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Abstract. Narrow band imaging (NBI) has been used in the 
gastrointestinal endoscopy field as a novel endoscopic imaging 
technique and has contributed to improved qualitative diagnosis 
and detection of lesions. However, there are only a few studies of 
use of NBI in the gynecology field. We applied NBI in flexible 
hysteroscopy at our outpatient clinic and evaluated the utility 
of NBI hysteroscopy for diagnosis of malignant endometrial 
lesions by comparison of the sensitivity and specificity between 
white light alone and white light+NBI using hysteroscopic video 
images. The subjects were 65 patients with a suspected endo-
metrial lesion in the uterine cavity. These patients underwent 
flexible hysteroscopy using NBI in addition to conventional white 
light. Video images from 65 patients were edited into two groups, 
white light alone (WL group) and white light+NBI (NBI group) 
(130 images in total). Computerized block randomization of the 
order was then performed. Four raters independently diagnosed 
the images without use of other clinical information. Using the 
pathological diagnosis as the gold standard, we evaluated the 
sensitivity and specificity of diagnosis of atypical endometrial 
hyperplasia (AEH) or endometrial carcinoma compared between 
the WL and NBI groups. The sensitivity of diagnosis of AEH or 
endometrial carcinoma was numerically higher in the NBI group 
for all raters, and the average sensitivity was significantly higher 
in the NBI group compared to the WL group (78.6% vs. 63.7%, 
P<0.001). The specificity for each rater and the average specificity 
were comparable between the two groups. Compared to white 
light hysteroscopy, NBI hysteroscopy had a higher sensitivity 
for diagnosis of AEH or endometrial carcinoma without loss of 
specificity. This suggests that NBI hysteroscopy may be more 

useful than white light hysteroscopy for endoscopic diagnosis of 
malignant endometrial lesions.

Introduction

In hysteroscopy, the uterine cavity is directly observed using an 
endoscope. This method is used as a gynecological examination 
of the uterine cavity in patients with suspected endometrial 
lesions. Hysteroscopy is indicated for abnormalities detected 
in transvaginal ultrasonography and endometrial cytohistology, 
and in cases with metrorrhagia, hypermenorrhea, prolongation 
of menstruation, and infertility. Hysteroscopy has been suggested 
to be a superior examination for investigation of the uterine 
cavity (1,2), and high diagnostic accuracies for abnormalities 
in the uterine cavity (3) and endometrial carcinoma have been 
achieved in studies comparing hysteroscopy and histology (4,5). 
In contrast, Lasmar et al found sensitivities for diagnoses of 
endometrial hyperplasia (EH) and carcinoma using white light 
hysteroscopy of 56.3 and 80.0%, respectively, and suggested 
that this relatively poor performance of hysteroscopy may be due 
to a lack of standard diagnostic criteria based on morphological 
changes of endometrial lesions (6). Pathological examination 
of a biopsy specimen is recommended for diagnosis of endo-
metrial lesions, and particularly lesions in the uterine cavity, 
but this requires use of thick operative sheaths and cervical 
dilation, with accompanying pain and risks.

Narrow band imaging (NBI) is a novel endoscopic imaging 
technique in which images of micro-blood vessels in the mucosal 
superficial layer and mucosal surface are enhanced by changing 
the spectrum of observation light to narrow bands. NBI has 
been used in digestive endoscopy and has improved qualitative 
diagnosis and detection of lesions (7). In NBI, the light spectrum 
is shifted to wavelengths of 415±30 and 540±30 nm, and wave-
length-induced changes in visibility are utilized. The absorption 
spectrum of circulating oxidized hemoglobin has peaks at 415 
and 540 nm, and light emitted in NBI is mostly absorbed by 
hemoglobin, allowing visualization of blood vessels as a dark 
green color. In regions other than blood vessels, light enters 
tissue, scatters and reflects, resulting in a brighter appearance.

