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New Photosensitizers Based on Cyanoaryl Porphyrazines Enabling Strong

Antitumor, Rigidochromic and Immogenic Effects in Photodynamic Therapy

L.G. KLAPSHINA*, S.A. LERMONTOVAA, N.YU. SHILYAGINAB, T.S. LYUBOVAA, E.YU. LADILINAA, |.S.
GRIGORYEVA, L.N. SHESTAKOVAEB, V. BALALAEVAB AND DMITRIY KRYSKQ¢.P
a G.A.Razuvaeyv Institute of Organometallic Chemistry of Russian Academy of Sciences (IOMC RAS),

Nizhny Novgorod, Russian Federation.

b Institute of Biology and Biomedicine, National Research Lobachevsky State University of Nizhny

Novgorod, Nizhny Novgorod, Russian Federation.
¢ Ghent University, Ghent, Belgium
d Cancer Research Institute Ghent, Ghent, Belgium
*Corresponding author: klarisa@iomc.ras.ru

Abstract. New type of rigidochromic cyanoaryl porphyrazines (CAPzs) had been developed in IOMC RAS.
Being incorporated into various nano-sized macromolecular carriers they are found to be highly effective
photosensitizers and reducing agent of tumors during photodynamic therapy (PDT). The main stractural
feature of cyanoaryl porphyrazine (CAPz) macrocycles is associated with the structure of their peripheral
frame which consists entirely of dipolar structural elements of the D-11-A type, where D is an aromatic -
donor, A is the strongly electron-deficient CN group, and -m- is T1r-conjugated space of porphyrazine
macrocycle. On this reason CAPzs enable to form the specific molecule comformation termed twisted
intramolecular charge transfer state (TICT) accessing the mobility of some molecule fragments (molecular
‘rotors’) upon photoexcitation. In the low rigidity environment TICT state is carried out through the ‘rotor’
motion leading to weak or negligible emission. On the contrary, higher rigidity settings introduce a significant
energy barrier to TICT state formation favoring radiative decay and a switching on of fluouorescence
emission. CAPz macrocycles demonstrate very weak emission in the low viscosity solutions but due to a
binding of dye to intracellular biomolecules they show the noticeable fluorescence when they accumulate
in cancer cells. PDT leads to a significant increase in the rigidity of the intracellular space of damaged cells,
leads to an increase in the fluorescence lifetime of cyanoarylporphyrazines. Thus, dynamic fluorescence
lifetime imaging of rigidochromic photosensitizer using FLIM setup allows us to track intracellular viscosity
changes upon PDT. In other words, we enable real time monitoring the dynamics and effectiveness of PDT,
which provides a specifically personalized therapeutic effects. To our best knowledge CAPzs are the first
and unique macrocyclic -conjugated framework that combine the strong photodynamic and

rigidochromic properties. In addition, the recent in vitro and in vivo investigations have shown that some of
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CAPzs are found to be the efficient inducers of various types of immunogenic cell death during PDT [1].
Involving the body's immune system in the fight against cancer prevents therapy resistance effect and

significantly improves treatment outcomes.
Keywords: cyanoaryl porphyrazines, photosensitizer in PDT, twisted intramolecular charge transfer, rigidochromism
References:

[1] V.D. Turabanova, et al. “Novel porphyrazine-based photodynamic anti-cancer therapy induces immunogenic cell

death.” Sci Rep 2021, 11(1): 7205. https://doi: 10.1038/s41598-021- 86354-4
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Visualization of the Sub-Wavelength Structure of Biomedical Objects with Nano-

Sensitivity to Structural Alterations

S. ALEXANDROVA* A, ARANGATHA, M. MURPHY,B N. DUFFYE, AND M. LEAHYA

aNational University of Ireland, National Biophotonics and Imaging Platform, School of Physics, Tissue Optics and

Microcirculation Imaging Group. Galway, H91 TK33 Ireland.
bNational University of Ireland, Regenerative Medicine Institute, School of Medicine, Galway, Ireland
*Corresponding author: sergey.alexandrov@nuigalway.ie

