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<{Background>

Hirschsprung's disease is a congenital abnormality of the enteric nervous system presenting
functional intestinal obstruction due to the lack of ganglion cells in the distal gut. Therefore,
resection of the lesion is a curative procedure. Although it is desirable to preserve a large amount
of normal intestinal tract to preserve function, leaving the lesion can lead to postoperative
defecation problems. Therefore, the surgery requires an intra—operative histopathological diagnhosis
to assess the extent of digestive nerve plexus. However, it is sometimes difficult to determine the
extent of the lesion by a single intra—operative histopathological diagnosis, and the procedure is
performed multiple times, which frequently lengthens the operating time. In addition, pathologists
are not always on call when patients are brought to the emergency room at night, thus it can delay
diagnosis and treatment. Therefore, a simple and real-time diaghostic technique is required
{Methods & Results>

In our group, we have previously developed the world s first rigid speculum capable of near—infrared
hyperspectral imaging (NIR-HSI). Near—infrared light (especially 1000-1400 nm) is well known to have
higher tissue penetration than visible light. For example, visible image is difficult to recognize
checkerboard under 10 mm—thickness chicken breast, but it can be seen with near—infrared imaging. In
addition, in the near—infrared region, optical absorption originating from molecular vibration occurs
In other words, it is possible to identify the composition of the deep part of the living body from
the absorption spectral information in a non—staining, non—destructive manner. The technique of
spectroscopy at each pixel of the camera (HSI) makes it possible to analyze components with high
spatial resolution. Therefore, it is expected to visualize the nerve plexus in muscle tissue from the
serous side by using a high-magnification NIR-HSI optical system.

In this project, we developed a hand-held NIR-HSI optical system with microscopic magnification as
a device configuration for on-site visualization of the enteric nerve plexus at clinical sites. As a
result, we succeeded in developing a rigid endoscope with a resolution of less than 5 pm. The optical
design of this device also takes into account near—infrared wavelengths, and it has been shown that
NIR-HSI can be acquired without chromatic aberration. In addition, we designed an optical system that
can obtain near—-infrared and visible image by splitting NIR and visible light for one—to—one
correspondence with fluorescence images

To investigate whether this device can visualize the nerve plexus, we compared the fluorescent
image of the removed colon with the NIR-HSI data using GFP mice, in which the nerve plexus fluoresces
The NIR-HSI images showed a clear contrast difference in the region of the fluorescing nerve plexus.
Comparison of the average spectrum showed differences in the near—infrared wavelength region above
1000 nm, suggesting the possibility of nerve plexus classification. This finding of non-staining and
non—destructive observation of the nerve plexus is unprecedented, even in mouse experiments, and is
the first such result in the world
<Conclusion>

These results indicate that the proposed method has the potential to replace the conventional
intraoperative rapid pathological diagnosis as a diagnostic method to visually grasp the distribution
of nerve plexus in real time. Therefore, if realized, this technology can be expected to be put to
practical use as a technique to significantly reduce the risk of prolonged time required to obtain a

definitive diagnosis due to the difficulty of collecting empirical tissues



