
Europe and North America. Diagnosis and resection 
of adenomas has convincingly demonstrated its utility 
in diminishing colorectal cancer incidence. Therefore, 
colonoscopy is now the gold standard for colorectal 
cancer screening. But it is also known that colonoscopy 
effectiveness varies among endoscopists. Among 
different quality indicators, the most used is the 
adenoma detection rate (ADR) which is the percentage 
of average-risk patients for colorectal cancer who are 
found to have at least one adenoma or adenocarcinoma 
during a screening colonoscopy. There is compelling 
evidence supporting an inverse correlation between 
ADR and interval colorectal cancer (cancer found after 
a screening colonoscopy). Many factors such as quality 
of precolonoscopy preparation, additional observers, 
manoeuvres with the endoscope (second view, retro
flexion, water inflation rather than air), time spent 
during withdrawal, changes in patient position, fold-
flattener devices, new imaging or endoscopic modalities 
and use of intravenous or through the scope sprayed 
drugs, have been studied and developed with the aim 
of increasing the ADR. This reviews discusses these 
factors, and the current evidence, to “see better” in the 
colon and optimize ADR.
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Core tip: Adenoma resection has demonstrated its 
utility in diminishing colorectal cancer incidence 
and colonoscopy has become the gold standard for 
screening. Nevertheless we also understand that 
colonoscopy does not predate cancer itself but “quality 
colonoscopy” does. Adenoma detection rate is the most 
important quality parameter that inversely correlates 
with colorectal cancer appearance after colonoscopy. 
Therefore we conducted an up to date review of the 
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Abstract
Colorectal cancer is one of the three most frequent 
causes of cancer deaths in men and women in 
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literature of different factors that may have an impact 
in the adenoma detection rate. We critically review 
the evidence and brought some crucial points for 
discussion.
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INTRODUCTION
Colorectal cancer (CRC) is the third most frequent 
cause of cancer deaths in both men and women 
in the United States and Canada, and the second 
in Europe[1-3]. Attempts at lowering mortality by 
improvements in primary prevention and life-
extending treatment have been disappointing. 
Therefore recent efforts have been primarily focused 
on screening (secondary prevention), in the hope 
that detection of these neoplasms at an early enough 
stage will be curative. Screening is an especially 
theoretically appealing concept with colorectal 
neoplasms, since there is considerable evidence 
that adenomatous polyps amenable to endoscopic 
resection predate cancer, and that polypectomy 
reduces the likelihood of cancer[4]. Commensurate 
with this data are randomized trials of screening 
programs with fecal occult blood demonstrating that 
such screening decreases mortality from colorectal 
cancer[5]. In these studies, colonoscopy follows if 
even only one stool specimen is positive for occult 
blood. This has led to increasing adoption of colorectal 
cancer screening, especially in the United States. 
Such screening has been associated with a satisfying 
decrease in colorectal cancer deaths[6]. Somewhat 
paradoxically, at around the same time that colorectal 
cancer screening was being shown to be successful, 
numerous reports appeared describing a surprisingly 
high miss rate of colonoscopy for cancer, especially 
in the ascending colon. For example, a population 
based retrospective study from Ontario reported a 4% 
miss rate of right sided colon cancer[7]. Colonoscopy 
quality assurance (improvement) initiatives cannot 
focus on cancer detection rates because cancer is so 
uncommonly found at colonoscopy, but it turns out 
that adenoma detection rates (ADR - proportion of 
screening colonoscopies in average-risk population 
which at least one adenoma is found) correlate 
inversely with interval CRC (CRC after colonoscopy) 
and theoretically also with lower future mortality 
from colorectal cancer[8]. It is for these reasons that 
ADR are increasingly being used to assess the quality 

of colonoscopy. Currently the ASGE recommends 
aiming for an ADR of 30% in men, 20% in women, 
based chiefly on a large study documenting that such 
detection rates correlate with a low risk of cancer 
following screening colonoscopy[9,10]. Solely because of 
difficulties in collecting pathology data, polyp detection 
rate (PDR) is sometimes used as a surrogate marker 
for ADR[11].

