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PE3HOME

MakyaHama gezeHepauus, cBop3aHa ¢ Bb3pacmma e Bogeuwla NpudUHa 3a Heobpamuma 3acyba Ha 3pu-
meAHama dyHkuuA npu xopa Hag 65 20guHu 8 pasBumume cmpaHu. 3aboreBaemocmma t ce 04akBa ga ce
yBeauuu ¢ okoro 50% go 2020 2. npegBug ygoamkeHama npogoakumeaHocm Ha kuBom u yBeauyeHue Ha
3acmapABawlomo HacereHue B cBemoBeH Maluab. 3azybama Ha UeHmMpaAHoMO 3peHue npu kbcHume dop-
MU Ha 6oAecmma — 2eozpadcka ampodua u xopuougaaHa HeoBackyaapusauua, npegcmaBaaBa cepuoseH
couuaneH u ukoHomuyecku npodaen. ToBa uauckBa pegoBeH CkpuHuHe, paHHO guagHocmuuupate u cBoe-
BpemeHHO AgueHUE Ha 3200A3BaHemMO. AHeuo-onmuyHama koxepeHmHa momozpadua e cpaBHUMEAHO HOB
guazHocmuyeH Memog. basupadku ce Ha cBoAama HeuHBa3uBHocm, Memogbm e Bce No-pasnpocmpaHeH
npu makyaHama gezeHepauus, cBop3aHa ¢ Bb3pacmma.

KalouoBu gymu: aHeuo-onmuyHa koxepeHmHa momoapadus; MakyaHa geaeHepauus; MyAmuMogania
06pasHa guacHocmuka

ABSTRACT

Introduction: Age-related macular degeneration is the leading cause of irreversible visual function loss in
individuals from developed countries over the age of 65 years. The global prevalence of age-related macular
degeneration is expected to increase by 50% in 2020 due to increased life expectancy and aging population
worldwide. The central vision loss in the late stage of the disease — geographic atrophy and choroidal
neovascularization is a serious social and economic problem. It requires regular screening, early diagnosis,
and timely treatment. Optical coherence tomography-angiography is a relatively new diagnostic method.
Based on its noninvasiveness it is widely used in age-related macular degeneration.

Keywords: age-refated macular degeneration; optical coherence tomography-angiography; muitimocdal
imaging
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BbBEEHVNE

MakyaHama gezeHepauud, cBvp3ana ¢ Bv3pacmma (M[CB),
npegcmaBadBa npugobumo, myamudpakmopHo, gezeHepamug-
HO 3a60AABaHe Ha Makyrama, xapakmepu3upawo ce ¢ npozpe-
cuBHo yBpekgaHe Ha spumeAHama oynkuua 8 pesyamam om
HeBpogezeHepamuBHU npomeHu B komnaekca Gomopeuen-
MOpHU kaemku — pemuHeH nuzmenmer enumea (PME) — xo-
puokanuaapuc (1-3). MACB e Bogewa npuyuHa 3a Heobpa-
muMa 3az2yba Ha UeHMpaAHomo 3peHue 8 pasBumume cmpa-
Hu. MoHacmoawem okoro 10% om xopama Hag 65 20QuUHU U
noBeye om 25% Hag 75-20guwHa Bv3pacm pa3BuBam M[ICB
(4,5). B CALLl okoro 2 MuAuOHZ gywu ca ¢ HanpegHara ¢pop-
ma Ha M[]CB, a noBeue om 8 muAuoHa umam HakakBa HayaAHa
u3nBa Ha borecmma. 3aboreBaemocmma om MCB ce ouak-
Ba ga ce yBeauyu ¢ okoro 50% go 2020 2. nopagu ygbakeHama
npogbakumeAHocm HakuBoma u yBeauyaBaHe Ha 3acmapABa-
womo HaceaeHue 8 cBemoBeH mawad (6,7). Tasu Hebrazonpu-
AmMHa cmamucmuka Hanaza pegoBeH CKpuHUHZ, paHHO guaz-
Hocmuuupaxe u cBoeBpemenHo Aeyerue Ha M[CB. 3azybama
Ha UEHMpaAHoOmo 3peHue npu kocHume Gopmu Ha 6oaecmma
— 2eozpadeka ampoduAa (FA) u HeoBackyaapHa MICB, npeg-
cmaBaaBa cepuose couuaner u ukoHomuyecku npodaem (8).
CouwecmByBam peguua Bv3mokHocmu 8 guazHocmukama Ha
MICB, kamo usbopbm Ha nogxogau, Memog UAU kombuHauua
om memogu & kalouo8 dakmop 8 nocmaBaHe Ha npaBuaHama
guazHosa, npocaegAaBane xoga u npozpecusma, kakmo u oueH-
ka Ha edukacHocmma om npoBegeHomo AeveHue (9).
PymuHHu Memogu 3a guazHocmuka Ha MICB ca: 1) dyHgyco-
Ba pomozpadus, 2) dyHgycoBa aBmodayopecueruus, 3) dayo-
pecueuHoBa aHeuozpadua, 4) UHgOUUAHUH-2PUTH aHauozpadus
u 5) onmuyHa koxepeHmHa momozpadus.

