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(Dakyamem no Meguuuta Llea: [1a ce oueHu Bv3geucmBuemo Ha yampaBuoremoBume Avyu Ha mMukpocmykmypHo HuBo Bopxy
MeguuuHcku yHuBepcumem-BapHa npegHama o4Ha noBopxHocm U ga ce npocAegu guHamukama BvB Bpememo Ha eBeHmyaAHUMe U3MeHeHUA
yA. ,MapuH [lpuHoB* 55 upes in-vivo koHdokaaHa mukpockonua npes AemHus ce3oH Ha 43° 2pagyca 2eozpadicka wupura. [a
9002 BapHa ce HanpaBu aHaAu3 Ha CAbHUE3awumHume HaBuuu u ga ce npocaegu Bposkama um ¢ noAyyeHume

e-mail: mladenaradeva@gmail.com peayAmaMU.

Memogu: 3a nepuog om 4 meceua baxa uscaegBanu 50 gobpoBoauu (100 ouu) Ha Bvspacm 25+4.2
20QUHU C YMOYHEHUemo, 4e wWe npekapam AemHuA ce30H UskAlouumeaHo B pezuoHa Ha 2pag BapHa (43°
2pagyca 2eozpadeka WuUpuHa). YyacmHuuume nonbAHUXa CneuuaAHu BbnpocHUUU U 6Axa NogAokeHU Ha
NbAEH 0GMaAMOAO2UYEH NPe2Aeg Npegu U B kpaa Ha AemHUA ce30H, kakmo u egHa 20guHa caeg nbpBama
Busuma. be usBopwera u in vivo kordokaara mukpockonus ¢ HRT Il Rostock pozoBuyen mogya u kamo
Axa NpoyyeHu 5 obaacmu Ha pozoBuuama, 4 8 byabapHa konlonkmuBa u 1 8 naanebpanHa konlorkmuBa
Ha 20peH kaenay u Ha gBeme oyu.

Peaynmamu: Pesyamamume om ankemama nokasBam, ye 84% (42 yuacmHuuu) cMAmam, 4Ye CAbHUEmo
€ 0NacHo 3a o4ume um, Ho 78% (39 yyacmHuuu) nocoyBam, Ye onacHocmma e 0CHOBHO Npe3 AemHuA
nepuog. MukpocmpykmypHuam aHaAus Ha pozoBuuama nokasBa cmamucmudecku 3Hayuma pegykuusa
Ha 6poA Ha basaAHama enumeAHa nAbmHocm - om 6167151 kaemku/mm? go 5829+168 kaemku/mm?.
Bpoam Ha kepamouumume (om noBopxHOCMHA, CPegHa U gbAboka cmpoma), kakmo u 2bcmomama Ha
eHgomeAHume kaemku 3a nepuoga Ha npocAegaBane ocmaBam YUCAEHO U cmamucmuyecku HenpOMEHeHU.
Anaauzom Ha kontorkmuBama nokasBa xapakmepHu MykoBugHU Ag3uU ¢ MbMeH UEHMbP U ApKU 2paHuuy,
Cpewanu camo npu 6 o4u (6%) npegu u 3acazawu 30 04u (30%) caeg AemHuA ce30H. 0bwama naow, Ha
kucmume e yBeauyera 20 nomu, a pasMepom UM Cbwlo € HapacHaa om 12-78um npegu, go 14-174um
CAEQ U3Ad2aHe Ha AAMHO CAbHUE. Cmamucmuyecka obpabomka Ha uHGopmauusama nokasa HezamuBHa
Bpb3ka mexkgy 04HUME CABHUE3AWUMHU HABUUU U 6POA Ha Ae3uume. AHaAU3HM HA gaHHUME, NOAYYEHU
npu u3BbpuwBaHe Ha uscregBaHemo egHa 20guHa cAeg NbpBoHayarHama Busuma, paskpu meHgeHuuA
3a Bb3Bpowiaqe koM 6a308ume cmodHocmu Ha Bcuuku napamempu, Bbnpeku ye 3a Hakou mAx He ce
omyeme nbAHO Bb3cmaroBaBare.
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yBOq,

3aknlouenue: /131a2aHemo Ha AAMHO CAbHUE 32 gUH Ce30H, 6e3 npuaokeHue Ha agekBamHu cpegecmBa
33 CAbHUe3awuma, Bogu go kAuHuuyHO HeomkpuBaemu, npexogHu MukpocmpykmypHu NpOMEHU,
3acAzawlu pozoBuuama, byrbapHama u naaneopasHama konlonkmuBa. dbazocpoyHuam edekm om
me3u npomMeHu BepoAamHo e “CAbHYeBo cmapeeHe” Ha npegHama o4Ha noBbpxHocm, koemo uszaekga
€ CX0gHO ¢ moBa Ha kokama. Peayamamume om npoBegeHama ankema gemoHcmpupam Hyxkga om
pa3pabomBaHe Ha npeBaHmuBHa npozpama u nogobpABaHe Ha UH(OPMUPaHOCMMa Ha obwecmBomo 3a
yampaBuoremoBume yBpekgaHua Ha o4ume.

KnlouoBu gymu: npegHa 04yHa noBopxHocm, YB yBpexgane, yampaBuoremoBu A4y, cAbHue3awuma

ABSTRACT

Aim: The aim of this article is to evaluate the microstructural changes of the ocular surface in response to
ultraviolet (UV) exposure, and follow their dynamics using in vivo confocal microscopy during the summer
season at 43° latitude. It also aims at evaluating the UV protection habits and establishing their relationship
with the results.

Methods: For a period of 4 months 50 volunteers (100 eyes), aged 25+4.2 years were recruited with the
agreement that they will spend their summer exclusively in the region of the Black Sea coast at 43° latitude.
The participants filled out special questionnaires and underwent a comprehensive eye examination before
and after the summer season, and one year after the first visit. Laser scanning in vivo confocal microscopy
was performed with HRT I Rostock corneal module and 5 areas of cornea, 4 in bulbar conjunctiva, and 1 in
palpebral conjunctiva of the upper eyelid of both eyes were examined.

