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Abstract
AIM: To evaluate the diagnostic characteristics of mag-
nifying endoscopy with acetic acid spray and narrow-
band imaging (MA-NBI) for early colorectal cancer.

METHODS: We conducted a prospective study to 
evaluate the diagnostic characteristics of MA-NBI in dif-
ferentiating early colorectal adenocarcinomas from ad-
enomas. To compare the results, we used magnifying 
endoscopy with NBI (M-NBI) and magnifying endos-
copy with crystal violet staining (M-CV). The study was 
performed in 2 phases. In phase 1, 10 colonoscopists 
at our institution were shown still photographs of 35 
colorectal polyps (24 adenocarcinomas and 11 adeno-
mas) in M-NBI, MA-NBI, and M-CV. They made diag-
nostic predictions using a five-grade scoring evaluation. 
We plotted receiver operating characteristic curves and 
compared the areas under the curves (AUCs). In phase 
2, colorectal polyps measuring ≥ 8 mm were prospec-
tively enrolled. During real-time colonoscopy, one of 

the 7 colonoscopists scored the lesion as an adenocar-
cinoma or an adenoma and assigned a level of confi-
dence to the prediction (high or low). We calculated 
the accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) for 
each method and compared the proportions of high-
confidence predictions.

RESULTS: In phase 1, the mean ± SD AUCs were 0.64 
± 0.031 in M-NBI, 0.71 ± 0.066 in MA-NBI, and 0.76 
± 0.059 in M-CV (P  < 0.05 for M-NBI vs  MA-NBI, P  < 
0.001 for M-NBI vs  M-CV, and not significant for MA-
NBI vs  M-CV). In phase 2, 84 patients with 91 lesions 
(46 adenocarcinomas and 45 adenomas) were enrolled. 
The diagnostic characteristics were as follows: 73% 
accuracy, 85% sensitivity, 60% specificity, 68% PPV, 
and 79% NPV in M-NBI; 73% accuracy, 80% sensitiv-
ity, 64% specificity, 70% PPV, and 76% NPV in MA-NBI; 
and 73% accuracy, 83% sensitivity, 62% specificity, 
69% PPV, and 78% NPV in M-CV. The proportions of 
high-confidence predictions were 57% in M-NBI, 75% 
in MA-NBI, and 76% in M-CV (P  < 0.005 for M-NBI vs 
MA-NBI, P  < 0.0005 for M-NBI vs  M-CV, and P  = 1.0 for 
MA-NBI vs  M-CV).

CONCLUSION: MA-NBI is useful for differentiating 
early colorectal adenocarcinomas from adenomas.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Endoscopy; Neoplasia; 
Narrow-band imaging; Acetic acid

Core tip: Differentiating early colorectal adenocarcino-
mas from adenomas using magnifying endoscopy with 
narrow-band imaging can sometimes be difficult because 
the surface pattern is frequently obscure. Magnifying 
endoscopy with acetic acid spray and narrow-band 
imaging (MA-NBI) accentuates the surface pattern of 
colorectal polyps. This study showed that MA-NBI and 



magnifying endoscopy with crystal violet staining (M-CV) 
are useful for differentiating early colorectal adenocar-
cinomas from adenomas. Moreover, MA-NBI is more 
time- and cost-effective than M-CV and could be ben-
eficial for routine colonoscopies in terms of diagnostic 
accuracy, efficiency, and cost-effectiveness.
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INTRODUCTION
Magnifying endoscopy with narrow-band imaging (M-
NBI) is useful for differentiating neoplastic from non-
neoplastic colorectal polyps and for estimating the depth 
of  invasion of  early colorectal cancers[1,2]. Differentiating 
early colorectal adenocarcinomas from adenomas using 
M-NBI is sometimes difficult because the surface pattern 
is frequently obscure and the vascular pattern does not 
directly reflect structural atypia. Magnifying endoscopy 
with crystal violet staining (M-CV) provides a clear pit 
pattern image[3,4]; however, M-CV is a time-consuming 
procedure. Magnifying endoscopy with acetic acid spray 
and narrow-band imaging (MA-NBI) quickly accentu-
ates the surface pattern through the acetowhite reaction 
(Figure 1). The usefulness of  this method has been re-
ported for differentiating neoplastic from non-neoplastic 
colorectal polyps[5]; however, this usefulness has not been 
reported for differentiating early colorectal adenocarcino-
mas from adenomas. The aim of  this study was to evalu-
ate the diagnostic accuracy of  MA-NBI for differentiat-
ing early colorectal adenocarcinomas from adenomas and 
to compare the accuracy with those of  M-NBI and M-CV.

