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BBBEZEHNE: AHrno-ontinuHata koxepeHtHa Tomorpadua (OCT-A) e meTog, KoliTo Moxe Ja Ce M3non3Ba
MpY NaLMeHTU C peTHanHa BeHo3Ha okny3ua (PBO) c uen Bu3yanumpaxe Ha MUKPOBACKYNapHU NPOMEHM,

6yn. , Bacun Anpunos” 15A HaCTBNUAN B KaNUAAPHUTE NEKCYCH Ha peTuHaTa. MeToAbT laBa Bb3MOXKHOCT 3a KBAHTUTATHBHA OLeHKa Ha
Mnosaue, 4002 napameTpu, (Bbp3aHi CbC CbA0BaTa MpeXa Ha MaKynara.
e-mail: sinan.app@hotmail.com LIEM: [la ce OLEHAT HACTBANNUTE MUKPOBACKYNIapHI NpoMeHU, peructpupanin ¢ OCT-A B NOBbPXHOCTHYSA
kanunapeH nnekcyc (MKIM) Ha peTuHaTa npu naumenTy ¢ PBO, 1 a ce CpaBHAT JaHHWTe C He3acerHaTute UM
04U 1 KOHTPONHA rpyna.

METOZ!: B npoyusaHeTo 6sxa BkntoueHm 0610 75 oun, kouto 6axa pa3npedeneHi B 3 rpynu: rpyna 1— oun
¢ PBO (n=25); rpyna 2 — He3acerHatu o4y Ha naumexty ¢ PBO (n=25), n rpyna 3 — KoHTponHa rpyna (n=25).
MonyueHute 06pasm ot 0CT-A 6AXa aHAM3MPaHK U perucTpUpaHN KBAHTUTATUBHUTE JaHHM, 0TFOBAPALLM Ha
HIBO MOBBbPXHOCTEH KAMMNAPEH NAeKCyC.

PE3YNITATI: YcTaHoBM ce yBenuuaBaHe Ha nepuMeTbpa Ha GoBeonapHara aBackynapHa 3oHa (DA3) u 3aryba
Ha LMpKynapHocTTa it Ha Huo MK npu oum ¢ PBO. Coluute npomeHn Baxa Hanuwe U Npyu He3acerHatute
0uu Ha nauuenTn ¢ PBO. [loka3a ce HamanABaHe Ha Cbi0BaTa 1 NepPy3nOHHATa NITBTHOCT HE CaMO B 0UM Ha
nauvenTi ¢ PBO, Ho 1 B TeXHWTe He3acerHaTyt 0uu, Makap 11 ToBa HaManABaHe Aa He 3aCAra BCMUKI 30HN Ha
Makynara.

3AKIIOYEHNE: AHrno-0CT moxe aa ce 3noi3Ba 3a OLeHKa Ha MUKPOBACKyNapHUTe NPOMeHU, HaCTbUAN B
Makynata npu nauventy ¢ PBO. MeTogbT Aoka3Ba KakTo npomeHu, HacTbnunu BbB A3, Kato yBenuyaBaxe
Ha NepuUMeTbpa U HapyLUEHUA B LMPKYNAPHOCTTA I, Taka 1 HaManABaHe Ha CbJoBaTa 1 nepdy3noHHarTa
MIBTHOCT Ha MaKynaTa.

K11t040BY AYMU: pemUHASHA BEHO3HA OKJTY3US, ONMUYHA KOXEPEHIMHA MOMO2PAQUA-aHeL02pagus,
1N0BBPXHOCMEH KANUSISPeH NJIeKCYC, PeMUHATHU BaCKYIAPHU OKTTY3HU 3060/196aHUS

Bulgarian Review of Ophthalmology, 2024;68(2):21-29 Clinical Ophthalmology - Scientific Research



Sinan Aptikadir, Desislava Koleva-Georgieva, Nelly Sivkova

Address for correspondence:
Sinan Aptikadir
Faculty of Medicine
Medical University of Plovdiv
15A Vasil Aprilov Blvd
4002 Plovdiv
e-mail: sinan.app@hotmail.com

ABSTRACT

INTRODUCTION: Optical coherence tomography angiography (OCTA) is a method used to detect microvascular
changes occurring in the capillary plexuses of the retina in individuals with retinal vein occlusions (RVOs). It
enables the quantitative evaluation of parameters related to the vascular network of the macula.