1. OyngycoBa pomozpadus (PP)
(DyHgycoBama domozpadua ce usnoasBa ocHoBHO 3a domo-
gokymeHmMauua npu NauueHmu ¢ pasaudHU 3ab0AABaHUA Ha pe-
muxama. Ypes OO ce Busyaausupam wupoka 2ama om deHo-
MUNHU npomeHu, ¢Bbp3anu ¢ MCB - gpysu, HapyweHuA Ha
PTE (xunep- u xunonuzmermauuu, BkalouumeAaso ampoduyru
30HU), AUNUGHU omAOXKeHUA, kakmo u conbmemBauiu xopuou-
ganHama HeoBackyaapusauua (XHB) ycaokHeHuUA — xemopaauu,
ekcygauun, ¢ubposa (10). MpegcmaBame cobecmBeH cayyal Ha
nauuexm (68 2.) ¢ HeekcygamuBra MACB (Que. 1).
YcmaroBerama vyBecmBumeAHocm Ha Memoga npu guaeHo-
cmuuupaHemo Ha pemukyArapHu nceBgogpysu (Bucok puckoB
dakmop 3a npozpecua go TA u XHB) obade e cpaBHumeAHO
Hucka — okono 35% (11,12). OcBen moBa PO e 3aBucuma om
NpO3pa’yHoCMmMa Ha 04YHUMeE cpegu U usuckBa mugpuasa.

2. DyngycoBa aBmodayopecuenuus (PAD)
(OyHgycoBama aBmodAyopecugHuUA & 6bp3, 6eskoHmakmet,
HeuHBasuBeH Memog 3a oueHka Ha uHmezpumema u GyHkuua-
ma Ha PTE. AunodycuuHom ce A8aBa ocHOBHUAM pAyopodOp,
omzoBopeH 3a aBmodayopecueruuama 8 makyaama (13). Ou-
Hume cmpykmypu, koumo HopmaAHo aBmodayopecuupam, ca:
enuUMeAeH U eHgomeAeH cA0U Ha pozoBuuama, Aeuwla, 3pUmeAHU
nuzmexmu 8 makyaama u PIE (14). MpegBug nogobpeHus kox-
mpacm U pasgeAumeAHa cnocobHOCm Ha u3o6paXeHuemo no-

Fig. 1. Fundus photography (left eye). Small and medium drusen (white arrows),
RPE hyperpigmentation (black arrow), geographic atrophy (stars)

INTRODUCTION

Age-related macular degeneration (AMD) is an acquired,
multifactorial, degenerative macular disease characterized
by progressive impairment of the visual function as a result
of neurodegenerative changes in the photoreceptors — retinal
pigment epithelium (RPE) — choriocapillaris complex (1-3).
AMD s the leading cause of irreversible loss of central vision
in developed countries. About 10% of people over the age of 65
years and more than 25% of those over 75 develop AMD (4,5). In
the USA, about 2 million people have an advanced form of AMD,
and more than 8 million people have some initial manifestation
of the disease. The global prevalence of AMD is expected to
increase by 50% in 2020 due to increased life expectancy and
aging population worldwide (6,7). This unfavorable prognosis
requires regular screening, early diagnosis, and timely treatment
of AMD. The loss of central vision in the late stage of the disease
— geographic atrophy (GA) and neovascular AMD is a serious
social and economic problem (8).

There are various imaging modalities in AMD diagnostics. The
appropriate method or the combination of methods is a key factor
to establish the correct diagnosis, to assess the natural course
and progression, and to evaluate the treatment efficacy (9).

The basic imaging methods in AMD include: 1) fundus
photography, 2) fundus autofluorescence, 3) fluorescein
angiography, 4) indocyanine green angiography, and 5) optical
coherence tomography.

1. Fundus Photography
Fundus photography (FP) is mainly used for photo documentation
in patients with various retinal diseases. Using FP, a wide range
of phenotypic changes secondary to AMD can be visualized —
drusen, RPE abnormalities (hyper- and hypopigmentation,
atrophic areas), lipid deposits, choroidal neovascularization
(CNV)-related complications such as hemorrhages, exudation,
and fibrosis (10). We present a case of patient (68 years old) with
nonexudative AMD (Fig. 1).
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HacmoAWEM ce npegnoyumam scanning laser ophthalmoscopy
(SLO)-6a3uparume MAD cucmemu (15).

Mpu cyxama dopma Ha MICB gpysume ce omauyaBam ¢ pas-
Hoo6pasiu MAD npomenu B 3aBucumocm om pa3mepa U Cbe-
maBa cu, kakmo u om cvcmoaHuemo Ha PIE u eauncougHa-
ma 3oHa (16). Toaemume gpysu (>125 pm) mozam ga 6bgam
cBvp3anu kakmo ¢ xunep-, maka u xunoaBmodayopecueHuus.
3a cpaBxeHue maakume gpysu (<64 pm) mozam ga 6vgam
usoaBmodayopecueHmuu u npakmuyecku ga ocmaxam Hegu-
aeHocmuuuparu upes QAD. [pyseHougHume omaenBaHua Ha
PTIE 06ukHoBeHo ce Busyaausupam kamo ozHuwa Ha xunepag-
modAyopecueHuus, 3a06ukoaeHu om xunoaBmodayopecuerm-
HO xaAo. CbweBpemeHHo me mMozam ga nokakam u xunoag-
modAyopecueHmHU npomeru B 3aBucumocm om Hagaekauius
PNE (17,18). MocpegemBom QAQ pemukyaaprume nceBgogpy-
3u ce Busyaausupam kamo MHoXecmBo Maku, okpbaAgHU Xu-
noaBmoGAyopecUEHMHU 02HUWA, 02PaHUYEHU OM HOpPMaAHa
OyHgycoBa aBmodayopecueHuus. YcmanoBenama 4yBecmBu-
MeAHOCM Ha Memoga gocmuea 95% (19,20).

