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Abstract. 
The aim of this pilot study was to assess the feasibility of using computed virtual chromoendoscopy with the flexible spectral imaging color enhancement (FICE) for colon neoplasia screening. A modified back-to-back colonoscopy using FICE and white light in the right-sided colon was conducted prospectively for the consecutive patients attending for the postoperative (sigmoidectomy or anterior resection) follow-up colonoscopy. Histopathology of detected lesions was confirmed by evaluation of endoscopic resection or biopsy specimens. One-hundred and two patients were enrolled, and 100 patients (61 males and mean age 63 years) were finally analyzed. The total number of polyps detected by FICE and white light colonoscopy was 65 and 45, respectively. The miss rate for all polyps with FICE (24%) was significantly less than that with white light (46%) (
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). Colonoscopy using FICE could beneficially enhance the detection of neoplastic lesions in the right-sided colon compared to white light colonoscopy.


1. Introduction
Colonoscopy is the accepted gold standard for the detection of colorectal lesions including colorectal cancers and adenomas. Early detection and removal of colorectal adenomas have been shown to be the most effective way of colorectal cancer prevention, however, polyps can be missed with conventional white light (WL) colonoscopy [1, 2]. Unfortunately, at standard WL colonoscopy, classification of lesions is often difficult and a substantial percentage of adenomas are missed during the procedure. According to the results of back-to-back colonoscopies by Rex et al., the miss rate for adenomas ≥1 cm was 6%, for adenomas 6–9 mm was 13%, and for adenomas ≤5 mm was 27%, respectively [3]. Furthermore, there was a trend toward right-sided colorectal adenomas being missed more often than left-sided ones (27% versus 21%). As missing adenomas or cancers during colonoscopy would result in increasing the need of surgery and death from colorectal cancers, attempts to reduce this kind of miss rate include pancolonic dye spraying, wide angle colonoscopy, or cap-fitted colonoscopy [4–8].
On the other hand, computed virtual chromoendoscopy with the flexible spectral imaging color enhancement (FICE) has been developed as a new dye-less imaging technique, which might allow higher rate of colon polyp detection [9–13]. FICE is based on a computed spectral estimation technology that arithmetically processes the reflected photons to reconstitute virtual images for a choice of different wavelengths. Due to its variable setting functions, it is possible to select flexibly the most suitable wavelengths required for examination. Based on technical considerations, it is conceivable that advanced virtual imaging techniques might highlight adenomas during colonoscopy, however, its effectiveness, measured as frequency of detection of colorectal polyps in comparison to conventional WL colonoscopy, has not been investigated enough. We therefore conducted this pilot study to assess the feasibility of using FICE for colon neoplastic lesions screening.
2. Methods
2.1. Study Design
From August 2008 to March 2009 in National Cancer Center Hospital, Japan, a modified back-to-back colonoscopy using FICE and WL was conducted for 102 patients in the right-sided colon including cecum, ascending and transverse colon. This study was conducted prospectively, and written informed consent for examination and treatment was obtained from all of the studied patients prior to the procedures. The consecutive patients attending for the postoperative (sigmoidectomy or rectal anterior resection) follow-up colonoscopy were randomized to undergo the colonoscopy with either FICE or WL (group A: WL-FICE, group B: FICE-WL). After randomization, the scope was inserted into the cecum using white light. Patients with known inflammatory bowel disease, overt bleeding, and polyposis syndrome and patients receiving anticoagulant medication were excluded from the study.
2.2. Flexible Spectral Imaging Color Enhancement (FICE)
All examinations were performed with high-resolution zoom endoscopes (EC 590 ZW, Fujifilm medical, Tokyo, Japan). However, the zoom function of the device was not utilized for this study. The system was equipped with the EPX 4400 processor (Fujifilm medical) that provides the FICE technology.
Based on preliminary experience of the participating endoscopists, FICE set 7 (R 540 nm, G 490 nm and B 420 nm) was favored over other FICE sets for application in the colon and was therefore exclusively used in this study. In the FICE turn, withdrawal was performed with activated FICE set 7. Switching back to conventional imaging was allowed at the discretion of the endoscopist only for polypectomies.
2.3. Endoscopic Procedure