MATERIALS AND METHODS
Study design
We conducted a prospective study to compare the diag-
nostic characteristics of  M-NBI, MA-NBI, and M-CV 
for differentiating early colorectal adenocarcinomas from 
adenomas. The study was conducted in 2 phases. Phase 
1 compared the diagnostic characteristics of  M-MBI, 
MA-NBI, and M-CV using still photographs of  known 
histology, and phase 2 compared these diagnostic char-
acteristics during real-time colonoscopy. The study was 
approved by the institutional committee. The patients 
involved in the real-time colonoscopy study provided 
written informed consent. The study was conducted ac-
cording to the tenets of  the Declaration of  Helsinki.

Patients, participants and procedures
Phase 1: Between January 2012 and January 2013, a total 

of  562 polyps were treated by endoscopic mucosal resec-
tion or endoscopic submucosal dissection at our institu-
tion. We reviewed all recorded photographs of  these pol-
yps and noted that 35 polyps (24 adenocarcinomas and 
11 adenomas) had clear photographs of  M-NBI, MA-
NBI, and M-CV at the same magnification ratio, such as 
the images shown in Figure 1. Ten colonoscopists with 
3 to 21 years of  colonoscopy experience participated in 
the study. The colonoscopists were independently shown 
the still photographs of  these 35 polyps in each modality 
and made diagnostic predictions of  adenocarcinoma or 
adenoma using a five-grade evaluation score. We plotted 
receiver operating characteristic (ROC) curves for each 
modality for the 10 colonoscopists and compared the ar-
eas under the curves (AUCs).

Phase 2: We prospectively enrolled patients who under-
went routine screening or diagnostic colonoscopy and 
had polyps measuring ≥ 8 mm that had not previously 
been biopsied for histological examination. Hyperplastic 
polyps, sessile serrated adenomas/polyps, hamartomatous 
polyps and advanced cancers were excluded from the 
study. Seven colonoscopists with 3 to 21 years of  colo-
noscopy experience participated in the study. Before re-
section, one of  the colonoscopists examined the lesion in 
M-NBI, MA-NBI, and M-CV. For each modality, during 
the examination, the colonoscopist scored the lesion as an 
adenocarcinoma or adenoma and immediately assigned a 
level of  confidence (high or low) to the prediction. The 
colonoscopists were instructed to assign a prediction with 
high confidence when they had > 90% certainty regard-
ing the diagnosis. Colonoscopies were performed using 
high-definition endoscopes (CF-H260AZI or CF-HQ290, 
with an Evis Lucera Elite CV-290 light source, CLV-290 
processor, and OEV-261H monitor; all from Olympus, 
Japan). For MA-NBI, we sprayed 5 mL of  a 1.5% acetic 
acid solution on the lesion and immediately examined the 
lesion. For M-CV, we sprayed a 0.2% crystal violet solu-
tion on the lesion, waited more than one minute, washed 
off  the superfluous solution with water, and examined 
the lesion. After the examination, the lesion was resected 
and retrieved, and an independent pathologist who was 
blinded to the endoscopic prediction reported the histol-
ogy of  the lesion, according to the Vienna classification[6]. 
We compared the diagnostic characteristics and the pro-
portions in which the predictions were made with high 
confidence.

Statistical analysis
In phase 1, the Dorfman-Berbaum-Metz multiple-reader 
multiple-case (DBM-MRMC) software was used to fit the 
ROC curve and to calculate the AUCs. Comparisons of  
the AUCs were performed using Tukey’s post-hoc test. 
In phase 2, we calculated the accuracy, sensitivity, and 
specificity, as well as the positive predictive value (PPV) 
and negative predictive value (NPV). The comparisons of  
paired proportions were performed using McNemar’s test. 
The comparisons of  categorical data were performed 
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Table 1  Diagnostic characteristics of magnifying endoscopy 
with narrow-band imaging, magnifying endoscopy with 
acetic acid spray and narrow-band imaging, and magnifying 
endoscopy with crystal violet dye

using Fisher’s exact test. All reported P values were two-
sided.

RESULTS
Phase 1
The mean ± SD AUCs were 0.64 ± 0.031 for M-NBI, 0.71 
± 0.066 for MA-NBI, and 0.76 ± 0.059 for M-CV (P < 0.05 
for M-NBI vs MA-NBI, P < 0.001 for M-NBI vs M-CV, 
and not significant for MA-NBI vs M-CV) (Figure 2).

