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ABSTRACT

The aim of the study. To develop a mathematical model of changes in corneal
refraction during femtosecond laser-assisted lenticule extraction through a small
surgical incision and, on this basis, to propose a technology for modified calculation
of surgical parameters and to prove its effectiveness.

Materialand methods. Thestudyincluded 191 patients with high myopia. They were
divided into two groups: group 1 consisted of 55 patients who were had SMILE
(SMall Incision Lenticule Extraction) surgery with standard calculations; group 2
included 136 patients who had SMILE surgery with a modified calculation of surgi-
cal parameters based on the developed mathematical model of the refractive effect
of the surgery.

Results. When assessing the refractive effect of patients who were operated using
standard technology, it was found that it was possible to achieve a refraction dif-
ferent from emmetropia for + 0.5 D only in 51 % of cases; in the remaining patients,
the planned residual refractive effect was obtained and averaged —1.96 + 0.29 D.
In patients operated using the modified technology, a statistically significantly
better refractive result was achieved already on the first day. A refractive error
of more than + 1.0 D was obtained in only 1 % of cases; a deviation from the calcu-
lated refraction of + 0.5 D was achieved in 82 % of cases, with the average values
by 1year—0.24 + 0.57 D.

Conclusions. The developed technology of a modified calculation of the parameters
of the SMILE surgery for high myopia correction makes it possible to obtain an optimal
refractive effect in compliance with safety rules when the structural and functional
parameters of the eye are initially unfavorable for refractive surgery.
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PE3IOME

Leno uccnedoeanus. Pazpabomame Mamemamuuyeckyro Mooesib U3MeHeHUA
peppakyuu po2osuysl npu heMmosasep-accucmupo8aHHoOU SIKCMPAKYUU JieH-
MUuKyiel Yepe3 Masbll 0onepayuoHHbIl docmyn u Ha 3MoU 0CHO8e NPEdIoXUMb
MexHoJ102U MOOUPUYUPOBAHHO20 pacyéma napamempos onepayuu u 00Kasdams
eé 3ghpekmusHOCM®b.

Mamepuan u memooel. BuccnedosaHue sowén 191 nayueHm ¢ muonueti 8bi1Co-
Koli cmeneHu. Bce nayueHmel 6bis1u pasoesieHbl HA 08e 2pynnbi: Nepayto 2pynny
cocmasusnu 55 uenosek, kKomopsie bbliu NpoonepuposaHsi Memodom SMILE (SMall
Incision Lenticule Extraction) no cmaHoapmHeiM pacuémam; 80 8mopyio 2pynny —
136 nayueHmMos, npoonepupo8aHHeix Memoodom SMILE, ¢ moduguyupo8aHHsim
pacyémom napamempos xupypau4decko20 8MewamesibCmeda Ha 0CHo8e paspa-
60maHHoU Mamemamuueckol Mooesu pehpakyUOHHO20 3ghhekma onepayuul.
Pe3synemamel. [pu oyeHke pehpakyuoHHO20 3¢hdhekma nayueHmos, npoone-
PUPOBAHHBIX NO CMAHOAPMHOU MEXHO/I02UU, YCMAHOB/1eHO, YmMOo 00CMuYb peg-
pakyuu, omauyarowelicas om ammemponuu Ha + 0,5 0nmp, yoanocs nuwib 8 51 %
c/1y4aes, y oCmasbHblX NAyueHmMo8 6bls1 NoJlyYeH NIaHUpyemMslili 0CMAamoyHsblIl
pedpakuuoHH»IU 3¢hchekm, Komopwili 8 cpedHem cocmasus —1,96 £ 0,29 onmp.