Abstract: Visualization of nanoscale structural changes in biological samples for early detection of different
pathologies poses a significant challenge to both researchers and healthcare professionals. The spectral
encoding of spatial frequency (SESF) approach permits visualization of the sub-wavelength structure in 2D
microscopy imaging [1-5]. Optical coherence tomography (OCT) facilitates label-free, depth resolved
structural and functional imaging of living tissues. However, the structural sensitivity and resolution of
intensity-based OCT imaging are fundamentally limited to microscale. Here, we present the SESF approach
and an adaptation of the SESF approach for depth resolved visualization of the sub-wavelength structure
with nano-sensitivity to structural alterations. We called this novel technique nano-sensitive OCT (nsOCT)
[6-13]. In our talk we will describe the principles of the SESF approach and nsOCT, and demonstrate

different applications which show advantages of these novel techniques.

Keywords: Biomedical optics; Label free imaging; Optical coherence tomography; Nano-sensitivity; sub-

micron structure; Depth resolved imaging.

References:

[1] S. Alexandrov, S. Uttam, R. Bista, C. Zhao, & Y. Liu, Opt. Express 20, 9203-9214 (2012). DOI:
https://doi.org/10.1364/0OE.20.009203.

[2] S. Alexandrov, et al., Appl. Phys. Lett., 101, 033702-5 (2012). DOI:
https://doi.org/10.1364/OE.20.009203.

[3] S. Uttam, et al., Opt. Express 21 (6), 7488-7504 (2013). DOI:
https://doi.org/10.1364/BOE.4.000596.

[4] S. Alexandrov, et al., Sci. Rep. 5, 13274 (2015). DOI: https://doi.org/10.1038/srep13274.

[5] S. Alexandrov, et al., J. Biophotonics 201700385 (2018). DOI:
https://doi.org/10.1002/jbio.201700385.

10



[6]

1stInternational Conference on Medical Optics (MEDOPTICS 2022)

S. Alexandrov, H. Subhash, A. Zam, & M. Leahy, Nanoscale 6, 3545-3549, (2014). DOI:

https://doi.org/10.1039/C3NRO6132A.

[7]
(8]
(9]
[10]
[11]
[12]
[13]

R. Dsouza, et al., Sci. Rep. 8, (2018). DOI: https://doi.org/10.1038/s41598-018-26514-1.

Y. Zhou, et al., J. Biophotonics (2020). DOI: https://doi.org/10.1002/jbio.201960234.

S. Alexandrov, et al., Appl. Phys. Lett. (2019). DOI: https://doi.org/10.1063/1.5110459.

N. Das, et al., J. Biomed. Opt. 26, (2021). DOI: https://doi.org/10.1117/1.JB0.26.1.016003.
N. Das, et al., Nanoscale Advances 2, (2020). DOI: https://doi.org/10.1039/DONA00371A.
C. Lal, et al., Biomed. Opt. Express, 11, 7 (2020). DOI: https://doi.org/10.1364/BOE.389342.
S. Alexandrov, et al., Sci. Rep. (2021). DOI: https://doi.org/10.1038/s41598-021-96619-7.

11



1stInternational Conference on Medical Optics (MEDOPTICS 2022)

INVITED SPEAKERS

Id-578

Biomechanics of the Eye: From the Cornea to the Lens to the Retina

K. V. LARIN
Department of Biomedical Engineering, University of Houston

Abstract: Several optical methods are emerging as powerful tools for noninvasive quantification of
viscoelastic properties of ocular tissues such as the cornea, the lens, the sclera, the iris, and the retina. In
this presentation, I'll overview recent progress made on the development and application of Optical
Coherence Elastography (OCE) and Brillouin Spectroscopy techniques for quantification of mechanical
properties of ocular tissues in normal and pathological states.

