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Abstract
AIM: To study a new imaging equipment, high-
resolution micro-endoscopy (HRME), in the diagnosis 
and pathological classification of colon polyps.

METHODS: We selected 114 specimens of colon 
polyps, 30 of which were colon polyps with known 
pathological types and 84 that were prospective polyp 
specimens; 10 normal colon mucosa specimens served 
as controls. We obtained images of 30 colon polyp 
specimens with known pathological types using HRME 
and analyzed the characteristics of these images 
to develop HRME diagnostic criteria for different 
pathological types of colon polyps. Based on these 
criteria, we performed a prospective study of 84 colon 
polyp specimens using HRME and compared the results 
with those of the pathological examination to evaluate 
the diagnostic value of HRME in the pathological 
classification of different types of colon polyps. 

RESULTS: In the 30 cases of known pathological 
type of colon polyp samples, there were 21 cases of 
adenomatous polyps, which comprised nine cases of 
tubular adenoma, seven cases of villous adenoma 
and five cases of mixed adenomas. The nine cases 
of non-adenomatous polyps included four cases of 
inflammatory polyps and five cases of hyperplastic 
polyps five. Ten cases of normal colonic mucosa were 
confirmed pathologically. In a prospective study of 
84 cases using HRME, 23 cases were diagnosed as 
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inflammatory polyps, 11 cases as hyperplastic polyps, 
18 cases as tubular adenoma, eight cases as villous 
adenoma and 24 cases as mixed adenomas. After 
pathological examination, 24 cases were diagnosed as 
inflammatory polyps, 11 cases as hyperplastic polyps, 
19 cases as tubular adenoma, eight cases as villous 
adenoma and 22 cases as mixed adenomas. Compared 
with the pathological examinations, the sensitivities, 
specificities, accuracies, and positive and negative 
predictive values of HRME in diagnosing inflammatory 
polyps (87.5%, 96.7%, 94.0%, 91.3% and 95.1%), 
hyperplastic polyps (72.7%, 95.9%, 92.9%, 72.7% and 
95.9%), tubular adenomas (73.7%, 93.8%, 89.3%, 
77.8% and 92.4%), villous adenomas (75.0%, 97.4%, 
95.2%, 75.0% and 97.4%), and mixed adenomas 
(75.0%, 93.3%, 88.1%, 81.8% and 90.3%) were 
relatively high.

CONCLUSION: HRME has a relatively high diagnostic 
value in the pathological classification of colon 
polyps. Thus, it may be an alternative to confocal 
microendoscopy in lower-resource or community-based 
settings.

Key words: High-resolution micro-endoscopy; Colon 
polyps; Pathology; Diagnostic criteria
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Core tip: High-resolution micro-endoscopy (HRME) 
is a new imaging method for cytology imaging that 
can obtain real time pathological diagnosis. In this 
study, we determined the HRME diagnostic criteria 
for pathological types of colon polyps. According to 
the criteria, we performed a prospective study of 
the diagnostic value of colon polyps using HRME. 
The results showed that HRME has a relatively high 
diagnostic value in the pathological classification of 
colon polyps. This low cost microendoscopic technique 
might be an alternative to confocal microendoscopy in 
lower-resource or community-based settings.
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INTRODUCTION
Colon polyps are common diseases of the gastrointestinal 
system[1-3]. Generally, colon polyps can be divided into 
adenomatous polyps and nonadenomatous polyps. 
Adenomatous polyps have a tendency to develop 
in to tumors, but nonadenomatous polyps do not. 
At present, the diagnosis of colon polyps depends 

mainly on conventional white light endoscopy (WLE); 
however, WLE cannot identify the pathological types of 
colon polyps directly [1-3]. When polyps are observed, 
endoscopic resection (endoscopic mucosal resection 
or endoscopic submucosal dissection) is used to 
remove the polyp tissues for pathology examination 
to determine its pathological type. This method 
increases the risk of bleeding and perforation, and is 
unnecessary for nonadenomatous polyps. At the same 
time, it also increases the cost and time for patients. 

Therefore, we need a new endoscopic technique 
that can judge the pathological types of colon polyps 
timely, accurately and quickly, to reduce unnecessary 
biopsies and costs. Ideally, this technique should 
involve optical biopsy under endoscopy. 