Results: The survey results showed that 84% (42 participants) considered the sun dangerous for their eyes.
However, 78% (39 participants) indicated that the danger was mainly during the summer. Microstructural
analysis of the cornea showed a statistically significant reduction in basal epithelial density: from 6167151
cells/mm? to 5829168 cells/mm?. The number of keratocytes (superficial, mid and posterior stroma) as
well as endothelial cell density for the follow-up period remained numerically and statistically unchanged.
Conjunctival analysis revealed characteristic cystic lesions with dark centers and bright borders found in
only 6 eyes (6%) before and 30 eyes (30%) after the summer season. The total area of cysts was increased
20 times and their size also increased from 12-78 um before, to 14-174 um after exposure to summer
sun. Statistical analysis of the data showed a negative correlation between eye sun-protection habits and
microstructural damage. The analysis of the data obtained during the survey one year after the initial visit
revealed atendency to return to the baseline of all encountered features, although for some of them a complete
restoration was not observed.

Conclusion: Exposure to summer sun for one season, without the use of adequate sun protection, leads to
clinically undetectable, microstructural changes affecting the cornea, bulbar and palpebral conjunctiva with
transient, but possibly cumulative nature. The long-term effect of these changes is probably “solar ageing of
the anterior ocular surface”, which appears to be similar to the well known skin damage. The results of the
survey show a need to develop a preventive program and improve public awareness of UV eye injuries.

Keywords: anterior ocular surface, UV damage, ultraviolet light, sun protection

INTRODUCTION

YBpexgaHemo Ha kokama 8 pesyamam Ha Bb3getdcmBuemo
Ha yampaBuoremoBume (YB) avyu e gobpe usBecmeH dakm
(1-3). MpomeHume, Bb3HukBawu npu makoBa yBpexkgare, ca
NOgpOBHO U3y4YeHU U onucaHu Ha mukpocmpykmypHo HuBo 8
HayyHama aumepamypa (4-7).

Tod kamo kaenayume u o4Hama noBbpxHocm, kamo yacmu
OM AUUEMO Ca U3AOKEHU Ha NO-YECMO U NO-NPOgLAKUMEAHO
CAbHYeB0 00AbYBaHe OM gpy2ume 06AaCMU Ha MAAOMO, € 0m
ocobeHa BakHocm ga ce ycmanoBu kakBu mukpocmpykmypHu
NPOMEHU HacmwvnBam npu ekcno3uuua Ha YB Abyu 8 masu 30Ha.

UV damage of the skin is common knowledge and has been well
documented at microstructural level in scientific literature (1-8).
As the eyelids and the ocular surface are exposed together with
the face more often than other body areas, it is interesting to
understand what the microstructural changes at the ocular
surface associated with UV exposure are.

Currently, most of the publications are based on conjunctival
autofluorescence and provide solid knowledge that there is
significant UV damage of the interpalpebral conjunctiva (9-11).
Surface diseases such as pinguecula and pterygium also have
been associated with solar damage, but interestingly pterygium
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MoHacmoAweM noBeyemo nybAaukauuu ca 6a3upaHu Ha
konlonkmuBaaHa aBmodayopecueHuuA U ocuzypAaBam coAugHuU
gokasameacmBa, uye uma 3HayumeaHo YB yBpexkgaHe Ha
meXgynaanebparHama konloHkmuBa (8-10). MoBopxHOCMHU
3a00AABaHUA kamo nuHeBekyana U nmepu2uym CobWwo ca
cBop3BaHu cbC CAbHYEBOYBpexkgaHe, Ho e uHmepeceH akmom,
4e nmepu2uymMbm e N0-4ecmo HasaAeH (npeobragaBare okoao
7.3%), a nuHeBekyrama 3acAza nouymu egHakBo HasaAHama u
memnoparHama korlokmuBa ¢ npeobaagaBate (HeaBucumo
8 koe oko uau macmo) go 69.5% (11,12).

B momeHma caoHyeBume o4uaa npegcmaBasBam  Hal-
nonyAApHama 3auluma Ha o4ume om CAbH4YeBu yBpexkgaHua
u yampaBuoremoBume Abyu B yacmuocm. Bonpeku moBa,
nopagu HenpekbCHamo NpoOMeHAWUME Ce MeHgeHUUU B cmuAa
Ha pamkama, noBeyemo om CAbH4YeBUME 04UAA CE npuemam
kamo mogeH akcecoap, a cbobpakeHusma omHocHO epekma
Bbpxy 04HOMO 3gpaBe ocmaBam Ha 3ageH nNAaH npu usdopa
um. HeszaBucumo om moBa, onmuyHama NPOMUWAEHOCM
06poWa 3HaYUMEAHO BHUMAHUE Ha 3awumHume cBolcmBa
Ha CAbHYeBUME 0y4uAa U kopuzupawume AewlU, @ NOCAegHUME
pesyamamu nokasBam, ye 3agHama noBbpxHOCM Ha Aewume
mps6Ba ga uma pedaekcHo nokpumue 3a agekBamua 3auiuma
om ompa3seHama cBemauna (13,14).

