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AHHOTALIUA

Llenb: u3yueHune uppaaualiu Jia3epHOro UMIyJbca BHYTPH IJiasa.

MerTo/pl: MBI IPOBENM MOJISTUPOBaHUE U aHau3 (Gu3ndeckoro BoznaeiictBus YAG-iazepa npu JiazepHoit
KallCyJIOTOMHH Ha DJHYKJICHPOBAHHBIE TJla3a IIOJOBO3PENBIX KPOJIHMKOB ITyTeM (HKCAIINH HMITYJIbCOB
(I)OTOHGTGKTOpaMI/I U OLICHKH X Ha OCIII/IJIJ'IOFpa(l)C.

Pe3ynLTaTLIZ Hame MCCICI0BaHUC ITOKa3ajlo, 4TO BOB)ICﬁCTBHC JIa3€pHOT0 UMITYJIbCa Ha 000JI0UKH Tja3a
MOKET OBITh HU3MEPCHO C IMOMOIIBIO BBICOKOCKOPOCTHOI'O Q)OTOHGTQKTOpa, YTO Ppe3yJibTaTbl CTaOWIBHBI U
BOCHPOU3BOJAMMBI, MMOJTYYCHHBIC UMITYJIbCbI UMCIOT OAMHAKOBYIO KOH(l)I/IpraHI/IIO BO BCEX TOYKAX pEerucrpanuu.

3aKIr0YeHHE: AMIUIUTyAbl MUMIIYJIbCOB 3a Ba,I[Heﬁ KaHCYHOﬁ XpyCTajiuka M Ha CE€TYaTKe, Npu IMoJAaqye
HUMITYJIbCa Ha 3aJHIOK0 KariCylsly, HEC HMCIOT CTaTUCTUYECKOU Ppa3HUllbl, 3TO MOKHO 00BICHUTH OTpAKCHUEM
JIa3epHOT0 U3JTy4YeHUsI BHYTPEHHEHN MOBEPXHOCTHIO I1a3a. Mcnomnp3ys Hally 3KCIIepUMEHTaIbHYI0 MOJIENTb, MOXKHO
paccuuTarb MUK HWUMIYJIbCa, JOCTUTAIOIICTO CETYATKU, W HCHOJIB30BAaTh JTH HOaHHBIC B JlaHBHefIHJI/IX
OKCIICPUMEHTAX U KJIIMHUYECKOM TIPAKTUKE.

ABSTRACT

Purpose: to study laser irradiation inside the eye.

Methods: we performed simulation and analysis of the physical effects of Y AG laser during laser capsulotomy
on the enucleated eyes of mature chinchilla rabbits by pulses fixation with photodetectors and evaluation of them
on an oscilloscope.
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Results: our study shows that the effect of the laser pulse on the eye membranes can be measured with a high-
speed photodetector, that the results are stable and reproducible, the obtained pulses have the same configuration

at all recording points.

Conclusion: the pulse amplitudes behind the posterior capsule of the lens and at the retina, when the pulse is
applied to the posterior capsule, have no statistical difference, this can be explained by diffuse scattering of laser
radiation inside the eye by the inner surface of the eye. Using our experimental model, it is possible to calculate
the peak of the pulse reaching the retina and use this data in further experiments and clinical practice.

KaroueBbie cioBa: YAG-nazepHas QUCHU3HUA, BBICOKOCKOPOCTHOM (hOTOMETEKTOP, U3MEPEHHE JTa3epHOTrO

HUMITYJIbCa, OIITUYECKOEC BOJIOKHO.

Keywords: YAG-laser capsulotomy, high-speed photodetector, laser pulse measure, optical fiber.

Introduction

Posterior capsular opacification (PCO) is the most
common (to 50-70%) complication of cataract surgery
and may develop soon after surgery or 5,5 years after it
[1-6]. The younger the patient, the higher the incidence
of posterior capsule opacities, in children it is up to 60-
100% [7-9] and can cause a decrease in best corrected
visual acuity (BCVA), contrast sensitivity and cause
the appearance of optical aberrations [10]. The main
method of treatment is Y AG-laser capsulotomy.