12



1stInternational Conference on Medical Optics (MEDOPTICS 2022)

INVITED SPEAKERS
1d-580

Perceptually Calibrated Scale of Optical Aberrations Generated by Multifocal

Corrective Lenses
K. PETELCZYC #, J. BOLEKA, K. KAKARENKOA, A. KOLODZIEJCZYKA, K. KRIX-JACHYMB, AND M. REKASE

aWarsaw University of Technology, Faculty of Physics, Warsaw, Poland
b Military Institute of Medicine, Department of Ophthalmology, Warsaw, Poland

* Corresponding author: krzysztof.petelczyc@pw.edu.pl

Abstract. One of the problems associated with the use of modern vision correction is undesired optical
phenomena in the form of halo and glare. These effects are a consequence of the use of multifocal
techniques in lenses, such as higher-order diffraction or division of the surface into zones with different
optical powers. Such lenses restore patients' near and far vision, but creates also visual disturbances in the
form of light scattering and illusory bright rings. These phenomena significantly affect the quality of life and
safety of functioning at night (especially during road traffic). There are a variety of methods for measuring
and classifying them. Some of them are based on the subjective qualitative assessment of the size and
intensity of halo and glare phenomena by patients. Others rely on the optical measurement of the imaging
properties of a lens. None of them are accurate enough to reliably determine the magnitude and intensity
of photopsies in the field of view. We have developed a new psychophysical measurement method and
scale based on an computer algorithm that generates optical elements introducing model halo and glare
phenomena in the field of view. The study involved a group of patients using multifocal methods of vision
correction and a reference group of people with monofocal intraocular lenses. We measured the patients'
field of view at a distance in the presence of bright spots provoking photopsies. We then modeled these
photopsies with simplified but fully controlled optical elements with parameters that quantitatively describe

a given visual disturbance.
Keywords: MFIOL; EDOF; photopsy; halo; glare.

Acknowledgment: The research was supported by the National Center for Research and Development
under the LIDER LIDER/15/0061/L-9/17/NCBR/2018 programme and by the Warsaw University of

Technology in the "Excellence Initiative - Research University" programme.
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Using Laser Trapping for the Optimization of the Therapeutic Ratio
H. T. CROGMAN*, D. B. ERENSO#®
a California State University Dominguez Hills, Department of Physics, California, USA
b Middle Tennessee State University of Physics, Tennessee, USA
* Corresponding: hcrogman@csudh.edu
Abstract: Cancer is the leading cause of death worldwide. It is treated with methods such as radiotherapy
(RT) is administered. There is a growing concern for radiation-induced tissue toxicity. Radiation is most
dangerous to cells during certain phases of the cell cycle within other phased. It damages cells by causing
DNA breaks on both single- and double-stranded strands, resulting in cell death through various
mechanisms. Thus, radiotherapy requires dosing that balances the kiling of cancer cells with the
radiotoxicity of healthy cells, and this is referred to as the therapeutic ratio. Determining the optimal dose
is a great unmet and complex need. To obtain a favorable tradeoff between treatment benefit and morbidity,
there must be a balance of radiation effectively destroying cancerous cells while preventing the detrimental
effects of radiotoxicity on the healthy cells.
Using laser trapping technique, the present work contributes to advancing radiotherapy, a leading treatment
method for cancer. A single, 2-cells, 3-cells, 4-cells, and 5-cells were trapped using the high-intensity
gradient infrared laser at 1064nm and allowed to become ionized. In this work, a systematic study of
Threshold lonization Energy (TIE) and Threshold Radiation Dose (TRD) versus mass for both single and
multi-cell ionization using Laser trapping techniques on neuroblastoma is presented. The results show that
TIE increased as the mass of cells increased, meanwhile TRD decreased with the increase of cell mass.
We observed an inverse correlation between Threshold Radiation dose and cell mass. We demonstrate
how to compute the maximum radiation dosage for cell death using the laser trapping technique. Results
show a possible blueprint for computing the Threshold Radiation Dose in vivo. The use of multiple cell
ionization to determine radiation dosage along with better data accuracy concerning the tumor size and
density will have profound implications for radiation dosimetry.
Keywords: Laser Trapping; Radiotherapy; Therapeutic ratio.; Chemotherapy, Oligostilbene
References
[14] E. Muhammed, L, Chen, Y Gao, and D. Erenso. "Chemo-treated 4T1 breast cancer cells radiation
response measured by single and multiple cell ionization using infrared laser trap." Scientific reports 9(1) 1-
12, (2019).
[15] E. Muhammed, J Cooper, D Devito, R Mushi, M Aguinaga, D. B. Erenso, and H T. Crogman. "Elastic
property of sickle cell anemia and sickle cell trait red blood cells." Journal of Biomedical Optics 26( 9),
096502(2021).
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Nanobiophotonics in the Studies of Drug-Chromatin Interactions: Single-Particle