Kamo ce uma npegBug Auncama Ha goCmambyHO 3HAHUA
0MHOCHO /N vivo MukpocmpykmypHume npomeHu, HacmbnBawu
CAeQ U3AacaHe Ha YB cBemauHa, Hue cb3gagoxme xunomesama,
4ye mpAa6Ba ga uma omkpuBaema upes in vivo koHpokaAHa
mukpockonua  mukpocmpykmypHa — xapakmepucmuka  Ha
kaembyHo HUBO, koAmo ga e pe3yamam om CAbH4YeBa u YB
ekcnosuuuda. Emo 3awo 6e paspabomeHo npocnekmuBHO
npoyyBare, B8 koemo ga ce npocAegam NogopaHu Ha CAyyaeH
npuHuUUN MAagu, akmuBHu cy6ekmu, koumo gobpoBoAHO
Ce U3Aa2am Ha CAbHUe B8 paloH, Hamupauw, ce Ha HUBomo Ha
Mopckomo paBHuule (43° ceBepHa WUPUHA) Npe3 AeMHUA
nepuog. Lleama Ha uscaegBaHemo e ga ce ocvbwecmBu
oueHka Ha HaBuyume 3a YB 3awuma Ha yyacmHuuume, ga ce
ycmanoBam eBeHmyaAHu mMukpocmpykmypHu U3SMEHEHUA Ha
0YHama noBbpxHOCM U ga Ce NpocAegu guHamukama um 4pe3
in vivo koHokaaHa mukpockonus.

MATEPWAAI 1 METOAN

MpoyyBanemo 6e npoBegeHo B8 kamegpa ,04HU BoAecmu U
3pumeAru Hayku“, MeguuuHcku yHuBepcumem - BapHa u
HezoBama kauHuyHa 6as3a ,LleHmbp 3a 3peHue”, 2p. BapHa.
N3caegBanemo cnasBa npuHuunume Ha [ekaapauuama om
XeAa3uHku u uma ogobpeHue om emuyHa komucua (2014 2.).
Bcuuku kaHgugamu ca HabpaHu npocnekmuBHo, ¢ nomowma
Ha couuaAHu meguu (Facebook, Twitter) u cbc cogedcmBuemo
Ha AokaaHama cmygexmcka opzaHusauus Ha Meguuuxcku
yHUBepcumem - BapHa. Kpumepuume 3a BkalouBane
bAxa eBponedcku  emHuyecku  npousxog,  NOCMOAHHO
mecmoxumeacmBo Bvb8 BapHeHcka obaacm (43° 2eozpadcka
WUPUHA), AUNCA HAa 04YHA NamoAozud U pedpakmuBHa 2pewka
(ynompeba Ha onmuyHa kopekuus u koHmakmHu Aewiu), aunca
Ha aHaMHe3a 3a CUCMEeMHO 3a60AABaHe U Aunca Ha ycmaxoBeHa
4pe3 buomukpockonua namonozusa (BkalouumeaHo nuHzBekyaa
uAu koHloHkmuBaaru kucmu).

is more often nasal (prevalence around 7.3%), and in contrast,
pinguecula affects almost equally nasal and temporal conjunctiva
with prevalence (in either eye or location) of up to 69.5% (12).
Currently, the most popular eye protection is sunglasses.
However, due to trends in the frame style, most of the time
sunglasses are accepted more like a fashion accessory,
and health considerations are not of significant importance.
Nevertheless, the optical industry pays significant attention
to the protective properties of the sunglasses and corrective
lenses, and recent advances have shown that the rear surface of
the lenses should have a reflective coating to protect from side
reflected light (13,14).

AIM

Considering the lack of knowledge regarding microstructural
changes in vivo following UV exposure, we created a hypothesis
that there should be a detectable feature imagable by in vivo
confocal microscopy on the anterior ocular surface and/or
adjacent adnexal structures, following intensive, consecutive
sun and UV exposure. Therefore, a prospective study was
designed in order to follow randomly selected young, active
subjects, voluntarily exposing themselves to sun at a sea level
(43° latitude) during the summer period. The goal of the study is
to evaluate the UV protection habits of those subjects, encounter
eventual microstructural changes of the ocular surface and follow
their dynamics using in vivo confocal microscopy.

MATERIALS AND METHODS

The study was conducted in the Department of Ophthalmology
and Visual Sciences, Medical University of Varna and its clinical
base Centre for Vision (Vision Protect), Varna Bulgaria. This
study adhered to the tenets of the Declaration of Helsinki and
ethical approval was granted by the Ethics Committee (2014).

All subjects were prospectively recruited using social media
(Facebook, Twitter) with the assistance of the Students’ Council
of the Medical University of Varna. The inclusion criteria were
Caucasian race, having lived permanently in the Varna region
(latitude 43° at sea level) for the last 3 years, general ocular
health, no need for optical correction, no contact lens use,
and no history of systemic disease and no pathology detected
by biomicroscopy (including pinguecula or conjunctival
cysts). For a period of 4 months 225 subjects (450 eyes) were
recruited with the agreement that they will spend their summer
exclusively in the Varna region (beach resort on the Black
Sea at 43° latitude) and will be examined before and after the
summer season and one year after. After detailed explanation
of the benefits and potential risks all participants signed written
informed consent forms. The subjects filled in a questionnaire
for their eye-protection habits, underwent comprehensive eye
examination and, upon confirmation that they fit the criteria,
were included in the study. All assigned subjects were invited to
have in vivo confocal microscopy between 1-30 April, when the
outside activities and sun exposure are still limited because of
the cold weather. Subsequently, they were invited for a control
examination between 1-30 October, after the summer period.
All subjects were warned to report immediately if they have any
skin sunburn associated with redness and pain, because those
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3a nepuog om 4 meceua 6axa uscaegBanu 50 cybekmu (100
04U) C ymoYHeHuUemo, Yye gobpoBoauume wWe 6bgam no Bpeme
Ha AemHUA Ce30H U3kAlouumeaHo BbB BapHeHckua pezuoH (Ha
kpaubpeXuemo Ha YepHo mope Ha 43° 2eozpadcka wWupuHa).
Ha yyacmHuuume 6e pasACHEHo, Ye We dbgam NogAOKeHU Ha
u3cAegBaHe Npegu U cAeg AeMHUA ce30H, kakmo u egHa 20guHa
Nn0-KoCHO.
CAegnogpo6HO06ACHEHUEOMHOCHONOA3UMEUNOMEHUUAAHUME
puckoBe, Bcuyku yyacmHuuu nognucaxanucmMeHu Gopmyaapu 3a
UHGOPMUPaHO Cbezaacue. [1o6poBoAuUME NONbAHUXA aHkemHU
kapmu, BkalouBawu gemozpadcka uHpopmauus u Bonpocu
32 MeXHUMe CAbHUE3aWUmHU HaBuuu. Bcuuku yyacmHuuu
6Axa NOGAOKEHU Ha UAAOCMEH 3agbA6GOYEH 0YeH npezaeg U
cAeg nomBvpkgeHue, Ye 0M208apAam Ha 20pecnomMeHamume
kpumepuu, 6axa BkaloueHu 8 npoyyBaHemo.

