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Backgrounds: There are several reports concerning the differential diagnosis of 

non-neoplastic and neoplastic colorectal lesions by narrow band imaging (NBI).  

However, there are only a few NBI reports assessing invasion depth. 

Objective: To determine the clinical usefulness of NBI magnification for evaluating 

microvessel architecture in relation to pit appearances and in the qualitative diagnosis of 

colorectal tumors. 

Design: Retrospective study. 

Setting: Department of Endoscopy, Hiroshima University, Hiroshima, Japan. 

Patients and Main Outcome Measurements: A total of 289 colorectal lesions were 

analyzed: 12 hyperplasias (HPs), 165 tubular adenomas (TAs), 65 carcinomas with 

intramucosal to scanty submucosal invasion (M~SM-s), and 47 carcinomas with massive 

submucosal invasion (SM-m).  Lesions were observed by NBI magnifying endoscopy and 

classified according to microvessel features and pit appearances, type A, type B, or type C.  

Type C was divided into three subtypes (C1, C2, and C3) according to the detailed NBI 

magnifying findings of pits visibility, vessel diameter, irregularity and distribution.  

These were compared to histologic findings. 
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Results: Histologic findings of HP and TA were found in 80.0% and 20.0% in type A 

lesions, respectively.  TA and M~SM-s were found in 79.7% and 20.3% in type B lesions, 

respectively.  TA, M~SM-s and SM-m were found in 21.6%, 29.9% and 48.5 in type C 

lesions, respectively.  HPs were observed significantly more often than TAs in Type A 

lesions, TAs were observed significantly more often than carcinomas in Type B lesions, 

carcinomas were observed significantly more often than TAs in Type C (P < 0.01).  TA, 

M~SM-s, and SM-m were found in 46.7%, 42.2%, and 11.1% in type C1 lesions, 

respectively.  M~SM-s and SM-m were found in 45.5% and 54.5% in type C2 lesions, 

respectively.  SM-m was found in 100% in type C3 lesions.  TAs and M~SM-s were 

observed significantly more often than SM-m in Type C1 lesions, and SM-m were 

observed significantly more often than TAs and M~SM-s in Type C3 lesions (P < 0.01).  

Conclusions: NBI magnification findings of colorectal lesions are associated with 

histologic grade and invasion depth.   

Key words: narrow band imaging (NBI); magnification; colorectal tumors 
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  Narrow band imaging (NBI) is a new technology that involves the use of 3 optical filters for 

sequential red-blue-green illumination of the videoendoscopic target and narrows the 

bandwidth of the spectral transmittance.  The central wavelengths of the 3 optical filters are 

500 nm, 445 nm, and 415 nm, and each has a bandwidth of 30 nm.  Such properties provide 

limited penetration of light into the mucosal surface and enhanced visualization of capillary 

vessels and their fine structure in the surface layer.
1-4 

  Reports on the use of NBI for colorectal tumors include those assessing its ability to 

differentiate neoplastic from non-neoplastic lesions.3-7  With regard to adenomas, there are 

several reports that the detectability of adenoma by NBI is not significantly different from that 

by white light,8,9 although in heredity nonpolyposis colorectal cancer, NBI is able to detect 

twice as many adenomas as white light,10 and Rastogi reported that NBI detected an additional 

colon polyps.11  Thus, the use of NBI in lesion detection remains controversial.  With regard 

to the detection of dysplasia in ulcerative colitis in cases with prolonged courses, Dekker, et al 

reported that NBI is equal to conventional endoscopy.12  East, et al13 reported that pit patterns 

observed by chromoendoscopy can differ from those observed by NBI.  We have reported that 

types I~IV of Kudo and Tsuruta pit-pattern Classification can be identified by NBI 

magnification of vascular pattern, but it is difficult to identify a type V pit pattern by NBI 
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magnification.5  Thus whereas the use of NBI for colorectal tumors has been studied, there are 

few reports on the use of NBI for the qualitative diagnosis of colorectal tumors.14 

  In this study, we classified the NBI magnification findings in relation to pit appearances.5  

We studied the association between this classification and histologic atypia or invasion depth of 

carcinoma in colorectal tumors. 

