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Abstract

BACKGROUND

No studies have yet been conducted on changes in microcirculatory hemody-
namics of colorectal adenomas in vivo under endoscopy. The microcirculation of
the colorectal adenoma could be observed in vivo by a novel high-resolution
magnification endoscopy with blue laser imaging (BLI), thus providing a new
insight into the microcirculation of early colon tumors.

AIM

To observe the superficial microcirculation of colorectal adenomas using the novel
magnifying colonoscope with BLI and quantitatively analyzed the changes in
hemodynamic parameters.

METHODS

From October 2019 to January 2020, 11 patients were screened for colon adenomas
with the novel high-resolution magnification endoscope with BLI. Video images
were recorded and processed with Adobe Premiere, Adobe Photoshop and
Image-pro Plus software. Four microcirculation parameters: Microcirculation
vessel density (MVD), mean vessel width (MVW) with width standard deviation
(WSD), and blood flow velocity (BFV), were calculated for adenomas and the
surrounding normal mucosa.

RESULTS

A total of 16 adenomas were identified. Compared with the normal surrounding
mucosa, the superficial vessel density in the adenomas was decreased (MVD: 0.95
+0.18 vs 1.17 £ 0.28 pm/pm? P < 0.05). MVW (5.11 + 1.19 vs 416 + 0.76 pm, P <
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0.05) and WSD (11.94 + 3.44 vs 9.04 £ 3.74, P < 0.05) were both increased. BFV slowed in the adenomas (709.74 +
213.28 vs 1256.51 + 383.31 pm/s, P < 0.05).

CONCLUSION
The novel high-resolution magnification endoscope with BLI can be used for in vivo study of adenoma superficial
microcirculation. Superficial vessel density was decreased, more irregular, with slower blood flow.

Key Words: Adenoma; Microcirculation; High-resolution magnification endoscopy; Blue laser imaging

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: No studies have yet been conducted on changes in microcirculatory hemodynamics of colorectal adenomas in vivo
under endoscopy. Through our study, we found that the novel high-resolution magnification endoscope with BLI can be a
tool for in-vivo study of adenoma superficial microcirculation. The superficial vessel density in the adenoma was decreased
with more irregularity and slower blood flow. This is the first and pilot study to observe the microcirculatory hemodynamics
of colorectal adenomas in vivo under endoscopy, and we believe that other doctors will be inspired by our article.

Citation: Dong HB, Chen T, Zhang XF, Ren YT, Jiang B. In vivo pilot study into superficial microcirculatory characteristics of
colorectal adenomas using novel high-resolution magnifying endoscopy with blue laser imaging. World J Gastrointest Endosc 2024;
16(4): 206-213

URL: https://www.wjgnet.com/1948-5190/full/v16/i4/206.htm

DOI: https://dx.doi.org/10.4253/wjge.v16.i14.206

INTRODUCTION

Colorectal cancer (CRC) is one of the most common malignancies in humans, ranking third in morbidity and second in
mortality worldwide. The incidence of CRC is rising rapidly in the Asia-Pacific region[1]. Nearly half of the patients have
a life span of < 5 years due to late diagnosis and potentially progressive disease. The majority of CRCs arise from
adenomas; that is, the classical adenoma-carcinoma sequence (ACS)[2]. ACS is a series of events by which colorectal
adenomas develop, initially showing low-grade dysplasia, and some progress to high-grade dysplasia and eventually
invasive carcinomal[3]. Prior research has shown that identifying premalignant stage lesions (adenomas) of CRC by
colonoscopy and subsequent endoscopic resection can prevent disease progression and reduce CRC-associated morbidity
and mortality[4,5].

Angiogenesis, the secondary growth of blood vessels, plays an important role in tumor development[6]. Angiogenesis
mediates the transition from hyperplasia to dysplasia and is a necessary condition for the growth of solid tumors[7]. The
surface capillaries of colorectal tumors often show morphological changes, such as heterogeneity in vessel diameter or
density and loss of hierarchical structure[8]. Although the importance of tumor angiogenesis is well known, conventional
endoscopic images cannot be used to display these changes in capillaries due to inadequate resolution. No studies have
yet been conducted on changes in microcirculatory hemodynamics of colorectal adenomas in vivo under endoscopy. In
clinical practice, we found that a novel high-resolution magnifying colonoscope (Fujifilm EC-760ZP) with blue-laser
imaging (BLI) can clearly display mucosal surface capillary networks in vivo and in real time.