High-resolution micro-endoscopy (HRME) is a new 
imaging technique that allows real-time pathological 
diagnoses using nuclear imaging[4,5]. Recently, HRME 
has been applied in clinical trials and achieved 
satisfactory outcomes[6,7]. Based on these experiences, 
we designed an HRME imaging system. To verify 
the effectiveness of this imaging system in clinical 
practice, we selected ex vivo colon polyp specimens 
as our subjects and performed HRME imaging of these 
specimens. We analyzed different types of colon polyps 
to develop preliminary diagnostic criteria for HRME. In 
addition, we compared the results of HRME with those 
of the pathological examination to evaluate the value 
of this imaging system in the diagnosis of different 
types of colon polyps.  

MATERIALS AND METHODS
Objects
The present study included 114 patients diagnosed 
with colon polyps who underwent electronic colo
noscopy between August 2014 and November 2014 in 
the Gastrointestinal Endoscopy Center of the General 
Hospital of Chinese People’s Armed Police Forces. We 
obtained 114 polyp specimens via electrocoagulation, 
endoscopic mucosal resection (EMR), or endoscopic 
submucosal dissection (ESD), and observed the 
specimens ex vivo using HRME. In addition, we 
obtained 10 normal colon mucosa specimens by 
biopsy. The study was approved by the hospital ethics 
committee.

General methods
HRME system: We used our self-developed HRME 
imaging system in the present study. This system 
included a 30000-pixel optical fiber of 1.8 m in length, 
a 10 × microscope lens, a 500-nm dichroscope, an 
optical filter, a three-dimensional combined translation 
stage, a scientific-grade cooled CCD camera, and 
image-processing software. During the imaging 
process, images were transferred to the computer at a 
rate of 17 frames/s. 

The probe used in the current study provides a 
720 µm diameter field-of-view with 4.4 µm spatial 
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resolution (Figure 1). 

Reagents: Reagents used included the following: 
0.01% proflavine hydrochloride (Sigma Company, 
San Francisco, United States), normal saline (Chen 
Xin Pharmaceutical Company, Beijing, China), pronase 
particles (Beijing Tide Pharmaceutical Company, 
Beijing, China), and sodium bicarbonate (Beijing Tide 
Pharmaceutical Company, Beijing, China).

Imaging methods: Routine bowel preparation was 
carried out for all patients before inspection, because 
during the inspection, the bowel should be clean. 
Endoscopic resection was performed on colon polyps 
found during WLE, and imaging of the specimens was 
then carried out using HRME.   

For HRME sample pretreatment, we washed the 
removed polyp and biopsy specimens with normal 
saline slowly to remove fecal residue on the surface, 
and then washed the polyp and biopsy specimens 
repeatedly with a solution containing pronase and 
sodium bicarbonate (1 g of sodium bicarbonate and 
20000 units of pronase were dissolved in 50 mL water) 
to remove the mucus on the surface. The specimens 
were washed with normal saline again and wiped with 
dry cotton balls. 

As noted, we established an imaging system and 

activated the imaging software. We adjusted the focus 
so that each pixel could be identified clearly in the field 
of view, which was defined as the optimal imaging 
state. 

For image processing, we placed a specimen on 
the imaging plate and sprayed the specimen with 
2-3 mL of 0.01% proflavine hydrochloride topically. 
After 30 s, the specimen was washed with phosphate-
buffered saline to remove the stain, and the liquid 
on the surface was gently wiped off using dry cotton 
balls. The surface of the specimen was observed from 
different angles using the cephalic end of the optical 
fiber. Each imaging site was marked and recorded 
during the imaging process to ensure that the same 
site observed by HRME and pathology. Clear images 
were retained for subsequent analysis.

