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Abstract
Up to a quarter of polyps and adenomas are missed 
during colonoscopy due to poor visualization behind 
folds and the inner curves of flexures, and the pres-
ence of flat lesions that are difficult to detect. These 
numbers may however be conservative because they 
mainly come from back-to-back studies performed with 
standard colonoscopes, which are unable to visualize 
the entire mucosal surface. In the past several years, 
new endoscopic techniques have been introduced to 
improve the detection of polyps and adenomas. The 
introduction of high definition colonoscopes and visual 
image enhancement technologies have been suggested 
to lead to better recognition of flat and small lesions, 
but the absolute increase in diagnostic yield seems 
limited. Cap assisted colonoscopy and water-exchange 
colonoscopy are methods to facilitate cecal intubation 
and increase patients comfort, but show only a margin-
al or no benefit on polyp and adenoma detection. Ret-
roflexion is routinely used in the rectum for the inspec-
tion of the dentate line, but withdrawal in retroflexion 
in the colon is in general not recommended due to the 

risk of perforation. In contrast, colonoscopy with the 
Third-Eye Retroscope® may result in considerable lower 
miss rates compared to standard colonoscopy, but this 
technique is not practical in case of polypectomy and 
is more time consuming. The recently introduced Full 
Spectrum Endoscopy™ colonoscopes maintains the 
technical capabilities of standard colonoscopes and pro-
vides a much wider view of 330 degrees compared to 
the 170 degrees with standard colonoscopes. Remark-
able lower adenoma miss rates with this new technique 
were recently demonstrated in the first randomized 
study. Nonetheless, more studies are required to de-
termine the exact additional diagnostic yield in clinical 
practice. Optimizing the efficacy of colorectal cancer 
screening and surveillance requires high definition 
colonoscopes with improved virtual chromoendoscopy 
technology that visualize the whole colon mucosa while 
maintaining optimal washing, suction and therapeutic 
capabilities, and keeping the procedural time as low 
and patient discomfort as optimal as possible.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Up to a quarter of polyps and adenomas are 
missed during colonoscopy due to poor visualization 
behind folds and the inner curves of flexures, and the 
presence of flat lesions that are difficult to detect. In 
the past several years, new endoscopic techniques 
have been introduced to improve the detection of pol-
yps and adenomas. Optimizing the efficacy of colorec-
tal cancer screening and surveillance requires high 
definition colonoscopes with improved virtual chromo-
endoscopy technology that visualize the whole colon 
mucosa while maintaining optimal washing, suction 
and therapeutic capabilities, and keeping the proce-
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INTRODUCTION
Colonoscopy is considered the gold standard for the 
detection and removal of  polyps and adenomas in the 
colorectum. There is strong evidence that the removal 
of  polyps and adenomas by colonoscopy lowers colorec-
tal cancer (CRC) incidence and mortality[1,2]. However, 
in recent years there has been an increasing concern 
about the effectiveness of  colonoscopy the detection 
of  adenomas, early-stage CRC and especially right-sided 
cancers[3]. Population-based studies have reported that 
3%-8% of  patients with CRC had a colonoscopy within 
3-5 years prior to CRC diagnosis[4-6]. Retrospective stud-
ies revealed that these so-called interval or post-colonos-
copy cancers can mainly be attributed to missed lesions 
or inadequate examination[5]. Indeed, a considerable pro-
portion of  polyps and adenomas are being missed with 
colonoscopy, with overall polyp and adenoma miss rates 
being estimated between 20%-25% in most back-to-back 
colonoscopy studies[7]. 

The main factors thought to be responsible for miss-
ing lesions, besides endoscopist dependent factors, include 
the relative difficulty to visualize polyps at the proximal 
side of  haustral folds and internal curves of  flexures[8,9], 
the presence of  flat lesions[10] and poor bowel prepara-
tion[11]. In addition, especially right-sided advanced adeno-
mas are more often diminutive in size or non-polypoid in 
appearance compared to left-sided advanced adenomas 
and may therefore be more easily overlooked[10,12]. Surface 
visualization with standard 140 and 170 degrees colono-
scopes is approximately between 87% and 92% in a clean 
colon, which illustrates the limitation of  standard colo-
noscopes to adequately visualize the entire mucosa[13]. As 
a result, premalignant lesions can be missed and it been 
shown that two-thirds of  the non-rectal ≥ 6 mm lesions 
that are missed during colonoscopy are located on the 
proximal side of  folds[9].

In more recent years, new endoscopic technologies 
aimed to increase polyp detection rates (PDR) and ade-
noma detection rate (ADR) have been developed. In this 
review we will discuss these endoscopic innovations and 
their potential to improve the detection of  premalignant 
lesions during colonoscopy (Table 1).