Three caveats need to be kept in mind when 
discussing ADR’s. First, most studies were done in 
patients undergoing colonoscopy for a variety of 
indications, such as diarrhea, and abdominal pain, 
not just screening, so since the denominator varies 
among reports, the ADR can be expected to be 
variable. Second, just because a high ADR correlates 
with a lower rate of interval CRC, it does not nece
ssarily follow that increasing the ADR will increase 
the cancer detection rate: the relationship between 
the two may be more association than causation. 
Increasing adenoma detection rate, particularly those 
under 1 cm in diameter, has not yet been shown to 
decrease interval cancers. For example, it may be 
that partially resected adenomas or missed adenomas 
are responsible for some interval cancers. Third, it is 
unclear if the total number of ademomas found per 
colonoscopy is more or less informative than the ADR. 

FACTORS STUDIED FOR IMPACT ON 
THE ADR
Preparation
Most endoscopists consider it incontrovertible that 
adequate cleansing of the colon is a prerequisite for 
satisfactory ADR. Beyond this however, the literature 
provides only minimal guidelines in choosing among 
the myriad of formulations available for colonoscopy 
preparation. On the other hand four principles have 
been so clearly established that they are entrenched as 
consensus guidelines[12]. First, the evidence favouring 
split-dose preparation is overwhelming: a second 
(“split”) dose of preparation started not earlier than 8 
h before the procedure and finished no later than 2 h 
before the colonoscopy is strongly recommended by 
the American Society of Gastrointestinal Endoscopy 
(ASGE), the European Society of Gastrointestinal 
Endoscopy (ESGE) and the US Multi-Society Task 
Force on Colorectal Cancer[12-14]. Full preparation 
the day of colonoscopy is acceptable for afternoon 
procedures. Second, every attempt should be made to 
individualize: e.g sodium picosulfate/magnesium citrate 
for patients who prioritize gentleness, polyethylene 
glycol-electrolyte solution if speed is the chief goal, 
polyethylene glycol-ascorbic acid combination if low 
volumes are desirable. Third, a low residue diet is 
recommended to be taken before the colonoscopy. 
Fourth, preparation is ideally discussed with the patient 
together with written instructions, and the inevitably 

1768 February 7, 2016|Volume 22|Issue 5|WJG|www.wjgnet.com

Aranda-Hernández J et al . Seeing better, optimizing colonoscopy adenoma detection



of it being unpleasant but necessary emphasized. 
This is especially important with comorbidities, the 
elderly, if there is a history of constipation or other risk 
factors for inadequate preparation. Satisfactory bowel 
preparation, allowing the detection of lesions larger 
than 5 mm, should be achieved in more than 85% of 
our colonoscopies[14].

Several studies, including meta-analyses have 
demonstrated that adequate bowel cleansing is 
associated with a higher ADR[15,16], commensurate 
with clinical experience. For example, one prospective 
study with tandem colonoscopies within 3 mo in those 
patients with at least one adenoma larger than 5mm 
showed a higher than three times adenoma miss 
rate (AMR) among patients with poor or inadequate 
quality of bowel preparation compared with those 
with adequate preparation[17]. Another retrospective 
study showed AMR of 42% (27% for lesions equal or 
larger than 10 mm) in patients with poor or fair bowel 
preparations at index colonoscopy that had a new 
colonoscopy with good preparation within 3 years[18]. 

Yet surprisingly there is considerable data, even 
randomized controlled trials (RCT), failing to demonstrate 
any significant difference in ADR among patients with 
preparations ranged from fair to excellent[16,19-21] with 
overall ADR in the study groups ranged from 22% to 
more than 50%. One recent retrospective study with 
the intriguing title of “good is better than excellent” 
reported a significantly higher polyp detection rate in 
patients with fair or good quality of preparations vs those 
with excellent preparation[22]. Although the difference 
was not significant for ADR, the point was made that 
perhaps when colon cleansing is suboptimal, the extra 
time devoted by the endoscopist to washing the colon 
facilitates lesion recognition. However, the retrospective 
design of this study, the low record of bowel cleansing 
in the databases (49% and 19.2% in the two used) 
and the absence of data on withdrawal times limits its 
conclusions.