NBI has recently attracted attention due to its clear visual-
ization of mucosal blood vessels (Fig. 1). Neoplastic vessels tend 
to proliferate on the surface of cancerous lesions in the digestive 
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tract, which makes NBI very useful for qualitative diagnosis 
of malignant and benign lesions through clear visualization of 
microvessels (8). In the gynecological field, angiogenesis is also 
considered as a diagnostic marker of a malignant endometrial 
lesion (9,10). Therefore, identification of increased angiogenesis 
or abnormal vessels may play a role in diagnosis of malignant 
lesions, including those in endometrial carcinoma and its 
precursors.

To evaluate NBI hysteroscopy for diagnosis of malignant 
endometrial lesions, we applied NBI in flexible hysteroscopy 
at our outpatient clinic. Images were placed in 2 groups: those 
acquired using conventional white light alone and those 
obtained with white light+NBI. The sensitivity and specificity 
of diagnoses of atypical endometrial hyperplasia (AEH) or 
endometrial carcinoma were compared between these groups.

Patients and methods

Patients and procedures. The subjects were 71 patients with 
a suspected endometrial lesion in the uterine cavity. These 
patients underwent flexible hysteroscopy using NBI in addi-
tion to conventional white light at the outpatient clinic of our 
hospital between July 2009 and January 2010, and thereafter 
were pathologically diagnosed based on surgical specimens. 
NBI hysteroscopy was performed after obtaining approval from 
the ethics committee of Keio University School of Medicine 
and consent from the patients. Patients receiving high-dose 
medroxyprogesterone acetate (MPA) therapy and those with a 
history of this therapy were included in the study. Patients with 
a history of surgery including dilatation and curettage (D&C) 
and transcervical resection of the endometrium (TCRE), and 
those for whom hysterescopy was required, were also included. 
Patients with major genital hemorrhage, menstruation, possible 
pregnancy, endometritis, and cervical neoplasia were excluded 
from hysteroscopy. Pathological diagnoses were made using 
specimens obtained in surgery, including D&C, TCRE, and 
hysterectomy. Based on these diagnoses, the cases were clas-
sified into four categories: benign lesion (normal endometrium, 
endometrial polyp, submucosal myoma, MPA therapy-induced 
decidual changes), EH, AEH, and endometrial carcinoma.

The instruments used in this study were a 3.1-mm flexible 
hysterofiberscope (HYF-XP) connected to a CCD digital camera 
(OTV-S7ProH-HD-12E), a VISERA Pro Xenon light source 
(CLV-S40Pro) and a VISERA Pro video processor (OTV-S7Pro) 
(all from Olympus Medical Systems Corp., Tokyo, Japan). An 
Olympus OEV-191H 19-in high-definition LCD monitor was 
used and movies were recorded with a DVD recorder (DMR-
XP12; Panasonic Co., Osaka, Japan).

Hysteroscopy was performed by gynecologists with 5-7 years 
of experience. Patients were placed in the lithotomy position 
and the examinations were performed transvaginally without 
anesthesia. A drip infusion bag was positioned at a level of ~1 m 
above the patient to allow a natural drip, and a scope was inserted 
into the uterine cavity while it was distended. The entire uterine 
cavity was first observed under white light, followed by switching 
to NBI by pushing the button on the scope. Lesions were carefully 
observed using white light and NBI. The frequency of switching 
between white light and NBI and the duration of observation 
were not specified.

Evaluation of video images. The series of examinations were 
video-recorded, and video images were evaluated by 4 raters 
(none of whom performed hysteroscopy) in the following 5 steps 
(Fig. 2).

Step 1 (developmental phase I): An expert endoscopist 
observed all video images, and 6 patients with video images 
judged to be inappropriate because of poor quality due to a 
failure to achieve optimal focus, insufficient length of segments 
and involvement on performance by the 4 raters in the following 
steps were excluded from the study.