HIgH-DefINITION COlONOsCOpy
High-definition colonoscopy uses a high definition mon-

itor that enables more images per second to be shown. 
Moreover, the images have a higher resolution as com-
pared to standard definition colonoscopy. Although high 
definition colonoscopy provides much better imaging, 
studies evaluating polyp detection with high definition 
as compared to standard definition colonoscopes are 
scarce and show conflicting results[14]. Two randomized 
trials[15,16] found no significant differences in ADR and 
PDR between both techniques. In contrast, one ran-
domized study reported a higher PDR (64% vs 53%, P 
= 0.03) and mean number of  small hyperplastic polyps 
per subject (0.10 vs 0.25, P = 0.003) with high definition 
colonoscopy[17], while in another randomized multicenter 
study[18] high definition colonoscopy yielded more ad-
enomas per subject (1.12 vs 0.69, P = 0.02) and especially 
flat adenomas and right-sided adenomas (both P < 0.01). 
Furthermore, East et al[19] reported in a prospective non-
randomized study more diminutive (< 6 mm), non-flat 
adenomas with high definition colonoscopy, although 
no significant differences in ADR and PDR could be 
demonstrated. Similar results were found in a retrospec-
tive study by Buchner et al[20] including 1226 patients 
undergoing standard definition colonoscopy and 1204 
patients undergoing high definition colonoscopy. Both 
ADR (28.8% vs 24.3%) and PDR (42.2% vs 37.8%) were 
statistically significantly higher with high definition colo-
noscopy but this mainly concerned smaller lesions.

Hence, the use of  high definition colonoscopy leads 
to high quality images and a marginal increase in ADR 
and PDR compared to standard definition colonoscopy. 
The absolute increase in ADR is however small and is 
estimated to be approximately 3.5% according to a meta-
analysis with pooled data of  five studies in 4422 pa-
tients[21]. The additional value of  high definition colonos-
copy seems mainly limited to small lesions and, accord-
ing to one study, flat lesions in the right colon. However, 
caution is required when interpreting the results because 
marked heterogeneity exists with differences in study de-
sign and the type of  population included.

VIRTUal CHROmOeNDOsCOpy
Virtual chromoendoscopy uses a narrow spectrum of  
wavelengths with a decreased penetration depth to en-
hance visualization of  the colon mucosa and has been 
developed as an alternative to dye assisted chromoendos-
copy. Light of  short wavelengths increases the vascular 
contrast of  the mucosa, allowing improved visualization 
of  the colonic mucosal surface. Manufactures have de-
veloped multiple techniques including Narrow Band Im-
aging (NBI), Fuji Intelligent Color Enhancement (FICE) 
and Autofluorescence Imaging (AFI), which can easily 
be switched on during colonoscopy. These techniques 
have been suggested to improve the detection of  (subtle) 
mucosal lesions[22-24].

Narrow band imaging
NBI (Figure 1) is one of  the most widely used and ex-
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Table 1  Endoscopic innovations to improve the adenoma detection during colonoscopy

tensively studied image enhancement technologies and 
is aimed to improve adenoma detection and differentia-
tion. Narrow band filters placed behind the light source 
eliminate red light and increase the contribution of  blue 
(415 nm) and green (540 nm) wavelengths. The 415 nm 
light enhances the visualization of  superficial mucosal 
capillaries while the 540 nm light increases the visibility 
of  submucosal and deeper mucosal vessels.

Studies investigating the additional yield of  pan-
colonic NBI are somewhat conflicting. A meta-analysis 
including six randomized trials with a total of  2284 pa-
tients[23] reported no significant differences between high 
definition NBI and high definition white light colonos-
copy for the detection of  total, flat and < 10 mm adeno-
mas or polyps. Furthermore, no differences in adenoma 
or polyp miss rates were observed between both tech-
niques. These findings were recently confirmed in a large 

randomized study by Chung et al[25]. In contrast, studies 
in which high definition NBI was compared to standard 
definition colonoscopy have shown differences in de-
tection and miss rates of  polyps and adenomas[18,26,27]. 
In a randomized back-to-back study by Gross et al[27] 
comparing high definition NBI and standard definition 
colonoscopy, significant lower miss rates for polyps 
(31% vs 57%, P = 0.005) and adenomas (27% vs 49%, P 
= 0.036) were observed. However, the same group re-
ported similar results in a retrospective study comparing 
high definition white light to standard definition white 
light colonoscopy, which suggests that the additional 
yield obtained with high definition NBI may be related 
to the high definition component and not to the use of  
NBI[20]. This is further supported by a study of  Rastogi 
et al[18] in which more adenomas per subjects were found 
with high definition NBI (1.13) compared to standard 
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Technique Colonoscopy technology Diagnostic yield Clinical applicability

High definition High definition monitor with more images 
per second and high resolution