Withdrawal time
Who would have predicated at the dawn of colo
noscopy that it would be more challenging to scope 
from the cecum to the rectum rather than vice versa, 
or that slowing down in the endoscopy unit would 
increase yields? Yet this is what the data shows. Initial 
concerns about missed lesions focused on challenges 
in reaching the cecum, and the long duration of 
time required for this outcome. More recent reports, 
however, describe a success rate of over 90% in 
cecal intubation by full time-endoscopists, usually 
within minutes[23]. In contrast, withdrawal time varies 
significantly between endoscopists, and the bulk of 
the data demonstrates an inverse correlation between 
adenoma detection rate and withdrawal time[24]. This 
may be more of an association than cause-effect. 
In other words, the association may simply reflect 

the increased time required by diligent observers 
to visualize mucosal lesions suggesting that simply 
increasing withdrawal time is insufficient to increase 
ADR. Unquestionably, the withdrawal time needs to 
be spent productively, with alert visualization, rotation 
of the endoscope to see the entire circumference of 
the colon, and aggressive wash and suction to remove 
debris. That this takes time is not surprising. But 
what is enlightening from the literature is firstly that 
mucosal visualization is best done on withdrawal, and 
secondly that on the average this takes 6 to 9 min 
to do properly. At least one study has reported that 
a 9 min withdrawal time increases ADR compared 
to 6 min[25], although this was based on registry 
not prospective data. Also of interest is that not all 
endoscopists require this much time: many have an 
acceptable ADR with shorter withdrawal times. At least 
two studies have found no connection between ADR 
and withdrawal time[26,27].

Rex et al[28] emphasize that withdrawal time is a 
process measurement in contrast to ADR which is 
an outcome measurement. This implies that simply 
documenting a long withdrawal time is less preferable 
as a quality measurement than ADR. Instead, time of 
withdrawal is best considered as one component of a 
teaching program to help less successful endoscopists 
achieve acceptable ADR’s[23].

Visualization of the right colon
The majority of missed cancers are in the right 
colon[7]. Although this may be due to factors unrelated 
to mucosal visualization, such as more aggressive 
biology of right sided vs left sided neoplasms, 
relatively more retained stool/residue leading to lower 
adenoma recognition, or to a greater proportion of 
incompletely resected polyps, most analyses indicate 
that the chief reason is that lesions in the ascending 
colon are difficult to recognize even when the bowel 
is well cleaned. This is most likely because right-
sided polyps tend to be sessile serrated adenoma/
polyps, flat, sometimes barely discernible but with a 
potential to evolve to cancer. To complicated matters 
further, a study of polyps seen on CT colonography, 
not recognized on initial colonoscopy but appreciated 
(only) when the site of the lesion on CT was described 
to the endoscopist (“segmental unblinding”)[29] reports 
that the most frequent location of missed lesions is on 
the proximal side of mucosal folds, areas especially 
challenging for optical endoscopes to visualize. Thus it 
is not surprising that considerable attention has been 
paid to increasing polyp recognition in the ascending 
colon. The key point emerging from these studies is 
that visualizing the right colon twice increases the ADR 
by about 10%[30]. Some reports suggest that this is 
best done by retroflexion[31] whereas others indicate 
that a second forward view is just as satisfactory[30] but 
the data is convincing that repeating visualization of 
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analgesia/sedation intensity is high rather than at the 
end of the endoscopy when these levels are usually 
waning.