There are several mechanisms of damaging effects
of laser radiation (thermal effects, photochemical
processes, thermoacoustic transients and nonlinear
effects) - all these mechanisms are the same for any
biological systems [10]. Different studies showed that
at the YAG-laser wavelength (1064 nm) the effective
absorption coefficient (uerr) Of laser radiation is
determined by light scattering processes - we continued
this study using high-speed photodetectors [11, 12].
The development and deepening of methods for
studying the response of cells, tissues, organs, and the
body to laser exposure is essential [13]. The results of
these studies will serve as a basis for further
development of laser medicine as well as for
adjustment of current maximum permissible limits of
laser exposure [14, 15]. Therefore, research into the
physics of laser ophthalmology with new highly
sensitive devices remains relevant.

Purpose: to study laser irradiation inside the eye.

Methods

The procedures used in this study adhere to the
tenets of the Declaration of Helsinki. The study was
approved by the Bioethics Committee of the Samara
State Medical University, Russia (No.186).

We performed physical simulation and analysis of
laser influence on the eye during laser capsulotomy on

animal models by fixation of pulses with
photodetectors and evaluation of them on an
oscilloscope.

A digital oscilloscope is a measuring device for
studying electrical signals and converting them into a
digital form with the possibility of visual observation
on an LCD screen, measurement of pulse time and
amplitude and its mathematical processing [12, 16, 17].
Photodetector - a device that converts optical energy
into electrical energy [18]. Optic fiber - an optical
waveguide in which light propagates with minimal
losses because of internal reflection [17, 19].

6 eyes were enucleated in mature chinchilla
rabbits [20] weighing 3.0-4.0 kg in the Tissue Bank of
the Institute of Experimental Medicine and
Biotechnology of Samara State Medical University.
The length of the rabbit's eye was measured with a
caliper - and was 20,0+0,2mm.

The first step was the aspiration 20 ¢cm3/min,
vacuum 0 mmHg. The eye was then fixed on a Yatagan-
4AM YAG - laser. A two-channel laser power
measurement system was assembled consisting of a
GDS-71102A dual-channel digital oscilloscope, two
DET025AFC/M high-speed photodetectors - Si
photodetector with FC/PC connector, bandwidth: 2
GHz, operating spectral range: 400 - 1100 nm, mount:
M4, Thorlabs and two TELCOM SHOS-0.9-FC/PC-
MM®62.5-1.5m - LSZN fibres with 20V battery power
supply. The optical fiber is a pt FC 62.5/125 OM1
multimode MM (0.9mm)  optical pigtail
(Fig.1 and fig.2).
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Figure 1: Photograph of the experimental model, consisting of a YAG laser, an eyeball and a laser power
measurement system (two optical fibers, two photodetectors and two-channel oscilloscope)
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Figure 2. Scheme of the experiment, consisting of a YAG laser, an eye, a system for fixing laser radiation
(two optical fibers), two photodetectors and an oscilloscope: 1 - eyeball; 2 - posterior capsule of the lens; 3 -
retina; 4 - YAG laser Yatagan-4M; 5, 6 — multimode optical fibers «pigtailsy FC 62.5/125; 7, 8 - high-speed

photodetectors; 9 - digital oscilloscope GDS-71102A; 10 - a stream of laser radiation

The distal ends of the optical fibers were fastened  inward from the retina (conventionally the middle of
with tape and installed in one of three positions inside  the distance between the posterior capsule of the lens
the eye (fig.3). Key positions of the distal ends of and the retina) 9; 3) near the retina 10.
optical fibers: 1) behind the lens capsule 8; 2) 6 - 7 mm
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Figure 3. Scheme of the optical fibers position inside the eye: 1 - eye; 2 — lens capsule; 3 - retina;
4,5, - optic fiber; 6 - area of action of laser radiation; 7 - direction of displacement of the distal ends of the
optical fibers; 8, 9, 10 - the positions of the distal ends of the optical fibers: "behind the posterior capsule”, "in
the middle of the vitreous body" and "near the retina™ in the region of the posterior pole of the eye

The position of the optical fiber inside the eye was
monitored by indirect biomicroscopy with a 78 D lens.

