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LlenTa Ha HacToAWLOTO MpoyuBaHe e A Ce oOueHN edUKACHOCTTA Ha OMTMYHUTE W GapMaKoNorMyHUTe
WHTEPBEHLMM 33 3abaBAHe Ha NPOrpecuaTa Ha MUONKA MPU eLla U IHOLLN Ha Bb3pacT Mexay 8 u 16 T,
npemuHany neyenue B YCBOBAJT-BapHa.

B npoyuBaHeTo 6Axa BKtoueHn 60 mauueHTU ¢ MUOMKUA, KaTo CMopes CbCTOAHUETO W KenaHueTo Ha
HacToiHMLMTe MM 6AXa pasnpeseneny B 4 rpyni. OT TAX KOHTPON Ha MUONKUATA Upe3 aTPONMHOBM Kanku
0,01% ce u3BbpLLM Npu 16 nawueHTy, 17 6axa Kopurupaxun ¢ MynTUGOKANHI MeKM KOHTaKTHM newyy, 13 —
copto-K newy, a 14 — ¢ myntudokanHm ounna. AKcuanHaTa JbmKIHa Ha 0uHata A6bka 1 pedpakTBHaTa
rpeLuKa 6Axa U3CnefBaHu 1 CpaBHeHN NPefy 3anoyBaHe Ha Tepanis, Ha MbpBaTa 1 Ha BTopaTa rofyHa.
(nen BbBEX[aHe HA CHOTBETHOTO CPEACTBO 3a KOHTPOM YBeNMUEHUeTO B CdepuyHaTa KOMMOHEHTa i
aKkCManHata Ib/KuHa B rpynute ¢ opto-K 1 MynTudoKanHu newn e no-HUCKO B CpaBHeHue C rpynuTe
C aTpONUHOBI KanKku U ouuna. Haii-HUCKN CpefHI CTOHOCTI Ha yBeNWUYeHWe B aKC(ManHaTa AbMXMHa
HabniojaBame B rpynata, HanacHata ¢ opto-K neww (MD+0.21 mm), cnefBaHu oT rpynata C aTponMHOBM
kanku (MD+0.32 mm), myntudpokanHu koHTakTHu newm (MD+0.53 mm) u ounna (MD+0.89 mm). Haii-manka
pa3nuka B peQpakTUBHaTa rpeLlKa OTHOBO oTuMTaMe B rpynata ¢ opto-K newwm (MD N/A), myntudokantm
koHTaKTHM newwy (MD 0.45D), arponutosu kanku (MD 0.73D) u ounna (MD 1.26D). Myntudokantute n opto-K
MLy 1 aTPONUHOBHUTE KanKu MoraT eGeKTUBHO f1a KOHTPOAMUpAT NPorpecuaTa Ha MUONIAA NPU KHOLLK, HO
MynTudokanHute n opto-K newwn nokazsar no-3Haunmn edpexTu.
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Comparison of the Efficiency of Different Approaches for Myopia Control in Children and Adolescents
from the City of Varna for a Two-Year Period

Aim: The aim of the present study is to evaluate the efficacy of optical and pharmacological interventions to
slow the progression of myopia in children and adolescents aged 8 to 16 years, who underwent treatment at
the University Specialized Eye Hospital in Varna.

Materials and Methods: The study included 60 patients with myopia and according to the condition and the
wishes of their guardians, they were divided into 4 groups. Of these, myopia control with atropine drops 0.01%
was performed in 16 patients, 17 were corrected with multifocal soft contact lenses, 13—uwith ortho-K lenses,
and 14—uwith multifocal glasses. The axial length of the eyeball and refractive error were examined and
compared before the start of therapy, at the first and at the second year.

Results and Discussion: After the introduction of the appropriate control agent, the increase in the spherical
component and axial length in the ortho-K and multifocal lens groups was lower compared to the atropine
drops and glasses groups. The lowest mean values of increase in axial length were observed in the group fitted
with ortho-K lenses (MD +0.21 mm), followed by the atropine drops (MD +0.32 mm), multifocal contact lenses
(MD +0.53 mm), and glasses (MD +0.89 mm) groups. The smallest difference in refractive error was again
reported in the group with ortho-K lenses (MD N/A), multifocal contact lenses (MD 0.45D), atropine drops (MD
0.73D), and glasses (MD 1.26D).

Conclusion: Multifocal and ortho-K lenses and atropine drops can effectively control the progression of myopia
in adolescents, but multifocal and ortho-K lenses show more significant effects.

Keywords: myopia, myopia control, ortho-K, multifocal contact lenses, socially significant

BbBEAEHUE

MuonuaTta e BuA ameTponus, XapakTepusupalya ce ¢ mo-CUHO
MpeuynBalla oyHa Cpefa 1/ AN Mo-ronAaMa akcuanHa AbmKiMHa
Ha OuHaTa AObAKA, B pe3ynTaT Ha KOeTo NbuuTe, WABAWM OT
be3kpailHocTTa, ce (OKycupaT npep peTuHaTa, KOeTo BoAM [0
HeACHa 3pUTeNHa 0CTPOTa Ha 06eKTY Ha faneuHo pasctoauue (1). Ta
€ YecTo pa3npocTpaHeHa B robaneH mMaab, a (BeToBHaTa 3apaBHa
opranmzauma ((30) A knamduumpa Kato Haii-uecta MpUuMHa 3a
obpaTMa cnenota, Tbil KaTo HeKopurupaHute pedpakTUBHY
rpewkn ce cpewar npu 123,7 maH. gywn (2). BucokoctenexHa
muonnsa cnopeg (30 e KbcorneactBo ot -5 auonTbpa (D) mnm

Prevalence of
Myopia

INTRODUCTION

Myopia is a type of ametropia characterized by a more refractive
medium and/or a longer axial length of the eyeball (1). As a result,
parallel rays coming from infinity are focused in front of the retina,
resulting in blurred visual acuity for distant objects (1). It is common
worldwide and thus the World Health Organization (WHO) classifies
it as the most common cause of reversible blindness, as uncorrected
refractive errors occur in 123.7 million people (2). High-grade myopia,
according to the WHO, is myopia of -5 diopters (D) or more, associated
with an increased risk of blindness due to myopia-related ocular
morbidity, including degenerative changes in the macula, optic

Western Europe

22%=»56%
North America North Africa & Middle East East Asia
28% =» 58% 15%=>52% 39% =» 65%
Southern Latin America Sub-Saharan Africa Australasia
16% =»53% 5% =» 30% 20% = 55%
2000 = 2050

Fig. 1. Holden et al.'s estimate of the increasing prevalence of myopia globally in percentages (4).
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noBeuye, (Bbp3aHo C MOBMULLEH PUCK OT CIeN0Ta, NOpaju (Bbp3aHa C
Hero ouHa 3aboneBaemocT, CPef KOUTO fiereHepaTuBHI U3MeHeHIs
B MaKyna, 3puTeNneH HepB U NepudepHa peTuHa, OTNeMBaHe Ha
peTvHaTa, MUONMYHA XOPUOWAANHA HEOBACKYNapu3aLys, rmaykoma
1 katapakTa (3). [lpoyuBaHe Ha XonAbH 1 KONEKTUB M34NCIABA, Ye
yeCToTaTa Ha MUONKA 1 BUCOKOCTENEHHA MUOMNA LLe NPOABIKI Aa
HapacTBa rno06aHo, 3acAraikin 5 MApA. 1 1 MAPA. AYLUN CbOTBETHO
10 2050 . unn NoNoBMHATa OT CBETOBHOTO HaceneHue (4). Tosa e ot
(bLUECTBEHO 3HAueHUe 3a 0OLLECTBEHOTO 3fpaBeonasBaHe, Thbii
KaTo 3UCKBA LIANOCTHIA YOTYrW 3@ FPUKa 3a 0UMTe, KOPEKLIMOHHMU
(peCTBa, MeHaXMpaHe Ha CbCTOAHNETO, KOMMEKC OT U3CeABaHNA
W NpedoTBpaTABaHE pUCKA OT YCNOXKHEHWA, BbB Bpb3Ka C
NoTeHLManHa Heobpatima cienota.

MosiBaTa Ha MUOMUA B MO-PaHHA Bb3PACT € 3HAUMTENEH PUCKOB
(aKTop 3a Nporpecks 1 BIUCOKOCTENEHHO KbCOMEACTBO B ObaeLue
(5). (ned 1OHOLIECTBOTO MPOrpecuATa Ha MUOMKUATA NOCTENEHHO
ce cTabunuavpa npu noeueto xopa. (pen GakTopuTe, MMALLY
pons B Pa3BUTMETO Ha TO3M BU aMETPONIAA, Ca BPEME, NPEKapaHo
Ha OTKPUTO, MPOAB/KUTENHATa paboTa Ha GnM3ka AWCTaHUNS,
MpeHatanHn GakTopu M HaCNeACTBEHOCT, COLI0-MKOHOMIYECKN
CTaTyc 1 ypbaHu3aums, a pasnpocTpaHEHeTo 1 YecToTara i mpu
Ji€Lia Bapupa B paznnuHuTe 061aCTU U FbPXKABU B 3aBUCUMOCT OT
Bb3paCTTa, AbPXKaBaTa, N0/, pacara, eTHHYeCKaTa NPUHAANEXHOCT,
npodecusTa, OKOMHATa Cpeja U Apyru (GakTopyu, Kato cpes
eBPONEIACKITE NOMYMaLMA U3UMCIIEHOTO Pa3npocTpaHeHne e ot
30,6% 1 HenpeKbCHaTo HapacTBa (5). POMEHNMBOCTTA B METOAMTE

nerve and peripheral retina, retinal detachment, myopic choroidal
neovascularization, glaucoma, and cataract (3). A study by Holden
et al. estimated that the prevalence of myopia and high myopia will
continue to increase globally, affecting 5 billion and 1 billion people,
respectively, by 2050, or half of the world’s population (4). This is of
significant public health importance, as it requires comprehensive
eye care services, corrective devices, management of the condition,
a range of tests, and prevention of complications, with potential for
irreversible blindness.

Early onset of myopia is a significant risk factor for progression and
high myopia in the future (5). After adolescence, the progression of
myopia gradually stabilizes in most people. Factors that play a role
in the development of this type of ametropia include time spent
outdoors, prolonged work at close range, prenatal factors and
heredity, socioeconomic status, and urbanization (5). The prevalence
and incidence of myopia in children varies across regions and
countries depending on age, country, sex, race, ethnicity, occupation,
environment and other factors, with an estimated prevalence of
30.6% in European populations and increasing (5). Variability in the
methods of studying and collecting data on myopia makes it difficult
to compare its prevalence and progression. Differences in data are
most often expressed in terms of time and age of the population
studied.

Fig. 2 displays the total number of people with high myopia worldwide,
from 163 million in 2000 (2.7% of the world population) to 277 million

Table 1. Prevalence of myopia estimated for each region with a global burden of myopia between 2000 and 2050 (4).

Prevalence (%) in Each Decade

Central Latin America 221 273 34.2 41.6 489 549
Asia-Pacific 46.1 48.8 534 58.0 62.5 66.4
Australia 19.7 27.3 36.0 43.8 50.2 551
Central Asia 1.2 17.0 24.3 329 411 474
East Europe 18.0 25.0 322 389 459 50.4
Central Europe 20.5 271 34.6 41.8 48.9 541
West Europe 219 28.5 36.7 445 51.0 56.2
North America 283 345 2.1 48.5 54.0 584
North Africa and Middle East 14.6 233 30.5 38.8 463 522
South Africa 51 8.0 121 175 234 30.2
West Africa 5.2 7.0 9.6 13.6 19.7 26.8
Oceania 5.0 6.7 9.1 12.5 174 23.8

24



Comparison of the Efficiency of Different Approaches for Myopia Control in Children and Adolescents

from the City of Varna for a Two-Year Period

3a u3cnedBaHe U CbOupaHe Ha JaHHM Ha MUMONKWSA 3aTpyaHABa
CMOCOOHOCTTA 3a CpaBHEHMe. PasnukuTe B JaHHUTe ce U3pasaBaT
Hali-4ecTo B 3aBIUCMMOCT OT BPEMETO U Bb3PACTTa Ha U3CNlefiBaHaTa
nonynauus.