All patients were prepared for colonoscopy by ingesting 2-3 liters of polyethylene glycolelectrolyte solution on the same-day morning. Scopolamine butylbromide (10 mg) was administered intravenously to avoid bowel movement prior to examination for the patients with no contraindication to the use of this agent. Basically all colonoscopies were performed without sedation, by one of three experienced colonoscopists (more than 1000 colonoscopies). Only when patients felt abdominal pain, midazolam (2 mg) was administered intravenously during procedure. Quality of bowel preparation was assessed by the examiner as follows: (a) excellent (near 100% mucosal visualization following suction of fluid residue), (b) good (near 90% mucosal visualization), and (c) fair (less than 90% mucosal visualization). Examinations were performed in a modified back-to-back fashion, using FICE and WL in the right-sided colon including cecum, ascending colon, and transverse colon. The time needed for both insertion and examination for withdrawal and all lesions detected in the right-sided colon was recorded. Each patient was randomized in one of the following two groups with a computer-generated random number list; group A: after cecal insertion by WL, the colonoscope was withdrawn from the cecum to the splenic flexure with WL mode and then rewithdraw in the colonoscope with FICE from the cecum to the splenic flexure after reinsertion of the scope to the cecum by WL (WL-FICE); group B: withdrawing the colonoscope in the inverse order of group A (first FICE and then WL; FICE-WL). All lesions detected during either examination of FICE or WL were removed by endoscopic resection or biopsy specimens and sent for histological evaluation without exception. All lesions identified on the second examination were considered as lesions missed by the first examination. The location of each lesion was defined according to landmarks including hepatic flexure and splenic flexure. The size of the lesions was estimated using open endoscopic biopsy forceps.
2.4. Histopathological Evaluation
Resected specimens were immediately fixed in 10% buffered formalin solution and subsequently stained with hematoxylin-eosin. Experienced gastrointestinal pathologists who were completely blinded to each endoscopic diagnosis evaluated all pathological specimens. Histological diagnoses were determined according to the World Health Organization (WHO) criteria [14].
2.5. Statistical Analysis
This study was mainly designed to demonstrate that the colonoscope with FICE has a different reliability than with WL for polyp detection. No sample sizes were calculated, as this was a pilot study. The design of the study included two independent groups; group A underwent colonoscopy with FICE after colonoscopy with WL, and group B underwent colonoscopy with WL after colonoscopy with FICE. Categorical variables are expressed with frequencies and percentages. Continuous variables are expressed with means and standard deviations. Statistical differences were analyzed by 
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 test of independence, the Mann-Whitney U tests, and Fisher’s exact test. A 
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 value of less than 0.05 was considered statistically significant. Statistical analysis was conducted with SPSS V. (Chicago, IL), Stat X act v. 5.0.3 (Cytel Co., MA), and Statistica v. 5.5 (Tulsa, OK).
3. Results
A total of 102 patients were enrolled in this study. Fifty-one were randomized to group A and B. According to the protocol, two cases were excluded from the final analysis because of impossible insertion cases to cecum bottom: one bowel adhesion case after operation in group A and one local recurrence of anastomosis in group B. A total of 100 cases were finally evaluated. The 100 patients included 61 (61%) men, and the mean age and standard deviation were 63 ± 12 years. The indications for colonoscopy were postoperative surveillance of anterior resection (
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) and sigmoidectomy (
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). The bowel preparation was described as excellent or good in 82 cases (82%) and fair in 18 (18%), respectively (Table 1).
Table 1: Patient characteristics. 
	

		Group A (WL-FICE)	Group B (FICE-WL)
	

	Cases	50	50
	    Male	30	31
	    Female	20	19
	Mean age (yr)	62.7	63.3
	Operation history		
	    Anterior resection	36	29
	    Sigmoidectomy	14	21
	Bowel preparation		
	    Excellent	23	17
	    Good	19	23
	    Fair	8	10
	



There were no statistically significant differences between the FICE and WL with respect to withdrawal time, lesion detection, macroscopic finding, and tumor size. Total numbers of detected and removed lesions by FICE and WL colonoscopy were 65 and 45, respectively. Characteristics of the detected neoplastic lesions by FICE and WL colonoscopy were flat elevated: 53 (90%) and 33 (87%) and small (<5 mm): 33 (56%) and 24 (63%), respectively (Table 2).
Table 2: Comparison FICE with white light.
	