AIM: The aim of this article is to evaluate the microvascular changes detected by OCTA in patients with RVO and
compare them with their unaffected eyes and a control group.

MATERIALS AND METHODS: A total of 75 eyes were included in the study, divided into three groups: Group 1:
eyes with RVO (n=25); Group 2: unaffected eyes of patients with RVO (n=25); and Group 3: a control group
(n=25). Quantitative data corresponding to the superficial capillary plexus level were collected from the
obtained images using OCTA.

RESULTS: Foveolaravascular zones (FAZ) showed anincrease in perimeter and loss of circularity at the superficial
capillary plexus (SCP) level in RVO eyes compared to controls. It was observed that RVO patients’ unaffected
eyes also showed the same changes. A decrease in vascular and perfusion density was demonstrated not only
in the eyes of RVO patients but also in their unaffected eyes. Nonetheless, not all zones of the macula were
affected by this decrease.

CONCLUSION: Angio-OCT can be used to evaluate microvascular changes in the macula in patients with RVO.
Using the method, both changes to the FAZ have been demonstrated, an increase in the perimeter and
disturbances in its circularity, as well as a decrease in vascular density and perfusion density of the macula.

Keywords: retinal vein occlusion, optical coherence tomography angiography, superficial retinal capillary plexus,
retinal vascular occlusive diseases

BbBEAEHUE

PeTuHanHata BeHo3Ha okny3ua (PBO) e cbaoBo 3abonAsaHe, BTopo
110 UecToTa Clefl AnabeTHaTa peTUHONaTIAA, KOETO MOXe f1a 10Befe
[0 €[iHOCTpaHHa 3aryba Ha 3peHue (1). CnpAmo nokanu3aumaTa
Ha HacTbMWMaTa YacTUHA WM MbAHA 0OCTPYKLMA HA BEHO3€H
petuHaneH cba, PBO moxe aa 6bae knacuduumpaHa Ha CTBOIOBA
W KNOHOBA (2). MakynHMAT OTOK W/Wan peTUHanHaTa ucxemua
00MKHOBEHO (3 Hail-uecTTe MPUYMHW 33 HAMaNeHo 3peHue B
PaHHWA Nepuof, AOKATO Ha MO-KbCeH eTanm ToBa MOXe ja e B
Pe3ynTaT Ha HAaCTBNMAN YCNOXKHEHNA KaTo XeMO(TanMm 1 pasBina ce
HeoBacKyfnapHa rnaykoma (2,3).

[lvarHo3ata ce noctaBA OCHOBHO upe3 odTanmockonua, a
U3BBPLUBAHETO Ha dnyopecuienHoBa aHruorpadua (DA) e ¢ Hacoka
onpedendHe CTeneHTa Ha peTWHanHata ucxemus. /3BectHo e, ue
OA e WHBa3WBHO W3CNeiBaHe C HaNMuue Ha MPOTMBOMOKA3aHMA
33 MPOBEXJAHETO My, KakTO U BepPOATHOCTTA 3a pa3BuTUE Ha
TeXKM yanoxkHeHna. C Lien no-AeTaitnHo NpoyuBaHe Ha NPOMeHUTe
B (b[0BAaTa MpeXa Ha peTuHata, 6e3 pUcKk OT Bb3HUKBaHE Ha
YCIOKEHUA, Npe3 MOCNefHUTe TOAUHM B OQTanMONOrMYHaTa
npaKTuKa e BbBe/ieHa aHr10- OMTUYHA KOXePEHTHa TOMOTpadu.

Bb3moHOCTTa Ha onTuyHata KoxepeHTHa Tomorpadua (OCT)
6€3KOHTAKTHO 1 HEHBA3MBHO Aa BU3yanu3npa HanpeyuHo CloeBeTe
Ha peTiHaTa C BUCOKA Pe30/toLiA r0 MpaBy LieHeH AMarHoCcTyeH
UHCTpYMeHT (4). Kato dyHKumoHanHo mombnneHue kbm OCT e
BbBeseHa aHrno-0CT, KoATo JaBa Bb3MOXHOCT 33 BU3yanu3mpaHe
Ha Cb/l0BaTa MPeXa Ha peTiHaTa 6e3 1a e HeobXoAMMO BbBEX JaHe
Ha KOHTpacTHO BeluectBo. OCT-A e 6a3upaH Ha MeTof, KoiiTo
aHanu3vpa fBa OCT-ckeHa ¥ OCHLLECTBABA pasrpaHiyaBaHe
MeXJy CTaTUHA OT HeCTaTUuHA TbKaH, KaTo Mo TO3W HauMH Cej
U34NCIABAHE HA [EKOPeNaLMOHHNA CUTHAN MeXJy fBaTa CKeHa
306pa3aBa KpbBHUA TOK HA PETMHATA, HapeyeH OLLe anropuTbm