Our. 2. noka3ga kapTuHaTa 3a 061wma 6poii Xopa C BUCOKOCTeNeHHa
MUONKA B CBETOBEH Malllab — ot 163 maH. npe3 2000 r. (2,7% ot
(BETOBHOTO HaceseHue), HapacTBaiku o 277 mnH. npe3 2010r. (4,0%
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in 2010 (4.0% of the world population) (4). The authors predict an
increase to 399 million in 2020 (5.2% of the world population), 517
million by 2030 (6.1% of the world population), 696 million by 2040
(7.7% of the world population), and 938 million by 2050 (9.8% of
the world population) (4). These results are quite serious, because
as high myopia increases, the risk of complications leading to vision
impairment and loss also follows suit.
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Fig. 2. Graph portraying the distribution of people expected to have myopia by age group in 2000 and 2050 (4).

OT CBETOBHOTO HaceneHue) (4). ABTopuTe NpefBIKAAT HapaCTBaHe
10 399 MaH. npe3 2020 . (5,2% 0T CBETOBHOTO HaceneHue), 517 MIH.
102030T. (6,1% 0T CBeTOBHOTO HaceneHue), 696 MaH. 10 2040r. (7,7%
0T CBETOBHOTO HaceneHue) u 938 mMiH. 4o 2050 . (9,8% oT cBeTOBHOTO
HaceneHne) (4). Tean pe3ynTati ca A0CTa CEPUO3HM, Tbil KaTo €
MOBMLLIABAHE HA BUCOKOCTENEHHATA MIOMMA HAPacTBa U PUCKBT OT
YOIOXHEHNA, BOAELLM [0 HapyLUeHWs 1 3ary6a Ha 3peHneTo.

MuonusATa ce ouepTaBa Kato OCHOBeH npobnem 3a 00LLLeCTBEHOTO
3/ipaBe Nopajv Tpy BOAELLM MpudnHM (4):

& B passutute cTpaHu B M3TouHa u Oromstouna Asus,
kato (uuranyp, Kutait, TaitBan, flnoHna u Kopes,
Pa3npocTPaHeHMeT0 Ha KbCOTNMeACTBOTO 6bp3o ce e
yBenuumno npe3 nociegHute 50-60 roguHu. B rpagckute
paitoHu B Te3n cTpaHu 80-90% ot fewata, 3aBbpLUBALLY
rUMHa3na, cera @ kbcornean, aokaro 10-20% morat Aa
MIMaT BMCOKOCTEMEHHa MUOMNA. YBeNueHaTa YecToTa He ce
orpaHnyaBa camo o A3us, Ho HapacTBa kakTo B CALLL, Taka
1 8 EBpona — Toect rnobasno;

® (30 knacmpa MuonMATa Cped HEKOPUTApaHUTE Apyru
BIZOBE pedypaKkTMBHM TPeLLKN KaTo OCHOBHA MpUYMHA 3a
o0bpaTiMa CnenoTa 1 HamManeHo 3peHue;

& Xopata C BUCOKa CTemNeH Ha KbCOMMEACTBO (a U3NO0XKEHN Ha
3HAUMTENTHO MOBHLLIEH PUCK OT MIAOMIAYHY NATONOMUM, KOUTO
6vxa MOV 1a IOBEIAT [10 HapyLLEHNe 1 INNCA Ha 3peHite.

Te3n dakTopu HanmaraT ajieKBaTHa [MarHoCTWKa, KOpeKLuA Ha
MUONUYHMTE  pedpaKUMOHHN aHOManuu, edeKTUBHO feveHue,
KOHTPON W Haii-Beve NpodunakTMka Ha MuUONMATA. 3a LacTue
pa3bupaHuATa 3a MpuuMHaTa W MPOrpecuaTa Ha KbCOrneacTBOTO
3HaUMTeNIHO HanpefiHaxa, Koeto Boju A0 obeluaBawiy Mogxoau
33 NpeBeHUNA, KaKTo U KbM MaTonoryHata MUOMUA U HEiHOTO
NneyeHue.

Myopia has emerged as a major public health problem for three main
reasons (4):

& in developed countries in East and Southeast Asia, such as
Singapore, China, Taiwan, Japan, and Korea, the prevalence
of myopia has increased rapidly over the past 50-60 years.
In urban areas in these countries, 80-90% of children
graduating from high school are now myopic, while 10-20%
may have high-grade myopia. The increased prevalence is not
limited to Asia, but is increasing in both the United States and
Europe—that s to say, globally;

& the WHO ranks myopia among uncorrected other types of
refractive errors as the leading cause of reversible blindness
and visual impairment;

& people with high myopia are at significantly increased risk of
myopic pathologies that could lead to impaired and low or
lack of vision.

These factors require adequate diagnosis, correction of myopic
refractive errors, effective treatment, control and, aboveall, prevention
of myopia. Fortunately, understanding of the cause and progression of
myopia has advanced significantly, leading to promising approaches
to prevention, as well as to pathological myopia and its treatment.

There are different concepts about the causes of myopia onset and
progression. Wiesel and Raviola were the first to induce experimental
myopia in an animal model (6). Their study showed that stimulating
the retina with a blurred image leads to a change in growth signals in
the eye (6). Numerous other studies conducted in animals using both
converging and diverging lenses have shown that the eye will change
its axial length to accommodate the lens placed in front of the eye (5).
This change is reversible, but occurs even if the optic nerve is severed.
Rada et al. reported that the retina provides remodeling signals to the
sclera, which causes the eye to change shape in order to focus light
rays from infinity onto the retina—emmetropization (7). The process
of emmetropization is the adaptation of the length of the optical axis
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(bluecTBYBaT Pa3fNyHN KOHLENUAM 33 MPUYMHUTE 33 NOABA U
nporpecu Ha muonuaTa. Wiesel u Raviola ca mbpsuTe, KouTo
UHAYLMPaT eKcrepuMeHTaNHO KbCOrNefCTBO B KUBOTUHCKI MOJEN,
a TAXHOTO NPOyYBaHE NOKA3Ba, Ye CTUMYNMPAHETO Ha PeTUHATa CbC
3ambrneH 06pa3 BoAu 10 NPOMAHA Ha CUTHaNNTE 3a PaCTeX B OKOTO
(6). MHorobpoitHM Apyrv NpoyuBaHusA, NPOBEAEHN MPU KUBOTHY,
U3NON3BaLLM KaKTO CbOMpaTeNHy, Taka M pa3ceiiBaTenHu neiuy,
M0Ka3BaT, Ye OKOTO LLie NPOMEHY (BOATA aKCWasHa Ab/KIHA, 38 ia ce
nprcnocobu KbM Nelwata, NocTaBeHa npes okoto (5). Tasu npomaHa
e 00paTiMa, HO HaCTbNBA JOPU aKO 3PUTENTHUAT HEPB e NPeKbCHaT.
Rada u konekTuB cb06LLaBaT, Ye peTuHaTa NPefOCTaBA CUrHaNM 3a
pemopenvpaHe KbM CKepaTa, Upe3 KouTo 0KoTo NpOMeHs Gopmata
a1, c uen GoKycupaHe Ha TbunTe, UABALLYN OT He3KPaliHOCTTa BbPXY
peTuHata — emetponu3auna (7). lMpouecsT Ha emeTponu3aumsa e
NPUCMoco6ABaHETO Ha AbMKIHATA HA ONTUYHATA OC KbM ONTUYHUTE
XapaKTepuCTUKIA Ha NeLaTa 1 poroBMLaTa Cnef kpasa Ha BTopaTta
rOfMHA OT XuBoTa (8). lpe3 mbpBuTe ABE FOAIHI OT XMBOTA 0YHATA
A6bAKa pacTe npeaUMHO ChepuyHo, Kato ce yBeNMYaBa B caruTaneH
[JVUAaMeTbp 0T 0KoNo 17 mm npu oHOCeHO paxaaHe 10 ~21 022 mm
B KpaA Ha BTOpaTa rognHa ot mora (8). (neq BTOpaTa rogmHa ot
KIBOTA M0-HATaTbLUHOTO HApacTBaHe e MpefMMHO B aKCWasHa
MOCOKa, KaTo 1 mm aKcuanHo yobmxeHue CboTBETCTBA Ha 0,5 mm
yBeNUeHIe Ha XOPU3OHTANHINA U BEPTUKANHINA ANAMETbP Ha OKOTO
10 aKCMasHa AbMKuHa 0T 24 mm (8). CMUT 1 ip. eKCNepUMEHTaNHO
u3CneaBaT [Janu OKOTO pearpa Ha oBeanHo, nepudepHo
3aMbIMIABAHE WM €[|HAKBO 11 HA [iBETe upe3 cepus OT ML, CbC
(bbupaTenHa nea B CbpLeBUHa U pa3ceiiBaTenHa B nepudepus
n ppyru B obpatHUA cnyyaii (9). U B ABaTa C1yyas AbMKMHATA Ha
0KOTO Ce MPOMeHs B OTFOBOP Ha CMMaTa Ha mepudepHata nela,
T0eCT UHdopMaLmATa 3a pa3spokycupaHe ce obobiaa no wanarta
MOBBPXHOCT Ha PETIHATA W HTEr PUPAHKAT CUTHan perynupa pactexa
Ha 0KOTO (9). MHOrO KNMHULMCTI 1 M3CNefoBaTeNN BAPBAT, ye Te3u
MPOYYBaHNA BbPXY UBOTHI MMAT NPAKA BPb3Ka 0 Pa3BUTHETO Ha
aKCMATHO YAbKaBaHe (5). AKCMaNHOTO 3JbKaBaHe e (BbP3aHo C
U3TbHABAHE HA XOPUOWAEATA U B NO-HICKA CTEMEH — Ha CKNepara,
C M3TbHABAHE Ha PeTWHaTa 1 HaManeHa MTbTHOCT Ha KNeTKUTe Ha
MUrMEHTHIA eNUTEN Ha PeTHATa B PeTpo-eKBaTopuanHata obnact
8).

(peq MHOro6pOIAHUTe UHTEPBEHLN, MPEANOXKEHN 32 KOHTPON Ha
MUONNATA, aTPONMHBLT € edeKTUBHO (PapMAKONOTMYHO CPefCTBo,
noCTIraLLo KoHTpon Ha 50-90%, B 3aBUCUMOCT OT KOHLiEHTpaLmATa.
Bbnpekn ue Huckute KoHueHTpaumn atponuH (0,01% u 0,05%)
@ MBeHTUUUMPaHN KaTo edeKTUBHW C MUHUMANHN CTPaHUYHM
edeKTn, Bce Mak Ca (Bbp3aHN C M3pa3eHa CUMMNTOMATUKA KaTo
CyxoTa B ycTata, Gpotopobua, nowwo 3peHne Habauzo, OTONACHLN 1
anepriyeH KOHIOHKTIBHT (8).

OpTokepatonoruata e Apyro edekTUBHO ONTAYHO CPeACTBO,
peayuupaiiki npoMAHaTa B akCUanHaTa AbKMHA ¢ NpUbAn3uTenHo
50% Ha roauHa (8,10). MpeanwHn npoyyBaHWA MoOKa3BaT, ye 3a
edeKT 0T NleueHIeTo ca HeobXoaMMI MOHE 6 Mecelia HOCEHE I HoCK
PUCK OT 3HAUYMUTENHU YCNOXHEHMA, BKIKOUNTENHO OLBETABAHE Ha
POroBuLaTa, NanNapeH KOHIHKTUBUT U MUKpobeH kepaTut (8,10).
LleHaTa, MHTEH3NBHOCTTA Ha MPOC/EAABAHETO U JOMBAHUTENHUTE
YMeHIA, U3UCKBAHN KAKTO OT CMeuanicTuTe no 04HO 34paBe, Taka
11 OT NALMEHTITE, CbLLO NOCTABAT U3BeCTHYU npeukm (10).

to the optical characteristics of the lens and cornea after the end of
the second year of life (8). During the first two years of life, the eyeball
grows predominantly spherically, increasing in sagittal diameter
from about 17 mm at term birth to ~21 to 22 mm by the end of the
second year of life (8). After the second year of life, further growth is
predominantly axial, with 1 mm of axial elongation corresponding to
a0.5 mm increase in both horizontal and vertical diameters of the eye
to an axial length of 24 mm (8).