A npecmaBaaBa kpaeH cmagud Ha cyxama M[CB. lMocpeg-
cmBom DAD ma ce Busyausupa kamo pasko ouepmata xuno-
aBmodAyopecueHmHa 30Ha (30HU) cnpAMO 0koAHaMa pemuHa.
Moxe ga 6bge 3aobukoreHa om xunepaBmodAyopecueHuus,
koamo npegcmaBaaBa 3anoyBawa PME gucdyrkuua u mapkep
3a o4akBana npozpecua. AD e uskaloumeaHo nogxogawa 8
kauHuyHU npoy4BaHua 3a A, npegBug Bucokama gocmoBep-
Hocm B koauvecmBeHume usmepBaHua Ha Aesuama (21,22).
Juaexocmuuupasemo Ha BaakHama dopma Ha MACB upes
OAQD He e wupoko 3acmoneHo. B ouu ¢ XHB 04HOMO gbHO
MoXe ga nokasBa HopMaAHa UAU NPUBAUSUMEAHO HOpMaAHA
aBmodayopecueHuua, gbakawa ce Ha uimakmuua PIE u do-
mopeuenmopeH komnaeke. ToBa om cBosa cmpaxa nokasBa npu
kou oyu ¢ XHB ce ouakBa gobop pesyamam caeg agekBamHo
npoBegeHa mepanus (23-25).

N3caegBatku ueHmpaAHama yacm Ha makyaama (doBeama),
cuztanom om QAQ e sHayumeAHo komnpomemupaH om no-20-
Aamomo koauyecmBo nuzmedm B masu 3o0Ha, Mackupadku nog-
Aexkawua PME. B me3u cAyqau e npenopbyumeAHo ynompeoba-
ma Ha NIR (near-infrared reflectance) (26).

3. DayopecueunoBa anzuozpadus (DA)
(DayopecueuHoBama aHzuoepadus Bce owe Ce cyuma 3a “3na-
meH cmaxgapm” B8 guazHocmuuupaHemo Ha HeoBackyrapHama
MACB (27,28). Ta no3BoaaBa ga ce ocvbwecmBu GyHkuuoHa-
Ha U guHamuyHa oueHka Ha kpvBoHocHUMeE cbgoBe B pemuHa-
ma u xopuokanuaapuca, 8 yacmHocm cmpykmypHU HapyweHuA
BvB8 BvHWHamMa u BompewHama kpbBHO-pemuHeHU bapuepu
(29). CveaacHo Macular Photocoagulation Study XHB ce kpacu-
duuupa kamo kaacuyecka, npegumHo kaacuuecka, okyamHa u
MUHUMaAHO okyamHa (30). Kamo kaacuuecka XHB ce onpegena
mem6paHa, koamo B paHHume dasu Ha QA uma cpaBHumeHo
gobpe oyepmara xunepdAoypecueHuua, yBeauyaBauia nocme-
NEHHO UHMEH3UMeEMa cu ¢ udmuyaHe Ha ¢payopecueu B koc-
Hume dasu, koemo Bogu go “pasmuBaHe’ Ha 2paHuLUME Ha Ae-
3uAma. MpegcmaBame cobcmBeH cayyad Ha nauueHm (70 2.) ¢
HeoBackyaapra MJICB - kaacuuecka XHB (Qua. 2).
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Moreover, the established sensitivity of the method in the
diagnosis of reticular pseudodrusen (an important risk factor
for progression to GA and CNV) is relatively low — about 35%
(11,12). Furthermore, FP depends on ocular media transparency
and requires mydriasis.

2. Fundus Autofluorescence
Fundus autofluorescence (FAF) is a quick, non-contact,
non-invasive method for assessing the RPE integrity and
function. Lipofuscin is the major fluorophore responsible for
autofluorescence in the macula (13). The ocular structures that
normally autofluoresce comprise the corneal epithelium and
endothelium, lens, macular pigments, and RPE (14). Recently,
scanning laser ophthalmoscopy (SLO) - based FAF systems have
become the preferred method based on the improved contrast
and resolution of the image (15).
In dry AMD, drusen are presented by various FAF-characteristics,
depending on their size, composition, and the state of the RPE and
the ellipsoid zone (EZ) as well (16). Large drusen (>125um) may
show both hyper- and hypo-autofluorescence. By comparison,
small drusen (<64um) may be iso-autofluorescent and may
remain unnoticed using FAF. Drusoenoid RPE detachments are
usually visualized as hyperautofluorescent foci surrounded by
hypofluorescent halo. At the same time, they may also show
hypo-authorfluorescence depending on the RPE integrity (17,18).
Using FAF, reticular pseudodrusen are visualized as small,
rounded hypo-autofluorescent foci surrounded by normal fundus
autofluorescence. The established sensitivity of the method
reaches 95% (19,20).
GA is a late stage of dry AMD. Examined by FAF, it is visualized
as a clearly outlined hypo-autofluorescent zone(s) according
to the surrounding retina. It may be surrounded by hyper-
autofluorescence, which is presumed RPE dysfunction and an
important sign of expected progression. FAF is highly relevant
in GA clinical trials due to the high reliability in the quantitative
measurements of the lesion (21,22).
FAF is not widely accepted in wet AMD diagnostics. In cases of
CNV, it may show approximately normal autofluorescence due
to intact RPE and photoreceptors complex. This, in turn, may be
used as a predictor of good therapy response in CNV patients
(23-25).
In the central part of the macula, the FAF signal is significantly
compromised by the larger amount of pigment in this area,
masking the underlying RPE. Near-infrared reflection (NIR) is
recommended in these cases (26).

