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Abstract
Despite recent advances in medicine, colorectal cancer 
(CRC) remains one of the greatest hazards for public 
health worldwide and especially the industrialized 
world. It has been well documented with concrete 
data that regular screening colonoscopy aimed at early 
detection of precancerous polyps can help decrease 
the incidence of CRC. However, the adherence of the 
general population to such screening programs has 
been shown to be lower than that expected, thus 
allowing CRC to remain a major threat for public health. 
Various reasons have been suggested to explain the 
disappointing compliance of the population to CRC 
screening programs, some of them associated with 
colonoscopy per se, which is viewed by many people 
as an unpleasant examination. Governments, medical 
societies, individual gastroenterologists, as well as 
the medical industry are working in order to improve 
endoscopic devices and/or to improve standard colo-

noscopy. The aim is to improve the acceptance of 
the population for this method of CRC screening, by 
providing a painless and reliable examination of the 
colon. This review focuses on some of the latest impro-
vements in this field.
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INTRODUCTION
Despite recent developments in medical research includ-
ing attempts to use blood, stool samples or imaging tech-
niques (e.g. CT technology) to detect early cancer, colo-
noscopy remains the examination of  choice in colorectal 
cancer (CRC) prevention. Regular screening colonoscopy 
aimed at early detection of  precancerous polyps seems 
to reduce the incidence of  CRC[1]. Although most studies 
that have proved the benefits of  regular colorectal screen-
ing were based only on flexible rectosigmoidoscopy, they 
show a 60% reduction of  CRC-associated deaths, pro-
vided screening was done before development of  symp-
toms[2,3]. However, despite the proven benefits of  endo-
scopic colon screening, patients worldwide seem to be un-
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willing to adhere to screening programs, demonstrating an 
unacceptably low compliance rate. Studies including first-
degree relatives of  patients with colorectal cancer showed 
a compliance rate that ranged from 50% to 80%[4,5]. When 
examining the general asymptomatic population, com-
pliance rates are even lower. Lack of  symptoms, fear of  
detecting a tumour, embarrassment and discomfort that 
many patients believe accompany the procedure, diffi-
culty in bowel preparation and even lack of  knowledge or 
awareness of  the benefits of  regular colorectal screening 
are some of  the main reasons that seem to prevent pa-
tients to adhere to screening programs[6]. Introduction of  
better sedation (including use of  propofol) during colon-
oscopy seems to somewhat improve patient acceptance 
of  colonoscopy[7]. However, the goal of  an “easy” exami-
nation of  the large bowel, that is widely accepted from the 
public still remains unfulfilled.

Apart from patient compliance, a good-quality of  
colonoscopy is necessary to provide all the benefits of  en-
doscopic screening. In various studies, conventional colon-
oscopy seems to have a 5%-6% polyp miss rate for polyps 
greater than 1 cm, 13%-15% for polyps 5-9 mm and up 
to 25% for polyps smaller than 5 mm. Factors that influ-
ence the quality of  colonoscopy in terms of  polyp detec-
tion are withdrawal time, adequacy of  bowel preparation 
and thorough inspection behind every intestinal fold[8,9]. 
Moreover, colonoscopy is a procedure that requires en-
doscopists with sufficient training, technical skills and ex-
perience. This, however, is not the case in every hospital, 
where colonoscopies might be performed by endoscopists 
of  lesser experience. This was displayed in a recent British 
prospective study, that reviewed data from 9223 colonos-
copies performed in 68 centers over a 4 mo period. Here 
the cecum intubation rates were rather low (76.9%, with 
an even worse adjusted rate of  56.9%) and definitely far 
from the expected 90%-94%[10]. The association between 
screening colonoscopy and reduction in CRC mortality 
rates seems to be due to reduction in left colon cancer 
deaths[11]. In two case-control studies, the relative risk of  
left-sided colon tumours after a negative colonoscopy was 
less than 0.2, while for right-sided colon tumours the rela-
tive risk ranged from 0.4 to 0.67[12,13]. These data point out 
that even regular colonoscopic screening has limitations 
in detecting all suspicious lesions. In order to overcome 
these problems and limitations, technical improvements 
to conventional colonoscopes and new devices are being 
developed, which aim to achieve colonoscopies of  higher 
quality and thus to possibly increase the adherence of  the 
public to CRC prevention programs. Initial data[7] seems to 
support the authors’ view that improvement of  the qual-
ity of  colonoscopies in terms of  accuracy and adenoma 
detection rates, might also contribute to increasing popu-
lation adherence to CRC prevention programs. This may 
be either by “convincing” primary health care physicians 
to refer more patients to these programs or by influencing 
the public directly with high adenoma detection rates and 
low percentages of  missed polyps, i.e. by showing that 
colonoscopy is the “gold standard” in colorectal screen-