Y nayueHmos, npoonepupo8aHHbIX N0 MOOUGUYUPOBAHHOU MexHos102uU,
yXe 8 nepgble Cymku y0asiocb 00CMUYb cmamucmuyecku 3Ha4umMo Jyquiezo
pedpakyuoHHoz0 pe3ynsmama. OmkiaoHeHue pegppakyuu 6onee + 1,0 onmp
6b1710 nosyyeHo uwb 8 1 % c1ydaes, OMK/IOHEHUE Om pacyémHou pepakyuu
+ 0,5 onmp 6110 0ocmuzHymo 8 82 % cydaes, Npu 3Mom cpedHuUe 3Ha4YeHUs
Kk 200y cocmagunu —0,24 + 0,57.

Bb1800bI. PaspabomaHHas mexHoa02us MooupuyuposaHHo20 pac4éma napa-
mMempog onepayuu SMILE 0515 koppekuyuu Muonuu 8biCOKOU cmeneHuU no3eoJsisem
nosly4yums onmuma’sbHsil pedppakyuoHHsIl 3¢hghekm ¢ cobaodeHuem npasus
6e30nacHoCMu npu UCXOOHO HE6IazoNPUAMHbIX 0718 pehpaKUUOHHOU Xupypauu
CMpPYKMypHO-(yHKYUOHA/IbHbIX NOKA3ameJisix 2/1a3d.

Knroueessie cnosa: muonus svicokol cmeneHu, SMILE, Mmamemamuyeckas mooesis,
pez2peccuoHHoe ypasHeHue

OnauuntnposaHus: Mucapesckas O.B,, LLyko A.l, Menesa E.IN., Xne6bHukosa J1.C. MaTtema-
TUYeCKoe MofenvpoBaHue pedpakumoHHoro apdekta SMILE B KoppeKLmm Mronnm BbiCo-
Kow cterneHn. Acta biomedica scientifica. 2023; 8(4): 177-185. doi: 10.29413/ABS.2023-8.4.20
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Currently, myopia is the most common refractive er-
ror, the incidence of which tends to increase due to a sig-
nificant increase in visual load, especially at close range
[1,2]. According to the World Health Organization, about
290 million people in the world have myopia. In the Rus-
sian Federation alone, 3.1 million people suffer from my-
opia, which is 2,158.2 per 100,000 population, and 70 %
of these patients are people aged 20-40 years [3].

In this regard, correction of refractive errors, in particu-
lar myopia, is an urgent problem of modern ophthalmol-
ogy. A special place in the correction of myopia of varying
degrees is occupied by keratorefractive surgery using both
excimer and femtosecond lasers.

Starting from 2010-2011, microinvasive technologies
based on femtosecond laser-assisted formation and sub-
sequent removal of the corneal lenticule, and first of all,
SMILE surgery (SMall Incision Lenticule Extraction), be-
gan to occupy a leading position among other keratore-
fractive interventions [4-6]. The key difference between
this method and other laser vision correction technolo-
gies is the possibility of changing the refractive power
of the cornea without forming an extensive corneal flap
and/or superficial keratectomy, which are necessary stag-

TABLE 1

es of LASIC, FemtoLASIC and photorefractive keratecto-
my methods.

Modern studies of the effectiveness of SMILE surgery
demonstrate the possibility of correcting moderate myo-
pia with a deviation of the calculated refraction of £ 1.0 D
in 100 % of cases, = 0.5 D in 93-97 % of cases [7-9].

However, with high myopia, it is not always
possible to achieve a qualified refractive effect,
which is due to the initial disproportion between a high
degree of ametropia and insufficient corneal thickness.

This determined the aim of the study - to develop
a mathematical model of changes in corneal refraction
during femtosecond laser-assisted lenticule extraction
through a small surgical incision and, on this basis, to pro-
pose a technology for modified calculation of surgical pa-
rameters and to prove its effectiveness.