Pathological examination: After imaging, each site 
of the imaged tissues was removed for pathological 
examination. In pathological examination, we used 
transverse section slices instead of longitudinal 
sections. Pathological diagnosis divided the colon 
polyps into adenomatous polyps (tubular adenomas, 
villous adenomas and mixed adenomas) and 
nonadenomatous polyps (inflammatory polyps and 
hyperplastic polyps). Two pathologists completed the 
pathological diagnosis.
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1 01-1 Body sleeve 1

2 01-2 Front cover 1

3 01-3 SMA905 connector 1

4 01-4 Inner sleeve 1

5 01-5 LED sleeve 1

6 01-6 LED heatsink 1

7 01-7 LED connection seat 1

8 01-8 LED connecting ring 1

9 01-9 LED cooling bottom 1

10 01-10 CCD fittings 1

Figure 1  Structural diagram and image of the high-resolution micro-endoscopy equipment. 
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of the glands were slightly curved and dilated, or, 
occasionally, expanded epithelia were observed 
(Figure 2B). For tubular adenomas, there were many 
linear crypts: The glands were enlarged, parallel 
arrangement of the nuclei with dilated openings was 
observed occasionally, and the glands were tube-like 
in shape (Figure 2C). For villous adenomas, there were 
extra wide or even open crypts as in tubular adenoma; 
the lengths of the glands were different, and villous-
like structures were observed (Figure 2D). For mixed 
adenomas, the characteristics of the mixed adenoma 
fell between those of villous adenomas and those of 
tubular adenomas (Figure 2E).

Results of the prospective study using HRME
Among 84 cases enrolled in the prospective study, 
HRME showed that 50 specimens were adenomatous 
polyps, including 18 cases of tubular adenomas, 
8 cases of villous adenomas, and 24 cases of 
mixed adenomas, and that 34 specimens were 
nonadenomatous polyps, including 23 cases of 
inflammatory polyps and 11 cases of hyperplastic 
polyps. The pathological examination showed that 
49 specimens were adenomatous polyps, including 
19 cases of tubular adenomas, 8 cases of villous 
adenomas, and 22 cases of mixed adenomas, and that 
35 specimens were nonadenomatous polyps, including 
24 cases of inflammatory polyps and 11 cases of 
hyperplastic polyps. Statistical analysis showed that 
the sensitivities, specificities, accuracies, positive 
predictive values (PPV), and negative predictive values 
(NPV) of HRME were relatively high in diagnosing 
inflammatory polyps, hyperplastic polyps, tubular 
adenomas, villous adenomas and mixed adenomas 
(Table 1).

DISCUSSION
Colon polyps are abnormal growths that arise from the 
mucosa of the colon and protrude into the lumen and 
are the most common benign tumors in the colon[1-3]. 
Substantial clinical, pathological and epidemiological 
data have suggested that the incidence of adenomas 
developing into colon cancer is 1.5%-9.4%, and that 
the process of oncogenesis requires 8-10 years[8,9]. 
Clinical studies have shown that about 80% of 
colon cancers develop from colon adenomas and 
that the incidence of colon cancer in patients with 
colon adenomas is four times that in the normal 
population[10]. Therefore, physicians must learn the 
clinical and pathological characteristics of colon polyps 
to prevent colon cancer and reduce its incidence and 
mortality. 

Based on histopathological features, colon 
polyps are divided into nonadenomatous polyps and 
adenomas[10,11]. Nonadenomatous polyps include 
inflammatory polyps, hyperplastic polyps and 
hamartomatous polyps. Adenomas polyps include 

HRME diagnosis: HRME diagnosis proceeded as 
follows: First, we established the diagnostic criteria. 
Retrospective analysis was carried out for HRME 
imaging of 30 colon polyp specimens, and HRME 
diagnostic criteria were established according to 
the characteristics of various images for different 
pathological types of colon polyps. 

According to the established diagnostic criteria, we 
carried out a prospective study of HRME imaging for 
84 colon polyp specimens and compared the results 
with those of the pathological examination to evaluate 
the sensitivities, specificities, accuracies, positive 
predictive values and negative predictive values of 
HRME in diagnosing various types of colon polyps. 

The entire process of HRME imaging was completed 
within 15 min. The specimens were examined by 
two systemically trained doctors together. The result 
of image analysis was compared with that of the 
pathological examination. The image analysis was 
carried out in a double-blind mode. 

Statistical analysis
We used SPSS 17.0 (IBM, Armonk, NY, United States) 
for data analysis. Data in the present study were 
analyzed using the fourfold table test. We calculated 
the sensitivities, specificities, accuracies and positive 
and negative predictive values of HRME in diagnosing 
inflammatory polyps, hyperplastic polyps, tubular 
adenomas, villous adenomas and mixed adenomas.