Marginal increase in number of polyps 
and adenomas, mostly small, flat, right-

sided lesions. approximation 3.5% 
increase in ADR

High quality images with reduced artifacts 
and more natural appearance

Narrow band imaging 
(NBI)

Narrow band filters increase blue (415 
nm) and green (540 nm) wavelengths and 

enhance the visualization of mucosal blood 
vessels

Small increase in flat and small serrated 
lesions, but higher detection rates when 

combined with high definition

Possibly improving the detection of subtle 
lesions, but insufficient brightness and 
dark appearing bile and stool prohibit 

optimal pan-colonic use
Fujinon intelligent 
color enhancement 

Computed spectral estimation technology 
enhances the visibility of mucosal and vas-
cular details by narrowing the bandwidth 

of light

Very few randomized studies but polyp 
and adenoma detection seems similar 
compared to white light colonoscopy

Like with NBI, images are to dark to 
advice routine pan-colonic use

Autofluorescence 
imaging (AFI)

Tissue is exposured to light of short wave-
length, which leads to the excitation of 

endogenous substances and the emission of 
autofluorescent light

AFI has lower adenoma miss rates (ab-
solute difference of approximation 20%) 
when compared to white light colonos-
copy, especially for flat and depressed 

lesions

Not advised for routine practice in colo-
noscopy due to low resolution images, 

few images per second and artifacts due to 
residual fecal fluids

Water-immersion 
colonoscopy

Infusion of water, combinated with air-
insufflation, during insertion of the colono-
scope. Water and remaining fecal content 

are removed during withdrawal

No difference in ADR between water-
immersion and air-insufflated colonos-

copy

Reduces pain scores, need for sedation 
and general intolerability, but only stud-

ied in highly experienced hands

Water-exchange colo-
noscopy

Water containing residual feces is removed 
and “exchanged” for clean water during 

insertion in lieu of air-insufflation

ADR is reported to be approxima-
tion 10% higher with water-exchange 

colonoscopy compared to standard air-
insufflated colonoscopy

Provides extra cleansing of the mucosa but 
is more time consuming and is thus far 

only studied in highly experienced hands

Cap-assisted colonos-
copy

Can be used to depress colonic folds to im-
prove the visualization of proximal aspects 

of these folds

Contradicting results with approxima-
tion 10% higher detection rates for small 
polyps and adenomas in some studies, 

but no beneficial results in others

Easy to use, can assist during mucosec-
tomies and facilitates introduction of the 
colonoscope, but probably has a limited 

effect on diagnostic yield
Retroflexion Withdrawal in retroflexion is possible in the 

proximal colon due to the large diameter of 
this segment and may improve the visual-

ization of the proximal aspects of folds

No additional diagnostic yield in the 
proximal colon and questionable in the 

rectum

Routine withdrawal in retroflexion is 
not recommended but may facilitate the 

removal of large sessile polyps

Third-eye retroscope The retroscope is retroflexed 180 degrees 
after being advanced through the working 

channel and enhances the visualization 
behind folds

Limited number of studies, but polyp 
and adenoma detection are reported 

to be 15%-25% higher compared to stan-
dard colonoscopy

Increases diagnostic yield, but reduces 
suctioning capacity when in position and 
needs to be removed from working chan-

nel in case of polypectomy
Full spectrum endos-
copy (FUSE)

Three imagers positioned at the front and 
both sides of the tip provide a 330 degrees 
view, which improve the visualization of 

the internal lining of flexures and proximal 
aspects of folds

One randomized tandem study thus 
far, which showed considerably lower 

miss rates for polyps (9.7% vs 43.%) and 
adenomas (7.5% vs 40.8%) compared to 

standard colonoscopy

Provides a comprehensive view while 
maintaining technical capabilities of stan-
dard colonoscopes. Requires little training

ADR: Adenoma detection rate. 
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definition white light (1.13 vs 0.69, P = 0.01) but not to 
high definition white light colonoscopy (1.13 vs 1.12, P 
> 0.05). In the latter study, high definition NBI detected 
significantly more flat and right sided lesions compared 
to standard definition colonoscopy but a similar number 
compared to high definition colonoscopy. A back-to-
back study including patients with hyperplastic polypo-
sis syndrome also reported a lower polyp miss rate, in 
particular for flat polyps and sessile serrated adenomas, 
when high resolution NBI colonoscopy was compared 
to white light colonoscopy[28]. Two randomized studies 
that compared high definition NBI with high defini-
tion white light colonoscopy[29,30] reported no difference 
in adenoma detection, but high definition NBI yielded 
more flat adenomas[29,30] and hyperplastic polyps[29].