MATERIALS AND METHODS

The study included 191 patients with high myopia,
who were divided into two groups. Group 1 consisted
of 55 patients who underwent SMILE surgery according

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS (M £ S)

Parameters Group 1 . Group 2 p
(standard technology) (modified technology) v

Number of eyes 55 136
Age, years 29.71 £4.71 27.83 £6.06 0.28

M, % 46.4 % 53.7%
Sex

F, % 53.6 % 46.3 %
Corneal refractive power, D 4329 +1.31 4375+ 1.62 0.20
Axial length of the eye, mm 26.18 + 0.55 26.55+1.48 0.55
Uncorrected visual acuity 0.04 £0.15 0.03+£0.16 0.17
Corrected visual acuity 0.88+0.18 0.93+0.11 0.08
Corneal thickness, um 536.48 + 24.06 534.73+12.88 0.73
Spherical component of refraction, D -6.94 + 0.67 -6.95 +0.79 0.97
Cylindrical refraction component, D -1.15+ 084 -1.06 +0.72 0.6
Spherical equivalent, D -7.52+£0.66 -7.48£0.79 0.83

179



to standard calculations of the VisuMax laser software
(Zeiss, Germany). Group 2 included 136 patients who un-
derwent the SMILE surgery with a modified calculation
of surgical parameters based on the developed mathemat-
ical model of the refractive effect of the surgery.

The demographic and clinical characteristics of patients
are presented in Table 1.

The examination of patients was carried out using high-
tech methods to assess the anatomical and optical param-
eters of the eye.

The following methods were used in order to assess
the structural and functional state of the eye:

1) refractometry in vivo and under conditions of me-
dicinal mydriasis (after 3-fold instillation of a combined
drug containing 8 mg of tropicamide and 50 mg of phe-
nylephrine hydrochloride in 1 ml of solution, with an inter-
val of 15 minutes);

2) keratometry (RC-5000 device (Tomey, Japan));

3) distant visometry without correction and with max-
imum correction monocularly and binocularly (ACP 6 chart
panel (Topcon, Japan), CV 5000 phoropter (Topcon, Ja-
pan)).

The thickness of the cornea was measured using Pen-
tacam HR (Oculus, Germany); we have estimated the av-
erage thickness of the cornea, determined its thinnest
point, evaluated optical biometrics data on OA-2000
(Tomey, Japan).

Examinations were performed before surgery and dur-
ing the postoperative period with a frequency of 1, 5 days,
3, 6, 12 months after surgery.

The statistical analysis of the study results was carried
out using the Statistica 10 computer programme (StatSoft
Inc., USA). The study results were analyzed by the meth-
od of variation statistics and included the following stag-
es: descriptive, comparative and multivariable regression
analysis.

TABLE 2
PREOPERATIVE DESIGN PARAMETERS

RESULTS

At the first stage of the study, a comparative analysis
of refractive indices in patients with high myopia was per-
formed before and after correction of ametropia using
SMILE surgery with standard technology at all stages of fol-
low-up. It was found that refraction differing from emme-
tropia by + 0.5 D was achieved only in 51 % of cases; the re-
maining patients had the planned residual refractive effect,
which averaged -1.96 + 0.29 D (Fig. 3a).

To determine the key parameters involved in the for-
mation of the refractive effect, the calculated surgery char-
acteristics were separately evaluated (Table 2 - group 1).
Based on the entire set of data, a regression model of un-
conditional prognosis was created, in which the spherical
equivalent obtained in the long-term postoperative peri-
od was a dependent variable, and the initial characteristics
of the optical system of the eye and the calculated surgery
parameters were used as predictors.

The following regression model was obtained:

Y=0.074 x X, + 0.00038 X X, + 0.0156 X X; - 0.146 X X, -
0.41 x X5 +0.013 x X6,

where R2 = 0.66; p < 0.0001; Y is residual refraction (D);
X, is the initial spherical equivalent (D); X, is the thickness
of the cornea (um); X, is the thickness of the corneal valve
(um); X, is the diameter of the optical zone (mm); X, is neutral
optical layer (um) (minimum Ienticularthickness);X6— resid-
ual thickness of the stromal bed (um).

The percentage contribution of the predictors of the re-
gression equation was mathematically calculated (Table 3).
It shows that the greatest contribution to the formation
of the refractive effect is made by the thickness of the cor-
neal valve, the initial spherical equivalent and the diame-
ter of the optical zone.

