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3945659 GHo 30939036905 059350090505 00 X 2RL, MMl d39MHBIMdY, LodmEomm
%5030, ym39mm3z0L JoOmmeyome BsMg3oL LoFoMmMYdL. dombgszs 06@9bLomEs©
9090bsMmg  33c093900Ls, EILPEIMBOD 9O HOLIOMIL  35GIMOIBHOL  LEdME MM
3963796069%0L, 96 3GmEglol  9080bstrgmdol  TgBgMHgdol  Go0dy  MYMS30vYEO
1593MbsM gmmo (Green et al, 2014; Kessel et al, 2016).

3935M5JGHoL M3gM300L oMo B3969055 353096GHOL BMMZ00, A50TxMIJLMUL
db90390Mds.  m39MH5300L  BoBoMgdol  39o(Y39@GH0wgds  ©TIM30EIONIE0s S
db939wMmdoL  A9MsMglgdol  3MB3MgGHME  bsMolbbg, 9Msdg 0d dmIgbEHDY,
L3 353096¢0 s 33MMBso 9Jodo Bsm3w0sb, MHMA 35@sMogdGHom odmf3gmwo
39039 Md0L 939000905 byl ol Isb Ym39wE@oME 1oddosbmdsdo (National
Institute for Health and Care Excellence, 2017). 35¢5M5d® 30050905 bgero $Hgd3om
5 9330356900 Mm. B9 o630l 9™, gl 93500 bJoMOIE OO bbob
396353cmd580 99hbgz9eo MRgds 353096@gd0L B0gm, 306506 0llobo 56 Bog0s6
39039 Md0L 3339006 ©OJ390009d5.

56LYdMOL 9dgboo 35GIMagdEHol M99gbodg BH030: S153MBIM0Z0, JOMMIMNGOIIEXO O
G®930990. dOmedo 9990360930l Mm3s300L byg3mdzgEbg 9TMOYMGs SB3MOM0Z0
3935M5JGH0oL bsdo {H030: dOMMZ3YWO, JgMJMwo s 3B LMdIexgLsGwwo (Gali et
al, 2019). g3omgwIMHo MYxRMIIO0 dOMEOL T9EHdMEIMMO© Y3gwsbyg sJGomeo
MXO909005,  MOMIWIO03 2960306 MmJLoIEOL,  QIMI0Jdbgd0L  Mblbs
RMOI>©, 39035390 9EolGH0MOMBLL. F9damddo bgds s0bodbmmwo M Mgogdol
OMH™ME0l 9335@™MM0L396 JogMo3E0s, MHOLO F9IR0ES dOMEEOL dMmF3:m9g00L [o®dmddbs,
OMIgwms  396GHMOL300 80O Gd0m  3MbEImE  3MmB3GMglools  Fggyo©
3000560905 dOMOL d0OM3o BIWIOHMDO S T99M36Mg3s. SBo3MIM0Z0 35360 E)d
439w5DYg 29303990 Mol HoMmdmoygbl. oli 30msMmgds dOMEOL doMmmM30l
056smsbMmdom 259336003930m, 259300 9d0m s B3 gOHMbBoMgdom. s0bodbmwo
33W093900 BoDOMWMYP0MH0 89JMHGO0L bofoos, mMmMdEs, FMO35o BogdEHmOol
B9393w9gbom bgds 3Gm3gLoL oBJscgds (Iroku-Malize and Kirsch, 2016; Zhang et al,
2018).



39O GOM0  35G9MJBS 300500 LoLEIIMNOO ©H535000L b Msbdbergdo
MBDIWIMMYPOMOO 53509001 FJOIRI©. 9DIYMEOE0 35B9MSdBHS 890degds
0yl 396930360, 56 93538060900 bb3s ©93500905LMb (Thompson and Lakhani,
2015).

3oLmwo MO0  s0fiegmeols  3sbdoHg  500bodbgdm®s  35BHMagdGHol  LobdoMob
3993060905, 53 2956306MHMdYOME0s  35GMOIBHOL M39MH5309d0L MomEIbmdol (56w
M3965300m5 M5 bmdol 9o Fowromb dmbobwmgbg Fgwofodo) dmds@Egdoom
3900Mq00L sbzgfioll s 59BH0MMO JoHMHoMwo 0boE0sEH03900L dggas© (Ye et
al, 2020). 80bgo35 530LY, 39BHIMIIEHIL LodMTs30L FoBYHII JmMOL  33wWs3
@woEIOMHoL 3mDBoEos M39300 LBYGMIEIM S VIO §30mbMmTo3MEO  gobgomsmgdols
9399469930, ULosg dobo  Howro LodMIszol  2obgomo®mqdsdo  50%-  Fgo09bU,
39630056090 439969080 30 39B9M9dEH0 Fob30MHMBYdIME0s LodMTsg0L TBMEME
5% (Jaycock et al, 2009; Khanna et al, 2011; Ramke et al, 2017; Sommer et al, 2014).

33930 Bo30mbOL SJEroemds

LSEMIOLME  39BHIMIBS 0993935000 LOBMTSZ0L Yz9esbg HAoM 2odmadfz93 JobgbL
Dotm0mgbL. x9bs;330L FbmgBEom MmMABOBI300L 2016 {erol LEHsEobE030L

dobg30m, Amxzwomdo 285 doomb 5530568 bg39WMds 35@9MgdE0L godm 53l
©59390009000, Fomdoh 246 Jowombl  @dsEo FHgE39E™Mds 543l,  braenm 39
dowombls LodMds39 MO39 M3sebg( WHO, 2016). 35H565JGH000 0893500900
3530963900l 53568530 MQ0IM0 3379MBsMdS LOPWIOLM® 5659539 BHM0S

530¢ ™53, 308505396 339MHb5EMdOL IbmErm JoMOmGmyowe dgommel (Lee and
Afshari, 2017). 3063900 bgwmgzbmmo dMHMO, 53D 900
30390530053 0LoYD,dM35w0o  ferols  49b3sg3emdsdo 3990Y9gbgdm©d
39560594 GHob 9dLEGHMS39BLYIP M0 9JuBHOIJ300L POMY. MBITgEMMZgLsTgEOE0bM
A9960mma0900L  396305M9058 @S 753M9FMEBOR0ISE00L M EGdHIOODO
89000l 69358 MBIDWIMEMY0530 ELOL Falitroydo osg9bs 39993350
b9™3699M0 dOMEGIOL FoMIMgdoLs s godmygbgdol bsgombo (Nguyen et al, 2017).
39396594 GHOL MEHGMdRIO00 33530M99MEL0R035305 B0BbYME0s 9PHM-9MHm y39wsby
3930GILIONL ©d 9BIIGNO M39M5305Q.  Ym3gwlironse  dbmgwomdo 20



d0ombdg 39BHo 35BHMdBHOL M39Mo305 39JNIYds. LOMIOLM® MEEHMIDRIOOO
92393M93MBOR0IH3E05 0390 ,,mJOML BEHBPIOEHIP” 35G9MIEHOL JoMHMy0sdo.
3965305 39eobbdmdl 353096@0L 89003090 dOHMEOL gJuBHOOJE0l IBIWO
LobdoMol MW EHOBdYIOOMO dMBbo3oL  LodMsgdom s 39ddzso  bgwrmgbmeo
0350305 dGIM@OL 033963 5E0sL.  glsdsdolo  godmoyghgds domobgMEmwo
9oLoEgd0LORSD TBHYONIEO BOMEGDO, LI EMIG - 53000l 30EOMFBMOIMHO
@5 30006OMBOWMH0 bgermzbmmo 3MMEgd0.009d30 0MMYM 53 033BGL 543l
d9bsdem  B3gE08OIMNM0  AIMMMYMGdJO0  3MbEBHM3IOHIGOM  3gOHOoMEAIo, 653
90YMBoms  dmddggdl  353096G0L  396GHMIMGo  dbg3gEmdol  batolbby.
50009bs, ULfimMgo 58 G030l  3mbGHM39MHo30Io  goMmwergdqdol 309396300l
b53w95¢9d9g00L  dogds 9BRIJAHMG Bl FoMdmoygbl 35309630l Ibgz9wMmdol
Lodobgz0@0ol  FgbsmBMbgdOLS s AomAxMBILGOOL MzsebsbOobom (Olson, 2018;
OZ)/O] etal, 2017).

Pom8oBdmwo©  Bos@IMGOMo  33530939logolsEool 3L GHM39M30I0
239O Mgds - 396GHMIMmO Ibg39EmdOl 30000900l Lsboo - TG JOOM
8900035996 BME  939MbsemdL, 96 9050635B0mEmo  Fsbodmszool  Bo@ocgdsls
LSFOOMIL, o3  TgbsdErms, ™msg30L  FbMH0g  obgl  Jgbsdgmeo oMM gdOL
3963005609008 MHol3-BodGHm®o. gl 30 9gEHo© Lsbogomms 353096GHJO0LM30L  ©d
09653 053530009005 ©F5EJO0M FobbLG bIBIORGOMNE (Mundy et al,
2016). 58009650, Lbgoslbgs Bolioerologsb sdBsgdEo dMMmeEol 033w sbEHoMmgdols
d6033690mdols Q0g9MH9630w0 39935900 335309dmbogo 35300l
3L G M39M5309W0 9B9JAHVIOMDOL 550 gdolsm30L 9F3L o6 0f393U.

33930L doBbsbo

33930l d0DBbL FoMBmoabl geomo 3mA3sbool doge FoMdmgdmo 0abEmeo
©@0B50b0ol 53000l 30EOMBMOMMHO S 30EOMTBOWNMHO bgwm3brmHo dGME9dOL
003¢9b6G5300l 990093900l Fgs6Mgd0m0  3obozMmo  sbsewobo s  FgBsligds
92353099B05035300L 3MBEBHM3GOS30E 390M0Mm©To0.



332930l 53m356705¢0 960LsbOgMs:

> 03530 bgem3zbmmo dOHMEol doloerols GHodol gogwgbol dga3sligds Mgmzsbsls
95M®M9MH0 MYRMHJIIOL MroMmEIbmdOL (33¢00gdsHY RB5393MELOG0I3E00L
99903 396100 3d0;

> 3oLAHMOEYIOO Bo3MWIMIMo Fgdvn3gdol LobJoMol ©oEYIbs oM NMEgdIBdOL
390989  0OMmEol  9JuG®od3ool  Bo3MadMloxnolsgool  IgOMEOm o
30OMBMOMNOHO  ©d  30OMBOMMO  53M0wol  bgemgbm®o  dMMEgdol
003wsbBoEool 909y,  3MUGMIGMIEONWIE  SMBLGHIOMOEMo  sbmgdol
Lof0b550TIAM 36193565GJd0L BMEDY s Boo Q9619T9;

> 0096@MO0  ©0Bs0bol 5300l 30OMBMOIMMO  ©S  300OMBOEMOO
bgwmzbmmo  dMMEgdol  033esbGHo300l  89YR0©  29630m5M9dMo  139bs
398LMEol 999036M930L 9IMIOOMO b5 0DO.

33¢930L bsdggboghm Losbeng

3063900  Bo@IM©s  LobGgdmMo, ™md0gdGHOmo, 307 s 3MLEGHM3IOHIGOVIX0
3033egdlmEo 33093900l G900l 0xBIMIBE0MMO 9650 JoBEoMmag@ob
052bmBol Jmbg 35309639000, 5353 LFMOoEgds FMP3(3d  BO9BIODYdIMOYm
999730 30bogn - Fbjsormo 9gegydo:

s 256Ub3390mo  Tobogologsb  sdBIIdMEO  m3swdos  Wobbgdol
3980yg9gb900l 98399EOM™d0L bomolbo;

s 99M6M5©0 35¢3)96M5gdGHoL 49b30ms69d0l MHoligo s LobdoMg 3mbiEM3gMeEoME
3960m@do;

s ©Jm3565L gbMmmMgE MO MY MIIOOL MOoMEIbMdS 369 s 3MLEM3GMHSEOME
3960m©g0d0, M3 0deng35 FLodEgdMdsl F9z3oLIbL:

1. 083obEGH0MmgdMEo dMEOol  BsboErol B0MObgMEHWMdOL ba®olbo 353096¢0bL
M Jmgzobssmgzol;

2. 6Jmgobsl  dgbsdwm LEAHMYIEOMWO  33X0EGdJOOL  05GOMYI6IEO
Po608mBo30MdY;



3. 96093000 3639900l gob30056M9d0L MHOL3O 3MLEBHM3IOSEOVIE 3900Mm©T0, Mo
dm0535¢do  3mbGHM39MO30Wo  JgMoMmEOL 5 BaMYIdOWOBHIE0M 35900
9993069000, 51939, 3393500560  3MBEGHM3YMI30ME0 IO gd9dOL
369396300 bodMoegdsls 0deg39;

4. 35O  A9MBOL  y30mgwo  boeoll  dEyMTsMgmdol  Fgxsligds  Mm3EGH03ME

303960960 GHMIMAM300L Boggwmdzqgwby.

2.5893b0gMHM o GHIMsEGHYMOL Fodmbogs

2.1. 3535M5g3s: 3500mBOBOMEMMY0S, 3E0B034E0, J30EITOMEMY0,

03 - B3JBHMMYO0, 3¢0b0 M0 LryMsmo

0MHME0 2933300359  mEOIBOOZ5®  sIMBbgJow  LEHOMIGHMOL  FoMTmaybl,
OIgoE  39bs306MHMBGOL  35MHIBY LMoL  AoMEOBHIHIL s BMIMBOMYGIS.
0MHME0  LEAHO®WJEHMOSS OMIGELOG 9O 4o9Bb0s  3oLIMEIMODBE0s S 0bgMZS309
(Bobrow et al, 2016). 30LE&HMEoma09)M© dOME0 9903900  9OHPIM060 39dMmoEwOO
93009w019dobsb. Logmabeol dsbdowbg 8vdogzs bEgds sbowro »r®gIdoL
LobmgHo, OMAYOO3 obEsRYds 9MY Ho®dmJdbowro MY MgEIOOL JoMgm. SHErs©
Po8mddbowo Mxm9©gdo ©oxgMH9bEoMmEIds dOHMEOL dMmF3mgds©. 58 3OMLgldo
bgds MXMIOIO0L 35300835, dom 09 MMRODJgOOL 39MY3S S MR MJOYICO
30gd0L AsLol BO. gb (330 Gd9d0 FIbI30MMDBYIL dOIMEOL godFF0MZ5MAL.
306506 930009 MH  MxM9EIOL 96 gosBbosm  gogMi3gegdols  Mbsto, Mol
0520365053 ©0RYMI630MEId06 dGIMEOL dmF3m9gd5, bgds dsmo (396@MOLS39b
808500 gd00  3m335dBH0BO30s Y39wsbg 50y LobmgHBoMmYdMWwo MRGYIId0!
396®®do - d¥Gmwol  Bdomm3do, bmwm  SbwsEhe@mdmddbowo  dmIF3mgdo
39605290105 dGMEOL Y439esbY gocg dM9qddo - JgMddo. s0bodbmwo MxGmggdo,
56 99039396 5 mEYBggdl, dg@o IMdbmdosmbo 90056 FMmEHMMILOsE0YIMHO
99%3999o0L  dodson (Kanski et al, 2013; Yanoff and Sassani, 2015). 35&5605J@d
Po0moygbls  dOMol doge 499330035 MOOL  939MA35L  dobo  Fgdm3zMg30L
999900 (Liu et al, 2017).

390m3f3930 80BgHB0b  259MmI0bGY,  39BHMIBS  3WLOBOGFOMEIdS  MMYME3

31530030 , M96OYME0E0 I B35l Zs J0oBgBom 23630MMdYdMwOo
5



39O GOIMWO  35GIMOJBHS. dLO3MIM030  39BHIM9IBS BOILEOWMWIdTo Y439wobY
29303990 GmMIss, HMIGOE 300000©Ids 50 (eroob (Nizami and Gulani,

2020).

X9065330L  AbMGom  MmOYBOBI300L Fgnslgdom, 2014 fgwl dbmywromdo 95
doomb 553050l 509b0dBgdIM©s  39BIMOIBHOM  godmf3go  dHg3gMdOL
©oM393s (WHO, 2014). 6500096009 dbg0eo 3tm3w9es30wdo 33930l dobgzoom,
3945M3dBHoL 2930390905 F5GIEMdL SBo30L FMToEGdlmSb gMmse: 3.9%-sb (55-64
Dol sbs3zdo) 92.6%-3¢9 (80 Herol s Bgdmm sbo3do) (Chua et al, 2015; Herren and
Kohanim, 2016, Varma and Torres, 2004). 53506, 35350M5JEH0OL  5OLJOMDs
SbmEomgdmos  dmds@Gov)e  10330W0BMBLMD,  Gog  Fglodegdgwos
39630601930 0gmb  35@9MogdBHol  393doMom Moy LoLEJING  5350JOLMID,
OMAMO0E IJnemg GHo3ol FodM0sbo ©osdgBHo, 939, 8dsdml FMbIsMdILSE
(Becker et al, 2018; Khairallah et al, 2015; Nita and Grzybowski, 2017).

3939M5JGHoL  Mm3965305 doBbgmeos BobsbLMEMSs© gPm-ghHo Y39wsdy 9B9JGHME

93996Mb5¢Mmd0l 9™ s Y39eobg bdoGs godmyqbgdow 3MHMEIIMIE FMeg35¢m
J30yo6s8o (Lansingh et al, 2007; Mundy et al, 2016). %565330L dLbMmBEom

MM9B60Bsgool dogem 2016 gl go39009d9o  3OHMabmbol  dobgzom, 2020
Paobosmgols  dbmxywomdo  ymzgwhicom®me Mbs  Bo@odogl 30  dowombo
3989M5JAHoL  m39esgos (WHO, 2016). dsgwbg 0603369m35600  353oM5dGHol
39053008 39099 JoMgdMwo LBME0sEXMM-93mbmdozmemo 9x39d@o. s0bodbmwo
5Q05305BL  5deg3l L3OOl M39MOE00L  VOMGOVIEGdLMLD Fgsmgdom dolo
930bmdozmeo 36O MOYJGHO0MMBS 1500%-00» 230B3MO©ML 30639039
3bGM39Mo30Mw  Hgofodo, 5353OMMWI©  93MMbsEMdsDY  vomOl  ;gdol
bdoMo Fgga0s LodbobwyMol 35035 (Anderson et al, 2018). VOO S LT oM
930bm303MM0  2563005M900L  J39Y690do  bToMms  vEowo 943l 39GIMOIGHOL
M39M530900L6  ORBIMZ0L  9bgMH o 60dbom  9M9MBILHMOMBLL, 30650056
05053539030 gl 3OM(39MS MBOM bI0MOE FHIMYOS, Joegdmsb Bgstmgdom (Rabiu
et al, 2012; Shahbazi et al, 2015).



2.2. obslism3gMozom 3980336939 s s6glsmgBos

39356M3dBHol Mm39Mmo300L Hob 353096@0 350300l 3033 gJLIH MRMHEPTMEMAO0YO
399Mm33g35L: IHg390™mdol Lodsbgzowols Fgdmfdgdsl, Mgxacsdiool d9dm{dgdsl,
350 d0s {6930l 35BMIZ5L, M350l BBIGMOL IMZI0IMJISL. 25TMMOELWO b
39035¢0l{obgd Mo Mbs  0yml 350l Bbgs 99350090900,  BMAMOOEGS
3530235, 4300090 bool s153MdM030 ©IRI6IM305, OBYIGHMO MYBHObM35005
56 dbg39wmdol  ByMz0L  3smMmErMy0s.00  3530963H9dd0, 30LsE  9©0gbodbgdIm
db939wmdol  bAbEgdo 9935 YIJOO  HMEOEIJOJ0S TG JO0MO
399033093900l Bo@oMgds o 3obozm®mo 2o065¢0Dgds  35BeMogGHol Mm3gMmozools
33963060 Loty gdemdol dgxsligdol dobboo (Chen et al, 2016; Lai et al, 2014,
Schuster et al, 2015).

3939M5JAHoL  Mm3965309d0L  doMomso  bsfowo BHoMgds 5SRO MOdM030
Bgbngboom  Addo  0bBHEMO396MM0 9B 3gOHMOsmEmo  Lgszool  Bmbby.