Step 2 (developmental phase II): Video images of 65 patients 
were edited (a total of 130 videos were prepared) and placed in 
groups of images acquired with white light alone (WL group) 
and white light+NBI (NBI group). To eliminate systematic 
bias in evaluating the videos, the order of evaluation of the 
images from the two diagnostic tests was block-randomized.

Step 3 (learning phase): To utilize our previously reported 
hysteroscopic diagnostic criteria for endometrial lesions and 
atypical vascular images (11) and to standardize the evalua-
tion among the raters, the raters received an explanation of the 
diagnostic criteria and the features of atypical blood vessels. In 
the criteria, endometrial lesions are diagnosed taking notice of 
protruding lesions, necrotizing tissue, and atypical blood vessels. 
The raters first underwent an interactive training session with 
images and videos extracted from our digital library of images 
and videos. An expert endoscopist provided instruction in this 
session.

Step 4 (demonstration phase): To investigate variation in 
diagnostic performance among the raters, each rater diagnosed 
10 white light video images while blinded to all other clinical 
information. The accuracy of these diagnoses was compared 
among the raters.

Step 5 (study phase): Using the 130 block-randomized video 
images, the raters diagnosed images while blinded to other 
clinical information. The images were displayed on a large 
screen, and the each rater simultaneously evaluated the same 
video image. These videos were independent from those used 
in the learning and demonstration phases.

Based on the pathological diagnosis as the gold-standard, 
the sensitivity and specificity of the hysteroscopic diagnoses of 
AEH or endometrial carcinoma, requiring treatment using high-
dose MPA therapy or surgery, were compared between the WL 
and NBI groups to evaluate the usefulness of NBI hysteroscopy.

Statistical analysis. Descriptive statistics on demographic 
factors were summarized. The pathological diagnosis of benign 
lesion (normal, polyp, myoma, decidual change), EH, AEH, or 
carcinoma was used as the true disease status. AEH or endo-
metrial carcinoma was defined as disease when calculating the 
sensitivity. The 95% confidence intervals (CIs) for sensitivity, 
specificity and accuracy were estimated with the Clopper-Pearson 
(exact) method for each rater and diagnostic test. Sensitivities 
were compared between the diagnostic tests using a McNemar 
test for each rater. A conditional logistic regression model was 
used to compare the sensitivities for the diagnostic tests aver-
aged over raters. Agreement between the diagnoses in each test 
and the pathological diagnosis was evaluated with a weighted κ 
coefficient for each rater. Significance levels in all tests were 5% 
(two-sided). All data were analyzed with SAS (version 9.1).
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Results

Patient background. All 71 cases were examined by hysteros-
copy using white light and NBI without complication, and all 

had pathological diagnoses of surgical specimens. However, 
the video images were judged to be inappropriate for evalua-
tion in 6 patients, and therefore analysis was performed for 65 
patients. The mean age of the 65 patients was 41.9±12.5 years 
old, and the indications for hysteroscopy were an abnormality 
on transvaginal ultrasonography or endometrial cytohistology 
performed at our hospital or elsewhere, judgment of the 
effect of MPA therapy, metrorrhagia, and hypermenorrhea. 
The pathological diagnoses were benign lesions in 19 cases 
(29.2%; normal endometrium 1, endometrial polyp 6, myoma 
4, decidual change 8), EH in 4 (6.2%), AEH in 8 (12.3%), and 
carcinoma in 34 (65.0%) (Table I).

Diagnostic performance in demonstration phase among 
the raters. The 4 raters first judged 10 sample video images 
acquired under white light [(5 benign lesions [endometrial 

Figure 1. Overview of the NBI system. A filter for NBI is set in front of a xenon lamp in the light source unit and inserted into the light path for NBI observation 
by pushing a button on the scope. Only 415- and 540-nm narrow-band light passes through the filter, appears as blue light under a scope, and is reflected by the 
mucosa. Reflected light is caught by a color CCD and the narrow-band images are produced in a video processor and displayed on the monitor.