		FICE	WL
	

	Withdrawal time (sec.)	213	193
	    (Range)	(90–490)	(79–600)
	Detected lesions		
	    All	65	45
	    Neoplastic	59 (91%)	38 (84%)
	Macroscopic finding		
	    Flat elevated	53 (90%)	33 (87%)
	    Polypoid	6 (10%)	5 (13%)
	Tumor size		
	    <5 mm	33 (56%)	24 (63%)
	    ≥5 mm	26 (44%)	14 (37%)
	



The miss rate for all polyps with FICE (24%) was significantly less than that with WL (46%) (
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). Among all detected polyps, the number of neoplastic lesions detected by FICE and WL colonoscopy was 59 and 38, respectively. Among 45 neoplastic lesions, which were diagnosed in group B, 34 (76%) lesions were detected at the first FICE withdrawal technique (Table 3). In contrast, in group A (among 52 neoplastic lesions), only 27 (52%) lesions were recognized at the first WL withdrawal technique, and 25 (48%) lesions were detected by the second FICE examination. Significantly more neoplastic lesions were missed by WL compared with FICE system (
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).
Table 3: Detected lesions in group A and B.
	

		A (WL-FICE) 
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	B (FICE-WL) 
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 value
	

	Total number of lesions (%)			
	    First	WL 33 (54)	FICE 37 (76)	
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	    Second	FICE 28 (46)	WL 12 (24)
	Total number of neoplastic lesions (%)			
	    First	WL 27 (52)	FICE 34 (76)	
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	    Second	FICE 25 (48)	WL 11 (24)
	