©OILEOIMI0” 50b0Fbo FoEYMTs 0M3gds Y39esBg IMIYGO0bS© MMM
OMOL, 3939 BobBLMMO 3Mmmbom. MHYEHOMOMEBdIOo 0bgdi30900 b3 gdo©

393039W90Mwos  Mm39Ms300L  99damd  dbg3zgermdol  s®Eygbol  dgBEo
bobaMdeogmdol s oM gdgdol  Fs®oo  MOoL3oL  godm. QoMo S0,
530 MdM030 bgLMGHBos 56 sbEABL goggbsl ABY39gWMBdIBY s 56 0f393L
035¢0L  53069B0sl,  sdoGmd 1936 353096@L  509bodbgds  Abg3gMdOL
39099x MdgLYdS Mm39M5300L 33930 gd0LMBsgy. Dmgoo  sbglagBos
30Ds6dgfimboos 353096393030, MMAGOMbIE MMM YdOE0s 3m3B0 35309
Mo LoJMEMAONOHO  IEPMIMGMOIOL  godm b 305LGHOHMBMOO0L
09000bgg3s8o. 006039,  9gJodol  FBOMOIL  sMEoEgdgwos 890 ™3Il
©5)300Wqd0mMo  5350IYMBMOOL  oLEGHMM0s, OMIJWOE ©OE OHMEL  SEOEIdL
bgbogbool  Mm3BH0dsmemo  Ggdbozol  TgmBg30LLl  ymzger  0boz0MsH
0990mbggzsdo (EI-Hindy et al, 2009; Zhao et al, 2012).



2.3. 056589060 ™39 JoMmMyommo 9900gdo

56LYOMOL 393oM5gGHob 99bG®sgdo0l bwoo doMH0mMSO d9onMmQo:
06@653583LE oMo 9JuBH®oJ3E0s, 9J8GH®93583L G0 9GO0,
MEGMVYIO000  B53MmgIML0R03S309,  BIIGHMPT0sb0  sBYMHOL  IbTsMgdoM
3935M5JBHOL Mm396530,656M sBIMOL godmygbgdoom 35@sM5dGHol 9Ju@G®sdaos.

3945M3dBHolL 0b6GHMS358LW o 9JuGHGMsJ300L OML bEgds dGMEOL dowosbo
30905, 3500 Mol Fobs s 3965 3ox3LwEol, Mol 8999y 353096@L 8vydozsw
MPo3L 9x8393MM0 Lomzool GHoMmgds, ALMmBEomMl doMoms© 39969080 s©0bodbmwo
doamds 5@  258m0yYyqgbgds.  FgoMEOLMZOL  TsboliosMgdgEos  0bBHMS o

3L BHM3GMIG0IEX0 oMM gd9gd0L dswacno Lobdomy, (Riaz et al, 2013; Signes-Soler et
al, 2016; Thompson and Lakhani, 2015).

394503dBHolL  9JuEHMIBLMWHo  gJuEHMIJ30s  MEolbIMAL 89903090
OMHMEOOL 53MYOL, 53530MOMs© dobo M35Bs JoxgLMws bgerrbegdgero GRYdS.
3o8Lms  999amddo  SLGYIEGIL  39M35L0L Bl bgermgbmmo  obbols
03 5b@5300LsM30L. Jobgsz5@ 0oLy, MHMI 50bodbmwo Igmmol godmyqbgdolsl
99L5dgdgE0s  0MmEr-0b  083¢sbGs30s, 0ol dmombmzgl oo HBmIol  JMObBgMm
139O0 2565339070l 25390095, MOL godmi byFomm bgds Bs396M9d0lL oD,
o3 03938 06ME0MdMo  SLEHO0RTGHOBAOL  Fob30m569dL s FgLodsTOBO®
bobaMdwoggds  M9od0o@S300l  39MH0MEO,58939  353096G0  ©9dMEMdL
bs6HolbMdM0350 sdsen Ibg39eMdLs. gJuBMS39BLMW OO gduBMogjaool Mmls
S1939 89309  FoOW0s  AIMMMdgdol  Lobdomg  B53MmgdMLOG035305BMb
9900560 500m. EEILEOPIMB0M JgOMEO  35dM0ygqbgds  083305me(9bMMYEGHO
»xM90900L 306035 MMo  Mom@gbmdol Mml), (Liu et al, 2017; Thompson and
Lakhani, 2015).

Lomgobm  bmxzwoml  «dgdgl  bsfordo  5353m98MELOR0IE0S  39B)9MsgdEHOol
938GH®5d300L 439y bdoMs  A9dMYgbgdo ™3IgMOE0S©  0mM3Egds.  FgOOMPO
39356M5dBHolL  9dLEGHM3oBLYISMMEO  9JuBGsdEool bs3wgds 0b3sBomE 39MLOSL
Pom0moygbl, GmIgwoi 890mds390E0s B  39dsbol doge 1967 {gwb.
39653008 OML Bgds dOHMEOL doMM30L gdMwlonozo@gds dob JoxgLmwrsdo
M GHO0RIO0M0 d96030L 39dz9mdom, MmIols dggz:bs beogds dzotyg (1.8-2.4 39)
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39653390l 39039Md0m. Bo3mL 396030 FoMTMogbL MaEHMIdY Mo bgwlisfiyml
G0BGHObol 96 gmwsols bgdlom, HMIOL EIOMEIM3gds 300MHOMIOL 3Mmb3MYE I
MEM09MH0m LobJoMmgbg dOMEOL IBFowgdol s gdmwloxrnozszool dobboom.
5053006MOMMms©  GMddml  39039mdom  bgds 90 EIdOMEMZ900mM3)  ITWOO
Bofos3gdol  sL30MsE0s. 98 Mm39Mo300L ML slg3g 290Mm0Yygbgds dgBowoboysb
©53DsgdMwo Igmeg 0blEGHMMIGBEGH0, MHMIGlsg MHM©gdgb ,.bmRgOL*, GMmIgeos
Sbgbl  dOHMEol  BoMMZ0L  IJME3Ts3gdL  MBOM  (igdow  Bsfos3zqds.
05305300395 bgds dMmeol 8336030 d0MMZ0L 353093l gOE0MYds, beaenm
9990093  309JLosEMO b B0bMsGmO  LobGHgdol dgdzgMmdom  SBI0MOMEYDS
©sMbgbowo 39MH0xgMommo Joddmwo bogmoghgds (Foster et al, 2019; Kelman, 2018,
Sharma et al, 2019).

5060860 m3gMo300LsL 8306y BMIol 65339000 M30MTGBMEEYOIOS @S 56
Lo FoMmgdl Bo396M900L Q5905 dolo 39639GH0B300L dovboo.
B53m9IMBOR03O300L  30MsFJuMds  B3gMEgdMo3  9JuGHMo3ox8LYIsGHWE
938GH®9d305LMb F9Mgd0m FAMISMIMOL 03500, OHMI LsFoMOMIdL 30609 Bmdols
39653300006 45393905L, Bs3egd0s 0BEHMIM39MHOE0M0 oMM gdgdol LobTdoMy),
OMQMO0Es  Jobolgd®o  BbgMeoll ©o356My35 s BIMOO  goMlol  3OHMWHRLO,
bsbdmzmgs  m396Mmo3gool  boby®mdeogmds, 8gsMgdom  bs3wgd ©M™do  bpgds
db939WMdoL sMIBs. 51939, MMM b3S 9JLEMOIIBLYIESMMEO oMLY,
0OMEOol 93565 3ox3bms F9bsBMbgdmeos, Mo3 0dgrg3s bgwmzgbm@mo dGmeols
003¢9b6GS300lL  B53gdsls 396y  1o39680.  B53mgINlogozszoolsl  LHGmszgo
d9bm®Ego0oLs @O 0330500 QoMHMMEGdgdol JoMbgs3zs, Mmyam®ma fao ghoo
353096@0L 335900l M39M53E0s GIMPYdS (39w-3oe3g, 1-4 33060l 0bEgM3swom
(Boulter et al, 2019; Li and Jie, 2019; Thompson and Lakhani, 2015).

5399@MHs30sbo  @HgMoL  BH9gJbmErmyos  3o@ModBHoL  9JuBH®odiool  doBbom
Pomdmopqbowo ogm s» ffgwofoobyg dgBo bbob {ob. mabowgmdomss dgomeo
ofi393L o 06@IOIBL @O GOHDYZO YO0 YMH[H0bI5BYRMdIL ol Fgbodgrm
30653 JuMdJOIMID O 30O MDD F0BsM9d580, 3065006 Fombgszs®
0dols, MMI 65030moE 3300535HMBL  35@MOJBHOL  9JuBHMOJEool  3BM39EMOOL
659096089 93530l 53EMoGH0DoE0SL S oo LoBMBEBIL, 1939 S3S380MHYOME0s
3600369c0™356 130656LM IBsbodxgdmab (Nagy et al, 2009; Roberts et al, 2012).
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WsHgOHMo 96900l gsdF30035¢g Jum3z0gddo godmygbgds dmombmagls oo
06@9bbogmdsl, slggg Lbogol 0933900605 BM3MBOMYdIME ©s FMm3Eg0d3MELYIO
BmIsL.  50bodbmwo dgomo NHOMBIIWYMRL  WIBIOMwo  9bgeOoL  Foowo
LOBMBGH0 WMIs0DYdIM  FofmYdL  253F306035¢0g  Jumz0ETo, OHMYMOOGFSS
OJmgebs. (Mirshahi et al, 2019). gm@&mbgdol 9bgMao0l msbmddol 9oy bgds
JLm300l 0mBobsE0s, ol Bggaswsg 04869ds 100-300 °C #993965@TG0l 3¢wsbHas,
6OMIgwog mogol dbeMmog, sbabl Jumzool sMmOMJwgdsl sbgHOL Fm3MLdo.
50b0dbmwo 3MHMEqLo (36MO00s HMAMO 3 BMEHM-WS. LEMOIRS® 2IBIONMZIOI®
@S 093708350 dMIBH™M390L  FgmdEosm 06303  3IdsM)  Jumz0wgdol
©IYAM(305.  M9BJ0II3OMEo  033MELgdoL  bgMool  Lsboo  MJm3zsbsby o
OOHMEbHg Hg0mddggdolsl s©0bodbmwo d9EH™3900 339096 BMLE  LOdMEHY9OL
Juemgzgowadol dogboo (Schumacher et al, 2008; Serrao et al, 2017; Sun et al, 2019).
13993™fo30560 sBgHo Fglodergdemdsly 0derggzs Imbgl dobo BB BMIMLBOMGds
6 Jmg5656,0bs 358390l b dGmeEols ImEgde Lo®dgHY, 3065006 56 bgds dob
dog® 250mlboggdmero 1053 33-ol LogMdol o0bgmsfomgwo Gosw®gdol dmsbmgds
0035658 56 dGIMOolL Fobs 39x3Lveols Boge. MEEG®sdm3wg 0d3wliol dgdgzgmdom
WsHYIOO 5BEYBL JumMz0gdOL 253300008 F03MMIYEHOOL LODBMLGHOm. 3MM(390OOL
LoBMBEBHOL s dMMoL Fobs 1YadgbEHol Jumzowgddo sagadowo 2653390900l
MBog3Ombmgdols,  36033bgcmzsbo LGOI BHMOMOoL  BHM3006M00l 20690y,
3BMLGHJOoL  BoBbom  BoBsbTgfmboeros 0M9omE  ©©OH™do  M3G03MO
3M396096G o GHMImyMogool 39339Mmd0m 30Bwgsobsgos (Lawless et al, 2017
Roberts et al, 2020).

6030 15993609MM 33e930L F9YPOIE 9O 25dM3e0bEs 3608369 M3zs60 goblbgsg9ds
1993H™fodosbo  wsHghmwo Joememaool s B53MmgIMwLonozs3ool  3wobo3m®
9909290L6  dmMob.  sB939, B93MYIMWLOR03ZS30s gBAHO©O  IBIIGHMMO  5IMBbEY
130656LM0 M35LIBOOLOM B9IEMH0b WIBYIOHME JoHMHHOLMD TgEsMgdom.
dolo EYOoLM30L HMLYIMWO FH9dbmmwmyom®o gmmdom, 59dG™Hodosbo wsbgMo

Po68m5gbL LoboMAgdE™ 0BLEHMTIBAEL 35¢)9GModGHOL 3MB3IMIBHIE oMY gdME
09000b3939930, 53650 Igm©ObL 459Mygbgdoliol 6 498m3w0bs 3eobozm®o
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0990093900L a5dxmdglgds (Day et al, 2018; Donnenfeld et al, 2018; Kolb et al, 2020;
Panthier et al, 2017; Wang et al, 2018).

Bsbm-wsBgOH Mo Bgdbmemaools  FoMds@gdom  ©bgMazsd o godmygbgdsd
3905OJE0L  JoMmMaosdo dmagzi3s> 030l LydMogds, OMI  FMAEHMBMSRTI6ESFO0L
39039Md0® (M53 dOMEOL sHgMHwo gbgMyn0m LOWWIE WL FrIEPOLbIMBIL)
bl dMHMEol sBsfY3MNds O M35W0EsD Folo SB30MSE0s, o3 Mag30l dbMog,
960036gcmmgbo  98306M9dL  m35wdo  9byMRooL  OL3GOLOSL  BHMOOEOE
93393M99MB0R035305Lmsb F9s0Mgd0m.

B5bm-sbgMo s60l 5 B(d-0560 3MwloMgdso, 1064 63-0 GHoweol LogMdol ddmbg
Nd:YAG sbgMo, Gemdgol 329ebol boba™derogmds 89swygdl 10 3M3-0g. 329ebol
969600 39MHygmdlL 3dx%-sb 10dx-009.

ROGHMBO5RTI6GHE00L  3BmiEgbo  FoMdmoddbgds  WsBYMHOL  JMbol  sMEHYJom
AoBBoL  BOOROGEHIDBY (sBghol 3Mwbo GHoGEbol BoORBoENBY L3305 MHO
3333560 m3EH03000 J00@969ds), MOL FggRo0s3 FoMdmoddbgds 3ersbds. G900
Lo3qgbMos  3esBdol oz EgErgds. bgds 3wsHdsdo  sOLYOIMEO  3530GSGOVIMO
00@gOol  2oxMMMZ90s s F90amd oo  L3MBGHBWMO  Jmwsxbo, Mol
090925053 BMMOIOOOIOs  IMOEHYIOMO  BHowqdo, M®MIgeroE Lodmermem  xsddo
b30905 3oL LEGH®WJBHIOL s 0fj393L Job STWSU.

50bodbmwo 3MMm39MMoL O™ 96 bEgds LomdmL (omdmddbs s gbgGmyool
©90mgdd99gds s 2930 EIE0S FBMEOM® SAOWMIM035© bgds, Mo3 3odmOm0oEbgL
969600l 25360390 gd5L M35¢oL MBOHM VMY, IMI6MO06MY JuMm30e9353©Y.

2.4. m396M5300L 899amdo 39(H0MEO

0393M90Mwlogozsgool  99dmbggzedo  353096@L  Obgggumds  5©Igds
M39M5300056  ©59gb0dg  ©@OL  gobdogrmdsdo.  AbgE39EMdOL  sMEIboL
©BJoMgd0L s QMMM gdol 309396300l  Jobbom, Gmymes fglbo, bgds
B5(3907900L Loboo 36935653 900L 3dd0bs300L IB0TZ0s. Yy39wsDBy 4930 Eggdmwo
69:90000:  9BGH0dOMAH030,  LBEGHIOMOEMEO O 9MLGHIOMOEIO b9l
LofobosBga™m  36M93sMo®gdo (Kara et al, 2016). Gmymog fobo, 50603690

36935053900 g5dm0ygqbgds Mm39Mo3ool d9dymad 3-4 3306M0L 256353eMdT0. A9
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500by,  dH939MdOL  M3EGH0ToMH0  5YIbOLMZ0L  LEbYIMZgos  FoHo3MOO
5JBH03mdol  99BwM©3s  gOH®o  330600L  2ob3s3wMdsTdo.  03M5gds  olgmo
909099900, GMAMO0@Ess Loddodggdol sHg3s, FBHZO060 1sFMTomgdol BodsMmgds,
1B3MOGOL GHM30o LobgMdgdo. 3530963HJOL, 91939 gdengzs M939bszos dowols
©@OML  350390mb 13930 MOO  LOGRIMO  M35¢Mb  Fgdmbzgzomo  3mbEod@ol
3093963006 dobboo (Bobrow et al, 2015-16; Liu et al, 2017; Thompson and Lakhani,
2015).

3.06@®M5tm 3 sMH¥YE0 bgemzbmmo dMmergdo

5Q0530560L 35¢0l LObsMWOL F5MITE I TgbodegdEMdsdo dGMEOL zaowo
09500996L +18 - +20 oM3EHM0sL, 300093 42 EOM3GHMOL MHDOMBZgYMBL MJmgzsbe.
5060350, 35@9M5JBH0oL  9duB®od3o0ol 9909y  9ME0Egdgo bgds Bm®dserMo
399330635009 0OMEOL  2oMmITBHIHO 301939008 bgErmzbMGms  v0EYgbs, 96wy
om0~ 0l 093¢sbGH0MGBS Jox3LbwyEol Rsbaodo (Nguyen and Werner, 2017).

3oLo  boy3mbols Fgmeg Bobga®msdy, 39G9MdGH0 O935IONME 3530963Jddo
dMHMEol  gJuBHMgjgool 8909y Momddol 96 bEgdms bgermgbm®o  dMmerol
003¢obGo30s o dbg39WMmdoL  godxmdgLgds  dglodewgdgwo oym  dbmEmE
583530M0  Lomgoerols  99g®Bg30Lb  d9dzgmdoom. 1949 gl dG0E9bgerds
MBOWAME™yds  35OMWE  ®oEEod  30039wo@  IMsbobs  d3meodgomogn-
3900300 5@0LY0 sIbsIdMo bywwmazbmmo dMmeol 0d3wsb@sgos (Buratto et
al, 2003). MLlEIMBdom, ALMBEOML *dgEgl 9399456530 35BSMadEHOL 9JuEHGodE0s
000-0l 033WBESE00m, MBMITMEIMQ0580 439D 4930 (39N M3GMHOE0L
Po60mo9bL. MHg393)0 Hgd300 bgds bLbgoalbgs 0MAsbogrolsh sdBsgdmwo
5H5wo OHB0boL 0MEr-gdol Fompgbs (Rush et al, 2015)

3.130000MmxMd0s s 30gMmb3M309

30OMFBMO0S 5MOL Fobogrols [yeoligeb godoxgbol Mbstro. g3zgms Foloesl o3l
391MI3500  30OMBMOMOMDS,  OMIJoE  BobEYds  3MBGIJGHMOO  JMmbob
391M33900L 459mYygbgdom s 00 HoMmIMoYIbL BYIS0MOL M30LYdL. TJHYgMOL
dbmEm© M5996039 M5B M0MJdol LOHYWYMBOWO 30EOHMBOW YOO
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D9033060900L96, HMAMOOE3S LOoEO30moL obs HMIgeo IDsw©Yds Abdwydo
3oOmdbomMo  xamngdoom, 180°C-dg bLI39H-30MOHMPMIMWO
©9053060900LmM30U.

30OMFBMONOMOS 3600369 m3bs 90l ITMI0GdIMo  FsLoerols  Jodor®
0905003960359, 306500056  fyoemdo  59b6050-(yoedool  ddgd0  doenby
3MsMMEos.  bsfomdMog  ggddHee  Igb@GoLb  9@GH™IgdbBg  0Dosgl
Lo3oMmoL3oMmm dMbEHgdo. 53 oo gowo bLboL FoMm0owgdl s 0BOEIZL Toboggdl,
OMIgdLsg  dL9g39 93z  bsformdMmog  sdmbEHmwo  339d0.  3me0dgMmgdo
d0M0MOEOIQ  F9yg0s 9930 bsbBoGmdsol s BabJoMfyswdsmeo
03900L56, oL 459m3 0bobo BMYIWIE 56 bolOsMIO0B IJ0EOHMBOWMOHMIO?
3o 0H0o3L FoboEgdo BIHoMdMOZ ITMbE IO 33Gd0m.