3. Fluorescein Angiography
Fluorescein angiography (FA) is still considered a gold standard
in the diagnosis of neovascular AMD (27,28). It allows functional
and dynamic assessment of blood vessels in the retina and
choriocapillaris as well as evaluation of structural disorders inthe
outerand inner blood-retinal barriers in particular (29). According
to the Macular Photocoagulation Study, CNV is classified as
classic, predominantly classic, occult and minimally occult (30).
Classic CNV has relatively well-defined hyperfluorescence in
the early phases of FA that progressively intensifies throughout
the study, with late leakage of dye obscuring the boundaries
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Fig. 2. Fluorescein angiography (left eye). Classic CNV —early (A) and late (B) phases

3a okyamna XHB ce npuema ¢pubpoBackyrapHo omaenBaHe Ha
PME, kakmo u kbcHO usmuyaHe om HeycmaHoBeH usmoyHuk.
(QubpoBackyrapromo omaenBane Ha PIE ce xapakmepuaupa ¢
HeegHakBa, HexomMo2eHHa xunepdAyopecueHuUs npu usnvaBa-
He Ha omaeneHuA PTIE, ¢ usmuyaHe u kbCHO UMNpe2HUpaHe Ha
0a2puAomo. 3a KbCHO U3MUYaHe OM HEONpPegeAeH U3moyHuk
Ce cyuma nemHucma xunepdaoypecueHuua 8 kocHume dasu
Ha QA nog PME, HecvomBemcBawa Ha kaacuuecka XHB uAu
GubpoBackyrapHo omaenBare Ha PME (30-32).

OcHoBen Hegocmambvk Ha QA ce ABABa HedHama uHBa3uB-
Hocm, usuckBawa uHmpaBeHo3Ho urkekmupaHe Ha 6azpuno,
koemo moxXe ga npegusBuka guckomdopm, 2ageHe, noBpoula-
He, Makap u pagko aradurakmuyHu U aHaduaakmougHu peak-
uuu. AByusmepHocmma Ha uscAegBaHemo (2D) e oepaHuve-
Hue, B pesyamam Ha koemo ce noAy4aBa eguH 0606WeH 06pas.
Mopagu moBa QA He gaBa uHGOpPMAUUA 33 CLCMOAHUEMO Ha
kpvBorocHume cbgoBe B omgeaHume cbgoBu naekcycu. QA
omyuma Haauyuemo Ha XHB upes eckygauus om HeNbAHOUEH-
Hume cbgoBe, koumo A uszpaxkgam, 6e3 UHHOPMAUUA 3a camua
HeoBackyaapeH komnaeke. B kocHume dasu Ha uscaegBaHemo
2paHuuume Ha npegnorazaemama XHB ce 3aauyaBam om yBe-
AUYaBaulomo ce usmuyaHe Ha 6azpuno.

Mpu HeekcygamuBrama MICB Hakou gpy3u, 8 3aBucumocm om
cbcmaBa cu, npoaBaBam xunepdayopecueHuus B8 xoga Ha us-
cAegBanemo, gokamo gpyau ocmaBam u30(AOYOPECUEHMHU.
(A e Hau-cAabo 4yBcmMBUMEAHUAM MEmO0g N0 OMHOWEHUE Ha
pemukyaapHume nceBgogpysu (33). Bpememo, HE06X0gumo 3a
(A, e npubausumearo 15-20 mMuH. Beuuko moBa ozparuyaba
8 usBecmHa cmenen pymuxHomo usnoasBare Ha OA 8 coBpe-
meHHama kauruyxama npakmuka (34).

4, HgouuaHun-2puiiH aHzuozpadua (ICGA)
ICGA npegocmaBa gonbAHUMEAHa UHGOPMAUUA OMHOCHO Cb-
goBama mpexa u kpoBHua mok Ha xopuougesama, koumo mbp-
nAm npomaxa B xoga Ha MCB (35). B cpaBHeHue ¢ dayopecue-
UHa kamo 6a2puAo, UHGOUUGHUHOBOMO 3EAEHO UM NO-20AAM
aduHumem KbM nAasmeHume npomeuHu, koemo Bogu go Mu-
HUMAAHO U3muy4aHe om (eHecmpauuume Ha xopuokanuaapu-

of the lesion. We present a case of a 70-year-old patient with
neovascular AMD — classic CNV (Fig. 2).