Bcuuku ogobpeHu cybekmu ca uscaegBaHu ¢ in Vvivo
koHdokaaHa mukpockonua mekgy 1-30 anpua, kozamo GBce
ouwle gelHocmume Ha omkpumo U ekcno3uuuAma Ha CAbHUE
ca 02paHuyeHu nopagu cmygeHomo Bpeme. BnocaegemBue e
u3BopweH koHMPOAeH Npezaeg CAeg ABMHUA CE30H - Mexkgy
1-30 okmomBpu. Bcuuku yyacmHuuu ca UHCMpykmupaxu
0MHOCHO Hykgama om gokaagBaHe Ha eBeHmyaAHO cAbHYEB0
U32apAHe Npe3 AemHUA Nepuog, cBovp3aHo cbe 3a4epBaBane u
60Aka, mbd kamo me3u nauueHmu caegBa ga ce uskalouam om
HacmoAWOmMOo npoy4yBaHe U ga 6bgam u3cAegBaHu 0MQeAHO.
Beuuku yvacmuuuu (100 ouu) ca npezaegaHu omdoBo B
pamkume Ha egHa 2oguHa (Mexgy 1-30 anpua Ha caegBawama
20QUHa).

Aasep-ckanupawa in vivo koHdokaaHa mukpockonua e
usBopwena ¢ HRT II Rostock pozoBuyeH mogya (Heidelberg
Engineering GmBH, Dossenheim, Germany) 8 pamkume Ha 60
MUHYmMU Ha cybekm, mb0 kamo 3a Bcako oko ca uscaegBanu 5
obracmu B pozoBuuama, 4 8 konlonkmuBama u egHa 8 2opeH
kaenay. Caeg nogpobHO pasAcHeHUEe Ha npouegypama 3a
uscaegBare unocmaBsaHe Ha kanku 3a aHecmesus (Alcain, Alcon
Inc), koHpokaaHomo uscaegBaHe e us3BopweHo kakmo caegBa:
UeHmMpaAHa pozoBuua; Ha3aAHa, MeMNOpPaAHa, 20pHa U gOAHA
obracmu B pozoBuuama u byabapHama koHloHkmuBa; 2opeH
kaenay caeg obpvwade (om konlonkmuBaaHama cmpaHa).
MocmaBAHemo Ha aHecmemuyHume kanku e noBmopeHo
npegu uscaegBane Ha konloHkmuBama u BnocaegemBue npegu
uscaegBaHemo Ha kaenayume. [acHomo oko e u3caegBaHo
nopBo. 3a Bcuyku uscaegBanua B npoyuyBaHemo e u3noA3BaH
06ekmuB ¢ yBeauyeHue 400x. Pasmepbm Ha usobpakeHuama e
400 Ha 400 pm, ¢ AamepanHa pe3oAlouua om 2 pwm u gebeauna
Ha cAoA om 5 um. M3obpakeHusama ca cbxpanenu 8 cobecmBena
6asa gaHHuU.

BnocaegemBue ca usbpaHu mpu u30bpakeHus 3a PEeauoH,
kamo e u3BopweH mMophomempuyeH aHaAus Ha kaemkume
u cmpykmypume ¢ nomowma Ha coomyep 3.1 (Soft Imaging
System, Munster, Germany) u maka noAyYeHUMe QgaHHU ca
aHaAusupaHu cmamucmuyecku.

3a u3BAuyaHe Ha 0cHOBHUMe xapakmepucmuku Ha gaHHUMe
om npoyyBaHemo e u3noA3Ban geckpunmuBeH cmamucmudecku
aHaau3. CbuemaHuemo MeXgy CAbHUE3aWUmHU HaBuuu u
mukpocmpykmypHu yBpexkgaHua e u3BbpweHo ¢ NoMowma Ha
kopeAauuoHeH aHaAu3 Ha Spearman. Pesyamamume ce cyumam

subjects were excluded from the current study and followed
up separately. All of the subjects (100 eyes) had to repeat the
examination procedure in one year’s time (between 1-30 April of
the following year) (own data).

Laser scanning /n vivo confocal microscopy was performed
with HRT Il Rostock corneal module (Heidelberg Engineering
GmBH, Dossenheim, Germany) and took up to 60 minutes per
subject as 5 corneal, 4 conjunctival, and superior and inferior
lid areas were examined for both eyes. After explanation of the
examination procedure and instillation of anaesthetic drops
(Alcain, Alcon Inc), the confocal examination was commenced
as follows: central cornea; nasal, temporal, superior and
inferior conjunctiva; and superior lid after eversion (from the
conjunctival side). The anesthetic drops were repeated before
conjunctival and subsequently before lid examination. The right
eye was done first. A 400x lens was used for all examinations of
this study. The size of the images was 400 by 400 micrometers,
with lateral resolution of 2 micrometers and slice thickness of
5 micrometers. The images were stored within the proprietary
database (own data).

Subsequently, three images were selected per region. The
images of interest underwent morphometric analysis of cells and
structures using software 3.1 (Soft Imaging System, Munster,
Germany) and were prepared for statistical analysis. For
extraction, the basic features of the data in a study descriptive
statistics were used. The correlation between sun-protection
habits and microstructural damage was determined using
Spearman’s correlation analysis. The results were considered
to be statistically significant at p<0.05. All analyses were
performed with SPSS software, version 19.0 (own data).

