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ABSTRACT

An appropriate identification of the tissue type that is in front of the excision surgical tool is critical, for either tumoral
tissue removal, or even accessory healthy tissues whose destruction could cause severe collateral damage. Healthy tissue
distinction is an unsolved task in real surgical praxis, due for instance to alterations or hemorrhages. Many approaches
have tried to solve the problem of healthy tissue discrimination, such as spectroscopy. Diffuse Reflectance Spectroscopy
(DRS), an easy to implement and reliable optical diagnostic technique, has shown great potential in tumoral tissue
discrimination, as long as in healthy tissue distinction. However, the identification of nerve tissue in particular is
challenging. What is more, nerve tissue distinction is critical in surgical interventions, due to the severe irreversible
dysfunctions in patient mobility that collateral damage could cause. Fluorescence is an optical technique that could be of
relevance for nerve identification. The need of specific fluorophores that tend to accumulate preferentially on nerve tissue
is essential for this task. Image quality requires also an analysis of the optical source, filters employed, fluorophore
concentration or inoculation method. Together with those aspects, additional open questions include incubation time or
cytotoxicity, critical for clinical translation. In this work, fluorescence imaging for nerve identification is applied on in
vivo rats. The approach uses several fluorophore concentrations, based on Oxazine, and combines topical and intravascular
inoculation. Optical irradiance is considered for image contrast. The results show an appreciable nerve contrast for
optimized parameters.
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1. INTRODUCTION

The applications of optics in medical practice are based on the study of biological light-tissue interaction. Most of the
biological tissues can be defined, from the optical point of view, as multilayered turbid media. This definition implies the
presence of absorption properties and high scattering. Different effects can be distinguished in the interaction between
optical radiation and biological tissues. Among the most relevant ones in optical techniques applied to biomedical practice
are reflection and transmission, as well as the aforementioned scattering and absorption. The propagation of optical
radiation in a biological tissue can be estimated from the above effects, among others. The relevance of these effects must
be first quantified, in order to carry out analysis and designs. Typically, the so-called optical properties, such as refractive
index, absorption coefficient, scattering coefficient, or scattering anisotropy, are used to characterize biological tissues [1].
The property of absorption is particularly relevant, as it greatly influences the penetration depth of optical radiation. For
example, it appears as fundamental in the design of a certain diagnostic or treatment equipment. It is mainly absorption
that defines the so-called therapeutic window. This range of wavelengths, between 600 and 1100 nm, represents the spectral
region with the lowest attenuation in biological tissues.
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One of the most critical diagnostic problems in clinical practice has to do with conventional biopsy, a gold standard
diagnostic approach. Optical techniques could be an alternative of interest in order to try to avoid its invasive nature, as
well as diagnostic delays. In this way, there would be non-invasive, non-contact, non-ionizing and high resolution and
contrast techniques, for instance for pathological tissue identification [2]. Success in this goal would lead to the so-called
optical biopsy, which could revolutionize clinical practice. In the particular case of diagnosis, there is a currently unsolved
application that could also benefit from the advantages of optical techniques. In particular, the application refers to guided
surgery systems, which require tissue discrimination before addressing the corresponding procedures, usually selective
cutting. Optical surgery provides a localized and controlled tissue excision [3]. In addition to achieving an accurate
intervention, tissue type discrimination would prevent damage to adjacent tissues. The damage can be particularly relevant
if these adjacent tissues are, for example, blood vessels or nerve tissue.

Among the optical techniques that could contribute to solving this problem are spectroscopic techniques. As mentioned
earlier, the optical radiation that absorbs and scatters a sample depends strongly on its optical properties, mainly on its
absorption coefficient u, and reduced scattering u,". Consequently, the spectral information of a tissue contains diagnostic
data. Numerous studies have demonstrated the feasibility of the technique to determine the state of a tissue and provide
information on the morphology, functionality or biochemical composition of the sample [4, 5]. The intrinsic contrast
achieved with techniques such as Diffuse Reflectance Spectroscopy is not always sufficient [6], and therefore it is
necessary to include some extrinsic substance to try to increase it. Among the most common exogenous components are
fluorophores, widely used in biological systems, as well as in the clinics. Specific substances could then serve as distinctive
elements in the mentioned applications of guided surgery. This substances could even be used for treatment and
monitorization [7, 8]. The identification of nerve tissue is particularly critical to this aim, as unintended sectioning could
provoke severe damage to the patient. Among the techniques intended for nerve identification, fluorescence is probably
the most promising one [9]. Specific fluorophores tend to accumulate preferentially on nerve tissue, and contribute, as a
consequence, to tissue discrimination. Although preliminar results are promising, there are still open questions regarding
signal to background acceptable ratios, incubation time or cytotoxicity that need to be solved prior to clinical translation.

In this work, fluorescence imaging is applied to nerve identification in in vivo rats. The application is made by topical and
intravascular approaches. Several fluorophore concentrations are employed, and the influence of the solvent is analyzed.
Section 2 presents the main mechanisms of fluorescence spectroscopy. In section 3 some results are presented and
discussed. The fourth section contains the conclusions.