Fret Microscopy Approach
A. V. FEOFANOVAB* N. V. MALUCHENKOA, A. A. LYSA, D. O. KOSHKINAA, A. V. LYUBITELEVA, V. M.
STUDITSKYAC, M. P. KIRPICHNIKOVAE
aBiological Faculty, Lomonosov Moscow State University, Moscow, Russia
bShemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow, Russia
¢Cancer Epigenetics Program, Fox Chase Cancer Center, Philadelphia, USA
*“Corresponding author: avfeofanov@yandex.ru

Abstract. Many anticancer drugs target chromatin. Modes of action of such drugs include disturbance of
chromatin structure and/or impairment of interactions between chromatin and proteins responsible for DNA
reparation, replication and transcription. Understanding the mechanisms of antitumor action and evaluating
their effectiveness are key tasks in the studies of both recognized and new drugs. Here we present
nanobiophotonics approach based on single particle Forster resonance energy transfer (spFRET)
microscopy and discuss its benefits in the study of drug interactions with nucleosomes and nuclear proteins.
We designed a set of fluorescently labeled nucleosomes of different structure, assembling them from core
histones and DNA of variable length containing a strong nucleosome-positioning sequence. A donor-
acceptor pair of fluorescent labels attached to neighboring gyres of nucleosomal DNA or to linker DNA
enables probing of changes in a nucleosome structure. spFRET analysis is performed in a very diluted
solution of nucleosomes by measuring fluorescence from freely diffusing single nucleosomes crossing the
focal volume of a laser beam under microscope. Analysis of FRET efficiency at the level of single
nucleosomes offers a unique opportunity to recognize various types of complexes with drugs and nuclear
proteins, which are simultaneously formed in solution. spFRET analysis helps to find out the mechanisms
of drug action revealing unwrapping of nucleosomal DNA, changes of nucleosome conformation, modulation
of interactions between nucleosomes and nuclear proteins, and alterations in the structure of such
complexes and enzymatic activities of nucleosome-interacting proteins.

Keywords: Nanobiophotonics; Drug; Nucleosome; spFRET; Fluorescence.

Acknowledgment: The studies were supported by Russian Science Foundation (grant 19-74-30003).
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Optical Imaging Technologies for Skin Diagnostics

J.SPIGULISAB”, A.GRABOSKISA, E.KVIESIS-KIPGEA, I.LIHACOVAA, A.LIHACHEVA, V.LUKINSONEA, I.OSHINAA,
U.RUBINSA AND M.TAMOSIUNASA

aUniversity of Latvia, Institute of Atomic Physics and Spectroscopy, Riga, Latvia
bUniversity of Latvia, Faculty of Physics, Mathematics and Optometry, Riga, Latvia

*Corresponding author: janis.spigulis@Iu.lv

Abstract. A brief review on imaging methods and devices for non-invasive skin diagnostics and monitoring,
recently developed at the Biophotonics Laboratory (https://www.asi.lu.lv/en/labs/biophotonics-laboratory/)
in Riga, will be presented. The innovative methods include bi-modal multispectral - autofluorescence
imaging for skin melanoma detection [1] and multispectral - thermal imaging for sepsis diagnostics [2], as
well as tri-modal multispectral — autofluorescence lifetime — Raman band imaging for complex examination
of skin malformations [3]. Besides, significant improvements in high-resolution spectral imaging [4, 5] and
remote photoplethysmography imaging of skin [6] have been proposed. All above-mentioned methods have
been implemented in portable prototype devices which have passed primary clinical tests on volunteers.
Results of the clinical measurements and potential future applications of the developed technologies will be
discussed.