Figure 2. Flow chart of the study design.

Figure 3. Comparison of visualization of endometrial carcinoma by (A) con-
ventional and (B) NBI hysteroscopy. Atypical blood vessels were found in the 
protruding lesion area and visualized more clearly by NBI.
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polyp 3, myoma 1, decidual change 1), 1 EH, 1 AEH, and 3 
carcinoma]. Accurate judgments were made for 6 samples by 
2 raters and for 7 samples by the other 2 raters, indicating no 
marked difference in diagnostic accuracy among the raters. 
The performance of all the raters while blinded to all other 
clinical information was judged to be satisfactory, compared 
to historical data collected using white light hysteroscopy (11). 
Thus, none of the raters were excluded in the following study 
phase.

Comparison of visualization by white light and NBI 
hysteroscopy. The 130 videos (2 from each patient) were 
block-randomized into WL and NBI groups. A comparison of 
visualization by white light and NBI showed that endometrial 
blood vessels were more readily observed in images obtained 
using NBI than in those under white light. In NBI, blood 
vessels appeared in a dark blue color with enhanced contrast, 
and consequently atypical blood vessels could be detected 
easily (Fig. 3).

Sensitivity, specificity and accuracy of white light and NBI 
groups. The accuracy of the hysteroscopic video imaging 
diagnoses in the two groups and weighted κ coefficients were 
estimated for each rater based on the pathological diagnosis. 
Ranges of the accuracy for four raters were 80.0-90.8% in the 
NBI group and 64.6-80.0% in the WL group. With respect to the 
weighted κ coefficients, ranges of the weighted κ coefficients for 
four raters were 0.548-0.806 in the NBI group and 0.379-0.582 
in the WL group (Table Ⅱ). For all raters the hysteroscopic 
video imaging diagnosis in the NBI group agreed with the 
pathological diagnosis better than that in the WL group.

The average sensitivities of hysteroscopic diagnosis of the 
AEH or endometrial carcinoma were 78.6% in the NBI group 
and 63.7% in the WL group. The difference in the average 
sensitivity between the two groups was significant (P<0.001). 
Ranges of the sensitivity for four raters were 69.0-88.1% in 
the NBI group and 45.2-73.8% in the WL group. Ranges of 
the difference in the sensitivity between the two groups (NBI-
WL) for four raters were 9.5-23.8% and the sensitivities in the 
NBI group were numerically higher than that in the WL group 
for all of four raters. The average specificities were 92.4 and 
93.5% in the NBI group and in the WL group, respectively. The 
specificity was comparable between the two groups (Table Ⅲ).

Discussion

Development of the NBI system for image-enhanced endos-
copy was initiated in May 1999, and Olympus Corp. launched 
a product in May 2006. Currently, the system is mainly used 
in digestive endoscopy for the pharynx, esophagus, stomach, 
and large intestine (12-14). Use of NBI in gynecology has 
been reported for laparoscopic identification of peritoneal 
endometriosis (15,16), evaluation of vascular density in endo-

Table I. Patient background.

Characteristic	 Value

Age (years)	 41.9±12.5

Indication for hysteroscopy	
	 Referred from other hospitals for abnormality	 22
	 on ultrasonography or cytohistology
	 Abnormality on cytology or histological	 17
	 diagnosis at our hospital
	 Abnormality on ultrasonography at our hospital 	 11
	 Judgment of MPA therapy	 10
	 Metrorrhagia 	   4
	 Menorrhagia	   1

Pathological diagnosis	
	 Benign lesion	 19
	   Normal	   1
	   Polyp	   6
	   Myoma	   4
	   Decidual change	   8
	 EH	   4
	 AEH	   8
	 Carcinoma	 34

MPA, medroxyprogesterone acetate; EH, endometrial hyperplasia; 
AEH, atypical endometrial hyperplasia.

Table Ⅱ. Accuracy of diagnoses of hysteroscopic video images and weighted κ coefficients for each rater.