 

PATENTS AND SETTING 

Lesions and colonoscopic observation 

  We analyzed 289 colorectal lesions from 223 patients, 124 were men and 99 were women, 

who underwent endoscopic resection or surgery at Hiroshima University Hospital during the 

period January 2004 through July 2007.  The colorectal lesions comprised 12 hyperplasias 

(HPs), 165 tubular adenomas (TAs), 65 carcinomas with intramucosal to scanty submucosal 

invasion (M~SM-s), and 47 carcinomas with massive submucosal invasion (SM-m).  Mean 

lseion sizes were as follows: HPs, 4.6±2.5mm (range: 2-10 mm); TAs, 15.6±13.4mm (range: 

2-80 mm); M~SM-s, 24.2±13.3mm (range: 6-70 mm); SM-m, 20.1±8.3mm (range: 8-50 

mm).  All patients provided informed consent before participating in the study.  The lesions 

were detected first by conventional colonoscopy, and then observed by NBI magnification.  
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The instruments used in this study were a magnifying videoendoscope system (CF-H260AZI; 

Olympus Corp., Tokyo, Japan) and a standard optical videoendoscopic system, 2 light sources, 

and a digital image filing system.  One light source was for the standard optical filter 

(broadband), and the other was for the NBI system.  After detailed observation by NBI 

magnification, all lesions were resected endoscopically or surgically. 

  The resected specimens were pinned to a board and fixed in 10% buffered formalin for 

12~48 hours.  The specimens were then cut into 2-3 mm blocks.  Pathologic examinations 

were performed on hematoxylin and eosin stained sections by a single pathologist unaware of 

the features of each case.  Histologic diagnosis was based on the World Health Organization 

criteria.
15

  In this study, massive submucosal invasion was defined as an invasion depth of 

1,000 µm, or more, as described previously.
16,17,18  Measurement of the depth of submucosal 

invasion was performed according to General Rules for Clinical and Pathological Studies on 

Cancer of the Colon, Rectum and Anus of the Japanese Society for Cancer of the Colon and 

Rectum.
19

 

 

NBI magnification findings 
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  NBI magnification findings were classified according to microvessel architecture and pit 

appearance identified by NBI magnification, type A, type B, or type C (Fig. 1).  NBI 

maginification findings were considered type A when microvessels were not observed or were 

extremely opaque; type B when fine microvessels were observed around the pits, and clear pits 

could be observed via the nest of microvessels; and type C when the microvessels were 

irregular, and the vessel diameter or distribution was heterogeneous.  Type C was divided into 

3 subtypes (C1, C2, or C3) according to the detailed NBI magnification findings of pits 

visibility, vessel diameter, irregularity and distribution (Fig. 2).  Lesions were considered type 

C1 when microvessels comprised an irregular network, pits observed via the microvessels were 

slightly nondistinct, and vessel diameter or distribution was homogeneous; type C2 when 

microvessels comprised an irregular network, pits observed via the microvessels were irregular, 

and vessel diameter or distribution was heterogeneous; type C3 when pits via the microvessels 

were invisible, irregular vessel diameter was thick or the vessel distribution was heterogeneous, 

and avascular areas were observed.  In addition, the NBI magnification findings employed the 

most significant type (C3 > C2 > C1 > B > A) when there were a variety of types within a 

single finding. 
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  We then examined the relationship between the NBI magnification findings and histologic 

findings.  Three endoscopists who had at least 10 years of experience determined the NBI 

classification using only the NBI magnification findings under conditions where the 

histological findings were blinded.  All data were analyzed by the chi-square test, and 

statistical significance was accepted at P < 0.05. 