Parameters Group 1 . Group 2 p
(standard technology) (modified technology) =
Thickness of the corneal valve 122 +4.22 102.94 +5.72 0.0001
Diameter of the corneal valve 7.73+0.07 7.51+0.28 0.00035
The width of the corneal access section, mm 2.35+0.64 2.6+0.23 0.0001
Optical zone, mm 7.0+0.01 6.57 £0.39 0.0001
:\;l)i,r;irr)\j:m lenticular thickness (neutral optical 15040 10040 0.0001
Maximum lenticular thickness, um 129.48 + 11.03 136.1+16.98 0.01
Residual thickness of the cornea, um 284.82 +5.44 297.69 + 8.76 0.0001

180



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N4

Verification of the predicted and obtained data of pa-
tients of group 1 confirmed a high degree of predictabili-
ty of the result using the developed mathematical model.

For automated application in clinical practice,
this original mathematical model of the refractive effect
of SMILE surgery was adapted taking into account the ob-
tained database, where such an indicator as the residual
thickness of the corneal bed was adopted as a depend-
ent variable.

RST=X, - X, - (2.68 X X; ~ 0.52 X X; X X, + 0.97 X X, -
38.29) X X; - 2.21 X X, ~ X, +10.12,

TABLE 3

where RST is the residual thickness of the corneal bed (um);
X, is the initial thickness of the cornea (um); X, is the thick-
ness of the corneal valve (um); X, is the initial corneal cur-
vature (mm); X,, is the diameter of the optical zone (mm);
Xy is the initial spherical equivalent (D) X, - neutral optical
layer (um) (minimum lenticle thickness).

Using the developed medical technology for modified
calculation of the parameters of SMILE surgery (approved
by the local Ethical committee of the Irkutsk Branch
of the S. Fyodorov Eye Microsurgery Federal State Insti-
tution; protocol No. 6 dated June 8, 2015), 136 patients
with high myopia, who made up group 2 of the study, un-

PERCENTAGE CONTRIBUTION OF PREDICTORS FROM THE REGRESSION EQUATION

Predictors Contribution (%)
Initial spherical equivalent, D 14.88 %
Corneal thickness, um 6.86 %
Thickness of the corneal valve, um 1837 %
Diameter of the optical zone, mm 14.01 %
Neutral optical layer, pm 8.96 %
Residual thickness of the cornea, um 3.93%
Total 67.01 %
55 eyes 136 eyes
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FIG. 1.

Distribution of patients (cumulative % of eyes) with high myopia depending on visual acuity obtained 12 months after SMILE surgery using

standard (a) and modified (b) technology
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derwent the surgery, the effectiveness of the treatment
was analysed (Table 1 - group 2).

To confirm the effectiveness and safety of high my-
opia correction using the developed modified technolo-
gy, a comparative analysis of the results obtained at var-
ious times of the postoperative period was carried out.

It was found that in the early postoperative period
(day 1 and 5), the visual acuity of patients, who underwent
SMILE surgery using standard technology, was statistically
significantly lower than in patients, whose surgery was car-
ried out using amodified calculation of surgical parameters.
So,onday 1in patients of group 1, it varied from 0.2 t0 0.8,
averaging 0.43 + 0.16; in the group with a modified
technology for surgery calculating - from 0.7 to 1.0
(0.90 £ 0.12; p = 0.01), statistically significantly exceed-
ing the values of the comparison group. By day 5 after
surgery, visual acuity improved slightly to 0.47 + 0.16
and 0.94 + 0.13 in groups 1 and 2, respectively (p =0.01).
This trend continued after 3 months of follow-up
(0.47 £0.22and 0.93+0.11; p=0.01). By year 1, the param-
eters of uncorrected visual acuity remained virtually un-
changed and corresponded to 0.58 + 0.19 and 0.94 + 14,
respectively (p = 0.01) (Fig. 1). Corrected visual acuity
was 0.91 £ 0.07 and 0.97 + 0.02, respectively (p = 0.23).