RESULTS
General conditions
Among 114 patients, 77 were males and 37 were 
females (male:female ratio = 2.1:1). The mean 
age was 48.4 ± 5.3 year (range, 19-81 year). Polyp 
diameters ranged from 0.6 to 4.2 cm. Among 30 colon 
polyp specimens with known pathological types, 21 
were adenomatous polyps (including nine cases of 
tubular adenomas, seven cases of villous adenomas, 
and five cases of mixed adenomas) and nine cases 
were nonadenomatous polyps (including four cases 
of inflammatory polyps and five cases of hyperplastic 
polyps). Ten normal colon mucosa specimens were 
proved by pathological examination to be non-
polypous colons.

HRME diagnostic criteria for colon polyps
HRME identifies the target tissue by observing the size, 
morphology, arrangement and glandular structures of 
the nucleus, and calculating the nuclear-cytoplasmic 
ratio of the region of interest. The image characteristics 
of colon polyps with different pathological types were 
analyzed and summarized to develop initial HRME 
diagnostic criteria. For inflammatory polyps, the nuclei 
had the same size and regular round, oval, and daisy-
like glandular structures (Figure 2A). For hyperplastic 
polyps, the size, morphology and cavity diameter 
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Figure 2  High-resolution micro-endoscopy diagnostic criteria for colon polyps. A: Inflammatory polyps (a: WLE images; b: HRME images; c: Pathological 
images); B: Hyperplastic polyps (a: WLE images; b: HRME images; c: Pathological images); C: Tubular adenoma (a: WLE images; b: HRME images; c: Pathological 
images); D: Villous adenomas (a: WLE images; b: HRME images; c: Pathological images); E: Mixed adenomas (a: WLE images; b: HRME images; c: Pathological 
images). WLE: White light endoscopy; HRME: High-resolution micro-endoscopy.
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tubular adenomas, villous adenomas and tubular-
villous adenomas (mixed type). The process of 
adenoma-carcinoma transition has been investigated 
by molecular studies, which showed that the onco
genesis of adenomatous polyps is closely related 
to their size, morphology and pathological type[12]. 
Therefore, clinicians need early identification of the 
pathological types of adenomatous polyps[10-12]. The 
results of the present study showed that HRME was 
highly effective in diagnosing tubular adenomas, villous 
adenomas and mixed adenomas. Compared with 
histopathological examination, HRME has advantages 
such as simple operation, short process time, low 
cost and real-time pathological imaging. Therefore, 
we believe that HRME has an important value in 
identifying the pathological types of colon polyps[6,13,14]. 
The sample size in the present study was limited and 
the training of personnel participating in the study was 
not homogeneous; therefore, large-sample studies 
should be carried out, and personnel training should 
be improved to increase the reliability of the results. 

HRME is a new imaging method based on high-
resolution fiber optics and molecular imaging 
techniques. It can perform real-time imaging of the 
target tissue and thereby achieve tissue imaging at 
the cellular level[4]. HRME uses a light-emitting diode 
as an excitation source to emit light. The excitation 
light is filtered by an optical filter to form a narrow-
band excitation light that is focused by the objective 
lens and is conducted through the high-resolution 
optic fiber to reach the targeted tissue, producing a 
fluorescent signal. The fluorescent signal returns via 
the optical fiber and is magnified by the objective 
lens. The excitation light and the fluorescent signal are 
separated by a dichroscope, and only the fluorescent 
signal is conducted to the charge-coupled device (CCD) 
chip for imaging. Cytological images of the target 
tissue are thus obtained. At present, when we find 
lesions under white light endoscopy, we cannot judge 
the character of lesions. As an alternative, we could 
use HRME for lesions imaging, because of the instant 
histopathological characteristics of HRME, allowing us 
to make an accurate judgment of lesion properties at 
first pass, which will help doctors to make the best the 
choice of treatment. 

