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Quantitative fluorescence optical tomography technique to image deep

human tissue
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Development of a time-domain reflectance-mode fluorescence imaging

system and a quantitative 3D image reconstruction algorithm
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We aimed to demonstrate a methodology to visualize fluorescence targets in deep human tissue,
reconstructing a quantitative 3D image of the targets for detection of sentinel lymph nodes (SLN)
in a relatively deep region. The project consisted in a system and numerical algorithm
developments, a development of a fluorescence-PET multimodal nano-probe for validation and
actual validation measurements with small animals using these system, algorithm and probes.

We employed a time-domain reflectance-mode technology for the fluorescence measurement
system. We have made a small time-domain fluorescence measurement system with two injection
and two detection channels, which were simultaneously measuring fluorescence temporal profiles
at 4-different injection-detection pairs. This system could be transferred by a standard delivery
service without any problem and used at a room outside of a laser facility. For the injection-
detection optics, we concluded that the actual contact of the optical fibers to the sample surface
was required and the injection and detection fibers were placed at the node of a triangular grid
about 2-cm on a side. The holder was made by a black plastic resin to reduce the undesired
reflection. We also found that the selection of the optical fiber for detection was very important
to reduce the background generated by the strong excitation light scattered.

We conducted some measurements with meat phantoms to mimic the fluorescence
measurements of tissue. Then, we could selectively detect the fluorescence emitted by a target
(2-mm in diameter and 1-cm length) at more than 1-cm below the surface using temporal profiles
of fluorescence. We have concluded that this technique can be very useful for surgical guidance
in the SLN fluorescence angiography.

The 3D fluorescence image construction was succeeded with both simulation and phantom
measurement data. The point of the data management was that data with a similar statistical
quality and with a smaller background contribution were selected. In the pre-process, data were
deconvolved by the instrumental response function to reduce the complexity of the calculation.
We have shown that an assumption, where the absorption by the target was ignored, for
calculation of the excitation light was effective to reduce the computational cost without
degradation of the reconstructed image. Finally, the image quality was greatly improved by a
level-set method to set two values, the absorptions by the fluorophores and the background.

We have also developed fluorescence-PET multimodal nano-probes using lactosome, which
encapsulated near-infrared fluorescence dyes and 18F modified poly L-lactic acid (PLLA). For the
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near-infrared dye, Dy780, was selected because of its stability and a dye-lactosome ratio 3:1 was
the best ratio of the brightness. We have confirmed that this probe accumulated at a tumor
implanted into a rat (HWY/Slc) and the best contrast of the PET image could be achieved at 6-
hours after the injection.

Finally, the measurements with fluorescence and PET were conducted. The PET
measurements could visualize the tumor site however the background by remained probes in the
blood circulation hided the fluorescence from the tumor site. Therefore, it could be concluded that
the specificity of the fluorescence probes was the key issue of the design and it is more serious
than the design of PET probes.

A fluorescence detection device using continuous wave laser was also constructed and was

planned to use in diagnosis of aspiration.
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