In summary, polyp and adenoma detection seem to 
be higher with high definition NBI compared to stan-
dard definition white light colonoscopy, but the addi-
tional value of  high definition NBI over high definition 
white light colonoscopy may be limited to the detection 
of  subtle lesions such as small serrated lesions and flat 
adenomas. It has been suggested that the limited value 
of  high definition NBI over high definition white light 
colonoscopy may be related to the potential learning ef-
fect that is induced by NBI during colonoscopy, i.e., the 
introduction of  NBI may have improved the recognition 
of  polyps and adenomas with white light colonoscopy[23]. 
In this regard, it is of  interest that East et al[31-33] showed 
that the improvement in adenoma detection rate by high 
definition NBI colonoscopy over high definition white 
light colonoscopy declined from 61% in the first 52 pa-
tients to 45% and only 8% in a second and third group 
of  91 and 214 patients. A similar effect was observed in 
a study by Adler et al[34] with consecutive groups of  100 
patients undergoing white light colonoscopy; the ADR 
of  8% in the first group increased to 26% in the last 
group of  patients, compared to an ADR of  25% with 
NBI which remained unchanged during the course of  
the study.

FICE
FICE is a computed spectral estimation technology that 
enhances the visibility of  mucosal and vascular details 

by narrowing the bandwidth of  light. FICE enables the 
endoscopist to choose between different wavelengths 
for optimal examination of  the colon mucosa[24]. Only 
a limited number of  studies have evaluated FICE colo-
noscopy for its proposed increased capability to detect 
of  adenomas and polyps. In the reported randomized 
back-to-back studies that compared FICE with white 
light colonoscopy[25,35] or NBI[36] no significant benefit 
of  FICE was demonstrated. Furthermore, in an earlier 
randomized study[37] the ADR and mean number of  
adenomas were similar with FICE compared to targeted 
indigocarmine chromoendoscopy.

AFI
Real-time pseudo-color images produced with AFI are 
created by a rotating filter producing a short wavelength 
light. The exposure of  tissue to this specific light leads 
to the excitation of  some endogenous substances and 
subsequently the emission of  fluorescent light. The au-
tofluorescent image produced with AFI is created by a 
green filter, which exposes the tissue to the remaining 
blue and red light. The reflected blue light is blocked 
by a second filter while the reflected red light and the 
emitted green autofluorescence from the tissue are used 
to obtain a pseudo-color image[22,38]. AFI colonoscopy 
colors neoplastic lesions red-purple while non-neoplastic 
mucosa appears green.

Three back-to-back studies reported lower adenoma 
miss rates with AFI colonoscopy compared to white 
light colonoscopy with an absolute difference of  approx-
imately 20%[39-41]. In one of  these studies[39], the location, 
size, macroscopic appearance and histopathology of  the 
lesions detected with AFI and white light colonoscopy 
were not different, but the lesions that were histological-
ly graded as dysplastic were less frequently missed with 
AFI (30% vs 49%, P = 0.01). Another study by Moriichi 
et al[40] compared AFI with high resolution white light 
colonoscopy and reported a higher ADR (26.1% vs 
18.2%, P < 0.05) and more specifically a higher detec-
tion rate of  flat and depressed adenomas (9.1% vs 3.4%, 
P < 0.05). In the same study, an increased ADR with 
AFI was only observed when used by less experienced 
endoscopists. One study investigated the diagnostic 
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Figure 1  View of adenomatous polyp with white light and narrow band imaging. A: Adenoma view with white light; B: Adenoma view with narrow band imaging.
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yield of  high resolution colonoscopy using Endoscopic 
Trimodal Imaging technology[42]. These colonoscopes 
have both AFI and NBI technology incorporated in the 
endoscope. The high resolution and AFI technology in 
these colonoscopes can be used to detect lesions (“red 
flag”), whereas NBI can be used to differentiate between 
different types of  lesions. The study was performed in 
six non-academic centers and showed no differences in 
ADR or adenoma miss rate compared to standard white 
light colonoscopy.

In summary, the effect of  pan-colonic virtual chro-
moendoscopy on adenoma and polyp detection seems 
limited and virtual chromoendoscopy probably only has 
a minor benefit on the detection of  small and flat le-
sions. These somewhat disappointing results are most 
likely due to technical issues inherent to virtual chromo-
endoscopy, in that the brightness of  the virtual image 
with high-definition technology remains insufficient to 
allow optimal visualization of  the colonic mucosa in a 
large diameter colon lumen. In addition, a good inspec-
tion of  the colon mucosa with virtual chromoendoscopy 
is only possible in a colon that is really optimally pre-
pared because remaining bile fluid and stool appear red 
and dark in virtual images, hindering an optimal view of  
the mucosa[43]. In our opinion, virtual chromoendoscopy 
is most optimally used as an add-on technology to dif-
ferentiate between neoplastic and non-neoplastic lesions. 
This could allow a “resect-and-discard” or “leave-in-
situ” approach to reduce the risk of  complications and 
costs associated with unnecessary removal of  polyps. 
However, accuracy rates should exceed well above 90% 
to consider such an approach. In experienced hands, 
high accuracy rates for a “resect-and-discard” policy 
have been reported for NBI[44-46], FICE[47,48] and AFI[49], 
ranging between 85%-92% when used with high mag-
nification, but these rates are lower when used by non-
experts[42,44,50]. Good training may improve the detection 
and differentiation of  lesions, but before the routine use 
of  pan-colonic virtual chromoendoscopy can be justi-
fied, new generation devices with higher light intensity 
are required.

