sensitivity was 69%, and specificity was 60% and 
83%, respectively, for these polyp sizes. Note that 
this evaluation method is not yet widely available in 
all hospitals and requires a technical specialist for 
completion.7 CTC also exposes patients to radiation 
and requires uncomfortable conscious insufflation of 

the colon with carbon dioxide gas.24,25

Another technical approach used for 
colonoscopy completion is single- 
and double-balloon endoscopy, 
both of which have high rates of 
completion and high diagnostic 
yields. These endoscopic techniques 
may not be widely available and 
also require technical expertise.7,26-29 
Double-balloon endoscopy was 
found to have a success rate of 
89% to 96% in patients who had 
previously undergone an incomplete 
colonoscopy, with a diagnostic 
yield of 70%.28,29 Single-balloon 
colonoscopy was also significantly 
more successful than standard 
repeat colonoscopy (a success rate 

of 93% vs 50%), with the same completion rate and 
a diagnostic yield of 43% in a separate study.26,27 In 
addition, with these procedures the patient is not 
exposed to radiation. However, single- and double-
balloon endoscopy are invasive procedures and may 
be associated with intubation failure.30 

Another surprisingly common approach to a 
secondary evaluation after incomplete colonoscopy 
is barium enema. This procedure is based on 
contrast radiography of the colon and therefore is not 
technologically advanced but does involve radiation 
exposure to the patient. In addition, barium enema is 
not as sensitive as other modalities in the detection 
of polyps or other significant pathologies.3,7,21 In the 
study by Sidhu, et al, barium enema was used in 
16.7% of patients but had a low yield of significant 
pathologies of 1.8%.6 Although the completion or 
success rate is high with this examination (48.2%-
99.4%), studies have consistently found a lower 
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diagnostic yield (1.8%-16%) than with other secondary 
diagnostic examinations.3,7,21 A direct comparison 
between barium enema and repeat colonoscopy for 
completion of colonoscopy found that the rate of 
detection for polyps was significantly greater with 
colonoscopy compared with barium enema (34.3% 
vs 3.6%; P < 0.0001).21 Advantages of barium enema 
include the facts that it can be performed on the 
same day as the unsuccessful colonoscopy, is widely 
available in many hospitals and does not require 
special technical knowledge to interpret. 
 
Noninvasive Alternative: The PillCam® 
COLON Capsule 
A new alternative 
to these diagnostic 
examinations 
for incomplete 
colonoscopy is 
PillCam COLON 
Capsule Endoscopy 
(CCE). Although this 
product has been 
available in Europe 
and other CE mark 
countries for a few 
years, it has only 
recently been cleared 
for marketing in 
the United States 
and Japan.31 This 
technology platform 
(PillCam capsule 
recorder and software) 
has been successfully 
used to visualize the 
upper gastrointestinal 
tract and small bowel, 
and with adequate 
colon preparation, 
to perform structural 
evaluation of the large 
bowel. The 11.6 × 31.5 
mm capsule has dual 
cameras that enable it to acquire images from both 
ends with a wide coverage area and a frame rate of 
4 frames per second, or 35 frames per second (when 
in motion).1 The system includes a sensor array or 
sensor belt and a data recorder that is connected 
to the patient during approximately 10 hours of 
transmission time. At study completion, images 
are downloaded to a Given Imaging workstation for 
review of the video.32

Several recent studies have evaluated the use of 
PillCam COLON 2 in this clinical setting. In a recent 
study by Spada, et al, CCE and CTC were compared 
for completeness and accuracy in patients with 
incomplete colonoscopy.33 In the efficacy analysis, 
which considered the significant findings of polyps 
≥6 mm in colon segments not previously visualized 
during the initial colonic evaluation, it was found that 
CCE and CTC were completed successfully in 98% of 
cases. CCE was found to have a diagnostic yield of 
18% for polyps ≥6 mm compared with 6% for CTC.33 
The sensitivity and specificity of CCE and CTC for 
polyps ≥6 mm were 100% and 91% versus 35% and 