Smith et al. experimentally investigated whether the eye responds
to foveal, peripheral blur, or both equally by a series of lenses, with
a collecting lens in the core and a diffusing lens in the periphery and
others in the opposite case (9). In both cases, the length of the eye
changed in response to the power of the peripheral lens, that is, the
defocus information was summed over the entire surface of the retina
and the integrated signal requlated the growth of the eye (9). Many
clinicians and researchers believe that these animal studies have a
direct link to the development of axial elongation (5). Axial elongation
is associated with thinning of the choroid and to a lesser extent, of
the sclera, with thinning of the retina and reduced density of retinal
pigment epithelial cells in the retro-equatorial region (8).

Among the numerous interventions proposed for myopia control,
atropine is an effective pharmacological agent, achieving control
of 50—90%, depending on its dosage. Although low concentrations
of atropine (0.01% and 0.05%) have been identified as effective
with minimal side effects, they are still associated with significant
symptoms such as dry mouth, photophobia, poor near vision, glare,
and allergic conjunctivitis (8).

Orthokeratology is another effective optical tool, reducing axial length
change by approximately 50% per year (8,10). Previous studies have
shown that at least 6 months of wear is required for treatment to
be effective and carries a risk of significant complications, including
corneal staining, papillary conjunctivitis, and microbial keratitis (8,10).
The cost, intensity of follow-up, and additional skills required by both
eye care professionals and patients also pose known barriers (10).

Progressive, bifocal, and multifocal lenses and soft multifocal contact
lenses (MCLs) are also prescribed as optical correction devices, but do
not appear to have a significant effect in controlling the underlying
progression of myopia (8,11). Spectacles or contact lenses with a
defocusing design may be alternatives for individuals who cannot
physiologically or financially tolerate other control devices (8).

Reports from the International Myopia Institute (IMI) present the work
of more than 85 multidisciplinary experts in the field, who synthesize
and summarize the scientific evidence to date and serve to inform both
clinical practice and future research (12). The establishment of the
IMI'is an outcome of the World Health Organization-affiliated global
scientific meeting on myopia, held at the Brien Holden Vision Institute
in Sydney, Australia in 2015 (12). Recommendations emerging from
this meeting include the use of cycloplegic data in epidemiological
studies in children (under 18 years) and the working group also
warns of the harms of undercorrection (12). The IMI report presents
recommendations from the institute members on protocols for
various clinical trials and tools for assessing the efficacy of treatments
for myopia control. A general consensus was reached on the design
of the studies. These suggest that the clinical trial protocol should
adhere to the principles of the Declaration of Helsinki and be approved
by the relevant local ethics committee (12). Informed consent should
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MporpecuBHy, 6uPOKanHM 1 MyNTUPOKANHM CTBKMA U MeKN
MyNTUGOKANHI KOHTAKTH NIeLM CbLLO Ce U3MACBAT KaTo ONTUYHM
CPeACTBA 33 KOPEKLWA, HO He U3IMEX/a a MaT 3Hauum edeKT npu
KOHTPOM Ha OCHOBHaTa nporpeca Ha muonuata (8,11). Ouuna wm
KOHTAKTHY NeLum ¢ feOKycupaLL Au3aiiH MoraT a npe/cTaBnAgat
anTepHaTVBI 3a UL, KOUTO He MOraT /i MOHecaT GU3MONoruyHo
U GUHAHCOBO ApYry CPeacTBa 3a KOHTpon (8).

Jloknagute Ha MexpyHapoaHUA UHCTUTYT Mo Kbcorneacto (IMI)
npeacTaBAT paboTata Ha noseye OT 85 MyNTUANCLMNAMHAPHN
eKcnepTu B 006MacTTa, KOUTO CUHTe3MpaT 1 0606WaBaT HayuHuTe
JA0Ka3aTeNCTBa 0 MOMEHTA U CTyaT 3a MHGOPMMPaHe KaKTo Ha
KNMHUYHATa MpaKTMKA, Taka W Ha Obdewwte uacnensanua (12).
[penopbKuTe, U3XOAALLM OT Ta3m CPeLa, BKIOUBAT M3MON3BAHETO
B €NMAEMMONOrYHN NpoyyuBaHNA Npu Jeua (noa 18 r.) Ha AaHHu,
nofiyyeHn cnep Luknonnerus, a pabotHata rpyna Cbllo Taka
npeaynpexjaBa 3a BpeauTe 0T xunokopekuuarta (12). MocturHar e
001L| KOHCEHCYC OTHOCHO AM3aiiHa Ha u3cneaBaHnATa. OT TAx CieaBa,
ye MPOTOKOMTBT OT KAUHUYHOTO U3NUTBaHe TpAOBA Aa ce Npuabpxa
KbM NpuHLunuTe Ha [leknapauuata ot Xen3uHKm 1 fa 6bae 0406peH
0TCbOTBETHATaMeCTHAKOMICUA IO €TUKA, MHOPMUPAHOTO Cbracke
TpA6Ba Aa 6bAe HaNMCaHo Ha NPOCT e3uK 1 ia 6bfe NoNYYeHo KaKkTo
OT HaCTOIHMLMTE, Taka U OT feliaTa, HeobXoAuM e CTaHaapT 3a
AOKNaJBaHe Ha HeXenaHu cboutna, a KpuTepumute 3a BKIIOUBAHE
W M3KMI0YBaHe Ha yuacTHMLWTe TpA6Ba Aa 6bAaT ACHO onpeaeneHn,
3a [a BKNIOYBAT Bb3pacT, chepuyHa ekBMBaNeHTHa pedpakTBHa
rpelUka, acTUrmaTu3bm, aHU30MeTponuA 1 oyHa matonorua (12).
YuacTHUUMTE C aHaMHe3a 3a MPEeANLUHO NleyeHie 3a KOHTPON Ha
muonna TpAbBa Aa ObAaT U3KMKUEH, @ BKIIOUEHUTE YYaCTHULM
TpA6Ba Aa ObAAT PaHAOMU3MPAHU B €aHA UMM HAKOMKO Tpyni 3a
fneyeHne 1 eaHa KoHTponHa rpyna (12). O6uyaliHuTe KOHTPONHM
MeToau ca MoHoQpokanHu ouuna, MK uam nopobHo AeitcTBaLLm
dapmakonornunu cpeactea (12). U3nuTBawmat, cbbupaly AaHHM
3a pe3ynTatuTe, BUHaru TpAbBa Aa Gbje MackupaH 3a rpynosata
NPUHAANEXHOCT Ha YYaCTHMKA, @ KOraTo e Bb3MOXHO, TpAbBa Ja
(e 113M013Ba 1 MackMpaHe Ha yyactHuka (12). MexgyHapogHuaT
WHCTUTYT HaCTOATENHO MPenopbyBa U3M0A3BaHETO Ha akcManHaTa
Ab/DKUHA, U3MepeHa upe3 onTuuyHa 6GUOMeTpus, KaTto MbpBIYHA
MApKa MpU OLEHKA Ha epuKAcHOCTTa Ha u3bpaHuA MeTof 3a
KOHTPON, KaKTo 1 peppakTMBHATa rpeLUKa, Korato e Mpuioxumo
(12). ToBa e TaKa, Tbil KaTo METOAWTE 3a KOHTPON Ha MINOMIAA MOTaT
Ja Npeav3BIUKaT NPOMEHN B NPeUynBaLyuTe KOMMOHEHTY Ha OKOTO,
He3aBUCMO 0T aKCMaNHaTa AbJIKIHA, KOETO 03HauYaBa, Ye NpoMAHaTa
B rpelliKaTa Ha MpeuynBaHe He BMHaru e MOAXOAAL, WHAEKC 3a
npocieaABaHe Ha NPOrpecuATa 1 pucka oT NaTonorun, (Bbp3aHn ¢
kbcorneactso (12). Mo-cnewnanHo opTokepaToNoruATa 1 aTPONUHBLT
(a NoJaTIMBY Ha TakoBa Bb3[elicTBIe. 3a Aa Ce OCUrypy TOUHOCT,
€HA 1 CbLUN MHCTPYMeHTU TpAOBA Ja ce U3N0N3BaT npe3 Lenns
nepuog 0T BpeMe Ha KNMHUYHOTO M3NuTBaHe 1 TpA6Ba Aa 6baat
kanubpupanu u Banuanpaxu (12). Korato ce nocoysa HamansABaHe
B aKCWANHOTO YABIKEHe 1 NPOrPeckaTa Ha KbCorneacTBo MeXAY
TpeTupaHaTa 11 KOHTPOHA rpyna, € BaXKHO Aa Ce 0TYeTe NepUoABT OT
BpeMe, Npe3 KOiATO e HaCTbNI0 HaManeHneto (12).

Bcuukm Te31 HacoKM Ca OT U3KNIOUNUTENHO 3HAUeH!e, 3a Aa MOXe
NPOBEXAaHETO Ha ObaeLwn U3CneaiBaHNA Ha HOBM, Beue MO3HATU U
KOM6MHMpaHI/I MeTOAN Aa [aBat ACHA, BanliAHa, CTaHAAPTU3MPaAHa
1 CpaBHUMa OLiEHKa Ha E(I)VIKa(HOCTTa Ha NpUIoXeHnTe Noaxoamn 3a
KOHTPON 1 Aa AafiaT Ha KIIMHULKUCTATE Nnornea Haj 0e30MacHoCTTa,

be written in simple language and obtained from both guardians
and children (12). A standard for reporting adverse events should be
established. Participant inclusion and exclusion criteria should be
clearly defined to include age, spherical equivalent refractive error,
astigmatism, anisometropia and ocular pathology (12). Participants
with a history of previous treatment for myopia control should be
excluded (12). Enrolled participants should be randomized to one
or more treatment groups and one control group (12). Stratified
randomizationis useful in achieving age- and refractive error-matched
groups (12). The control group should receive a treatment that, as
far as possible, cannot be distinguished from the active treatment,
including the information provided and the eye health assessment
performed (12). Common control methods are monofocal spectacles,
MCL, or similarly acting pharmacological agents (12). The investigator
collecting the outcome data should always be masked to the group
affiliation of the participant and, where possible, participant masking
should be used (12). The International Institute strongly recommends
the use of axial length as the primary measure in assessing the
efficacy of the selected control method, as well as refractive error,
where applicable (12). Axial length should be assessed by optical
biometry (12). Refractive errors should be measured objectively under
cycloplegia with an open-field autorefractometer with a known
measuring aperture (12). The same type of cycloplegic agent should
be used throughout the dlinical trial and refraction should not be
measured before the maximum cycloplegic effect is achieved (12). To
ensure accuracy, the same instruments should be used throughout
the clinical trial and should be calibrated and validated (12). When
reporting a reduction in axial length and progression of myopia
between the treated and control groups, it is important to consider
the time period over which the reduction occurred (12). Myopia control
methods can induce changes in the refractive components of the eye,
independent of axial length, meaning that the change in refractive
error is not always a suitable index for monitoring the progression and
risk of myopia-related pathologies (12). Orthokeratology and atropine
in particular are susceptible to such effects.

All these quidelines are of utmost importance so that future studies
of new, already known and combined methods can provide a clear,
valid, standardized and comparable assessment of the efficacy of the
applied control approaches and give clinicians an overview of safety,
possible complications, patients’ quality of life and the possibilities of
providing the best visual function.

AIM

The aim of the present study is to evaluate the efficacy of optical and
pharmacological interventions to slow the progression of myopia in
children and adolescents aged 8 to 16 years who underwent treatment
at the University Specialized Eye Hospital in Varna.

MATERIALS AND METHODS

The study prospectively included 60 patients with myopia and
refractive error between -2.00 and -6.00D. The study design and
adherence to the relevant clinical and therapeutic methods, as well as
the evaluation of the results, were made in accordance with the IMI
recommendations. According to the condition and the wishes of their
guardians, the patients were divided into 4 groups. Of these, myopia
control with 0.01% atropine drops was performed in 16 patients, 17
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Bb3MOXHWTE YCI0KHEHNS, KaUECTBOTO Ha KUBOT Ha MALMEHTUTE 1
Bb3MOXHOCTUTE 3a NPEAOCTaBAHE Ha Hait-A06pa 3puTenHa GyHKLMA.