306mb3M305 9GOl gerol dmsbmddols s 89393900l bstro, MHMIgoi AosBbos
doboEnsls. dwog® 30gMHMLZM30o Fsbogs [gol 0BoEI3L. MBMOETMEMY0530
30OMFBMONOHMOS  250MYyqbgdos M35¢dos  obbHgool  obogrols S®LIHIMO.
0353d0©s  obbHgdol Bgs3oMol  MOHM0gOHMJIggds §gowmsb  Homdmaoygbl
30OMFBMONOHMO0L  LEHMIL s MZ5wdoEs obHYdOL yerol ToHowrEMdOL
@656OL 30O MB3M300L EOHMU.

©OILEOIMO00 SOBGOMOL 0ME-0 MMbO J0MO0MOIO FH030. 0l FglodErgdgEos 0gmb
53600l b Lowrozmbol. 565399335000 0OHMW9d0 53D5@YOM0s
303900 TY093M0WSEHOL Folioeolsb. 3993350 byemgbm®mo dGMmegdo oymazs
30OMBMONMOQO ©S 30OMBOIMSE . BLOEr03Mmbol FoLooligsb ITBsYdIMWO
OO0 39903500, 399933500 dMIMWOL  dOMOMOIPO  30MSBHYMDsS ol, O™J
d9L5degdg0s 3500 3530 0d3EbESE0s Fzocg 49Bs33900006 2.75 83 96
Bo3gdo bmdol (Maddula et al, 2011; Ness et al, 2011; Werner, 2014).

30639Wo©  359MmYygbgdmeo  3ME0dgmOETGMS3M0ESGHOL dOMEO 0y FY4sMHo ©d
dolo 033WsbEsE0s IMOMbM3S OO BMIOL 2565339000l 353900905, 35E9MOIGHOL
3960009008  39dbmema0g00L  2563056MdLMb  gPHMo©  sMbodbmo  d¢mo

39bs Yz39woby 6530905 godmygbgdso Abmaymoml 49630m56M9dmw  J399b9ddo
(Werner, 2014).

13



303900 TG93O0WHEHOLAD  ©odBIIIMWo  dBMmo  Bosboggws 33835005
30OMEBMONOHTs @S 300OMBOWEOTS  53MHOOL  dOMEYdTS.  30EOMFBMOIOO
dOMgdo  Jmobmdogah  Jywol  dogbg dgodg  MomEgbmdsl  (<1%), bmerm
30MHMBOWNHO dOMEIO0 - OE M5MmEIbMdL (18-38%). ®ILEWIMOdOM Ymz9gEro
30om3mgdol d3MMmEo dHB5EEYds Bb35LBIS 53MOWOL  3M3ME0T ML, Golo
09009205  396Lb353900  Lobsmol  2oMoGgbol  F5B3969dgwo, 459336003900l
A9939M5BHIMS  (3modgmo  ©MY390005 53  GHYI3gMoEMMsby dgBo  dsBgz969dols
3060mMd7030 s BoLEBH0s G9EIMYI0M B FYI3YMsEHWIMDY), Jywol 9d33germds,
39996039600 30198900 s 5.9. 356339990 30OMBOEMMO dOMEOL OMYIIOMDS
@5 Yol domowo 8993390™ds 0derg3s dobo 033w sb@oE00l bodmowgdsls doenby
930Mg 3965339000l 306MHMdYdT0, sbErmzgdom 2.2 33 (Kamiya et al, 2014; Werner,
2008).

boEro3mbols dMMEgdo oym 306390 31393500 bgudolsfgomdo omer-o. obobo
99003995 300MmMRBMBo™bol  doMomoo  X9F30Lysb s oo Lobsomerols
3903HGbOL 339690930 IBI0S 30O dOMEGIMD FJEIMJOOm. STMOYSQ,
domo LolLdg TgBHos 9300OL  SBosemyqgdmMsb dgsmgdom (Maddula et al, 2011).
LoEro3mboll  om-ol 306390 033EbGsE0s  BodoMs  1978F  350-0  BmL
3096.06GHM5M3MWsMImo  obBYdol  godmygbgdolmzol  asM@sdEgbo oym 1984
Powo, GmEgbsg ®mdsl FoBDM3MI  ©sofym 3o0M39wo 3383500 Loozmbols
obbgdol 0083¢96@5305,60M9gdo3 3D50Y0Ms
300390 Lomdlobologsb, MgxGmsdiool 3583969000 1,41.L0eo3mboloysb
©53D5©gdMwo WobBol »sMYmz0mo ImdgbEHo s®ol ol,6HMd 033w sbEsgool 9999y
LEGsxgs 0blbgds fobs 1539680,605853 Tgloderms sdBOBML 3565 JoRLEs.ol939
Loo3mbols obBgdo bsbosMPYds d5gdBHgM0Mwo 53900 s TJuodsdoLs,
3L G M39M5309wo 06839930900L 496300560930l MOLIO MBOM Forseros. Logozmbols
Bgoob 390900 5030o@ 933600l Lowro3Mmboll obbgdl dglsdsdols, Lowozmbols
@0obBgdol 033WsbEOE0s 96O Mbs bbMME0gEEIl doMMOL 53693900l Molgol
9398 9ymg 3530963 9000.

bgmgbmemo dGmol dsbows bs oyml JodorMs 0bgdEwMwo, R0B0IMMS©
BGHOOOEIMEO, 56M535M(396MYgbI0, MO GMRIBME0, ™mIB0IMMo bsfowo Mbs
0Yymb 3593306035009 0O BboL 2560530 MdT0, bolinsmgdm©gl s®owo
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M9BOsJ300L  BsB39690w0m s Mbs  sbgbgl  WwEH®soolxgho  boggdol
B M30M90L.

0m-ol 300093 96  3600936900Mm356  Mm3BH03MO  3m33mbBIBBHL  FoMdmowaqbgb
MEGM00L8IM0 LbB03gdol dmsbdmddgwo bsgMHmgdo. gl bsgMmgdo 03s39b dsmEsls
MEM00L6BIO0 459mbboggdologasd 300-400 63 ©Os35HBMbdo, GLoE B3xMEgdMO3

MBONB39YmRl 29933003509 dOHME0. EOIBEPIMI0® 1939 bgwrdolsfzmdos
430090 30EOMBMOMMO 53000l 0MmE-900, MHMAEYdo3 89039396 WGXO
LObSMWOL  BOWEHO  JOHMINBMOL. 30350 IBGHMOO® 939300600 Y30GEO
30939630l 5353900l 9909250 d000gds 0M0-0, MH@AEol
M GHOo00LBIO0boWw o LobsmErol  FodFHIOMOOL Ao  BOEILOYIEO
5Q0530560L 993306035009  dOMEOL  6IMYOMM0S.  SOBYOMOL  dMbS39d9d0, O™J
5060860 3Hodol dMMEol 033esb@Eogool 990gy dgLsdangdgaros Ggdi306MEaL
y30m9wo boeol ©gagbgMsool Bsdmyserodgds s 3MHmamabomgds (Nguyen and
Werner, 2017).

3945039 EHob Jo6HMHy0580 056509000 M39 A99dbmmaoméo dowf9g3900L
35059 Mo©, 500b0dbs 0m-ob  FH9dbmemaool 49630069053, 0bmgsz0gd0
dmo@ogl 3009390l 3530963900l IHg3gMdOMO  boMobbol  4sdxmdgligdol,
00m39mo3L9gd0ol, slggg TmMm3wrg s MIY350sb0  3¢0bozMMmo  9RIJBHVIOMdOL
308500779 gd00. d0MTgmo3Lgo0L QoAXMOGBGOOL d3Y™dgd0 BAo6 Jgdmnbzgzsdo
RMINBOMHOGds 0MmE-9d0L HBYI30M0L b Fsbogrol M30L909d0L FMEOBO 330Dy
(Ozyol et al, 2017; Pérez-Vives, 2018).

39653690 Sofegmeols 9s6doeBy 3obogm®o 399myggbgdoliomzols
090005359900 0dbs  300G0Mwo  300OMBMOIMGO  0MmE-900,  OMIWIdO3
394dboeos 53 BHodoL  ¥3OMEgdol  sbogrol 3090930l oIx™MdILYdOL
Log3dzgdg. sbodbME 303G 30OMBMONGH  0ME-gdl  5d3m
30OMBOWNOHO  3m33mbgbGo. domdo fiyeol 899339wmds  goa9bl 4-5% o
065bg0s 0.9% b5@Mm0mdol Jarm®oolb blbs®do. 33wq3580, Losg 99scmgdvIemo odbs
Pobs  398LmeEols 9003Mg30L  85B3969d9o  39MHEOEGdd0, 30EOMBMOVOO S
300600 30OMBMINNOO 0MmE-g00L 033esbEs300L 990ymd Mmmb 3306500, 53
35659930l 3609369em3bo B0  bsGolbo  s©0gbodbgdms  30dMomwo
30MOHMBMOMMHO 0men-gd0L 99dmbggzsdo (Ollerton et al, 2012). 53 Go3ob ome»-gdol
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9O»-90m0 3600369 m3560 mM30U9055, MMI 0LObO 3MOdBHOIMWIE 6O 506935396
Lobosomnegl, 6oz PomIMoygbs  3MMdEGISL  30OHMBOMOHO  dGMEYdOL
99dmbgggzodo (Tetz and Jorgensen, 2015). 566930  39B306HMBYGOM0s  0mEr-0b
dsbognsdo  9OLYdIMo  Lombom  bogby 393MMegdom, FoMdmoqbgb Lobsmenol
39053 gbol 35B3969dc0l 256Lb353900L F99al, HMIgeog Fo®dmoddbgds MHmgLss
00-08 30OMBMOMEO 3M300dgMHYOL JmEol 256030 353806900 03Lgds Lomboo.
OmamO3 oo, g 9O dmddggdl  Ibg3zgmdol  Lodsbgzowrgbg,  Foa®od
99L53 90905 0gMboML Yog3egbs AbgE39wMdOL bamolbbyg (Colin and Orignac, 2011).
0m3wgds, ®md 3000M0EMWO  30EOHMBMOMOO  0Mr-900lL  F9dmbggzsdo  bggds
5656930l 496300000900l 3609396305 oo FgBo 8F0OH™M LEAHMYIGHMOOL B,

bom  dsmo  300MMBoOo  BEHOYIGHOS MYOOMBIIWwYMRL  omer-do  [ywol
d55B6LoL Bgbs®BMBgdL (Ozyol et al, 2017).

3.2. 0bGHMsMIMEsMyemo bgemgbu®o dMmeols domdgmsgligds s
3LEGHM3IMIFOVIE0 5O GdgO0

0m-ob  gMm-90mo  dbodzbgemgzsbglo  M30L9gdss B0MBgmgLgds. sMLsbodbsz00,
G0d 735653690  Hergddo  3w0obgds  omew-oll  033wsbGHogool  Bgbabios
35309639056 996930 5O S5300. 58M0Q5,0EO 60369 Mds 9boFNds
0m0-0l  39003L9dsL  M350doEs  JuM30WgdMIb s Folo 98 FI0M35gMBOL
9965mBMBYdIL 2500 gdqd0L  goMgdg IMsgzoewo ferol dsbdowbyg (Nguyen and
Werner, 2017).

G9mdobo  ®35¢0ol  Lobbeds®Eazmgzsbo MOl doMmIgmMaglgds  Mmam®dE oo
3990m0g9gbgds  omew-ol, Mmymes  Mabm  Lbgmwol, 033wwsbdogosty  mzswol
Jumzo0wgddo 296300050900 Ladslbm  sbmgdomo  Mgodaool  sMgMobLLL.
39¢9M59BHoL 9JbGH®sg300 0me0-ol 003¢9b6@S300m o{393L
39053 MMBDWIMMYPOMO0  356MH0gOHOL ©oMmM3935L, GOl Fgga0s M350l obs
1539600 (3009830l s 6MYI0MO MK MJJOOL HoMTMIMDs. 19330039 s© bYds
00g0-0l B9E30MHBY 300l >ELMMIF0S, M3 393Gl sbgbL Jumzowols
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X O90900L dOMEOL HBY30MmOL Bogzm0gMNdILME G9dymd »MH0gMHJdgYdsbDY.

5930306905 3MA3egdgbEHoL LoLEBHYIOL seBHIMbsGHOMWo 4By, Mobo TJOIROES
3m0dMOBMOOOMNZNWO 903MmE0GJO0L s FmbmE0EJdol JoaMsE0s. Msdwgbody
3393590 Jglfogaromo 0dbs 35¢oMmagd@ol 3mGMm3gMsEomwo sbmgdomo 3MmmiEglols
06@9bbogmds Lbbgoolibgo 00mdsLooliyob 53Ds©gdMwo 00e-0l
0033¢36&5300LsL. FMmbs3zgdsms 9B5e0BTs odMmogwr0bs, HMd Jobgogs 0dobs, GmJ
Lbgoolbgs d0mdsbsgrols gdmbggzsdo sGBGOMBIL Mg sbomgdomo 3sbwbols
063 9bL0g3Mdol s bobyMdwogmdol I30Mg oblbgeggds, WYMo Mgodiool
LoLMLEOL 4oam gl 2oblbgeggds Jeobozwms dbodzbgerms (Nguyen and Werner,
2017; Tognetto et al, 2005; Werner, 2008).

300MHO0ROMMO 5300oL JodoMMO BMOIMWS

CH,
n

300O0RMOIMEOO 53000l JodoOHO BGMOIMWS
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OMamO3 M330  0gm  s0bodbmro, 30603900 0men-900 3D YIMOS
30390 TGJM3O0WSBHOLAD. 53  603m0gMgdsl  gosBbos 3608369 m3zs60
30053 gbMmdgd0, o FmMOL  JuMm30w DML 3900 BHMEWYMBGHMdS,  MEbm
Lbgmwom 496300393 mo 50 sbmgdomo  Mgod30s, Fo®eo 1395 IMHO
00m39053L9d5, LOBIMWOL F9MPIEHIHOL T9EIMGOOm Fo®swo Fsh3969d9w0 s JoMRO
330300 13090900. o0, 30e0dx00EFIMO3MHOWsGOL Bsboerol LobolbEol
25002, EEILEEIMBOM Y30MIGILMdS 960FJDs 31F835© 0me-9dL (Amon, 2001; Ozyol et
al, 2017).

30b03mM0 99x35b9d0m, M35658369e Hargddo 45dmygbadEro 3383500 0MmEn-9d0l
399596 d0MFJM3LGILMD 39300MYdIMO M50Tg I60d369EPMz560 d9B3969d9w0
56 258Mo3w0bs. 33¢9390d0, Lowsa dglhogrowo s FgIMYdIMwo 0dbs M35¢ob
fobs 1539680 LobomEIOl goRBBHI0L s Bb3sILLIZS FHO30L omE-0l Bgs3oMby
MR OIOMIO ©I¢gJ30L bsdolbo, dowgdwmos mdbodzbgywm 3wobozm®mo 9wgaqdo.
535Bm9b, 56 A59M30bs 3erobozmMo 3603369 m3560 MY MgEIBOL 539930
0M-0l HBgs3060Hg 1390G0m, FodMH0sbo OsdYGHOM s BLY3MYJLBMEOS3EOOL
LobEOMIom 9350 O 353096390303 (Abela-Formanek et al, 2002, 2011; Gatinel et
al, 2001; Grzybowski et al, 2019; McCulley, 2003; Richter-Mueksch et al, 2007). 3393590,
L5 99M9dMo 0gbs 399933500 30QOHMBMIMOO S 30MOMBOWW OO OME-9dOL
30899900,  35dMm3wobs  30EOMBOMOO  0ME-gdol  M3GMILO 395 IOHO
30m3gmo3Lgds  30QOMABMOMO™ML  FgsMgdom  (Abela-Formanek et al, 2002).
30OMBOWNOHO  AsLoerol  Jumzomsb  m3gmgbo  FgmogLgds  2ob30MmMIYOME0s
Pgamol dsmomo  89933900Mmd00m. 5353MOMMWSE 3313580, LssE F9IMgdMEO
09465 035¢00lL ffobs 1o39680 Lobsmol gs3356@30L boGolbo 3oMMBMIMGO ©s
39356006000 ©IBIOMEO 30EOMBMOVIOO0 0M-900lL 033wsbGo3gool d9dwgy Lsdo
030L 29685303580, 56 godm3zmobEs 53 35M539@MOL 360d369wM3560 AobLbls390s,
29M5 M396M5300L 90yMd 30H39e0 oL dmboigdgdols (Krall et al, 2014).

boeozmbols 3788350 bgEm3zbn®mo  dOHMEYdOOL  BJOI30M0  30OHMBMOIMEOS.
Loo3zmbols  dMMEgdL  gosBbosm  MBOMEIJLMS 3950 BOMIYMNI3LYdOL

035 LYBOOLOM F500 BYI30MHDBY MXMIYOMO OYJ30L doeDg SO
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bsmolbol a5dm (Ohnishi et al, 2001). 33¢0935d0, LosE 999MIL 30OHMBOEWYHO,
30OMRBMOMOHO ©S BOEP03MbOL 0ME-900 IR0, HMT M350l Hobs bs356d0
LobsIWOL A97356EHZ0L bo®olbo Fmodo@ds dMMEEoL 1sdogg Lobgmdsdo Mm39MsEo0L
9990033 gm0 ™30l 256353¢Md5d0 36093930 35639690¢09dmsb Ggocmgdoom.
5053006MMM©, 350l §obs 135680  LobosmEool  2ox3sbBH30L  baGolbo
3006OHMBMOMMHO 0mer-ob Jgdmbgzgzsdo 3603369 mabs dswowo oym bbgs GHodol
0OHMEgOmMb F9sMgd0m. 330930l 93GHMOMs IMbs3gdgdom, Mm3gMmo300L Jgdama
90 3990 353096390L  509608690m©sm  {obs Lo39680 Lobsmerol  gox3sbE30L
bs6olbol 9993060905, beem 136053930 ™30l gobgerolsls 8 3565dgGMOL Lo®(ambm

296Lbg0390s bbgoabbgs #Ho3ol ome-ol d9dmbggzsdo o6 asdmgerobos (Richter-
Mueksch et al, 2007).

536090000 MXMYOMO EsYJ30L SMPME 9BHO3DY 0MmeEr-Bg MIoboMgdl d30Mg
Dmdol, MY MIXMI©OI00, o3  3905GMMBMIWIMEMYOMOO  dIMOIMOL
©M3930L 0600035GH™MOL [omdmoygbl. 3908amd 9@93Dg 303BGHMMO MXM9gEgdOL
©™30606M90s FoMmoqbl 3930391900 56mMgdomo 3OM3gL0L 0bEOIsEH™MML s
9GS  ©TsbolosmMYOY0s 99395 IMHO  B0MTYMO3LYOOL  3500MqbgBolmz0L.
@500y, MMI  30OMBOWWMOHO  0MmE-gdol  BYs3oMHbg  bgds  bo3zwgdo
5090Md00 SbMGdOMO MR MIIOOL Y35 30OHMBMIMEOGOMIL TJOIMYOOm.
S1939  299m3w0bs,  MMI  20gbEGHMOO  MXM9EIdOL  939FMWomYds  F9EOE
535b5ll05™MYB9E05 30QOMBMIMOO 0ME-900LM30L, brgnrm d3o6mg Bmdol M350
MIXOI0I00 30053HJLO®©  FoMHBIMIL LOWO3MbOl 0ME-gd0l bgs3oMDY. 9sLSb,
bsbaMdwo30 5330603900l 39gEo® 96 0gm godm3zwgbowo 4sblbgeggds Lbgsalibgs
G030l 0mE-93L Mol YYRMIMEO ©sgd3ol dobggom (Abela-Formanek et al,
2011).