Laser pulses of four energies (2.0 mJ; 3.0 mJ; 6.5
mJ; 13.7 mJ) were applied to the posterior capsule. We
used the minimum values (2.0 mJ; 3.0 mJ), at which the
capsule discision occurred, as well as the maximum
possible value of the Yatagan-4M laser - 13.7 mJ and
the average energy value between these indicators,
which we took equal to 6.5 mJ. To determine the true
value of the pulse energy, the pulses were calibrated,
thus, the true values of the four types of pulse energy
used were equal to 1.5 mJ, 2.1 mJ, 4.2 mJ, 8.5 mJ,
respectively.

The pulses were concentrated in the posterior
capsule of the lens, and the radiation propagating inside
the eye was converted by high-speed photodetectors
into electrical signals, which were recorded by a two-
channel oscilloscope).

Statistical analysis was performed using StatTech
v. 2.1.0 (Developer - StatTech LLC, Russia).

Quantitative variables were assessed for normality
using the Shapiro-Wilk test (when the number of

subjects was less than 50) or the Kolmogorov-Smirnov
test (when the number of subjects was more than 50).

Quantitative variables following non normal
distribution were described using median (Me) and
lower and upper quartiles (Q1 — Q3).

Comparisons of three or more groups on a
quantitative variable whose distribution differed from
normal were made using the Kruskal-Wallis test and
Dunn’s criterion with Holm correction as a post-hoc
method.

The direction and strength of the association
between two quantitative variables were estimated
using Spearman’s correlation coefficient (if at least one
variable does not follow a normal distribution)

A predictive modeling of a quantitative variable
conditioning on other quantitative variables was
developed using simple or multivariable linear
regression.

Results

The results of the analysis of the pulses peak
amplitude, depending on the pulse energy and the fiber
position using high-speed photodetectors and the
oscilloscope is presented in Table 1 and on the fig.4.
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Table 1
Pulse amplitude depending on its energy and optic fiber position
) N Pulse amplitude (mV)
Pulse energy and fiber position p
Me Q-Qs n

behind the PC 1,5 mj 42 2946 8
behind the PC 2,1 mj 46 3659 6 <0,001*
behind the PC 4,2 mj 76 | 66-84 | 6 Phehind the PC 8,5 mj behind the Pc 15 mj = 0,044
behind the PC 8,5 mj 104 | 102112 | 8 Poehind the PC 1,5 mi —benind the PC 42 mj = 0,001

in the middle of the vitreous bOdy 15 mj 12 9-13 9 Phehind the PC 2,1 mj — behind the PC 4.2 mj = 0,008

in the middle of the vitreous body 2,1 mj | 12 10-17 8 pbehind the PC 8.5 mj — behind the PC 4,2 mj = 0,029

in the middle of the vitreous body 42 mj | 24 21-24 6 Prear the retina 1,5 mj — behind the PC 85 mj = 0,017

in the middle of the vitreous bOdy 8,5 mj 38 30-110 7 Pin the middle of the eye 85 mj — in the middle of the eye 1,5 mj = 0,027
near the retina 1,5 mj 25 24 —42 7 Prear the retina 4,2 mj —in the middle of the eye 2,1 mj = 0,009
near the retina 2,1 mj 42 37-54 9 Prear the retina 8,5 mj —in the middle of the eye 4,2 mj = 0,004
near the retina 4,2 mj 62 56 —-83 9 Prear the retina 8,5 mj — near the retina 1,5 mj = 0,029
near the retina 8,5 mj 78 | 656-113 | 18

* — differences are statistically significant (p <0.05)

According to the presented table 1, when
comparing of peak pulse amplitude, statistically
significant differences were revealed depending on
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pulse energy and fiber position (p <0.001) (applied
method: The Kruskal-Wallis test).