Occult CNV consists of fibrovascular RPE detachment and late
leakage from an undetermined source. Fibrovascular detachment
of RPE is characterized by stippled or granular irregular
hyperfluorescence in early FA, leakage of dye and staining in the
late phases. Late leakage from an undetermined source refers
to areas of hyperfluorescence in the late phases of FA, which
does not correspond to classic CNV or to fibrovascular RPE
detachment (30-32).

The invasivenessisamajor limitation of FA. Itrequires intravenous
injection of dye, which may cause discomfort, nausea, vomiting,
rarely anaphylactic and anaphylactoid reactions. The two-
dimensionality (2D) of FA is another disadvantage. It does not
provide information about the blood vessels in the individual
vascular plexuses. FA detects CNV by exudation from the
inmature vessels in the neovascular complex. In the late phase
of the FA-examination, the CNV boundaries are obscured by the
leakage.

Depending on their composition, drusen in nonexudative AMD
exhibit hyperfluorescence or isofluorescence. FA is the least
sensitive method with regard to reticular pseudodrusen (33).
FA takes approximately 15-20 minutes. The routine use of FA is
limited in clinical practice (34).

4. Indocyanine Green Angiography

Indocyanine green angiography (ICGA) provides additional
information about the blood vessels of the choroid in AMD
(35). Compared to fluorescein, indocyanine green has a higher
affinity to plasma proteins, leading to minimal leakage from
the choriocapillaris. This improves the visualization of the
choroidal vessels (36,37). ICGA is very useful in the diagnosis
of retinal angiomatous proliferation (RAP), in particular — retinal
choroidal anastomoses (RCA), as well as of polypoidal choroidal
vasculopathy (PCV). These diseases are considered by many
authors to be rare clinical forms of neovascular AMD — RAP is
described as CNV type 3 (38,39).
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ca. ToBa nogobpaBa Busyaausauusma Ha XopougaAHUME Co-
goBe (36,37). ICGA e ocobeHo npuroXuma B guazHocmuuupa-
HEMO Ha pemuHaaHama aHeuomamosHa npoaudepauua (RAP),
B yacmHocm pemuHaAHume xopougaAaHu aHacmomosu (RCA),
kakmo U 3a noAunougaAHama xopuougaAHa Backyaonamus
(PCV). Tesu gBe 3aboaaBaHua ce cyumam om MH020 aBmo-
pu kamo gonvAHUMeEAHU kauHuyHu dopmu Ha HeoBackyaapHa-
ma MICB — RAP ce onucBa kamo XHB mun 3 (38,39).

ICGA moXe ga 6vge uanor3Bana couio u 8 guhepeHuuarHo-gu-
azHocmuyed naad mekgy ampoduuna/HeoBackyrapra MOCB u
HAkoAko 3a60AABaHUA, 06eguHABAWLU C& N0 MEepMUHA naxu-
Xopuougea (UEHMpaAHa Cepo3Ha XOPuOpPemuHonNamusa, naxu-
XOPUOUGHA NUZMEHMHA eNUMEAONAMUA, NaXuxopuougHa Heo-
Backyaonamus) (40).

HBasuBHocmma u npogbAkumeAHocmma Ha uscaegBaqemo
npegcmaBasBam Hegocmambk, koemo ozpanuyaBa yecmomo
u3BopwBane Ha ICGA.

5. Onmuyna koxepeHmna momozpadua (0CT)
OnmuyHama koxepeHmHa momozpadua ce npuema Ccobuio 3a
“3nameH cmaHgapm” 8 guazHosama Ha MCB. OCT e 6vp3,
HeuHBa3uBeH, obpaseH mMemog, kolimo npegocmaBa in vivo
3D-cmpykmypHa kayecmBeHa u koausecmBeHa uxdopmauus
Ha pemuHama u xopuougeama, kopeaupauia ¢ XucmoAo2uyeH
cpe3 Ha mokaHume (41). MpaBuaHama ceemenmauua Ha OCT
ckeHozpamume e om uskAloyumeAHo 3HaveHue 3a BusyaAusa-
UUA Ha maAku gpysu, pemukyAapHu nceBgogpysu, muzpauus
Ha PIE BvB BompewHume cAoeBe Ha pemuHama (xuneppe-
daekmuBHU Gouu uAU mouku), BoHWHU MybyAauUU Ha pemu-
Hama u gp. Cv3gageHu ca OCT memogu U aA20pumMmu 3a UA-
AOCMHa oueHka Ha cneuuduyrume 3a MCB 6uomapkepu: gpy-
3u, FA, omaenBaHe Ha PTE, cy6- u uHmpapemuHaAHa meyHocm
(42-44). Monacmoawem cnekmpaa-gomedn OCT (SD-0OCT) ce
cyuma 3a Had-HageXgHua Memog 8 guazHo3ama U npocAega-
Banemo Ha A, kamo ca npegaoXeHu U 2 HOBU OnpegeAeHus,
onucBawu gonvAHUMEAHO CHCMOAHUEMO — MOMAAHA U yYac-
muyHa ampogus Ha PTE u BvHwHama pemuna (complete RPE
and Outer Retina Atrophy {c-RORA} u incomplete RPE and Quter
Retina Atrophy {i-RORA}) (45).
0CT npegcmaBaABa HeusmeHHa Yacm B8 guaegHo3ama Ha Heo-
Backyaapsama MJ1CB, goka3Bauku Haau4Ha XHB u HeGHama ak-
muBHocm. Mo3BoAdABa npocaegaBaHe Ha npougca, kakmo u He-
obxogumocmma om pe/mepanua (46,47). B 3aBucumocm om
pasnorokeHuemo Ha XHB cnpamo PTIE ce pasauyaBam coom-
Bemno mun 1 XHB (nog PME) u mun 2 XHB (nag PIE). Kamo
mun 3 XHB ce 03HauaBa uHmpapemuHaaHa HeoBackyrapusa-
uus, HabalogaBana npu RAP.48,49 B cpaBrerue ¢ MDA, koamo
€ guHaMuyeH Memog U omyuma usmuyaHe om KpbBOHOCHU-
me cbgoBe, OCT gaBa cmpykmypHa cmamuyHa uHGopmauus
3a uscaegBanume cmpykmypu, kamo omyuma kocBeHu noka-
3ameAu 3a akmuBHocm Ha XHB — 3age6eanBane Ha pemurama,
HaAUYUE Ha UHMpa- U CybpemuHaAHa meyHocm, meyHocm nog
PE, Bogewu go omaenBaHe Ha HeBPOCEH30pHAMA PeMUHA U
PME (Qua. 3) (50).