Second observer
No matter how intense the scrutiny on the video 
screen, endoscopists will miss lesions because 
of “change blindness” - as the eye moves, visual 
scanning is interrupted, and changes in the mucosa 
are overlooked. Moreover, consistent focus on any 
object is so difficult that psychologists have coined 
a term - “inattention blindness” - to emphasize the 
universal lapses of focus even when motivation is 
strong to maintain concentration. The best way to 
overcome such innate human deficiencies is to include 
a second observer during screening colonoscopy. Two 
prospective studies have investigated whether nurses 
can take on this role. In the larger trial, there was no 
over-all increase in adenoma detection rate, but when 
only nurses with more than two years of experience 
were included, the ADR increased by about 10%, a 
statistically significant finding[37]. A more recent smaller 
study which included only nurse with more than 1.5 
years of experience (mean of 8.2 years) reported 
similar conclusions: there was an 13% increase in 
PDR, although admittedly only a trend rather than 
a statistically significant increase in ADR (47% vs 
40%)[38]. Results with fellows are even more mixed. 
In one retrospective study concomitant viewing by a 
fellow increased ADR[39]. In another of similar design 
the only benefit was an increase in small adenoma 
detection[40] while in a third but prospective trial 
there was no increase at all in adenoma detection[41]. 
Aslanian et al[38] make the astute point that with a 
second observer, there may be increase in lesion 
detection by the endoscopist because of a competition 
effect and attempts to avoid the embarrassment of a 
nurse detecting abnormalities. In the conglomerate 
it is difficult to avoid the conclusion that ADR is in
creased by a second viewer, ideally an endoscopically 
experienced assistant.

Water-aided colonoscopy
Water-aided colonoscopy uses water rather than 
air to distend the colon. Two techniques has been 
described[42]: First, water immersion (WI) which implies 
infusion of water to fill the colon during the insertion 
that will be mostly removed in the withdrawal. Second, 
water exchange (WE) meaning avoiding any air 
insufflation (Leung[42] recommends switch the air pump 
off), sucking any remnant air, infusing water (usually 
higher volumes) and sucking any stool debris. In WE, 
these manoeuvres are mainly carried out during the 
insertion.

These techniques were initially introduced to 
reduce the pain of colonoscopy and facilitate the 
path to the cecum, but in at least some studies polyp 

the ascending colon increases ADR.

Changing patient position
Theoretically, and from extrapolation of barium enema/
CT colonography practice, changing patient position 
should increase ADR if only because any residue shifts 
position when the patient changes position facilitating 
recognition of lesions hidden by such debris. There are 
two ways this can be studied. Firstly, colon segments 
can be visualized twice on withdrawal, no change in 
position during one withdrawal then changing position 
on the other withdrawal, and the ADR compared to 
position change to no position change. Two trials 
with this design showed a benefit approaching 
10%, significant but less than just repeat segment 
visualization[32,33]. Secondly, changing patient position 
during withdrawal to the anatomically attractive 
position of ascending colon/hepatic flexure in left 
lateral decubitus position, transverse colon in supine 
position, and splenic flexure/descending colon/sigmoid 
colon/rectum in right lateral decubitus position can be 
compared to the usual practice of changing position 
only if required for a specific reason (control). This 
turned out to not be advantageous[34]. A reasonable 
conclusion is that changing patient position may help 
improve ADR, but less so than visualizing the same 
area twice irrespective of patient position. However 
more definitive trials would be helpful on this topic, 
since changing patient position is especially difficult 
with propofol. This general anaesthetic is increasingly 
being used for colonoscopy but challenges in rolling 
the patient deeply sedated with this drug would put 
it at a disadvantage to conscious sedation if changes 
in patient position could be demonstrated to increase 
ADR. On the other hand, it is difficult to think of a 
study design which overcomes the bias toward finding 
more lesions with position change, since blinding of the 
endoscopist to position change would be exceptionally 
difficult.

Rectal retroflexion
In the CT colonography study mentioned above[29], 6 
of the 21 polyps larger than 6 mm in diameter missed 
by optical endoscopic colonoscopy were in the lower 
rectum, best seen by retroflexion. Nevertheless, relu
ctance to visualize the anorectal junction “backward” 
persists because it is time consuming, risky, painful 
and its yield for neoplasia low[35]. Thus guidelines on 
colonoscopy quality indicators makes no mention about 
the need for this manoeuvre[28,36]. The risk/benefit ratio 
is probably too high to warrant its use routinely if there 
has been rectal surgery, previous radiation, adhesions 
or if the pelvis is narrow. On the other hand every 
effort should be made to retroflex in the rectum if there 
is rectal bleeding, or there is a high risk for polyps. 
Given that it is painful, consideration should be given 
to retroflexing at the start of the colonoscopy when 
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recognition is enhanced. This may be because liquid 
distension of the colon keeps polyps upright rather 
than flat, magnifies lesions, or because the large 
volumes of water used clean the mucosa better[42-45]. 
There is no downside to the technique except time: in 
one study WE had a statistically significant increased 
insertion plus withdrawal times (excluding therapy 
time)[44].