4. Discussion
Detection of adenomas is essential at screening colonoscopy, however, the miss rate especially for small and flat lesions remains unacceptably high. According to several reports, 10 to 15% of lesions remains undiagnosed at colonoscopy, even by experienced practitioners. In this pilot study, we investigated the utility of a FICE system on miss rates during colonoscopy and the efficiency of colonoscopy withdrawal. Based on the results of our study, FICE system may be useful for the detection of colorectal adenomas in the right-sided colon compared to WL conventional colonoscopy under high-quality bowel preparation.
The largest advantage of this system may prove to be the ability to perform faster and more efficient examination without the need for additional attachments to the endoscope and without dye spraying or infusion. According to the National Polyp Study (NPS), the incidence of colorectal cancer was decreased by endoscopic intervention. In brief, polypectomy during routine colonoscopy has been shown to prevent the development of colorectal cancer, compared with the incidence of it in reference groups. Therefore, colonoscopy is considered as a gold standard for detection and treatment of colorectal adenomas, however, the conventional colonoscopy technique during withdrawal, even if very careful, cannot detect all lesions, especially flat and small depressed ones. Potential explanations for failure at colonoscopy include poor bowel preparation or inadequately short withdrawal times [15, 16]. Moreover, an important technical factor that determines the detection of lesions is the level of mucosal contrast provided by the imaging method. Low contrast might contribute to the miss rate of small and flat lesions that show only subtle changes in mucosal topography, focal pallor, and marginal irregularity [17, 18].
Endoscopic imaging techniques aimed at early detection of colorectal cancer and its precursors have been developed over the last decade. Techniques that improve the detection of mucosal irregularities, such as pancolonic chromoendoscopy, narrow band imaging (NBI), high-resolution imaging, autofluorescence imaging, and FICE have been applied in a variety of clinical situations to enhance the detection of flat and depressed lesions or to enable histological diagnosis. Many authors have reported that chromoendoscopy is helpful for the detection and detailed morphological assessment of flat and depressed colorectal lesions [19–28]. Pancolonic chromoendoscopy using an indigocarmine diffusion during withdrawal from the cecum, which highlighted subtle mucosal irregularities, has been reported to significantly increase the detection of diminutive, flat neoplastic lesions in the right colon. However, the withdrawal time for the indigocarmine dye spray group was almost twice as long as for the control group.
Computed virtual chromoendoscopy with FICE is a novel optical approach to enhance mucosal contrast [29]. This technique enhances the bandwidth of light components, resulting in dye-less contrast enhancement of mucosal and vascular details. To overcome the problems of conventional chromoendoscopy, another chromoendoscopic techniques FICE and NBI were recently developed. Both techniques are safe, rapid, and easy to apply, and several preliminary studies reported enhancement of vascular and mucosal contrast. The NBI system has been shown to be helpful in visualizing such lesions by improving contrast and is considered to be a new type of optical/digital chromoendoscopy [30, 31]. In particular, magnification using NBI colonoscopy for the observation of the presence of “meshed brown capillary vessels” is extremely useful for distinguishing between neoplastic and nonneoplastic lesions without any dye solution. Regarding polyp detection, however, it is controversial at this moment [32]. Furthermore, during NBI colonoscopy examinations, intestinal fluid was seen as being reddish in color similar to blood. Therefore, proper bowel preparation is one of the limitations when using this system.
In 1989, Miyake et al. [9] developed and reported a new optimal band imaging system, and endoscopic examinations with this optimal band imaging system were developed as FICE after these essential reports. Images acquired by this new system provided better brightness than old fiberscopic images. Preliminary reports showed that in the esophagus, the detection rate for neoplasm of FICE and NBI appears similar to that of conventional chromoendoscopy [33, 34]. In other reports, FICE with high-definition endoscope in colonoscopy or upper GI endoscopy was useful for diagnosis between neoplastic and nonneoplastic lesions [35–37]. Pohl et al. reported that FICE was superior to standard colonoscopy and equivalent to conventional chromoendoscopy for distinguishing neoplastic from nonneoplastic lesions and adenoma detection rate was not improved by FICE compared to WL with targeted indigocarmine spraying [38, 39]. However, there are few prospective studies that have attempted to clarify the usefulness of the adenoma detection rate using FICE system [40].