Bonpeku onucaHama 8 gocmunHama Aumepamypa Bucoka
cneyuduyHocm Ha memoga cnpamo QA npu HeoBackyaapHa-
ma M/ICB, npoueHmom Ha GaawuBo-noAokumeaHume pesya-
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ICGA can also be used in the differential diagnosis of atrophic/
neovascular AMD and several entities including central serous
chorioretinopathy, pachychoroid pigment epitheliopathy, and
pachychoroid neovasculopathy (40).

The invasiveness and duration of ICGA are drawbacks which limit
its frequent use.

5. Optical Coherence Tomography
Optical coherence tomography (OCT) is also considered a gold
standard for diagnosis in AMD. OCT is a fast, non-invasive
method that provides in vivo cross-sectional, three dimensional
structural qualitative and quantitative information about retina and
choroid correlating to the histological findings (41). The correct
segmentation of OCT scans is essential for the visualization of
small drusen, reticular pseudodrusen, PRE hyperreflective foci in
the inner layers of the retina, outer retinal tubulations, etc. Using
different methods and algorithms, AMD-specific biomarkers
(drusen, GA, RPE detachments, sub- and intraretinal fluid) can
be automatically identified (42-44).
Nowadays, spectral-domain OCT (SD-0CT) is the most reliable
method in the GA diagnosis and follow-up. In addition, 2 terms
describing GA are further proposed — complete RPE and Quter
Retina Atrophy (c-RORA) and incomplete RPE and Quter Retina
Atrophy (i-RORA) (45).
OCT is an integral part of neovascular AMD. OCT is routinely
used in clinical practice to determine both the presence and
activity of choroidal neovascularization and the need for
treatment/retreatment (46,47). According to the location of
CNV, it is classified as type 1 CNV (under RPE) and type 2 CNV
(above PRE), respectively. Intraretinal neovascularization (RAP)
is described as type 3 CNV (48,49).
Compared to FA, which is a dynamic method and detects the
presence of leakage from blood vessels, OCT provides structural
static information — retinal thickening, intra- and subretinal fluid,
RPE and neuroepithelium detachments, which are considered
prerequisites for leakage (Fig. 3) (50).
Regardless of the high specificity of OCT in contrast to FA in
neovascular AMD, the percentage of false-positive results
remains high (51,52). The main reason is the impossibility to
differentiate hyperreflective structures in the retina from each
other - for example, active CNV and gliosis (53).
The limited scanning area used in routine practice (6x6 mm)
may also lead to a misinterpretation, especially in the case of
an eccentric lesion located outside the captured area (47). The
imaging of the choroid by SD-OCT is a challenge because of the
light absorption from RPE. Due to the greater wavelength and
better penetration, swept-source OCT (SS-OCT) overcomes this
disadvantage (54,55).

OPTICAL COHERENCE TOMOGRAPHY ANGIOGRAPHY

Optical coherence tomography angiography (OCT-A) is a
relatively new, non-invasive diagnostic method. It is an upgrade
to conventional OCT software and provides a high resolution 3D
image with quantitative and qualitative structural information. In
addition, OCT-A enables also functional assessment of vessels
in the retina and choroid, without the need of an intravenous dye
(56,57).
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mamu cowo ocmaBa Bucok (51,52). Kamo ocHOBHa npuyuHa
3a moBa ce nocoyBa HeBv3mokHocmma ¢ OCT ga ce omgude-
peHuUpam pasAudHu xuneppedaekmuBHu cmpykmypu - Hanpu-
mep akmuBHa XHB u 2au03a, 0c06eHO B CAyyaume Ha mpemu-
paHu o4u (53).