A comparative analysis of corrected visual acuity
in the preoperative period and uncorrected visual acui-
ty 12 months after SMILE surgery in patients with stand-
ard technology showed the loss of 1 line in 5 % of cases,
2 lines or more in 9.1 % of cases (Fig. 2a). In patients op-
erated with modified technology, the loss of visual acuity
by 1 line was noted in 4 % of cases, by 2 lines or more —

55 eyes
12 months after

UCVA is equal to or better than BCVA: 73 %

% UCVA within +1 line of the BCVA

80
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% 50
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o« 40
o
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o I
-2 -1 no +1
or worse changes or better
Ratio of UCVA and BCVA, lines
a
FIG. 2.

onlyin 1.5 % (Fig. 2b). It should be noted that the excess
of preoperative visual acuity parameters after SMILE sur-
gery in group 1 was noted in 2 % of patients, in group 2 -
in 6 %.

A comparative analysis of the results of changes in clin-
ical refraction also demonstrated statistically significant
differences in the two groups (Fig. 3).

Thus, on day 1 after the surgery, in patients with myo-
pia, who underwent the standard technology surgery, re-
sidual myopic refraction was obtained, the spherical com-
ponent of which varied from -0.75 to -3.0 D, averaging
-1.90 £ 0.69 D, on day 5 it was — 1.86 + 0.57 D (Fig. 3a).

A statistically significantly better refractive result
was achieved in patients operated using the modi-
fied technology already on day 1. The average values
were —0.08 £ 0.51 D (from -1.5 to +0.75 D; p = 0.01). This ef-
fect persisted at all stages of the postoperative follow-up
period. By 12 months after surgery, the spherical refraction
component was -1.96 + 0.29 in group 1 and -0.24 + 0.57
in group 2 (p = 0.01) (Fig. 3b). In the vast majority of cases,
aqualified refractive result was achieved in patients who un-
derwent the modified technology surgery.

In patients, who underwent the standard technology
surgery, a deviation from the calculated refraction of £ 1.0 D
was noted in 71 % of cases, + 0.5 D in 51 %, i. e., devia-
tion from the planned refraction of more than one diopter
was obtained in 29 % of patients (Fig. 4a). In patients oper-
ated using a modified calculation of the surgical parame-
ters, the deviation of more than + 1.0 D was obtained only
in 1 % of cases, the deviation from the calculated refraction
of £ 0.5 D was obtained in 82 % (Fig. 4b).

136 eyes
12 months after

UCVA is equal to or better than BCVA: 94 %
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Ratio of uncorrected and maximally corrected visual acuity in patients with high myopia after refractive SMILE surgery using standard (a)

and modified (b) technologies in a long-term postoperative period
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Distribution of patients depending on the spherical equivalent obtained in the late postoperative period after SMILE surgery using standard

(a) and modified (b) technology

In patients of both groups, a statistically significant in-
terdependence between the planned and the obtained re-
fractive result was established. Despite comparable deter-
mination coefficients, patients in group 1 showed a signif-
icant deviation of the observed values from the regression
line towards under-correction (Fig. 5a), whereas in group 2

183

the deviations of the predicted value from the average
value were minimal (Fig. 5b).

Thus, the developed mathematical model and the iden-
tification of key parameters for the formation of the refrac-
tive effect of SMILE surgery make it possible at the stage
of preoperative diagnosis to simulate surgery parameters,

Ophtalmology
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surgery using standard (a) and modified (b) technology

predict the refractive result, the possibility of developing
additional optical effects associated with changes in the di-
ameter of the optical zone and, in general, determine pa-
tient management tactics.

The developed technology of a modified calculation
of the parameters of SMILE surgery for high myopia correc-
tion allows to obtain an optimal refractive effect in compli-
ance with safety regulations when the structural and func-
tional parameters of the eye are initially unfavorable for re-
fractive surgery [10].
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