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Abstract
Colonoscopy is the diagnostic modality of choice for 
investigation of symptoms suspected to be related 
to the colon and for the detection of polyps and 
colorectal cancer (CRC). Colonoscopy with removal 
of detected polyps has been shown to reduce the 
incidence and mortality of subsequent CRC. In many 
countries, population screening programs for CRC 
have been initiated, either by selection of patients 
for colonoscopy with fecal occult blood testing or by 
offering colonoscopy directly to average-risk individuals. 
Several endoscopy societies have formulated quality 
indicators for colonoscopy. These quality indicators 
are almost always incorporated as process indicators, 
rather than outcome measures. This review focuses 
on the quality indicators bowel preparation, cecal 
intubation rate, withdrawal time, adenoma detection 
rate, patient comfort, sedation and complication rate, 
and discusses the scientific evidence supporting them, 
as well as their potential shortcomings and issues that 
need to be addressed. For instance, there is still no 
clear and generally accepted definition of adequate 

bowel preparation, no robust scientific evidence is 
available supporting a cecal intubation rate ≥ 90% 
and the association between withdrawal time and 
occurrence of interval cancers has not been clarified. 
Adenoma detection rate is currently the only quality 
indicator that has been shown to be associated with 
interval colorectal cancer, but as an indicator it does 
not differentiate between subjects with one or more 
adenoma detected. 
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Core tip: Many endoscopy societies have formulated 
guidelines on quality indicators for colonoscopy, 
including bowel preparation, cecal intubation rate, 
withdrawal time and adenoma detection rate. These 
are mostly consensus-based process indicators, rather 
than outcome measures. The scientific evidence on 
which they are based is limited. Adenoma detection 
rate is currently the only quality indicator that has been 
shown to be directly associated with interval colorectal 
cancer, but also has its shortcomings. 
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INTRODUCTION
Colonoscopy is the diagnostic modality of  choice for 
investigation of  symptoms suspected to be related to 
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the colon and for the detection of  polyps and colorectal 
cancer (CRC). Colonoscopy with polypectomy has been 
shown to reduce both the incidence and mortality of  
subsequent CRC[1,2]. 

However, despite being the gold standard, colo­
noscopy is also known to be not a perfect test. From 
back-to-back colonoscopy studies, it is estimated that 
up to 25% of  polyps are missed during colonoscopy[3,4]. 
Furthermore, the preventive effect of  colonoscopy is 
most prominent for distal CRCs, whereas its role in 
preventing proximal CRCs is less evident[5,6]. Finally, up 
to 8% of  CRCs occur within 3 years after a previous 
colonoscopy[7-12]. Despite technical advancements and 
increased professional awareness, this miss rate has not 
decreased over time[12]. Moreover, recent studies have 
shown that these so-called post-colonoscopy CRCs 
are most likely due to missed lesions, rather than being 
completely new lesions[13,14].

The incidence of  CRC is steadily rising in many parts 
of  the world[15]. Many countries have initiated population 
screening programs for CRC, either through selection of  
patients for colonoscopy with fecal occult blood testing 
(FOBT) or by offering colonoscopy directly to average-
risk individuals[16,17]. This has resulted in an increase in 
the number of  colonoscopies performed. For these mass 
screening programs to be successful, it is of  utmost 
importance that colonoscopies are of  high quality and 
performed according to the latest state of  knowledge.

In an effort to optimize general performance of  
colonoscopy and to decrease inter-individual variation 
between physicians performing colonoscopy, several 
quality indicators have been suggested in recent years[18]. 
These quality indicators however all are process 
indicators rather than indicators of  outcome. Ideally, 
the quality of  colonoscopy should be measured by 
clinical outcome measures. The goal of  colonoscopy in 
most cases is the detection of  neoplastic lesions. After 
removal of  premalignant neoplastic lesions, patients 
enter a surveillance program. The rate of  the occurrence 
of  interval cancers or post-colonoscopy CRCs, defined 
as CRCs diagnosed in the period between the last 
colonoscopy and the scheduled surveillance colonoscopy, 
is a more direct and probably better reflection of  the 
quality of  the colonoscopy performed than the main 
current quality indicators proposed in guidelines. 

In this review, we will discuss the main current 
quality indicators for colonoscopy, the scientific evidence 
supporting them, as well as their potential shortcomings 
and issues that still need to be addressed.

BOWEL PREPARATION
A quality indicator issued by several international 
guidelines is that the endoscopist should report the quality 
of  the bowel preparation for each colonoscopy[18,19]. 
Several guidelines state that ≥ 90% of  patients 
undergoing colonoscopy should have had a bowel 
preparation rated as excellent or at least adequate[19,20]. 