LEN

Llenta Ha HacTOALLOTO MpoyYBaHe e Ja ce OLeHU epuKacHOCTTa Ha
ONTUYHUTE W (DapMaKONOrMUYHUTE MHTEpBEHLMM 33 3abaBAHe Ha
NpOrpeciATa Ha MUONKA NpK JeLa U KHOLLN Ha Bb3pacT Mexay 8 1
16 1., npemutHanu neyenue 8 YCbObAT-BapHa.

MATEPWANN U METOA U

B npoyuBaHeTo npocnekTBHO 6Axa BkMioyeHn 60 naumeHTH €
muonna n pedpakTreHa rpewuka mexay -2.00 v -6.00 D. [u3aliHbT
Ha NMPOYYBAHETO U MPULLPKAHETO KbM CbOTBETHUTE KIUHUYHU
I TepaneBTMYHN MeTOAM, KaKTO M OLieHKaTa Ha pe3ynTatuTe (a
HanpaBeHy Cbobpa3Ho npenopbKuUTe 0T MexayHapoOAHUA UHCTUTYT
no kbcorneactso (IMI). Cnopea CbCTOAHWETO 1 KEMAHWETO Ha
HaCTOMHMLMTE UM NaLmeHTTe 6Axa pa3npedeneHn B 4 rpynu. Ot Tax
KOHTPOJT Ha MUONUATA upe3 atponuHosy Kanku 0,01% ce n3sbpLumn
npu 16 nauwenTn, 17 6Axa KopurupaHum ¢ MynTudoKanHn MeKn
koHTaKTHN newm (Proclear Multifocal ,D”, Cooper Vision, +1.50D Add),
13 — c opto-K newwm (DRL Precilens, CMI), a 14 — ¢ mynTudokantu
oyuna (+2.00D Add). AkcuanHata AbMKMHA HAa OYHATa A6DBIKA
N pedpakTBHATA rpeluka 6Axa M3CNeABaHW U CpPaBHEHN Mpeau

10 years I
AL 2460mm SOD: 8um | J"L,‘
SE  4440D  SD: 001D .‘.“\
K1  43.43D 0°SD: o.n&u‘
K2  45.42D 90° SD: 0.02D
AK  -1.99D 0°
TSE 4451D  SD: 0030 1
ATK -193D  179° ‘ i
ACD 3.96mm SD: 6um
AQD 3.40mm SD: 8um
LT 3.24mm SD: 11pym
CcCT  567pm  SD: Spm
WTW  12.2mm
P 7.1mm
Px -0.1mm i
Py +0.0mm \

10 years

h AL 24.97mm
SE  41.44D
K1 40.55D
K2 42.37D
AK 182D
TSE 41.28D
ATK 1.69D

ACD 3.83mm

AQD 3.27mm

LT 3.34mm

CCTN 566 um

WTW  12.2mm

7.5mm

0.1 mm

+0.0 mm

were corrected with multifocal soft contact lenses (Proclear Multifocal
“D”, Cooper Vision, +1.50D Add), 13—uwith ortho-K lenses (DRL
Precilens, CMI), and 14—with multifocal glasses (+2.00D Add). The
axial length of the eyeball and refractive error were examined and
compared before starting therapy, at the first and at the second year of
surveillance. A combined aphthorefracometer with keratometry HRK-
1, Huvitz (HUVITZ Co., Ltd., Republic of Korea) was used to perform
autorefractometry. HRK-1 is equipped with modern technologies such
as a high-efficiency light source, an intuitive interface, and intelligent
motion control technology (SAMC Tech) (13). After performing
autorefractometry, we proceeded to study the visual acuity, which was
recorded by the same examiner, under the same lighting conditions,
before and after the start of therapy. For the purpose of the study, we
used a Huvitz HCP-7000 optotype projector. To determine the axial
length of the eyeball, we used an I0L Master® 700, Zeiss (Carl Zeiss,
Meditec, AG). The device performs central topography integrated into
the standard biometric measurement without the need for additional
hardware or measurement time (14). The scaling and shades were
developed in collaboration with Douglas D. Koch, MD, and Li Wang,
PhD, USA (14). Total Keratometry (TK®) allows direct measurement of
the posterior corneal surface using SWEPT Source optical coherence
tomography (14).

Fig. 3. Axial length measurement of a patient using the IOL Master® 700, included in the study before starting therapy and after a two-year
period, corrected with an ortho-K lens (DRL Precilens, CMI).

3anoyBaHe Ha Tepanud, Ha MbpBaTa W Ha BTOpaTa roguHa. 3a
NpoBexJaHe Ha aBTopedPakTOMETPUA e U3NOM3BaH KOMOUHUPaH
adropedpaktometbp ckepatometpua HRK-1, Huvitz (HUVITZ Co., Ltd.,
Republic of Korea). HRK-1 e obopyzBaH ¢ MoaepH1 TEXHONOM, KaTo
BUCOKOE(DEKTUBEH U3TOUHUK Ha (BETINHA, UHTYUTUBEH UHTEpdEIiC
1 TEXHOMOTWA 32 UHTENUTEHTHO yNpaBAeHue Ha ABikeHueTo (SAMC
Tech) (13). CneanpoBex aaHe Ha aBTopedpakTOMETPUA IPUCTBIMXME
KbM U3(1e[IBaHe Ha 3puTeNHaTa 0CTPpoTa, KOATO e CHeMaHa OT eauH
I CbLly eK3aMUHATOP, MPU €NHN M CbLLUK YCNIOBUA HA OCBETEHOCT,
MPean 1 Cled 3anouBaHe Ha Tepanus. 3a LienTa Ha NPoBeAeHOTo
n3CnefBaHe 1U3non3Baxme npoektop Ha ontotunu Huvitz HCP-
7000. 3a onpependHe akcManHaTa Ab/XWHA HAa OYHaTa AGDBAKA
n3non3saxmelOL Master®700, Zeiss (Carl Zeiss, Meditec, AG). Anapatbt
U3BDBPLUBA LiEHTpaNHa Tonorpadus, UHTErpupaHa B CTaHAAPTHOTO

RESULTS

The mean age of the patients in the study was 11.16 years (lowest age:
8 years, highest: 16 years). Nineteen of them were male and forty-one
were female. The demographic data of the patients included in the
study are presented in Table 2. Most of the patients had more than
one symptom at the time of inclusion in the study. We did not aim to
examine subjective symptomatology.

After the introduction of the appropriate control agent, the increase
in the spherical component and axial length in the ortho-K and
multifocal lens groups was lower compared to the atropine drops
and spectacle groups. The lowest mean values of the increase in axial
length were observed in the group fitted with ortho-K lenses (MD
+0.21 mm), followed by the atropine drops (MD +0.32 mm), MCLs
(MD +0.53 mm), and spectacles (MD -+0.89 mm) groups.
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Table 2. Demographic data of the patients included in the study.

Indicator Distribution

Gender 4f,19m

Age Mean age: 11.16y, lowest: 8y, highest: 16y
Refractive error Myopia (range from -2.00 to -6.00D)

Distribution of patients according to the optical and
pharmacological means for myopia control by groups

14

13

H Atropine drops
® Multifocal SCL
= Ortho-K lenses

Multifocal glasses

Fig. 4. Distribution of patients according to the optical and pharmacological means for myopia control by groups.

Table 3. Distribution of patients according to the mean axial length before the start of therapy, at the first and on the second year by groups.

AXId eng

Before therapy At the first year At the second year
Atropine drops 0.01% (16) 23.16 23.51 23.83
Multifocal soft contact lenses (17) 22.89 23.52 24.15
Ortho-K lenses (13) 24.85 25.05 25.37
Multifocal spectacles (14) 22.81 23.78 24.69

6vomeTpuuHO M3MepBaHe, 6e3 fa e HeobXo4uM JOMbAHUTENeH
Xapayep unu Bpeme 3a u3mepBaxe (14). MawabupaxeTo 1 HioaHcuTe
Ca pa3paboteHu B cbTpyaHIUYecTBo ¢ Jbrnac 1. Kox, MD, u Li Wang,
PhD, CALL (14). TotanHata kepatomeTpus (TK®) no3gonsABa aupeKkTHo
N3MepBaHe Ha 3aJHaTa NOBBPXHOCT Ha POroBiULATa C MOMOLLTA Ha
SWEPT Source ontiyHa KoxepeHTHa Tomorpadus (14).

PE3YNTATU

(peaHata Bb3pacT Ha nauueHTuTe B NpoyuBaHeTo e 11,16 r. (Haii-
HICKa Bb3PacT — 8 ., Hali-Bucoka — 16 r.). [leBeTHajeceT 0T TAX (a
0T MbXKM, @ YeTUPUAECET M eZuH — OT XeHcki non. [lemorpadckute
JaHHM Ha BK/IOYEHIUTE B MPOYYBAHETO MaLMeHTI Ca NPeACTaBeHN Ha
Ta6n. 2. MoBeueTo OT NaLWeHTUTe Ca UMaN NOBeYE 0T eIMH CUMNTOM
KbM MOMEHTa Ha BKNIOYBaHe B NpoyyBaHeTo. He cMe umany 3a uen
[a M3CnefBame CybeKTUBHATa CUMNTOMATHKA.

(nep BbBeXJaHe HA CbOTBETHOTO (CPEACTBO 33  KOHTPON
yBeNNYEHIeTo B CepuyHaTa KOMMOHEHT U akcuanHaTa gb/kiHa B
rpynuTe ¢ opTo-K 11 MynTMOKaNHM NeLLm e No-HUCKO B CPaBHEHME C
rpynuTe C aTpONMHOBY KanKu 1 04nna. Haii-HCKY CpesHiN CTOHOCTU
Ha yBenuueHue B akcManHaTa Ab/kvHA HabniogaBame B rpymara,
HanacHata ¢ opto-K newm (MD+0.21 mm), cnefiganu 0T rpynara

The smallest difference in refractive error was again reported in the
group with ortho-K lenses (MD N/A), multifocal contact lenses (MD
0.45D), atropine drops (MD 0.73D) and glasses (MD 1.26D). It should be
borne in mind that the study included 8-year-old children, in whom
myopic progression is expected, associated with the natural growth
process of the whole organism, including the values of the axial length.
According to the literature review, in 16-year-old patients, the process
of growth of the anterior-posterior axis of the eyes significantly slows
down and stabilizes. This creates a prerequisite for difficulties in
comparing the degree of progression.

It is necessary to mention that within the patients in the groups in
which we applied orthokeratological or multifocal lenses, we expect
a smaller degree of progression in the refractive power of the cornea,
due to the temporary flattening of the cornea and hence in the myopia
as an absolute value.

On the following figure we have examined the patients according to
age at the time of inclusion in the study and method of myopia control.

The distribution of patients into groups, depending on the method of
myopia control applied, was greatly affected and influenced by the
parental attitude, age at the beginning of the study, and degree of
refractive error. Most young patients (8 years) were fitted with ortho-K
lenses (n = 8), followed by the group with atropine drops (n=7). From
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Table 4. Distribution of patients according to the mean value of the refractive error before starting therapy, at the first and at the second year
by groups.

Mean Refractive Error (D)

Group (n)

Before therapy At the first year At the second year
Atropine drops 0.01% (16) -4.00 -4.75 -5.50
Multifocal soft contact lenses (17) -3.78 -418 -4.85
Ortho-K lenses (13) -4.66 N/A N/A
Multifocal glasses (14) -2.46 -3.75 -5.00

Distribution of patients by age at study entry and myopia control
method used

8
7
6
4 4 4 4 4
3 3
22 22 2
o MR NN RHR 1
Multifocal soft Ortho-K lenses
contact lenses

O R N WA GO O N ® O

Atropine drops Multifocal spectacles

m8y m10y =12y =13y ml4y m]15y m16y

Fig. 5. Distribution of patients randomized into groups according to the introduced method for myopia control and according to their age at
the time of inclusion in the study.

C atponuHoBN Kankn (MD+0.32 mm), MyNTUPOKANHN KOHTAKTHA
newy (MD+0.53 mm) v oyuna (MD+0.89 mm).