RESULTS

The study included 50 subjects (100 eyes), aged 28=+7.3 years,
with slight female predominance of 58%. From the specially
developed questionnaire only the information related to the
current analysis will be presented. Not surprisingly 84% (42
participants) of the subjects considered the sun dangerous for
their eyes. However, 78% (39 subjects) believed that the danger
is exclusively during the summer period. Although 60% (30
subjects) would use sunglasses as eye protection, 44 (88%

Table 1. Demographic and questionnaire data for the 50 subjects participating

in the study
Main Group
Groups (N=50 subjects,
n=100 eyes)
Age 28+7.3 years
Gender 29 females
21 males
Cautious about sun danger for the 42 subjects
eye (based on questionnaire) 84%
. 30 subjects
Routine usage of sunglasses
60%
Selection of glasses with best 4 subjects

protection 13% (of the sunglasses users)

*Data extracted from the baseline questionnaire
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Table 2. Variations of the basal epithelial cell densities in the study group (N=50 subjects, n=100 eyes) before and after intensive sun exposure (SE) at 43° latitude, and
results one year later (N=50 random subjects, n=100 eyes)

Group Before SE (cells/mm?) After SE (cells/mm?) One Year Later (cells/mm?)

Eye (E) 3 3 3 ) 3 ) 1% 3 )

R (right) w A W A w w W A w Al w w i w H

L (left) =3 -5 =3 =g -3 =g =g 78 =g

B (both) 1= e 1= 1= 1= e 1= 1= e

Study group

(n=400) 6158+148  6175+153 6167151 5776+157 5882+179 5829+168 6002+142 6192151 6097+147
Change is NOT significant to before

. Change is significant to baseline SEP =10.33
Statistics NA P =0.011 Change is significant after SE P =
0.039

3a cmamucmuyecku 3Hayumu npu p<0.05. Beuyku aHaausu ca of the users) would choose the trendiest model, as opposed
usBvpweHu ¢ SPSS copmyep, Bepcus 19.0. to the one offering complete protection. The rest, 34% would
never consider protection even on the beach. However, none

PE3YATATI of the subjects included in the current study had any serious
MpoyyBaHemo BkalouBa 50 cybekmu (100 oyu), Ha Bv3pacm (associated with pain) skin burn on the face or body during the
28+7.3 2oguHu, ¢ Aeko npeBv3xogcmBo Ha kenckua period of the study. Demographic and questionnaire data are
noar 58%. Om cneuuarHo nogeomBeHume BbnpocHUUU e presented in Table 1 (own data).

nybaukyBaHa camo uHGopmauuama, cBbp3aHa ¢ npegmema Microstructural analysis of the cornea, demonstrated a slightly
Ha u3caegBaHemo. Pesyamamume om aHkemama nokasBam, decreased number of the basal epithelial density — from
ye 84% (42 yyacmHuUU) CMAMAM, Ye CAbHUEMO € 0NacHo 3a 6167151 cells/mm? before the summer period to 5829+168
o4ume umM, Ho 78% (39 yyacmHuuu) nocoyBam, ye onacHocmma cells/mm? after the summer period, which was also statistically
e 0CHOBHO npe3 AemHuA nepuog. Bonpeku ye 60% (30 Auua) significant. The results one year after revealed that the epithelial
buxa u3noA3BaAu 04uAa 3a 3awuma Ha oyume, 44 (88% om density returned close to the baseline 6097+147 cells/mm?.
nompebumeAume) u3bupam Hal-akmyaaHus MoOQeA, a He Results for epithelial density are presented in Table 2. The number

mo3u, ocuzypaBaul nvbAHa 3awuma. OcmaHaaume 34% Hukoza of keratocytes (from superficial, mid and posterior stroma) for
He usnoA3Bam 3awuma gopu Ha naaxa. Bce nak HUMO eguH om the follow-up period remained numerically and statistically
yyacmHuuuume, BkaloueHu B HaCMOAWOMO NPOy4BaHe, He e UMAA unchanged. This was also the case for the endothelial densities
Cepuo3Ho (cBop3aHo ¢ 6oAka) uszapaHe Ha kokama no Auuemo (own data).

Fig. 1. Cystic lesions of the conjunctiva visualized by in vivo confocal microscopy (HRT Il corneal module) from superior (S), inferior (1), nasal (N) and temporal (T),
before (%), and after (*), sun exposure at 43°latitude. Please note that before sun exposure none of the eyes had cysts in the superior region,
and the epithelium had normal appearance (S°)
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Table 3. Summary of the conjunctival cyst parameters (number and mean diameter), assisted by in vivo confocal microscopy, before and after sun exposure (SE) during the
summer season at 43° latitude for the study group of 50 subjects (100 eyes). The results are presented per conjunctival region: superior (Sup), inferior (Inf), temporal (Temp),
nasal (Nas), average per eye and as total summary

Right Eye (n=50) Left Eye (n=50)
Parameters Statistics
Number of cysts before SE 0 1 1 2 0 0 1 1 6
Total number per eve before SE 4 2 (Affected 6 out NA
0lal nUMbEr per eye before (Affected 3 out of 50 eyes) (Affected 3 out of 50 eyes) of 100 eyes)
Number of cysts after SE 8 | 2 [ 4] 1 5 | 1 | 1] 18 2 Change is
Total number per eye after SE 37 38 (Afected 30 out SlggflgrceagtEm
perey (Affected 16 out of 50 eyes) (Affected 14 out of 50 eyes) of 100eyes) | oo oua
Average cysts diameter (im) 3 1 18 1 34 15 16 ”
before SE
Mean cysts diameter (um) 1985 pum NA
ysts di u
before SE 199 um 19210 pm
Average cysts diameter (im) 3 16 2 31 53 r M m .Chlapge is
after SE significant to
- 38.5=5.5 um
Mean cysts diameter (pm) 3649 um 12 um before SE
after SE =N Fep P = 0.022
2
;oEtal affected area (pum?) before 253 pm? 209 pum? 462 um? NA
2
;oEtal affected area (um’) after 4210 4850 um? 9060 NA
Before
—/ 1 2 ) \
\ Jra 7
[ -.__1
3 eyes Jeyes
4 cysts 2cysts
1,33/ per eye 0,66 / per eye
After
\,-
16 eves 14 eyes
37 cysts 38 cysts
2,31 /per eye 2,71/ per eye
Fig. 2. Schematic demonstration of the distribution of the cysts before (A) and after (B) sun exposure at 43° latitude
uau maaomo B8 nepuoga Ha npoyyBanemo. lemozpadckume u Analysis of the conjunctiva demonstrated characteristic
aHkemHume gaHHU ca npegcmaBeHu B Tabauua 1. cystic lesions with dark centers and bright borders (Fig. 1),