OzpaHuyeHama 30Ha Ha ckeHupane, koamo ce u3noa3Ba B py-
muHHama npakmuka (6x6 mm), cowo moke ga goBege go
2pewka u nponyck 8 uHmepnpemauuama, ocobeHo 8 cayyaume
Ha ekcueHmpuyHa Ae3us, pasnoAokeHa usBoH ob6xBanamama
30Ha (47). Busyaausauuama Ha xopuougeama upe3 SD-OCT ce
okasBa npegu3BukameacmBo 3apagu abcopbuuama Ha cBem-
AuHa om PIE. BAaeogapeHue Ha no-zoAamama gbAXuHa Ha
BbAHama u no-gobpama npoHukBameaHa cnocobHocm, swept-
source OCT (SS-0CT) npeogoadBa B HakakBa cmeneH mo3u He-
gocmamuk (54,55).

AHT0-ONTNYHA KOXEPEHTHA TOMOTPAQIA
(AHT110-0CT)

AHzu0-0CT e cpaBHumeAHo HOB, HeuHBa3uBeH guazHOCMUYEH
memog. MpegcmaBaaBa HagepaxkgaHe B codmyepa Ha koHBeH-
uuoHanHume OCT anapamu, kamo 0cBeH npucobwume 3a MAx
kayecmBa (Bucoka pe3oalouus, 3D-06pas, 6bp3uHa, koauvecm-
BeHa u kayecmBeHa cmpykmypHa uHdopmauua), aHzuo-0CT
gaBa BbamokHocm U 3a dyHKUUOHAAHO u3cAegBaHe Ha kpb-
BoHocHama MpeXa Ha pemuHama U omyacmu xopuougeama,
0e3 Heobxogumocm om uHkekmupane Ha koHmpacmex azeHm
(56,57). M3noasBatku cneuuaAHu ar2opummu 3a 0myumane Ha
gBukeHuemo Ha epumpouumume, aHauo-0CT no3BoaABa u3o-
6pa3ABaHemo U UHMepnpemauuAma Ha cbgoBama mpexa ce-
Napupaxo, Ha pa3Au4HU HUBa B 30Hama Ha uHmepec (58-62).
AHzu0-0CT Bce noBeye ce Hanaza 8 guazHo3ama Ha M[ICB.
B paHHama HeekcygamuBHa ¢popma aHeuo-0CT ckeHozpamume
Ha HUBo noBbpxHOCMEH U goABOK CbgoB naekcyc He nokasBam
CU2HUGUKAHMHU USMEHEHUA CNPAMO HOpMama. YcmaxoBaBam
ce camo Hapywenus 8 mukpouupkyaauusma sa HuBo xopuoka-
nuAapuc nog dopmama Ha xunopedaekmuBHu 30HuU, koemo om-
208apA Ha HamaAeH kpoBeH mok, HamMaAreHa NAbMHOCM U/UAU
paspexaBaBane B mpexama om kanuaapu (63,64). [laau moBa 8
geucmBumeAHOCM & NAMOAO2UYHA Haxogka UAU pe3yamam om
onokupane Ha aHeuo-0CT cuzHana om Hagaekawume gpysu u
PTIE, caegBa ga 6bge usAcHeHo.

Mpu Beye odopmena A ce ycmanoBaBa HapyweHue 8 kpoB-
HuA mok U Aunca Ha kanuaapHa Mpexa Ha HUBO noBopxHOCMEH,
gbA60k CbgoB naekcyc U xopuokanuaapuc, a CoWo U pegyuupa-
Ha mpoduka 8 cocegHume Ha ampoduama 30Hu. ToBa bu Moz-
A0 ga ce paszaekga kamo mapkep 3a npozpecus Ha 3a60AABa-
Hemo (695).

C nogobperuAama 8 codmyepa poaama Ha aHzuo-0CT npu He-
oBackyaapsama M[CB pacme ¢ 6vp3u memnoBe. Omyumad-
ku cenapupaHo namoAo2u4HuA kpvBeH mok B pasauyHu cpe-
308e (noBvpxHocmeH U gbAbok cogoBu naekcycu, aBackyaap-
Ha BbHWHa pemuHa, xopuokanuaapuc), aHzuo-0CT no3BoaABa
NPeuU3Ho OHazAegABaHe Ha pasmepume U MOPdOAO2UAMA Ha
XHB, Bkaloyumearo pasnoaokeHuemo o cnpamo PME (Que. 4)
(66).

Fig. 3. Spectral-domain OCT (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin, CA). The
same patient from Fig 2. Hyperreflective structure above RPE —type 2 CNV (star),
subretinal fluid (yellow arrow), ellipsoid zone atrophy (blue arrow),

RPE detachment (red arrow)

A decorrelation of the signal is generated by differentiating
between the moving cells (erythrocytes) in the vasculature and
the static of the surrounding tissue. Using OCT-A, the vascular
network can be visualized and interpretated separately, working
on different levels in the area of interest (58.62).

Recently, OCT-A has been widely used in the diagnosis of AMD.
In early nonexudative stages of the disease, examined by OCT-A,
the superficial and deep vascular plexuses show no significant
changes compared to normal individuals. In the choroid, OCT-A
can be used to visualize alterations in the choriocapillaris as
hyporeflective zones, which correspond to the reduced blood
flow, the reduced density and/or dilution in the capillary network
(63,64). Additional studies are needed to confirm these findings.
In GA, OCT-A shows reduced blood flow and capillary dropout
at the level of the superficial vascular plexus, deep vascular
plexuses, and choriocapillaris, as well as reduced blood flow in
the areas adjacent to GA. This could be used as a marker of
progression of GA (65).