WaTeR-INfUsION TeCHNIqUes
Colonoscopy techniques combining or replacing air-
insufflation with water infusion were initially designed to 
facilitate cecal intubation, reduce colonic spasms, lower 
patient discomfort and need for sedation[51,52]. The infu-
sion of  water during the insertion of  the colonoscope 
causes the colon to distend and can be combined with air-
insufflation (water-immersion method) or be performed 
without air-insufflation (water-exchange method)[53,54]. 
Similarly to standard air-insufflated colonoscopy, air is 
also insufflated during withdrawal of  the colonoscope ir-
respective of  the type of  water infusion technique used. 
The water-immersion technique allows the water to flow 
in the direction of  the lumen which may aid in finding 
the correct direction for intubation. The infused water 

and remaining fecal contents are mainly removed during 
withdrawal of  the colonoscope.

This method has been shown to reduce pain scores[55-61], 
need for sedation[55,59,62] and general intolerability[55,59,60] in 
most studies, but concerns have been raised about an im-
paired ability to detect lesions due to contaminated water 
impairing visibility. A recent systematic review[53] in which 
the results of  six studies were combined, reported no 
differences in ADR between water-immersion and air-
insufflated colonoscopy. In contrast, the recently devel-
oped water-exchange method was reported to increase 
ADR compared to air-insufflation colonoscopy in the 
first observational study (water-exchange 36.5% vs air 
25.8%, P = 0.18)[63], in a subsequent retrospective cohort 
study (water-exchange 34.9% vs air 26.9%, P = 0.003)[64] 
and in a head-to-head comparison study (water-exchange 
57.1% vs air 46.1%, P = 0.04)[65]. In two randomized 
controlled trials[62,66], ADR was higher with the water-
exchange method but this difference was not statistically 
significant. The water-exchange method is a technique 
in which water containing residual feces is removed and 
“exchanged” for clean water in lieu of  air-insufflation. 
The exchange of  large volumes of  water during the 
insertion of  the colonoscope results in additional cleans-
ing of  the mucosa, which has been proposed to improve 
the detection of  adenomas[53]. An alternative hypothesis 
is that the improved cleansing during colonoscope inser-
tion allows more time for inspection during withdrawal 
since less time needs to be spent on colonic cleansing. 
Nonetheless, several attempts have been made to im-
prove the efficacy of  water-exchange colonoscopy. In a 
group of  50 consecutive US veterans undergoing water-
exchange colonoscopy, indigocarmine was added to 
the infused water (concentration 0.008%)[67]. The ADR 
was significantly higher in the indigocarmine group in 
comparison with a historical cohort of  patients who had 
undergone standard water-exchange colonoscopy (62% 
vs 40%, P < 0.05) or air-insufflation colonoscopy (62% 
vs 36%, P < 0.05). In a pilot study by Yen et al[68], the 
water-exchange method was combined with cap assisted 
colonoscopy in 50 consecutive patients. The results 
were compared to a control group of  101 consecutive 
patients undergoing air-insufflation colonoscopy. It was 
demonstrated that the mean number of  adenomas was 
higher with the water-exchange cap assisted colonoscopy 
method compared to air-insufflated colonoscopy (3.08 vs 
1.50, P = 0.002), although the ADR was not statistically 
significantly higher (70.0% vs 59.4%, P = 0.22).

Although water-exchange colonoscopy improves the 
detection of  adenomas, the benefit of  water-infusion 
colonoscopy methods seems particularly be due to im-
proving patient comfort. In addition, the majority of  
studies published so far were performed by endosco-
pists that were highly experienced with water-infusion 
colonoscopy. This raises the question whether the same 
results can be achieved when performed by less expe-
rienced endoscopists. Especially when considering the 
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prolonged insertion time due to the time consuming 
suction and exchange of  water, it remains to be further 
elucidated whether water-exchange colonoscopy will in-
deed be one of  the preferred techniques in daily clinical 
colonoscopy practice.