Haii-manka pa3nuka B pedpakTUBHATA rpeLUKa 0THOBO OTuUTaMe B
rpynata c opto-K newm (MD N/A), MynTudoKanHu KOHTaKTHI netuu
(MD 0.45D), arponmHosy kanku (MD 0.73D) v ounna (MD 1.26D).

OTHoweHWe 3a pa3npedeneHneTo Ha MauWeHTUTe MO rpynu, B
3aBUCUMOCT OT METO/A 32 KOHTPOA Ha MINOMIAA, MMaxa PoAuTeNncKaTa
Harnaca, Bb3pacT Mpyu BK/IOYBaHe B MPOy4YBAHETO W CTeMeH Ha
pedpakTuBHaTa rpelwka. Hail-mHoro manku naumentn (8 r) ca
ounn HanacHatu ¢ Opto-K neww (n=8), cnegBanm ot rpynata ¢
aTponuHoBN Kanku (n=7). OT rpynata ¢ nauyenTin Ha 10 T. yeTupuma
(a NPUNOXUNM KOHTPON Ype3 aTpOMMHOBY Kanku, a TpMa — upe3
Opro-K neww. MyntudokanHn MKJT cme Ha3Haumnm Hail-yecTo npu
MaumMeHTN Ha Bb3pacT Mexay 12 1. u 15 1., a MynTUQOKanHM ouuna —
Ha 13-roANLWHI NaLueHTy, ciefBaHI OT Te3n Ha 8 T. n Ha 15 1. OcBeH
TOBA, KaKTO MOXeM fia HabniojaBame 0T peynTaTuTe, nauueHTUTe
C Hail-BUCOKA CpefiHa CTOMHOCT Ha pedpaKTUBHATA rpeluka ca omn
MOANOKEHN Ha KOHTPON Ha MuonuATa upe3 Opto-K newwm (-4.66D),
CnefiBaHU OT aTponuHoBi Kanku (-4.00D), myntudokanHu MK
(-3.78D) u Hait-manka cpefiHa CTOIHOCT Ha pedpakTUBHA rpeLka —
upe3 myntudokantn oumna (-2.46D).

Ha cneaBauyara ¢V|rypa C(Me pasrefan nauueHTute cnopen
Bb3paCT N0 BpPeme Ha BKNOYBAHE B MPOYYBAHETO U METOA 34
KOHTPOJT Ha Muonus.

the group of patients aged 10, four had control with atropine drops,
and three—uwith ortho-K lenses. We prescribed multifocal MCLs
most often to patients aged between 12 and 15 years, and multifocal
glasses—to patients aged 13 years, followed by those aged 8 and 15
years. Furthermore, as we can observe from the results, patients with
the highest mean refractive error were subjected to myopia control
through ortho-K lenses (-4.66D), followed by atropine drops (-4.00D),
multifocal 10Ls (-3.78D), and the lowest mean refractive error—
through multifocal glasses (-2.46D).

DISCUSSION

Myopia is a result of an interaction between heredity, environmental
factors and lifestyle and can be slowed down by various means of
control. Globally, preferences for myopia control vary at regional,
national, and professional levels (8). Ophthalmologists in China
increasingly prefer orthokeratology, in Taiwan and Singapore the
prevalence of atropine drops continues to be high and in the United
States some eye care professionals prescribe soft multifocal or
orthokeratology lenses (5,8). Eye care professionals should also
consider the preferences and lifestyle of children and adolescents,
not just their caregivers (5). Some children and their parents prefer
spectacles as a means of correction and therefore require atropine
drops to slow down progression. Athletes can usually achieve their
potential better with soft multifocal or ortho-K lenses. Parental
concerns about wearing lenses overnight or the side effects of atropine
also influence the choice of treatment. It is important to encourage

30



Comparison of the Efficiency of Different Approaches for Myopia Control in Children and Adolescents

from the City of Varna for a Two-Year Period

ObCHbXKAAHE

MuonuaTa e pe3ynTar oT B3auMOZeNCTBIE MEX LY HacneACTBEHOCT,
dakTopu Ha OKOMHaTa Cpefia W HAuMH Ha XMBOT U MOXe [a
6bae 3a6aBeHo upe3 pasnuuHM CpeAcTBa 3a KoHTpon. [mobanHo
NPeANOYNTAHMATA 33 KOHTPON HA MUOMMATA Bapupat Ha
PErvioHanHo, HauuoHanHo u npodecoHanHo Hueo (8). OuHuTe
cnewvanucTy B KuTail Bce noeye npeanoymnTaT opToKepaTonoruaTa,
B TaiigaH n CuHranyp npoZbnaBa BUCOKA YecToTaTa Ha ynotpeba
Ha aTpONMHOBIA KanKMW, a B CbeIMHeHNTe aMepuKaHCKN LLaTH HAKOW
CNeLancTy Mo 0YHK TPUKY NPEANNCBAT MeKN MyNTUdOKANHY UK
opToKepatonornyHi newn (5,8). (neuranucTute No OYHO 34paBe
TpAbBa a MMAT NPEeABUA U NPEANOYUTAHNATA, U HAUNHA Ha XKIBOT
Ha [ieLata 1 I0HOLMTe, He MO Ha HacToitHuuuTe M (5). Hakon
Jela 1 POAWTENUTE UM MPeSnouMTaT OunnaTa Karto CpeAcTBo 3a
KOpeKLA 1 3aTOBa Ce HyX[aAT 0T aTPONUHOBY Kamky 3a 3a6aBaHe
Ha nporpecuATa. laumeHTn CbC CNOPTHYU M3ABU 00UKHOBEHO MoraT
[ Pa3BUAT MoTeHUMana cu no-gobpe ¢ Meku MyATUGOKANHN Um
opto-K neww. lpuTecHeHnATa Ha popuTenuTe oT (BOA C(TpaHa
OTHOCHO HOCEHETO Ha MLy NPe3 HOLLTA MW CTPaHNUHUTE edeKTu
Ha aTponKHa CbLLO 0KA3BaT BAUAHME NPy 1360pa Ha TepaneBTUYHO
CpefcTBO. BaxHo e fewata 1a 6bjaT HacbpuaBaHy Ja npekapeat
noBeye Bpeme HaBbH 11 NPAKTUKYBAT NOUMBKA MU aKTHBHa paboTa
Ha 6nm3ka auctaduma (8). MoBuLwaBaHeTO Ha MHGOPMMpaHOCTTa
OTHOCHO MOCNEACTBUATA OT  BMCOKOCTEMEHHaTa  MMOMUA U
(BbP3aHUTE C HeA 3pUTENHI NOCeULYN U eheKTa OT KOHTpoNa Ha
MUONIATA 32 06LLECTBEHOCTTA € Nofe3Ha CTpaTerua 3a B Obzelle,
0C00€HO C HaManNeHoTo BPeMe Ha OTKPUTO, HApaCcTBALLYTe AeiHOCTH
Ha 6nm3Ka AncraHumA B paboTHa cpepa, ypbaHnsaumara u ap. (4,8).
WHpwBMAYanu3upaH NpoToKoN 3a KOHTPON, CbBMECTHO C ONaceHuATa
Ha poduTenuTe, akcManHata AbmKiHA, pedpakTMBHA rpeluka u
HaUVH Ha XKVBOT Ha NaLMeHTa, u3rnexga npakTuueH. B EBpona kanku
33 04 € aTponuH 1% 06UKHOBEHO Ce U3MON3BAT MU NeYeHUETO Ha
ambaronuA, Ho NeYeHIeTo C aTPOMKUH 33 KOHTPON Ha MIONKA e Mo-
Manko pa3npocTpaHeHa NpakTUKa, oTkonkoto B A3ua (4). Toa
BEPOATHO Ce IbMKU Ha KOMOUHALWA 0T GaKTOpH, KaTo OrpaHnueHi
JaHH OT NPOYYBAHNA HA PETVIOHANHO HUBO, IMNCA HA NIILIEH3NPaHM
dapmaKonornuHu CpencTBa, KYNTYPHU U ETHUYECKW pasnuuus,
HETaTUBHO OTHOLUEHWE KbM CTPaHWYHUTE ePeKTU 1 NOrMCTUYHI
npeau3ukatencraa (14,15). KnuHnuHoto u uKoHoMmMuecko bpeme
(e YBENNYABAT EKCMIOHEHLMANHO C YBENYEHMe Ha YecToTaTa Ha
MUONNA, MOPaAN KOETO € BAXHO MO-HATaTbLUHOTO W3CNefBaHe
33 KOHTPON Ha MUONUATA cpef eBponelickute nonynaumn (5).
lpoyuBaHe Ha NUTepaTypaTa 0THOCHO eQUKACHOCTTA HA Pa3NNUHUTE
TepaneBTUYHM METOJM 33 KOHTPOJ Ha MUOMKMATA NOKA3a CNefiHUTe
JaHHu (16,17,18,19,20,21,22):

Mynmugokantu oyuna

(mATa ce, ye Npy felia CKbCormeCTBO 3a6aBAHETO Ha akoMoZaunaTa
10 Bpeme Ha paboTa Habnu30 BOAY 0 XMepMeTponnyeH JeQoKyC,
K0eTo Cfiefj TOBa 3aeiicTBa akcManHo yabmxasate (16). (Tbknata
C MporpecvBHa AobaBka HamanABaT 3abaBAHETO Ha akomodaLuATa
1 Mopazin ToBa Te3y NeLuy ca 06CToIHO N3CNefiBaHN KaTo MeToj 3a
KOHTpO Ha Muonua. HamanABaHeTo Ha mporpecudta upe3 TAX B
CpaBHeHYe C efHOGOKYCHIN 04NNa e KNMHIYHO HE3HAYMMO (TT0-MaTKo
ot 0,2D Ha rogwHa) (16). B HawweTo npoyuBaHe CblLO He OTYMTaMe
3a6aBAHe B MpOrpecMATa Ha MUOMKA, KaKTO MO OTHOLUEHMe Ha

children to spend more time outdoors and to practice rest during
active near work (8). Raising awareness of the consequences of high
myopia and its associated visual outcomes and the impact of myopia
control on the public is a useful strategy for the future, especially
with reduced outdoor time, increasing near work activities in the
workplace, urbanization, etc. (4,8). An individualized control protocol,
combined with parental concerns, axial length, refractive error and
lifestyle of the patient, seems practical. In Europe, 1% atropine eye
drops are commonly used in the treatment of amblyopia, but atropine
treatment for myopia control is less common than in Asia (4). This is
likely due to a combination of factors such as limited regional study
data, lack of licensed pharmacological agents, cultural and ethnic
differences, negative attitudes towards side effects and logistical
challenges (14,15). The clinical and economic burden increases
exponentially with the increase in the prevalence of myopia, which is
why further research into myopia control in European populations is
important (5). A review of the literature on the efficacy of different
therapeutic methods for myopia control has shown the following data
(16-22):

Multifocal Spectacles

It is believed that in myopic children, the delay of accommodation
during near distance work leads to hyperopic defocus, which then
triggers axial elongation (16). Progressive lenses reduce the delay of
accommodation and therefore these lenses have been extensively
studied as a method for myopia control. The reduction in progression
with them compared to single vision glasses is clinically insignificant
(lessthan 0.2D peryear) (16). In our study, we also did not report a delay
in myopia progression, both in terms of axial length and refractive
error in the group of patients corrected with multifocal glasses.