398BMWsOmMWO  30MmTJmogLgdol  dommaqbgbo  dmoEsgl  dMmol  g3omgErmemo
MXOI900L  3OMWOBIMI3F05L @S FoRMSE0SL. dBIMEOL 930MGIMH0 Y OHJIOO
§0608mgddb0sb 9MHIM056 oMLl Hobs 3o53veols J398mm s 3O EIXPIO06 dGIMEOl
93390M6M5d©Y.  s0bodbmmo Mg gdo  93ww9bgb  BoGHMBMEO  5JGH03MBU,
dogdLodogrmMo boGolbom ggM3obs@e Bmbsdo, GMIoms3 JoMTYIMOGHYIME0s
06MHmeoll  fobs 393wl 36M9-9335GHMOMIo  Boffowo.  sbs  FoMdmddbowro
MXOJ0900 3505065331906 9335@MMH0L3Y0, 0DBMHYO0s6 IMEFMMdSTO
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©0xIM9630MIO06  FodMOWIHM  LBEHMMIGHOST0. J3oMIXMOO  YYXHJOIOO,
HMI9003 396930 fobs 3ox3LmEols J39dmm A9bLb3s3Yd06 9335GH™OmO
MR OJ900L20  BOEOL O  3500MWMAONHO  3OMEgLOL  d0dobstgmdom. {obs
398LbMol §399m© 930mIWIMHO MXMIPIS0 96O M3 Yd0D, oa®sd s3w9byb
R0OOMDME M9od30sl. 53 Bbol MYxMgIdo dOMETo 439eoHY O JI0MIWYG
OXOIEIPL  FoOdmopgbgh.  933:0™OBY  Egdady  gdomgwYOo  YIXOIPIOO
3500MEMPOMM0  3OHMmEgLol  EOML  M39bs  3oxLEol  goliizdog  Jogmozools
A9609630sL  93€9696 o BOBOMBMYO  Mgodi300L  bo33Ws  A9M0JI6gd06
dbbgowr  YXOIQVW  LAHONIGNOYPOIE,  OMIgEmes  fimEgdd  ,gewdobyol
3oMo0BJOL” . 5J9ob 9dmA0bIMY, 0MmE-0l  JoBRLYIEPIGMEO  dOMTGMOgLGdOL
30b03memo  99x35L9d0Lol bgds 99930 RBOJBHMMGIOL  gom35¢olfobgds: m39bs
3o83Lbol 999036935 dOHMEOL  930MYMEOO  MJXMGEOIOOL  FOMEORIMSEFO0L S
90aM5300L 8990, Hobs 39x83LMwol JgdmzMg3s 96 ome-ol ffobs Bgwsdomby
dGHMOL 93009 ¥IM0 X M99d0L BHs (Saika, 2004; Ozyol et al, 2017).

dOHMEOL 93565 35830l 999036935 Y390sDY 393MEIIOMO 3MBEMIYMS(30vIE0
3900 gdsS  39BHMIBHOL [o®mdoBgdmo gduEHMogaool 999ay o FoMdmowpqbl
398G 30MmIgmogLgdol gMm-gM0o 9d60d369w™M3z569L  3565TgBHOL. 3B
398LMEol 8990360930l gob30m56Mgds  0mE-ob  Fgdsgbaee BBy  dgEo©
©53M3009dMW0s dOMEOL 30008 M33H03M6O M30909dbY. MdE9body 331930l
3909250 259m3w0bs, Mmd 360°-Bg dsbgzomo m3EHo3Mmo 30wy 960d3b9wm3bs
59306090L 3560 Jox3LYEol F9dmgMaggels (Buehl et al, 2007; Hayashi et al, 2007;
Mencucci et al, 2014; Nanu et al, 2018; Nishi et al, 2007). dsbgoo 3009 JIbob doHogMU,
Mmdgwog byl Mol dGmEol 9g30mgEmo R 9EIO0L  FodMoEosl 3965
398LMEol  golzeog.  g@osboeoBdo, Loss  F9gxnsbs 66 3OML3Ig]BHYIEo
96@M30BY0o 3MbEGHOMWOMYdIEO 331939, F9IMJOMEIO 0gMm JOMO S 03039
dsbOEPOl 0ME0-900 F9b300 S FMIMY35WGOMEO 3MbYgd0m. Fodmzobos, ™I
dsbgzomo gm®Iol 0mer-9d0l 99dmbggzsdo 500bodbgds dMmeol w3565 3ox3Lbwyeol
990030930l 9oMgd00 dso ba@olbo (Findl et al, 2010).

00g0-900L sbogEols FoboLOSMYPIGOOL MZ9BSBOHOLOD dOMEIOL 3965 Jox3bIEOl
399036935 “IR6O™ bJoM5© 300050705 30OMBOEMEMO dOHMEOL 9dmbggzsdo
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30OMBMONOMB  FgsMgdom, 306506  IoOHMBowGOo  DYs3oMo
MBONB3gYmRl  dGMWOl 930 gWNHO YR MHIPIOOL  3OMEOGRIHSE00L
30gM5300L  LsxMdzgwl, 85306 MHMEILsE 30OMBMOMMO BYI30MO 8339MO®
9336905 93565 398Lesly Jobo FosEr0 BOMO3JHOMHO 309006 25dMIEobaty
(lwase et al, 2011; Jorge et al, 2014; Kugelberg et al, 2008; Vasavada et al, 2011).
30OMFBOWNOH 0cmen-do 3965 3983LMEols 99d03Mg30L 3093 9Hmo 360d3bgemgzsbo
d0BgH0s 0l 30m3Mgds, MMI 50030 OO FMEMEEMIOm Yoo 96 0dEg3s SBYMO
dobgoo  3Mmmbol Joefiggzol Lodwmoegdsl, MHMaMOE 30OMBMIMOO  0MmE-900L
99dmbggzodo (Nanavaty et al, 2008). ¥dGm@ol 9g30mgHo  YrMHIEIOOL
R00OMIILGHJOOL Aozl MK IIO0IB O0RYMHI6E0MIOOL F9EIRIP 30O YdS
Dobs  3ox3bemol F9dmzMgzs.  bdom  Jgdombgzgzgddo  sbodbmero  99dmzeagze
3w0b03mMo  dbodzbgwms, 30650096 96  BmoEegt  m33Ho3Me  ©gMdl. 5ol
d0b9935, BodOMDBOL 9IRe© J9BLYIMEJBOLOL OsdgE®MOL F930(HMM3z9dd
d9L5degdgE0s A5TIMOf30Mml 0MEP-0b EOLEPMEOMIDS O sFoLMD S 3953d0MdIEO
©95305J300L 33wowgdgdo (Nizami and Gulani, 2020).

5039600y, ™A [obs Jo8Lwmewols 990330l LoBJstg 5539000 30EOMFBOYMHO
5360 0ob dOMEgdol 99dmbz935d0 30OMFBMOMO 53G0E0L 0ME-90mMsb F9IMgd0m
(Vock et al, 2007). om@-ob ®m33H039O0 3J0©0L  BMOTLMD  ©35380M9d0m
390m30bs, O™ 3565 Jox3byeols GgdM3Mg30L goblibgzsggdom, dmAMA35wdIOo
56 dobgoo m3sbs 3mmbg o6 SbabL A539bsls fobs FoxLwyeols F9dmzMgzqgdols
bstobbby (Sacu et al, 2006). 5353OMME5© ©Y0b@s, MMI 3MMNbmzsbo 3s3EH03M6-
™3303700 g0 mgdol 9990 3965 FRLMEOL s ome-l dmeol  GRYds
B53Go0, M3 go3wgbsly $HIbL 13565 Jox3BmMEols 9dm36m935HY. J0mbgEOz5© 0T0LY,
O0d  m396053008 @OML  9g3omMYMM0  MXMJEOIO0L  dmEowgds obs  3ox3Lwemol
94399m@5b FgLodergdge0s 56 0gml sbicmE0MgdMEo 3565 3583wl 9903609g35Lmsb,
290Mm39b0e0s fobs Joglvyeol 8993630l s odHMBOL ddzoMgds (Hanson et al,
2006; Pérez-Vives, 2018; Vock et al, 2007).

OMHMEOl  g30MgWIOHO  MRMIOJOOL  2930E39wgds  bgds 98 X M9d0L
39g8LMmOgdbolol 3006 om-ol  Hobs  3oolb  FodsMEgdom
36OHM0x9gMH300L 9999. OHMymemE Habo, gl 3OMmEgbo o6 0f393L d98w36935L, 6
db939WMmdoL  ©5d390m9dL O  MBROM  ITIBILOIMYIJ0S  30EOMBOIMHO
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536000l dMMEgd0L 033¢sbEHoool 9gdmbgggzsdo (Gurabardhi et al, 2018; Mojzis et
al, 2016; Zhao et al, 2017).

9O®D-9mm0 356583690 dodmbogrgzomo 33eg30L  93EGHMMOL  Ll33bom, oMme-ols
9990003609306 doM0mo©  F0bs30MMBL  FoMmBmopabl  ©gl39dgbEHol  89gddGBOL
dmE0wgds 96MMYEMGO  39M5GHM3ELGH030m, 35bs 30GHMYIBHMB0s, AWsv3MIs,
95460560 ©050gBHO0 o IOGHIMoMwo 30390 GHIED0s.  50bodbmwo  Bod@meMgdo
L5F0MMYd6  2obLOIMMIMIOME  YMHIEPIIL  30OMBMONOHO  53MHOWOL  OMm-0l
0033¢9bG5300l  8900bg93500.  93BHMOMS  sSHOHOom, s©0bodbmwo  FodsMgdom
LsFoMMs 3930 8330(3IOMELGO0mM0 baMolbol 3393900l Bo@e®mgds 900369308 omen-
ol Bgs306Bg 6 Fogbom 256300509008 89dsb0BToL 39090 Qosbs0BYdOL s
dobo 369396300l dobbom (Fernandez et al, 2020).

3945039 BHoL 9JuEGH®MJ30oBMIb 39300090 JoMHMHROMEO oMM gdd0L 3069
LobdoMol J0HgIZIW, 5BS30S WS 0ME-0L sMILHMOO FEIOIOIMDS 35BLXI SO0
dbsM5FgO0L 490909 oMmBMmogbgb  3w0bozM®  3MMIWYISL s  JoMrmEyomen
3990§3939L. Hobs Bogbol omen-980, 93565 Logzbol EHGMBLLIW MO0 0Mme-900 ©d
3965 Bo3bol ggMms A9MLBY B0JLoMYOMEPO OME-9d0, MMYMOE Fglo, godmoygbgds
5835300l S EOLEPMEOMIOO 0ME-0l I3MOBIMIOL JoMHMHoMw JoYMIS.
58960030l MBMOEIMWMPOMOMH0 5350098008 8096  BoEGIMgdMew  Jodmbowrzsdo
BsB39b900  0dbs 15305600  dMbs3gdgdOL  9MVEMLYOMDS,  MMIgErmeg  d99derm
399093w0bs BoJuoEo0l MHMIGE0dg GHo30L 0vg SEF0WOL 30EMSGHJLMdS BB3GOMb
9gstmgdoo (Wagoner et al, 2003). dombgsgs 0dobs, GMI sbsdgdmgg fobs
15360l 0ME-9d0l EOBsobo 360369 Mm3zbs s0bzgfs, 33003 SMBYdIMBL MJmg565L
©933396Lo300L, BHM50930MM0 Jugeol EsBosbxdol s JOHmbozmwo sbamgdomo
36m3qLOL A9b30maMgdol Mobzo (Garcia-Rojas et al, 2012).

39000 gd9g00L 256939 Bo@IMJOIMWO 353)96MgdEHOL Mm39M300lL 8999 DBMA0gmH o
3530969000, dbo3oby s ULdglol  Fobgs35®, Z0MIMPIYdS  3OLAHMOYIMO
053M9oMo  99dw390s  (393), GMmIgwoi  dsdmf3gmeos  dobolgd®  bbgwedo
3bm»9g00m0 9905GHMOMO0L IMT53HJOMWO M5mEIbMOOL 25TMYMBOM JOMMMROIWO
Botggol 890qy (Greenberg et al, 2011; Guo et al, 2015). sbmgdomo 3OHMEgLboL
0909250 06003935  LoLbE-LoMbMmzsbo s  BOLbE-BsEMML  B5M09MHgdo, GOl

0900925053 35Gmdl BLolbds®M39d0L gobgrsmds. 4909 3wgdloBM®IME @
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dos  Bm3wgsme 9699000  53Mom9gdgwo  gmbobmxyowdo  9dumsdo
0o00mddbol  3oLEHMBMYG  LogmEgadL,  OMIWGIOL  AOGOH0BgdOL  FggYO®
RMMIOOHEYdS Lombol oo xodggdo (Henderson et al, 2007; Yonekawa and Kim,
2012). dombogmwo  393-0b  @OML,  bgzg  IgLadergdgos  4obgz0maMgL
5390 3530 H3MIXo s IRMM3IL LIBGmYE0bsMHo Lomby.
bMOOgGH0bsMHo  Loobol  oaM™M39ds  BoMMOomMdL  dsEwMOL  303d96G Mo
93009019 dol  bm®mdsermEmo  3mbBoEool  sM3935Dg, doMEsdo B3zgMwgdco30
R MJOINOOLO 3006¢30dBHJO0L MM3930LY0 AobLb3s39d0m (Zur and Loewenstein;
2017).

30MaMLs  JoM oMo 8379Mbsermdol Igommegddo d6083b69wmgbo ged0Ms
3938-ob Lobdoty dMEM SofegmEgdol 356doby. 39496agdEHol
06@®93583L Mmoo 9JuGHMod30d 0936Me© HAoMO® 0ym SLm30609dwwo 3dT-Losb
3945039 BHolL  9JuEG®0398LME MM 9JLEMJ30LME FgIMgd0m. EVILPOIMdOM
RLYI3EMRBS30M0 390 JOMOMOI Z0MIMPYdS  3530963HJOT0  QOMHMEYdIEXO
39653006 8999, 009935 JoMMOmROMEO MM GIGO0 BOHOL 53 3s00MEMYoOol
©ob3L (Chu et al, 2015; 17 Neal et al, 2005).

RLYZOMRS30NMHO  (393-0b QB30 MBOL  MOLI-BOJBHMMIO0  JOMOMIIP
53530009005 0bgo oMM oMM GIJOMD,  OMIMEOOESS  M39bs
398LMEOol  IB0sBYds, FobolgdMmo Lbgmwols ©s356M35, 30GM9JG™MB05,39MHSO
39OLOL 39305, 0m-0l  EOLEIMISB0S, SOOI 3MLEHM3YMFOIWO
3o8LMmEH™Mdos (Nd:YAG 358Lw9mm@mdos), ggms© 2s0OLdo goduoMgdwemo omen-
900 s §obs Ls3zbol bgermgbm®o dGMmegdo (Bélair et al, 2009; Gauthier et al, 2010;
Ozdemir et al, 2005). 3060LgdMo bbgrmeol 350335 BMob 333-ob Gobgl 10-20%.
FOowmdsdo  dobobgdmo  LBbgmwols  3MHmwsglo  sbobyMdwoggdls  393-L s
d9L5degdgE0s  SLMEOMGIMWo  0gmb Mgl 3OMABMBMB,MHMYMOO0ES  doIMS
2oMboL Bsdmiws (Wielders et al, 2017). ggtso 450Lob 06350396Ms300L, 333-0L
©5353 90000  MOL3-BoJBHMOL, Fgbsdewgdgeos  3dmbogl 9o  960d3bgem3zs60
SbME0s305  ©OJ390m9de  3Hg39wMdLlmIb 35309639030  JOH™bozmwo
1LY3EMAS30)M0 (390-00 Bbgs 0BBHMIM3YMIEF0ME QIMMNMWYDYIME T9EIMJdOm.
1393080900  ODBSOBOL  0MmE-9d0  LMEOMYPdIMWOos  (393-0L  gb3005MgdOL
93590 LOBAOMGLMB. F9Eo9BsOBOm FodmzmobEs, MM 3oLEHMOOO
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953700 993900L 393039900 Y39WwaHg  Fo@o0s  BIMS©  2oMlBY
130JL0MYIMYWO  0MmE-0  03EBESF00LIL, ffobs Ls3bol omwr-9d0 MBGM IgBoE
DO©OosD 98 3500MEMAO0L 2963050930l MHOLZL  M39bs  LHIBOL  OME-gdM6
99smadoo (Chu et al, 2015, De Maria et al, 2020; Zur and Loewenstein, 2017).

398-0l 2963056M9d5Bg 91939 393Gl sbgbgb olgmo LoLEHIIMMO I935¢)0gdO,
OQMO035 F5dMH0sb0 050930, sOGHIMHOoMEo 3039MEg6%os s M3g0@0 (Laursen et
al, 2019; Lobo et al, 2004, Massa et al, 2019). 53506, Dma0gOH»I>
MBNOCINMY0OHTS 35000050 glodegdgmos 4sdmofjzoml Lolber-0sIMsls
05Mm0gMHoL  06GJAMO300L  IMM3g30 O QIBIMEML  bBmgdomo  3HmEglgdo
35309639080, M®Igemsz 50960369050 M3go@o,(Freddo et al, 2013). 308 yzgwaby
86038369cm3560 80Bgbos ©sgd3900939o THYZIWMBOL 35BHMJGHOL M3gMoizo0l
9990092, 3obLo3MPOgdom bbYMmIwog 39ML39JE03500. 388-0L 2563005M9d0L GrolZ0o
0DMHY0s 35309639000, OMIgwmsg  96s3bgBTo  50gb0Tbgdom  doMEOl  39bols
M30NH0s,  9306MH9BH0bocrmEo  dgddEMsbols  sMLYdMBdS S 3MHMUBERWIBObgdOL
565 My 500l 5YO0MIMOZ0 2odmygbgds yeov3mdol qodm (Bélair et al, 2009; Hollo et
al, 2020; Spaide, 2016).