Phase 2
Between July 2013 and December 2013, a total of  84 
patients with 91 polyps fulfilled the inclusion criteria and 
were prospectively enrolled in the study. The lesions con-
sisted of  46 adenocarcinomas with a median size of  12.5 
mm (range, 8-35 mm), and 45 adenomas with a median 
size of  10 mm (range, 8-23 mm). Of  the 46 adenocar-
cinomas, 38 were intramucosal cancers, and 8 were sub-
mucosal cancers. The diagnostic characteristics were 73% 
accuracy, 85% sensitivity, 60% specificity, 68% PPV, and 

79% NPV in M-NBI; 73% accuracy, 80% sensitivity, 64% 
specificity, 70% PPV, and 76% NPV in MA-NBI; and 
73% accuracy, 83% sensitivity, 62% specificity, 69% PPV, 
and 78% NPV in M-CV (Table 1). The proportions of  
high-confidence predictions were 57% (52/91) in M-NBI, 
75% (68/91) in MA-NBI, and 76% (69/91) in M-CV (P 
< 0.005 for M-NBI vs MA-NBI, P < 0.0005 for M-NBI 
vs M-CV, and P = 1.0 for MA-NBI vs M-CV) (Figure 3). 
When the predictions were made with high confidence, 
the accuracy, specificity, and PPV were significantly high-
er in MA-NBI; the accuracy, sensitivity, and PPV were 
also significantly higher in M-CV, whereas the diagnostic 
characteristics did not differ significantly in M-NBI (Table 
2, Table 3 and Table 4). We also plotted ROC curves for 
each modality. The AUCs were 0.79 in M-NBI, 0.82 in 
MA-NBI, and 0.85 in M-CV. There were no significant 
differences among the three modalities.

DISCUSSION
The usefulness of  acetic acid spray has predominantly 
been reported in the fields of  Barrett’s esophagus and 
early gastric cancer[7,8]. The usefulness of  this method in 
colonoscopy has only been reported for differentiating 
neoplastic from non-neoplastic polyps[5], in which M-NBI 
without acetic acid spray also has excellent diagnostic ac-

16308 November 21, 2014|Volume 20|Issue 43|WJG|www.wjgnet.com

CBA

Figure 1  Magnifying endoscopy of early colorectal adenocarcinoma. A: M-NBI shows the vascular pattern and the surface pattern; however, the surface pattern 
is obscure; B: MA-NBI effaces the vascular pattern and accentuates the surface pattern; C: M-CV provides a clear pit pattern. M-NBI: Magnifying endoscopy with 
narrow-band imaging; MA-NBI: Magnifying endoscopy with acetic acid spray and narrow-band imaging; M-CV: Magnifying endoscopy with crystal violet dye.
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Figure 2  Comparison of the areas under the receiver operating charac-
teristic curves of 10 colonoscopists for differentiating early colorectal ad-
enocarcinomas from adenomas. M-NBI: Magnifying endoscopy with narrow-
band imaging; MA-NBI: Magnifying endoscopy with acetic acid spray and 
narrow-band imaging; M-CV: Magnifying endoscopy with crystal violet dye; NS: 
Not significant.

M-NBI MA-NBI M-CV

Accuracy (95%CI) 73% (63%-81%) 73% (63%-81%) 73% (63%-81%)
Sensitivity (95%CI) 85% (71%-93%) 80% (67%-90%) 83% (69%-91%)
Specificity (95%CI) 60% (45%-73%) 64% (50%-77%) 62% (48%-75%)
PPV (95%CI) 68% (55%-79%) 70% (56%-81%) 69% (56%-80%)
NPV (95%CI) 79% (36%-90%) 76% (61%-87%) 78% (62%-89%)

M-NBI: Magnifying endoscopy with narrow-band imaging; MA-NBI; 
Magnifying endoscopy with acetic acid spray and narrow-band imaging; 
M-CV: Magnifying endoscopy with crystal violet dye; PPV: Positive 
predictive value; NPV: Negative predictive value.
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irregular and severely irregular type Ⅴ (Ⅰ) pit patterns 
for estimating the depth of  cancer invasion. This study 
suggests that in terms of  differentiating adenocarcinomas 
from adenomas, the enhanced surface pattern in MA-NBI 
could be as informative as the pit pattern in M-CV.

Recently, there has been a trend toward the resect-
and-discard policy, in which colonoscopists resect polyps 
measuring < 10 mm based on the optical diagnosis and 
discard the samples without submitting them to pathol-
ogy[10,11]. The aim of  the resect-and-discard policy was to 
reduce the volume of  histology by diagnosing and treat-
ing many obvious benign adenomas and rectosigmoid 
hyperplastic polyps; polyps should be sent for pathology 
when the optical diagnosis is not definitive. In the Detect 
InSpect ChAracterise Resect and Discard (DISCARD) 
trial, polyps measuring 6-9 mm were sent for pathology 
more often than polyps measuring ≤ 5 mm (22% vs 8%, 
respectively), showing the difficulty and importance of  
making high-confidence predictions for larger polyps. Our 
study showed that even for polyps measuring ≥ 8 mm, 
MA-NBI and M-CV facilitate high-confidence predictions 
with high accuracy. Moreover, MA-NBI is more time- and 
cost-effective than M-CV; the time required to obtain a 
clear image is approximately 14 s in MA-NBI[5], whereas 
more than one minute is required in M-CV. Therefore, we 
believe that MA-NBI could play an important role in rou-
tine colonoscopy.