Two recent RCT showed somewhat conflicting 
results for ADR. In the first one, a significant higher 
ADR was found in the WE group (25.8 %) vs air 
inflation (AI) (19.1 %)[43] while in the other comparing 
AI, WI and WE there was a trend favouring WE but 
no significant in the overall ADR (43.3%, 45.6% and 
56.7%, respectively)[44]. Nevertheless that difference 
was statically significant for adenomas of the right 
colon (11.1%, 14.4% and 26.7%, respectively). 
Longer times in WE group may impact these results. 
A previous systematic review of RCT found similar 
results[45].

High definition endoscopy
High definition (HD) endoscopy has been increasingly 
used since the early 2000’s[46].

HD endoscopy displays 650 to 720 lines (height or 
vertical number of pixels) of resolution compared to 
standard definition (SD) offering 480 to 520 lines[46,47]. 
One glance at a HD videoscreen unmistakably de
monstrates that the image is better defined and 
sharper than SD, so it is no surprise that studies have 
consistently reported that HD improves the recognition 
of lesions at colonoscopy.

One large RCT compared SD-white light (WL) co
lonoscopy vs HD-WL endoscopy and HD narrow-band 
imaging (HD-NBI). HD-WL colonoscopy significantly 
improved the total number of adenomas, adenomas 
per colonoscopy, patients with flat adenomas and 
right-sided adenomas (19% vs 34%). There was a 
non-significant trend to improving the ADR (38.6% 
vs 45.7%, P = 0.17)[48]. In other words, HD did not 
increase the number of patients with at least one 
adenoma but it was associated with the identification of 
more adenomas and more flat lesions in those patients 
that did have adenomas.

In contrast, a recent meta-analysis[49] including 
RCT, prospective and retrospective studies, showed 
an overall increase in the ADR with the use of HD 
colonoscopy compared with SD colonoscopy. No dif
ference in the detection of advanced adenomas (larger 
than 10 mm or with villous component or high-grade 
dysplasia) was observed. The authors recommended 
interpreting these results with caution given the 
heterogeneity of the studies with ADR ranging from 
23% to 65%. They also suggested that longer term 
outcomes such the interval or missed CRC should be 
studied in prospective RCT.

Currently, the ESGE recommends the use of HD-

WL endoscopy for average-risk population screening 
colonoscopy[50].

Virtual chromoendoscopy modalities (NBI, FICE and 
i-scan)
In parallel with the development of HD endoscopy, 
different endoscopic image-enhancement modalities 
have been developed: narrow-band imaging (NBI) 
(Olympus, Tokyo, Japan), flexible spectral imaging 
colour enhancement (FICE) (Fujinon, Tokyo, Japan) 
and i-scan (Pentax, Tokyo, Japan)[51,52].

A number of studies have been reported to determine 
if these sophisticated virtual chromoendoscopy modalities 
improve ADR compared to WL.

NBI: Olympus NBI utilises filters to selectively pro
ject light in the blue (415 nm) and green (540 nm) 
wavelengths from the processor unit which correspond 
with the two absorption peaks of haemoglobin. As 
shorter wavelengths have superficial tissue penetration 
and longer wavelengths deep tissue penetration, the 
images obtained with NBI correspond to enhanced 
prominence of superficial vascularity (blue light) and 
submucosal vessels (green light). Adenomas have a 
distinct vascular pattern which can be enhanced with 
NBI in comparison to normal colonic mucosa (Figure 
1A-D).

