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STUDY OF ABLATED SURFACE SMOOTHNESS AND THERMAL PROCESSES IN
RABBIT CORNEA TREATED WITH MICROSCAN-VISUM AND MICROSCAN-PIC
EXCIMER LASER SYSTEMS
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In ophthalmology, excimer lasers are used for treating different refractive disorders. The performance of an excimer laser station
can be assessed by a number of criteria, such as cornea surface smoothness after the ablation, differences between the
diameter of the postoperative optical zone that received full correction and the diameter of the programmed optical zone, and
cornea heating during the surgery. The article presents the results of the assessment of three Russian excimer laser systems:
MicroScan-PIC 100 Hz, MicroScan-Visum 300 Hz and MicroScan-Visum 500 Hz (Optosystems Ltd.). The smoothness of the
ablated surface was measured by New View — 5000 Zygo interferometer (Zygo Corporation, USA). Using PMMA plates, the
ablated surface was formed tenfold with each laser as an imitation of the 3.0 D myopia surgical correction, with the optical
zone diameter of 6 mm and the transition zone diameters of 2.3 mm for MicroScan-PIC 100 Hz and of 1.9 mm for MicroScan-
Visum 300 Hz and MicroScan-Visum 500 Hz. Thermal processes in the cornea were studied in 15 grey chinchillas over 1 year
old with a weight of 2-3 kg. With each of the laser systems, phototherapeutic keratectomy was performed on 5 eyes. The
smoothest ablated surfaces were formed by MicroScan-Visum 500 Hz. Cornea temperature was the highest here (+ 3.95 °C
by the end of treatment), but still within the range of values acceptable for modern scanning type lasers.
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UCCAEAOBAHME FAAAKOCTU ABASILLUOHHOW NOBEPXHOCTU U
TEPMUYECKUMX NMPOLIECCOB B POIrOBULLE KPOAUKA NMPU PABOTE
3KCUMEPAA3EPHbIX YCTAHOBOK «MUKPOCKAH-BU3YM»

N «MUKPOCKAH-LL®IM»

[ ®@. Kavanuna, H. X. Taxumnon =

Hay4HO-KnMH4eCKnii 0Taen oPTanbMOoNorm,
Hay4HO-KNMHNYECKNIA LIeHTP OTOpUHONapuHronorim, Mocksaa

OKCUMeEpHbIe asepbl NCMOMb3YIOT B OPTANBMOAOMMW A5 NIeHEeHNsT PasnnyHbIX aHoManuii pedpakumm. Kadectso pabo-
Thl 9KCUMEPa3epHON YCTaHOBKM MOXKHO OLIEHWUTb MO HECKOMbKUM KPUTEPUAM: MadKoCT! (DOPMUPYEMON eto abnsLmoH-
HOW MOBEPXHOCTW POrOBULbI, COOTBETCTBUIO AMaMETPa MOJTyHEHHOM OMTUHECKOW 30HbI MOJSTHOW KOPPEKLIMN AnaMeTpy pac-
YETHOW OMTUYECKOW 30HbI U HarpeBy POroBULbl B MPOLEecce onepauun. B ctatbe NpencTasfieHbl pesynsTaTbl OLEHKN Tpex
POCCUICKMX 3KCMMEPNa3epHbIX yCTaHOBOK: «MukpoCkaH-LIdrT 100 Mu», «MukpoCkaH-Bradym 300 i 1 «MukpoCkaH-Bu-
3ym 500 ly» («OnTocncTeMbl»). [MaaKoCTb abASLMOHHON MOBEPXHOCTA, KOTORPYIO (DOPMUPOBa AECATUKPATHO OJ15 KaKO0ro
nazepa Ha nnactuHax nonMMeTUIMETaKpunara, UMUTUPYA onepaumio Koppekumn muonuv B 3,0 ONTp v 3ajasas gvamerp
OMTUHECKOWN 30HbI B 6 MM 1 AVaMEeTP NepexoaHon 30Hbl — B 2,3 MM s «MukpoCkar-LIeTT 100 Mu» n B 1,9 Mm ang «Mukpo-
CkaH-Bnzym 300 ly» 1 «MukpoCkaH-Buaym 500 », namepsnm ¢ nomolpto nHtepdepometpa New View — 5000 Zygo (Zygo
Corporation, CLLA). Tepmuyeckme NpoLecchl B POroBuLe naydanm Ha 15 Kponankax nopofp! WMHLWKAIA cepasi B BO3pacTe
CTaplle OOHOro rofa W »MBOW Maccon 2-3 Kr. KaxObiM /1a3epoM MpOBOAMIM POTOTEPANEBTUHECKYIO KEPATIKTOMUIO Ha
5 rnasax. YctaHoBka «MunkpoCkaH-Braym 500 lu» dopmmpoBana Havbonee rmaakie abnsaumoHHble MOBEPXHOCTU. Harpes
POroBMLbI MPY ee MCMoNb30BaHWM 6bin HanbonbLwnMm (+ 3,95 °C K KOHLY onepaumu), HO HaXOAUIICA B MPefenax 3Ha4eHuin,
OOMYCTUMbIX AN COBPEMEHHbIX Ia3epOB CKaHVPYIOLLIEro Tuna.

