Tissue optics for low invasive diagnostics
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Lung cancer is the leading cause of cancer death worldwide [1]. In the Czech Republic it comprised 10.7 % (approx. 6 600 cases per year) of new cancers and 18.2 % of cancer deaths in 2021, yet only 10.5 % are detected at stage I [2]. Early detection dramatically improves outcomes: one-year survival is 81–85 % at stage I versus 15–19 % at stage IV [3,4]. 

One of the early manifestations of lung cancer are solitaire pulmonary nodules (SPNs). A small, round opacity in the lung, surrounded by healthy tissue that can be both malignant and benign [5]. Options of diagnostics are immediate open chest surgery for critical cases [6], lung biopsy under CT or ultrasound navigation and pulmonary endoscopic biopsy. The nodules that are under 20 mm in size and the ones located distally are the most problematic from the diagnostics point of view: bronchoscopy methods often cannot reach the distal parts of the lung because of small airways size or have troubles navigating through the lung parenchyma. Transthoracic approach may be helpful, however, there is a higher risk of pneumothorax. 
Our team was contacted with the proposition of work with bronchologist on design of diagnostic devices for SPNs using NIR transmittance spectroscopy. NIR spectroscopy was employed in study [7] to access the CT/PET found SPNs using two fiber system, collecting the spectral signal of back scattered light and in similar manner in study [8] for caries detection. However, transmittance NIR camera imaging has not been reported for lung lesions diagnostics. The market research of pulmonary diagnostic instruments shows no available ready-to-buy tools for transmittance NIR spectroscopic camera imaging. Based on our measurements we have defined the optimal lung transmittance wavelength and there are no bronchoscopes with this wavelength light delivery. This means that for Transluminance NIR spectroscopy it is necessary to develop a new diagnostic tool set. The approach is a bronchoscope with NIR source and pleuroscope with NIR camera. This will enable minimally invasive diagnostics and low post operative risks, allowing for real time SPN registration and assessment.
We performed a review of popular ways and methods to describe tissue optics so it can direct the optical design of the diagnostic toolset. However, the price and sophistication of equipment and the great disadvantage of used sample thickness varying from hundredths of millimeters to couple of millimeters led us to development of own measurement tool as the application in question requires description of lung-light interaction within at least 20 mm. The new method allows the measurement of diffused transmittance and calculation of attenuation coefficient. The validation of the results was performed by comparing the attenuation coefficients with literature data. Our device is simple, cost effective and mobile. It allows extraction of the tissue optics data, directing values for the low invasive medical toolset development for solitary pulmonary nodules diagnostics. 
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