ing, by far superior to alternative methods (e.g. CT- or 
MRI-colography). Therefore, in the following paragraphs 
we will focus not only on new endoscopic devices, but 
also briefly highlight technical innovations which bring 
improvements in visualization with standard endoscopes, 
as they might also prove to have a positive impact on the 
public’s compliance with colorectal screening.

NEW TECHNOLOGY COLONOSCOPES  
Aer-O-scope
This is a self-propelled, self-navigating, disposable en-
doscope. It consists of  the following parts: (1) an electro-
optical imaging capsule, containing a digital camera, 
which is implanted inside a balloon, called “scanning 
balloon”; (2) a workstation which helps the endoscopist 
inspect and control capsule movement during the ex-
amination; and (3) a supply cable that connects the 
workstation to the electro-optical capsule. This cable 
contains multiple channels and provides current, water 
and suction that are necessary during the examination. 
The examination begins by placing a silicone balloon 
(through a rectal introducer) into the patient’s rectum. 
This rectal balloon is then inflated and seals the anus. 
Immediately after that, the scanning balloon is also 
inflated and CO2 is introduced between the rectal and 
the scanning balloon. The pressures inside and behind 
the scanning balloon are controlled through electronic 
sensors and adjusted by the workstation computer. The 
pressure gradient that is created in this way can propel the 
scanning balloon inside the intestinal lumen. During its 
movement the scanning balloon adjusts its volume and 
shape according to the shape of  the intestine, preventing 
patient discomfort. When the scanning balloon reaches 
the cecum, CO2 behind the balloon is allowed to leave 
the colon through the rectal inductor, while new CO2 is 
introduced, but this time between the scanning ballon 
and the cecum. This creates a pressure gradient in the 
opposite direction, which allows the endoscope to travel 
backward and simultaneously distends the colon in front 
of  the camera. The inspection of  the colonic mucosa is 
conducted during the endoscope’s withdrawal, which is 
controlled by the endoscopist through the workstation’s 
computer. Aer-O-scope has an omnidirectional imaging 
system, based on conical lenses and a mirror that provides 
simultaneous circumferential, backward as well as forward 
views, allowing inspection even behind mucosal folds. Ex 
vivo as well as in vivo porcine studies have shown that the 
Aer-O-scope reaches its maximal cable length (which is 
equivalent to that of  the cecum in humans) in 80%-90% 
of  the cases and has 98% sensitivity for detecting beads 
(i.e. markers that imitate polyps) greater than 2.5 mm. In 
another study performed in 12 healthy young volunteers 
who underwent both conventional colonoscopy and Aer-
O-scope endoscopy, cecal intubation was achieved in 83% 
of  the cases with both methods. This new colonoscopy 
device promises pain reduction during the examination, 
since Aer-O-scope does not create loops and the pressure 
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inside the colon is kept at lower levels than those of  a 
conventional colonoscopy. Further human studies are, 
however, needed in order to prove the advantages of  
this endoscope, keeping in mind that the device is not 
currently endowed with a working channel[14-16].