Rastogi et al[48] compared SD-WL colonoscopy vs 
HD-WL or HD-NBI. NBI significantly increased the total 
number of adenomas, adenomas per colonoscopy, 
patients with flat adenomas and right-sided adenomas 
over SD-WL. There was a trend in improvement in 
ADR; however this was not statistically significant 
(46.2% vs 38.6%, P = 0.14). Despite the absence 
of a comparison between HD-NBI and HD-WL, the 
improvement of NBI seemed similar and attributable 
to HD.

Two recent large meta-analyses of RCTs[53,54] 
including tandem colonoscopy studies, did not de
monstrate any significant differences in PDR, ADR or 
AMR when comparing HD-NBI and HD-WL either.

In contrast, a more recent single-center RCT with 
tandem colonoscopies comparing HD-NBI and HD-WL 
found higher ADR and PDR after the first colonoscopy 
in the HD-NBI group (48.3% vs 34.4%)[55]. Similar 
results and AMR were observed after the second 
colonoscopy. These results need to be reproduced 
before they are accepted into practice, especially since 
they could be attributable to the new NBI generation 
(CF-HQ190 colonoscope and the EVIS-EXERA III 
CLV-190) used in this study but in none of the previous 
one.

Interestingly, one RCT study[56] suggested a possible 
learning effect of NBI on WL; in other words, the 
endoscopist increased their ADR using WL after having 
used NBI. However, this effect was not confirmed in a 
more recent study[57].
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FICE: FICE digitally transforms the endoscopic image 
with post-processing algorithms. It potentiates specific 
wavelengths to transmit a composite computerized 
enhanced color image. 10 presets are available 
but further customization may be carried out as 
wavelengths may be modified in 5nm increments from 
400 nm to 695 nm.

Despite its flexibility with regards to customisation 
and selection of specific enhanced wavelengths, large 
studies, including a RCT in Germany and randomized 
tandem colonoscopy studies in Korea, involving a large 
number of patients, failed to demonstrate benefits of 
HD-FICE (modes 4 and 3, respectively) vs HD-WL[57-59] 
in improving ADR or AMR.

i-scan: Pentax i-scan is a post-processor imaging 
enhancement that comes with 3 different image moda
lities to allow different grades of surface enhancement, 
contrast enhancement and tone enhancement.

Two prospective studies found a significant increase 
in ADR in the i-scan group when compared with WL[60,61]. 
A significant limitation is that HD was used in the i-scan 
group but no in the WL group so those differences may 
be mostly due to HD which seems superior to SD[48,49]. 
Prospective and randomized tandem colonoscopy trials 
have failed to demonstrate any benefit of i-scan 1 or 2 
vs HD-WL in ADR or AMR[62,63].

Chromoendoscopy
Chromoendoscopy (CE) is the technique of using 

through-the-scope infusions to improve mucosal 
image recognition, especially for small or flat mucosal 
lesions. In contrast to its extensive study in other 
clinical scenarios, its utility in the context of average-
risk population screening colonoscopy seems to have 
been relatively ignored. Indigo carmine (IC) has been 
used in most studies. One prospective randomized 
study compared CE with IC vs second WL exploration 
in the right colon. A significant higher number of right 
colon adenomas were found in the chromoendoscopy 
group[64] but the use of both HD and SD colonoscopes 
not included in the analysis biased results. Another 
prospective study showed a significant improvement 
in the total number of adenomas, especially those 
flat or smaller than 5 millimetres[65] in the group with 
panchromoendoscopy with IC. However the study 
was not randomized, and no withdrawal times were 
reported. A more rigorous prospective randomized 
study found a significant higher ADR (46.2% vs 
36.3%), flat adenomas and serrated lesions in patients 
with panchromoendoscopy with IC vs the control group 
with regular colonoscopy[66] but this improvement may 
have been due to the slightly longer mean withdrawal 
times in the panchromoendoscopy group (11.6 min vs 
10.1 min).

More RCT’s will be required to determine if CE 
with IC improves ADR. As with water distension, 
the statistical interpretation of studies is likely to be 
hampered by the invariably longer withdrawal time 
required for chromoendoscopy.