MukpocmpykmypHusm aHaau3 Ha pozoBuuama nokasBa encountered in only 6 eyes (6 %) before the summer season.
cmamucmuyecku 3Ha4yuma pegykuua Ha 6poA Ha 6azaaHama After the summer season their presence increased, affecting 30
enumeAHa nAbmHocm - om 6167+151 kaemku/mm? go eyes (30%). The size of the cysts also increased form 12-78 um
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Table 4. Summary of the conjunctival cyst parameters (number and mean diameter), assisted by in vivo confocal microscopy one year later. The results are presented per
region: superior (Sup), inferior (Inf), temporal (Temp), nasal (Nas), average per eye and as total summary

Right Eye (n=50) Left Eye (n=50)

Parameters Statistics

Number of cysts

0 1 2 2 0 0 1 2 7
one year later
(Affected 9 out of
Total number per eye 4 3 100 eyes)
one year later (Affected 4 out of 50 eyes) (Affected 5 out of 50 eyes)
Average cysts diameter (pm) 2% 17 1 1 97 19 17 19
one year later
y s damet 20=6 um
ean cysts diameter () 1953 um 20.5+9 um
one year later
2
Total affected area (um?) 327 277 um? 604 um? NA

one year later

LS

i;o
I
IEm
; . .
MEM N S MFL SATIRK SATIRG L] “ SRNSY ] . v
S gt & R %
Fig. 3. Diagram presenting the risk of conjunctival cyst formation before and after Fig. 4. Cystic lesions (arrowheads) of the conjunctiva of the upper lid imaged by in

the summer season for the 50 subjects (100 eyes) vivo confocal microscopy (HRT Il corneal module), after lid eversion, before (B),
and after (A), sun exposure at 43° latitude

5829+168 kaemku/mm?. Pe3ayamamume om u3cregBaHemo at baseline, to 14-174 um after the summer exposure to sun.

egHa 20guHa no-kvCcHO gemoHcmpupam Bvb3cmaHoBABaHe Ha The summary of the results for the cyst parameters (number and
enumeAHama NAbmHoOCM 6AU30 o U3XogHOmMO HUBo B pamkume mean diameter), is presented in Table 3. The cysts also had a
Ha egHa 2oguHa 6097+147 kaemku /mm?  Pesyamamume specific topographic representation, with higher distribution in
OMHOCHO enumeAHama nAbmHocm ca npegecmaBeHu B Tabauua the horizontal meridian, which was asymmetrical for the right
2. bpoam Ha kepamouumume (om noBbpxXHOCMHA, CpegHa and left eyes. The topographic characteristics of the lesions are
U goaboka cmpoma) 3a nepuoga Ha npocaegABaHe ocmaBa presented schematically on Fig. 2. The risk of cyst formation
uudpoBo u cmamucmuyecku HenpomeHeH. TakvB e u cayqaam according to the statistical analysis is presented as a diagram
C NAbMHOCMMA Ha eHgomeAHume kaemku. in Fig. 3. The total area of the lesions was calculated before and
AHaausom  Ha  kodloHkmuBama nokasBa  xapakmepHu after the summer sun exposure, and enlargement of 20 times
kucmoBugHU Ae3uu ¢ mMbMeH UeHMbp U Apku 2paHuuu, was encountered. The results one year later were similar and
cpewaHu camo npu 6 oyu (6%) npegu u 3acAzawu 30 04u presented in Table 4 (own data).

(30%) caeg AemHus cesoH (Que. 1). Pasmepbm Ha kucmume Another interesting observation was encountered on the
Couwo ce yBeauyeH om 12-78 um Ha 14-174 um caeg usnazane conjunctiva of the upper lids. Those were again rounded lesions
Ha AAMHOMO CAbHUe. 0606WEHUEMO HA pe3yamamume 3a with dark centers and bright borders (Fig. 4), which increased in
napamempume Ha kucmume (6pol U CcpegeH guamembp) size and number significantly after the summer period. The total
e npegcmaBeHo B Tabauua 3. OcBeH moBa kucmume area of the cysts after the summer increased five times. Details
geMoHcmpupam cneuuGuyHo monoepadceko pasnorokeHue for the subjects before and after sun exposure, and one year later
C NO-3HAYUMO PA3NPEYEAEHUE NO XOPU3OHMAAHUA MepuguaH, are shown in Table 5. The total affected area after sun exposure
koemo e acumempuyHo 3a gAcHo U AABo oko. Tonozpadckume in these control eyes increased six times after the sun exposure
xapakmepucmuku Ha Ae3uume ca npegcmaBeHu CxeMamuyHo and returned within the normal range within twelve months (own
Ha (Quz. 2. Puckom 3a (GopmupaHe Ha KUCMU Cb2AdCHO data).

cmamucmuyeckua aHaau3 e npegecmaBeH kamo guazpama Ha Spearman’s correlation was assessed separately for the right and
(ua. 3. 06Wama nAouL Ha AE3UUME € U3YUCAEHA NPegu U CAQ left eye in order to determine the non-parametric rank correlation

U3Aa2aHe Ha AAMHO CAbHUE, kamo e ycmaHnoBeHo 20-kpamHo between sun-protection habits and microstructural damage.
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yBeauyaBaHe. Mpu noBmopHo mecmBaHe Ha cybekmume egHa
20QUHa no-kbCHO pesyAmamume ca CXx0gHU C U3X0gHUME U ca
npegcmaBeHu B Tabauua 4.