Neoguide endoscopy system
Neoguide endoscopy system (NES) is an articulated endo-
scope comprising 16 segments of  the same length. Each 
segment has the ability to bend in every direction. NES 
is handled as a conventional endoscope and is equipped 
with an external position sensor which measures the en-
doscope’s insertion depth. The main computer combines 
data from the orientation of  the tip of  the endoscope and 
the external position sensor, regulating the shape of  its 
segment to assume the shape of  the colon, as it advances 
through the lumen. This endoscope adjustment to the 
shape of  the colon leads to reduction of  loop forma-
tion, which together with colon ligament stretching is the 
source of  90% of  episodes of  pain during colonoscopy. 
Eickhoff  et al studied the forces that are exerted on the 
colonic wall and the displacement of  the colon during 
conventional and Neoguide endoscopy, using model co-
lons. NES was found to apply significantly less forces on 
the colonic wall and caused significantly less colon dis-
placement and loop formation, whilst offering 3-dimen-
tional, real-time imaging of  the bowel[17]. In another hu-
man trial by the aforementioned team, loops were formed 
during NES endoscopy in only 4/10 patients and were 
successfully straightened with the help of  the 3D imaging 
system[18]. However, despite satisfactory results displayed 
when using the NES-system (verified by both patients and 
physicians), large scale studies are needed to compare con-
ventional colonoscopy with NES in terms of  efficacy and 
safety. 

Invendo colonoscope 
The Invendo colonoscope is a single-use, motor-driven 
colonoscope, where all the push and pull manoeuvres of  
the endoscopist are replaced by a handheld device (In-
vendo Medical, Ltd., Kissing, Germany). It is a flexible 
colonoscope with a working length of  200 cm, endowed 
with an inner sheath (with a 10mm diameter). An outer 
sleeve is pulled over this inner sheath and inverted on 
each of  the respective ends (at the biopsy port and just 
below the endoscope deflection) and attached to a pro-
pulsion connector. The connector is then locked into an 
endoscope-driving unit and the examination can then 
be started. Under handheld control by the physician, 8 
drive-wheels in the endoscope-driving unit start to move 
in the selected direction. The wheels grip the inner side 
of  the inverted sleeve, causing the inverted sleeve and in-
ner sheath to move either forward or backwards The en-
doscope tip can be deflected electro-hydraulically 180° (at 
body temperature) in any direction by moving a joystick 
on the handheld device. The colonoscope has a working 
channel of  3.2 mm (therefore allowing use of  a biopsy 
forceps through the channel). In the first pilot volunteer 

study on 34 patients the examination was performed in 
all cases without sedation and had to be interrupted in 
only 2 patients due to pain. The rest of  the patients did 
not mention any significant discomfort during the ex-
amination. The cecal intubation rate was 82%, whereas 
the mean cecal intubation time was 20 min. Only 4/34 
patients complained of  abdominal bloating after the 
procedure[19].

Cathcam
Cathcam is a wire-guided, catheter-based method. It 
consists of  a light, 160 cm long catheter (almost half  the 
weight of  the shaft of  a colonoscope), which is guided 
by a looped guide-wire. It is also equipped with 6 light-
emitting diodes, a 2.8 mm working channel, lens irrigation 
and air inflation systems. The hinged guide-wire passes 
through the 2.8 mm working channel of  the catheter. A 
reusable micro-camera is then fitted on the tip of  the cath-
eter. A study conducted in live pigs showed 30% to 40% 
reduction in the peak force exerted on the colonic wall 
using Cathcam. A pilot safety and efficacy study included 
13 volunteers who had failed to complete a conventional 
colonoscopy. For the first 5 of  these patients, colonosco-
py could be completed exclusively by Cathcam. However, 
the prototype Cathcam’s tip could not be angulated and 
it was found difficult as well as time-consuming to ma-
noeuvre the wire and the catheter through the left colon. 
For the rest of  the patients conventional colonoscopy was 
performed up to the point where no further advancement 
of  the scope was possible; at this point, the looped guide-
wire was then inserted and advanced into the colon. The 
conventional colonoscope was then removed (leaving the 
guide-wire in place) and the Cathcam was advanced over 
the guide-wire, resulting in a rapid completion of  the rest 
of  the procedure. Twelve out of  a total 13 patients thus 
completed the Cathcam colonoscopy. The patients were 
mildly sedated and only 2 complained of  pain, while 8/13 
mentioned pain in their previous conventional colonosco-
py[20,21]. It seems that Cathcam has the potential to become 
an important tool for completion of  difficult colonoscop-
ies although some further modifications in its design will 
be necessary in order for Cathcam to become optimal for 
that purpose. 