 

RESULTS 

  Relation between NBI magnification findings and histologic findings in colorectal lesions are 

listed in Table 1.  Histologic findings of HP and TA were found in 80.0% (12/15) and 20.0% 

(3/15) in type A lesions, respectively.  TA and M~SM-s were found in 79.7% (141/177) and 

20.3% (36/177) in type B lesions, respectively.  TA, M~SM-s and SM-m were found in 21.6% 

(21/97), 29.9% (29/97) and 48.5 (47/97) in type C lesions, respectively.  HPs were observed 

significantly more often than TAs in type A lesions, TAs were observed significantly more often 

than carcinomas in type B lesions, carcinomas were observed significantly more often than TAs 

in type C lesions (P < 0.01).  The sensitivity and specificity of type A lesions for the diagnosis 

of HP lesions were 100% and 98.9%, those of type B lesions for the diagnosis of TA were 
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85.5% and 71.0%, and those of type C lesions for the diagnosis of carcinoma were 67.9% and 

88.1%, respectively. 

  Relation between detailed NBI magnification findings of type C colorectal lesions and 

histologic findings are listed in Table 2.  TA, M~SM-s, and SM-m were found in 46.7% 

(21/45), 42.2% (19/45), and 11.1% (5/45) in type C1 lesions, respectively.  M~SM-s and 

SM-m were found in 45.5% (10/22) and 54.5% (12/22) in type C2 lesions, respectively.  

SM-m was found in 100% (30/30) in type C3 lesions.  TAs and M~SM-s were observed 

significantly more often than SM-m in Type C1 lesions, and SM-m were observed significantly 

more often than TAs and M~SM-s in Type C3 lesions (P < 0.01).  The sensitivity and 

specificity of type C1 lesions for diagnosis of TAs or M~SM-s were 80.0% and 89.4%, and 

those of type C3 lesions for the diagnosis of SM-m were 63.8% and 100%, respectively. 

The positive predictive value and negative predictive value of type C1 lesions for diagnosis of 

SM-m were 11.1% and 19.2%, and those of type C3 lesions for diagnosis of Sm-m were 100% 

and 74.6%, respectively. 

 

DISCUSSION 
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  Little risk of lymph node metastasis has been reported in cases of early colorectal carcinoma 

involving the shallow layer of the submucosa (less than 1,000 µm from the muscularis 

mucosae).16-19,  It is therefore important to distinguish lesions involving submucosal invasion 

depth equal to or deeper than 1,000 µm from those involving submucosal invasion depth less 

than 1,000 µm to minimize the performance of unnecessary surgical resections. 

  The pit pattern classification of colorectal lesions initially proposed by Kudo20 and modified 

by Kudo and Tsuruta,21 is related to the histologic characteristics of the lesions.22-27  As 

reported previously, magnifying colonoscopy is useful for the differential diagnosis of 

neoplastic from non-neoplastic lesions22, 24, 28-34 and for assessing the depth of invasion of early 

colorectal carcinoma.22, 35-39  Many studies have shown type VN pit pattern to be an indicator 

of massive submucosal invasion.22, 36, 38, 39  However, colorectal neoplasms of type VI pit 

pattern include various histologic features such as TA, SM-s, and SM-m.22, 40  It is therefore 

difficult to determine optimal therapeutic strategies for colorectal neoplasms based on pit 

pattern classification alone. 

  Sano et al4 proposed the term ‘meshed capillary’ to distinguish neoplastic from 

non-neoplastic lesions and the capillary classification ‘capillary pattern’ for the differential 

diagnosis of colorectal lesions by NBI observation.  However, it is difficult to distinguish 
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between endoscopically treatable early invasive carcinoma and untreatable carcinoma based on 

‘capillary pattern’ alone.  It is therefore desired to determine in some ways whether SM 

infiltration is equal to or deeper than 1,000 µm before surgery to help in determining 

therapeutic strategy.  According to the NBI classification of the present study, all type B and 

most type C1 lesions showed TA or M~SM-s (89%), and all type C3 lesions showed SM-m.  

