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Abstract
AIM: To evaluate the new RetroView™ colonoscope and compare its ability to detect simulated polyps “hidden” behind colonic folds with that of a conventional colonoscope, utilizing anatomic colon models.

METHODS: Three anatomic colon models were prepared, with twelve simulated polyps “hidden” behind haustral folds and five placed in easily viewed locations in each model. Five blinded endoscopists examined two colon models in random order with the conventional or RetroView™ colonoscope, utilizing standard withdrawal technique. The third colon model was then examined with the RetroView™ colonoscope withdrawn initially in retroflexion and then in standard withdrawal. Polyp detection rates during standard and retroflexed withdrawal of the conventional and RetroView™ colonoscopes were determined. Polyp detection rates for combined standard and retroflexed withdrawal (combination withdrawal) with the RetroView™ colonoscope were also determined.

RESULTS: For hidden polyps, retroflexed withdrawal using the RetroView™ colonoscope detected more polyps than the conventional colonoscope in standard withdrawal (85% vs 12%, P = 0.0001). For hidden polyps, combination withdrawal with the RetroView™ colonoscope detected more polyps than the conventional colonoscope in standard withdrawal (93% vs 12%, P ≤ 0.0001). The RetroView™ colonoscope in “combination withdrawal” was superior to other methods in detecting all (hidden + easily visible) polyps, with successful detection of 80 of 85 polyps (94%) compared to 28 (32%) polyps detected by the conventional colonoscope in standard withdrawal (P < 0.0001) and 67 (79%) polyps detected by the RetroView™ colonoscope in retroflexed withdrawal alone (P < 0.01). Continuous withdrawal of the colonoscope through the colon model while retroflexed was achieved by all endoscopists. In a post-test survey, four out of five colonoscopists reported that manipulation of the colonoscope was easy or very easy.
CONCLUSION: In simulated testing, the RetroView™ colonoscope increased detection of hidden polyps. Combining standard withdrawal with retroflexed withdrawal may become the new paradigm for “complete screening colonoscopy”.
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Core tip: Polyps located on the proximal side of colon folds can be challenging to detect. The new RetroView™ colonoscope has a short turning radius that allows a retroflexed view of the colon during withdrawal. In this bench colon model study, the RetroView™ colonoscope detected more proximally-located, “hidden” polyps during retroflexed withdrawal, than a conventional colonoscope withdrawn in standard fashion. The highest polyp detection rate was achieved when the RetroView™ colonoscope was withdrawn in retroflexion followed by standard withdrawal. This combination of standard and retroflexed withdrawal holds promise for optimizing polyp detection in patients undergoing screening colonoscopy.
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INTRODUCTION
Colorectal cancer is the second most common cause of cancer related mortality in the United States with over 50000 deaths reported annually[1]. Colonoscopy is widely considered the optimal screening modality for colorectal cancer[2], and has been widely adopted for this purpose since Medicare coverage for screening colonoscopy was initiated in 2001. However, interval colorectal cancers following colonoscopy do occur, indicating that colonoscopy offers incomplete protection, particularly in the right colon[3-7]. Interval cancers may arise as a consequence of differential tumor biology, incompletely resected polyps or polyps that are entirely missed at colonoscopy. That polyps are missed at colonoscopy has long been evident. Three tandem colonoscopy studies performed over the last two decades have indicated that colonoscopy is associated with a significant polyp miss rate, with around 6%-27% of adenomas missed at colonoscopy, with the higher miss rates noted for smaller polyps[8-10].

Multiple factors may contribute to polyps being missed at colonoscopy, including suboptimal bowel preparation, inadequate colonic distension, unrecognized flat polyps, and inadequate endoscopy technique, particularly rapid colonoscope withdrawal. A significant additional factor is that polyps located on the proximal aspect of colonic haustral folds, flexures and valves may be missed due to the difficulties in visualizing these areas using conventional colonoscopes and standard withdrawal techniques[11,12]. When used in conjunction with standard withdrawal, retroflexion of a conventional colonoscope in the right colon with withdrawal in retroflexion up to the hepatic flexure (allowing visualization of the proximal aspect of colonic folds), was shown to detect additional polyps in 5.8% of patients undergoing screening or surveillance colonoscopy[13].