2. FLUORESCENCE SPECTROSCOPY

Fluorescence is used in biomedical applications mainly for the diagnosis of biological tissues [7, 8]. There are certain
intrinsic substances in biological tissues capable of producing the effect of fluorescence. In this case the effect is known
as self-fluorescence. In case the contrast is not enough, or there are no fluorescent substances, extrinsic fluorophores are
used. In medical practice the second approach is more common. Two extrinsic fluorophores approved for clinical use are
Methylene Blue and Indocyanine Green. Both have the approval of the American FDA (Food and Drug Administration),
and are commonly used in clinical practice, especially for the detection of tumor tissues. The spectral response is essential
in the characterization of fluorophores, since this response is subsequently used as a differentiating element in the
diagnosis. In addition, the spectral response determines the quantum efficiency, and therefore the irradiance of the emitted
radiation, which constitutes a key aspect of the design of equipment for fluorescence measurements. In this way it is
possible to facilitate the location of specific points of the anatomy that would otherwise be much more difficult, or even
impossible, to locate.

The fluorophores under analysis are pure solids, which makes it necessary to use solvents for clinical use. The clinical
administration is usually systemic, intravenous, or sometimes topical. In any case, the administration medium is usually a
liquid or an aerosol. Fluorophore concentration and solvent type generate different interactions, which give rise to
significant variations in the excitation spectrum. These variations greatly modify the characteristics of the absorbed and
emitted radiation, which makes both the efficiency and the spectral configuration of the diagnostic detection system
completely change.

The absorption of light, which is mainly responsible for fluorescence, occurs mainly through three basic processes:
electronic transitions (between atoms and molecules, typically between ultraviolet and infrared), vibrational transitions
(only between molecules, infrared region) and rotational transitions (only between molecules, infrared and submillimeter
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wavelengths). The efficiency of light absorption at a wavelength (L) by an absorbent medium is characterized by the
absorbance A (L) or by the transmittance T (X) defined in equations 1 and 2 respectively [1].

(A) = log (%) = —1logT(2) 1)
T(2) =4 2)

I
Where [ f and I, represent the average light intensity of the incident and transmitted beams, respectively. In many cases,
absorbance follows the Beer-Lambert law:

A =) -1l-c 3

Where € (L) is the molar absorption coefficient expressed in L / (mol-cm), c is the concentration of the species absorbed in
mol / L, and | is the length of the optical path expressed in cm. In order to check if fluorescent discrimination of nerve
tissue is possible, it is necessary to carry out experiments in vivo. In this way it is possible to perform a first evaluation of
the feasibility of the technique.

3. RESULTS AND DISCUSSION

The fluorophore employed must present preferential accumulation in nerve tissue, as some oxazines do. The imaging setup
is based on a previous knowledge of the spectroscopic characteristics of the fluorophore, and are a function of the solute
employed or fluorophore concentration. This last parameter alters the total intensity signal, which is directly proportional
to the amount of molecules, and also spectral absorption and emission, as chemical bonding changes with an increasing
number of molecules. In this work two different solutes were employed. One of them was appropriate for the topical
application, and the other one for intravascular inoculation. Figure 1 shows an example of emission spectra of Oxazine 4
at a concentration of 20uM in water and in Phosphate Buffered Saline (PBS).

Measurements were made on in vivo Sprague Dawley rats. The experimental protocol was approved by the bioethical
committee of the University of Cantabria. Rats remained at least a week at the University facilities until they reach a weight
of around 150-200 grams. They were anesthetized by pentobarbitone at 65 mg/kg. Fluorophore preparations included
topical and intravascular administration. Bilateral sciatic nerves were exposed by open surgery at the predetermined
incubation times. The imaging setup included a high power LED at 630 nm, excitation and emission filters, a dichroic, a
CMOS camera and a camera objective.
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Figure 1. Emission spectra of Oxazine 4 at 20 uM in a) water and b) PBS.

Fluorescence imaging of the exposed sciatic nerve is shown in Figure 2. White light image appears in Figure 2a, and
fluorescence image in Figure 2b. The sciatic nerve is clearly identified in the fluorescence image over the background,
although exposed areas that correspond to cut muscle tissue also present significant signal. The rest of fat and muscle tissue
remain with low fluorophore concentration. Several concentrations, irradiances and incubation times were measured. The
results contribute to nerve discrimination in guided surgery.
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Figure 2. Example of sciatic nerve imaging in a) white light image and b) fluorescence image.

4. CONCLUSIONS

In this work tissue discrimination for guided surgery has been explored. In particular, the problem of identifying nerve
tissue has been analyzed and tested. Endogenous Diffuse Reflectance Spectroscopy has been shown as an appropriate
technique for tissue discrimination, but the identification of nerve tissue remains an issue. Exogenous contrast for nerve
tissue has been tested on in vivo rats by means of specific fluorophores. The influence of fluorophore concentration and
solvents has been studied and experimentally tested. Fluorescence imaging was applied to validate the results. The
proposed technique could contribute to the reduction of collateral damage on nerve tissue in guided surgery, avoiding
severe consequences of accidental nerve resection.
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