Soft Multifocal Contact Lenses

Contact lenses are often an aesthetically preferable option to wearing
glasses and are more comfortable for active children and athletes.
However, the risk of infection from wearing soft contact lenses
still exists. Soft bifocal and multifocal contact lenses have been
shown to slow myopia progression by 25-50% in terms of spherical
equivalent and 27-32% in axial length in children aged 816 years
of different ethnicities over a period of 24 months (16). The effect of
their application is comparable to that of ortho-K lenses (16). The US
Food and Drug Administration (FDA) has regulatory approval for the
use of the MiSight bifocal contact lens (CooperVision, Pleasanton, CA,
USA) to slow the progression of myopia in children, and it is currently
undergoing clinical trials at several epidemiologic reference centers
(23). Renewed interest in using soft contact lenses to create a similar
optic to Ortho-K has prompted the development of an optically similar
lensbutwitha smaller optical zone. Walline et al. fitted 40 children with
multifocal soft contact lenses (Proclear Multifocal “D”; CooperVision,
Fairport, NY) with 4+2.00D (24). The corrected mean progression of
myopia over 2 years was -0.51 £ 0.06D for soft multifocal contact
lens wearers (p < 0.0001), and the corrected mean axial elongation
was 0.29 + 0.03 mm (p < 0.0016) (24). We have observed similar
findings in our study. In another study, children who were found to
have myopic progression after 1 year of wearing traditional contact
lenses or spectacles were randomized into 3 groups: radial refractive
gradient contact lenses (SRRG), ortho-K, and spectacles (25). An SRRG
is an experimental soft contact lens with a distance center and high

31



Mariya Stoeva

aKcManHa Ib/KWH, Taka u B pedpakTUBHATA rpeLuKa npyu rpynara
NaLMEHTY, KOPUTUPaHU C MyNTUOKANHN ounna.

Meku mynmueokasiHu KOHMAKMHU Jewu
KoHTaKTHWTe nelwy yecTo ca ecTeTudecku NO-NpeAnouMTaHara
onuua npep ynotpebata Ha ounna U no-yaobHM 3a akTUBHN fella
1 CNOpTUCTU. BbNpekyn ToBa pUcKBT OT MHPeKUNA 0T ynotpeba Ha
MeKV KOHTAKTHU MelLn Bce olle CblecTByBa. Meku 6upokantm u
MYNTU(OKANHI KOHTAKTHIA NIeLLM I0Ka3aHO 3a0aBAT KbCOrNeACTBOTO
€ 25-50% no oTHOLLEHKe Ha chepuuHIA eKBUBANEHT U ¢ 27-32% 3a
aKCManHa JbMKIMHA Ny Jelia Ha Bb3pact 8-16 rouHI OT pasfinuHi
eTHOCK 3a Nepuog oT 24 mecewia (16). EGeKTHT OT npunoxenmeto um e
cpaBHUM C To3u Ha newwute Ortho-K (16). AMepuKaHckaTa acoumaums
33 KOHTPO/ Ha XpaHuTe 1 nekapctBara (FDA) perynatopHo ono6paBa
3a ynotpeba ABYdOKycHaTa KoHTakTHa netua MiSight (CooperVision,
Pleasanton, CA, CALL) 3a 3a6aBAHe nporpeciATa Ha KbCorneaCTBOTO
Mpu iela 1 B MOMEHTA (a MOANOKEHU Ha U3NUTaHUA 3a ynoTpeba
OKONO  HAKOMKO ~ eNuAeMMONOTYH  pedepeHTHI  LieHTpoBe
(23). MoaHoBeH MoBULEH WHTepec Kbm u3non3aHeTo Ha MK/
33 (b3JaBaHe Ha nogobHa ontuka Kato Ortho-K npenwm3Bukga
u3paboTBaHeTO Ha ONMTUYeCKM MOZOOHA Mella, HO C Mo-Manka
onTuyHa 3oHa. Walline et al. npucnoco6asat 40 fewa c mynTudokanHm
MKIT (Proclear Multifocal “D”; CooperVision, Fairport, NY) ¢ +2,00D
(24). KopurupaHata cpefiHa nporpeciia Ha KbCorneACTBO 3a 2 FoANHN
e -0,51+0,06D 3a HocewuTe MeKu MyNTUQOKANHM KOHTAKTHU
newwwm (p<0,0001), a KOpUrMPaHOTO CPeSHO AKCUANHO YAbKeHNe e
0,29+0,03 mm (p<0,0016) (24). HabntonaBanu cme CXoaHU JaHHU
1 B MpOBEAEHOTO OT Hac NMpoyuBaHe. B Apyro mpoyuBaHe fewa,
33 KOUTO € YCTaHOBEHO, Ye MUMAT MuoNuuHa nporpecus, ceg 1
FOAVMHA M3N0A3BaHe HA TPAZWULMOHHN KOHTAKTHM el N oumna
(@ paHAOMM3MpaHM B 3 TPYMM — KOHTAKTHU Nely C pajuaneH
pedpaktueH rpaaueHT (SRRG), Ortho-K u oumna (25). SRRG e
eKcrepuMeHTallHa Meka KOHTAKTHA Nela C AUCTAHLMOHEH LieHTbp
1 BUCOK MAloC B cpeHata nepudepua. (nep 2 roauHn cpegHuTe
CTOIIHOCTU Ha NPOrpecis Ha KbCOrNeACTBOTO 3@ rpynata cbC SRRG 1
¢ Ortho-K ca -0,56 1 -0,32D (25). ToBa npeAcTaBnABa HaManeHue Ha
muonnyHata nporpecus ot 43% u 67% 3a rpynute SRRG 1 Ortho-K. B
LOMbHEHe, YBENMYEHNETO Ha aKCUasHaTa AbKIHA € N0-Masko
27% 1 38% B rpynuTe SRRG 1 Ortho-K B cpaBHeHue ¢ rpynata c ounna
(25). Turnbull n KonekTB W3BBLPLIBAT PETPOCMEKTUBEH aHANN3
Ha cepua oT cnyyau Ha 110 el ¢ KbCorNeACTBO U OKMAJBaT Ye
myntudokanHute MK/ n Ortho-K 3a6aBaT nporpecuata Ha muonuaTa
enHakBo, T.e. Ortho-K=-0,09 D/roguHa; MKJ1 ¢ aBoeH ¢pokyc=—0,10
D/ronuHa (26). W3non3Baitkn nofobeH peTpoCnekTUBEH aHanu3
Ha cepua ot cnyyaw, Cooper et al. ycTaHOBABAT, Ue AU3aIHBT Ha
MK ¢ pa3wupeHa gbnbounHa Ha dokyca 3abaBa nporpecuaTa Ha
muonnata 1o -0,04 D/roguHa 3a aacHo oko 1 -0,04 D/roanHa 3a nAgo
0KO (27).

Opmokepamonoaus

Oprtokepatonoruunute (Ortho-K) newm ca nokasanu edukacHoct
Npu UHXMOMPaHe Ha NporpecuaTa Ha MUOMNATA Ype3 NPOyYBaHMA,
otuutawy 32-63% HamaneHue Ha CKOPOCTTAa Ha  aKCUasHO
yObKaBaHe Hag 5 roANHI Npu Aewia ot /13TouHa A31A Ha Bb3pacT oT
7 00 16 roamm (16). 3arpukeHOCTTa OTHOCHO pUCKa OT MH(EKLIMO3eH
KepaTuT Bb3npenATCTBa LWNPOKOTO NpUeMaHe Ha HoLHaTa ynoTpeba
Ha Ortho-K 3a KOHTpON Ha MUONUATa NPy JeLia.

plus in the mid-periphery. After 2 years, the mean myopia progression
rates for the SRRG and ortho-K groups were -0.56 and -0.32D (25). This
represents a reduction in myopic progression of 43% and 67% for the
SRRG and ortho-K groups, respectively. In addition, the increase in
axial length was 27% and 38% less in the SRRG and ortho-K groups
compared with the spectacle group (25). Turnbull et al. performed a
retrospective case series analysis of 110 myopic children and reported
that multifocal 10Ls and ortho-K slowed myopia progression equally,
i.e., ortho-K=-0.09D/year; bifocal 10Ls = -0.10D/year (26). Using a
similar retrospective case series analysis, Cooper et al. found that the
extended depth of focus design of the I0L slowed myopia progression
by -0.04 D/year for the right eye and -0.04D/year for the left eye (27).

Orthokeratology

Orthokeratology lenses have been shown to be effective in inhibiting
myopia progression in studies reporting a 32—63% reduction in the
rate of axial elongation over 5 years in East Asian children aged 7-16
years (16). Concerns about the risk of infectious keratitis have hindered
widespread acceptance of nighttime use of Ortho-K for myopia control
in children.

In 2003, Reim et al. conducted a retrospective study of 253 children
(aged 618 years) on the ability of ortho-K to slow myopia progression
(16). The authors reported that the rate of progression was slowed by
0.5 to 0.13 D/year (16). Subsequently, a number of prospective clinical
trials have shown that ortho-K tends to slow myopia progression
by 40% using axial length measurements and cycloplegia (16).
Pooled estimates from a meta-analysis have shown a change in
axial length in patients wearing ortho-K lenses (16). Swarbrick et al.
studied 26 myopic children (aged 1117 years) in a crossover design
with alternating lens wear and found that the eye wearing rigid gas
permeable (RGP) lenses showed progressive growth in axial length
(myopic progression) during the study, whereas the eye wearing
ortho-K did not (28).

Bullimore and Johnson published a review of the changes in optical
components and mechanisms underlying orthokeratology in 2020
(29). The use of this type of lens results in temporary, complex
changes in corneal optics that remain while treatment continues
and permanent changes in corneal shape can also be observed upon
cessation of treatment, which prevents refraction from being an
accurate indicator of progression (29). Therefore, myopia control by
orthokeratology can only be assessed by measuring axial length (29).

In a 2024 study, data from a total of 125 orthokeratology and 118
control subjects were analyzed (30). Of these, 101 (81%) and 88 (75%)
orthokeratology and control subjects completed the 2-year follow-up
period, respectively (30). Statistically significant differences in change
in axial length from baseline were found over time, between groups,
and for the time*group interaction (all p < 0.001), indicating that the
rate of increase in axial length over time was significantly lower in the
orthokeratology group compared to the control group (30). The lower
axial elongation of the orthokeratology group compared to the control
group was statistically significant at all time points (all p <0.001)
and significant differences were also present between each of the
different pairs of time points (all p <0.001) (30). The interactions of
group with age, sex, mean spherical refractive error, and ethnicity
at baseline were not significant (p > 0.05) (30). The change in axial
length at the 2-year visit from baseline for the orthokeratology and
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Mpe3 2003 . Reim et al. n3BbpLLUBAT PeTPOCNEKTUBHO NPOYUBaHE Ha
253 pewa (Ha Bb3pacT 6-18 rognHu) 0THOCHO cnocobHocTTa Ha Ortho-K
fia 3abaBA nporpecuaTa Ha muonuATa (16). ABTopute CbobLyaBaT,
ye CKOpOCTTa Ha mporpecua e 3abaBeHa ot 0,5 o 0,13 D/rognHa
(16). BnocneacTeie peauia NpocNeKTUBHI KNMHUYHYM U3NUTBAHIA
nokasgar, ue Ortho-K uma TeHfeHuma a 3abaBa nporpecuATa Ha
KbCorneactBoto ¢ 40%, 13noNn3Baitku N3MepBaHNA Ha akcuasHata
AbKUHa v umknonnerna (16). 0beanHeHNTe OLEHKM OT U3BBPLUEH
MeTaaHanu3 MoKa3gaT MPOMAHA B aKCManHaTa [AbMKWHA npu
naumenTn, Hocewn Ortho-K newwm (16). Swarbrick et al. npoyusart 26
Jlela ¢ KbCorneacTo (Ha Bb3pact 11-17 roantu) npu KpbcTocaH
[M3aliH 1 anTepHupaLya ynoTpeba Ha NeLwy 1 yCTaHOBABAT, Ue 0KOTO,
Hocewo RGP neww, noka3sa nporpeciBeH pacTeX Ha akcuasHata
LbIKIHA (MUOMMYHA NPOrpecis) Mo BpeMe Ha MPoyuBaHeTo, AOKaTo
oKoT0 ¢ Ortho-K He noka3Ba nporpecuA (28).

Bullimore n Johnson ny6bnukyBat npernea Ha npomeHuTe B
ONTUYHUTE KOMMOHEHTU W MeXaHU3MU, KOUTO (a B OCHOBATa Ha
optokepatonoruaTa npe3 2020 r. (29). Ynotpebata Ha TO3u BuA
el BOAN 10 BPEMeHHM, KOMMNEKCHN NPOMEHM B ONTUKAaTa Ha
pOroBuLaTa, KOUTO 0CTABaT, AOKATO NeYeHNeTO NPOABLIKABA, KaTo
CbLLI0 MOTaT fia Ce HabnofaBaT NOCTOAHHN NPOMEHN BbB Gopmata
Ha poroBuULaTa MPW MpeKpaTABaHe Ha eYeHUeTo, KOeTo mpeyn
Ha pedpakunara na 6bae ToueH uHAMKaTop 3a nporpecua (29).
(nefoBaTeNnHo KOHTPOITLT Ha MUOMNA Upe3 OPTOKEPaTonoriA Moxe
[1a Ce OLieHN U3KIIOUNTENHO CamMo Upe3 M3MepBaHe Ha aK(ManHaTta
IbIKuHa (29).