INTRODUCTION

One of the most common causes of unilateral vision loss is retinal
vein occlusion (RVO), which is the second most common retinal
vascular disease after diabetic retinopathy (1). Based on the location
of the occlusion of the retinal vein, RVO can be classified into trunk or
branch (2). At an early stage, macular edema and/or retinal ischemia
commonly cause reduced vision, whereas at a later stage, it may
be the result of complications such as vitreous hemorrhage or the
progression of neovascular glaucoma (2,3).

Ophthalmoscopy is used to diagnose the condition, and fluorescein
angiography (FA) can be used to evaluate the degree of retinal
ischemia. Fluorescein angiography is an invasive method that
carries risks and contraindications, as well as the potential for severe
complications. Over the last few years, optical coherence tomography
angiography (OCTA) has been introduced into ophthalmology practice
to study the changes in the retinal vascular network in greater detail
without causing complications.

In addition to its noninvasive and non-contact nature, optical
coherence tomography (OCT) provides high-resolution cross-sectional
images of the retina (4). With the introduction of angio-OCT, retinal
vascular networks can be visualized without the need for contrast
agents, providing a functional enhancement of OCT. As a result of
analyzing two OCT scans and distinguishing between static and
non-static tissue, OCTA produces images of retinal blood flow after
calculating the decorrelation signal between the two scans, which is
also known as the split-amplitude decorrelation algorithm spectrum
(SS-ADA) (5). With OCTA, comprehensive information is provided about
the vascular network of the retina, as well as the capability to quantify
the density of vascular vessels and the perfusion density of the macula.
Additionally, parameters related to the foveolar avascular zone (FAZ)
are measured—area, perimeter, and circularity (6,7).
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33 fJekopenauMA Ha amnaMTyAa C pasfeneH cnektbp (split-
spectrum amplitude decorrelation algorithm — SS-ADA) (5). OCT-A
MpefocTaBa u3uepnatenHa MHGoOpMaLMA 3a CbAOBaTa Mpexa Ha
HIBO MOBBPXHOCTEH W ABAOOK KanunApeH MieKkcyc Ha peTuHata
C Bb3MOXHOCT 32 KONMYECTBEHO aHanM3upaHe Ha C(bJoBaTa U
nepdy3noHHaTa NITBTHOCT Ha MaKyNaTa, CbLLO Taka U M3MepBaHe Ha
6ronapameTpu, cBbp3aHi ¢ hoBeonapHata aBackynapHa 3oHa (0A3)
— NNOLL, NEPUMETBP U LUPKYAAPHOCT (6,7).

LlenTa Ha HaCToOALLOTO NPOYYBAHE € a CE OLIEHAT MUKPOBACKyNapHITe
MPOMEHU Ha HIBO NOBBPXHOCTEH KanunApeH NeKCyC Ha Makynata,
pernctpupany ¢ nomotuta Ha OCT-A, npu naumenTu ¢ PBO 1 pa ce
HanpaBy CPaBHUTENEH aHaNN3 C JaHHI, NOTyYeHI OT He3acerHatuTe
1M YN 1 KOHTPOSTHA FpyNa — 34PaBu OYM.

MATEPWANN U METOAN

06eKT Ha HaCcTOALLOTO NPOCNEKTUBHO NPOYYBaHe BAxXa naumMeHTy ¢
ycTaHoBeHa PBO, nocTbnunm B YHMBEPCUTETCKA OUHA KIMHUKA KbM
YMBAJ1 “CeTn Teopru” — Mnoeaus, B nepuoga ot 01.01.2023 r. go
01.01.2024r.