Colonoscope technology has evolved mainly on the optical front, with incorporation of high definition imaging, wide angled lenses and electronic chromoendoscopy such as narrow band imaging (NBI, Olympus America, Center Valley, PA), i-SCAN™ (PENTAX of America, Montvale, NJ) and Fuji Intelligent Chromo-Endoscopy (FICE™, Fujinon Endoscopy, Wayne, NJ). However, there has been no significant evolution of the mechanical ability of colonoscopes over the last two decades and visualizing the proximal aspects of folds, flexures and valves remains a challenge. Although use of a disposable retrograde viewing device advanced via the accessory channel of a standard colonoscope was shown to increase adenoma detection[14-17], this device has not been widely adopted due to technical, cost and payer issues.

The PENTAX EC-3490TLi RetroView™ is a new slim colonoscope with a short turn radius (STR) at the colonoscope’s tip, allowing easy retroflexion in the right colon or transverse colon (Video 1). In addition, it has a relatively narrow retroflexed profile, which potentially allows complete withdrawal in full retroflexion from the cecum to the rectum in many patients (Figure 1). This may allow for detection of polyps hidden behind flexures, folds and valves, which may not be seen during a standard “forward viewing” withdrawal.

Our objective was to compare the ability of the PENTAX RetroView™ colonoscope with that of a conventional slim colonoscope in detecting simulated hidden polyps in an anatomic colonic model, particularly those situated behind flexures and folds. In this study, the polyp detection rate of the RetroView™ colonoscope on retroflexed withdrawal, standard withdrawal and “combination” withdrawal (retroflexed + standard withdrawal) was compared to that of the conventional colonoscope on standard withdrawal.

MATERIALS AND METHODS
Three identical, realistic colon models constructed of silicone (DeLegge Medical, Mt. Pleasant, SC) incorporating anatomically correct haustral folds and flexures, with a colonic length of 127 cm were utilized for this study (Figure 2).

Simulated polyps comprised of beads of various colors measuring 4 mm wide and 3 mm high, held in place by metal pins. Seventeen polyps were placed in each of the three colon models; 12 (79%) were positioned on the proximal aspects of folds or flexures and 5 (21%) were positioned in “obvious” locations, where they would be expected to be seen on standard withdrawal. A “perfect score” would occur if the five endoscopists identified all 17 polyps in the colon model, for a total of 85 polyps. The location of bead placement, the order of colors and number of beads of each color were different for each model, to avoid a learning effect as the endoscopists evaluated the models sequentially.

Two colonoscopes were used in this study: a conventional slim colonoscope (EC 3490K, PENTAX, Montvale, NJ) and the RetroView™ colonoscope (EC-3490TLi, PENTAX, Montvale, NJ). The RetroView™ colonoscope is visually identical to a conventional slim colonoscope. It is however unique in that it has a short turning radius and in the fully retroflexed position, the maximal width of the bending section (i.e., distance including main scope shaft and retroflexed shaft) is only 40 mm (Figure 3).

Five endoscopists with varying levels of experience participated in the study. A technical team prepared each model by advancing the selected colonoscopes to the cecum. The conventional colonoscope was advanced to the cecum in one model and the RetroView™ colonoscope was advanced to the cecum in two of the models. Each endoscopist first examined two models sequentially in random order with either the conventional colonoscope or the RetroView™ colonoscope utilizing standard withdrawal technique. They were blinded as to the type of colonoscope being used for these two colon models. They were asked to describe the unique color of each simulated polyp seen. Endoscopists were requested to limit their withdrawal time to 6 min.

The third model was then examined with the RetroView™ colonoscope initially in complete retroflexion by the endoscopist, and the number of simulated polyps detected was noted. This was followed by a standard withdrawal using the same colonoscope. Blinding to the colonoscope used for the third model was not possible, given the RetroView™ colonoscope’s unique ability to retroflex easily and need to be withdrawn in retroflexion for this study. The total number of polyps found by standard withdrawal and retroflexed withdrawal using the RetroView™ colonoscope were summed to determine the polyp detection rate with a “combination withdrawal”. The RetroView™ colonoscope’s ability to be withdrawn in complete retroflexion by each endoscopist all the way from the cecum to rectum in these models was noted.