Recently, scholars have used the HRME technique 

for in vivo histopathological imaging, and the results 
suggested a favorable future for its application[15-19]. 
Their results suggested that high-resolution fiber optics 
could be combined with endoscopy in clinical practice 
to develop images of the target lesions. In 2014, 
Vila et al[15] combined HRME with WLE to observe 
Barrett mucosa-associated tumors and achieved 
satisfactory results. In 2012, Pierce[7] combined HRME 
with colonoscopy for real-time imaging of the cervical 
epithelia, and found that the efficacy of diagnosis 
was improved. In addition, researchers combined 
HRME with cystoscopy and bronchoscopy to observe 
cellular changes in target lesions directly. They found 
that HRME was quite useful in guiding biopsy and in 
identifying the surgical margin[7,16,19]. 

At present, the study of HRME is still at the 
preclinical stage. Although many studies have sug
gested its promising future, this technique still has 
some shortcomings[4,15-19]. Firstly, HRME is a small 
field-of-view imaging technique (720 µm); therefore, it 
cannot realize macroscopic imaging for lesions. Thus, 
HRME can only be used for further detailed checks 
of a suspicious lesion after wide field endoscopic 
examination. Secondly, HRME is a microscopic imaging 
method, subtle movement in the process of imaging, 
such as breathing and heartbeat, could produce motion 
artifacts; therefore, it is more difficult to perform HRME 
than white light endoscopy. Thirdly, the lack of contrast 
agents is a major problem for HRME. Recently, more 
and more studies have examined specific contrast 
agents developed for certain molecules. These specific 
contrast agents could be used in HRME imaging to 
obtain quantitative and qualitative data to improve 
the diagnostic rate for certain diseases. To date, there 
is no unified standard description of lesions observed 
during HRME, which limits the clinical application of 
this imaging technique. In the present study, we used 
HRME to image colon polyps, developed diagnostic 
criteria for the different types of colon polyps, and laid 
the foundation for future research.  

How to connect HRME diagnosis with pathological 
diagnosis is the focus of HRME imaging research. 
HRME only observes the tissue surface; therefore, in 
the pathological process, we must ensure that it is 
a transverse section instead of longitudinal section. 
In this study, all of the specimens for pathological 
examinations were made with transverse sections. 
This is the true sense of point-to-point biopsy.

The limitations of this study were as follows. First, 
we used HRME to image ex vivo specimens of colon 
polyps, but we did not make an in vivo study. Second, 
the fluorescence imaging agent used was proflavine 
hydrochloride, which combines with the DNA and RNA 
in the nucleus. However, proflavine hydrochloride is a 
nonspecific fluorescence imaging agent that cannot be 
used in targeted imaging of lesions. Finally, some of 
the specimens used came from biopsy, and because of 
the small size of the biopsy specimens, it was difficult 

1874 February 7, 2016|Volume 22|Issue 5|WJG|www.wjgnet.com

Table 1  Efficacy of diagnosis using high-resolution micro-
endoscopy for colon polyp classification

HRME Sensitivity Specificity Accuracy PPV NPV

Inflammatory 87.5% 96.7% 94.0% 91.3% 95.1%
Hyperplastic 72.7% 95.9% 92.9% 72.7% 95.9%
Tubular 73.7% 93.8% 89.3% 77.8% 92.4%
Villous 75.0% 97.4% 95.2% 75.0% 97.4%
Mixed 75.0% 93.3% 88.1% 81.8% 90.3%

HRME: High-resolution micro-endoscopy; PPV: Positive predictive values; 
NPV: Negative predictive values.
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to rinse them completely, which might have affected 
the imaging and thus influenced the outcome of the 
preliminary diagnosis.

So far, evaluation of the diagnostic utility of 
HRME is still at the preclinical stage, although it 
shows good prospects for clinical application. HRME 
imaging equipment has not bee perfected and it is not 
widely used in clinical settings. The practicability and 
diagnostic accuracy of HRME need to be validated in 
further randomized controlled trials to validate before 
HRME could be applied clinically. 

In conclusion, HRME is a newly developed imaging 
tool that shows promise for imaging at the cellular and 
subcellular levels, and has the potential to carry out 
real-time pathological imaging in target tissues[4,5,7,15-19]. 
Preclinical studies have verified that this technique has 
relatively high sensitivity, specificity and accuracy, which 
suggest a promising future in clinical practice[6,7,13-19]. 
Future research should improve this imaging system, 
particularly in terms of new contrast agents that promote 
the combination of this technique with endoscopy.  
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