B npoyusaHeTo 6Axa BKMtoueHn 060 75 oum, OT Kouto 25 bAxa
C yctaHoBeHa PBO, 25 He3acerHatu ouu Ha naumeHtn ¢ PBO, a
ocTaHanuTe 25 oun 6Axa Ha 34paBuU UHAMBMAN (KOHTPONHA rpyna).
Bevukn naumenTn ¢ ycraHoBeHa PBO 6sxa u3cnesBaHn B octpata
dasa cnep HacTbnBaHe Ha okny3nATa. WcnefBaHute oun 6Axa

Superficial m 1PL

Fig. 1. Group T—RVO eye.

AIM

The aim of this article is, by using OCTA, to examine the microvascular
changes at the level of the superficial capillary plexus of the macula
in patients with RVO and compare the parameters with those of their
unaffected eyes and those of a control group.

MATERIALS AND METHODS

The current prospective study was conducted on patients with
established retinal vein occlusion who were admitted to the University
Eye Clinic at St. George University Hospital, Plovdiv, in the period from
January 2023 to January 2024.

A total of seventy-five eyes were included in the study, of which 25
were with established RVO, 25 were unaffected eyes of patients
with RVO, and the remaining 25 eyes were of healthy individuals (a
control group). Patients with established RVO were examined after
the occlusion occurred in the acute phase. The examined eyes were
divided into three groups: Group 1—eyes with established RVO
(n=25), Group 2—unaffected eyes of RVO patients (n = 25), and
Group 3—healthy eyes without established pathology (n=25) (Fig.
1, Fig. 2, Fig. 3). The mean age of patients with RVO was 60.48 + 12.71
and of the control group — 59.16 = 5.30. The male:female distribution
in each group was 13:12 with a percentage ratio of 529 men and 48%
women. The data obtained from the examined eyes included in Group

1 10

Fig. 2. Group 2—unaffected fellow eye.
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Superficial

Fig. 3. Group 3—control group.

cucTeMaTi3Mpanu B 3 rpyni: rpyna 1 — oum ¢ yctaHoBeHa PBO 1 and Group 2 were obtained during the bilateral OCTA of the same
(n=25), rpyna 2 — He3acerHaTv oum Ha nauuentn ¢ PBO (n=25), patient. The demographic data of the study participants are presented
W rpyna 3 — KOHTPONHA rpyma, CbCTaBeHa OT 3fpaBu oun, 6e3 in Table 1, with the age, gender, and number of participants being
ycTaHoBeHa natonorua (n=25) (Our. 1, Our. 2, Our. 3). (peaHata similar.

Table 1. Demographic characteristics of the groups.

Eyes with RVO Unaffected fellow eyes Control group
(Group 1) (Group 2) (Group 3)
n=25 n=25 n=25
age (y)
mean age + SD 60.48 £ 12.71 60.48 +12.71 59.16 £5.30
(195% 55.23-65.73 55.23-65.73 56.97-61.35
Sex (%) 13 men (52), 13 men (52), 13 men (52),
0 12 women (48) 12 women (48) 12 women (48)
RVO (total) = 25 eyes
type (%) CRVO =12 eyes (48)
BRVO = 13 eyes (52)

mean age + standard deviation
Cl 95%—95% confidence interval
RVO—retinal vein occlusion

CRVO—central retinal vein occlusion, BRYO—branch retinal vein occlusion

n—number of eyes
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Bb3pacT Ha naumeHTuTe ¢ PBO bewwe 60.48+12.71, a Ha KOHTpONHaTa
rpyna — 59.16+5.30. PasnpeseneHneto Ha MbXenkeH! BbB BCAKa
rpynu beLue 13:12, C NPOLEHTHO CbOTHOLLEHNe 52% 3a Mbxe 1 48%
33 XeHu. [laHHUTe, NonyyeHu OT U3CIe[BaHUTE OUM, BKIIOYEHN B
rpyna 1w rpyna 2, 6axa nonyueHu npu ABYCTPAHHOTO NPOBEXJaHe
Ha OCT-A Ha eawH n Cbly naumeHT. [lemorpackinte AaHHW Ha
yuYaCTHULMTE B NpOyYBaHETO (a npefcTaBeHu B Tabauua 1, Kato
rpynuTe ca CbnocTaBMM No Opoid, Bb3pacT 1 non.