This study has limitations. Because of  the small sample 
size in phase 2, we could not show a significant increase in 
the overall accuracy or in the AUCs. In addition, although 

curacy[9]. In this study, we aimed to compare the diagnostic 
characteristics of  M-NBI, MA-NBI, and M-CV in dif-
ferentiating early colorectal adenocarcinomas from adeno-
mas. In phase 1, the AUCs for MA-NBI and M-CV were 
significantly higher than the AUC for M-NBI. This result, 
however, only reflects the evaluation of  still photographs 
of  magnifying endoscopy. During routine colonoscopy, 
we first make a prediction based on the findings without 
optical magnification; then, we magnify the area of  interest 
and spray acetic acid or crystal violet dyes, as necessary. To 
clarify the role that MA-NBI plays in routine colonoscopy, 
we evaluated the diagnostic characteristics during real-time 
colonoscopy in phase 2 of  the study. Although the accu-
racy, sensitivity, specificity, PPV, NPV and the AUCs were 
somewhat identical among the three modalities, MA-NBI 
and M-CV significantly increased the high-confidence pre-
dictions with higher accuracy compared with M-NBI.

MA-NBI and M-CV efface the vascular pattern and 
provide a clear surface pattern that directly reflects the 
glandular structure of  the lesion observed during the histo-
pathological examination. However, there is a difference in 
the surface patterns between MA-NBI and M-CV (Figure 
1). MA-NBI does not clarify a rough margin, a narrow lu-
men, or absent staining, all of  which could be observed in 
M-CV and are important in distinguishing between mildly 
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Figure 3  Comparison of the proportions in which predictions were made 
with high confidence. M-NBI: Magnifying endoscopy with narrow-band imag-
ing; MA-NBI: Magnifying endoscopy with acetic acid spray and narrow-band im-
aging; M-CV: Magnifying endoscopy with crystal violet dye; NS: Not significant.

Table 2  Diagnostic characteristics of magnifying endoscopy 
with narrow-band imaging

 High-
confidence 
predictions
(n  = 52)

Low-
confidence 
predictions
(n  = 39)

P  value for high-
confidence vs  

low-confidence 
predictions

Accuracy (95%CI) 79% (66%-88%) 64% (48%-77%) 0.16
Sensitivity (95%CI) 87% (70%-95%) 81% (56%-94%) 0.68
Specificity (95%CI) 68% (47%-84%) 52% (33%-71%) 0.37
PPV (95%CI) 79% (62%-90%) 54% (35%-72%) 0.08
NPV (95%CI) 79% (56%-92%) 80% (54%-94%) 1.00

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative 
predictive value.

Table 3  Diagnostic characteristics of magnifying endoscopy 
with acetic acid spray and narrow-band imaging

 High-
confidence 
predictions
(n  = 68)

Low-
confidence 
predictions
(n  = 23)

P  value for high-
confidence vs  

low-confidence 
predictions

Accuracy (95%CI) 79% (68%-87%) 52% (36%-71%) 0.02
Sensitivity (95%CI) 83% (67%-92%) 70% (39%-90%) 0.69
Specificity (95%CI) 76% (59%-87%) 39% (18%-65%) 0.04
PPV (95%CI) 78% (63%-89%) 47% (25%-70%) 0.04
NPV (95%CI) 81% (63%-91%) 63% (30%-90%) 0.35

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative 
predictive value.

Table 4   Diagnostic characteristics of magnifying endoscopy 
with crystal violet dye

 High-
confidence 
predictions
(n  = 69)

Low-
confidence 
predictions
(n  = 22)

P  value for high-
confidence vs  

low-confidence 
predictions

Accuracy (95%CI) 81% (70%-88%) 46% (27%-65%) 0.002
Sensitivity (95%CI) 92% (78%-98%) 38% (13%-70%) 0.002
Specificity (95%CI) 68% (50%-82%) 50% (27%-73%) 0.330
PPV (95%CI) 78% (64%-88%) 30% (10%-61%) 0.006
NPV (95%CI) 88% (68%-96%) 58% (32%-81%) 0.090

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative 
predictive value.
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10 colonoscopists with different experience levels partici-
pated, this work is a single-center study in Japan; thus, it 
might be difficult to extrapolate the results to colonosco-
pists who are not experienced with magnifying endoscopy.

We have shown that MA-NBI is useful for differenti-
ating early colorectal adenocarcinomas from adenomas; 
MA-NBI could benefit routine colonoscopy in terms of  
the diagnostic accuracy, efficiency and cost-effectiveness.
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