Figure 1  Tubular adenoma and small sessile serrated adenoma under white light (A, C) and narrow-band imaging (B, D), respectively.

A B

C D
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Drugs
All endoscopists have been at times frustrated by 
colon muscle spasms preventing satisfactory mucosal 
visualization at colonoscopy.

Therefore hyoscine N-butylbromide, an anti-
cholinergic formulation available in an intravenous 
form, has been widely exploited for its smooth muscle 
relaxing (antispasmodic) effects, even though it 
has not been approved by the FDA for this purpose. 
However trials do not support its use for polyp 
recognition: One randomized double-blind controlled 
trial[67] was able to only demonstrate only a statistically 
non-significant trend for ADR and PDR, and even these 
results were not confirmed in later meta-analysis of 
RCT[68-71].

L-Menthol is another antispasmodic agent with 
suspected action mechanism for smooth muscle 
relaxation related to ion calcium influx blocking[72]. 
Recently, Inoue and collaborators conducted a single-
blinded RCT in Japan comparing 1.6% L-Menthol 
solution (Kenei Pharmaceuticals, Osaka, Japan) 
spraying vs placebo. They found a significant higher 
ADR in the L-menthol group compared with the control 
group (60.2% vs 42.6%)[73]. A significant reduction 
in colonic peristalsis was also observed but this result 
was biased by the absence of endoscopist blindness.

Fold-flattening devices
The proximal mucosa behind colonic folds is often 
poorly visualised due to the inherent nature of the 
retrograde approach of colonic inspection. Devices 
used to aid visualisation of these mucosal “blind spots” 
have been developed with an aim to reduce the rates 
of missed lesions. 

Cap-assisted colonoscopy: Transparent plastic 
caps attached to the tip of the colonoscope may 
assist in the improvement of polyp detection rate by 
depressing haustral folds, allowing visualisation of 
otherwise blind mucosa. Ng et al[74] performed a meta-
analysis of 16 RCT investigating the efficacy of cap 
assisted colonoscopy (CAC) in comparison to standard 
colonoscopy (SC). Analysis showed a marginal benefit 
in PDR. ADR was not significantly improved in 6 
studies specifically reporting this variable. The authors 
found cap length to influence rates of polyp detection 
with short caps (2 or 4 mm) better than longer caps 
(7-11 mm). Insertion times were significantly shorter 
in the CAC vs SC group for both experts and trainees.

Endocuff: A novel endoscopic cuff [Endocuff (EC); 
ARC Medical] with 2 rows of flexible, hinged wings 
(Figure 2A) that help flatten colonic mucosa during 
withdrawal was recently introduced, receiving FDA 
approval in 2012. The EC is attached to the tip of 
the colonoscope and sits flush with the tip of the 
instrument, therefore not obscuring endoscopic views. 

Figure 2  Endoscuff (A), Third-Eye retroscope (B), Third-Eye panoramic 
(C), full spectrum endoscopy (D: Endoscope, processor and image; E: 
Endoscopic view).
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Biecker et al[75] performed a randomised controlled 
trial of 498 patients. The authors found significant 
differences in the PDR (56% vs 42%) in the EC group 
compared to SC group and overall number of polyps 
detected per patient (2 vs 1, respectively). ADR was 
also significantly higher in the EC group compared to 
the no EC group (36% vs 28%). The overall procedure 
time was significantly higher in the EC vs SC group, 
but due to a lack of measurement of withdrawal time, 
it is uncertain whether this was due to longer insertion, 
therapy or withdrawal times.

Balloon-assisted colonoscopy: The G-Eye system 
consists of an inflatable balloon that is integrated to 
the distal portion of the colonoscope shaft. Inflation 
during colonoscope withdrawal is controlled by a 
foot pedal allowing the inflated balloon to flatten and 
straighten colonic folds immediately downstream to 
the colonoscope tip. Improved views behind folds are 
facilitated by withdrawal of the colonoscope with the 
balloon inflated. Balloon pressure is monitored by the 
system, enabling changes to compensate for colonic 
wall pressure. The system can be reprocessed and 
may be integrated into existing colonoscope systems. 
Preliminary data, published in abstract form, of a 
multicentre RCT in 104 of an intended 1000 patients, 
has yielded favourable results for improvement in ADR 
with the G-Eye device (SC 39% vs G-Eye 59%) and 
seems promising[76]. 