Mpu noabupaHe Ha MauMEHTU 33 HACTOALIOTO MPOYYBaHE KaTo
M3KMIOYBALLA KPUTEPUIA OfiXa OMPEAENeHn CledHuTe ChCTOAHUS:
YCTaHOBEHO AAPYrO 0YHO 3a60NABaHE, KaTo MaKyNHa AereHepauys,
(Bbp3aHa C Bb3pacTTa, AMabeTHa peTuHonatua (HenponndepatiuBHa
W nponudepatiuBHa), MuONUA, no-ronAma ot -6D v JaHHM 3a
MpeAWwecTBalla ouyHa TpaBma. (blyo Taka 6Axa M3K/HUeHN
CKeHoBe, nosyyeHn Ha OCT-A, Ha MaUMEHTU C HICKO KAuecTBo Ha
U300paXeHneTo (CbC CANa Ha CUrHana nog 6), AbmKawy ce Ha
MUFaTeNHA 11 OYHU JBIDKEHUA WM C HEZOCTATBYHO NPO3PauHH
ONTIAYHIN CPEY, KOUTO BOAAT A0 PErUCTPUPaHE Ha rpy6u apTedakTu.

Ha Bceku naumeHT Oele W3BbPLIEH MbieH 0QTANMONOTNYEH
npernes, BKMWYBAL Hail-fobpa KopurvpaHa 3puTenHa oCTpoTa
(BCVA), 6uomukpockonua, odTanmockonus, ToHomeTpud, SD-
OCT 1 OCT-A, a OA 6eLue u3BbPLLEHA HA BCuKK NaumenTu ¢ PBO ¢
U3KJTI0YeHINe Ha Te3u C MPOTMBOMOKA3aHUA.

OueHkaTa Ha MUKpOBaCKyNapHaTa Mpexa e 0CbLUeCTBM C NOMOLLTA
Ha Zeiss Cirrus HD-OCT 6000, AngioPlex Metrix. YcrpoiictBoTo
NpefocTaBA MHOpMALMA ¢ pasdenuTeNnHa cnocobHoCT B ThKaHu 5
HM — aKkcuanHa peoniouus, 1 15 UM — TpaHcBep3anHa pe3onioLns.
BrpaaeHuAaT cynepnyMuHecLieHTeH A0AeH U3TOYHINK B YCTPOCTBOTO
U3M0/13Ba CBETAMHA C AbKIHA Ha BbaHaTa 840 nm 1 ckopocT Ha
ckeHupate — 100 kHZ, 100 000 A-scans Ha cekyHAa. B HacToAwioTO
npouyBaHe Gellie 13n013BaH CkeHupaLy npotokon “Angiography 3x3
mm”, KoiiTo ce 6a3upa Ha aMnIUTYAHO-AEKOPenaLoHeH CUrHan
0T /iBa NocnefjoBaTeNHN B-ckeHa, Mo3BonABaLY BU3yanu3upaHe Ha
KPbBHIA TOK, C11e[I0BATEITHO 11 Ha KanunApHaTa Mpexa Ha Makynara.

Codryepwr Ha Zeiss Cirrus HD-OCT 6000 (AngioPlex Metrix) u3gbpLusa
aBTOMATNuHa CErMeHTALNA 11 aHaN3MpaHe Ha PeTUHANHITE ClloeBe.
MoBBPXHOCTHUAT M ILNOOKUAT KanunApeH nieKkcyc Morar Aa 6baat
PEerucTpUpaHu Cef aBTOMATMYHO M3BbpLUEHaTa CErMeHTaLuA.
CodtyepHata nporpama AngioPlex Metrix aBTomaTiiuHo cermeHTMpa
(10eBeTe Ha PeTHaTa 11 PerucTpupa KBaHTUTATUBHI JAaHHU (amo
33 NOBBPXHOCTHUA KanunApeH MAeKcyc, 6e3 TakaBa Bb3MOMXHOCT
33 bNO0KNA KanunAapeH nnekcyc. ImeHHo nopajy ToBa codTyepHo
OrpaHNyeHue HaCTOALLOTO MpoyuBaHe ce 6asupa Ha CpaBHABaHe
Ha CTOMHOCTM, MOMYYeHW MpPM OLEHKA CaMO Ha MOBBPXHOCTHUA
KanunApeH MeKcyc Ha peTiHaTa. 3a rpaHuLM Ha MOBBPXHOCTHIA
kanunapeH nnekcyc (SCP) co¢TyepbT 3a BLTpeLLHa rpaHILLa MapKipa
BbTpeLLHaTa IMMuTMpaLLa MembpaHa (ILM), a 3a BbHLLHA rpaHuLa
— BBTpeLuHna nnekcudopmen cnoii (IPL). 3a rpaHium Ha Abnbokua
KanunApeH nekcyc codTyepbT 3a BLIPELHA rpaHMua npuema
BBTpeLHUAT nnekcudopmeH cnoii (IPL), a 3a BbHWHA rpaHuua —
BBHLIHIA Mnekcuopmen coit (OPL) (8).

