J-PET scanner combined with Positron Annihilation Lifetime Spectroscopy
as a tool for morphometric imaging
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Abstract

Jagiellonian Positron Emission Tomograph (J-PET) [1] is a multi-purpose detector which is used for investigations with positronium atoms in life-sciences as well as for development of medical
diagnostics [2]. A prototype of the J-PET based on plastic scintillators was developed at the Jagiellonian University in Krakow, Poland [3,4].

Positron Annihilation Lifetime Spectroscopy (PALS) allows examining structure of materials at nano and sub-nanometer level. This technique is based on the lifetime and production intensity of
ortho-positronium atoms in free volumes of given structures. It is mostly used for studies of organic materials. J-PET tomograph is capable of imaging of properties of positronium produced inside the
human body [2]. Thus far, there exist few results, e.g. by group of Y. C. Jean [5-6] and J-PET [7-8], showing that morphology of cells is correlated with the PALS parameters.

Results of the first experiments with the cardiac myxoma tumor conducted by the J-PET collaboration will be presented. We performed PALS studies with J-PET first studies of human tissue
(cardiac myxoma tumor and adipose mediastinal tissue). Results shown significance differences between tumor and normal tissue. As a result, we proved that PALS can be successfully used for
studies of living organisms their dynamics and its relation to the cells morphology. This result opens perspective for simultaneous determination of early and advanced stages of carcinogenesis by
observing changes in biomechanical parameters between normal and tumour cells and standard PET examination.
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Positronium is an atom consisting of an electron e” and its anti-particle positron e*, its diameter is about
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Cardiac myxoma PALS setup
Cardiac myxoma is very rare heart disease with an overall incidence of about 0.5 per million per year but Fig. 8. Photo of measurement chamber without (up) and with the source and e E
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- The gamma quanta corresponding to positron creation inside the source and
positron annihilation inside the sample were collected using two detectors
equipped with BaF, scintillators of sizes ¢ 1.5” x 1.5” each. Sodium - 22

tumor usually arises from the endocardium into the cardiac chamber. About 75% of cardiac myxomas are
located in the left atrium, and 15-25% in the right atrium [10]. The only method of treatment of cardiac
myxoma is radical surgical tumor excision using extracorporeal circulation.
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Results

In positronium lifetime spectra (Fig. 12) measured for all samples one component related to o-Ps annihilation in the free voids was found. Ortho-positronium lifetime are shown in
Fig. 13-14 for fixed and not fixed samples respectively.
Entries 500000 Obtained mean o0-Ps lifetime value for fixed cardiac myxoma samples was of about T = 1.99(09) ns, which corresponds to the free volumes radii estimated from the Tao-Eldrup
model assuming spherical shape of void of about r = 0.27 nm.
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Results for all samples from the same tumor are consistent with each other, which means that studied tumors had homogeneous structure on nanometer level. The determined
ortho-positronium lifetime differs from the lifetime for water (1.8 ns), therefore it proves that this technique can be successfully applied in studies of hydrous biological samples.
Different o-Ps lifetimes for tumors from different patients may be correlated to the tumor type, since cardiac myxoma can grow as a papillary type or calcified one. Separate
microCT studies determined Tumors 1,2, 4 as papillary and tumor 3 as calcified one, and presents of this calcification may be the reason for lower lifetime values.

Additionally significant difference between cardiac myxoma and adipose tissue proves that this method can be applied with J-PET scanner as better and more effective diagnostic
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Conclusions

Presented results of the first experiments with the cardiac myxoma tumor conducted by the J-PET collaboration proved that PALS technique can be successfully applied for studies of biological samples. Results showed significant differences
between tumor and normal tissue. Further studies of normal and cancerous cells, will enable determination of early and advanced stages of carcinogenesis by observing changes in biomechanical parameters employing PALS method combined
with J-PET tomography system [2] which is currently being developed at Jagiellonian University [1-4]. These results opens perspective for simultaneous determination of early and advanced stages of carcinogenesis by observing changes in
biomechanical parameters between normal and tumor cells and standard PET examination, therefore this techniques combined can be very effective diagnostic tool.
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