9oLM30L BLYZPMRS30)M0 (3d0-0l OSPbMBEHOZOL doewDg 9x39dEH™ME TJPMPOE
doBbgmeos  m3BH03Mm  3m39096G Mo HMIMEMex0s  (Mm3@), MmIgwoE 0dwerg3s
05@)MHoL IMYqd0L 3560 30DMO0DsE00L BsTSWdIL S F03MMBZM3IEo MOl
330owgd9dL 93wqbl (De Maria et al, 2020). 35¢565J&Hob 396300l 9999
500b60dbgds 853Mol  Bmbol  2obdgargdols  AmBsBHgds, M3 yMIIXEYds
30bEM3gMH530M0o 39MH0MmEolL gd3bo m30L dsbdow by (Vukicevic et al, 2012). (308-0b
3990353900l 3030, O0sRBMLEHOMGIMWO Mm3E-0l d9039md0m, 3¢0bEads M3gesE300L
3909y Mmmbo 330600l Bs6doBY. 0bEGHMmIMYEH0bsMMO  30LGHMOMMHO F9gdm39ds
05300530M39005© 3005600 oS b93egomme dMgdo s d99ymd 36039 Yds
39609 3e9dLoxgMEMIME IOH9BY, LsdmemmE 30 FglsdergdgEos 25dM3wobEgl Lombol
53199Mws30s  bLrdMgEH0bsw® Loghagdo (Sigler et al, 2015). ™3® d5QMMOL
LAHOMISHNOMO (3300 dJOOL  MOMEYbMdIMO30  Fga3sligdol, slggg 3OMAbMBOl
2930009006 Lodogdsl 003y (Munk et al, 2015). 350060L  IM9gd»6
5650635B0)MH0 Joamdol d9dz9mdom 9Jodl gdergas 393-0l ML
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06@GMMm9E0bscMMH0 (33000 90930L 255b3e0BgdOL s F3MMbITMBOL BEGHMSE IOl
©OHME0o 9931853900L Lodmowgds (Kudsieh et al, 2019; Posarelli et al, 2020).
39456M0dBHol  839Obswmdol  Mebsdgdm™mgg  JoOmGaommo dgomEgdo  dmoEegl
5QPO0MOM030  3mddggdol  369356M153HJO0L  godmoygbgdsl MHmamM 369 sbg39
3L GHM39M530I 39600 d0. 50b0dbm 36193565E Ol ML Y39 sHBg BIGMOME
398009g4qgbgds  9bEH0d0MEH03990, LAHIOMOEMWO s IMLEHIOMOMWOo  SBMGdOL
Lof0b550dYAM Lo gdgd0, 51939 FsY3mTol LofobssdYAM 361935615EJOOL
0bLEG0sE30s 3MLEGM3gMs30vI 39H0M©T0 M35¢dos 6930l M YMoMmgdols
dobboo (Hoffma et al, 2016). 9Msgocwo 330930l  99EOIPI®  ©OIYIBOE0S
3M5LGHIOMO0Y0 560gdOL Lofobsomdgym L8 gdgdol d9wE3EXIEo HMEO
3949ModBHol  gJuBH®odEool  OMAMmOE3  OWEobmwo,  SB93g  FIMMMGIMO
099900b393900L @OHML Lywy39009LM 3eobo 3o F9IEgd0L dobowfigzs (Bessette et al,
2016; Brandsdorfer et al, 2019; Lim et al 2016; Wielders et al, 2017, 2018).
3MLEHIOMOOICO Sbmgdols LoHoboswdgam 15393900, OMaMO3
RMT3MEMA0MM0 30935053 JO0L  3awslio, FoBbgm0s 3O GH03MBEIOMOIdOL
X3IB0L  MLOFGOMLM 5 9BIIGHMIO  SGHIMBIBH0350 M3l sM50bg39d30mM0o
5609d0L s (393-b 5EYOWMOMOZ 3OMBOWSJBH0ZLS s I3MObsgrmdsdo (Ahuja et al,
2008; Colin, 2007). 563LEHIOMOEMo  560gdol  Lofobosswdggym  Ladreegdgdo
dmddggdgb 6o dbmem  303mmdloggbsbol  0b3odoMgdol  aboom,
MBOHM639mYmBb doosb 3960 960900l Lsfobssdgam 8mddggdsl, 51939 byl
MPgmdab  0bGHMM3gMo3owo  80EM0sBoL  FgbsBMbgdsl s  dosBbosm
A3030005859w9hgdgeo dmgdggds 3mbiGm3gMosome 3gMomedo (Chu et al, 2016).
053080  9mgddggdol  99goboBdosb  godmBEobotyg, LEgMMmoEMwo  Sbmgdol
LoHoboswdgam  Ls8Mowgdgdo  MROM  9RIJGHIMIO0  9M05b  MBLEGIOMOEIdDY
bmgdomo  3Om3glol  3MBEGHOM@OL  M35¢LIBOOLOm, 306506  FmJ8xnd9b
sbogdomo  3OMmagbol  fobs  Loggbm@ol mbgbg. 530l Jobgszs,
3Mm0G03mBEIOMOEME0 135¢0b §3900930L 259myqbgdol dggao Tgbodegdgeros
3963005609l 0bgmo  39MHOMO  9BIJHJO0, OMYMEOOEsS ™3¢ dos  bgz0l
dm35@90s,  FMowrmdol  dgbméigool  99bgargds,  0bgggdiool  gobgzomsmgdols
3353900 HoB30. LESOMOL3OMM, SMLEINMOO SBMYOOL Lofiobssmdgym
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36935053900 MOOHMb39wymxgb MLsxzODbMgdOL bomzgmgbem dggal dbodzbgwom
239M©omo 98qjdgoom (Falavarjani et al, 2012; Han et al, 2019; Wielders et al, 2015).
LogEolbdms  OMI,msbsdgMmgg  sbggforo  GgomEIdom  39B9MadEHol
938EH®5gd3o0oL HoMBo@gdmwo JoMmMaomwo Bs®g3zol dowbgogs©, 33wsg bdo®mos
oLgOO  FIMMMENYDY00, OMYMOOESS OJm3565L  3MbGHM3gMHsEoMwo  F9dm390s ©d
9POM®M9MMH0  MXMIOIO0L 89999393900 939035, OJMm3965L  gbmmgeomdo
9603(05605, Fo03m©Ygboos  3MmEogmbsMo, doM0mss©  3gdbsgmbogrmEo
MR 090900, bmMIsdo gHPbs0M0 BMmoLy S FMEOTOL. 3 YYXMHIOIOL OJMZ565L
3000053300l 39650hMbgdsdo  153356dm Mmoo 393000,  Go3g  doDby
36003690 m35605 Bm®serm®o Ibg39emdolm3oL. GHEMO3dol 96 Lbgs sB0sbgdols
0909250 bdoMs  bgds  gbmmMgmMHo  MXMHIOIIOL  OIAMOPIE0S,  MI3
0991939350005 99 MXM9E9d0L F)HBOMOMEO goymaol wbsmol asdm (Joyce, 2003,
2005). 96MmgeMo MxMHIJO0L MomEgbmdol d9330M9d0LsL bEgds sMbgbowro
MXO9I00L  d3Mmdsdo  dBMEs  Homdmddbowo  LoEs®ogwgdol  dg3Lgdols
doBbom, FgLsdsFoLOE®  ZOMIMEYdS  Fomo  DBmIoL O FMOIoL  (330GdS
3008935G0Bd0 s 3egMmIMOR0BI0. BOEILOMEYdTo HJmgsbsl 9bmmgwmEo
290950 1083360039 6mGIs30 F9oagbl 2500-3000 wx9l/d%. 58 8sB3969dw ol
400-700  x®9©0/08%-8 9983069808 J90mbgqz5d0  ZoMIMEYds  BJmzobsL
©OLEHMMB0S s IBYE39™MdOL I33900M0 sg390mgds (Soro-Martinez et al, 2010).
Jmgz965L gbmmgmmo Mmool bod3zzMoz0ol Mdbodgzbgrm TgdzoMgds msb
bzl gobBommmyuom@mo  ©idgMgdol  3OMMmEqLL,  bmem 53 356599GHM0L
36003690 m3560 (33e0wgds, GMmamm3 oo, 0bGHMIMIMNWOHMWo  JoMmMQOoMWwo
Botggolb Tggaos (Armitage et al, 2003; Niederer et al, 2007). 35¢505J&Hob
135390 L0x035300L 890yma 39M0MmETo MJm356sL gbmmgwmGmo MxMggdol
960036900 ™3568s 8993069058 dgboderms domo  BMbJaowmeo  ©93md3gbLlsgos o
99L50530bs, Tbg39MdOL 3339000 O 89999393900 ©9J390MYDS RSFMO[Z0MU.
5000965, 9bEMMYWMMHO MXMJOIIOL MoMI6MdS MBS BsomMzowMmb MdOg]BHVIO
0600035@™MM5©  39@9M5JB0L B53mgdmlogozs300L 939dGHMO™MdOL 3OHMYbMBMWwo
39535b900Bsm30L. LobgurEMd®, 188*-Bg 1000-Bg bogergdo gbmmgw®o My cMgo
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doPbgmos  300GH03Ms©  OJm35b65L  oLEGHMMBoOL  Jglsdwrm  39B30msMmgdOL
L530IOMGIOL Mo LsBOOLo» (Bourne et al, 2004, Buys et al, 2008; Dalby et al, 2020).
035658 B3939WsMHIEo F03MMLIM300L ob300569d0l J9dgp Fgbodergdgwro
39bs ,in vivo® 96mmgum®mo Mx 9900l 9993060900l bomolbols oygbs.
9d0vbgo3500 030Ls, MM OJM3565L JbMmMYE MO MK MIdoL 3b0dzbgwmzsbo
399306905 OMAMO3 35G9M5JBHOL 9JuEHMOJ300b, 939 GHO9093IgdEHMIool bdotMo
0909300 (Arnavielle et al, 2007; Cotran et al, 2008), 5060360 3563969090

B30 gd50005 GgLHogeoo 3539MadEHol 8349Mbscrmdol MsbsdgMmag JoHGHyomwo
3900m7gd0L s bbgoalibgs G030l 0mer-gdol godmygbgdolsl (Dalby et al, 2020; Soro-
Martinez et al, 2010).

4.33¢930L AL s F9MEYd0

4.1. 33¢g30L AsLoems

3309300 Asbogool  G90gb@s  39BH9ModBHOL  ©osabmbol dJmbg 253  (n=253)
3530960L 331 mzso; 353096300l ssgzo  60-70 oo, ds0 FmEOL Jogwo - 165
(65%), 05953530 - 88 (35%).

353096900 ©o0gm 3 xamBe: | xamydo (n=186) mzswdo gobbmMEogers
536000l 30OMBMOOHO dOMEOL 033¢sb@o30s, Il xamxdo (N=111) - s3GM0EoL
30OMBOWNOHO dOMEOL 033¢sbGozos. I xamxzo dmoisgs 17 35309630l 34
0350, MOMIgwmsg 9hm ®35¢To  gbbmMEogm©s 93000l 30EOMTBMOMOMHO
OMHMEol 083¢9bG30s, brrgwm 39meg 035¢080 30QMMBOOOU.

353096900l L3393 X 2R Bs®30L 3003 9M0MBGdL Jg509bs:

©O0536MBo 1 5b3MOMO30 35BS, dMMol Lod33M03g boGolboo +2 sb+ 3
LoM39gMO30Mm  M35embg. 33e930L  F9YgO0l  ORYMY6E0Mgds Ldgbol dobgzom

5393300 56 0gm.

33093050 498mEmOEb3ol  300EIM0mMIgdL  Fgoagbs:  Afoxg  39B9Modde,
3L G G530 3539M5dEo, dOMEol Lodgsmg bsMobbom + 4, m35¢olb Loy®mdg — 25
30-Bg 9gAHo b 19 099-Bg bozergdo, @OLdYGHMMO  M9BHObM3s005,  OJM3z565L
©OLGHMMG0Y, B9d0ldogmo x3m®dol W30y, 09000359963 ™bMMo
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398MMM3900I00 319130L ©0sdgGHMo 680-Bg bogangdo, w3903 0L 99dymdo

MM 9MdY, S15939 M350l Ubgs, 96/s 3m3MOHBI0E0 LmISEHVIMHO 3500MEMyool
5MLgdMds, OMIgLsl  Igboderms  203wgbs  3Jmbgl  BJm3zsbsll  9bmmgMHo
IR MJOJOOL Mo gbMdsBY Mm39MsE00ol 99dymd 3gMHomedo.

33930L  sfygdsd®g yzgwrs dmbosfowgl dogfims shH3mowgdomo 0bxgm®mdsgos
Y39ws  ©00abmbGH03MMmo s 1s3MMbsem  3MM(39EOOL  dgbobgd, Mol F9dw9y

3omgob dogdo 0465 F9MH0Mdomo 068mMI0MmGdIMmo bbImds (sbstmo 1).
3309306 g439ms  3MMEIOMOS  ©S  3OMGMIMWO  ©IFZ0(3JOM0s  BOWOLOL
Lobgadfoxzm BsdgoEobm  MbogzgdlodgBol domgmozol 3mdobool dogh. o939
80005650 0gm I3 3900630l Y3WIMSE00L JOMOMSEO 3M0b(303900.

4.2. 33e0930L 3900M©IdO

396530900 BoGoMm@O M350l 3e0bo3sdo ,,.obse dbges™.

439w M39M9305 BB gm0 Jommaol (MJE™MMBEHOL ™.39M335d9) dJogH
93393M93Log035300L  dgMmEom, MJmgsbsls 2,2 33-0sbo sbs3zgmom, Laureate
(Alcon) 935M9¢)0L 458myqbqdom. M3gMo3ool EOMML 20dmygbgd o »eEMIdYIJMOMNO
969600l H5MmEYbMds A5B60LIBOZMS "GBo3ML SOLMEIMENMHO POMOM", MHMIJOE SO
50995¢3)90m@s 15£3,2 §3-U. Mer@®modagMomo 9bgemyos dmddgqds ” Burst” ®gg00d0
Q5 Y395 353096@H0LsmM30L  0Ym F0mMOmMYOME O035DMETo.

LoM39gMO30Mm  SMOL FMT3900Ld O 5RO MDdM030 LbdEBHIBbMbMGO sbglogBools
0900099 393900 2.280 ©Jm3z565L 0653390m0 12Lm. d9MH0056%DY,d994356000  0gbs
©oL3gMLOYIEo 30U3MmYILEH0OO ToboErs.353900©s 5,0 - 5,5 88 3o8LMMOHgJlobo
Qo 2 3965396 9%0o 3OH0DMbESME 9960©056%9.0M Mol
30OMEOLYI(309.79GHODRIM0M0 396030l  LYdMOgdom  ©o0ToErs  ©d
99M0boBOEGOMOES  BOMMZ0.3MOEH035MM0  FoLgdo  4edmoMmgabs  B0dsbs GO
06035305 - d306M53001.9993560¢ 0dbs  30L3MmgEWSLEBHOMEMO  oboEs,0659dEHMMOL
LMo gd0m  033¢bGHOMGOME  0dbs 3By Lo3bol 33350  bgermgbmeo
06 ™M00,3053Mm9BEGHOMOO  BsLogws  JedMoMgEbs  0M0ds30s - SL30GMSEOOL
3900 00,(396GO 5O 3565339000 5 356539639 HJO0 LGS 30MSES300L
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300.5990 3006069 BH0Z35W MO A9390S BEBHIOMOOL 0b69J305.0035¢Bg Y™
LEGHYOOW OO FMbM M srmeEo Loggbo.

33w939d0 BoMmwme  gzgws (N=253) 353096@L  3M9m3geo3oms©  BoEHIME
99900930  Hobobom3gMogom  MmBmOEdmE™maoMMo  33e193900:  30DMIYEHE0,
000m3036MmL3M305, MBMSWIMZM305, 39MoGHMIYGHE05, 9JMdOMIYEGHE0S, GHMbMIGEGOS,
6Jm35658  9bMmmaEmmo MR IOOL MIMEIbMdOL omM3zs @S oo  XSTobL
99935L90o.

833193560 9Jodgdo 5O 0943696 0bBMOHI0MYOMWLo 033wsbEGH0MYdIMo  dGMEOL
dsboenols  Gglobgd (899 gool  0bEIM3MgEE00Ll  brermgsbo  303mmgbols
30L50f9350)-

3L GHM39MH530M  3960MmEA0  3530963HJO0L  458M33e939L  9BoMgdbI6 3eobozols
9903980, G@Igdois g3 9O 0943bgb 068MmMI0MYdIMbo dMMEOlL dsliogrols dglobgd
(890092900L 06@gM3M9ES300LsL Bryarmgsbo 303mmgBolL dobowmfigz5).

3L GHM39MHEG0I0 ©5330603900L O 330930l 39M0MEO RboLIBOZGMS 3 Herom, gb
3960MEO  IYMBOW0S  Mm39M5300L8  gHBoo  dOMEol 033w sbEH0Mmgd0sb
dmboEmMobyol 9999 Imbs3390090500/9e3905:

300390 9BH30 - ONEGHbMWO  MBEIWIMEMYONMO 330093900, M39MIEF00b
30639, 99b539 s Agbmg L.

3969 93930 - IGO0 MBMNSTMEOMYOOO0 25933193900 - M39MS300@6 1
®30U, 6 ™30U, 12 m™30L s 24 ™30l J99©9Y.

3L G M39M530Id© BoGHIM®S 9900090 33093900 30DMIGEHE05, domTo3MHMB3M300,
MR Imb3m300, GMbMIgEHM0s, M3gMHo300sb 1 mgzol 899wy (MbmIMws
99MBge 25 353096330).

3393530 dmbsfioeng 15 353096@L (25 035¢00), LEBWIOHEHME MPMSWIMEMYOME®
33e9356msb  gOHmMo©,  ™M39Mo3E0s0©g s M39Mo300©sb 1 m3oL 9999y
1393 Mwo  J03OMLZM300L  Asdmygbgdom  (EM-4000-Tomey)  56qLsbm36s
9035658 96MmMgMOHO MR MH9YIOL Com©OIbMds.

33w935d0 Bsdomer 108 353096@L (142 m30¢00) dozmerol  LEGOWIEHMEOOL o
05©MH0L (3960 bofforol Loldol o9bol JoBbom BymEIGM©s dSBOLWGOO
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™33-1356069d5. 3OM39IOIOS GHIMLIIMES M3JM (3050009 JOHO LM S, SB939
3965300l 999amd 39gmeg gLl s 9o m3z9d0.

4.3. 3cbs398005 3b5¢roBo
33e930L 390092900 0509853909000 9509353032960 LEAHOGHOLEHOIMMO
3™33099BH9H o 3OmaMsdoo Statistica 5.0 (Stat. Soft Inc.USA). Ls3zergs xax39dL o

J39X3IRBJOL  FmMol  2sblbgsggool  asdmlagargbs  godmygbgdeos  LEGHobEoL
303 gcmomdo.

353096@0L 056b3MdOL BMMHEIEo 33193500 BsBoIEMdOL dglisbgd

330930L LObYEIGOS — 33&3HIHOL JoHMHR030 30EHMBMIMHO 5 30EOMBOIAO 53HOMOL
0350030005 ¢robBgdoL 353myghgdol 99esMgd0mo 3emobozmmo sBsgrobo

90535600 033093500 — EMJGHMO6E0

030 03396 (353096¢30) 99bbIgdom J399mo drmygzs60¢ Fobswsgdgdl, ymbmzm,
dmb0dbmo dglisdsdolio 335Mo@o:

$o3030mbg s 293029 5060BMWO 3300930l LHOERMMTs(30M FMB3gEXP0 s
355LGWMgd, MM 330930L  3MM3JOMOJO0 s 0bBMMTs30s  oym  Bgdmzol
39635603 g000. 3Jmbs 9glodwrgdErmds, sdgligs 99300mb3900;  30594MBOEO 356
39399900 35bHgO00 S PobT>MFHYOJO0. U

d9 9Jmbs MM s FgLodegdEMds, YIMMId0m [odgzombs 0bxzm®mdsios,
d9aLxges Aobbg Lb3zgdmsb s 39s39HY3039, 30TgOM M 5Ms IMbsFowgmds
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30m3soboerol 8935gbermdom s obsobom (Duman et al, 2015). Bggbl doge
03930M90B0x035300L6  Bos@o®mgdolsl  499mygbadmeos  30OMBMOIMMO  ©d
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06799H™O@0 LobEYIoL yodm (Gangwani et al, 2011). 356005 530y, bbgs GHo3ol
00M0-90mb 99056M900m, 30OMTBOIMHO dOMEO JGLodEgdY0s odmoMbgmgl
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bs®olbbom, P IRRTgTo IO gt TeTe)) 0d d90mbgz93903o0, MHMOLO3 bgos
39053 MBM5IMEMA0YIMH0 BsMO0JOHOL IMM3935, BoRICOMIE {sw)3¢MIol, “¥9390E0L
@5 8590060 ©0odgHOL ML (Cullin et al, 2014; Richter-Mueksch et al, 2007).
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309 9dmsb dgs0gdom (Bar et al, 2015).
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2013).
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2018; Jorge et al, 2014, Moreno-Montaniés et al, 2008). gtr»m-g0mo d9@s-56scrobols
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o3 03936 ol IFoEmM 53mboEosl 365 39x3LEol BsbmMTo s IMAsE oM
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93096 YR M9EIOL F0aMo300L Lodrsgds dog3gds (Zhao et al, 2017).
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obm3z0L 39m9LO MM SE0S 30-0L ob30MM9dOL 0653035Lmsb (Chor et al, 2018;
Chang and Kugelberg, 2017).
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39900ygb9ds 3mbiGM3gemozommwo sbmgdol s (39d-ol 3693963008 doBbom, B3gbL
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(Juthani et al, 2017). 356H@s 530Ls, 3MMOEH03MLEHIOMOEIO0L JoEgds LoFommgdl
©MHoMYd0L M9:10d0b (3350, M3 MMME0s 09300 bsbEsbIMwo 35309bEHLm3Z0L,
b (95090 ©sMM3930L 96 369350530l godmygbgdol m30mbgdmGo d9fyzgdol
99009390  QQOEOS SEIBINMDS IBZ0MIMPOIL 1530530039056 gEsMgd0m MBOM
dfi3039 sbomgdomo 30Omisgbo (Cunha et al, 2013; Weiner et al, 2013). 5060350,
36030LGHIOMOEIO0L  A9dmYgbgdol  dobodoboMgds dogzoBbogm  3s309BEGHOLM30L
3930 Latqdgol IMIEebs.