buonapametpute, KOWTO Ce M3CNMefBaxa NpW OLEHKA Ha
MOBBLPXHOCTHA KanMAApeH MANeKCyc, MonyyeHn npu NpoBeXfaHe
Ha OCT-A, 6axa cneHuTe: 1. CBbP3aHN CbC Cb[I0BaTa MpeXa: Cb0Ba
nbTHOCT (vascular density, VD) 1 nepdy3uonHa nbTHOCT (perfusion
density, V/P); 2. cBbp3aHu ¢ GoBeonapHara aBackynapHa 3oHa (DA3):

As part of the selection criteria for the present study, the following
conditions were considered exclusion criteria: confirmed diagnosis of
other eye diseases, such as age-related macular degeneration, diabetic
retinopathy (nonproliferative and proliferative), and myopia greater
than -6D. Aside from these criteria, OCTA scans of patients with low
image quality (signal strength below 6) resulting from eye blinking or
movements or with insufficiently transparent optical media resulting
in gross artifacts were excluded.

Each patient underwent a complete ophthalmic examination,
which included best-corrected visual acuity (BCVA), biomicroscopy,
ophthalmoscopy, tonometry, spectral domain OCT (SD-OCT), and
OCTA, and FA was performed only on those with RVO who did not have
contraindications.

Evaluation of the microvascular network was performed using a Zeiss
Cirrus HD-OCT 6000, AngioPlex Metrix. It provides information with
axial and transverse resolutions of 5 pm and 15 pm, respectively,
in tissue. In the device, a built-in superluminescent diode source
generates light with a wavelength of 840 nm and has a scan rate
of 100 kHz, 100,000 A-scans per second. A 3x3 mm angiography
scanning protocol was used in the present study, which is based on
an amplitude-decorrelation signal of two consecutive B-scans, and
therefore allows visualization of blood flow, including macula capillary
networks.

AngioPlex Metrix software (Cirrus HD-OCT 6000) segments
and analyzes the retinal layers automatically. After performing
automated segmentation, superficial and deep capillary plexuses can
be registered. AngioPlex Metrix software automatically segments the
retinal layers and records quantitative data for only the superficial
capillary plexus, but not the deep capillary plexus. Due to the
limitation of the software, the present study compares the values
obtained when evaluating only the superficial capillary plexus. When
it comes to superficial capillary plexus (SCP) boundaries, the software
marks an inner limiting membrane (ILM) for the inner boundary and
an inner plexiform layer (IPL) for the outer boundary. Deep capillary
plexus borders are represented by the IPL for the inner border and the
outer plexiform layer (OPL) for the outer border (8).

Several parameters were evaluated as part of the assessment of
SCP determined during OCTA: 1) in relation to the vascular network:
vascular density (VD) and perfusion density (PD); 2) in relation to
the FAZ: area, perimeter, and circularity. In the 3x3 mm scanning
protocol, the topographic image of the macula is divided into three
ETDRS zones: central, internal, and total. The Zeiss Cirrus HD-OCT
6000 software (AngioPlex Metrix) marks a specific value for each
zone. Pixels with decorrelation signal values above the threshold level
are registered as blood vessels in the study field (9).

A statistical analysis of the data obtained when analyzing the macula
by OCTA was performed using SPSS 19.0 (SPSS Inc, IBM). In the present
study, quantitative data were compared between 2 groups, using
an unpaired Student’s t-test, and, in the case of more than 2 groups
simultaneously, a one-way ANOVA test was applied. A value of p<0.05
was accepted as statistically significant.