In this study, we observed the superficial microcirculation of colorectal adenomas using the novel magnifying
colonoscope with BLI and quantitatively analyzed the changes in hemodynamic parameters, thus providing a new
insight into the early colorectal tumors.

MATERIALS AND METHODS

Research design

In this prospective study, the novel magnifying colonoscopy at the endoscopic center of Beijing Tsinghua Changgung
Hospital between October 2019 and January 2020 diagnosed 11 patients with colorectal adenomas. All patients gave
signed informed consent and the study was approved by the Medical Ethics Committee of Beijing Tsinghua Changgung
Hospital and registered in the Chinese Clinical Trial Registry (ChiCTR2000031294). All research was performed in
accordance with relevant guidelines and regulations.

Image acquisition

The patients were examined by the same endoscopist (YR) with the same high-resolution magnifying endoscope (EC-
760ZP; Fujifilm, Japan). Standard bowel preparation and intravenous anesthesia were conducted in all the patients.
Before each endoscopic examination, a soft black rubber cap (Olympus, Japan) was attached to the tip of the endoscope,
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Table 1 Characteristics of patients (n = 11) with colorectal polyps (n = 16)

Variables n (%)

Sex

Male 5 (45.5)
Female 6 (54.5)
Age (mean + SD) (yr) 59.94 +7.40
Lesion size (mean * SD) (mm) 8.19 +£3.95

Polyp morphology

0-Isp 4(25)
0-Ila 11 (68.7)
SST. 1(6.3)
JNET classification

JNET 2a 13 (81.2)
JNET 2b 3 (18.8)
Pathology tubular adenoma 16 (100)

SSL: Sessile serrated lesions; JNET: Japanese narrow-band imaging expert team.

and a microscopic ruler on a transparent glass plate (div=100 pm, Cossim, China) was used for measurement calibration
at maximal magnification (145x).

Once a polyp was discovered, it was initially observed by conventional white-light imaging. A fully opened biopsy
forceps (width 6 mm) was used to estimate the lesion size. Under BLI with low magnification, Japanese narrow-band
imaging Expert Team (JNET) classification was used to evaluate the microsurface and microvessels of the polyps[9]. The
transparent cap was attached to the surface of the polyp and the surrounding mucosa. The superficial capillary network
was observed at maximal magnification (145%). The calibration and examination procedures were recorded as high-
resolution videos (.mp4, 1080p, 30 frames/s) for at least 5 s and stored in a hard disk for further analysis. After
observation, all polyps were resected under endoscopy and sent for pathological evaluation.

Image calculation
Adobe Premiere Pro 2019 software was used to export the recorded video images at 30 frames/s. Clear images were
selected and the surface capillaries were identified and highlighted by Image-pro Plus 6.0 (Media Cybernetics, JNET).
Mean vessel width (MVW) with width standard deviation (WSD) and microcirculation vessel density (MVD) (total vessel
length per image area) were calculated with microscopic ruler calibration in Image-pro Plus software[10,11].
Time-sequential surface capillary images of each frame were imported in Adobe Photoshop CS4. The route of capillary
flow was identified, marked and merged into one image without resolution loss. The distance between two marks
suggested the blood flow within a certain time. The emergent image was imported in Image-pro Plus. The blood flow
velocity (BFV) was calculated as the distance between two marks divided by the time between the two given sequential
frames (1/30-2/30 s). BFV in three different areas were averaged.

Statistical analysis
Continuous data were expressed as mean * SD and categorical data as percentages. The paired t test was used to compare
the means. P < 0.05 was considered statistically significant. STATA 17.0 software was used for statistical analysis.

RESULTS

A total of 16 adenomas were discovered in the 11 patients. The mean age of the patients was 59.9 + 7.4 years and there
were six women and five men (Table 1). The average adenoma size was 8.2 + 4.0 mm. There were four 0-Isp, 11 0-Ila
adenomas and one sessile serrated lesions. Thirteen adenomas were classified as JNET type 2a and three as JNET type 2b.
Pathology showed that all the adenomas were tubular.

The surface blood flow in the capillaries could be clearly seen under BLI with maximal magnification, both in the
adenoma and surrounding mucosa (Figure 1A and B, Videos 1 and 2). The capillaries within the adenoma appeared to be
wider and more tortuous than those in the surrounding mucosa. The surface capillaries were automatically identified as
red and calculated (Figure 1C and D). Mark the position of blood flow in certain time, so as to obtain the blood flow
advance distance, and then calculate the BFV (Figure 2A and B).
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Figure 1 Superficial capillaries in an adenoma and surrounding normal mucosa observed under high-resolution magnifying endoscope
with blue-laser imaging, and then identified by Image-pro plus software. A: Blue laser imaging (BLI) observed the surface vessels of adenomas; B: BLI
observed normal mucosal surface vessels around the adenoma; C: Image-pro plus identified the blood vessels on the surface of adenoma as red; D: Image-pro plus
identified normal mucosal surface blood vessels around the adenoma as red. BLI: Blue-laser imaging.