Juthani s sb6s933@¢. 9oge Bo@BoMgdme  3mbemgobol dodmbowgol dobggom,
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3945M5dBHol  9JuBG®ogd300096 gommo ™30 FgAEAMI 3530963 JOL,  BIMIgdo3
©90)mdEbgb IBMEME MLEHIOMOEME 560900l Lsfobsswdgam 36019356539dl,
LGHYOM0YOOL 456939, 509608b69dMm©sm 3T-0L gob305MYdOL FGIMGOI0D IBSEO
MoL30  005mmMb  Fgomgdom,  30LdE  3MLEHM3GMEOwo  F3NOBSTMdS
9)BHoM©OYOME0 FBMME LAEHIOMOENMEO XAMBOL 3Mg3sMsEgdom (Juthani et al,
2017). 530L 356059 Ms©, 393oMogdBHob gduBMagdiool 899amd  (30LEHMOEYOHO
05311@00MMo  4903900L 3OHMB0Esd3H030L 93MM30L  35B9MOdEHOL LoBMYsmgdol
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439wobg ©odso - 53 MO0 XyMBoL  36935M5GHJOol  3m3d0bs305d0  Bogdol
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9dmbs39990L  dH939eMdOL 390 dOL  2odmdf3930 29I gdoL  SbsroBols
d9Lobgd 39950l ©0sabMmBoL  BJmbg  353096GHQ0T0  Bo3M9FMELOTGOZS3OOL
30mbLEHM3gMo30Mw 3gMomdo (Agarwal and Kumar, 2011; Chang et al, 2013; Dick et al,
2000; Werner, 2008).
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9. Abstract

With the development of surgical techniques and biomaterial science, cataract surgery,
particularly phacoemulsification with intraocular lens (IOL) implantation has brought great
benefits to the patients and significantly improved their short and long-term visual outcomes.
The performance of an intraocular lens is determined by several factors such as the surgical
technique, surgical complications, intraocular lens biomaterial and design, and host reaction
to the lens. Biocompatibility is an important feature of intraocular lenses which may affect
their clinical performance in the short and long term. The factor indicating the
biocompatibility of an intraocular lens is the behavior of inflammatory and lens epithelial
cells. Poor biocompatibility of intraocular lens materials may result in different clinical
complications such as anterior capsule opacification, posterior capsule opacification, and lens
epithelial cell ongrowth. Intraocular lenses are increasingly implanted much earlier in life in
cases such as refractive lens exchange or pediatric intraocular lens implantation after
congenital cataract surgery, and these lenses are expected to exhibit maximum performance
for many decades. The materials used in intraocular lenses should, therefore, ensure long-term
uveal and capsular biocompatibility.

Acrylic 10Ls with hydrophilic or hydrophobic surfaces, as two types of biocompatibility
materials, are safe for intraocular implantation, have a long history of clinical practice and
have shown significantly lower rates of posterior capsule opacification and excellent
biocompatibility as it has been stated by different clinical studies worldwide. Studies found
that acrylic material has a relatively low propensity to induce cell proliferation in the capsular
bag. Whether the hydrophilic or hydrophobic 10Ls are better in PCO prevention, still remains
controversial.

Despite the low rates of surgical complications, aphakia and malpositioned intraocular lenses
(I0Ls) in the absence of capsular support represent a clinical problem and a surgical
challenge. Still even after uneventful cataract surgery some patients independent of age and
gender sometimes develop cystoid macular edema (CME), caused by inflammatory mediators
up regulation in the aqueous and vitreous humors after surgical manipulation. Advancements
in surgical techniques have significantly reduced the rate of pseudophakic CME over the last
decades. Nowadays, pseudophakic CME occurs primarily in patients following uncomplicated
surgery. Still, surgical complications raise the risk for pseudophakic CME.

Although the exact pathogenesis of CME is yet to be fully determined, chronic intraocular
inflammation with the release of prostaglandins (PG), disruption and hyperpermeability of

blood-aqueous and blood-retina barrier thought to be a major contributing risk factors in the
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pathogenesis of CME. This explains why the utilization of non-steroidal anti-inflammatory
drugs (NSAIDs) shows high success rates in treatment of pseudophakic CME. Although
NSAIDs only inhibit COX, they provide excellent anti-inflammatory properties. NSAIDs
also help to maintain intraoperative mydriasis and relieve postoperative ocular pain. Based on
the mechanism of action, steroids seem to be superior than NSAIDs in regards of
inflammation control, since they act on a preliminary step in the inflammatory cascade.
However, the usage of corticosteroid eye drops may have significant adverse effects, such as
steroid-induced intraocular pressure elevation, delayed wound healing, increased risk of
infection. In contrast, NSAIDs provide excellent safety profile with minor side effects.

It has been shown, that optical-coherence tomography (OCT) is very effective tool in
diagnosing pseudophakic CME, providing excellent in vivo exposure to the retinal layers and
gives us the possibility to discover changes on microscopic level. Intraretinal cystoid spaces
initially develop in the inner nuclear layer and progresses into outer plexiform layer;
ultimately, accumulation of fluid in the subretinal space can be observed. Optical-coherence
tomography allows quantitative evaluation of retinal changes and has high diagnostic yield.
By giving the opportunity to image retinal layers noninvasively, OCT has become a rapid and
favorable tool for eye physicians to analyze the retinal changes occurring in pseudophakic
CME.

Therefore, the purpose of the given study was to elucidate clinical comparative analysis and
evaluation of the effect same design, singe-piece acrylic hydrophilic and hydrophobic
intraocular lens implantation in the phacoemulsification post-operative period.

Prospective study involved 331 eyes of 253 patients aged 60-70 (women-165, men-88). The
study was performed after written informed consent was obtained from every participant and
in accordance with all bioethical standards guided for such kind of research. Patients’
diagnosis was aged-related cataract, lens density-degree +2+3 on one and/or both eyes. All
patients underwent standard ophthalmic examination in conjunction with corneal endothelial
cell count determination and optical coherence tomography prior and at certain time periods
after the surgery. All surgeries were performed by one surgeon using phacoemulsification
method through 2.2 mm clear corneal incision. Laureate (Alcon) was used in all of the
surgeries. Amount of ultrasonic energy, delivered into the eye during the surgery was
determined as “Absolute Phaco Time”, not exceeding 15+3.2 sec. Phaco was operating in
“Burst” mode and was within indicated range for all patients.

Obtained results from this study clearly defined, that reduction of endothelial cell count

following phacoemulsification is strongly associated with the utilization of ultrasonic energy
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and there is no correlation between the type of implanted intraocular lens material and
endothelial cell loss.

Cystoid macular edema has not developed in the post-operative period after implantation of
hydrophilic as well as hydrophobic artificial lens.

During cataract surgery cystoid macular edema has not developed in the post-operational
period after implantation of hydrophilic as well as hydrophobic artificial lens.

The central retinal thickness changes, evaluated in 5-7 days after surgery doesn’t correlate

with I0OL type, is clinically insignificant, and it does not affect the patient’s vision and quality
of life.

Data analysis revealed, that cystoid macular edema has not developed in patients, who
underwent uncomplicated cataract surgery with hydrophobic IOL implantation, with or
without NSAID eye drop cover. There was no statistically and clinically significant difference
between the groups in terms of central retinal thickness.

In terms of posterior capsule opacification there was no clinically and statistically significant
difference at 1, 3, 6, and 12 months between patients who underwent uncomplicated cataract
surgery with hydrophobic or hydrophilic IOL implantation. However, at 18 months, there was
statistically and clinically significant difference between the groups — with more extensive
posterior capsule opacification in eyes with this hydrophilic IOL than hydrophobic. Data
analysis did not reveal any significant gender differences between patient groups concerning

any parameter investigated in this work.
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Dvali M., Tsertsvadze O., M ekvabishvili G.

IMPACT OF INTRAOCULAR LENS
MATERIAL ON CORNEAL ENDOTHELIAL
CELL COUNT

TSMU, DEPARTMENT OF EYE DISEASES, EYE CLINIC
AKHALI MZERA

The aim of the study was to evaluate the impact of im-
planted intraocular lens material on corneal endothelial cell
count following Phacoemulsification.

The study material included 25 eyes of 15 patients, diag-
nosed with senile cataracts. Patients age 61-69 years, female
66%, male 34%. A written informed consent was obtained
from al patients in order to utilize their corneal morpho-
functional resultsin our study prior to participation.

All patients underwent standard ophthal mic examination
in conjunction with corneal endothelial cell count determi-
nation, using specular microscopy (EM-4000-Tomey) prior
and 1 month after the surgery.

All surgeries were performed by one surgeon using pha-
coemul sification method through 2.2 mm clear corneal inci-
sion. Laureate (Alcon) was used in all of the surgeries.
Amount of ultrasonic energy, delivered into the eye during
the surgery was determined as Absolute Phaco Time, not
exceeding 15+3.2 sec. Phaco was operating in Burst mode
and was within indicated range for all patients.

Obtained results from our study clearly defined, that re-
duction of endothelia cell count following phacoemulsifi-
cation is strongly associated with the utilization of ultrason-
ic energy and there is no correlation between the type of
implanted intraocular lens material and endothelial cell loss.



(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 No 6 (291) Urons 2019

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

Mennnunckue HopocT I'py3uun
Logodmggmml Lsdgroobm Losbemgbo



GEORGIAN
MEDICAL
NEWS

No 6 (291) 2019

Published in cooperation with and under the patronage
of the Tbilisi State Medical University

N3naercs B COTpyAHUYECTBE U IO IIaTPOHAKEM
TOnIMCCKOro rocyIapCTBEHHOTO METUIIMHCKOTO YHUBEPCUTETA

35dm0393> mdoaolols Lobgedfogm LsdgwoEobm ¥bogg@lodgdmsb
05653dOMAgmdoms s dobo 3sG®mbogom

EXXEMECSIUHBIN HAYYHBIN KYPHAJI
TBUJIUCH - HbIO-IOPK



GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board and The International Academy of Sciences, Education, Industry and Arts (U.S.A.) since
1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of
experimental, theoretical and practical character; publishes original research, reviews, commentaries,
editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The
full text content is available through EBSCO databases.

GMN: Meaununckne HOBOCTH I'py3mu - exeMecSuHbI PElEH3UPYEMbIM HAy4dHBIM KypHaT,
n3naércs PenakunonHo Kouteruei u MexayHapoaHo# akajieMueit Hayk, 00pa3oBaHusl, UCKYCCTB U
ecrectBo3HaHus (IASEIA) CIHA ¢ 1994 roga Ha pyCCKOM M aHTIIMCKOM SI3bIKaX B IIEJISIX MOAICPKKH
MEAMIMHCKON HayKH U yIy4IlIeHUs 3ApaBOOXpaHeHHUs. B kypHase myONUKYIOTCS OpUTHHAIBHBIC
Hay4HblE CTaThU B OOJIACTH METUIIMHBI, OMOJOTUU U (apMaluy, CTaTbl OO030pPHOTO Xapakrepa,

Hay4YHbIC COO6H.I€HI/I$I, HOBOCTU MCIWIIMHBI U 3APAaBOOXPAHCHUS.

Kypnan unnexcupyercs B MEDLINE, orpaxén B 6a3e qanubix SCOPUS, PubMed 1 BUHUTU PAH.

[TonHoTekcTOBBIE CTaThU KypHana noctynHsl yepes3 b/l EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeml badgoozobm Losbangbo — s@ols ymggemgoy@o
bodg36096™ LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Fmowsb, Fomdmswagbls
bodgosiom gomagyoobs s 5d3-0l 3936090 gd0l, aobosmengdols, 0beygl@E®ool, byermgbgdols
s 39bgd0LdgBYygzgegdols Log@msdm@olicm s3ogdool gOmmdaog godmgdsl. GMN-Jo @yl
> 0baaolyg® gbgovy J399bwgds  9JL3gM0dgbH o, mgm@oymo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbog®m LEsGogdo dgooi3obols, domamaools ©s @o®dsiool begyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyaos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgerdolsgemdos EBSCO-I dmbsigdms dobgdowsb.



MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

INCIDENCE OF CME AFTER HYDROPHILIC AND HYDROPHOBIC ACRYLIC IOL IMPLANTATION —
OCT RESULTS

Dvali M., Tsertsvadze O., Skhirtladze S.

Thilisi State Medical University, Department of Eye Desease; Eye Clinic “Akhali Mzera”, Thilisi, Georgia

With the development of surgical techniques and biomaterial
science, cataract surgery with intraocular lens (IOL) implanta-
tion has brought great benefits for the patients [12]. About 10
million cataract surgeries are performed worldwide each year
[15].

The performance of an intraocular lens is determined by sev-
eral factors such as the surgical technique, surgical complica-
tions, intraocular lens biomaterial and design, and host reaction
to the lens. Biocompatibility is an important feature of intraocu-
lar lenses which may influence their clinical performance in the
short and long term. The factor indicating the biocompatibility
of an intraocular lens is the behavior of inflammatory and lens
epithelial cells. Insufficient biocompatibility of intraocular lens
materials may result in different clinical entities such as anterior
capsule opacification, posterior capsule opacification, and lens
epithelial cell ongrowth [14,16]. Intraocular lenses are increas-
ingly implanted much earlier in life in cases such as refractive
lens exchange or pediatric intraocular lens implantation after
congenital cataract surgery, and these lenses are expected to ex-
hibit maximum performance for many decades. The materials
used in intraocular lens manufacture should, therefore, ensure
long-term uveal and capsular biocompatibility [10].

Acrylic IOLs with hydrophilic or hydrophobic surfaces, as
two types of biocompatibility materials, safe for intraocular
implantation, have a long history of clinical practice and have
shown significantly lower rates of posterior capsule opacifica-
tion and excellent biocompatibility as it has been stated by dif-
ferent clinical studies worldwide [3,11,15]. Studies found that
acrylic material has a relatively low propensity to induce cell
proliferation in the capsular bag. Yet whether the hydrophilic or
hydrophobic IOLs are better for PCO prevention remains con-
troversial [11].

Despite the low rates of surgical complications, aphakia and mal-
positioned intraocular lenses (IOLs) in the absence of capsular sup-
port represent a clinical problem and a surgical challenge. Anterior
chamber 1OLs, posterior chamber trans-scleral sutured IOLs, and
posterior chamber iris-fixated IOLs are commonly used surgical ap-
proaches to treat aphakia and malpositioned IOLs.

Still even after uneventful cataract surgery some patients inde-
pendent of age and gender sometimes develop cystoid macular
edema (CME), caused by inflammatory mediators up regulation
in the aqueous and vitreous humors after surgical manipulation
[5,7]. Inflammation breaks down the blood-aqueous and blood-
retina barrier, which leads to increased vascular permeability.
Eosinophilic transudate accumulates in the outer plexiform and
inner nuclear layer to create cystic spaces that coalesce to form
larger pockets of fluid. In chronic CME, lamellar macular holes
and subretinal fluid may also form [8,28]. The occasional ac-
cumulation of subretinal fluid indicates a disruption of normal
apposition between the retinal pigment epithelium and photore-
ceptors, in contrast to the usual disruption of cell-cell contacts
within the retina [14].

Advancements in surgical techniques have significantly re-
duced the rate of pseudophakia CME over the last decades.
Intracapsular cataract extraction was much more frequently as-
sociated with pseudophakia CME than extracapsular cataract
extraction. Nowadays, pseudophakia CME occurs primarily in

42

patients following uncomplicated surgery. Still, surgical compli-
cations raise the risk for pseudophakia CME [4,17].

Risk factor for PCME development are mostly associated with
surgical complications like: posterior capsular rupture, vitreous
loss, vitrectomy for retained lens fragments, iris trauma, intra-
ocular lens dislocation, early postoperative capsulotomy (YAG
capsulotomy), iris fixed intraocular lenses and anterior chamber
lenses [2,15]. Vitreous loss increases the prevalence of CME by
10-20%. Vitreous prolapse to the wound prolongs CME and can
be associated with a poorer prognosis [5]. Iris incarceration, an
additional risk factor for CME, may have a more important as-
sociation with poor vision in patients with chronic pseudopha-
kia CME than with other intraoperative complications. Specific
IOLs are associated with increased occurrence of CME.

Optical coherence tomography has been shown to be very
effective tool in diagnosis of pseudophakic CME, illustrating
excellent view of the retina layers and changes on microscopic
level [20,21]. Central foveal thickness and thickness in all oth-
er macular quadrants was shown to be increased after cataract
surgery and returns to preoperative values 6 months postopera-
tively [16]. The peak incidence of CME, when detected by optical
coherence tomography, is 4 weeks after cataract surgery. Intrareti-
nal cystoid hydration appears initially in the inner nuclear layer and
proceeds to involve the outer plexiform layer; finally, accumulation
of fluid in the subretinal space can be found [13]. Optical coher-
ence tomography allows quantitative evaluation of structural retinal
changes and is of prognostic value [8]. By getting a noninvasive
approach to retina layers it is beneficial for a doctor to analyze intra-
retinal changes happening during pseudophakia CME and to take in
time treatment strategies or follow up [1,9].

The goal of this study was to estimate frequency of cystoid
macular edema in cases of cataract surgery(phacoemulsification)
without complications after implantation of two different types
artificial lenses-acrylic hydrophilic and acrylic hydrophobic
lenses (Lifeline Medical Devices Ind).

Material and methods. Prospective study involved 48 eyes
of 36 patients aged 60-70 (women-65%, men-35%). Before ini-
tating study objects (eyes) were equally divided into two groups
(I and II), n-24 in each). A criterion for division into groups was
a type of implanted artificial lens-hydrophilic and hydrophobic
(Lifeline Medical Devices Ind).

Phacoemulsification was performed for relevant patients and
no one has developed complications (so-called uncomplicated
phacoemulsification). Patients diagnosis was aged-related cat-
aract, lens density-degree +2+3 on one and/or both eyes. Op-
erations were made in the eye clinic “Akhali Mzera” by one
surgeon. Informed consent forms on study participation were
obtained from all patients. Frequency of cystoid macular edema
was estimated applying optic-coherent tomography on previous
day of operation and on 5-7 days after operation.

Results and their discussion. In no patient of both groups
was revealed cystoid macular edema (CME). In both groups
(with hydrophilic and hydrophobic artificial lens) medium thick-
ness of central retinal thickness (CRT) before operation amount-
ed to 250+0.005 micron (Fig. 1). On 5-7 days after operation,
moderate increase of CRT on the MM6 scans of optic-coherent
tomography accounted for 30+0.080 micron (p<0.05). In patient
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Fig. Preoperative and postoperative central retinal thickness comparison based on SD-OCT analysis

with hydrophilic and hydrophobic patients (I and II groups), sta-
tistical confidence in tendency to CRT growth was not different
(p<0.5) (Fig.). Initial data and post-operational data in no group
was not distinct in terms of gender (p<0.5).

Risk-factors of pseudophakia cystoid macular edema, are
mainly related to those surgical complications, such as rup-
ture of posterior capsule, loss of vitreous body, vitrectomy, iris
trauma, IOLs dislocation, early post-operational capsulotomy
(YAG capsulotomy), Iris fixated IOLs and anterior chamber
IOLs [2,18]. loss of vitreous body increases a risk for cystoid
macular edema by 10-20%. Prolapse of vitreous body in a
wound prolongs cystoid macula edema and may be associated
to worsen prognosis [7]. Incarceration of iris, additional risk-
factor of CME may have significant association to decreased
vision in patients with chronic pseudophakia CME compared
to other intra-operation complications. Specific IOLs are associ-
ated to increase frequency to develop cystoid macular edema.
Meta-analysis has shown that prevalence of CME is the highest
upon implantation of IOLs fixed on iris; IOLs of anterior cham-
ber increase risk to develop this pathology compared to IOLs of
posterior chamber [4,9].

Systemic diseases; such as mellitus diabetes, hypertonia and
uveitis have an impact on development of CME [9,13,15]. Some
ophthalmology pathology may cause disruption of blood-retina
barrier and significantly increase inflammatory activity. Pa-
tients affected with uveitis, CME is the most important reason
to decrease vision after cataract surgery, especially in long-term
prospective. Occlusion of retinal vein, existence of epi-retinal
membrane and local usage of prostaglandins analogs in patients
with glaucoma also increases the risk [2,14].

Conclusion. Analysis of the study results have revealed that
during cataract surgery cystoid macular edema have not devel-
oped in the post-operational period after implantation of hydro-
philic as well as hydrophobic artificial lens. Degree of change
in CRT is not clinically important. So, basic causative factor for
CME is cataract surgery method, as well as patients’ somatic
conditions and concomitant diseases, intra-operative complica-
tions, prostaglandins synthesis and formation of free radicals
and others.
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SUMMARY

INCIDENCE OF CME AFTER HYDROPHILIC AND HY-
DROPHOBIC ACRYLIC IOL IMPLANTATION - OCT
RESULTS

Dvali M., Tsertsvadze O., Skhirtladze S.