[py20 uHmepecHo HabalogeHue e omkpumo 8 konlonkmuBama
Ha 20peH kaenay. OnucaHu ca OKpobeAeHU Ae3UU C MbMHU
uermpoBe u apku zparuuu (Que. 4), koumo gemoHcmpupam
3HAaYUMEAHO YyBeAuyeHue CAeg AemHuAa nepuog. Obwama
nAoW Ha kucmume cAaeg AAMomo e yBeAudeHa nem nbmu.
Mogpo6HOCMU 0MHOCHO U3cAegBaHemo npegu, cAeg CAbHueBa
ekcnosuuus, kakmo U egHa 20guHa no-koCHo ca nokasaHu B8
Tabauua 5. Obwama 3acezHama nAow, caeg ekcnosuuua Ha
CAbHUE npu noBmopHomo uscAegBare e yBeaudeHa wecm nbmu
CAEQ U3Ad2aHe Ha CAbHUE, kamo e omyemeHo npupaBHABaHe B
pamkume Ha HOpMaAHUA guanasoH B nepuog om gBaHagecem
meceua.

Kopeaauuama Ha Spearman e OueHeHa 0mg@eAHo 3a gACHO U AABO
0ko, 3a ga ce OnpegeAu HenapamempuyHama paHe kopeaauus
meXgy CAbHUE3awumHume HaBuuu u MukpocmpykmypHume
yBpexgaHua. AHaausume nogyepmaxa ompuuameAHama
3aBucumocm mekgy HaBuuume 3a ynompe6a Ha CAbHYeBU
oyura (omeoBop ,HA/HE Hoca cabHueBu o4yuAa npes no-
20AAMama yacm om BpeMemo npe3 Aamomo*) u 6pos kucmu.
CmotHocmma Ha koeduuueHma e -542 u -373 cvomBemHo

Analyses highlighted a negative correlation between the habits
to wear sunglasses (answer “YES/NO | wear sunglasses most of
the time during summer”) and the number of cysts. The value of
the coefficient was -.542 and -.373 for the right and left eyes,
respectively, and negative correlation between the level of sun
protection of the eyes and number of cysts was established (own
data).

Further complexanalysis of the results one year later demonstrated
the tendency to return to the baseline of all encountered features,
although some parameters were slightly increased, even eight
months after the summer season as presented in Table 4 (own
data).

DISCUSSION

The current study demonstrates at microstructural level that UV
exposure during the summer season at 43° latitude is associated
with significant, progressive changes of the anterior ocular
surface including cornea, bulbar and palpebral conjunctiva.
The results one year later showed that those changes had a
reverse evolution, however, there was no complete restoration
to the baseline especially regarding the conjunctiva. Therefore,
the cumulative effect of those changes contributes to the “solar
ageing of the ocular surface” If the highlighted structural

Table 5. Summary of the upper lid conjunctival cyst parameters (number and mean diameter), assisted by in vivo confocal microscopy, before and after sun exposure (SE)
during the summer season at 43° latitude and one year later, for the 50 test subjects (100 eyes). The results are presented as average per eye and as total summary

Parameters Right Eye (n=50) Left Eye (n=>50) Statistical Significance
5 2 7
Number of cysts before SE e e 4 out of 50 eyes)  (Affected 2 out of 50 eyes) ~ (Affected 6 out of 100 eyes) NA
Number of cvss after SE 16 12 28 Change is significant to before
4 (Affected 11 out of 50 eyes)  (Affected 9 out of 50 eyes) (Affected 20 out of 100 eyes) SEP=0.011
Change is NOT significant to
before SE
Number of cysts one year 7 3 10 P =031
later (Affected 5 out of 50 eyes)  (Affected 2 out of 50 eyes)  (Affected 7 out of 100 eyes)  Change is significant to after
the SE
P =0.009
Average cyst diameter (um)
before SE 25.5+5um 27.5+6 um 26.5+5.5 um NA
) Change is significant to before
;\f‘gasg; cysts diameter(um) 39=14 um 4012 um 39513 pum SE
P =0.002
Change is NOT significant to
before SE
Average cyst diameter (um) P =068
one year later 2811 pm 32:8um 30=-9.5 pum Change is significant to after
the SE
P =0.031
Total affected area (m?) ) ) )
before SE 400 um 173 um 573 um NA
Total affected area (um?) ) ) )
after SE 1959 um 1507 um 3466 pm NA
2
Total affected area (um?) 615 301 916 NA

after 1 year
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3a gAcHOMO U AABomo oko, kamo ce ycmaHoBu ompuuameAHa
3aBucumocm MeXgy CAbHUE3aWumHume HaBuuu u 6poA Ha
kucmume.

LloNbAHUMEAEH aHAAU3 Ha napamempume egHa 20guHa no-
kbCHO nokaza meHgeHuuama 3a Bv3Bpbuane kbM U3X0gHOMO
HUBO Ha Bcuuku omkAoHeHusA, Bonpeku ye Hakou napamempu
ca Aeko 3aBuweHu, gopu 0CeM Meceua CAeg AeMHUA CE30H,
kakmo e npegcmaBeHo 8 Tabauua 4.