Compared with the surrounding normal mucosa, the superficial vessel density of the adenomas was significantly
decreased (MVD: 0.95 + 0.18 vs 1.1 £ 0.28 pm/pm? P < 0.05). MVW (5.11 + 1.19 vs 4.16 £ 0.19 pm, P < 0.05) and WSD
(11.94 + 3.44 v5s 9.04 + 3.74, P < 0.05) were increased. The superficial blood flow slowed down remarkably in the adenomas
(BFV:709.74 + 213.28 vs 1256.51 + 383.31 pm/s, P < 0.05) (Table 2).

DISCUSSION

The pathway of CRC progression through ACS is well known, so early diagnosis and treatment of colorectal adenoma are
crucial to reduce the risk of CRC development[4]. Various enhanced imaging techniques have been developed to improve
the ability of doctors to recognize neoplastic lesions such as narrow-band imaging (NBI) (Olympus), i-SCAN (Pentax,
Tokyo, Japan) and flexible spectral imaging color enhancement (Fujifilm)[12]. BLI (Lasereo System; Fujifilm) is another
form of NBI. Instead of using filters for white light to produce narrow bandwidths, the BLI system is equipped with light
sources that emit two different wavelengths of laser light. A laser with a wavelength of 450 nm can stimulate phosphors
to produce white light illumination, while a BLI mode laser with a wavelength of 410 nm can be used as a high-contrast
signal to obtain information on mucosal vascular patterns and surface patterns, thus achieving visual enhancement of
surface vessels and structures[13,14].

Although the importance of neoplastic angiogenesis is widely recognized, there is strong evidence that induction of
angiogenesis may occur early in the ACS, with angiogenic conversion occurring at the same time as tumor invasion[2,15,
16]. However, there are no quantitative data on the indexes of capillary microcirculation of colorectal adenoma under
endoscopy and in the surrounding normal mucosa. Blood flow in capillaries on the mucosal surface of the colon can be
clearly observed under high-resolution magnification endoscopy with BLI, which provides a possibility for quantitative
analysis of microcirculatory changes in colorectal adenomas.
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Table 2 Comparison of superficial microcirculatory characteristics between adenoma and surrounding mucosa

Adenoma Surrounding mucosa t P value
MVD (um/pm?) 0.95 +0.18 1.17 £0.28 2.640 0.019
MVW (um) 511%1.19 416+0.76 5.503 <0.001
WSD (um) 11.94 +3.44 9.04 +3.74 4.494 <0.001
BEV (um/s) 709.74 +213.28 1256.51 + 383.31 4.986 <0.001

MVD: Microcirculation vessel density; MVW: Mean vessel width; WSD: Width standard deviation; BFV: Blood flow velocity.

Figure 2 The green marks represent the blood flow progression in 1/30 s. A: The green mark represents the blood flow position at a certain time; B:
The green mark represents the blood flow position after 1/30 s.

We found that capillaries on the normal colorectal mucosal surface were arranged around the annular adenoid tube,
while capillaries on the surface of the adenoma lost their normal structure. The capillary length per unit area on the
surface of adenoma was shortened and vessel density was reduced. In addition, compared with the surrounding normal
mucosa, the vessel width on the surface of the adenoma was increased and BFV was decreased. Nowadays, endoscopists
usually use the JNET classification for microsurface structure and microvascular pattern. It is subjective in nature, and
there is still some disagreement[17]. However, through our quantitative calculation with high-resolution magnifying
endoscopy with BLI, we found that the width and variability of capillaries on the surface of the adenomas increased,
which could confirm the rationality of the (JNET) classification. Further studies are warranted.