Tbilisi State Medical University, Department of Eye Desease;
Eye Clinic “Akhali Mzera”, Tbilisi, Georgia

The aim of this study was to estimate frequency of cystoid
macular edema in cases of cataract surgery (phacoemulsifica-
tion) without complications after implantation of two differ-
ent types artificial lenses-acrylic hydrophilic and acrylic hy-
drophobic. Prospective study involved 48 eyes of 36 patients
aged 60-70 (women-65%, men-35%). Before initating study
objects (eyes) were equally divided into two groups (I and II),
n-24 in each). A criterion for division into groups was a type of
implanted artificial lens-hydrophilic and hydrophobic. Cystoid
macular edema (CME) was not detected among neither group
of patients. In both groups (with hydrophilic and hydrophobic
intraocular lens), average central retinal thickness (CRT) before
surgery was 250+0.005 micron. After surgery, on 5th-7th days
average increase of CRT was 30+0.080 micron (p<0.05) accord-
ing to assessment on optical coherence tomography MM6 scan.
Among patients with hydrophilic and hydrophobic lens (in I and
II groups) CRT increase tendency was not significantly differ-
ent statistically. Initial and post-operative data was not different
neither of group according to gender (p<0.5).

Research findings show that the cystoid macular edema does not
develop upon operative treatment of cataract in post operative pe-
riod of implantation of hydrophilic as well as hydrophobic intraocu-
lar lens. Quality of change of central retinal thickness does not have
clinically valuable expression, it cannot have impact on patient's
visual acuity and accordingly, parameter of its life quality. There-
fore, the main cause of CME is operative method of cataract as well
as somatic state of the patient and accompanying diseases. Intra-op-
erative complications — damage of iris and ciliary body, excessive
prostaglandin synthesis and production of free radicals etc. Analy-
sis of the study results have revealed that during cataract surgery
cystoid macular edema have not developed in the post-operational
period after implantation of hydrophilic as well as hydrophobic ar-
tificial lens. Degree of change in CRT is not clinically important.

Keywords: Intraocular lens (IOL). Cystoid macular edema
(CME).

PE3IOME

OTEK MAKVJIbI IIOCJIIE UMIIJIAHTALIUU T'HAPO-
OUJIbHBIX U TUAPO®OBHBIX AKPUJIOBBIX XPY-
CTAJIMKOB, PE3VJTATbhl OINTUYECKOMN KOIE-
PEHTHOM TOMOI PA®UHU

JBaau ML.JL., Lepusanze O.P., Cxuptiaaze 111.3.
Tounuckuil 2ocyoapcmeentviil MeOUYUHCKUI YHugepcumem, oe-
napmamenm 2nasHvix bonestetl, Iasnasn knunuxa “Axanu Mze-
pa”, Tounucu, Ipysus

Lempro BcIen0BaHMS SBUIOCH CPABHUTDH TOJIINHY IIEHTPANIb-
HOM 9YacTH CeTYaTKH IOCTe MMIUIAHTAIWH THAPO(UIBHBIX H

THAPOGOOHBIX aKPUIOBBIX MHTPAOKYISPHBIX JIMH3 TOCTE ya-
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

JICHUS KaTapaKThl B HEOCIOKHEHBIX CIIydasX.

[IpocnektuBHOE HccinenoBaHue BKModano 48 ma3z 36 ma-
1ueHToB B BospacTe 60-70 mer (skeHIIMHBI 65%, MYy>KUHHBI
35%). IlaumenTsl pa3aeneHsl Ha 1Be TPYyMIIbl [0 24 manueHTa B
kaxaoi. Kpurepuem pasaeneHus Ha IpyIIbl ABJSUICS THII UM-
IUIAHTHPOBAHHOM MCKYCCTBEHHOU JIMH3BI - THAPOMUIBHBIN HIIH
ruapodoousiii (Lifeline Medical Devices Ind). B obeux rpyn-
nax cpeiHsis TojMHa UeHTpaiabHol vactu cerdatku (LITC)
1o onepauuu coctasuia 250+0,005 muxpon. Cryerst 5-7 nHei
I0cJIe ONEpaLuy IPU CKAHUPOBAaHUU ONTHYECKONH KOT€pPEHTHOM
tomorpapun MM6 cpennee ysennuenue LITC onenuBanocs B
30+0,080 mukpon (p<0,05). Y nanueHToB ¢ TUAPOGUILHON H
ruapodoouoit MOJI tennennus yBenudenus [[TC craructuye-
CKH JIOCTOBEpHO He pasznuyainack (p<0,5). lanHble mpe- U mo-
CJICOIIEPAIIIOHHOIO NEpHO/ia 10 ATOMY [10KA3aTeNI0 He OTInYa-
JIMCh B T€HJICPHOM OTHOILLCHUHU HU B ofHOM rpynne (p<0,5). Hu
y OJHOTO M3 MALMEHTOB B 00EHX IpyIIax KMCTOMIHBIA MaKy-
nsipHbIN oTek (KMO) He oOHapyxeH.

Pesynbrars! ucenenoBanus nokasanu, uto KMO He pa3BuBa-
eTcs [ocyIe XUPYPrHYEeCcKOro JIGUeHHs KaTapakThl B HOCIEOIe-
PALOHHBII MIepHOJ] ITPU MMILIAHTALMU TUIPO(UIBHOTO U TH-
npogobuoro xpycranuka. Kauecro usmenenus L{TC ne nmeer
KJIMHUYECKU LIEHHOTO 3HA4YCHUS U HE OKAa3blBAaeT BIMSHMA Ha
OCTPOTY 3pPCHUS NALMCHTa U COOTBETCTBEHHO Ha MapaMeTp Ka-
yecTBa *M3HU. [loaToMy ocHoBHOM mpuunnoit KMO sBrsiercs
METOJ] XUPYPTrUUECKOro JICUCHHUs KaTapaKThl, a TAK)Ke COMaTU-
YeCKOe COCTOSIHUE MAllUEHTa M COIYTCTBYoLMe Oone3Hu. MH-
TpaoIepalroOHHbIe OCIOKHEHHS — TIOBPSIKICHHUE Paly’KHON 000-
JIOYKH U PECHUYHOI'O TeJla, Ype3MEpHbIH CHHTE3 NPOCTalIaHIMHA
Y IIPOM3BOJICTBO CBOOOIHBIX PaMKAIOB. AHAJIN3 PE3yJIbTaTOB HC-
CIIeJOBaHUS TI0Ka3aJl, YTO IIPU XUPYPIUU KaTapakThl B IIOCIIEOIe-
PALMOHHOM IIEPHOJIE TT0CIIe UMILIAHTALMN THAPOPUIBHOTO U I'H-
npododroro MOJT KuCTOMIHBIM MaKyJIIPHBIN OTEK HE Pa3BUBAJICS.
Crenenb m3meHennss KMO He sBisieTcs: KIIMHUYECKH 3HAYUMOM.
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COMPARISON OF POSTERIOR CAPSULE OPACIFICATION
AFTER IMPLANTATION OF SAME DESIGN SINGLE-PIECE HYDROPHILIC
AND HYDROPHOBIC ACRYLIC INTRAOCULAR LENSES

Dvali M., Tsertsvadze O., Mekvabishvili G.

Thilisi State Medical University, Department of Eye Disease; Eye clinic “Akhali Mzera”, Thilisi, Georgia

Cataract surgery is the oldest documented technique. Yet it
has greatly evolved only in the latter half of the past century.
The development of the intraocular lens and phacoemulsifica-
tion as a technique for cataract removal could be considered
as the two most significant achievements, in the surgical field
[4,17]. Nowadays, cataract surgery is the most commonly per-
formed surgical procedure in Georgia (Caucasus). This is due
to the increasing incidence of cataracts and the quality of the
operation. The development of cataract surgery, particularly
phacoemulsification with intraocular lens (IOL) implantation
significantly improved short and long-term visual outcomes in
patients. However, posterior capsule opacification (PCO) re-
mains the late sequel of phacoemulsification and is the leading
cause of decreased visual performance after uncomplicated cata-
ract surgery [7]. Despite the fact, that Nd: YAG laser posterior
capsulotomy is highly safe and effective procedure in treating
PCO, it might be associated with serious ocular morbidity and
complications, such as rhegmatogenous retinal detachment,
cystoid macular edema, anterior uveitis, significant intraocular

© GMN

pressure elevation ect. [12]. Various studies have tried to explain
the occurrence of PCO. Some have implicated the surgical tech-
nique [3,15,20], while vast majority of studies targeted the IOL
material [9,12,13] and its design [6,11,16].

The performance of any particular intraocular lens is deter-
mined by various factors, such as intraocular lens biomaterial,
design and host reaction. The biocompitability of intraocular
lens material is based on 2 major criteria: uveal biocompatibility
and capsular biocompatibility. Uveal biocompatibility is deter-
mined by inflammatory hostresponse of the eye against the im-
plant [14]. Different clinical studies compared the inflammatory
reaction after implantation of different biomaterials [2,5,18,19].
Currently used foldable IOLs as hydrophobic and hydrophilic
according to material properties showed that hydrophilic IOLs
have better uveal biocompatibility compared to hydrophobic
ones [10,18]. The pathogenesis of capsular biocompatibility in-
cludes proliferation and migration of lens epithelial cells. There
are two types of lens epithelial cells: Anterior epithelial cells
(“A” cells) and equatorial cells (“E” cells). These two cell types
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differ in terms of function, growth patterns and pathologic pro-
cesses. “A” cells are not capable to migrate and remain in place.
They are prone to a transformation into fibrous-like tissue. In
contrast, “E” cells tend to migrate posteriorly along the poste-
rior capsule. These cells exhibit mitotic activity, growing in vol-
ume and differentiating in fibrillary structure. They form large,
balloon-like bladder cells (cells of Wedl), producing Elschnig
pearls. Mostly “E” cells are responsible in development of PCO.
Therefore, indicators considered in the clinical evaluation of
IOL capsular biocompatibility are posterior capsule opacifica-
tion resulting from the proliferation and migration of lens epi-
thelial cells, particularly “E” cells, anterior capsular opacifica-
tion (“A” cells), or ongrowth of lens epithelial cells onto the
anterior surface of IOL [1,8].

Posterior capsule opacification is well-known and common
long term sequel of uneventful cataract surgery. The impact of
intraocular lens design and material on posterior capsular opaci-
fication is still under active investigation.

The goal of this study was to compare posterior capsule opaci-
fication following same design, singe-piece acrylic hydrophilic
and hydrophobic intraocular lens implantation.

Material and methods. The study evaluated 164 eyes. Eyes
were divided in 3 groups: Group lincluded 73 eyes, where acryl-
ic hydrophilic IOL was implanted, Group 2 included 57 eyes,
where acrylic hydrophobic IOL was implanted, Group 3 of 17
patient’s 34 eyes, where in one eye acrylic hydrophilic (hydro-
philic arm) and in fellow eye acrylic hydrophobic (hydrophobic
arm) IOL was implanted, respectively. Patients were evaluated
during first postoperative day, 1 week, 1, 3 6, 12 and 18 months
following surgery. Subjective refraction, uncorrected distance
visual acuity (UCDVA) and best corrected distance visual acu-
ity (BCDVA), contrast sensitivity, grade of posterior capsular
opacification and the rate of neodymium-doped: YAG (Nd:YAG)
laser treatment was documented during follow-up visits.

Results and discussion. 164 eyes were included in the study
(Fig. 1). There was no clinically and statistically significant dif-
ference at 1, 3, 6, and 12 months between Group 1, Group 2
and the eyes included in Group 3. However, at 18 months, there
was statistically and clinically significant difference between the
groups. In Group 1, decreased visual acuity due to PCO was evi-
dent in 8 (10.8%) eyes. In Group 2, 3 (5.2%) eyes with acrylic
hydrophobic IOL had clinically significant PCO. 1 (5.8%) eye.

I Gr“!—'_P Il Group
Hydrophilic IOL Hydrophobic IOL
74 Eyes in total 60 Eyes in total

57
Eyes Eyes

HEEyes MEEyes PCO (10.8%) [M@Eyes WMEyes PCO (5.8%)

Fig. 1. Totally 164 eyes were included in the study
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In the hydrophobic, and 3 (17.6%) eyes in hydrophilic arms of
the Group 3 had clinically significant PCO (Fig. 2). All eyes
affected by clinically significant PCO (total 15 eyes) underwent
Nd:YAG laser posterior capsulotomy.

Double-blind, prospective randomized clinicalstudy evalu-
ated 164 eyes divided in 3 groups: Group 1 included 73 eyes,
where acrylic hydrophilic IOL was implanted; Group 2 included
57 eyes, where acrylic hydrophobic IOL was implanted and
Group 3, which included 17 patient’s 34 eyes, where in one eye
acrylic hydrophilic and in fellow eye acrylic hydrophobic IOL
was implanted. Patients were evaluated during first postopera-
tive day, 1 week, 1, 3,6, 12 and 18 months following surgery.
Patient’s subjective refraction, Snellen’s uncorrected distance
visual acuity (UCVA), dilated slit-lamp examination to exam-
ine IOL centration the overlap of anterior capsule on IOL optic,
posterior capsular changes as well as the rate of neodymium-
doped:YAG (Nd:YAGQG) laser treatment was documented during
follow-up visits. Inclusion criteria was nucleus grade up to +4
by LOCS 1II classification and patient’s age from 60 to 70 year.
Patients, who had any underlying ocular or systemic comorbidi-
ties, such as diabetic retinopathy, autoimmune/connective tissue
disease, pseudoexfoliation syndrome, any type of glaucoma,
past ocular history of inflammation or surgery, were excluded
from the study. Patients, who had any intra, or postoperative
complications, such as posterior capsular rent, vitreous loss,
anterior vitrectomy, severe postoperative anterior chamber in-
flammatory response,toxic anterior segment syndrome (TASS),
as well as patients with abnormal ocular anatomy axial length
(AL) > 25.00 mm and < 21.00 mm were excluded from the
study. Patients, who didn’t proceedto follow-up visits, were also
excluded from the study.

Single-piece, same design acrylic hydrophilic (SPIRANT
CLA-VVBS0CLA) and hydrophobic (SIGNET AVBI10SCA)
I0Ls by same manufacturer (Lifeline Medical devices Ind.) with
optic diameter 6.0 mm and an overall diameter 12.00 mm were
utilized in the study. Either IOL has C-loop haptic configuration.
Optic has 360° square edge design.

Written consent was obtained from all patients in order to
participate in the study. The study adhered to the tenets of the
Declaration of Helsinki.

Surgical technique. Patients were operated by same surgeon
under peribulbar anesthesia after pupil was dilated with tropi-

Il Group
Hydrophilic 10L Hydrophobic 10L
17 Eyes in total 17 Eyes in total
17
Eyes Eyes

HEyes [EEyes PCO (17.6%) [@Eyes i Eyes PCO (5.8%)

Fig. 2. Among the eyes of the hydrophobic arm of Group 3, 1
eye (5.8%) had clinically significant PCO and 3 eyes (17.6%) in
hydrophilic arm of Group 3 had clinically significant PCO
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camide 1% and phenylephrine 5%administration. A single planar
clear corneal incision was created using 2.2 mm metal tip knife
at 12 o’clock. Two side port paracentesis were made using a
1.0 mm clear-cut side port knife. 5.5 mm continuous curvilinear
capsulorhexis (CCC) was initiated using Utrata forceps. Phaco-
emulsification was done using Infinity Vision System (Alcon
Laboratories, inc.), operating in burst mode. The nucleus was
cracked with direct chop technique. Effective phaco time was
(EPT) 6.4+- 2.8seconds and ultrasaound time (UST) 49.3+16.7
seconds, respectively. After complete removal of lens material,
anterior chamber was filled with an ophthalmic viscosurgical
device (OVD). Foldable hydrophilic or hydrophobic IOL was
implanted in the capsular bag. OVD was completely removed
from anterior chamber using bimanual irrigation and aspiration
hand-piece. The anterior chamber was formed and clear corneal
incision was sealed.
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SUMMARY

COMPARISON OF POSTERIOR CAPSULE OPACIFI-
CATION AFTER IMPLANTATION OF SAME DESIGN
SINGLE-PIECE HYDROPHILIC AND HYDROPHOBIC
ACRYLIC INTRAOCULAR LENSES

Dvali M., Tsertsvadze O., Mekvabishvili G.

Thilisi State Medical University, Department of Eye Disease;
Eye clinic “Akhali Mzera”, Thilisi, Georgia

The aim of the study was to determine the correlation between
implanted IOL material type and posterior capsule opacification.
At 12 month, there was no statistically and visually significant
changes in all controlled groups. At 18 month, 3 eyes (5.2%)
from Group 2 and 1 eye (5.8%) from hydrophobic arm of Group
3 had visually significant PCO and underwent Nd:YAG laser
posterior capsulotomy. 8 eyes (10.8%) in group 1 and 3 eyes
(17.6%) in hydrophilic arm of Group 3 required Nd:YAG la-
ser posterior capsulotomy. At 3, 6, and 12 month compared to
baseline (1 month postoperatively), there was no statistically
and clinically significant difference in visual acuity and subjec-
tive refraction between the groups. At 12 month, 3 patients (4%)
from group 1 and 1 patient (6%) from hydrophilic arm of group
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3 complained of glare sensitivity, especially in mesopic condi-
tions. At that point, interestingly, no patient from Group 2 and
hydrophobic arm of Group 3 complained about glare sensitiv-
ity. In terms of UCDVA, 68 eyes of group 1 (91%) achieved
20/20 or better distance vision, 71 eyes (96%) achieved 20/25
distance vision. In Group 2, 50 eyes (87%) achieved 20/20 or
better distance vision, 52 eyes (92%) achieved 20/25 distance
vision. In Group 3, 14 eyes (82%) of hydrophilic arm achieved
20/20 or better distance vision and 15 eyes (88%) achieved
20/25 distance vision. In hydrophobic arm of group 3, 16 eyes
(94%) achieved 20/20 or better distance vision. UCDVA was
examined with ClearChart 2 Digital Acuity System (Reichert
Technologies), using Landolt C optotypes. Biometry data was
acquired by IOLMaster-500 (Carl Zeiss, Meditec). Contrast sen-
sitivity was evaluated with ClearChart 2 Digital Acuity System
(Reichert Technologies), using Pelli-Robson Contrast Sensitiv-
ity Chart. At 1, 3, 6, month there was no statistically signifi-
cant difference between controlled groups in terms of contrast
sensitivity. At 12 month, 5 patients (6%) from Group 1 and 3
patients (17%) from Group 3 hydrophilic arm had slightly de-
creased contrast sensitivity. There was no changes in contrast
sensitivity in eyes of Group 2 at 12 month period. The study is
still ongoing. The patients will be evaluated at 24 month and 36
month postoperatively.

Keywords: Intraocular lens (IOL). Posterior capsule opacifi-
cation (PCO).

PE3IOME

CPABHUTEJIHBI AHAJIU3 PASBUTUS BTOPUYHOM
KATAPAKTBI HOCJIE UMIIJIAHTAIIMH T'MAPODUNJI-
HBIX U TUAPO®OBHBIX NOJI OJHOI'O IU3AUHA

JBaau ML.JL., Lepusansze O.P., MexBadumsuau I.E.