Keywords: Skin diagnostic imaging, multispectral, melanoma, sepsis, photoplethysmography imaging.
Acknowledgment: Authors are grateful for the received support in frame of several European Regional
Development Fund (ERDF) and national projects; the conference travel was supported by the ERDF project
No. 1.1.1.5/18/1/016 “University of Latvia and institutes in the European Research Area — excellence,
activity, mobility, capacity”.
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Functional Brain Imaging with Dynamic Light Scattering Imaging
I. MEGLINSKI*B* A, SDOBNOVSE, O. SIERYIB, A. KALCHENKOC® AND A. BYKOV®E
aCollege of Engineering and Physical Sciences, Aston University, Birmingham, UK
b Optoelectronics and Measurement Techniques, ITEE, University of Oulu, Oulu, Finland
¢ Department of Veterinary Resources, Weizmann Institute of Science, Rehovot, 76100, Israel
" Corresponding author: i.meglinski@aston.ac.uk
Abstract. Presently, Dynamic Light Scattering (DLS)-based modalities, including laser Doppler flowmetry
(LDF), Diffusing Wave Spectroscopy (DWS) and laser speckle contrast imaging (LSCI), are widely used for
non-invasive optical sensing and diagnostic imaging of blood flow in medical and biomedical applications,
including neuroimaging. It should be pointed out that the majority of biological tissues are the highly
heterogeneous media composing mixture of static and dynamic structural inclusions. The presence of static
areas exhibit non-ergodic features providing systematic uncertainty in the quantitative interpretation of the
measured DLS optical signals. In fact, various DLS-based imaging experimental systems are extensively
used for imaging and quantitative assessment of blood flows within biological tissues, whereas the issues
associated with the non-ergodicity are typically ignored. Based on the simple phenomenological model we
present a justification for the applicability of DLS-based imaging technique for monitoring of blood flows
within brain under the formally broken ergodicity conditions [1]. In addition, we introduce a time-space
Fourier Kappa-Omega filtering approach for stabilization of fast dynamic brain images in vivo [2]. The
proposed approach improves the quality of DLS-based imaging, avoiding the discrepancies in oscillations
of blood flow associated with the heart and respiratory activities [3].
Keywords: Dynamic Light Scattering; Brain imaging; Blood flow; Ergodicity; Laser speckles.
REFERENCES
[16] A. Sdobnov, V. Kalchenko, A. Bykov, A.P. Popov, G. Molodij, and I. Meglinski, “Blood flow
visualisation under non-ergodic conditions using laser speckle contrast imaging”, Opt. Spectrosc., 128(6),
778 — 786 (2020). DOI: 10.1134/S0030400X2006020X
[17] G. Molodij, A. Sdobnov, Y. Kuznetsov, A. Harmelin, I. Meglinski, and V. Kalchenko, “Time-Space
Fourier kw' Filter for Motion Artefacts Compensation during Transcranial Fluorescence Brain Imaging”,
Phys. Med. Biol., 65(7), 075007 (2020). DOI: 10.1088/1361-6560/ab7631.
[18] G. Piavchenko, I. Kozlov, V. Dremin, D. Stavtsev, E. Seryogina, K. Kandurova, V. Shupletsov, K.
Lapin, A. Alekseyev, S. Kuznetsov, A. Bykov, A. Dunaev, and |. Meglinski, “Impairments of cerebral blood
flow microcirculation in rats brought on by cardiac cessation and respiratory arrest”, J. Biophoton., 14(12),
€202100216 (2020). DOI: 10.1002/jbio.202100216.
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Viburnum Opulus L. Extracts with Gold Nanoparticles as Photosensitizers for PDT
I. SAMUSEV,> A A. TCIBULNIKOVA,L B E. ZEMLYAKOVA,12 © V. SLEZHKIN,'2 D) A, KHANKAEV,! B) D.
ARTAMONOV, 1P AC ZYUBIN, - L. SKRYPNIK, ) | LYATUN, *» M. DEMIN, »9V. BRYUKHANOV, - K
1REC “Fundamental and Applied Photonics. Nanophotonics”, Immanuel Kant Baltic Federal University,
236016 Nevskiy Street 14, Kaliningrad, Russian Federation
2Kaliningrad State Technical University, 236022 Sovetsky Ave. 1, Kaliningrad, Russian Federation
ajs.cranz@gmail.com
b memorgold@mail.ru
9EZemlyakova@kantiana.ru
dyslezhkin@mail.ru
e)AKhankaev@kantiana.ru
DArtamonov@kantiana.ru
Yazubin@mail.ru
MLSkrypnik@kantiana.ru
DlLyatun@kantiana.ru
YMDemin@kantiana.ru
Ybryukhanov_v.v@mail.ru
Abstract: Optical properties of Viburnum opulus L. extract flavonoids in the visible region of the spectrum
have been studied and their use as a potential photosensitizers of singlet oxygen for photodynamic therapy
has been approved. The presence of long-lived excited states in the extract molecules was established by
spectral methods and time-resolved spectroscopy methods and the dependences of the absorption capacity
and luminescence intensity of the extract molecules on the concentrations of oxygen and ablative gold
nanoparticles in the reverse micelles of AOT (sodium dioctyl sulfosuccinate) have been established. Extract
molecules’ luminescence plasmonic enhancement and the processes of their complexation with oxygen
have been also established. Furthermore, the rate constants of the processes of conversion of exciting