KntoueBble cnoBa: akcumepnasepHas yctaHoBka, MukpoCkaH-LI®r 100 I, MukpoCkaH-Buaym 300 i, MukpoCkaH-
Buaym 500 i, abnsaumvs, poroeumua, aHomanust pedpaxLimm
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According to the World Health Organization, the number of  myopic astigmatism among people of working age in Russia,
people with refractive errors has been steadily increasing in ~ US and EU [1]. However, there has been an improvement
recent decades. Data obtained from various authors indicate  both in the traditional (spectacle and contact lens correction)
that there is about 27 to 45 % prevalence of myopia and  and in the surgical methods of correction of refractive errors.
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Keratorefractive surgery with various lasers has improved
rapidly [2—4].

In recent years, ophthalmologists from different countries
have gained extensive clinical experience in the use of excimer
laser for correction of refractive errors [3, 5-11]. In Russia,
researchers are working to design excimer laser systems and
introduce them into clinical practice. Since the late 1980s, Eye
Microsurgery, an intersectoral research & technology complex,
has created excimer lasers and deployed them into clinical
practice. This complex has been doing this in cooperation
with laser manufacturer — Physics Instrumentation Center of
the General Physics Institute, Russian Academy of Sciences
and Optosystems. Excimer laser system MicroScan-PIC was
presented in 2000. Along with operations based on LASIK
(laser in situ Keratomileusis) and TransPRK (transepithelial
photorefractive keratectomy) standard technologies, the laser
allows to perform personalized operations based on corneal
topography and aberrometry data. Analysis of clinical and
functional results of such operations showed that they are of
high predictability, stability and safety [12].

Several criteria are used for objective assessment of
the quality of excimer laser systems. One of them is the
smoothness of corneal surface formed by the excimer laser. A
smoother corneal surface facilitates normal course of corneal
epithelialization after surgery and minimizes the likelihood of
fibroplasia [13]. Quantitative characteristics of smoothness
allow to obtain a measurement with interferometric microscopes
from Zygo Corporation (USA). A number of investigators have
shown that surface smoothness is higher in flying spot scanning
lasers than in full-aperture lasers and lasers that use scanning
slit and stopped down ablation formation system [14,15].

Another important criterion is the association of the
diameter of the resulting optical zone of full correction with the
computed optical zone diameter specified by the manufacturer
in the computing program of the laser system. According to
O'Donnel et al. [15], the ablation zone diameter obtained during
excimer laser surgery using stopped down forming system is
usually less than that indicated by the manufacturer. According
to the researchers, the greater the optical and transition zone
of influence, the better the functional outcome and the lesser
the likelihood of regression of postoperative effect. A smaller
optical zone can cause very unpleasant sensations in patients
in lowered or increased illumination [16].