B npoyusaHe ot 2024 r. ca aHanu3mpaHu o6wo AaHHn ot 125
optokepatonioruutn 1 118 KkoutponHu cybekta (30). OT Tax 101
(81%) n 88 (75%) opTOKepaTONOrMYHM W KOHTPONHM CybekTH (a
3aBbPWINAN CHOTBETHO 2-TOAWIIHMA NEPUOA Ha NpocneaABaHe
(30). CraTucTUeCKM 3HAUMMIA PA3NIKIA B IPOMAHATA Ha aKCMasHaTa
Ab/DKNHA OT U3XOAHOTO HMBO Ca OTKPUTM C TeYeHMe Ha BPEMETO,
MeXAy rpynuTe U 3a B3aUMOENCTBUETO BpeMe*rpyna (BCMUKM
p<0,001), KoeTo mMoOKa3Ba, Ye CKOPOCTTa Ha YBeNMuaBaHe Ha
aKManHata AbMKNUHA C TeyeHe Ha BPEMETO € 3HauUTeNHo Mo-
HUCKa B OPTOKEPaTONOrMyHaTa CpAMO KoHTponHaTta rpyna (30).
Mo-HNCKOTO aKCManHO YAb/KEHME HA  OPTOKepaToNoriyHaTa
CMPAMO KOHTPOJ/IHATa rpyna e CTaTUCTMYeCKN 3HaYMMO BbB BCUUKIA
BpemeBu TouKI (Bcuukim p<0,001), KaTo 3HAUUTENHN Pa3NIMKIA CHLLO
NpUCHCTBAT MeX Ay BCAKA OT Pa3MuHMTE ABOIAKN BPeMEBU TOUKN
(Bcuukm p<0,001) (30). B3anmopeiicTBuATa Ha rpynata ¢ Bb3pacTTa,
nona, cpefHata chepiuHa pedpakTBHA rpellka 1 eTHUYeCKaTa
MPUHAANEXHOCT HA U3XOAHO HUBO He ca 3Haummu (p>0,05) (30).
lpomaAHaTa B aKcuanHaTa Ab/aKiHa NpU 2-roANLLIHOTO NOCELLeHue
B C(paBHEHMe C W3XOJHOTO HUBO 33 OPTOKEPaTONOruHUTE W
KOHTpONHuTE rpynu e cbotBeTHo 0,41 0,251 0,65 £ 0,30 mm, Kato
110 TO311 HAUMH Ce 0CUrypABa eEeKT OT NIeUEHNETO Cief 2-TOANLIHO
HoceHe Ha ftewy ot 0,24 mm (95% noseputenHu untepeanu: 0,15 o
0,34 mm) (30). MonyyeHuTe OT HaC AaHHI Ca B NOAKPENA Ha AaHHUTE
0T NPOyYBaHNATA Ha IUTepaTypaTa.

@apmakono2u4HuU azeHmu

(DapMaKonorMyHa WMHTEpBEHLMA 33 KOHTPON Ha Muomua upe3
U3Moi3BaHe Ha BUCOKM A03u aTponuH (Te. 0,5% wunu 1,0%)
3abaBA nporpecuATa Ha MuonuATa ¢ noeye ot 70% npu Aeua Ha
Bb3pacT Mexay 6—13 rognHn, HO Ta3u UHTEPBEHUNA e (Bbp3aHa
(bC CTPAHWYHN eQeKTH, BKMIUUTENHO MuAphasa, oTonacbLm,

control groups was 041 + 0.25 and 0.65 = 0.30 mm, respectively,
providing a treatment effect after 2 years of lens wear of 0.24 mm
(95% confidence intervals: 0.15 to 0.34 mm) (30). Our data support the
findings of literature studies.

Pharmacological Agents

Pharmacological intervention for myopia control using high doses
of atropine (i.e., 0.5% or 1.0%) slows myopia progression by more
than 70% in children aged 6-13 years, but this intervention is
associated with side effects incuding mydriasis, glare, headache
and blurred vision (31). Lower doses (0.1% or less) of atropine cause
fewer side effects and can reduce progression by 30—60% (31). When
higher doses (0.5% and 0.1%) are given to younger children, abrupt
discontinuation of use results in rebound progression (31). However,
it should be noted that the FDA has not given regulatory approval for
the use of any pharmaceutical agents for the control of myopia (31).

In addition to refractive manipulation with lenses for the control
of myopia, atropine has been shown to slow the progression of the
condition. Atropine was first used by Wells in 1900 to stop myopic
progression by paralysis of accommodation (16). Although the exact
mechanism is unknown, multiple studies have shown that atropine
has an effect, and it has also been suggested that ultraviolet (UV) light
(secondary to pupil dilation) may increase collagen cross-linking in the
sclera, thereby slowing its growth (16,18).

Chua et al. (ATOMT) tested the effect of 1% atropine in a group of 400
children (13.5% dropout rate), where one group received atropine
while the other group received placebo (32). The mean progression
in the control eye after 2 years was 0.6D/year, and in the atropine-
treated eye it was 0.14D/year (32). This represents a 77% reduction in
myopia progression. Furthermore, axial length measurements in eyes
in which atropine was instilled remained essentially unchanged (0.02
mm over 2 years) (32). The use of 1% atropine appears to have the
greatest effect in the first year. Chiang et al. investigated the effect of
1% atropine used once a week for 1 month to 10 years. They reported
amean rate of progression of 0.08 D/year (33).

There are a number of studies that have evaluated the relationship
between atropine dosage and reduction in progression. Shih et al.
evaluated the effect of different doses of atropine in 200 children (6—
13 years) who were randomly assigned to receive one drop of 0.5%,
0.25%, or 0.1% atropine, or 0.5% tropicamide (control) in both eyes
each night (34). The mean progression of myopia was 0.04 = 0.63D/
year in the 0.5% atropine group, 0.45=0.55D/year in the 0.25%
atropine group, and 0.47 +£0.91D/year in the 0.1% atropine group,
compared with 1.06+0.61D/year in the control group (34). In our
study, we used the lowest dose of atropine drops, and the results
reported in the study were similar—MD 0.73D; 0.32 mm. At the
end of the 2-year treatment period, among the patients in the Shih
study, 61% of the children in the 0.5% atropine group, 49% in the
0.25% atropine group, and 42% in the 0.1% atropine group had no
myopic progression (34). The ATOM 2 study also evaluated different
concentrations of atropine—~0.5%, 0.1%, and 0.01% (16). After 2
years, the researchers found that all three concentrations slowed
myopia progression, with the average progression with each
concentration being 0.15D/year (0.5% atropine), 0.19D/year (0.1%
atropine), and 0.25D/year (0.01% atropine) (35). In regard to atropine
concentration, both ATOM1 and ATOM2 studies suggested that myopic
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rnao6onue 1 3ambrieHo 3penne (31). Mo-Huckn po3u (0,1% wnm no-
MarKo) aTponuH NPeAM3BUKBAT N0-Masko CTPAHUYHI ePeKT U MoXKe
Aa Hamanat nporpecua ¢ 30—60% (31). Mpu no-Bucokm ao3n (0,5% u
0,1%), Ha3HaueHu NPy NO-MasKK JeLa, BHE3AMHOTO NpekpaTABaHe
Ha ynotpeba Boau [0 OTCKOK B nmporpecuata (31). Bbnpeku ToBa,
TpA6Ba Aa ce otbenexu, ue FDA He e Jana perynatopHo ogobpeHue
3a ynoTpeba Ha KakBUTO 1 [1a € (apMaLieBTUYHM areHTH 3@ KOHTPON
Ha muonua (31).

B nonbAHeHue KbM MaHUNYNUPaHeTo Ha pedpakumATa ¢ newwy 3a
KOHTpON Ha MIONKS, aTPOMUHBT € NOKa3a, ye 3a6asA nporpecuata
Ha CbCTOAHMETO. ATPOMUHBT e U3MON3BaH 33 MbpBYU MbT 0T Yenc
npe3 1900 r., 3a Aa cnpe MUONMYHATA NPOrpecks ype3 napanusa Ha
akomogauuara (16). Bbnpeku ue TOUHUAT MeXaHU3bM e Heln3BeCTeH,
MHOXeCTBO NpOYYBaHKA NOKa3BaT, ue aTPONUHBLT MMa edeKT, CbLLo
Taka e npegnonara, ye yntpasuonetoata (UV) cetnuHa (BTopuyHo
e, pa3LLMpABAHETO Ha 3eHILATa) MOXe Ja YBeNNuM KpbCTOCaHOTo
(BbP3BaHE Ha KonareH B CKepaTa, Kato Mo 7031 HauuH 3abass
pactexxa it (16,18).

Chua et al. (ATOM1) npoBepaBat edexta Ha 1% aTponuH B rpyna
o7 400 geua (13,5% npoueHT Ha oTNajaHe), KbAeTo efHaTa rpyna
nonyyaBa aTponuH, A0KaTo Apyrata rpyna nonyyasa nnauebo (32).
(peaHata nporpecus B KOHTPONHOTO Ko cnief 2 roguHu e 0,6 D/
FOfMHA, @ B TPETMPAHOTO C aTponuH oko e 0,14 D/roguHa (32). Toga
npeacTaBnABa 77% HamaneHue Ha NporpecuATa Ha MUOMMATA.
OcBeH TOBa M3MepBaHMATA Ha aKCUaNHaTa AbKMHA B 0UUTE, B KOUTO
€ M0CTaBAH aTPONMH, 0CTaBaT Mo CbLUecTBO HenpoMeHeHH (0,02 mm
3a 2 roaunu) (32). i3non3BaHeTo Ha 1% aTpONMH U3rNeX A MMa Hail-
cuneH eekT npe3 mbpeara roguHa. Chiang et al. u3cnegar eexTa
0T 1% aTponuH, N3Moi3BaH BeAHDBX CeAMINYHO B MPOLBIKEHNE Ha
1 meceu 70 10 roguHw. Te 0TUMTaT CPeeH MPOLIEHT Ha Nporpecus ot
0,08 D/roauHa (33).