The quality of  bowel cleansing has been shown to impact 
the ability and time needed to reach the cecum and the 
detection of  polyps, both small and large (≥ 10 mm)[21,22]. 

There are several bowel preparation medications 
available and regimens used for bowel preparation before 
colonoscopy. These vary from polyethylene glycol (PEG) 
based solutions, osmotic laxatives (sodium phosphate, 
magnesium citrate, sodium sulphate) or stimulant 
laxatives (senna, bisacodyl, sodium picosulphate), either 
alone or in combination. 

In a meta-analysis of  randomized controlled trials, 
split dose bowel preparation before colonoscopy has 
been demonstrated to significantly improve the number 
of  satisfactory bowel preparations, and is associated 
with increased patient compliance and decreased nausea 
compared with full-dose PEG[23]. In a systematic review 
and meta-analysis, Enestvedt et al[24] concluded that bowel 
preparation with 4 liter of  split dose PEG-solution is 
superior than other bowel preparation methods. Several 
endoscopy societies now recommend 4 liter split dose 
PEG-solution as the first choice bowel preparation[25], 
although 2 liter PEG-solution with ascorbate may be an 
alternative in the non-constipated patient. Routine use 
of  sodium phosphate preparations is not recommended 
because of  safety concerns, especially in patients with 
renal insufficiency[25]. In patients using PEG-solutions, 
the interval between the last ingested dose of  PEG-
solution and the colonoscopy should be 3-5 h, as this 
has been shown to result in significantly better bowel 
preparation[26,27].

In the literature, several risk factors for inadequate 
bowel preparation have been identified. Increasing 
age[28-31] and male gender[29-32] have repeatedly been 
reported. A medical history of  colorectal surgery[28,29], 
diabetes[28,29] and cirrhosis[29,32], as well as inpatient 
status[30,32] have also been identified as risk factors for 
inadequate bowel preparation in several studies. Other 
risk factors that have been suggested in the literature 
are a procedural indication of  constipation, a reported 
failure to successfully complete the bowel lavage, the 
use of  tricyclic antidepressants, a history of  stroke or 
dementia[32], a history of  Parkinson’s disease, being 
overweight, having had a positive FOBT[29], a history 
of  hysterectomy[28] and being of  African-American 
descent[31]. A history of  previous polypectomy was 
a negative predictive factor for inadequate bowel 
preparation in the study by Ness et al[32]. Furthermore, a 
later colonoscopy starting time during the day[30-32] was 
associated with inadequate bowel preparation in several 
studies. Most of  these studies however were conducted 
before the wide application of  a split-dose bowel 
preparation regimen. Whether this association currently 
still is valid remains to be elucidated. 

 Several scales have been developed to standardize the 
reporting of  bowel preparation quality. Aronchick et al[33] 
were the first to propose a validated bowel preparation 
scale. This is a 5 point categorical scale, rating bowel 
preparation as excellent (small volume of  clear liquid; > 
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95% of  surface seen), good (large volume of  clear liquid 
covering 5%-25% of  surface; > 90% of  surface see), 
fair (some semi-solid stool suctioned or washed away; > 
90% of  surface seen), poor (semi-solid stool that could 
not be suctioned or washed away; < 90% of  surface 
seen) or inadequate (repeat bowel preparation necessary). 
Unfortunately, the reliability of  this scale for the distal 
colon is rather poor. 

Rostom and Jolicoeur developed and prospectively 
validated another bowel preparation scale, the Ottawa 
scale[34]. In this scale, the colon is divided into three 
segments: right colon (cecum and ascending colon), 
mid colon (transverse and descending colon) and 
rectosigmoid. For each segment, bowel preparation is 
qualified using a 4 point scale (0: perfectly clear to 4: 
solid stools and lots of  fluid) for each colon segment 
individually and a 0 to 2 fluid quantity rating as a global 
value for the entire colon. The scale thus has a range 
from 0 (perfect bowel preparation) to 14 (completely 
unprepared). 