Endoscopic resection should be selected for type B and C1 lesions, and surgical resection 

should be selected for type C3 lesions.  The detailed analysis of NBI magnification is very 

useful for the selection of optimal therapeutic strategy.  In addition, it is advantageous that 

chromo-agents are not required for the assessment of NBI magnification.  However, because 

type C2 lesions include various histologic features such as M~SM-s to SM-m, it is difficult 

determine therapeutic strategy with this classification.  In patients for whom it is not easy to 

determine whether SM infiltration is equal to or deeper than 1,000 µm, it is important to 

combine conventional endoscopic findings, conventional pit pattern findings,22 and ultrasound 

endoscopic diagnoses.41-43  It will be necessary to elucidate associations between NBI 

magnification findings and conventional pit pattern findings based on histology, and to study 

associations between NBI magnification findings and vascular proliferation factors / molecular 

pathologic markers as well as to clarify pathophysiology. 
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  In conclusion, the NBI magnification findings of colorectal lesions are associated with 

histologic grade and submucosal invasion depth of carcinoma deeper than 1,000 µm.  These 

results indicate that NBI magnification classification in this study is useful for predicting 

histology and for selecting optimal therapeutic strategies for colorectal tumors. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 13 

REFERENCES 

1. Gono K, Yamazaki K, Doguchi N, et al. Endoscopic observation of tissue by narrowband 

illumination. Optical Rev 2003;10:211-5. 

2. Gono K, Obi T, Yamaguchi M, et al. Appearance of enhanced tissue features in narrow-band 

endoscopic imaging. J Biomed Opt 2004;9:568-77. 

3. Machida H, Sano Y, Hamamoto Y, et al. Narrow-band imaging in the diagnosis of colorectal 

mucosal lesions: a pilot study. Endoscopy 2004;36:1094-8. 

4. Sano Y, Muto M, Tajiri H, et al. Optical/digital chromoendoscopy during colonoscopy using 

narrow-band imaging system. Dig Endosc 2005;17:S43-8. 

5. Hirata M, Tanaka S, Oka S, et al. Magnifying endoscopy with narrow band imaging for 

diagnosis of colorectal tumors. Gastrointest Endosc 2007;65:988-95. 

6. Su MY, Hsu CM, Ho YP, et al. Comparative study of conventional colonoscopy, 

chromoendoscopy, and narrow-band imaging systems in differential diagnosis of neoplastic 

and nonneoplastic colonic polyps. Am J Gastroenterol 2006;101:2711-6. 

7. Chiu HM, Chang CY, Chen CC, et al. A prospective comparative study of narrow-band 

imaging, chromoendoscopy, and conventional colonoscopy in the diagnosis of colorectal 

neoplasia. Gut 2007;56:373-9. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 14 

8. Adler A, Pohl H, Papanikolaou IS, et al. A prospective randomised study on narrow-band 

imaging versus conventional colonoscopy for adenoma detection: does narrow-band imaging 

induce a learning effect? Gut 2008;57:59-64. 

9. Rex DK, Helbig CC. High yields of small and flat adenomas with high-definition 

colonoscopes using either white light or narrow band imaging. Gastroenterology 

2007;133:42-7. 

10. East JE, Suzuki N, Stavrinidis M, et al. Narrow band imaging for colonoscopic 

surveillance in hereditary nonpolyposis colorectal cancer. Gut 2008;57:65-70. 

11. Rastogi A, Bansal A, Wani S, et al. Narrow-band imaging colonoscopy-a pilot feasibility 

study for the detection of polyps and correlation of surface patterns with polyp histologic 

diagnosis. Gastrointest Endosc 2007 Dec 20; [Epub ahead of print]. 

12. Dekker E, van den Broek FJ, Reitsma JB, et al. Narrow-band imaging compared with 

conventional colonoscopy for the detection of dysplasia in patients with longstanding 

ulcerative colitis. Endoscopy 2007;39:216-21. 