Pill cam colon
Pill Cam Colon capsule shares the same basic technology 
with the widely-used small bowel capsule (Pillcam SB). 
It is an endoscopic capsule of  31 mm length and a dia-
meter of  11 mm. Each end of  the capsule is enhanced 
with a microcamera which acquires images at a frame 
rate of  4 frames per second (2 images per camera). Its 
total operating time reaches approximately 10 h. Each 
camera contains an automatic lighting control and im-
proved optics that provide a broad observation field 
(twice the coverage area and depth of  field compared 
to those of  Pillcam SB) (Figure 1). The colon capsule 
initially transmits images for only 5 min after its activa-
tion and then steps into a “sleeping” (also known as 
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“hibernating”) mode in order to save energy as it travels 
through the small intestine. Two hours later it is auto-
matically reactivated and starts transmitting images ag-
ain. By this time the capsule has normally reached the 
terminal ileum in most patients. The rest of  the system 
(sensors, data recorder and software) are similar to the 
small bowel capsule. Initial data that were published on 
the first-generation colon capsule, reported sensitivities 
in detecting polyps > 6 mm (compared to conventional 
colonoscopy which was used as gold standard) ranging 
between 50%-70%, whereas specificities were between 
73%-100%[22,23]. A large recent prospective study, which 
included 328 patients with suspected or known colonic 
disease, compared colon capsule endoscopy with colo-
noscopy in detecting lesions of  the large intestine. Sen-
sitivity of  the colon capsule for diagnosing polyps with 
a diameter of  6 mm or larger was 64%, whereas its speci-
ficity was 84%. In detection of  advanced adenomas with 
a diameter of  10 mm or larger sensitivity and specificity 
were 64% and 98% respectively[24]. It was also clearly 
demonstrated in the same study that the sensitivity of  
the colon capsule depends on good bowel preparation, 
meaning the presence of  clear fluid in the colon, which 
allows detailed inspection of  the mucosa and quick 
movement of  the capsule. This was clearly illustrated in 
the same study, by the fact that on patients with a good or 

excellent bowel preparation the sensitivity of  the method 
in detecting advanced adenomas rose significantly up to 
88% when compared to that of  patients with a fair or 
poor preparation (here, the corresponding value reached a 
mere 44%)[24]. Moreover, a previous study had shown that 
intensive (each capsule examination was read 3 times) and 
trained capsule data reading  improved the sensitivity and 
specificity from 50% and 83% respectively from the first 
reading to 70% and 100% after the third (i.e. “trained”) 
reading[22]. It therefore seems that although the sensitivity 
of  the colon capsule in colorectal screening is lower 
than that of  standard colonoscopy, it can be increased 
by improving bowel preparation combined with careful 
reading of  the colon capsule examination data. Moreover, 
an improved, second-generation colon capsule has already 
been developed. It was recently tested in a feasibility study 
across 5 centers, involving 104 patients (data from 98 were 
finally analyzed). Here, sensitivity for detection of  polyps 
≥ 6 mm was 89%, whereas for polyps ≥ 10 mm it was 
88% (specificities were 76% and 89% respectively)[25]. 
These results suggest a potential for improved accuracy 
compared with the first-generation colon capsule system 
and seem to verify the high expectations of  those who 
believe that the colon capsule can indeed be an alternative 
to conventional colonoscopy in screening for CRC. How-
ever, more prospective and comparative studies still need 
to be performed on this issue.

ECHNICAL IMPROVEMENTS AND 
DEVELOPMENT OF COLONOSCOPES
Variable stiffness colonoscopes
During the last decade colonoscopes with variable stiff-
ness (VSC) have been used in a number of  trials. VSCs 
possess a control ring that adjusts stiffness according to ex-
amination conditions (Figure 2). Decreased stiffness gives 
the endoscope the flexibility needed to traverse sharp 
angles or a fixed sigmoid colon, while increased stiffness 
provides adequate rigidity to overcome a loop formation 
and to straighten the colon. Several studies have been 
performed, providing conflicting results about the cecal 
intubation rate, the cecal intubation time, the use of  ancil-
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Figure 2  Variable stiffness colonoscope with the control ring to adjust 
stiffness (arrow).