Finally, in 2009 Lai et al[35] introduced the Boston 
Bowel Preparation Scale (BBPS). In this validated bowel 
preparation scale, the colon is divided into the right colon 
(cecum and ascending colon), transverse colon (including 
both the hepatic and splenic flexure) and the left colon 
(descending colon and rectosigmoid). The BBPS is a ten 
point scale (0-9) with 0-3 points allocated to each colon 
segment, i.e., 0 (unprepared colon segment that cannot 
be cleared), 1 (portion of  mucosa of  the colon segment 
seen, but other areas of  the colon segment not well seen 
due to staining, residual stool and/or opaque liquid), 
2 (minor residual staining, small fragments of  stool 
and/or opaque liquid, but mucosa of  colon segment 
seen well) 3 (entire mucosa of  colon segment seen well 
with no residual staining, small fragments of  stool or 
opaque liquid). In the validation study, a score of  ≥ 5 
was considered adequate.The BBPS differs from other 
preparation scales in that the score is applied after the 
endoscopist has performed cleansing maneuvers, like 
suctioning and washing. 

All these scales have mainly been used in studies 
comparing new formulas or different schemes for bowel 
preparation[33,36-40], rather than being used to assist in 
clinical decision making. In a recent retrospective study, 
Calderwood et al[41] reported that the BBPS correlated 
with endoscopist behavior with regard to the advice 
for follow-up intervals for colonoscopy. A total BBPS 
score of  ≥ 6 and/or all segment scores ≥ 2 provided 
a standardized definition of  an “adequate” bowel 
preparation, whereas in 96% of  examinations with a total 
score of  ≤ 2 a repeat examination within 1 year was 
recommended. For scores 3 to 5 however, recommended 
surveillance intervals varied widely between endoscopists. 
Future studies should focus on prospectively evaluating 
these cut-offs for surveillance interval recommendations 
and ideally associating them with relevant clinical 
outcome measures. 

The widely adopted quality indicator for bowel 

preparation has several shortcomings. First of  all, there 
is still no clear and generally accepted definition of  
adequate bowel preparation. Furthermore, the mere 
reporting of  the quality of  bowel preparation in itself  
is unlikely to significantly affect the quality of  the 
colonoscopies performed, unless it becomes more clear 
what bowel preparation quality is the absolute minimum 
to detect relevant findings and to prevent interval cancers. 
There is also no clear policy on how to proceed when a 
patient’s bowel is inadequately cleansed; the only relevant 
published studies on this topic had either small patient 
numbers[42] or a retrospective design[43].

The rule that ≥ 90% of  patients undergoing 
colonoscopy should have an excellent or adequate 
bowel preparation is consensus based and has found 
its way into several guidelines[19,20]. However, there is 
no scientific evidence to support this cut-off  at 90%. 
Although inadequate bowel preparation has been shown 
to negatively affect the rate of  detected polyps, this does 
not appear to be the case for CRCs[21]. It is conceivable 
that, through the negative effect on the detection of  
adenomas, an inadequate bowel preparation is associated 
with a higher rate of  interval cancers, but to date, there is 
no direct evidence to support this.

CECAL INTUBATION RATE
In order to visualize the entire colonic mucosa, 
intubation of  the endoscope to the cecum is mandatory. 
Cecal intubation is defined as introduction of  tip of  the 
colonoscope into the cecal pole, proximal of  the ileocecal 
valve in order to have the entire cecum visualized. 
Although this sometimes may be challenging, there is 
consensus that each endoscopist should have a cecal 
intubation rate of  ≥ 90% of  all cases[18-20,44,45]. When not 
taking into account obstructing CRCs, inadequate bowel 
preparation or severe colitis, this adjusted cecal intubation 
rate should be ≥ 95%[18]. Also, in ≥ 95% of  all screening 
colonoscopies the cecum should be intubated[18,19]. 
Furthermore, cecal intubation should be documented by 
naming and photographing the landmarks of  the cecum, 
i.e., the appendiceal orifice, the ileocecal valve and/or the 
terminal ileum. 

In the literature, several factors have been associated 
with a higher risk of  incomplete colonoscopy or more 
difficult intubation, with female gender being the most 
frequently reported predictive factor[46-50]. In addition, 
patients with advanced age[46,49,50] or a low body mass 
index[48-50], or in women with a history of  hysterectomy[47] 
or diverticular disease[50], colonoscopy is reported to be 
more difficult and more often incomplete. Finally, poor 
bowel preparation and lower endoscopist annual case 
volume have been reported to be associated with a higher 
risk of  incomplete colonoscopy[49].