Cap-assIsTeD COlONOsCOpy
Transparent caps attached to the distal tip of  the colo-
noscope were first designed to assist during endoscopic 
mucosal resection but they have also been suggested to 
be of  help in depressing colonic folds to improve visu-
alization of  their proximal aspects. A potential disadvan-
tage of  cap-assisted colonoscopy is that fecal debris may 
accumulate in the cap, requiring removal by water irriga-
tion and drainage through the side holes present in some 
cap models. Several studies have reported reduced cecal 
intubation times[69-71] and improved cecal intubation rates 
for trainees using cap-assisted colonoscopy[70]. The same 
accounted for procedures in patients in whom cecal in-
tubation initially failed with standard colonoscopy[72,73]. 
Randomized controlled trials that evaluated the addi-
tional diagnostic yield of  cap-assisted colonoscopy were 
mostly performed in Asian countries and have in general 
shown mixed results[74].

In a study by Kondo et al[70], 684 subjects were ran-
domized to colonoscopy with a 4-mm transparent cap 
or a 2-mm rubber cap or to colonoscopy without a cap. 
PDR for colonoscopies with the transparent cap, rubber 
cap and no cap were 49.3%, 44.7% and 39.1%, respec-
tively, with only the difference between the transparent 
4-mm cap and no cap being statistically significant. In a 
recent study reporting on 2502 procedures performed by 
trainees[75], a statistically significant higher overall PDR 
was found for cap-assisted colonoscopy compared to 
standard colonoscopy (47.0% vs 42.6%). Subgroup anal-
yses showed that this difference was particularly due to 
an improved detection of  small (≤ 5 mm) polyps. In a 
randomized controlled trial by Rastogi et al[71], ADR was 
13% higher with cap-assisted colonoscopy compared 
to standard colonoscopy, but similarly to the previous 
study, this was only observed for small (≤ 5 mm) ad-
enomas. Horiuchi et al[76] studied a retractable transparent 
device that can be extended up to a maximum length of  
7 mm by injection of  air. The mean number of  adeno-
mas detected was statistically significantly higher with 
the retractable extension device compared to standard 
colonoscopy (0.48 vs 0.36, P = 0.04) while the ADR was 
comparable between both groups. In contrast, in the 
single largest randomized trial[73] published thus far (1000 
patients included), a lower ADR (30.5% vs 37.5%) and 
mean number of  adenomas per subject was reported 
with cap-assisted colonoscopy compared to standard 
colonoscopy. Furthermore, three later studies, including 
the largest published multicenter trial thus far, reported 
no higher overall[69,77,78] and small polyp[69,77,78] detection 
rates with cap-assisted colonoscopy.

Taken together, cap-assisted colonoscopy may be of  

benefit in reducing cecal intubation time, but has limited 
or no benefit on polyp detection, which is confirmed by 
the results of  a recent meta-analysis including 16 ran-
domized controlled trials[74]. In this study, a marginally 
higher proportion of  subjects with polyps was found 
with cap-assisted colonoscopy (RR = 1.08, 95%CI: 
1.00-1.17) while no statistically significant difference in 
ADR was found. Of  note, subgroup analysis showed 
that both expert and trainee endoscopists had reduced 
cecal intubation times and improved polyp detection 
rate, highlighting that it is unlikely that especially trainees 
should benefit from cap-assisted colonoscopy.

ReTROflexION
Retroflexion is commonly used in the rectum for the 
inspection of  the dentate line, though the additional 
diagnostic yield is questionable[79]. Due to its relatively 
large diameter, the retroflexion technique has also been 
suggested to be useful in the proximal colon to improve 
the visualization on the proximal aspects of  folds and to 
facilitate the removal of  proximally located large sessile 
polyps. This was shown in a retrospective observational 
study in 59 patients[80].

Harrison et al[81] performed a randomized study in 
100 patients who underwent standard forward colonos-
copy from the cecum to the splenic flexure with removal 
of  polyps. The cecum was then reintubated and patients 
were randomized to undergo a second exam of  the 
proximal colon in retroflexion or in forward view. Retro-
flexion was successfully performed in the ascending and 
transverse colon in almost all patients. No statistically 
significant differences were observed between forward 
view and retroflexion with regard to the detection of  
additional polyps and adenomas. A more recent obser-
vational study in a cohort of  1000 consecutive patients 
reported an adenoma miss rate of  9.8% in patients first 
undergoing careful inspection of  the proximal colon in 
forward view and a second inspection in retroflexion[82]. 
Although this was an observational study, the adenoma 
miss rate was thought to be comparable to that expected 
when a second inspection would have been done with 
forward viewing colonoscopy.

Based on the relatively limited number of  studies 
which demonstrated no clear extra additional polyps be-
ing detected, in combination with a possibly increased 
risk of  perforation when withdrawing the colonoscope 
in retroflexion, we currently do not recommend this 
technique in routine colonoscopy practice.