Figure 1  Pill cam colon capsule. A: a normal colon (cecum and ileocecal valve); B: A small colonic diverticulum in the colon transversum; C: The rectum with 
internal haemorrhoids (equivalent to a retroflex view with the standard colonoscope).

A B C
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lary maneuvers and the need for sedation during colonos-
copy with the use of  VSCs[26-30]. A recent meta-analysis of  
randomized controlled trials that compared the pediatric 
or adult VSCs with standard adult colonoscopes (SAC) in 
adult patients, showed that VSC-colonoscopy increased 
cecal intubation rate, required less sedation (whether me-
peridine or midazolam) and caused less abdominal pain. 
However, there was no difference in use of  ancillary ma-
neuvers and in the time needed for cecal intubation[26]. It 
is clear that further trials are needed in order to evaluate 
VSC during procedures without sedation, in patients who 
previously failed to complete colonoscopy and among 
inexperienced endoscopists, both being situations where 
a more efficacious colonoscope is needed. A recent study 
compared cecal intubation time and patient discomfort 
using 3 different types of  colonoscopes: the pediatric 
VSC, the non-magnifying adult VSC and the magnifying 
adult VSC in unsedated patients. Pediatric VCS (in spite 
of  their smaller caliber) did not seem to reduce patient 
discomfort, but on the other hand had a longer intuba-
tion time (possibly due to their decreased rigidity deriv-
ing from their smaller diameter, which might make them 
more floppy). However, pediatric VCS remain important 
tools in examining a narrowed and fixed colon, especially 
in diverticular disease and intestinal adhesions[31].

Third eye
A new, retrograde-viewing, auxiliary imaging device that 
can be inserted in the working channel of  conventional 
colonoscopes is the Third Eye (TE). As soon as the exa-
mination begins, a transparent cap is positioned on the 
distal tip of  the colonoscope. The TE is then inserted 
through the colonoscope’s working channel, as soon as 
the latter has achieved intubation of  the cecum. Once in 
the cecum, the TE extends beyond the tip of  the colo-
noscope. The device is angled and locked in such a way 
that it does not prohibit the antegrade view of  the colo-
noscope. TE provides a parallel retrograde view during 
the withdrawal of  the colonoscope. In the first safety and 
efficacy trial of  TE, 38 polyps were detected in 24 pa-
tients. Thirty polyps were detected only in antegrade view, 
4 polyps were detected in both views and 4 more polyps 
were detected exclusively in the retrograde view. One out 
of  4 polyps was an adenoma of  0.7 cm. The diagnostic 
yield of  colonoscopy was increased by 11.8%. The device 
slightly increased the colonoscope withdrawal time (mean 
withdrawal time was 22 min), mainly because it has to be 
withdrawn and reinserted every time a polyp needs to be 
removed. TE is a promising device and a large study com-
paring it to conventional colonoscopy is expected[32]. 

Narrow–band imaging
Narrow-band imaging is an innovative optical technology 
that modifies the center wavelength and bandwidth of  an 
endoscope light into a narrow band illumination of  415 ± 
30 nm[33]. This provides a better visualization of  the capil-
lary pattern of  the mucosa and could thus provide bet-
ter visualization of  colonic adenomas (Figure 3). So far, 

studies in Western countries have not shown significant 
differences in detection rate of  adenomas between NBI 
and white light. The value of  NBI may be in providing 
improved detection rates of  adenomas for colonoscopists 
who experience low adenoma detection rates in white 
light[34]. Moreover, the interpretation of  NBI images needs 
adequate training and its use for screening may be exces-
sively time consuming and cost-ineffective[33]. NBI has 
shown its efficacy in distinguishing adenomatous from 
hyperplastic polyps. However, its role in adenoma detec-
tion, remains to be fully tested. In a recent prospective 
randomized study, NBI-assisted colonoscopy was com-
pared to conventional white-light wide-angle colonoscopy 
in terms of  adenoma detection. Here, NBI did not sig-
nificantly improve adenoma detection but, interestingly, it 
seemed to induce a learning effect, improving adenoma 
detection in standard colonoscopy, i.e. helped to “train the 
eye” of  endoscopists in detecting adenomas with standard 
colonoscopy[35]. Moreover, a recent large (1256 patients), 
randomized trial, performed in a homogeneous setting 
(6 private practices, experienced colonoscopists, CRC-
screening patients) failed tfo demonstrate an objective 
benefit of  NBI in adenoma detection[36]. Therefore the ac-
tual role and usefulness of  NBI in screening colonoscopy 
still seems to require more validation studies.