Completeness of  the colonoscopy is associated 
with a reduction in mortality from CRC[6]. In a study by 
Neerincx et al[51], a secondary colonoscopy after previous 
incomplete colonoscopy yielded initially missed advanced 
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withdraw the colonoscope also use specific techniques 
to improve visualization of  the entire colonic mucosa. 
A study of  two endoscopists with different rates of  
missed adenomas indeed showed that a better quality 
colonoscopic withdrawal technique was associated with 
a longer withdrawal time[67]. Lee et al[62] reported that 
the number of  detected adenomas was found to be 
associated with the quality of  withdrawal technique, but 
not necessarily related to withdrawal time. Withdrawal 
technique may therefore be a more important indicator 
for colonoscopy quality than withdrawal time. At present, 
there is however no generally accepted way to quantify an 
optimal withdrawal technique. 

It is conceivable that the derived quality indicator 
withdrawal time in the future will be replaced by a 
measure of  the proportion of  the colonic mucosa that is 
adequately visualized during colonoscopy. Interestingly, 
Hong et al[68] recently reported on a fully automated three-
dimensional reconstruction technique from individual 
colonoscopy images. Such a technique might eventually 
give real time feedback to the endoscopist on areas of  
the colonic wall that are not adequately inspected, thus 
enabling revisiting these areas during the same procedure. 
The percentage of  the colon surface that is visualized by 
the endoscopist may potentially serve as a new quality 
indicator for colonoscopy. Furthermore, information on 
inspected and uninspected areas of  the colonic wall may 
help in training endoscopists, giving insight in possible 
“blind spots” during scope withdrawal. 

As mentioned above, the association between the 
quality indicator withdrawal time and the occurrence of  
interval cancers has not yet been elucidated. 

ADENOMA DETECTION RATE
The adenoma detection rate (ADR) is defined as the 
proportion of  screened subjects in whom at least one 
adenomatous lesion is identified[18,19,69]. In an asymptomatic 
screening population, an ADR of  ≥ 25% in men and of  
≥ 15% in women over 50 years old has been proposed in 
the American screening guidelines[18], whereas the British 
Quality Assurance Guidelines for Colonoscopy has set 
the standard ADR, based on their own pilot data, at ≥ 
35% of  all screening colonoscopies in patients who had a 
positive FOBT[19]. 

Repeatedly, considerable variations between endoscopists 
in the rate of  detected polyps and adenomas have been 
shown[70-74]. The ADR is the only current quality indicator 
that has been demonstrated to be directly associated 
with interval colorectal cancer. In the landmark study by 
Kaminski et al[69], an ADR ≥ 20% was associated with a 
reduction in interval colorectal cancers. A recent study 
by Corley et al[75] showed that the ADR was inversely 
associated with the risk of  interval CRC, but also with 
advanced-stage interval cancers and fatal interval cancers. 

In line with these findings, many recent studies have 
focused on ways to optimize adenoma detection, ranging 
from inexpensive and easy to implement interventions in 

neoplasia (CRC or advanced adenoma) in 4.3% of  
patients. In a study on the yield of  CT-colonography after 
incomplete colonoscopy in 136 patients, in 13.9% of  
patients one or more additional colonic neoplastic lesions 
(polyp(s) and/or CRC) were found[52]. 

These findings suggest that in cases of  incomplete 
colonoscopy the clinician should always perform 
additional imaging to visualize the remaining colon. 
Following incomplete colonoscopy, the cecum can 
usually be intubated in the majority of  patients during 
a repeat colonoscopy with readily available endoscopic 
instruments, suggesting that a repeat colonoscopy should 
always be considered[47,53]. CT-colonography might be 
a useful alternative in these cases, with the additional 
benefit of  detecting potentially relevant extra-colonic 
findings[52]. 

It is important to keep in mind that there is no robust 
scientific evidence for a cecal intubation rate of  ≥ 90%. 
Although it is obvious that an endoscopist is not able 
to adequately inspect colon segments that were not 
intubated, the accepted minimal cecal intubation rate is 
based on consensus rather than on a scientific basis.

WITHDRAWAL TIME 
In 2006, Barclay et al[54] were the first to report that 
colonoscopists with a mean withdrawal time of  6 minutes 
or more had higher detection rates of  any neoplasia and 
advanced neoplasia. Since then, a recommended mean 
withdrawal time of  at least 6 min has been formulated as 
a quality indicator in several colonoscopy guidelines[18-20]. 

However, colonoscopic withdrawal time as a quality 
indicator is not undisputed. Since the initial publication 
by Barclay et al[54], several observational studies have 
reported on the association between colonoscopic 
withdrawal time and the number of  detected polyps[55-59]. 
Other large studies could however not confirm these 
findings[60-62]. Furthermore, interventions directed at 
optimizing withdrawal time, in an attempt to improve 
polyp detection, have yielded conflicting results. 
Although Barclay et al[63] did report higher rates of  overall 
and advanced neoplasia detection during screening 
colonoscopy after implementing a time-dependent 
colonoscopic withdrawal protocol, other authors were 
not able to find a difference in overall polyp detection 
rate after formally implementing such a policy[64,65]. 