Another important indicator of the quality of excimer lasers
is that there is no significant increase in corneal temperature
during surgery. Despite the fact that excimer lasers are referred
to as “cold”, they can break molecular bonds in cells and
release energy that increases the corneal temperature [17,18].
The temperature increase cannot cause collagen denaturation
but may affect the activity of keratocytes, postoperative healing
and development of fibroplasia. Flying spot scanning lasers can
significantly reduce possible heating of the cornea thanks to
the small beam diameter and scanning algorithm in which the
local areas of the corneal tissue, which are at a distance from
each other, are ablated. Therefore, the cornea has no enough
time to increase its temperature significantly [19, 20].

Efficiency in clinical practice is of course the main indicator
of the quality of an excimer laser system. However, based on the
criteria given above, the technical features and prospects for the
use of the device at the pre-clinical study stage can be identified.

Next-generation device MicroScan-Visum is a modification
of the MicroScan-PIC laser system and developed in two
models — 300 and 500 Hz scanning frequencies. The aim of
our study was to evaluate the surface ablation smoothness
formed on polymeric materials and to investigate the thermal
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processes in a rabbit cornea treated with the studied laser
systems during phototherapeutic keratectomy (PTK).

METHODS

An experiment to assess ablation surface smoothness was
carried out using polymethylmethacrylate (PMMA) plates. In
the control computer of each of the three test excimer lasers —
MicroScan-PIC 100 Hz, MicroScan-Visum 300 Hz and
MicroScan-Visum 500 Hz — myopia correction surgery was
setin 3.0 diopter with the same optical zone diameter 6 mm but
different transition zone diameters — 2.3 mm for MicroScan-
PIC 100 Hz and 1.9 mm for MicroScan-Visum 300 Hz and
MicroScan-Visum 500 Hz (this was due to different excimer
laser light spot diameters — 1.15 and 0.95 mm respectively).
Ten lenses for each of the lasers was formed on the plates,
after which all the lenses were measured using interference
microscope New View — 5000 Zygo. The following indicators
characterizing the quality of the formed lens surface were
identified:

RMS — root mean square deviation of the surface points
relative to the average height across the study areg;

PV — distance between the highest and lowest points of
the study areg;

Ra — average deviation of surface points from the middle
surface.

Moreover, it was considered that the better the surface
smoothness, the smaller the value of these indicators would be.

Thermographic analysis of corneal temperature changes
was conducted in 15 gray chinchilla rabbits, more than one
year old and with live weight of 2-3 kg. The experiment was
approved by the Intercollegiate Ethics Committee (Minutes No
10-12 of 18 October 2012). Each of the three laser systems
was used to operate on 5 eyes (one eye per animal). 15 min
before the surgery, the rabbits were administered with 2 ml
of relanium solution. The surgery was performed under local
anesthesia (triple instillation of 1 % inokain solution). The
estimated ablation depth during PTK was 52 microns.

Thermal imaging complex Thermo View Ti30 (Raytek, USA)
was used to measure the corneal temperature. Imaging was
carried out in a room with ambient temperature of 16.7 °C
at a distance of 60-70 cm with frequency of 1 Hz and up to
0.1 °Caccuracy. Onthe PC, thermalimager data were converted
to thermographic map using a software tool supplied with the
device, and the maximum and minimum corneal temperatures
during the surgery were determined. Corneal emissivity was
set at 0.93 (like water), i.e. it was considered that 0.93 of the
total corneal radiation enters the device and the device adds
0.07 when calculating the temperature. For example, if the
temperature is 37.3 °C for k = 0.93, then temperature will be
equal to 36.1 °C for k = 1 for the same thermogram.

Data was statistically processed using software programs
Statistica 6.0 (StatSoft, USA) and Excel 2003. Variation
statistics methods were used. The results were presented as
arithmetic mean (M) and standard deviation (c). Student's t-test
for independent cases was used to compare the means and
evaluate the significance of differences (p = 0.05).