In this study, a total of 110 lesions from 100 patients were detected and removed endoscopically. Among these lesions, the number of neoplastic lesion detected by FICE and WL was 59 (91%) and 38 (84%), respectively. In contrast, the number of nonneoplastic lesions recognized as a polyp and removed by FICE and WL colonoscopy was only 6 (9%) and 7 (16%), respectively. The lesions we diagnosed and resected in this study with FICE and WL systems were mostly neoplastic ones. However, we consider further investigation is necessary to evaluate the efficiency for differential diagnosis with FICE system. Diminutive flat elevated lesions are thought to be of little clinical significance because such lesions, especially less than 5 mm polyps, are low-grade dysplasia in most cases. Meanwhile, depressed lesions are considered to have a high malignant potential compared to polypoid ones in similar size [41–43]. In this present study, all detected lesions’ macroscopic type was flat elevated or polypoid. Because of low incidence, there were no depressed lesions in this study. However, significantly more small and/or flat neoplastic lesions were detected by FICE compared with WL colonoscopy. Additionally, the brightness of the image during FICE colonoscopy is sufficient to ensure a good overview in large luminal diameter sections of the bowel. Therefore, FICE colonoscopy is considered to be a promising modality to detect small depressed lesions.
Bowel preparation rate of excellent or good in our study was described more than 80 percent in both group. Negative advocacy piece to improvement in detectability of colorectal polyps using FICE was described in the past report with lower bowel preparation rate of excellent or good less than 75 percent [44]. It is suggested that proper bowel preparation is indispensable to achieve success to detect small colorectal lesions, so we think quality of bowel preparation is very important for full effectiveness of FICE colonoscopy.
There are several limitations in our study. First, this study was performed at a single institute as a pilot study. Our data are precise but it is uncertain whether it would be available for all examiners. Therefore, additional multicenter studies are necessary to clarify the usefulness of FICE system.
Another point worth mentioning is that our study was conducted within the limits of the right colon, which mean withdrawal time were more than three minutes. We selected modified back-to-back colonoscopy in right-side colon. Complete back-to-back colonoscopy may be painful for patients under no sedation and longer procedures because many colonoscopies without sedation are usually performed in Japan. The higher prevalence of flat and diminutive lesions diagnosed in the right colon may be consistent with past descriptions [45, 46]. Furthermore, a higher miss rate of detection has been reported in the right colon compared to the left colon. Therefore, we defined the area from the cecum to the splenic flexure as the target area in our prospective study. We think that it is necessary to evaluate the total colonoscopy using FICE from cecum to rectum as further estimation.
In conclusion, colonoscopy using FICE could beneficially enhance the detection of neoplastic lesions in the right-sided colon, especially flat and/or diminutive adenomatous lesions compared to conventional WL colonoscopy under proper bowel preparation.
Disclosure
All authors have no financial relationships with a commercial entity producing health-care-related product and/or services relevant to this paper. The part of this study was presented at Asia Pacific Digestive Week 2010 in Kuala Lumpur, Malaysia.
References
	S. J. Winawer, A. G. Zauber, M. J. O'Brien et al., “Randomized comparison of surveillance intervals after colonoscopic removal of newly diagnosed adenomatous polyps,” New England Journal of Medicine, vol. 328, no. 13, pp. 901–906, 1993.
	S. J. Winawer, A. G. Zauber, M. N. Ho et al., “Prevention of colorectal cancer by colonoscopic polypectomy,” New England Journal of Medicine, vol. 329, no. 27, pp. 1977–1981, 1993.
	D. K. Rex, C. S. Cutler, G. T. Lemmel et al., “Colonoscopic miss rates of adenomas determined by back-to-back colonoscopies,” Gastroenterology, vol. 112, no. 1, pp. 24–28, 1997.