Gellad et al[66] were the first to study the association 
between withdrawal time during an initial, negative 
colonoscopy and the risk of  developing neoplasia in 
the next five years. They did not detect any significant 
association. However, mean baseline withdrawal time 
in the 13 participating centers was rather long (greater 
than 12 min), possibly explaining the non-confirmatory 
results. It is possible that withdrawal time no longer is 
an adequate quality measure for screening colonoscopy 
above a certain threshold. 

The use of  the indicator withdrawal time is based 
on the assumption that endoscopists who take longer to 
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daily clinical practice, to minor adaptations of  currently 
used colonoscopy equipment to completely new 
colonoscopy platforms.

Position changes during colonoscope withdrawal 
have been reported to increase luminal distension 
and may reduce the rate of  missed lesions[76]. Two 
small randomized studies have indeed suggested that 
dynamic patient position changes may improve polyp 
detection[77,78], but there was no difference in polyp or 
adenoma detection rates in another, larger randomized 
study[79]. 

Endoscopy nurse participation as a second observer 
during colonoscopy has been reported to significantly 
increase the overall number of  detected polyps and 
adenomas found during colonoscopy[80], and appears 
an easy to implement intervention to increase polyp 
detection rate (PDR) and ADR[81].

Furthermore, the time of  performing the colonoscopy 
may have an effect on the ADR. Testing the hypothesis 
that fatigue of  the endoscopist, which increases as the 
day progresses, might affect ADR, Sanaka et al[82] were 
the first to report that the ADR of  endoscopists was 
significantly higher in morning colonoscopies than in 
afternoon colonoscopies. The time of  the colonoscopy 
during the day was an independent predictor for adenoma 
detection. These findings have been confirmed by almost 
all other studies on this subject[83-86]. Gurudu et al[83] 
proposed that colonoscopies should best be performed 
in half-day blocks by different physicians. They found 
no significant difference in ADR between morning 
and afternoon colonoscopies when endoscopists only 
perform colonoscopies in half-day blocks.

The use of  high definition colonoscopy as compared 
to standard video colonoscopy has been reported to 
have only a marginal beneficial effect on the detection of  
colonic polyps and adenomas in a recent meta-analysis[87]. 
Due to heterogeneity of  the included studies and the fact 
that no randomized trials were available, these results 
should be interpreted with some caution.

Virtual chromoendoscopy consists of  multiple 
techniques that use a narrow spectrum of  wavelengths 
with a decreased penetration depth to enhance 

visualization. Light of  short wavelengths increases 
vascular contrast of  the mucosa, potentially improving 
visualization and the identification of  neoplastic lesions. 
Although there are some conflicting data, most studies 
and meta-analyses have not been able to demonstrate 
a substantial increase in ADRs with pan-colonic virtual 
chromoendoscopy[88-90].  

Cap-assisted colonoscopy is performed by attaching 
a transparant cap to the tip of  the colonoscope. 
These caps were originally designed to be used during 
endoscopic mucosa resection, but they might also aid in 
depressing colonic folds to improve visualization of  the 
entire colonic mucosa. However, in a meta-analysis of  16 
randomized controlled trials including 8991 subjects, Ng 
et al[91] concluded that cap-assisted colonoscopy only had 
a limited effect on ADR, although a higher proportion 
of  patients with polyp(s) were detected when a cap was 
attached (relative risk 1.08; 95%CI: 1.00-1.17).

It has been reported that retroflexion of  the colonoscope 
might aid in the removal of  polyps that are difficult to 
access endoscopically[92,93]. Conceivably, inspection with 
a retroflexed colonoscope may also help in increasing 
visualization of  the proximal aspects of  colonic folds, 
especially in the right colon, and thereby increasing 
ADR. However, although this technique appears safe in 
experienced hands, both a randomized study and a large 
prospective observational study failed to demonstrate a 
relevant increase in the number of  detected polyps[94,95].  

