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Intraoperative diagnosis of human brain gliomas

using THz spectroscopy and imaging 
Abstract— In this work, we study the THz optical properties of human brain gliomas ex vivo featuring WHO grades I to IV, as well as of perifocal regions comprised of intact and edematous tissues. The tissue specimens were characterized using the reflection-mode THz-pulsed spectroscopy and histology. The gelatin embedding of tissues allowed for sustaining their THz response unaltered for several hours, as compared to that of freshly excised tissues. We observed statistical difference between intact tissues and tumors. 
I. INTRODUCTION 
G
liomas form the most common type of primary brain tumors. Among the prognostic factor of glioma treatment, achievement of its gross-total resection is a crucial one for reducing the probability of tumor recurrence and increasing the patients' survival. Gliomas usually possess unclear margins, complicating their gross-total resection. Existing methods, applied to differentiate between healthy tissues and gliomas, do not provide satisfactory sensitivity and specificity of diagnosis, especially for low-grade gliomas. Terahertz (THz) spectroscopy and imaging represent promissing techniques for the intraoperative neurodiagnosis [1-3]. Early diagnosis of glioma may be achieved by detecting the molecular biomarkers in brain tissues and body fluids [4]. In our work, we studied an ability for the
intraoperative diagnosis of human brain gliomas using
THz technology.
II. Results
We measured THz dielectric response (optical constants) of gelatin embedded human brain gliomas ex vivo with different WHO grades using THz pulsed spectroscopy. The gelatin embedding of tissues was used in order to preserve them from hydration/dehydration and, thus, to sustain their THz response unaltered for a couple of hours after the surgery, as compared to that of freshly-excised tissues ex vivo. The results of our study demonstrate increased values of THz optical constants of WHO grade I–IV gliomas, as compared to that of intact (healthy) tissues of the human brain. Meanwhile, the THz response of edematous tissues in a perifocal region is close to that of a tumor; thus, edematous tissues might be recognized as a tumor, leading to the false positive results of diagnosis. Our experiments allows for objectively uncover a prospective of THz spectroscopy and imaging for the intraoperative diagnosis of human brain tumors [5, 6]. Considering current developments on THz spectroscopy and imaging, we analyzed an ability to transfer THz technology into a neurosurgical practice. In our opinion, a single-point measurements of tissues using THz spectroscopy or reflectometry could be integrated into modern neurosurgical probes, in order to perform simultaneous intraoperative diagnosis of tissues in vivo with further removal of tumorous tissues by their
aspiration. For example, sapphire shaped crystals [7]
provide a favorable combination of physical and
mechanical properties to serve simultaneously as key
elements of modern neouroprobes [8] and as highly efficient THz waveguide [9]. Furthermore, THz
technology could aid express-histology of excised tissues
ex vivo, which is nowadays widely-applied intraoperatively to correct the surgery [10].
III. Summary

In conclusion, in our research, we studied a dielectric response of gelatin-embedded human brain gliomas of WHO grade I–IV using THz pulsed spectroscopy. We found statistical differences between the response of intact tissues and tumors; thus, highlighting a prospect of THz technology in the intraoperative neurodiagnosis.
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