energy in complexes have been determined.

Acknowledgements: Anna Tcibulnikova, Evgeniya Zemlyakova, Vasily Slezhkin, Artemii Khankaev, Dmitry
Artamonov, and Valery Bryukhanov were supported by the Ministry of Science and Higher Education of the
Russian Federation (State Assignment Nr. FZWM-2020-0003). llia Samusev kindly acknowledges funding
from the “Priority 2030” Program.

REFERENCES
1. M. Atanassova, M. V. Christova-Bagdassarian, J. Chem. Technol. Metall. 44, 413-415 (2009).
2. N. B. Bagchi, K. Chattopadhyay, M. Sivashankari, S. Roy, A. Kumar, T. Biswas, S. Pal, J. Cereal

Sci. 100, 103263 (2021).

19


mailto:memorgold@mail.ru
mailto:EZemlyakova@kantiana.ru
mailto:vslezhkin@mail.ru
mailto:AKhankaev@kantiana.ru
mailto:DArtamonov@kantiana.ru
mailto:LSkrypnik@kantiana.ru

3.

1stInternational Conference on Medical Optics (MEDOPTICS 2022)

Z. Ben Ahmed, F. Hefied, M. Yousfi, K. Demeyer, Y. Vander Heyden, Biochem. Syst. Ecol. 100,

104358 (2022).

4,
5.
6.
7.

J. Chen, Z. Zhao, X. Zhang, J. Shao, C. Zhao, Chem. Biodivers. 18, e2100404 (2021).

N. Souichi, O. Keishi, M. Kazuo, J. Phys. Chem. B. 109, 4234-4240 (2005).

M. S. Amjad, A. A. Talaat, R. Mizanur, M. H. Yousef, Food Sci. Technol. 150, 111932 (2021).

V. |. Deineka, Y. Y. Kulchenko, A. N. Sidorov, I. P. Blinova, S. M. Varushkina, L. A. Deineka, T. N.

V. Anh, Anal. Control. 23, 103-109 (2019).

8.
9.

10.
11.
12.