The software improvements increase the role of OCT-A in
neovascular AMD. Based on the contrast between the different
layers (superficial and deep vascular plexuses, avascular retina,
choriocapillaris), OCT-A allows precise visualization of CNV —
dimensions, morphology, and location (Fig. 4) (66).

Automatic segmentation of avascular retina — blood flow above
RPE suspected to type 2 CNV (red circle)

Quantitative assessments of the neovascular complex such
as flow index, flow area and vascular density can also be
registered. OCT-A is particularly convenient in the diagnosis
of neovascular AMD, including follow-up after re/treatment
(67). Due to the noninvasiveness of this imaging method, the
disadvantages related to vascular leakage and staining are also
eliminated. However, the wall integrity of the blood vessels
cannot be established. A lot of studies compare OCT-A and FA in
exudative AMD, citing a high diagnostic accuracy of the methods
(55,58,67-69).
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Fig. 4. Optical coherence tomography-angiography (OCT-A) (Cirrus HD-OCT, Angioplex, Carl Zeiss Meditec, Dublin, CA).
The same patient from Fig.2 and Fig.3 A) OCT-A, 6x6mm; B) OCT-A, 3x3mm:; C) OCT B-scan with segmentation lines

ABmomamuyHama cezMeHmauuA Ha BbHWHA (aBackyaapHa)
pemuHa peeucmpupa kpovBen mok Hag RPE, cycnekmeH 3a CNV
mun 2 (4epBeH kpve).

KoauvecmBeHu nokasameau Ha HeoBackyaapHua komnaeke,
kamo flow index, flow area u vascular density, cowo Mozam ga
obgam pezucmpupadu. ToBa npaBu memoga 0C06eHO nogxo-
gAW B guagHocmuuupasemo Ha HeoBackyaapHa MCB, a cobwio
u B npocaegaBaHe Ha CbcmoAHUEMO CAeg NpoBegeHa mepanus
(67). Mopagu dakma, ye kpbBoHocHUME CbgoBe ce BuyaAusu-
pam HeuxBa3uBHo, omnagam u npobAemume, cBbp3aHu ¢ u3-
MmuYaHe Ha 6a2puno om cbgoBeme U pa3muBaHe 2paHuuume Ha
Ae3uAma. 3a cmemka Ha moBa obaye UHMezpuMembm Ha Cb-
goBama cmeHa He Moxe ga 6bge omyemeH. Bce noBeye npoyuy-
BaHus ca HacoueHu B nocoka cpaBHaBane Ha aHzuo-0CT u QA
npu ekcygamuBHama ¢popma Ha MCB, kamo ce uumupa Buco-
ka cbznacyBanocm mexgy g8ama memoga (55,58,67-69).
NHmepec npegcmaBadBa onucaHama nocpegcmBom  aH-
2u0-0CT HeekcygamuBHa XHB, 6e3 Haauyue Ha kakBamo u ga e
ekcygauua Ha QA uau OCT. Mogo6Ha Haxogka e Bepuduuupara
B8 Hakoako xucmoaozuyHu uscaegBanua (70-72).

Several studies describe the so-called “nonexudative CNV”
using OCT-A, without any exudation confirmed by FA or OCT. A
similar finding is verified in several histological studies (70-72).
The projection artifacts are the major disadavantage of OCT-A,
which makes the interpretation of the deeper structures more
difficult. In addition, the software detects the erithrocyte velocity
within a certain range. Any rate of blood flow above or below the
limits will not be registered as an OCT-A signal (73).

CONCLUSION

OCT-A is gaining popularity in the diagnosis of AMD. Based on
its noninvasiveness, rapidity, ability to visualize the different
plexuses in the retina and choroid separately, OCT-A provides
additional information about the natural course of the disease
and the effect of treatment.

This publication is funded by Medical University of Plovdiv
(Project N2 001/ 2017)
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OcHoBeH Hegocmambk Ha aHeuo-OCT npegecmaBaaBam npo-
ekuuoHHume apmedakmu, koemo npaBu uHmepnpemauuAma
Ha no-gbAboko pasnoaokerume cmpykmypu no-mpygHa. Oc-
BeH moBa codmyepbm Ha me3u anapamu omyuma ckopocmma
Ha gBukeHue Ha kpbBHUME eAemeHmMU B onpegeAeH guanasoH.
Beaka ckopocm Ha kpbBrus mok Hag uau nog cbomBemuume
2paHuyu He ce peaucmpupa kamo aHauo-cuzHana (73).

3AKAHYEHIE

AHzu0-0CT Habupa Bce no-20AAMa NONyAAPHOCM B guazHo3a-
ma Ha M[1CB. basupatku ce Ha cBoama HeuHBa3uBHocm, bbp-
3UHa, B3MOXKHOCM 3a CenapupaHo oHazAegABaHe Ha pasAuy-
HUmMe cbgoBu naekcycu B pemuHama u xopuougeama, Memo-
gbm ocuz2ypaBa gonvAHUMEAHa UHGOPMAUUA 3a ecmecmBeHus
X0Q Ha 3a60AABaHemo U 3a ehekma om NPUAOKEHOMO AEYEHUE.

My6aukauuama e puHancupana om Meguuuncku yHuBep-
cumem — MaoBguB, no npoekm CAM N2 001/2017 2.
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