RESULTS

In the present study, a comparative analysis of quantitative data was
performed between 3 groups with parameters being related to FAZ
and macular vasculature. Table 2 presents the statistical processing
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nnowy (area), nepumetbp (perimeter) u uupkynapHoct (circularity). of the data obtained by the SCP for FAZ and their comparative analysis
Mpu npoBexgaHe Ha “Angiography 3x3 mm” npoTokon nonyyeHUAT between the groups. The results obtained for the perimeter and
Tonorpadckn 06pa3 Ha Makynarta e pagens Ha HAkonko ETDRS 30Hu circularity of the FAZ were significant, except for those obtained when
— LieHTpanHa, BbTpeLuHa 1 TotanHa. Cogryepbr Ha Zeiss Cirrus HD-0CT comparing Group 2 (unaffected eyes of RVO patients) with Group
6000 (AngioPlex Metrix) Mapkupa onpeeneHa CTOAHOCT 3a BCAKA 3 (control group). For the area of FAZ parameter, the results did not

€/1Ha 30Ha. ToBa ce 0CbLUECTBABA YPe3 PerncTpupaHe Ha nikcen Cbe achieve significance in any of the groups.

Table 2. Comparison of FAZ parameters at SCP between groups.

RVO Eyes Fellow Eyes Control Group
(Group 1) (Group 2) (Group 3)
n=25 n=25 n=25
FAZ (area)
mean + SD 0.29+0.17 0.22+01 0.23 +£0.08 0.094 0.1Mm 0.802 0.109
95% (I 0.22-0.36 0.18-0.27 0.20-0.26
FAZ (perimeter)
mean + SD 2.57+0.87 2.05+0.49 2.06 +0.45 0.013 0.014 | 0938 | 0.006
95% (I 2.21-2.93 1.85-2.26 1.88-2.25
FAZ (circularity)
mean = SD 0.53+0.10 0.60 +0.12 0.66 +0.10 0.023 | <0.001 | 0.080 | <0.001
95% (I 0.49-0.57 0.56-0.65 0.62-0.69
FAZ—foveolar avascular zone; P1: comparisons of RVO eyes vs. fellow eyes (unpaired Student’s t-test)
Mean + standard deviation; Cl—confidence interval ~ P2: comparisons of RVO eyes vs. control group (unpaired Student’s t-test)
n—number of eyes P3: comparisons of fellow eyes vs. control group (unpaired Student’s t-test)
significant result P4: comparisons of RVO eyes vs. fellow eyes vs. control group (ANOVA test)

Table 3. Comparison of the vascular network at SCP between groups.

RVO Eyes Fellow Eye Control Group

(Group 1) (Group 2) (Group 3)
n=25 n=25 n=25

VD (central)
mean = SD 10.87 +3.30 11.58 +3.18 10.87 +3.30 0.441 0.043 0.206 0.126
(195% 9.51-12.23 10.27-12.89 11.51-13.83
VD (inner)
mean + SD 19.39+1.34 21.85+£1.83 22.68 +0.85 <0.001 <0.001 0.046 <0.001
(195% 18.84-19.94 21.10-22.61 22.33-23.03
VD (total)
mean = SD 18.44+1.34 2110278 21.62 £0.86 <0.001 <0.001 0371 <0.001
(195% 17.89-18.98 19.95-22.24 21.27-21.98
PD (central)
mean = SD 19.94 +5.88 20.54 £ 5.62 22.70£5.23 0.710 0.085 0.167 0.191
(195% 17.51-22.36 18.22-22.86 20.54-24.86
PD (inner)
mean £ SD 37.55+2.27 39.98 £3.02 41.84+1.18 0.002 <0.001 0.007 <0.001
(195% 36.61-38.48 38.74-41.23 41.35-42.32
PD (total)
mean = SD 35.58 £ 2.06 37.86 +3.02 39.73+£1.32 0.003 <0.001 0.008 <0.001
(195% 34.73-36.44 36.62-39.11 39.19-40.28
VD—uvascular density; PD—perfusion density; P1:comparisons of RVO eyes vs. fellow eyes (unpaired Student’s t-test)
mean + standard deviation; Cl—confidence interval ~ P2: comparisons of RVO eyes vs. control group (unpaired Student’s t-test)
n—number of eyes P3:comparisons of fellow eyes vs. control group (unpaired Student’s t-test)
significant result P4: comparisons of RVO eyes vs. fellow eyes vs. control group (ANOVA test)
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CTOMHOCT Ha [leKOPeNaLyOHHIA CUrHAN Haj NMParoBOTO HUBO, KOINTO
0TrOBapA Ha CbOTBETHIA KPbBOHOCEH CbJi B U3CN1eBAHOTO none (9).