R. P. Singh, R. Handa, G. Manchanda, J. Control. Release, 329, 1234-1248 (2021).

S. A. Maier, Plasmonics: Fundamentals and Applications (Springer: New York, NY, USA, 2007).
J. R. Lakowicz, Principles of fluorescence spectroscopy (Springer, Boston, MA, USA, 2006).

B. F. Minaev, Russ. Chem. Rev. 76, 1059-1083 (2007)

S. G. Entelis, R. P. Tiger, Kinetics of Reactions in the Liquid Phase. Quantitative Account of the

Influence of the Medium (Chemistry, Moscow, Russia, 1973).

13.
14.

R. Esteban, M. Laroche, J.-J. Greffet, J. Appl. Phys. 105, 033107 (2009)
P. Anger, P. Bharadwaj, L. Novotny, Phys. Rev. Lett. 96, 113002 (2006).

20



1stInternational Conference on Medical Optics (MEDOPTICS 2022)

POSTER SESSIONS
Id-581

Stereoscopic Depth Perception in Binocular Vision Corrected by

Light Sword Lenses
J. BOLEK”", K. KAKARENKOA, K. PETELCZYC*, N. BLOCKIB, I. DUCINA, Z. JAROSZEWICZBC,
A. KOLODZIEJCZYKA
aWarsaw University of Technology, Faculty of Physics, Warsaw, Poland
bt ukasiewicz Research Network - Tele & Radio Research Institute, Warsaw, Poland
¢ National Institute of Telecommunications, Warsaw, Poland
* Corresponding author: jan.bolek@pw.edu.pl
Abstract. There is an ongoing and promising research regarding use of Light Sword Lens (LSL) for
presbyopia correction. The optical power in an LSL is modulated angularly along its aperture, which allows
for formation of a continuous segment of focus, instead of one or multiple points in case of monofocal and
multifocal intraocular lenses, respectively. However, one of the downsides of the imaging properties of the
element is a slight transversal shift of the focal point along optical axis, which depends on the object
vergence. In this study, we investigated this phenomenon, in order to estimate how it may interfere with
depth perception based on stereopsis when both eyes are equipped in an LSL. A relative angular
misalignment of the LSLs positioned on both eyes may create different depth perception errors, since the
element does not possess rotational symmetry. The study is performed subjectively on patients using
proprietary "VIDO" dynamic visual optics simulator.
Keywords: LSL; EDOF; dynamic optics; stereopsis; preception research
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Position Tolerance of Light Sword Lens in Presbyopia Correction
K. KAKARENKO*", J. BOLEKA, K. PETELCZYCA, N. BLOCKI®, I. DUCINA, Z. JAROSZEWICZBC, A,
KOLODZIEJCZYKA
aWarsaw University of Technology, Faculty of Physics, Warsaw, Poland
bt ukasiewicz Research Network - Tele & Radio Research Institute, Warsaw, Poland
¢ National Institute of Telecommunications, Warsaw, Poland
* Corresponding author: karol.kakarenko@pw.edu.pl
Abstract. Light Sword Lens (LSL) is a promising type of optical element with potential application in the
correction of presbyopia due to extending the depth of light focusing. However, in a possible real-world
situation, as an implant in the patient’s eye or used as a contact lens, there exists a possibility of movement
of the element with respect to the optical axis of the eye. Since the LSL is highly asymmetric, this can affect
the performance of vision correction. In this study, we investigate the impact of this movement on the optical
performance and vision acuity. For instance, certain ranges of movement may improve vision quality of the
elements in a specific range of defocus values, leading even to enhance the overall usefulness of the LSL.
The performance of the optical elements will be compared in terms of the Strehl ratio, PSF shape, and acuity
of vision. The presented results will allow for better understanding of the LSL optical element performance
and its application in human vision correction. The study is performed subjectively on patients using
proprietary "VIDO" dynamic visual optics simulator.
Keywords: LSL; LSOE; presbyopia; visual acuity; visual optics
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