92%, respectively.34 
Therefore, for CCE, 
a positive predictive 
value of 95% was 
calculated compared 
with 86% for CTC for 
polyps ≥6 mm. CTC is 
also reported to have 
lower sensitivity than 
CCE for detection of 
polyps ≥6 mm (35% 
vs 100%) and for 
polyps ≥10 mm (67% 
vs 100%).34 For polyps 
≥10 mm, the diagnostic 
yields were 7% and 
4% for CCE and 
CTC, respectively,33 
whereas for larger 
polyps the sensitivity 
and specificity of 
CCE and CTC were 
100% and 96% versus 
67% and 100%, 
respectively.34 These 
differences were not 
statistically significant 
due to the low number 
of polyps involved; 
however, the trend in 

favor of CCE is strong.33 
The positive predictive value was 87% and 100% 
for CCE and CTC for polyps ≥10 mm, respectively, 
with one polyp found by CCE not seen on a second 
colonoscopy having an impact on these observations 
(i.e., one false-positive result). Earlier meta-analyses 
for initial colonic evaluation found the sensitivity of 
CCE for significant polyps to be slightly lower than 
the previous observations, with a range of 69% to 
76%, and a specificity rate of 82% to 86%.35,36 Later 

>10 mm tumor at right flexure

Traditional colonoscopy PillCam capsule  
endoscopy

~8 mm flat polyp at right colon

Traditional colonoscopy PillCam capsule  
endoscopy
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analyses of CCE specificity 
and sensitivity in 2 separate 
studies found a higher rate of 
both sensitivity (88%-89%) 
and specificity (89%-95%) for 
polyps ≥10 mm. For polyps 
≥6 mm, both measurements 
are still high, at 84% to 89% 
(sensitivity) and 64% to 76% 
(specificity).37,38 Baltes, et al 
recently reported the results of a 
prospective study of 45 patients 
with an incomplete colonoscopy, 
with CCE performed on the day 
after colonoscopy or within 30 
days after a repeat full bowel 
preparation.39 In 71% of patients, CCE was performed 
the day after colonoscopy, with adequate cleansing 
levels at 69%. CCE visualized colonic segments 
missed by colonoscopy in 87% of patients. In 16 of 45 
patients (36%), polyps were detected, and, in one case, 
an adenocarcinoma was diagnosed after detection of 
a 26-mm cecal polyp. Other findings were detected 
in 26 of 45 patients (58%). The authors concluded 
that CCE detected relevant findings after incomplete 
colonoscopy.39 

Nogales, et al recently presented the results of a 
multicenter study conducted in Spain.40 Ninety-
six patients with an incomplete colonoscopy (most 
commonly due to a repeated bowel loop that could 
not be overcome with standard maneuvers) were 
enrolled. Visualization of the colon with combined 
CCE and previous colonoscopy was achieved in 93% 
of patients. CCE revealed new lesions in 58 patients 
(60%). Polyps were the most frequent finding in  
41 patients, followed by diverticulae in 8 patients and 
neoplasia in 2 patients. In 43 patients (45%), the CCE 
findings modified the therapeutic approach, which 
included a repeat colonoscopy for polyp removal and 
surgery in the case of colon neoplasia. The authors 
concluded that CCE was a useful diagnostic tool in 
the setting of incomplete colonoscopy, revealing a 
significant number of important lesions in areas of 
unexplored colonic mucosa.40

Results such as these have led to the conclusion that 
CCE may be useful for the formulation of a medical 
plan in patients with incomplete colonoscopies.40 
This conclusion was the same as those in older 
studies of the first-generation colon capsule (PillCam® 
COLON), which is no longer marketed. These studies 
consistently indicated a high impact on findings and 

subsequent decision-making.41 
In one such study investigating 
CCE as a harmless option 
for use when colonoscopy 
failed or when anesthesia was 
contraindicated, a diagnosis 
was made in 33.6% of patients 
and medical or surgical 
treatment was planned in 
21% of these patients.42 With 
the use of second-generation 
CCE, this performance may be 
enhanced.40

Importantly, in addition to 
aiding the physician in medical 

decision-making after an incomplete colonoscopy, the 
PillCam CCE examination is rated highly with regard to 
attributes patients seek in colorectal cancer screening. 
A study by Imaeda, et al compared different aspects 
of screening tests for colorectal cancer to determine 
how patients prioritize test characteristics.43 Of the 
attributes evaluated, patients valued sensitivity and the 
risk of perforation highest with regard to any colonic 
evaluation. Least important attributes to patients 
were the need to swallow a capsule and the need 
to miss work. CCE was one of the most preferred 
examinations, second only to traditional colonoscopy 
for a colonic evaluation.43 Another more recent study by 
Benes, et al found that the main reason for preference 
of CCE over traditional colonoscopy was mental 
discomfort and fear of embarrassment during the 
examination. Of less importance were concerns about 
pain and privacy issues.44 