Tounuckuii  2ocyoapcmeeHHvlil  MeOUYUHCKULL  yHUSepcumen,
Odenapmamenm enasuvlx Oonesweil, Inasnas Knunuxa “Axanu
Msepa”, Tounucu, I pysus

Lenb nccnenoBaHus - ONPEAETUTh KOPPENAILMIO MEXIY TH-
MIOM MaTepuaia UMIUITAHTHPOBAHHBIX MHTPAOKYNISPHBIX JIMH3 U
MMOMYTHEHHEM 3a1Hel karncyibl. Crycts 12 MecsleB cTaTuCTH-
YECKHU U BU3yaJbHO 3HAYMMBIX N3MEHEHHUH HU B OJJHOU U3 TPy
He BeisiBIeHO. Cryctst 18 mecsiues 3 (5,2%) rmasza u3 I rpynmst
u 1 (5,8%) rma3 u3 rugpodpobuoro orpaga Il rpynmer nmenn
BU3YallbHO 3HAUMMOE IMOMYTHEHHE 3aJHEH KarCylbl M Tepe-
Heenn Nd:YAG nasepHyto 3ajHi010 Karncyinotomuio. 8 (10,8%)
mazam u3 1 rpynmst u 3 (17,6%) masam u3 ruapoduibHOTO
pykaBa Il rpynner norpedoBanace Nd:YAG-nazepHast 3aaHss
kancynotomus. Criyerst 3, 6 u 12 Mecs1eB B CpaBHEHUH C HC-
XOOHBIM ypoBHeM (1 MecsIl mocie onepanyu) CTaTHCTHYECKU
U KIMHUYECKH 3HAaYMMOM Pa3HMIBI B OCTPOTE 3PEHUS U CyOb-
eKTHBHOM pedpakiuuu MeXIy TpylIaMd He HaOIroaanoch.
Cnycrs 12 mecsaueB 3 (4%) mamuenta | rpynmost u 1 (6%) u3
ruapoduiasHoro orpsiza Il rpynmsl skanoBanuch Ha YyBCTBH-
TENIBHOCTh K SIPKOMY CBETY, OCOOEHHO B ME30MHYECKHX YCIO-
Busx. OpHako, HM oauH mauueHTt u3 Il rpynmsr u rugpodoo-
Horo orpsana Il rpynmel He *anoBajics Ha YyBCTBUTEIBHOCTh
k Onmukam. C touxu 3perust UCDVA, 68 (91%) a3 I rpynmer
nocturnu 20/20 nmu myueit ganeHO30pKocTH, 71 (96%) ras -
20/25 nanbHO30pKOcTH. Bo II rpynme 50 (87%) rma3 pocturiu
20/20 nnm Oosplieit ganpHO30pKOCTH, 52 (92%) miasa - 20/25
nanbHo30pKocTH. 14 (82%) mia3 ruapodunbHoro orpsina 111
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rpymmsl gocturin 20/20 wian Gouibliel  1ajgbHO30PKOCTH, a
15 (88%) mma3 - 20/25 manpHO30pKOCTH. B rHapodoOHOM OT-
psine 111 rpynmer 16 (94%) a3 gocturiu 20/20 wan Gonbluei
nanbHo3opkoct. UCDVA wmccienoBan ¢ NMOMOIIBIO CHCTEMBI
ClearChart 2 DigitalAcuity (ReichertTechnologies) ¢ nucmomnb-
3oBaHueM KonrotunoB Landolt. lanHble OMOMETPUM MOy YEHBI
¢ nomorueio IOL Master-500 (Carl Zeiss, Meditec). UyBcTBu-
TEJIBHOCTbH K KOHTPACTY OLICHUBAJIU C IIOMOIIbIO CUCTEMBI Clear
Chart 2 Digital Acuity (Reichert Technologies), ucrionb3yst ana-
rpammy koHtpactHocTH Pelli-Robson. Crycers 1, 3, 6 mecsies
CTaTHUCTUYECKHU 3HAYMMOI PpasHULbl MEXKAY KOHTPOJIUPYEMBIMU
rpynmnamu ¢ TOUKU 3pCHUA KOHTpaCTHOﬁ YYBCTBUTCIBHOCTHU HE
BbIABIECHO. Criycts 12 Mecsnes 5 (6%) nauueHToB | rpynmnsl u
3 (17%) 111 rpyniisl THAPOGHUIBHOTO OTPsiIa UMEITH ClIeTKa CHU-
JKEHHYIO KOHTPACTHYIO 4yBCTBUTENILHOCTh. M3MeHeHMit KoH-
TPACTHOI 4yBCTBUTEIBHOCTH B I1azax Il rpynmsl Ha mpoTsixe-
HUK 12-MecsuHOrO neproja He HaOmonanock. McciaenoBanue
BCe ele npogoinkaercs. [lanuenTsr OyayT oOciieoBaHbl mocie
omnepaiy ciycts 24 u 36 MecsueB Ui yCTaHOBJICHUS OTAAICH-
HBIX PE3YJIbTATOB.
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USE OF OPTICAL COHERENCE TOMOGRAPHY IN DETECTION
OF CYSTOID MACULAR EDEMA AFTER TREATMENT
WITH NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

Dvali M., Tsertsvadze O., Skhirtladze Sh.

Tbilisi State Medical University, Department of Eye Desease; Eye clinic “Akhali Mzera”, Thilisi, Georgia

The development of cystoid macular edema (CME) remains
an important complication and the commoncause of reduced vi-
sual acuity after cataract surgery. Based on scientific literature ,
the incidence of clinicaly significant CME varies from 0.1% to
2% in patients without any predisposingrisk factors.However,
some clinical trials have reported up to 9% angiographically-
proven, clinically undetected CME and increased mean foveal
thickness after uncomplicated cataract surgery measured by op-
tical coherence tomography.

Even the postoperative CME is believed to be a self-limiting
condition, it may cause irreversible retinal damage in some cas-
es, eventually leading to poor visual outcome and it can become
a major source of patients’ dissatisfaction. Although the exact
pathogenesis of CME is yet to be fully determined,chronic in-
traocular inflammation with the release of prostaglandins (PG),
disruption and hyperpermeability of blood-aqueous and blood-
retina barrier thought to be a major contributing risk factors in
the pathogenesis of CME. This explains why the utilization of
non-steroidal anti-inflammatory drugs (NSAIDs) shows high
success rates in treatment of pseudophakic CME [1,3].

Although NSAIDs only inhibit COX, they provide excellent
anti-inflammatory properties. NSAIDs also help to maintain
intraoperative mydriasis andrelieve postoperative ocular pain.
Based on the mechanism of action, steroids seem to be superior
than NSAIDs in regards of inflammation control, since they act
on a preliminary step in the inflammatory cascade. However, the
usage of corticosteroid eye drops may have significant adverse
effects, such as steroid-induced intraocular pressure elevation,
delayed wound healing, increased risk of infection.In contrast,
NSAIDs provide excellent safety profile with minor side effects.

With the development of surgical techniques and biomaterial sci-
ence, cataract surgery with intraocular lens (IOL) implantation has
brought great benefits to the patients . Approximately 10 million
cataract surgeries are being performed worldwide each year.

The performance of intraocular lenses is determined by sev-
eral factors, from which biocompatibility of IOL material has
a major importance.The biocompatibility of IOL is based on
two major criteria: uveal and capsular biocompitabulity. Uveal
biocompatibility is determined by inflammatory foreign body
response of the eye against the implant. In terms of capsular
biocompatibility, it includes the proliferation and migration of
lens epithelial cells, which eventually leads to posterior capsule
opacification, or ongrowth of epithelial cells onto the anterior
surface of IOL.Various clinical studies are conducted to com-
pare the uveal and capsular biocompatibility afterimplantation
of different biomaterials in the eye. Materials used in intraocular
lenses should provide a long-term uveal and capsular biocom-
patibility and safety profile [2,6].

Acrylic IOLs with hydrophobic surfaces are safe for intra-
ocular implantation, as they have been widely used in clinical
practice all around the world for decades and it has been proven
by different clinical studies, that these type of IOLs have ex-
cellent uveal biocompatibility and significantly lower rates of
posterior capsule opacification.Studies have shown, that acrylic
material has a relatively low propensity to induce lens epithelial
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cell proliferation in the capsular bag. Whether the hydrophilic or
hydrophobic IOLs are better for PCO prevention, still remains
under active investigation. Risk factors for PCME development
are mostly associated with surgical complications during cataract
surgery,such as: posterior capsular rupture, vitreous loss, vitrec-
tomy for retained lens fragments, iris trauma, intraocular lens dis-
location, early postoperative capsulotomy (YAG capsulotomy), iris
fixed intraocular lenses and anterior chamber lenses [4,7].

It has been shown, that optical-coherence tomography (OCT)
is very effective tool in diagnosing pseudophakic CME, provid-
ing excellent in vivo exposureto the retinal layers and gives us
the possibility to discover changes on microscopic level. Intra-
retinal cystoid spacesinitially develop in the inner nuclear layer
and progressesinto outer plexiform layer; Ultimately, accumu-
lation of fluid in the subretinal space can be observed.Optical-
coherence tomography allows quantitative evaluation of retinal
changes and hashigh diagnosticyield. By giving the opportuni-
tyto imageretinal layers noninvasively, OCT hasbecome a rapid
and favorabletool for eye physicians to analyzethe retinal chang-
es occurringin pseudophakic CME [5,13].

The purpose of this study was to determine (OCT analysis)
the rate of postoperative cystoid macular edema in patients un-
dergoing uncomplicated cataract surgery(phacoemulsification)
and implantation of acrylic hydrophobic intraocular lens (IOL)
(Lifeline Medical Devices Ind) treated with or without postop-
erative anti-inflammatory drugs.

Material and methods.Study involved 94 eyes of 72
patients,between 60-70 of age (women-65%, men-35%). Eyes
were equally divided into two groups (I and II)(n-47 in each).
Post-operatively treatment regimen for participants from Group
I included antibiotic and NSAID eye drops, while participants
from group II weretreated only with antibiotic eye drops. Acryl-
ic hydrophobic intraocular lens (IOL) (Lifeline Medical Devices
Ind) was implanted in all patients comprising both groups.

All patients underwent uncomplicated cataract surgery. Pa-
tients diagnosed with senile cataracts, with nuclear sclerosis up
to +2 or +3 were included in the study. Patients with the his-
tory of diabetes mellitus, arterial hypertension, any type of isch-
emic maculopathy, age-related macular degeneration, epi-retinal
membrane, uveitis, topical use of prostaglandin analogs, were
excluded from the study. Both groups were operated by a single
surgeon at eye clinic “AkhaliMzera®, Tbilisi, Georgia. Patients
were operated under peribulbar anesthesia. Tropicamide 1%
and phenylephrine 5% were administered for papillary dilata-
tion. A single planar clear corneal incision was created using
2.2 mm metal tip knife at 12 o’clock. Two side port paracentesis
were made using a 1.0 mm clear-cut side port knife. 5.5 mm
continuous curvilinear capsulorhexis (CCC) was initiated using
Utrata forceps. Phacoemulsification was done using Infinity Vi-
sion System (Alcon Laboratories, inc.), operating in burst mode.
The nucleus was cracked with direct chop technique. Effective
phaco time was (EPT) 6.4+-2.8 seconds and ultrasound time
(UST) 49.3+16.7 seconds, respectively. After complete removal
of lens material, anterior chamber was filled with an ophthalmic
viscosurgical device (OVD). Foldable hydrophobic IOL was
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implanted in the capsular bag. OVD was completely removed
from anterior chamber using bimanual irrigation and aspiration
hand-piece. The anterior chamber was formed and clear corneal
incision was sealed.

In order to participate in the study, informed consent forms
were obtained from all patients prior to surgery. The baseline
OCT scan of macular anatomy and central retinal thickness was
acquired on the dayprior to surgery. For comparison analysis,
OCT scan of macula was performed after one week and one
month postoperatively.

Results and discussion. No patient developed cystoid macu-
lar edema from either group (CME). In both groups (with or
without NSAID eye drops cover) mean central retinal thick-
ness (CRT) was 230+0.005micronsbefore the surgery. MM6
scans of OCT showed moderate increase of CRT and accounted
for 15+0.080microns (p<0.05)at 7th postoperative day. One
month postoperatively, mean CRT change was 5+0.09 microns
(p<0.05). No statistically significantchanges of CRT was noted
in both groups (p<0.5) (Fig.).

Antibiotic and NSAD  Antibiotic Only

HGroupl M Group2

Fig. No significant statistical change of CRT growth was
noted in both groups

Risk-factors of pseudophakic cystoid macular edema, are
primarily related to surgical complications, such as posterior
capsule rupture, vitreous loss, vitrectomy, surgical trauma of
iris, IOL dislocation, early post-operative capsulotomy (Nd:YAG
capsulotomy), Iris fixated IOLs and anterior chamber IOLs. Loss
of vitreous body increases the risk of cystoid macular edema by
10-20%. Prolapse of vitreous body into the wound prolongs cystoid
macula edema and may be associated to poor visual prognosis .
Incarceration of iris, additional risk-factor of CME, may have sig-
nificant association with decreased vision in patients with chronic
pseudophakic CME compared to other intra-operative complica-
tions. Specific IOLs are associated withthe increasedrisk of cystoid
macular edema development. Meta-analysis has shown, that preva-
lence of CME is the highest in eyes with implantation of iris fixated
IOLs; Anterior chamber IOLs increase the risk of CME compared
to posterior chamber IOLs [9,11,14].

Systemic diseases also increase the risk of postoperative CME
in patients undergoing cataract surgery. Diabetes Mellitus andsys-
temic hypertension are well-established systemic risk factors. In
regards of ocular pathology, active uveitis is the most significant
contributing risk factor in development of CME and is the major
cause of decreased postoperative vision in patients with uveitis.
History of retinal vein occlusion, diabetic macular edema, presence
of epi-retinal membrane and local usage of prostaglandin analogs
also increase the risk of postoperative CME.

Conclusion. Study analysis has shown, that cystoid macular ede-
ma has not developed in patients, who underwent uncomplicated
cataract surgery with hydrophobic IOL implantation, with or with-
out NSAID eye drop cover. There was no statistically and clinically
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significant difference between the groups in terms of CRT.

Implantation of acrylic hydrophobic intraocular lens (IOL)
(Lifeline Medical Devices Ind.) has shown to provide high uveal
biocompatibility.

Major risk factors of CME in cataract surgery are intraopera-
tive surgical complications. Certain systemic and local ophthal-
mic diseases, as well as topical use of prostaglandin analogs are
also strongly linked to postoperative CME development.

In order to reduce the rate of postoperative CME and maxi-
mize the visual outcome, right preventive measures should be
taken. It is essential to look through the pharmacokinetic and
pharmacodynamic characteristics of NSAIDs and determine the
role, capacity and efficiency of these drugs in control of post-
operative inflammation and pain. In a comparative trial, Bucci
et al studied the efficiency of ketorolac and nepafenac in the in-
hibition of prostaglandin E, (PGE,) and their concentration in
aqueous humor. They concluded, that ketorolac is more capable
to inhibit PGE, and higher concentration levels of ketorolac is
being reached in the anterior chamber. However, Bucci et al’s
findings were challenged by Walters et al. They conducted pro-
spective, multicenter, double-blind clinical trial comparing the
pharmacokinetics and pharmacodynamics of nepafenac, ketoro-
lac and bromfenac. Walters concluded, that nepafenac has better
bioavailability and greater capacity to inhibit COX2 thanks to
amfenac, the active metabolite of nepafenac.

In conclusion, a prophylactic usage of NSAID eye drops in
combination with the standard postoperative antibiotic regimen
in eyes undergoing cataract surgery, showed to have a beneficial
effect on prevention of postoperative CME, while patients, who
underwent uncomplicated phacoemulsification without NSAID
eye drop cover and acrylic hydrophobic intraocular lens (Life-
line Medical Devices Ind) implantation, also had excellent vi-
sual outcome and no changes in retinal architecture.
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SUMMARY

USE OF OPTICAL COHERENCE TOMOGRAPHY IN
DETECTION OF CYSTOID MACULAR EDEMA AFTER
TREATMENT WITH NONSTEROIDAL ANTI-INFLAM-
MATORY DRUGS

Dvali M., Tsertsvadze O., Skhirtladze Sh.

Thilisi State Medical University, Department of Eye Desease,
Eye clinic “Akhali Mzera”, Thilisi, Georgia

The aim of the study was to determine the correlation between
implanted IOL material type to detect CME after NSAID use in
cataract surgery. Study involved 94 eyes of 72 patients. Eyes
were equally divided into two groups (n-47 in each). Post-op-
eratively treatment regimen for participants from Group I in-
cluded antibiotic and NSAID eye drops, while participants from
group II were treated only with antibiotic eye drops. Acrylic hy-
drophobic intraocular lens (IOL) was implanted in all patients
comprising both groups. No patient developed cystoid macu-
lar edema from either group (CME). In both groups (with or
without NSAID eye drops cover) mean central retinal thickness
(CRT) was 230+0.005 microns before the surgery. No statisti-
cally significant changes of CRT was noted in both groups (5+
0.09 microns ) (p<0.5).

Study analysis has shown, that cystoid macular edema has not
developed in patients, who underwent uncomplicated cataract
surgery with hydrophobic IOL implantation, with or without
NSAID eye drop cover. There was no statistically and clinically
significant difference between the groups in terms of CRT.

Implantation of acrylic hydrophobic intraocular lens(IOL) has
shown to provide high uveal biocompatibility.

Major risk factors of CME in cataract surgery are intra-
operative surgical complications. Certain systemic and local
ophthalmic diseases, as well as topical use of prostaglandin
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analogs are also strongly linked to postoperative CME de-
velopment.

In conclusion, usage of NSAID eye drops in combination with
antibiotic regimen in eyes undergoing cataract surgery, showed
to have a beneficial effect on prevention of postoperative CME.

Keywords: cystoid macular edema, Non-steroidal anti-in-
flammatory drugs (NSAIDs), Intraocular lens (IOL).

PE3IOME

BBISIBIEHUE HNUCTOUAHOI'O MAKVISAAPHOI'O
OTEKA TIIOCJIE JIEYEHUS HECTEPOUJIHBIMU
IMPOTUBOBOCIIAJIMTEJIbBHBIMU INTPEITAPATAMMUM C
MOMOIIBIO ONITUYECKON KOTEPEHTHOM TOMO-
I'PA®UU

JBaau M.JL., Lepusanze O.P., Cxuptiaanze 111.3.

Téunucckuil 20Cy0apCmeeHHblll MEOUYUHCKULL YHUGepCUmen,
denapmamenm 2naznvix Oonesmeil; Inasnas kaunuka “Axanu
Ms3sepa”, Tounucu, I pysus

Lenpio uccnenoBaHus SIBUJIOCH ONPEACIUTH KOPPEIALUIO
MEXIy TUIOM MaTepuana UMILIAHTUPOBAHHBIX MHTPAOKYJAP-
HBIX JINH3 C IIUCTOUIHBIM OTEKOM CETYaTKU NPH MHCTHIUISLUU
HECTEPOUIHBIX IPOTHBOBOCHAIUTEIBHBIX IIPEHapaToB B XUPYP-
T'MH KaTapakThl.

B ucnenoanum BriroueHsl 72 nanuenta (94 miasza), KoTo-
pble ObUIM pa3feieHbl Ha PaBHBbIC TPYMIIbL, 10 47 B KaxIOM.
TMaumenTs! | rpynms! npruHUMAaIH aHTUOMOTHK U HECTEPOUTHBIC
IIPOTUBOBOCHAIMTEINIBHBIC TIpenaparsl, Bo rpymme II - Toiabko
AQHTUOMOTUK.

AHanu3 pe3yiabTaToB KIMHUYECKUX HCCIEHOBAHUN ITOKa-
3aJ1, YTO B IIOCTOINEPALIMOHHBIN Mepuos Mocjae UMIUIAHTALUN
ruipoGOOHOM JIMH3BI MUCTOUIHBIH OTEK CETYATKH HE Pa3BHII-
csl HU B oiHO u3 rpynn (230+0,005 mukpon). Crenens uzme-
HEHHMH [EHTPAJIbHOW TONIIMHBI CETYATKU KIMHUYECKH ObLIa
He3HauuTenpHo (5+0,09 muxpoH, p<0.05). AKpuioBbli
rupodOOHbBIl XpyCTaNMK IOKa3al, 4TO O00IafacT BBICOKOM
yBealbHOIl OMOCOBMECTUMOCTBIO. PHUCK-(pakTopamMu pa3BHTHS
LUCTOUAHOIO MAaKyJIIPHOTO OTEeKa MOCJIe XUPYPIUU KaTapaKThl
SBJSIFOTCSL CUCTEMHbIE 3a00JIeBaHUS IVla3a, MHTpaolepalnoH-
HbBIE OCJIOKHEHHSI, BHICBOOO)KICHHBIE BO BPEMsl ONEpalUK MPo-
CTarIaHMHBI U CBOOOIHBIC paJyKaibl. AHAIU3 IPOBEICHHOIO
KJIMHUYECKOTO MHCCIICIOBAHUS BBISBMJI, YTO IIOCIE HEOCIOXK-
HEHHOH (pakosMynbcUpUKALMK NPUMEHEHHE HECTEPOUIHBIX
MPOTHBOBOCIIAJIUTENIBHBIX Kallellb BMECTE C aHTHOMOTHKAMH
MOHMKAIOT PUCK PA3BUTHSI LIMCTOMIHOTO MAKYJISIPHOTO OTEeKa B
IIOCTOIEPALIMOHHOM IIEPUOJIE.
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