	 Accuracy, % (95% CI)	 Weighted κ coefficient (95% CI)
	 ----------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------------------------
Rater	 WL	 NBI	 WL	 NBI

  1	 64.6 (51.8-76.1)	 80.0 (68.2-88.9)	 0.379 (0.234-0.523)	 0.548 (0.402-0.694)
  2	 76.9 (64.8-86.5)	 83.1 (71.7-91.2)	 0.471 (0.315-0.627)	 0.654 (0.516-0.792)
  3	 75.4 (63.1-85.2)	 80.0 (68.2-88.9)	 0.456 (0.311-0.602)	 0.660 (0.527-0.794)
  4	 80.0 (68.2-88.9)	 90.8 (81.0-96.5)	 0.582 (0.431-0.733)	 0.806 (0.682-0.930)
Average	 74.2	 83.5		

WL, white light; NBI, white light+NBI.
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metriosis (17,18), and diagnosis of endometrial lesions (19-21). 
In a previous report, we used NBI for flexible hysteroscopy at 
our outpatient clinic, and compared historical data collected 
using white light with data collected using white light+NBI. 
The sensitivities for identification of AEH or endometrial 
carcinoma were 82.6% using white light and 97.2% using 
white light+NBI, suggesting the usufulness of NBI for diag-
nosis of endometrial lesions (11). Cicinelli et al also found that 
the sensitivity of diagnosis of low- and high-risk hyperplasia 
was significantly higher using NBI compared to white light 
(19), and Surico et al reported that the sensitivity for diagnosis 
of endometrial carcinoma and hyperplasia was significantly 
higher using NBI than white light (20).

Hysteroscopic diagnosis of endometrial lesions is often 
made with reference to prior clinical information from findings 
in cytology or histological examination of endometrial tissue, 
imaging such as transvaginal ultrasonography and MRI, and 
tumor markers. This information may influence the hysteroscopic 
diagnosis and account for the lack of standard diagnostic 
criteria for endometrial lesions using hysteroscopy alone. In 
this study, raters evaluated video images acquired by hysteroscopy 
with conventional white light alone and white light+NBI without 
use of other clinical information. The raters had not been 
involved in performance of the hysteroscopy. This approach 
provides a less biased evaluation of the images collected using 
the NBI system and this study is the first evaluation of NBI 
hysteroscopy based on visual information (video images) 
alone.

Hysteroscopic diagnoses are also often made subjectively 
and may show variation among operators. Thus, to evaluate 
NBI compared to the conventional method, a study design with 
greater objectivity is necessary. We performed the current study 
following the flow chart shown in Fig. 2. First, video images 

were used without additional clinical information. Second, 
images were edited and randomized into groups of images 
acquired using white light alone and those obtained with 
white light+NBI. To reduce variation of the diagnostic method 
among the raters and promote objective diagnoses, the raters 
were given an explanation of our diagnostic criteria for endo-
metrial lesions and atypical vascular images (11), with a sample 
image display. They also evaluated 10 sample video images 
acquired using white light alone as a trial, and their diagnostic 
performance was evaluated to confirm the absence of marked 
variation. These steps were used to make the comparative study 
as objective as possible.

The sensitivity for identification of AEH or endometrial 
carcinoma was higher in the NBI group than in the WL group, 
indicating that blood vessels can be more readily identified 
using NBI compared to white light. This effect is because the 
contrast of mucosal blood vessels is enhanced by NBI, leading 
to easier detection of endometrial lesions containing atypical 
blood vessels. The sensitivity of diagnosis in the NBI group 
was 78.6%, but may be increased in clinical practice with 
use of additional clinical information. The specificity was 
similar between the two groups, though it was suggested that 
NBI enhancement of visualization of blood vessels may also 
have elevated the false positive rate for detection of lesions. 
This problem can be reduced by establishment of strict 
criteria for defining atypical blood vessels. All raters showed 
increased sensitivity without decreased specificity for images 
collected using NBI compared to white light, suggesting that 
any operator can use NBI data after receiving instructions. 
These results show that NBI hysteroscopy is more useful 
than current white light hysteroscopy for diagnosis of AEH 
or endometrial carcinoma through identification of atypical 
blood vessels.