	J. C. Brooker, B. P. Saunders, S. G. Shah et al., “Total colonic dye-spray increases the detection of diminutive adenomas during routine colonoscopy: a randomized controlled trial,” Gastrointestinal Endoscopy, vol. 56, no. 3, pp. 333–338, 2002.
	D. P. Hurlstone, S. S. Cross, R. Slater, D. S. Sanders, and S. Brown, “Detecting diminutive colorectal lesions at colonoscopy: a randomised controlled trial of pan-colonic versus targeted chromoscopy,” Gut, vol. 53, no. 3, pp. 376–380, 2004.
	D. K. Rex, V. Chadalawada, and D. J. Helper, “Wide angle colonoscopy with a prototype instrument: impact on miss rates and efficiency as determined by back-to-back colonoscopies,” American Journal of Gastroenterology, vol. 98, no. 9, pp. 2000–2005, 2003.
	V. P. Deenadayalu, V. Chadalawada, and D. K. Rex, “170 degrees Wide-angle colonoscope: effect on efficiency and miss rates,” American Journal of Gastroenterology, vol. 99, no. 11, pp. 2138–2142, 2004.
	M. Matsushita, K. Hajiro, K. Okazaki, H. Takakuwa, and M. Tominaga, “Efficacy of total colonoscopy with a transparent cap in comparison with colonoscopy without the cap,” Endoscopy, vol. 30, no. 5, pp. 444–447, 1998.
	Y. Miyake, T. Sekiya, S. Kubo, et al., “A new spectrophotometer for measuring the spectral reflectance of gastric mucous membrane,” Imageing Science Journal, vol. 37, pp. 134–138, 1989.
	T. Shiobara, S. Zhou, H. Haneishi, N. Tsumura, and Y. Miyake, “Improved color reproduction of electronic endoscopes,” Journal of Imaging Science and Technology, vol. 40, no. 6, pp. 494–501, 1996.
	N. Tsumura, T. Tanaka, H. Haneishi, and Y. Miyake, “Optimal design of mosaic color filters for the improvement of image quality in electronic endoscopes,” Optics Communications, vol. 145, no. 1–6, pp. 27–32, 1998.
	T. Shiobara, N. Haneishi, and Y. Miyake, “Color correction for colorimetric color reproduction in an electronic endoscope,” Optics Communications, vol. 114, no. 1-2, pp. 57–63, 1995.
	T. Sakama, “Fundamental examination that image processing of the stomach mucous membrane which applies the presumption of spectrum reflectance,” Gastrointestinal Endoscopy, vol. 47, p. 773, 2005.
	“World Health Organization classification of tumours: pathology and genetics of tumours of the digestive system,” S. R. Hamilton and L. A. Aaltonen, Eds., pp. 104–119, IARC Press, Lyon, France, 2000.
	R. L. Barclay, J. J. Vicari, A. S. Doughty, J. F. Johanson, and R. L. Greenlaw, “Colonoscopic withdrawal times and adenoma detection during screening colonoscopy,” New England Journal of Medicine, vol. 355, no. 24, pp. 2533–2541, 2006.
	D. T. Simmons, G. C. Harewood, T. H. Baron et al., “Impact of endoscopist withdrawal speed on polyp yield: implications for optimal colonoscopy withdrawal time,” Alimentary Pharmacology and Therapeutics, vol. 24, no. 6, pp. 965–971, 2006.
	S. Kudo, H. Kashida, T. Tamura et al., “Colonoscopic diagnosis and management of nonpolypoid early colorectal cancer,” World Journal of Surgery, vol. 24, no. 9, pp. 1081–1090, 2000.
	D. P. Hurlstone, T. Fujii, and A. J. Lobo, “Early detection of colorectal cancer using high-magnification chromoscopic colonoscopy,” British Journal of Surgery, vol. 89, no. 3, pp. 272–282, 2002.
	T. Fujii, R. T. Hasegawa, Y. Saitoh et al., “Chromoscopy during colonoscopy,” Endoscopy, vol. 33, no. 12, pp. 1036–1041, 2001.
	S. Kudo, S. Tamura, T. Nakajima, et al., “Diagnosis of colorectal timorous lesions by magnifying endoscopy,” Gastrointestinal Endoscopy, vol. 44, pp. 8–14, 1996.
	D. P. Hurlstone, S. S. Cross, I. Adam et al., “A prospective clinicopathological and endoscopic evaluation of flat and depressed colorectal lesions in the United Kingdom,” American Journal of Gastroenterology, vol. 98, no. 11, pp. 2543–2549, 2003.
	M. Adachi, K. Okinaga, and T. Muto, “Flat adenoma of the large bowel: re-evaluation with special reference to central depression,” Diseases of the Colon and Rectum, vol. 43, no. 6, pp. 782–787, 2000.
	S. Tanaka, K. Haruma, M. Ito et al., “Detailed colonoscopy for detecting early superficial carcinoma: recent developments,” Journal of Gastroenterology, vol. 35, no. 12, pp. 121–125, 2000.
	R. Kiesslich, M. Von Bergh, M. Hahn, G. Hermann, and M. Jung, “Chromoendoscopy with indigocarmine improves the detection of adenomatous and nonadenomatous lesions in the colon,” Endoscopy, vol. 33, no. 12, pp. 1001–1006, 2001.
	M. G. Lapalus, T. Helbert, B. Napoleon, J. F. Rey, P. Houcke, and T. Ponchon, “Does chromoendoscopy with structure enhancement improve the colonoscopic adenoma detection rate?” Endoscopy, vol. 38, no. 5, pp. 444–448, 2006.
	B. J. Rembacken, T. Fujii, A. Cairns et al., “Flat and depressed colonic neoplasms: a prospective study of 1000 colonoscopies in the UK,” Lancet, vol. 355, no. 9211, pp. 1211–1214, 2000.