In recent years, several new devices have been developed 
to improve visualization of  the proximal sides of  
colonic folds and inner curvatures. First, the Third-Eye 
Retroscope® (Avantis Medical Systems, Inc) is a through-
the-scope catheter with a camera and light source at the 
tip. After advancement through the working channel of  
the colonoscope, the catheter is retroflexed 180° (Figure 
1). It then provides a 135° retrograde view of  the colon. 
In a randomized, multicenter back-to-back study, the 
Third-Eye Retroscope yielded a net additional detection 
rate of  29.8% for polyps and 23.2% for adenomas 
compared to standard colonoscopy[96]. An advantage 
of  this device is that it can be used with standard 
colonoscopy equipment. However, use of  this device in 
clinical practice may be hampered by the fact that the 
Third-Eye Retroscope needs to be removed from the 
working channel in case a polypectomy snare or biopsy 
forceps is used. Furthermore, when the device is in 
place, the colonoscope has reduced suctioning capacity. 
These factors may increase procedural time and may be 
experienced as bothersome by the endoscopist. 

Recently, Gralnek et al[97] reported the results of  the 
first international, multicenter, randomized, back-to-back 
study with the new Full Spectrum Endoscopy™ platform 
(FUSE; EndoChoice®, Alpharetta, Georgia, United 
States). The full spectrum colonoscope allows a high 
resolution 330° view of  the colonic lumen, as compared 
to the 140°-170° of  standard colonoscopes (Figure 2). In 
their study including 185 subjects, the adenoma miss rate 
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was significantly lower in patients in whom colonoscopy 
was performed with the full-spectrum endoscope first: in 
the latter group five (7%) of  67 adenomas were missed 
vs 20 (41%) of  49 adenomas in the group that underwent 
standard colonoscopy first (P < 0.0001). Although these 
results seem promising, further studies are required to 
determine the potential role for this system in non-expert 
centers. The obvious disadvantage in the implementation 
of  this new device in daily clinical practice, is that new 
colonoscopes and main control units are required. 

A potential downside of  the current definition of  
ADR is that it does not discriminate between subjects 
in whom the endoscopist detects one vs more than one 
adenoma. It has been shown that physicians are more 
likely to miss additional adenomas during colonoscopy, 
when they have already detected two or more[4].

Wang et al[98] concluded that, despite comparable and 
adequate ADRs, there can be considerable variability 
between endoscopists with regard to the total number 
of  adenomas detected per colonoscopy. They introduced 
a metric called the ADR-plus, the mean number of  
incremental adenomas after the first, and by coupling this 
to the ADR the authors were better able to distinguish 
high- from low-performing endoscopists. Lee et al[99] 
introduced two new measures in addition to the ADR 
that also may provide additional information on the 
inter-individual variation in the quality of  performing 
colonoscopy: mean adenomas per procedure (MAP) 
and mean adenomas per positive procedure (MAP+). 
However, how these new metrics translate to the 
occurrence of  interval cancers is currently not known. 

PATIENT COMFORT AND SEDATION
Several guidelines recommend that sedation dosages 
as well as patient comfort scores should routinely be 
reported and monitored[19,20]. In their position statement 
on quality in screening colonoscopy, the European 
Society of  Gastrointestinal Endoscopy proposed that no 
more than 1% of  patients should have a saturation below 
85% for more than 30 s or should require administration 
of  a reversal agent[20].

Patient comfort in the screening setting is important, 
as patients who consider screening colonoscopy as being 
too uncomfortable, are less likely to participate[100]. It 

may obviously impact the effect of  population screening 
when a significant proportion of  the target population 
does not participate. Recently, Rostom et al[101] have 
prospectively validated a nurse-assisted patient comfort 
score in a multicenter, international setting, allowing for a 
uniform registration of  patient comfort and comparison 
of  colonoscopy practices. The various endoscopic 
societies have not yet adopted this validated comfort 
score. Which scores are considered acceptable and how 
to avoid drop-outs from the screening program has yet 
to be determined. Measuring comfort has the obvious 
caveat that endoscopists, nurses and patients may have 
different opinions about the level of  (dis)comfort during 
the procedure.

Discomfort during colonoscopy can be reduced by 
the administration of  sedatives. There is worldwide a large 
variation in the use of  sedation for colonoscopy[102-105]. 
In some countries the majority of  patients undergo 
colonoscopy unsedated, while elsewhere sedation with 
benzodiazepines combined with opiates is the standard 
of  care. Entonox (nitrous oxide and oxygen) is frequently 
used in some countries, while elsewhere propofol and 
general anesthesia are increasingly being used in daily 
practice. Severe sedation-related complications have been 
reported to be rare: Behrens et al[106] reported a rate of  
0.01% in their study of  388404 endoscopies. However, 
sedation-related adverse events need to be prevented, 
especially in an otherwise healthy screening population. 
There is however no validated score to record the level 
of  sedation during colonoscopy, nor is there an accepted 
gold standard regarding sedation for colonoscopy.