Table Ⅲ. Sensitivity and specificity of diagnoses of atypical endometrial hyperplasia or endometrial carcinoma in hysteroscopic 
video images.

	 Sensitivity, % (95% CI)	 Specificity, % (95% CI)
	 -----------------------------------------------------------------------------	 --------------------------------------------------------------------------------------
Rater	 WL	 NBI	 P-valuea	 WL	 NBI

  1	 19/42	 29/42	 0.008	 23/23	 23/23
	 45.2 (29.8-61.3)	 69.0 (52.9-82.4)		  100.0 (85.2-100.0)	 100.0 (85.2-100.0)

  2	 31/42	 35/42	 0.157	 19/23	 19/23	
	 73.8 (58.0-86.1)	 83.3 (68.6-93.0)		  82.6 (61.2-95.0)	 82.6 (61.2-95.0)

  3	 27/42	 31/42	 0.248	 22/23	 21/23	
	 64.3 (48.0-78.4)	 73.8 (58.0-86.1)		  95.7 (78.1-99.9)	 91.3 (72.0-98.9)

  4	 30/42	 37/42	 0.008	 22/23	 22/23
	 71.4 (55.4-84.3)	 88.1 (74.4-96.0)		  95.7 (78.1-99.9)	 95.7 (78.1-99.9)

Average	 107/168	 132/168	 <0.001	 86/92	 85/92
	 63.7	 78.6		  93.5	 92.4

aComparison between diagnostic methods for each rater by McNemar test. Results averaged over raters were compared between the two 
diagnostic methods using a conditional logistic regression model. WL, white light; NBI, white light+NBI.
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Despite the promising results, the study has some limitations. 
Since our hospital is a highly advanced medical facility, more 
patients with AEH or endometrial carcinoma were included in 
the patient population compared to general hospitals. About 2/3 
of the patients had AEH or endometrial carcinoma, and this 
proportion is higher than those in the studies of NBI hystero-
scopy by Cicinelli et al (19) and Surico et al (20). Moreover, 
the numbers of raters and patients were limited because video 
records were used, with which a large-scale study cannot be 
designed.

The high sensitivity of NBI hysteroscopy facilitates judg-
ment of the presence of malignant endometrial lesions, which 
may be clinically useful for the following reasons. First, biopsy 
or histological examination of the endometrium may not always 
be necessary for all patients with a suspected endometrial lesion, 
reducing unnecessary and painful tests. We use a thin flexible 
endoscope for NBI hysteroscopy, which is not painful and 
requires no anesthesia. Second, false-negative results may be 
obtained in endometrial cytology and histology for endometrial 
lesions in the uterine cavity, but such lesions can be identified 
by NBI hysteroscopy. Using hysteroscopy with endometrial 
cytology and histology will allow localized lesions to be iden-
tified, and NBI hysteroscopy increases the diagnostic accuracy 
and capacity for detection of endometrial lesions. Third, the 
therapeutic result (presence of residual malignant lesions) of 
high-dose progesterone therapy can be evaluated by hysteros-
copy without performing D&C.

In conclusion, evaluation of video images without use of 
other clinical information showed that the sensitivity of NBI 
hysteroscopy for identifying AEH or endometrial carcinoma 
is greater than that using conventional white light hystero-
scopy. The NBI system for flexible hysteroscopy allows clear 
visualization of mucosal blood vessels, and may be a useful 
new imaging tool for supplementing endoscopic diagnosis of 
malignant endometrial lesions. However, large-scale, multi-
center, prospective randomized trials are required to confirm 
the potential of NBI for endoscopic diagnosis of malignant 
endometrial lesions.
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