13. East JE, Suzuki N, Saunders BP. Comparison of magnified pit pattern interpretation with 

narrow band imaging versus chromoendoscopy for diminutive colonic polyps: a pilot study. 

Gastrointest Endosc 2007;66:310-6. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 15 

14. Hirata M, Tanaka S, Oka S, et al. Evaluation of microvessels in colorectal tumors by narrow 

band imaging magnification. Gastrointest Endosc 2007;66:945-52. 

15. Hamilton SR, Aaltonen LA, editors. World Health Organization classification of tumours: 

pathology and genetics of tumours of the digestive system. Lyon, France: IARC Press; 2000. 

p.104-19. 

16. Tanaka S, Haruma K, Oh-e H, et al. Conditions of curability after endoscopic resection for 

colorectal carcinoma with submucosally massive invasion. Oncol Rep 2000;7:783-8. 

17. Kitajima K, Fujimori T, Fujii S, et al. Correlations between lymph node metastasis and 

depth of submucosal invasion in submucosal invasive colorectal carcinoma: a Japanese 

collaborative study. J Gastroenterol 2004;39:534-43. 

18. Ueno H, Mochizuki H, Hashiguchi Y, et al. Risk factors for an adverse outcome in early 

invasive colorectal carcinoma. Gastroenterology 2004;127:385-94. 

19. Japanese Society for Cancer of the Colon and Rectum. General rules for clinical and 

pathological studies on cancer of the colon, rectum and anus. March 2006 (The 7th edition) (in 

Japanese). 

20. Kudo S, Hirota S, Nakajima T, et al. Colorectal tumours and pit pattern. J Clin Pathol 

1994;47:880-5. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 16 

21. Imai Y, Kudo S, Tsuruta O, et al. Problems and clinical significance of V type pit pattern 

diagnosis: report on round-table consensus meeting. Early Colorectal Cancer 2001;5:595-613 

(in Japanese). 

22. Tanaka S, Kaltenbach T, Chayama K, et al. High-magnification colonoscopy (with videos). 

Gastrointest Endosc 2006;64:604-13. 

23. Kudo S, Kashida H, Tamura T, et al. Colonoscopic diagnosis and management of 

nonpolypoid early colorectal cancer. World J Surg 2000;24:1081-90. 

24. Tanaka S, Haruma K, Ito M, et al. Detailed colonoscopy for detecting early superficial 

carcinoma: recent developments. J Gastroenterol 2000;35:121-5. 

25. Fujii T, Hasegawa RT, Saitoh Y, et al. Chromoscopy during colonoscopy. Endoscopy 

2001;33:1036-41. 

26. Hurlstone DP, Cross SS, Slater R, et al. Detecting diminutive colorectal lesions at 

colonoscopy: a randomised controlled trial of pan-colonic versus targeted chromoscopy. Gut 

2004;53:376-80. 

27. Hurlstone DP, Fujii T. Practical uses of chromoendoscopy and magnification at 

colonoscopy. Gastrointest Endosc Clin N Am 2005;15:687-702. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 17 

28. Togashi K, Konishi F, Ishizuka T, et al. Efficacy of magnifying endoscopy in the 

differential diagnosis of neoplastic and non-neoplastic polyps of the large bowel. Dis Colon 

Rectum 1999;42:1602-8. 

29. Kiesslich R, von Bergh M, Hahn M, et al. Chromoendoscopy with indigocarmine improves 

the detection of adenomatous and nonadenomatous lesions in the colon. Endoscopy 

2001;33:1001-6. 

30. Tung SY, Wu CS, Su MY. Magnifying colonoscopy in differentiating neoplastic from 

nonneoplastic colorectal lesions. Am J Gastroenterol 2001;96:2628-32. 