Interestingly, a recent study from the United Kingdom 
screening program shows that, although there are 
wide variations in the use of  sedation, colonoscopists’ 
individual medication practice does not appear to be 
related to the occurrence of  significant discomfort[102]. 
Instead, it is suggested that the best endoscopists cause 
less patient discomfort while using less sedation[103].

COMPLICATION RATE
Colonoscopy is an invasive procedure that inadvertently 
will lead to complications in a small subset of  patients. 
The rate of  complications obviously is not necessarily 
associated with the interval CRCs. However, for a 
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Figure 2  Endoscopic view using the Full Spectrum Endoscopy™ platform.
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population screening program to have an overall 
beneficial effect, it is crucial that complication rates are 
low. 

Perforation is the most serious complication of  
colonoscopy. It is defined as the presence of  air, luminal 
contents or instrumentation outside the gastrointestinal 
tract[19]. It may result from mechanical trauma to the 
bowel wall, overinsufflation of  the colon, or as a result 
of  a therapeutic procedure. In the literature, reported 
overall rates of  perforation range from 0.1%-0.6%[107-109]. 
The perforation rate for diagnostic colonoscopies is 
lower than that of  therapeutic interventions. The British 
guidelines for screening colonoscopy state a standard of  
< 1:1000 risk of  perforation in all colonoscopies[19,20], and 
a < 1:500 risk of  perforation in colonoscopies in which 
polypectomy is performed[19]. This is largely consistent 
with the American guidelines[18], although it is important 
to keep in mind that there may be a significant variation 
in perforation risk between a screening population in 
which each participant undergoes a colonoscopy and 
a screening population that is pre-selected by means 
of  fecal occult blood testing. Proportionally, it can be 
expected that more polypectomies will be performed 
in the latter. Each country should set its own standards 

according to the local screening strategy.
Historically, surgical closure or resection of  the 

perforated colon segment was the only therapeutic 
option in case of  iatrogenic colonic perforation. Several 
case series have reported on successful endoscopic 
closure of  small iatrogenic bowel wall defects using 
metallic endoclips, either with endoclips alone or using a 
combined technique of  endoclips and endoloops[110,111]. In 
recent years, the over-the-scope clip (Ovesco Endoscopy 
GmbH, Tuebingen, Germany) has become available, with 
high rates of  successful perforation closure in the first 
reported case series[112,113].

Bleeding is the most common complication after 
polypectomy. Based on the literature, several guidelines 
set a standard of  post-polypectomy bleeding in < 1:100 
colonoscopies with polypectomy[18,19]. It is known that 
the risk of  bleeding increases with size of  the lesion 
and a more proximal location in the colon[114]. Several 
endoscopic techniques can be used to prevent bleeding. 
Cold snaring of  small, non-pedunculated polyps may 
prevent delayed bleeding[115], even in anticoagulated 
patients[116]. Submucosal injection with saline and 
epinephrin prevents immediate bleeding but probably not 
delayed bleeding[117]. Furthermore, prophylactic placement 
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Table 1  Quality indicators and their shortcomings

Quality indicator Proposed standard Unresolved issues

Bowel 
preparation

Each endoscopy report should state the quality of 
the bowel preparation[18,19]

≥ 90% of patients undergoing colonoscopy should 
have had a bowel preparation rated as excellent or 

at least adequate[19,20]

No evidence to support a cut-off of ≥ 90%
No clear and generally accepted definition of adequate bowel preparation
Unclear what bowel preparation quality is the absolute minimum to detect 

relevant findings and prevent interval cancers
No clear policy on how to proceed in case of inadequate bowel preparation

Cecal intubation 
rate

Overall cecal intubation rate of ≥ 90%[18-20] 

Adjusted cecal intubation rate of ≥ 95%[18,19]

Cecal intubation rate of ≥ 95% in all screening 
colonoscopies[18,19]

No robust scientific evidence to support a cut-off of ≥ 90%
No evidence supporting an association between cecal intubation rate and the 

occurrence of interval CRC

Withdrawal time ≥ 6 min on withdrawal from cecal pole to anus[18-20] Conflicting reports on the association between withdrawal time and the number 
of detected polyps

Interventions directed at optimizing withdrawal time have yielded conflicting 
results

No evidence supporting an association between withdrawal time and the 
occurrence of interval CRC