New scope modalities
Third-Eye retroscope and third-eye panoramic 
device: The Third-Eye retroscope is a flexible 3.5 mm 
single-use catheter with a camera and a light source 
at its tip (Figure 2B). It provides a retroflexed view of 
the colon and the TERRACE study showed higher ADR 
in the retroscope group[77]. The limitations including its 
complexity, single use and occupation of the working 
channel has led to stop its production.

The Third-Eye Panoramic device is the second 
generation of the device. It includes an external side-
by-side catheter and the attachment device to the 
tip of the scope (Figure 2C). The attachment device 
has one source of light and one camera in each side 
providing a wider (330 degrees) view of the mucosa. 
There is just one feasibility study (abstract publication) 
and it is pending for FDA approval as a reusable 
device. Further studies will be required to assess its 
utility.

Full spectrum endoscopy (FUSE): The FUSE 
colonoscope incorporates a high definition, 330 degree 
viewing angle by implementing 3 imaging systems 
(image sensor and LED light source) on the tip of a 
conventional type instrument (Figure 2D and E). A 
forward viewing lens is complemented by side viewing 
lenses on each side of the instrument tip with images 

displayed on 3 video screens corresponding to each 
imaging group. The instrument has the standard 
working channel and irrigation capability found on 
conventional colonoscopes. A randomized, multicenter, 
back to back study comparing FUSE with a standard 
forward-viewing colonoscope has been performed in 
185 patients[78]. The study randomized patients to 
undergo standard or FUSE colonoscopy first followed 
by a second same day procedure using the alternate 
instrument. The authors reported AMR, rather than 
ADR, being significantly lower with FUSE-standard 
colonoscopy strategy compared with standard 
colonoscopy-FUSE (7.5% vs 40.8%).

Others
Other parameters or manoeuvres have been studied 
and explored as possible factors with impact in the 
ADR.

One interesting study compared[79] the ADR 
of 6 experienced endoscopist before and after an 
announced video recording implementation and 
storage of all the colonoscopies in the unit. A positive, 
but not significant, trend for higher ADR was found 
after video recording implementation. In one of the 
two endoscopists with lower ADR, the impact of video 
recording in the ADR was remarkably and statistically 
significant (22.6% vs 57.7%). It was associated 
with an increase in the endoscopist withdrawal time. 
The authors suggested video recording as a possible 
strategy to increase ADR in endoscopists with lower 
ADR.

One retrospective study suggested that endoscopist 
fatigue may have a deleterious impact on adenoma 
detection[80] but a prospective study showed no 
impact of time in the day or case rank of colonoscopy 
in ADR[81]. One retrospective study showed higher 
ADR (42.3% vs 34.7%) and PDR in the morning 
procedures when compared to afternoon procedures[82] 
and another Korean study found higher AMR in the 
afternoon procedures when compared with morning 
procedures[83].

Performing polypectomies during insertion and 
withdrawal vs just during the withdrawal did not show 
an impact on ADR in a RCT[84].

Colonoscopist experience has been also found to 
have a positive impact in ADR in several studies[57,80] 

(Tables 1, 2 and 3).

CONCLUSION
ADR is now recognized as a useful surrogate marker 
for colorectal cancer detection. In addition to innate, 
impossible-to-measure endoscopy skill, the data 
for optimizing ADR is most convincing for thorough 
precolonoscopy bowel cleansing preparation, withdrawal 
time of more than 6 to 9 min, and double visualization 
of the right colon. HD technology, mucosal visualization 
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by an assistant, and changing patient position during 
withdrawal are also helpful but less so. At least some of 
the newer endoscopic technology are likely to improve 
ADR, but have yet to be proven.
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