Following the examination, endoscopists filled out a “post-test” questionnaire that asked about the overall ease of use of the RetroView™ colonoscope, the ease of manipulating and withdrawing the colonoscope in retroflexion and the ease of re-orientating to retroflexed views during colonoscope withdrawal. Optional responses to these questions were: very easy, easy, somewhat difficult, difficult or very difficult. At the time of this study, the RetroView™ colonoscope was not commercially available and the endoscopists were also were asked whether they would consider performing additional routine retroflexed withdrawal at colonoscopy when the colonoscope became commercially available.

Statistical comparisons were performed with use of the Cochran-Mantel-Haenszel test, stratifying the data by endoscopist.

RESULTS
The results were summed among the five endoscopists, and are shown in Table 1.

Hidden polyps

The RetroView™ colonoscope on retroflexed withdrawal detected more hidden polyps located on the proximal aspects of folds compared to the conventional colonoscope on standard withdrawal, finding 51 of 60 (85%) such polyps, compared to just seven (12%) detected by the conventional colonoscope on standard withdrawal (P < 0.0001). Combination withdrawal yielded the highest detection rate, finding 56 (93%) of hidden polyps (P < 0.0001 vs conventional colonoscope). The RetroView™ colonoscope and conventional colonoscope detected similar numbers of polyps on standard withdrawal, 11 (18%) vs 7 (12%), (P = 0.5).

Endoscopists’ individual detection rates for hidden polyps ranged from 8%-17% using the conventional colonoscope, from 83%-92% using the RetroView™ colonoscope in retroflexion, and from 83%-100% for the RetroView™ colonoscope using combination withdrawal (Figure 4).

Obvious polyps
The RetroView™ colonoscope had a similar detection rate for obvious polyps in standard withdrawal as the conventional colonoscope in standard withdrawal, finding 19 polyps of the total 25 (76%) vs 21 polyps (84%) detected by the conventional colonoscope (P = 0.5). Combination withdrawal with the RetroView™ colonoscope found similar numbers of obvious polyps as the conventional colonoscope, finding 24 (96%) of such polyps (P = 0.36). The RetroView™ colonoscope had a lower detection rate for obvious polyps when retroflexed than when used in combination withdrawal-16 (64%) vs 24 (96%) (P = 0.01).

All polyps

The RetroView™ colonoscope in “combination withdrawal” was superior to other methods in detecting all (hidden + easily visible) polyps, with successful detection of 80 of 85 polyps (94%) compared to 28 (32%) polyps detected by the conventional colonoscope in standard withdrawal (P < 0.0001) and 67 (79%) polyps detected by the RetroView™ colonoscope in retroflexed withdrawal alone (P < 0.01).

Ability to retroflex and withdrawal time: Complete retroflexed withdrawal with the RetroView™ colonoscope in the realistic anatomical colon model was achieved by all endosocopists. Average withdrawal time with the conventional colonoscope was 4 min 30 s. For the RetroView™ colonoscope, average withdrawal time was 4 min 24 s for standard withdrawal, 3 min 50 s for retroflexed withdrawal and 8 min and 8 s for combination withdrawal.

There was no individual polyp that was never detected by all of the examiners, indicating that misses were not the result of inadequate visualization.

Post-test questionnaire: On the post-test questionnaire, all participants indicated that overall, the RetroView™ colonoscope was either easy or very easy to use. Four endoscopists described manipulation of the RetroView™ colonoscope during retroflexed withdrawal as easy or very easy, while one described this as difficult. All endoscopists indicated that they would perform additional routine retroflexed withdrawal at colonoscopy when the RetroView™ colonoscope became commercially available.
DISCUSSION
Our study indicates that the RetroView™ colonoscope, in simulated testing using retroflexed or combination withdrawal, significantly improves the detection of “hidden” polyps located on the proximal aspect of colonic folds, compared to standard withdrawal using a conventional colonoscope. The highest detection rates for all polyps, both those that were hidden and placed in obvious locations, were achieved with combination withdrawal of the RetroView™ colonoscope.

Missed adenomas may lead to interval colon cancers and diminish the efficacy of colonoscopy[7], and prior studies suggest that the proximal aspects of colonic folds, flexures and valves are a common site for missed polyps[11,12]. An early study that appraised polyps that were identified by barium enema but missed at endoscopy demonstrated that missed lesions had a tendency to be located on the proximal aspects of haustral folds and valves[11]. More recently, Pickhardt et al[12] also demonstrated that 71.4% of non-rectal adenomas ≥ 6 mm in size missed at colonoscopy but detected at CT colonography, were located on the proximal side of colonic folds.