Better endoscopic withdrawal technique is not necessarily associated with 
withdrawal time

An indirect measure to quantify the proportion of the colonic mucosa that is 
adequately visualized

Adenoma 
detection rate

≥ 25% in men and ≥ 15% in women over 50 yr[18]

≥ 35% of all screening colonoscopies in patients 
with a positive fecal occult blood testing[19] 

The only quality indicator that has been shown to be directly associated with 
interval CRC

Does not discriminate between subjects in whom the endoscopist detects one vs 
more than one adenoma

Does not optimally differentiate between high- and low-performing endoscopists
Patient comfort 
and sedation

Routinely reporting and monitoring of patient 
comfort scores and sedation dosages[19,20]

Until recently no validated patient comfort score was available
Not yet clear what patient comfort scores are considered acceptable

The endoscopist, the nurse and the patient may have different opinions about the 
level of comfort during the procedure

No gold standard regarding sedation during colonoscopy
No validated score to assess the level of sedation during colonoscopy

Complication 
rate

Perforation in < 1:1000 colonoscopies[18-20]

Post-polypectomy bleeding in < 1:100 
colonoscopies with polypectomy[18,19]

Consensus based
Complication rate is mainly dependent on the number of therapeutic 

colonoscopies, which may vary between screening strategies (colonoscopic 
screening of the entire population vs selection of high-risk individuals through 

fecal occult blood testing)
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of  a detachable snare around the stalk of  a pedunculated 
polyp may prevent bleeding[118,119], as well as prophylactic 
closure of  the polypectomy site with metallic clips after 
removal of  large (> 2 cm) sessile or flat lesions[120].

Post-polypectomy coagulation syndrome (PPCS), 
or transmural burn syndrome, is a known complication 
of  colonoscopic polypectomy. It is defined by the 
development of  abdominal pain, fever, leukocytosis 
and peritoneal inflammation in the absence of  frank 
perforation that occurs after polypectomy with 
electrocoagulation[121]. To our knowledge, there is only 
one study that specifically focused on PPCS. In this large 
retrospective study, its incidence is reported to be 0.07% 
of  all colonoscopies with polypectomy. Hypertension, a 
lesion size ≥ 10 mm and non-polypoid configuration of  
the lesion were independently associated with PPCS[121]. 
Correct identification of  this entity is important, as this 
may avoid unnecessary explorative laparotomy. PPCS can 
usually be treated medically without a need for surgical 
intervention and without mortality. PPCS is not yet 
included in the current guidelines.

CONCLUSION
In summary, the main quality indicators for colonoscopy 
all have their shortcomings (Table 1). Most of  these 
have been formulated based on consensus. Following 
the guideline Quality Indicators for Colonoscopy from 
the American Society of  Gastrointestinal Endoscopy 
from 2006[18], many other countries have adopted these 
same quality indicators. The scientific evidence on which 
they are based is however limited. Potential measures to 
improve performance on individual quality indicators are 
summarized in Table 2.

What is not yet clear is how to proceed when a 
fellow or senior endoscopist does not meet the required 
standards. Individualized additional training or a binding 
negative advice to continue the fellowship could be an 
option for endoscopists in training. However, this could 

be difficult for senior endoscopists that have practiced 
for years, especially when the scientific basis for these 
quality indicators is still not well established. What further 
needs to be addressed, is how to check that endoscopists 
indeed perform colonoscopy according to the standard 
of  care set by their peers or national guidelines. 

ADR currently is the only quality indicator that has 
been shown to be directly associated with the outcome 
measure interval colorectal cancer. As such, it seems 
reasonable to let this indicator prevail in discussions with 
endoscopists who fail to meet the set standards.

Ideally, endoscopists should only be evaluated and 
compared by the most relevant outcome measure in the 
context of  screening colonoscopies, i.e. the occurrence 
of  interval CRCs. Since the incidence of  interval CRCs 
is fortunately rather low, and the duration between 
colonoscopy and interval CRC is rather long, this may 
prove to be too slow and rigid a quality indicator in 
daily practice to timely intervene in case of  substandard 
colonoscopy performance. 

Until we find a better measure to approximate 
the risk of  interval CRCs, the current set of  quality 
indicators will have to suffice. However, they need to be 
interpreted with caution and continuously adjusted as 
more information becomes available. For instance, both 
withdrawal time and ADR are a derivative of  the quality 
with which the entire colonic mucosa is visualized during 
colonoscopy and in time may be replaced with a more 
direct measure for the proportion of  the colonic mucosa 
that is inspected.
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