THIRD-eye ReTROsCOpe
A device specifically designed to enhance the visualiza-
tion behind the proximal aspects of  colonic folds is the 
Third-Eye Retroscope® (Avantis Medical Systems, Inc) 
(Figure 2). This device consists of  a video processor, a 
single-use polarizing filter cap for the colonoscope light 
source, and a 3.5 mm flexible single-use catheter with a 
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camera and diode light source at the tip. The retroscope 
is retroflexed 180 degrees after being advanced through 
the working channel of  the colonoscope and provides a 
135 degrees retrograde view of  the colon. In simulated 
colonoscopies using CT-colonography software, it was 
shown that the Third-Eye Retroscope improves the vi-
sualization of  the colonic surface area from 87% with 
standard 140 degrees view colonoscopes to 99%[13].

The efficacy of  the Third-Eye Retroscope was ini-
tially studied in three colon models with simulated pol-
yps[83]. Standard colonoscopy detected 12% of  the polyps 
located on the proximal aspects of  folds, while 81% of  
these polyps were detected with the Third-Eye Retro-
scope. The first pilot study[84] in 24 patients resulted in an 
11.8% increase in diagnostic yield, with 34 polyps detect-
ed in the antegrade view and 4 additional polyps in the 
retrograde view. In two non-randomized studies[85,86], the 
additional diagnostic yield of  the Third-Eye Retroscope 
was investigated by evaluating whether polyps detected 
with the Third-Eye Retroscope could also been seen with 
the antegrade view of  the colonoscope alone. In the first 
study, 182 polyps in 298 subjects were found with the 
antegrade view and 27 additional polyps were found with 
the Third-Eye Retroscope, resulting in a 14.8% increase 
in polyp detection and a 16.0% increase in adenoma de-
tection[85]. The second study reported a similar result with 
a 13.2% increase in polyp detection and a 11.0% increase 
in adenoma detection[86]. Until now, one randomized 
back-to-back study has been performed, the TERRACE 
study[87]. In this multicenter study including 349 patients, 
a net additional detection rate with the Third-Eye Retro-
scope of  29.8% for polyps and 23.2% for adenomas was 
reported. This study was criticized by the fact that the 
mean withdrawal time was almost two min longer with 
the Third-Eye Retroscope compared to standard colo-
noscopy as this may have resulted in some bias in this 
study. In a post-hoc analysis of  the TERRACE study[88], 
withdrawal time was not significantly associated with the 
risk of  missing adenomas. Interestingly, the Third-Eye 
Retroscope was shown to be particularly beneficial in 
patients undergoing colonoscopy for surveillance or di-
agnostic work-up and not in those undergoing screening 
colonoscopy.

Studies that investigated the Third-Eye Retroscope 
have shown a significant additional diagnostic yield when 

using this technique, but there are some limitations in-
herent to this device. First, thorough suctioning of  co-
lonic debris must be done during insertion of  the colo-
noscope due to a 50% reduced suctioning capacity when 
the retroscope is in position. A second disadvantage is 
that the Third-Eye Retroscope needs to be removed 
from the working channel in case an accessory device is 
required, such as a biopsy forces or a polypectomy snare, 
which is bothersome and increases the procedural time.

fUll speCTRUm eNDOsCOpy
The recently developed Full Spectrum Endoscopy™ 
(FUSE; EndoChoice®, Alpharetta, Georgia, United 
States) (Figure 3) colonoscope allows a high resolution 
330 degrees “full spectrum” viewing of  the colonic lu-
men while maintaining the standard colonoscope techni-
cal features and capabilities of  a standard 140 and 170 
degrees colonoscope. The FUSE system consists of  a 
main control unit and a video colonoscope with three 
imagers and LED groups located at the front and both 
sides of  the flexible tip. The video images transmitted 
from the three cameras on the left-side, front and right-
side of  the colonoscope are displayed on three contigu-
ous monitors corresponding with each individual cam-
era. The two additional side cameras incorporated in the 
FUSE colonoscope provide a better and comprehensive 
view of  the total colonic lumen. The frequently encoun-
tered blind spots, such as the internal lining of  flexures 
and proximal aspects of  folds, should be easily visualized 
with this system.