ancKycus

HacmoAawomo u3cAegBaHe gemoHcmpupa Ha  mukpo-
cmpykmypHo HUBo, Ye u3AazaHemo Ha yampaBuoremoBu Abyu
npe3 AemHusa ce3oH Ha 43° 2eozpadcka WupuHa e cBop3aHo
CbC 3HAYUMEAHU NpO2pecuBHU NPOMEHU Ha npegHama 04Ha
noBopxHocm, BkalouumeaHo pozoBuuama, byAbapHama u
naanebpasHama kowlonkmuBa. [Mpu noBmopHo u3caegBaHe
egHa 20QUHa Nno-kbCHO me3u npomMeHu nokasBam obpamHa
eBonloyus, Ho NbAHO Bv3cmaHoBABaHe go u3xogHOmMo HUBO He
ce HabalogaBa, 0cobeHo no omHoweHue Ha koHloHkmuBama.
CaegoBameaHo kymyaamuBHusm edekm Ha me3u npoMeHU
gonpuHacA 3a ,CAbHY4eBOMO  CMapeeHe Ha 04Hama
noBopxHocm®. Ako noguepmanume cmpykmypHU NPOMeHU Ce
aHaAu3upam uHguBugyaAHo, MoXkem ga npegnoAoXkum, ve Beaka
0m maAx Uma ompuuameAHo Bv3getcmBue Bbpxy uerocmma
Ha O4yHama noBvbpxHocm U nopagu moBa moke ga 6bge
NomeHUUaAHa NpuYuHa 3a cyxo oko, XpoHuyeH koHloHkmuBum,
XPOHUYEH bAEGapum, HaMaAeHa Npo3paYHoCM Ha pozoBuuama,
geduuum Ha AaumbaaHu cmBoroBu kaemku. BepoamHo Bcuuku
me3u cmpykmypHU NPOMEHU uMam (GU3U0AO2UYHU NOCAEgUUU
¢ ompuuameAeH edpekm Bbpxy ueAocmma Ha npegHama 04Ha
noBvpxHocm U Mozam ga goBegam g0 HeUHOMO MpalHo
yBpexkgaHe u 3aboaaBare (15).

Om gpyza cmpaHa pe3yamamume om aHkemHume kapmu
paskpuxa ~ Hegocmambu4yHa  0cBegoMeHOCm  OMHOCHO
Bv3gedcmBuemo Ha yampaBuoaemoBume Abyu, cpegecmBama
3a npomekuuA U Ha4uHa um Ha ynompeba. 0besnokoumeneH e
Gakmom, ye 35% om yyacmHuuume He usnoa3Bam kakBamo u
ga buUAO 3auluma om CAbHUE gopu Ha naaka. Bonpeku ue 60%
(30 Auua) 6uxa usnoA3BaAu 04uAa 3a 3aulumaHa ovume, 44 (88%
0m nompebumeAume) we usbepam Hat-akmyaAHuA MogeA, a
He mo3u, ocueypaBaw, nvAHa 3awuma. Cneuuaaucmume no
0YHO 3gpaBe mpAbBa ga bbgam BHUMAMEAHU NpU 06y4YeHUEmo
U Haco4yBaHemo Ha BHUMaHuemo Ha Bceku nayueHm OMHOCHO
BoamokHocmume u noasume om UV 3awuma Ha ovume.
B momeHma B nasapHama Mpeka cbulecmByBam oyuaa,
koHmakmHu Aewu U gopu 04yHu kanku. OuyHume kanku ca
npegmem Ha MH020 npomuBopeyuBu komeHmapu, mod kamo
mAaxHomo Bb3geticmBue e BpemeHHo, 06aye, npu HAkou
om akmuBHocmume U Aunca Ha gpyea Bv3moxkHa 3awuma
0m CAbHUE, pegoBHO npuaazaHe Ha kanku 3a o4yu moke ga
bvge omauyHa Bv3mokHocm 3a npegnas3BaHe Ha O4yHama
noBopxHocm. Mekume koHmakmuu Aewu ¢ guamembp Hag
14.00 mm u agekBamo UV 6aokupare (Bkaloyumeano UV A u B)
CobC CU2ypHOCM We npegomBpamam nomeHuuaAHo yBpekgaHe
Ha AUMba U pozoBuuama. [lpu u3bop Ha CABHUE3AULUMHU
04yura mpAbBa ga ce 0bbpHe noBeye BHUMAHUE HA gu3alHa
Ha CAbHUe3awumHama pamka u  Bb3mokHocmume 3a

changes are analysed individually, we may hypothesize that
each of them has a negative impact on the ocular surface
integrity, and therefore can be a potential cause for dry eye,
chronic conjunctivitis, chronic blepharitis, decreased corneal
transparency, limbal stem cell deficiency. Obviously, all those
structural changes would have physiological consequences with
a negative effect on the ocular surface integrity and may trigger
disease (15).

On the other hand, the results of the questionnaires revealed
insufficient awareness of the impact of ultraviolet rays, the
methods of protection and their use. Disturbing is the fact that
34% would never consider protection even on the beach. Although
60% (30 subjects) would use sunglasses as eye protection,
44 (88% of the users) would choose the trendiest model, as
opposed to the one offering complete protection. The eye care
practitioners should take heed and be meticulous in educating
and making each patient aware concerning UV protection of their
eyes. Currently, there are glasses, contact lenses and even eye
drops available. The eye drops are the subject of many negative
comments as their effect is temporary, however, in certain
activities especially related to semi-closed eyes and no other
sun protection regular application of eye drops might be an
excellent opportunity for preservation of the ocular surface. Soft
contact lenses with a diameter of over 14.00 mm and proper UV
blocking (including UV A and B) certainly will prevent damage
to the limbus and peripheral cornea. More attention must also
be paid to the sun protection frame design and possibilities for
elimination of reflected light in consideration with face anatomy
and other morphometric features.

CONCLUSION

In conclusion, summer sun exposure for one season at 43°
|atitude leads to clinically undetectable, microstructural changes
affecting the cornea, bulbar and palpebral conjunctiva with
transient nature. The long-term (cumulative) effect of those
changes would lead to “solar ageing of the anterior ocular
surface”, which appears to be similar to the well known skin
damage. The results of the questionnaires demonstrated the
need of development of a preventive program and improving the
public awareness of UV eye damage.
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eAUMUHUpaHe Ha ompaseHama cBemauHa, kamo ce B3eme
npegBug aHamoMuAma Ha AuUemo u gpyau MopdoMempuyHu
ocobeHocmu.
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