Thus visualization of the proximal aspects of colonic folds is desirable. Indeed, retroflexion of standard colonoscopes in the right colon was shown to increase the adenoma yield in a large study[13]. Potentially, this additional yield of “missed polyps” might be higher if the entire colon could be viewed in retroflexed withdrawal, in addition to the standard forward viewing withdrawal. However, with standard colonoscopes, retroflexed withdrawal is typically only possible in the right colon, due to their larger turn radius and width of the bending section when retroflexed. There has been no significant evolution in the mechanical ability of colonoscopes over the last two decades to address this issue. As a consequence, other techniques and technologies have emerged to address this unmet need, with variable results.

Colonoscopes incorporating a 170 degree wide angled lens rather than the standard 140 degree lens were introduced with the hope of improving polyp detection. However, clinical studies indicate that this colonoscope did not improve adenoma detection[18,19] or miss rates[20] in trials but only increased the discovery of small hyperplastic polyps[18]. Translucent caps have been fitted to the tip of colonoscopes to assist with depressing haustral folds to potentially improve colonic visualization and polyp detection. Again, studies evaluating adenoma detection rates with cap fitted colonoscopy have yielded mixed results[21-26], and it is unclear if this technique is beneficial. Similarly studies have indicated that high definition colonoscopes did not improve adenoma detection rates compared to older standard definition colonoscopes[27,28]. Finally, several studies comparing NBI and FICE with white light colonoscopy did not show any increase in adenoma detection rates[29-34].

The largest increase in the detection of additional polyps, over those detected by standard colonoscopy, have been reported with the Third Eye Retroscope (Avantis Medical Systems, Sunnyvale, CA), an auxiliary viewing device which allows retrograde views behind colonic folds and flexures. The device is advanced through the accessory channel of a standard colonoscope and when used in conjunction with the colonoscope, allows the endoscopist simultaneous forward and retrograde facing views of the colon[14,16,17].
The Third Eye Retroscope increased adenoma detection rates by 11%-25%[14-17], but has failed to be widely adopted due to several cost and technical issues. Utilizing this technology requires the purchase of a separate processor and of a new disposable device for each colonoscopy procedure, the cost of which is not reimbursed by most payers. The device occupies the working channel of the colonoscope which limits the ability to suction. This necessitates washing and suctioning of the colon during the colonoscope insertion phase, in cases of suboptimal bowel preparation. If a polyp is seen on the proximal aspect of a colonic fold, the viewing device has to be removed in order that a polypectomy device may be advanced. This may result in loss of visualization of the hidden polyp. The optics of the device are standard rather than high definition and are further impaired by the glare consequent upon the two light sources and lens systems, of the device and colonoscope, that face each other. Finally, the endoscopist has to get used to visualizing and processing two simultaneous video streams from the colonoscope and from the retroscope device.

In contrast, the RetroView™ colonoscope that we tested offers many advantages. It offers the ability to provide high definition views of the proximal aspects of colonic folds, flexures and valves with no additional equipment or device costs. The image is high definition and the colonoscope also incorporates zoom and electronic chromoendoscopy (i-SCAN) abilities. The suction/work channel of the colonoscope is unimpaired and available for use and detected polyps remain in view while polypectomy devices are advanced. Polypectomy can be performed with the colonoscope in retroflexion, without losing views of the polyp[35]. The main “cost” of using the colonoscope in both standard and retroflexed withdrawal, is the additional time necessary for colonoscope reinsertion and retroflexed withdrawal, which will result in a longer overall procedure time.
The results showed that the RetroView™ colonoscope in retroflexion detected fewer obvious polyps than combination withdrawal. As a small portion of the colon is obscured by the shaft of the colonoscope in retroflexion, full visualization of the colonic mucosa requires continuous back and forth torque during withdrawal. Not all of the study endoscopists performed this maneuver. The reduced detection rate of obvious polyps in retroflexion may have reflected this fact.