llMma peauua npoyuBaHMA, KOWTO OLEHABAT Bpb3kaTa Mexzy
[031IpOBKaTa Ha aTpoMUH M HaManABaHeTo Ha mporpecuata. Shih
Il KONEKTUB OLIEHABAT eeKTa OT PasfMuHM 031 aTPONUH BbpXy
200 geua (6-13 roauHm), Ha KOUTO MPOWU3BOJIHO € NpeAMnicaHa eaHa
kanka ot 0,5%, 0,25%, unn 0,1% atponux, win 0,5% Tponukamng
(koHTponHa rpyna) B fBeTe ouM BcAka Beuep (34). (pepHata
nporpecua Ha kbcorneactBoto e 0,04+0,63 D/roguHa B rpynata
€ 0,5% atponuH, 0,45+0,55 D/roanHa B rpynata ¢ 0,25% atponux
n 0,47+£0,91 D/rogmHa B rpynata ¢ 0,1% aTponuH, B CpaBHeHUe C
1,06+0,61 D/roguHa B KoHTponHaTa rpyna (34). B HaweTo npoyuBaHe
CMe 13M0/13Bai aTPONMHOBY KamKi B Hail-HICK [103a U OTYETEHUTE
0T U3CNefiBaHeTo pe3ynTatn ca cxoghm — MD 0,73D; 0,32 mm. B
Kpas Ha 2-rOAMWHNA NepUoi Ha NeueHue, Cpefl MaumeHTuTe OT
npoyuBaHeTo Ha Shih, 61% ot geuata B rpynata Ha 0,5% aTponuH,
49% B rpynata Ha 0,25% atponuH 1 42% B rpynata Ha 0,1% atponux
ca HAmann muonuuHa nporpecus (34). Mpoyusaneto ATOM 2 cbuo
OLIeHABA Pa3NMuHIUTe KOHLeHTpaummu Ha atponuH — 0,5%, 0,1% u
0,01% (16). Cnep 2 roguHm M3cnegoBatennTe yCTaHOBIXA, e U TpuTe
KOHLeHTpaumn 3abaBAT nporpecuATa Ha KbCOrMeACTBOTO, KaTto
(penHata nporpecua ¢ BcAka KoHueHTpauua e 0,15 D/roguHa (0,5%
atponu), 0,19 D/roguna (0,1% atponuu) n 0,25 D/roguta (0,01%
atponit) (35). Mo oTHOLIEHME Ha aTpOMMHOBATa KOHLEHTPALA, 1
ageTe npoyuBaHus ATOM1 n ATOM2 npegnonarat, ye M1onuyHaTa
nporpecua e 3abaBeHa, HO MO OTHOLLEHIe Ha aKCUanHaTa AbMKMHA
HeLyaTa cToAT pa3nnyHo — ATOM 1 noka3sa MUHMManHa NpoMsAHa

progression was slowed, but concerning the axial length, the situation
was different—ATOM 1 showed a minimal change of 0.02 mm over a
2-year period with atropine 1%, while ATOM 2 displayed no statistical
difference between the placebo and atropine 0.01% groups (35). Thisis
important because, if the primary goal of slowing myopia progression
is to reduce axial elongation to minimize the risk of future retinal
complications, then lower concentrations are not as effective as 1%
atropine. Furthermore, atropine suppresses the axial elongation signal
and the abrupt withdrawal of atropine would result in more rapid
elongation than discontinuation of lower concentrations. Subjects
who were most refractory to atropine treatment were most often
patients with two myopic parents, with early onset of myopia, or who
progressed more than the average of 0.66D/year (35). To date, there
are no peer-reviewed, controlled, randomized trials demonstrating
the effectiveness of low-concentration atropine (0.01%) in slowing
axial elongation, although this therapy has been reported as the most
popular modality among pediatric ophthalmologists by Zloto et al
(36).

A systematic review of the literature between 2019 and 2021,
performed by Pang and colleagues identified a total of 3638 studies
of the efficacy of myopia control methods (37). A total of 3436 were
not randomized clinical trials and were excluded from the authors’
analysis (37). After screening the remaining scientific papers, 12
studies were entailed in their review. Four main types of interventions
to control myopia progression, including low-dose atropine eye drops
(5 studies), multifocal glasses (2 studies), multifocal contact lenses
with aspheric or bifocal designs (4 studies), and lenses (1 study), were
evaluated in a pooled meta-analysis (37). The following methods
were found to be effective (p < 0.001): highly aspheric lenses (0.80D;
—0.35mm,), MiSight contact lenses (0.66D; —0.28 mm), low-dose
atropine drops 0.05% (0.54D; —0.21 mm), Biofinity +2.50D (0.45D;
—0.24mm), and ortho-K lenses (—0.24 mm) (37).

It is worth mentioning that, according to the studies in the literature,
axial eye growth and refractive changes can be regulated by visual
feedback. Based on this and the safety and affordability of the glasses,
numerous clinical studies have investigated the effects of peripheral
myopic defocusing glasses in slowing myopic progression, and some
even in delaying its onset (38—41). A meta-analysis and systematic
review of the literature showed that this type of glasses can control
the progression of refractive error compared to monofocal glasses, but
no statistically significant difference was found in axial length—p
=0.07 (38). Another study investigated short-term changes in axial
length with Lenstar, using a simplified peripheral design of glasses
with an additive (39). In 17 participants, a statistically significant
difference of +8.1 microns was reported, which increased axial
length from baseline when reading with conventional monofocal
glasses (39). When subjects read under the same conditions but with
defocusing glasses, axial length significantly returned to baseline
(39). According to the authors, the reduction in axial length with
these glasses may have an effect on axial elongation signals from
the choroid and could be tested for myopia control purposes (39).
A study of myopia progression in children wearing DIMS (Defocus
Incorporated Multiple Segments) showed that over 3 years, the
changes in spherical equivalent and axial length in the DIMS group
(n=65) were —0.52+0.69D and 0.31£0.26 mm, respectively, and
these changes were not statistically significant over time (p > 0.05),
and that the effect of myopia control was sustained in the third year
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ot 0,02 mm 3a nepuog 0T 2 roANHYU NpU U3N0N3BaHE HA aTPONUH
1%, nokato ATOM 2 He noka3Ba CTaTUCTMYECKa pasnnka Mexay
rpynata Ha nnaue6o u atponuH 0,01% (35). ToBa e BaxHo, Tbil
KaTo, ako OCHOBHA Lief1 3a 3abaBAHe Ha MporpecuATa Ha MUONKUATA
€ [1a (e HaManu aKCMasHOTO yAbKaBaHe C el MUHAMI3ALNA Ha
puUCKa OT ObAeLyn YCNOXKHEHUA HA PeTUHATa, ToraBa Mo-HUCKMTE
KOHLIEHTpaLuMI He a TONKOBA eQeKTMBHM, KONKOTO aTponuH 1%.
(OcBeH TOBa aTPOMMHBT MOTICKA CUTHANA 3a aKCUANHO YAbIKaBaHe
W PA3KOTO My CnupaHe OU JOBeno Ao Mo-6bp30 yAbmkaBaHe,
OTKOMIKOTO MPeKbCBAHETO Ha MO-HUCKKU KOHLeHTpaumn. Cybektute,
KOMTO ca 6unu Haii-HenofaTAMBI OT JIEYeHNETO C aTPOMKH, (a Hail-
4eCTo NaweHTH C IBaMa POAMTENN C MUOMKA, C PaHHO Hayano Ha
MUOMNATA WA Ca NpOrpecupanin noBeye 0T cpegHoTo ot 0,66 D/
rogmHa (35). KbM fHelwHa iaTa HAMA peLieH3upanm, KOHTPOANpaHH,
PaHAOMU3MPAHN NPOYUBAHNA, AEMOHCTPUPALLM ePeKTUBHOCTTA Ha
aTPONKH C H1cKa KoHUeHTpauua (0,01%) 3a 3a6aBAHe Ha akCManHoTo
yObKaBaHe, BbMPeKM Ye Ta3u Tepannua e [0KNajABaHa Kato Haii-
nonynApHaTa MOAANHOCT Cpef NeauaTpuuHuTe 0dTanMono3n ot
Zloto et al (36).

(ucrematinueH 0630p Ha NpoyuBaHuATa B iuTepaTypara mexay 2019
.1 2021 1. ot Pang 1 koneru ngexTuduumpa obwio 3638 npoyusaHua
Ha edUKaCcHOCTTa OT MeTOAUTE 3a KOHTPoN Ha muonua (37). 06wo
3436 He ca paHZOMU3MPAHI KNMHWUYHY NMPOYYBAHNA 1 (A U3KMHOUEHN
0T aHanu3a Ha asTopute (37). (nej CKPUHWMHTA Ha OCTaHanuTe
HayuHW TpyaoBe 12 NpoyuBaHMA Ca BKIOYEHW B TEXHUA Mperne.
YeTupu OCHOBHM TWMA WMHTEPBEHLMM 33 KOHTPON Ha Mporpecuara
Ha KbCOTNEACTBO, BKMIOUATENHO Kamki 3a OuYM C HUCKa [03a
atponuH (5 npoyuBaHuA), MyNTUGOKaNHN ounna (2 npoyuBaHus),
MYNTUQOKANHI KOHTAKTHY flewm ¢ achepuyeH unm ¢ ABoeH Gokyc
An3aitH (4 npoyuBanus) u newy (1 npoyuaHe) ca BKMKUYEHN B
0606LieH meTaaHann3 (37). YcTaHoBeHN 3a edukacHm ca CiefHuTe
metoan (p<0,001): cunHo achepuunm newm (0,80D; —0,35mm,),
KOHTaKTHW neww MiSight (0,66D;—0,28 mm), Hucka Ao3a aTponuH
0,05% (0,54D;-0,21mm), Biofinity +2,50D (0,45D; -0,24mm) u
Ortho-K newm (-0,24 mm) (37).

Heobxoanmo e Aa cnomeHem, Ue Cnopes NpoBefeHNTe U3cneABaHuA
B NUTepaTypaTa akCUaNHUAT pacTex Ha ouuTe U pedpakLMOHHMTE
npoMeHn moraT ja ObjaaT perynupaHu uype3 obpaTHa Bpb3ka
0T BuM3yaNeH curHan. Bb3 ocHoBa Ha ToBa 1 Ha 6e30macHocTTa 1
AOCTBHNHOCTTA HA 0YMNaTa, MHOXECTBO KAUHWYHW WU3CNefBaHUA
u3cnenBat edektute Ha nepudepHuTe MUONMYHM AedoKycupaLy
(TbKna 3a 3abaBAHe Ha MMOMMYHATa MPOrpecka, a HAKOM AOpU
N 3a 3abaBAHe Ha HeilHata noABa (38,39,40,41). MeTaaHanu3 un
(McTeMaTueH Mmperned Ha NuTepaTypata Mokasea, ue TO3W BUA
(TbKNa MOXe [a KOHTponMpa nporpecuata Ha pedpakTiBHaTa
rpelwka CnpaAMO efHOPOKYCHM OuMna, HO He e YCTaHOBeHa
(TaTUCTYECKI 3HAUMMA Pa3nnKka MO OTHOLUEHWE HA aKcManHata
AbmkuHa—p=0,07 (38). [pyronpoyuBaxe u3cneaBakpaTkocpouHuTe
MPOMeHI B aKCManHaTa AbmkiHa ¢ Lenstar, n3non3Baiki onpocTeH
nepudepeH Au3aliH Ha ounna ¢ gobaska (39). Mpu 17 yuactHuum e
0TYeTeHa CTaTICTUYECKN 3HauMMa pa3nnka oT +8,1 MUKPOHa, KoeTo
yBeNYaBa akCuanHata Ab/KIHa 0T M3XOAHOTO HUBO NpU YeTeHe C
KOHBEHLMOHANHM MoHodOoKanHu oumna (39). Korato yuyactHuumre
(@ Yenu B CbLUWTE YCII0BMA, HO C AeGOKYCMpaLLY 0uMna, aKCUAnHaTa
Ab/DKMHA 3HAYNTESIHO Ce e BpbLyana [0 M3X0AHA CTOIHOCT (39).
(nopep aBTOpUTE HAMANABAHETO HA aKCMaNHaTa AbMHKMHA C Te3u
ouMna Moxe Ja OKaxe edeKkT BbpXY CUrHanUTe 3a aKCMasaHo

in children who had used DIMS glasses for the previous 2 years, as
well as in children who had switched from single vision to defocusing
glasses (40). A current clinical trial on the effect of wearing glasses
with a peripheral defocusing design on emmetropization in Chinese
children aged 6-8 years reported that they may be effective in
requlating ocular growth and refractive changes in children at risk and
may even delay or prevent the onset of myopia (41). However, this type
of myopia control lens was not examined in our study. It should be
noted that the study included 8-year-old children, in whom myopic
progression is expected to be related to the natural growth process
of the whole organism, including axial length values. According to
a literature review, in 16-year-old patients, the growth process of
the anterior-posterior axis of the eyes significantly slows down and
stabilizes. This creates a prerequisite for difficulties in comparing the
degree of progression. It is necessary to mention that in the patientsin
the groups where we applied ortho-K or multifocal lenses, we expect
a smaller degree of progression in the refractive power of the cornea,
due to the temporary flattening of the cornea, and hence in myopia as
an absolute value. The data from the study included a small number of
patients, which poses difficulties in judgments and clear formulation
of conclusions. Therefore, we believe that more studies are needed,
covering a larger number of patients, to establish the most efficient
method for controlling this socially significant condition for our
pediatric population.

CONCLUSION

[dentifying the populations that need myopia control, to whom
it should be administered and over what time frame remains the
most important initial step for clinical practice. With the increasing
prevalence of myopia, additional population-level studies and new
approaches with improved efficacy and fewer side effects for children
are needed. Multifocal and ortho-K lenses and atropine drops can
effectively control myopia progression in children and adolescents,
but multifocal and ortho-K lenses show more significant effects.
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