Fujinon intelligent chromoendoscopy
Fujinon intelligent chromoendoscopy (FICE), also 
known as computed virtual chromoendoscopy, is a techni-
que similar to NBI aimed at enhancing tissue surface 
structures[37] (Figure 4). FICE was used to increase ade-
noma detection rates during colonoscopy in a German 
series of  871 patients, comparing it with indigocarmine 
spraying[38]. However, the results did not differ statistically 
between the groups in terms of  adenoma detection, pro-
cedure time or the differentiation between adenomas and 
non-neoplastic polyps.

Based on these and other similar data, it is the perso-
nal feeling of  the authors that contrast enhancement in 
conventional imaging techniques will probably not con-
tribute in reducing adenoma miss rates (at least of  expe-
rienced colonoscopists).

CONCLUSION
The latest developments and variations of  endoscopic 
devices, as well as the aforementioned improvements of  
conventional colonoscopes, may indeed play an impor 
tant role in CRC prophylaxis, but a major factor that wi 
ll judge their actual impact is the feasibility of  their im-
plementation in clinical practice, i.e. the question “which 
of  these devises really works?”. In fact, not all of  them 
have yet proven their practicability. Some of  them do not 
have working channels, which may not - currently- be a 
prerequisite when dealing with a capsule endoscope, but 
is certainly inacceptable when the devise in question is a 
“tube” endoscope. Others seem to have other flaws that 
have not allowed their production up to now. It should 
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be stressed that of  all the new devises, the colon capsule 
seems to be a promising tool in CRC screening, as it is a 
painless, minimally-invasive method, which requires no 
bowel insufflation or sedation and could therefore play a 
significant role as an alternative to standard colonoscopy. 
Although in the initial studies, its sensitivity in the detec-
tion of  polyps and advanced adenomas is currently 
lower than that of  conventional colonoscopy, it can be 
increased by improving bowel preparation, combined 
with careful reading of  the colon capsule examination 
data. Also, the new, second-generation colon capsule has 
already shown signs indicating that the capsule is probably 
the most promising endoscopic devise that can serve as 
an alternative to classical endoscopy for CRC screening. 
Another issue that deserves extra caution is costs: Most 

of  these new technologic developments are - for the time 
being- rather expensive. However, the cost of  a device 
can certainly not be finalized as long as it is still under 
development or in the experimental phase. By the time the 
product comes to production, prices can change. Another 
issue is cost-effectiveness, i.e. a devise might be expensive 
now but may eventually help reduce costs, e.g. by reducing 
mortality and morbidity from CRC and by reduction of  
hospital costs, lost working days etc. Therefore, despite the 
fact that most of  these new devices are currently rather 
expensive, in the long run they might prove to be cost-
effective. Once more, studies - this time questioning the 
cost-benefit rate of  these devises- will be needed.

Finally, another factor that should not be undere-
stimated is the role of  the primary health provider. The 
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Figure 3  Visualization of colonic lesions. A: Angiodysplasias under standard view; B: Angiodysplasias under improved visualization with narrow–band Imaging (NBI); 
C: A colonic polyp displayed with standard colonoscopy; D: The same polyp with NBI.

Figure 4  Visualization of the colon tra
nsversum. A: Under standard view; B: With 
Fujinon intelligent chromoendoscopy (FICE). 
Note the improved visualization of the capillary 
pattern of the mucosa with FICE.

A B



250 July 16, 2010|Volume 2|Issue 7|WJGE|www.wjgnet.com

latter must be well-informed on the benefits that derive 
from screening colonoscopy in order to encourage the 
public to participate in CRC screening. Thus, the pri-
mary health physician can also act as another extremely 
effective “tool” to increase population adherence to CRC 
prevention programs. It is therefore the duty of  medical 
associations, especially gastroenterological organizations 
to contribute to keeping the public, as well as primary 
health providers, informed on the benefits of  examination 
of  the colon to prevent CRC.
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