Along with patient satisfaction, another important 
aspect of technology deployed in this setting is its 
cost effectiveness. A comparison of all diagnostic 
tools for incomplete colonoscopy has not been made; 
however, 2 studies have compared CCE with the other 
colorectal cancer colonoscopy screening options, 
using a Markov model to compare the effectiveness of 
the examination with its costs and outcomes.45,46 One 
study that compared other noninvasive examinations 
(such as fecal immunochemical tests (FIT) and fecal 
occult blood tests [FOBT]) and CCE with traditional 
colonoscopy found that, although CCE every 5 years 
was as effective as FIT each year, CCE was a less 
cost-effective alternative.45 The study concluded that 
FIT performed each year was the most cost-effective 
approach for colorectal cancer screening in France. 
However, suboptimal compliance with FIT each year 
and reduced FIT sensitivity for advanced neoplasia may 
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increase the relative cost effectiveness of CCE. Another 
study performed by the same group, this time in the 
United States, compared only CCE and colonoscopy 
for a colorectal cancer screening program.46 This 
study found that when a 30% improvement in initial 
compliance with CCE over colonoscopy was assumed, 
then CCE became the more effective and cost-effective 
option. CCE also became the more cost-effective 
option when a 20% improvement in compliance and 
a higher accuracy for polyps was assumed.46 There 
remains a need to assess in future studies the cost 
effectiveness of CCE versus other modalities in the 
setting of incomplete colonoscopy, specifically focused 
on increased yield of significant lesions with increased 
test compliance. 

In studies that evaluate CCE for incomplete 
colonoscopy, CCE was found to have few to no 
adverse effects related to the capsule or preparation 
process.34,39,40 These studies found that for incomplete 
colonoscopy and also in larger screening trials with 
PillCam COLON 2, no retentions or other serious 
capsule-related adverse events have been reported  
to date.

Conclusion 
Evaluation of patients with incomplete colonoscopy 
remains a challenge, especially in light of the lack 
of clear guidelines. In 2006, the Clinical Practice 
and Economics Committee of the American 
Gastroenterological Association suggested that 
CTC could be the method of choice for patients with 

incomplete colonoscopy.47 However, CTC may fail 
to detect adenomas that are ≥6 mm; is not widely 
available; and is operator-dependent, with significant 
differences in diagnostic yields reported among 
radiologists.26,48 A meta-analysis by Chaparro, et al 
identified several variables that influence this accuracy, 
and may explain the variability across studies.24 The 
use of fecal tagging, bowel preparation, the thickness 
of collimation, the mode of imaging, as well as the 
dose of radiation have all been shown to influence 
diagnostic accuracy. Both CTC and barium enema 
expose the patient to radiation, and barium enema has 
been consistently shown to have a lower diagnostic 
yield than other options. Balloon endoscopy has been 
proposed as a first-line technique for incomplete 
colonoscopy but is also not widely available in all 
hospitals and requires technical proficiency to avoid 
cecal intubation failure. CCE provides an alternative 
with strong sensitivity and specificity, particularly for 
polyps >6 mm. CCE has high rates of success and 
diagnostic accuracy and, assuming a higher rate of 
compliance than for other tests, may be proven to be 
more cost effective. In addition, patients using CCE are 
not exposed to radiation or to sedation associated with 
invasive procedures. The choice of a complementary 
technique for incomplete colonoscopy must be 
individualized based on the reason for incomplete 
evaluation with traditional colonoscopy, as well as the 
availability of resources and technical expertise on 
hand. However, with new options available, guidelines 
for incomplete colonoscopy should be further 
developed. 
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The risks of PillCam capsule endoscopy include capsule retention, aspiration and skin irritation. Endoscopic placement may present 
additional risks. The risks associated with colon preparation include allergies or other known contraindications to any preparation agents  
or medications used for the PillCam COLON regimen, according to laxative medication labeling and per physician discretion.  
After ingesting the PillCam capsule and until it is excreted, patients should not be near any source of powerful electromagnetic fields,  
such as one created by an MRI device. Medical, endoscopic or surgical intervention may be necessary to address these complications, 
should they occur. A normal or negative capsule endoscopy examination does not exclude the possibility of colon polyps or colon cancer. 
Please consult the product user manual or refer to givenimaging.com for detailed information.
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