31. Kato S, Fujii T, Koba I, et al. Assessment of colorectal lesions using magnifying 

colonoscopy and mucosal dye spraying: can significant lesions be distinguished? Endoscopy 

2001;33:306-10. 

32. Konishi K, Kaneko K, Kurahashi T, et al. A comparison of magnifying and nonmagnifying 

colonoscopy for diagnosis of colorectal polyps: a prospective study. Gastrointest Endosc 

2003;57:48-53. 

33. Hurlstone DP, Cross SS, Adam I, et al. Efficacy of high magnification chromoscopic 

colonoscopy for the diagnosis of neoplasia in flat and depressed lesions of the colorectum: a 

prospective analysis. Gut 2004;53:284-90. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 18 

34. Fu KI, Sano Y, Kato S, et al. Chromoendoscopy using indigo carmine dye spraying with 

magnifying observation is the most reliable method for differential diagnosis between 

non-neoplastic and neoplastic colorectal lesions: a prospective study. Endoscopy 

2004;36:1089-93. 

35. Yamamoto S, Watanabe M, Hasegawa H, et al. The risk of lymph node metastasis in T1 

colorectal carcinoma. Hepatogastroenterology 2004;51:998-1000. 

36. Nagata S, Tanaka S, Haruma K, et al. Pit pattern diagnosis of early colorectal carcinoma by 

magnifying colonoscopy: clinical and histological implications. Int J Oncol 2000;16:927-34. 

37. Tanaka S, Haruma K, Oh-e H, et al. Conditions of curability after endoscopic resection for 

colorectal carcinoma with submucosally massive invasion. Oncol Rep 2000;7:783-8. 

38. Tanaka S, Haruma K, Nagata S, et al. Diagnosis of invasion depth in early colorectal 

carcinoma by pit pattern analysis with magnifying endoscopy. Dig Endosc 2001;13:S2-5. 

39. Tanaka S, Nagata S, Oka S, et al. Determining depth of invasion by VN pit pattern analysis 

in submucosal colorectal carcinoma. Oncol Rep 2002;9:1005-8. 

40. Kanao H, Tanaka S, Oka S, et al. Clinical significance of type V(I) pit pattern 

subclassification in determining the depth of invasion of colorectal neoplasms. World J 

Gastroenterol 2008;14:211-7. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 19 

41. Tanaka S, Yoshida S, Chayama K. Clinical usefulness of high-frequency ultrasound probes 

for new invasion depth diagnosis in submucosal colorectal carcinoma. Dig Endosc 

2004;16:161-4. 

42. Waxman I, Saitoh Y, Raju GS, et al. High-frequency probe EUS-assisted endoscopic 

mucosal resection: a therapeutic strategy for submucosal tumors of the GI tract. Gastrointest 

Endosc 2002;55:44-9. 

43. Matsumoto T, Hizawa K, Esaki M, et al. Comparison of EUS and magnifying colonoscopy 

for assessment of small colorectal cancers. Gastrointest Endosc 2002;56:354-60. 



Evaluation of microvessels in colorectal tumors by NBI magnification 

 

 20 

FIGURE LEGENDS 

Figure 1. Narrow band imaging magnification findings of colorectal lesion.  Type A, 

microvessels are not observed or are extremely opaque.  Type B, fine microvessels are 

observed around the pits, and clear pits can be observed via the nest of microvessels.  Type 

C, microvessels are irregular, and the vessel diameter or distribution is heterogeneous. 

 

Figure 2. Narrow band imaging magnification subclassification of type C.  C1, microvessels 

comprise an irregular network, pits observed via the microvessels are slightly nondistinct, and 

vessel diameter or distribution is homogeneous.  C2, microvessels comprise an irregular 

network, pits observed via the microvessels are irregular, and vessel diameter or distribution 

is heterogeneous (between type C1 and C3).  C3, pits via the microvessels are invisible, 

irregular vessel diameter is thick or the vessel distribution is heterogeneous, and avascular 

areas are observed. 
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