	T. Matsuda, Y. Saito, K. I. Fu et al., “Does autofluorescence imaging videoendoscopy system improve the colonoscopic polyp detection rate? A pilot study,” American Journal of Gastroenterology, vol. 103, no. 8, pp. 1926–1932, 2008.
	T. Uraoka, Y. Saito, T. Matsuda et al., “Detectability of colorectal neoplastic lesions using a narrow-band imaging system: a pilot study,” Journal of Gastroenterology and Hepatology, vol. 23, no. 12, pp. 1810–1815, 2008.
	J. Pohl, A. May, T. Rabenstein, O. Pech, and C. Ell, “Computed virtual chromoendoscopy: a new tool for enhancing tissue surface structures,” Endoscopy, vol. 39, no. 1, pp. 80–83, 2007.
	Y. Sano, M. Muto, H. Tajiri, A. Ohtsu, and S. Yoshida, “Optical/digital chromoendoscopy during colonoscopy using narrow-band imaging system,” Digestive Endoscopy, vol. 17, pp. S43–S48, 2005.
	H. M. Chiu, C. Y. Chang, C. C. Chen et al., “A prospective comparative study of narrow-band imaging, chromoendoscopy, and conventional colonoscopy in the diagnosis of colorectal neoplasia,” Gut, vol. 56, no. 3, pp. 373–379, 2007.
	D. K. Rex and C. C. Helbig, “High yields of small and flat adenomas with high-definition colonoscopes using either white light or narrow band imaging,” Gastroenterology, vol. 133, no. 1, pp. 42–47, 2007.
	J. Pohl, A. May, T. Rabenstein et al., “Comparison of computed virtual chromoendoscopy and conventional chromoendoscopy with acetic acid for detection of neoplasia in Barrett's esophagus,” Endoscopy, vol. 39, no. 7, pp. 594–598, 2007.
	M. A. Kara, F. P. Peters, W. D. Rosmolen et al., “High-resolution endoscopy plus chromoendoscopy or narrow-band imaging in Barrett's esophagus: a prospective randomized crossover study,” Endoscopy, vol. 37, no. 10, pp. 929–936, 2005.
	A. Parra-Blanco, A. Jiménez, B. Rembacken et al., “Validation of Fujinon intelligent chromoendoscopy with high definition endoscopes in colonoscopy,” World Journal of Gastroenterology, vol. 15, no. 42, pp. 5266–5273, 2009.
	H. Osawa, M. Yoshizawa, H. Yamamoto et al., “Optimal band imaging system can facilitate detection of changes in depressed-type early gastric cancer,” Gastrointestinal Endoscopy, vol. 67, no. 2, pp. 226–234, 2008.
	R. Mouri, S. Yoshida, S. Tanaka, S. Oka, M. Yoshihara, and K. Chayama, “Evaluation and validation of computed virtual chromoendoscopy in early gastric cancer,” Gastrointestinal Endoscopy, vol. 69, no. 6, pp. 1052–1058, 2009.
	J. Pohl, M. Nguyen-Tat, O. Pech, A. May, T. Rabenstein, and C. Ell, “Computed virtual chromoendoscopy for classification of small colorectal lesions: a prospective comparative study,” American Journal of Gastroenterology, vol. 103, no. 3, pp. 562–569, 2008.
	J. Pohl, E. Lotterer, C. Balzer et al., “Computed virtual chromoendoscopy versus standard colonoscopy with targeted indigocarmine chromoscopy: a randomised multicentre trial,” Gut, vol. 58, no. 1, pp. 73–78, 2009.
	J. M. Cha, J. I. Lee, K. R. Joo, S. W. Jung, and H. P. Shin, “A prospective randomized study on computed virtual chromoendoscopy versus conventional colonoscopy for the detection of small colorectal adenomas,” Digestive Diseases and Sciences, vol. 55, no. 8, pp. 2357–2364, 2010.
	Y. Saitoh, I. Waxman, A. B. West et al., “Prevalence and distinctive biologic features of flat colorectal adenomas in a North American population,” Gastroenterology, vol. 120, no. 7, pp. 1657–1665, 2001.
	S. Tsuda, B. Veress, E. Tóth, and F. T. Fork, “Flat and depressed colorectal tumours in a southern Swedish population: a prospective chromoendoscopic and histopathological study,” Gut, vol. 51, no. 4, pp. 550–555, 2002.
	R. Soetikno, S. Friedland, T. Kaltenbach, K. Chayama, and S. Tanaka, “Nonpolypoid (flat and depressed) colorectal neoplasms,” Gastroenterology, vol. 130, no. 2, pp. 566–576, 2006.
	S. J. Chung, D. Kim, J. H. Song et al., “Efficacy of computed virtual chromoendoscopy on colorectal cancer screening: a prospective, randomized, back-to-back trial of Fuji Intelligent Color Enhancement versus conventional colonoscopy to compare adenoma miss rates,” Gastrointestinal Endoscopy, vol. 72, no. 1, pp. 136–142, 2010.
	I. K. Woolfson, G. J. Eckholdt, C. R. Wetzel et al., “Usefulness of performing colonoscopy one year after endoscopic polypectomy,” Diseases of the Colon and Rectum, vol. 33, no. 5, pp. 389–393, 1990.
	B. Hofstad, M. Vatn, S. Larsen, and M. Osnes, “Growth of colorectal polyps: recovery and evaluation of unresected polyps of less than 10 mm, 1 year after detection,” Scandinavian Journal of Gastroenterology, vol. 29, no. 7, pp. 640–645, 1994.


OEBPS/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  





OEBPS/pageMap.xml
 
                                 
                                



OEBPS/Fonts/xits-italic.otf


OEBPS/Fonts/xits-bolditalic.otf


OEBPS/Fonts/xits-regular.otf


OEBPS/Fonts/xits-math.otf