There are limitations to the current study. The anatomic colon model is stiff and its folds may not be “ironed out” with the colonoscope like the folds of a human colon, possibly making the detection of hidden polyps more difficult than in real life situations.

In conclusion, the RetroView™ colonoscope allowed withdrawal in complete retroflexion over the entire length of the anatomic colon model. It increased detection of polyps that were hidden behind folds and flexures. Combining standard withdrawal with retroflexed withdrawal promises to increase polyp detection rates and may become the new paradigm for “complete screening colonoscopy”. Studies are currently underway at our institution evaluating the RetroView™ colonoscope in human subjects.

COMMENTS
Background

Colonoscopy cancer is widely considered the optimal screening modality for colorectal cancer. However, polyps may be missed at colonoscopy, and these missed polyps can, in turn, potentially evolve into cancer. Polyps located on the proximal aspect of colonic folds, flexures and valves may be particularly difficult to visualize with conventional colonoscopes and using standard colonoscope withdrawal techniques.

Research frontiers

Colonoscope and device innovations have emerged to address the issue of missed polyps. The Retroview™ colonoscope has a short turn radius that allows for easier retroflexion, to better visualize polyps located behind folds and flexures. This complements other advances in colonoscope and device technologies that improve polyp detection.

Innovations and breakthroughs

Compared to conventional colonoscopes, the tip of the RetroView™ colonoscope has a short turning radius, allowing for a narrow retroflexed profile and the potential to withdraw the colonoscope in retroflexion across most or all of the colon, in addition to a standard forward looking withdrawal. This combination of standard forward looking and retroflexed withdrawals allows visualization of both sides of colonic folds and flexures and may therefore improve polyp detection at colonoscopy. In the first known study to evaluate this new colonoscope, the authors describe its performance in a colon model.

Applications

The study suggests that the RetroView™ colonoscope can enhance polyp detection and thus may potentially improve colon cancer prevention by colonoscopy.

Terminology

A “retroflexed view” is one in which the colonoscope tip is turned 180 degrees in order to look backwards. This allows excellent visualization of the proximal aspect of colonic folds.

Peer review

This study is a first step in evaluating the RetroView™ colonoscope and its potential to improve colon polyp detection in humans. The authors evaluated the new colonoscope in finding “hidden” simulated colon polyps in a colon model, and found its performance to be excellent. Use of the RetroView™ colonoscope, utilizing a combination of standard forward looking and retroflexed withdrawals, holds the potential to improve polyp detection in patients undergoing screening colonoscopy.
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FIGURE LEGENDS

Figure 1  RetroView™ colonoscope being withdrawn in retroflexion through a patient’s descending colon.
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Figure 2  Colonic model with two simulated polyps on the proximal aspect of a fold, visualized using the RetroView™ colonoscope in retroflexed withdrawal.
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Figure 3  Retroflexed RetroView™ colonoscope.
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Figure 4  Detection rates for hidden polyps by endoscopist, comparing the conventional colonoscope in standard withdrawal and the RetroView™ colonoscope in combination withdrawal.
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Table 1  Cumulative polyp detection rates by colonoscope and withdrawal method  n (%)


�
A �
B �
C�
D�
P values�
�
�
Conventionalcolonoscope, StandardWithdrawal�
RetroView™colonoscope,StandardWithdrawal�
RetroView™colonoscope,RetroflexedWithdrawal�
RetroView™ colonoscope, Combination Withdrawal(Standard + Retroflexed)�
�
�
Hidden polyps�
  7 (12)�
11 (18)�
51 (85)�
56 (93)�
A vs B, P = 0.5�
�
(n = 60)�
�
�
�
�
      A vs C, P < 0.0001�
�
�
�
�
�
�
      A vs D, P < 0.0001�
�
Obvious polyps�
21 (84)�
19 (76)�
16 (64)�
24 (96)�
A vs B, P = 0.4�
�
(n =25)�
�
�
�
�
A vs C, P = 0.7�
�
�
�
�
�
�
       A vs D, P < 0.0001�
�
�
�
�
�
�
   C vs D, P = 0.01�
�
All polyps�
28 (32)�
30 (35)�
67 (79)�
80 (94)�
    A vs C, P < 0.001�
�
(n =85)�
�
�
�
�
      A vs D, P < 0.0001�
�
�
�
�
�
�
  C vs D, P < 0.01�
�
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