Fiber position and pulse energy
Ex behind the PC 1.5mJ
El behind the PC 2.1mJ
E= behind the PC 4.2mJ
ES behind the PC 8.5mJ
ESin the middle of the vitreous body 1.5mJ
Elin the middle of the vitreous body 2.1mJ
ESin the middle of the vitreous body 4.2mJ
ESin the middle of the vitreous body 8.5mJ
B near the retina 1.5mJ
BEInear the retina 2.1mJ
B8 near the retina 4.2mJ
I8 near the retina 8.5mJ

Figure 4. The amplitude of the pulse depending on its energy and the position of the fiber inside the eye

We performed a correlation analysis of the
association between pulse energy and peak pulse

amplitude.

Observed dependence of peak pulse amplitude
from pulse energy is described by a linear regression

equation:

YPeak pulse Amplitude = 9.46 x X puise Energy +14.085
With an increase in the pulse energy by 1 mj, an
increase in the peak pulse amplitude by 9.46 mV should
be expected. The tightness of communication on the
Chaddock scale is noticeable (p = 0.707) (p <0.001).

Discussion

Our research shows that a laser pulse in the eye

can be measured with a high-speed photodetector, that
the results are stable and reproducible (p> 0.05), the
obtained pulses have the same configuration at all
registration points. The peak pulse amplitude behind
the posterior lens capsule and in the retina, when the
pulse was applied to the posterior capsule, did not have

statistical differences at each of the energy values (p>
0.05:p=0.317at1.5mj; p=0.586 at 2.1 mj ; p = 0.662
at 4.2 mj; p = 0.066 at 8.5 mj). In this case, the peak
pulse amplitude in the middle of the vitreous at pulses
of 1.5mj, 2.1mj and 4.2mj is significantly less than the
peak behind the posterior capsule and in the retina (p =
0.001 at 1.5mj and at 2.1mj; p = 0.002 at 4.2 mj). With
pulses of 8.5 mj, the peak pulse amplitude in all
positions did not have a statistically significant
difference (p = 0.155).

An increase in the pulse energy leads to a linear
increase in the peak of the pulse voltage, however, the
pulses of 1.5 and 2.1 mj did not have a statistically
significant difference between them (p = 0.076).

Under the action of a laser pulse (Fig.5), plasma is
formed in the region of the posterior capsule
(microexplosion effect), leading to local tissue
destruction [14].
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Figure 5. Distribution of laser radiation flow: 1 - eyeball; 2 - sclera; 3 - the pupil of the eye; 4 - breakdown in

the posterior capsule; 5, - the position of the fiber "in the middle of the vitreous"; 6 - the position of the optical

fiber "near the retina"; 7 - a section of the retina in the field of view of the optical fiber; 8 - influencing flow of

laser radiation; 9 - the laser beam passed through the rear capsule; 10 - laser radiation flux scattered by the

back capsule; 11 - laser radiation flux scattered by the retinal pigment epithelium; 12 - the field of view of the

optical fiber in the position "in the middle of the vitreous body™; 13 - the field of view of the optical fiber in the
position "near the retina”

When the distal end of the optical fiber is located
"behind the posterior capsule” and "in the middle of the
vitreous body", the main contribution to the amplitude
of the recorded signal is made by the radiation
transmitted through the posterior capsule. The
difference in amplitude is due to the distance between
the fiber and the focusing region of the laser beam.
When the fiber is located "near the retina”, then the
main source of the recorded signal becomes laser
radiation, diffusely scattered by the inner surface of the
eye.