The first published study was performed with an 
anatomical model of  the colon with simulated polyps in 
a non-randomized setting[89]. Thirty-seven endoscopists 
performed colonoscopy by using the forward-viewing 
camera only (160 degrees), followed by a colonoscopy 
with all three cameras, which increases the field of  view 
to 330 degrees. In total, 85.7% of  the polyps were de-
tected with the three cameras compared to 52.9% with 
only forward-viewing colonoscopy (P < 0.001). Par-
ticularly polyps that were “hidden” behind flexures and 
folds were more frequently detected with FUSE colo-
noscopy than with forward-viewing colonoscopy (81.9% 
vs 31.9%). An additional pilot study including 50 patients 
showed that FUSE colonoscopy was indeed safe and 
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feasible with a 100% cecal intubation rate and a mean 
cecal intubation time of  3.1 ± 1.5 min. Preliminary re-
sults of  a randomized, multicenter, back-to-back study 
presented at the Digestive Disease Week 2013 are prom-
ising. Same-day colonoscopies with FUSE and standard 
colonoscopes were performed in 185 randomized sub-
jects. In 88 subjects undergoing standard colonoscopy 
first, 50 polyps including 28 adenomas were detected 
while FUSE yielded 39 additional polyps including 20 
adenomas, corresponding with an increase in polyps and 
adenomas detection of  78.0% and 71.4%, respectively. 
In 97 subjects undergoing FUSE first, 102 polyps includ-
ing 61 adenomas were detected while standard colonos-
copy yielded 11 additional polyps including 5 adenomas, 
corresponding with an increase in polyps and adenomas 
of  10.8% and 8.2%, respectively (FUSE vs standard, P < 
0.01). The adenoma miss rate with FUSE was found to 
be considerably lower than with standard colonoscopy 
(7.5% vs 40.8%, P < 0.0001). However, the median with-
drawal time was approximately half  a minute longer with 
FUSE colonoscopy (5.6 min vs 6.2 min, P < 0.01) and 
may have caused some bias in the results. More stud-
ies will be required before definitive conclusions can be 
made, but the first results definitely show that FUSE 
colonoscopy may be an important advancement to im-
prove adenoma detection.

CONClUsION
A considerable proportion of  polyps and adenomas are 

missed during colonoscopy due to poor visualization be-
hind folds and the inner curves of  flexures, and the pres-
ence of  flat lesions that are known to be difficult to de-
tect. Based on the findings of  back-to-back studies with 
standard colonoscopes, adenoma and polyp miss rates 
are estimated to be approximately 20% to 25%. How-
ever, some recent studies that evaluated new endoscopic 
technologies have reported even higher miss rates (up 
to 40%) with standard colonoscopy than previously re-
ported, which suggests that the miss rates with standard 
colonoscopy may have been previously underestimated.

The introduction of  high-definition technology has 
considerably improved the quality of  images during 
colonoscopy and is likely to stay the standard in the field 
of  endoscopy. Visual image enhancement technologies 
such as NBI, FICE and AFI have possibly resulted in 
an increased recognition of  flat and small lesions, but 
the absolute increase in terms of  numbers of  adenoma 
is probably limited. Besides, the quality of  the images 
produced with virtual chromoendoscopy technolo-
gies requires further improvement before the general 
application of  such technologies can be fully recom-
mended. Cap-assisted colonoscopy and water-exchange 
colonoscopy were originally designed to facilitate cecal 
intubation and increase patient comfort, but studies have 
generally shown a marginal or no benefit at all on polyp 
and adenoma detection. Furthermore, the applicabil-
ity of  water-infusion methods has only been studied in 
highly experienced hands and is more time consuming 
compared to standard colonoscopy. Retroflexion is com-
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Full Spectrum Endoscopy colonoscope.
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monly used in the rectum for the inspection of  the den-
tate line, but its use in the proximal colon has not clearly 
been demonstrated to improve ADR and may be associ-
ated with an increased risk of  perforation. Studies evalu-
ating colonoscopy with the Third-Eye Retroscope have 
shown considerable lower miss rates compared to stan-
dard colonoscopy, but this device is inconvenient in case 
of  polypectomy, it impacts suction capabilities and it 
adds to total colonoscopy time. The recently introduced 
FUSE colonoscope maintains the technical capabilities 
of  standard colonoscopes and provides a much wider 
view of  330 degrees compared to 170 degrees with stan-
dard colonoscopes. A recent randomized back-to-back 
study using FUSE colonoscopy has shown remarkable 
lower adenoma miss rates with this technique. Although 
the results look promising, more studies investigating 
the diagnostic yield and the use of  three monitors are 
needed before this device can be recommended for rou-
tine practice.

Hence, the majority of  the endoscopic innovations 
that have been introduced in the past few years have 
only shown little additional diagnostic yield, are more 
time consuming or are not practical in use. In order to 
increase the efficacy of  screening and surveillance colo-
noscopies, colonoscopy techniques will be needed that 
provide an optimal view of  the whole colonic mucosa 
while maintaining optimal washing, suction and thera-
peutic capabilities and without increasing the procedural 
time or impairing patients comfort. In this perspective, a 
combination of  high-definition and improved virtual en-
hancement technologies incorporated in ultra-wide colo-
noscopes may be the most obvious way to enhance the 
diagnostic yield of  colonoscopy in the next few years.
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