RESULTS
The results of comparative analysis of the quality of ablation

surface of lens are presented in table 1. Laser system
MicroScan-Visum 500 Hz vyielded the best smoothness.
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Table 1. Indicators of the ablation surface quality of lens formed on polymethylmethacrylate plates using radiation from MicroScan-PIC 100 Hz, MicroScan-Visum
300 Hz and MicroScan-Visum 500 Hz systems, nm (M + §, p <0.05)

Laser system RMS PV Ra
MicroScan-PIC 100 Hz 392+ 75 6454 + 1752 311 + 68
MicroScan-Visum 300 Hz 351+ 35 2754 + 298 282 + 25
MicroScan-Visum 500 Hz 338 + 25 2960 + 51 268 + 20

Distance (um)

Fig. 1. Example of measurement of the smoothness of the ablation surface
formed using MicroScan-PIC 100 Hz by interferometer New View — 5000 Zygo
(Ra=311nm)

Fig. 1 and 2 show examples of measurement for MicroScan-PIC
100 Hz and MicroScan-Visum 500 Hz systems.

An example thermal map obtained during excimer laser
ablation on MicroScan-PIC 100 Hz is shown in fig. 3, while the
results of measurement of the transverse temperature profile
for all the laser systems studied are presented in fig. 4.

For MicroScan-PIC 100 Hz, the average corneal
temperature prior to laser exposure was 31.04 + 0.63
°C, the maximum temperature at the end of surgery was
32.21 + 0.68 °C, while the temperature change was 1.17 +
0.05 °C (table 2). For MicroScan-Visum 300 Hz and MicroScan-
Visum 500 Hz laser systems, the figures were 31.82 + 0.87,
33.24 +1.21 and 1.42 + 0.34 °C, and 31.02 + 0.47, 34.97 +
1.36 and 3.95 + 0.89 °C, respectively.

DISCUSSION

Laser system MicroScan-Visum 500 Hz yielded the smoothest
ablative surfaces. Although corneal heating obtained with this
laser was the highest (+3.95 °C by the end of surgery), the
value was within acceptable range. For example, during LASIK
surgery for treatment of high myopia Sph -9,25D using popular
laser Schwind AMARIS 500 Hz (SCHWIND eye-tech-solutions,
Germany), the corneal temperature increased by 3.73 °C [21].

CONCLUSIONS

All the three laser systems studied can create a high-quality
ablation surface. However, the MicroScan-Visum 500 Hz
system gave the best result. The laser yielded the highest
corneal heating during phototherapeutic keratectomy in
rabbits, but the value did not exceed the permissible values.
After the study, MicroScan-Visum 500 Hz was recommended
for clinical research.
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Fig. 2. Example of measurement of the smoothness of the ablation surface
formed using MicroScan-Visum 500 Hz by interferometer New View — 5000 Zygo
(Ra =268 nm)
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Fig. 3. Example of thermographic map during phototherapeutic keratectomy
using MicroScan-PIC 100 Hz (rabbit cornea is marked by an arrow)
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Fig. 4. Transverse temperature profiles for excimer laser systems MicroScan-
PIC 100 Hz (green curve), MicroScan-Visum 300 Hz (red curve) and MicroScan-
Visum 500 Hz (blue curve)
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Table 2. Dynamics of thermal processes in a rabbit cornea during phototherapeutic keratectomy using laser systems MicroScan-PIC 100 Hz, MicroScan-Visum 300
Hz and MicroScan-Visum 500 Hz, °C (M + §, p<0.05)

Laser system Initial corneal temp.

Maximum corneal temp. at the

end of surgery Increase in temp.

MicroScan-PIC 100 Hz 31,04 + 0,63 32,21 + 0.68 1,17 £ 0,05
MicroScan-Visum 300 Hz 31,82 + 0,87 33,24 + 1,21 1,42 + 0,34
MicroScan-Visum 500 Hz 31,02 + 0,47 34,97 + 1,36 3,95 + 0,89
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