Previous studies have shown that image-enhanced endoscopy using NBI and BLI can be used to characterize known
lesions by enhancing mucosal vessels and structures[18]. The use of BLI can significantly improve identification of
adenomas, but there are no studies on microcirculation of colorectal adenoma under endoscopy[19,20]. To date, the only
study on tumor vessels is a scanning electron microscopy study of cast colorectal vessels, which has provided spatial
tissue information of tumor vessels, as well as quantitative results of morphological characteristics and diameter of
individual vessels[21,22]. The normal mucosal capillaries of the colorectum presented a honeycomb arrangement around
the mucosal glands, while the vascular layer in the adenoma was lost, which was consistent with our endoscopic
observations. Further quantitative analysis showed that the vascular space in the adenoma was narrowed, the density
was increased, the vascular width was increased, and the dispersion was greater. However, the vascular density of
colorectal adenomas was decreased in our study. The difference in vascular density between the two studies may be
related to different definitions. In the previous study, vascular density was defined as the spatial density of blood vessels
in the lesion, which was related to the volume of blood vessels and the distance between them. We defined vascular
density as the length of microcirculation capillary blood vessels on the adenoma surface within a unit area[11]. We only
studied the changes in surface vessel length and did not involve deeper vessels. Figure 1D clearly shows that the software
automatically recognized the capillaries on the surface of the adenoma, while the deeper and thicker vessels were not
included in the analysis.

For the first time, we quantitatively analyzed the changes in capillary BFV of the colorectal adenomas, and the
decreased velocity in the tumor may explain the failure of tumor drug therapy, because slower blood flow affects the
delivery of drugs to the tumor, thus reducing their effectiveness. We found that these changes were largely related to the
progress in endoscopic imaging technology. The emergence of high-resolution magnification endoscopy provides us with
the possibility to study the changes in microcirculation-related indicators of colorectal adenoma.
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One limitation of our study was the small sample size, which means that the results are not widely representative. In
the next study, we will increase the sample size and further analyze the changes in hemodynamic indicators related to the
surface vascular microcirculation of polyps, adenomas and adenocarcinomas. This will provide a new theoretical basis for
the diagnosis of early colorectal tumors and the possibility of active recognition of colorectal lesions with AI technology
under endoscopy.

In conclusion, high-resolution magnifying endoscopy can be used to quantitatively analyze the microcirculation on the
surface of colorectal adenomas. The superficial vessel density in the adenomas was decreased, with more irregularity and
slower blood flow.

CONCLUSION

The novel high-resolution magnification endoscope with BLI can be a tool for the in vivo study of adenoma superficial
microcirculation. The superficial vessel density in the adenoma was decreased, with more irregularity and slower blood
flow.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is one of the most common malignancies in humans. Prior research has shown that identifying
premalignant stage lesions (adenomas) of CRC by colonoscopy and subsequent endoscopic resection can prevent disease
progression and reduce CRC-associated morbidity and mortality. Angiogenesis, the secondary growth of blood vessels,
plays an important role in the development of tumors. The surface capillaries of colorectal tumors often show morpho-
logical changes, such as heterogeneity in vessel diameter or density and loss of hierarchical structure.

Research motivation

Although the importance of tumor angiogenesis is well known, conventional endoscopic images cannot be used to show
these changes in capillaries due to inadequate resolution. No studies have yet been conducted on changes in microcircu-
latory hemodynamics of colorectal adenomas in vivo under endoscopy. In clinical practice, we found that a novel high-
resolution magnifying colonoscope (Fujifilm EC-760ZP) with blue-laser imaging (BLI) clearly revealed the mucosal
surface capillary network in vivo and in real time.

Research objectives

In this study, we observed the superficial microcirculation of colorectal adenomas using the novel magnifying
colonoscope with BLI and quantitatively analyzed the changes in hemodynamic parameters, thus providing a new
insight into early colorectal tumors.

Research methods

From October 2019 to January 2020, 11 patients were screened for colon adenomas with the novel high-resolution
magnification endoscope with BLI. Video images were recorded and processed with Adobe Premiere, Adobe Photoshop
and Image-pro Plus software. Four microcirculation parameters: Microcirculation vessel density, mean vessel width with
width standard deviation, and blood flow velocity, were calculated respectively for adenoma and the surrounding
normal mucosa.

Research results

A total of 16 adenomas were identified. Compared with the normal surrounding mucosa, the superficial vessel density in
the adenomas was decreased; the mean vessel width and vessel width deviation were both increased; and blood flow
slowed down in the adenomas.

Research conclusions

The novel high-resolution magnification endoscope with BLI can be a tool for the in vivo study of adenoma superficial
microcirculation. The superficial vessel density in the adenoma was decreased, with more irregularity and slower blood
flow.

Research perspectives

High-resolution magnifying endoscopy can be used to quantitatively analyze the microcirculation on the surface of the
colorectal adenomas. It provide the possibility of active recognition of colorectal lesions with Al technology under
endoscopy.
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