Conclusion: the pulse amplitudes behind the
posterior capsule of the lens and at the retina, when the
pulse is applied to the posterior capsule, have no
statistical difference, this can be explained by diffuse
scattering of laser radiation inside the eye by the inner
surface of the eye. Using our experimental model, it is
possible to calculate the peak of the pulse reaching the
retina and use this data in further experiments and
clinical practice.
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AHHOTADIMUS

ITo ganubiM BO3 Poccust TuaupyeT no KOJAUMYECTBY KypSLIUX >KEHIIMH penpoAYKTUBHOIO Bo3pacta. Kypur
okoJo 30% pabotaromux xeHmuH. Cpeau OepeMeHHBIX JKEHIINH Ta0aKoKypeHue AocTuraeT 52 %, 4To SBISIETC
OJTHOM W3 TNPUYMH YBEIWUYEHHUS YacTOThl BCTPEYAEMOCTH OCIOKHEHHH OEpeMEHHOCTH M IUIOZA, y4YallleHWe
CaMOIIPOM3BOJIBHBIX a0OpTOB. M3ydyeHue BIMSIHUSA HUKOTMHA MU JPYTHX BEIIECTB, COJACpPXKALIUXCS B TaOauHOM
JBIME, TMO3BOJMJIO BBIBUTH, YTO KypEHHE NPUBOIUT K THIIOKCHH IUTOJA BCIEICTBHE HAPYIICHHS MaTOYHO-
TUTAIIEHTAPHOTO KPOBOOOPAIEHHsSI M MOBBINIEHHOTO 00pa30BaHusl KapOOKCUTEeMOTJIOONHA B KPOBU OepeMEHHOM
KCHIIIMHEL. B cTaThe mpencTaBieHsl pe3yabTaThl H3Y4YEeHUs BIUSHIUS TaOaKOKypeHHS Ha Pa3BUTHE OCIIOKHEHHH Y
OepeMEeHHBIX JKEHINWH, CTPAJaoNIUX apTepualbHOW rumnepTreHsuei. B uccienoBannu npuHsiam ydactue 200
OepeMEeHHBIX JKEHIINH, 3 HUX 96 (48%) eHIuH Kypuiad. [IpIMEHsIINCE CIIeyIoNHe OMPOCHUKN M aHKETHI:
aHKeTa MOTHBAalMM OTKa3a OT KypeHusi (ompocHUK [Ipockaxa), aHKeTa OIEHKa CTENEeHH HUKOTHHOBOM
3aBucuMocTH (tect Parepcrpema), mkana oxeiikn MMRS» Cpemu xypsmux sxkeHuwH 29 (30,2%) nmenn
BBICOKYIO M O4YEHb BBICOKYIO 3aBMcHMOCTh, 31 (32,3%) cpenHio0 3aBHCHMOCTH, OCTaJbHbBIE OepeMEHHBIE
JKCHIIMHBI MMEJIN YMEPEHHYI0O W HHM3KYI0 HMKOTHHOBYIO 3aBHCHMOCTB, IPH 3TOM OosbmHCTBO 67 (69,7%)
OEepeMEHHBIX HMMENN BBICOKYI0 MOTHBALMIO K MOJHOMY OTKa3dy OT KypeHus. OclIoXHEHHs OepeMEeHHOCTH
3HAYUTENBGHO Yallle JWarHOCTUPOBAIMCH Y KYpPSALIMX, Ye€M Yy HEKypsIIUX : Hpeskiamrcus y 78,3% Kypsmux
npoTuB 6,3% y HeKypsmux, GeTormaneHTapHas HelocTaTouHOCTh ¥ 71,6% 1 9,5% cooTBETCTBEHHO, CHHAPOM
BHYTpHYTpOOHOH 3a1epxku wiona y 78,3% u 9,5% coorBercTBenHo. KoppenanunoHHBIN aHAMN3 MMOKa3all, 9To y
KypsAImMUX OSpeMEeHHBIX JKEHIIWH BBISBIIEHA JOCTOBEPHAs 3aBUCHMOCTH OCJIO)KHEHHH OEpeMEHHOCTH OT (akTa
KypeHUsI, CTa)ka KypeHHs M HAIWYHs apTepHaIbHOM THIIePTeH3NN
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