(ToitHoCTUTE, NOAYYeHI NP aHann3apaHe Ha Makynarta ot 0CT-A, ce
perucTpupaxa 1 ce 06paboTixa CTaTUCTUYECKM C NOMOLLTA Ha SPSS
19.0 (SPSS Inc, IBM). B HacToAw0TO MpoyuBaHe CTaTUCTUYECKIAT
aHanu3 ce n3BbpLLM upe3 nposexaaHe Ha Unpaired Student’s t- test
33 CPaBHABaHe Ha KBAHTUTaTUBHU faHHU Mexay 2 rpynu n One-Way
ANOVA test 3a eHOBpeMeHHO CpaBHABaHe Ha noBeye oT 2 rpyni. 3a
CTaTUCTUYECKI CUTHUQUKAHTEH pe3ynTar belue npueTa CTOHOCT Ha
p<0.05.

PE3YNTATU

B HacToAwoTO NpoyuBaHe Gelue U3BbPLLEH CPABHUTENEH aHaM3
Ha KBAaHTUTAaTUBHI JaHHW MeXAy 3 rpynu, Kato Guonapametpute
6axa cBbp3anm ¢ OA3 n cbpoBaTa Mpexa Ha Makynata. Ha tabnuua
2 e npefiCTaBeHa CTaTUCTUYeCka 06paboTka Ha AaHHuUTe, MonyyeHu
ot MKM 3a QA3 n cpaBHUTeNHUA UM aHANM3 MEXAy rpynuTe.
CurindukaHTH 6Axa MonyueHuTe pesynTatit 3a NepuUMeTbp U
LMpKynapHocT Ha OA3, C M3KMKYeHWe Ha Te3u, MOMYYeHn npu
(paBHABaHeTo Ha rpyna 2 (He3acerHatn oun Ha nauuentun ¢ PBO)
¢ rpyna 3 (koutponHa rpyna). 3a mapametbpa nnow Ha OA3
pe3ynTatiTe He MOCTUrHaXa CUTHUGUKAHTOCT MPU HUTO edHa oT
rpynute.

YctaHoBN ce yBennyaBaHe Ha nepumerbpa Ha OA3 u 3aryba Ha
umpkynAapHoctTa i Ha Hugo MKM npu oun ¢ PBO npu cpaBHABaHeTO
UM C KOHTpOMHa rpyna. CblumuTe NpoMeHN ce Habntofasat U npu
He3acerHatute oun Ha nauuextn ¢ PBO. MpoBeaeHeTo npoyuBaHe
AeMOHCTPPa, ve nnoLuTa Ha QA3 Ha Huso MKIT ocTaBa 6e3 npomaAHa
npy naumeHTy ¢ PBO, CbLLI0 TaKa 11 B TeXHUTe He3acerHaty oui.

Mpu cpaBHABaHe Ha napameTpuTe, (BbP3aHI CbC CbA0BATa MpeXaHa
Makynata Ha HuBo KT, curiudukaHTHY 64xa pe3ynTatuTe 3a CbA0Ba
MITbTHOCT BbB BBTPELLHATa 30Ha, TOTaHaTa nepdy3uoHHa niTbTHOCT
1l TakaBa Ha BbTPELUHATa 30Ha MpY BCUUKI rpyniA. EAUHCTBEHNAT
napameTbp 6e3 CUTHUQUKAHTHN Pe3yNTaTu B HUTO eiHa OT rpynuTe
beLue LieHTpanHaTa nepdy3voHHa NTBTHOCT (Tabnmua 3).

Hactosuioto NpoyyYBaHe OTKPKBA HAMaNABAHE HA (bAOBaTa U
nep¢y3|/|0|-||-|aTa MTBTHOCT He CaMo B 0uM Ha maumeHTn ¢ PBO, Ho 1
B TEXHUTE HE3aCErHaTh OUl, MaKap 1 TOBA HaMallABaHe [la He 3acAra
BCUYKW 30HI Ha MaKynaTa.

AUCKYCua

B HacToAWOTO MpoyuBaHe Ce OLEHUXa KONMUYECTBEHUTE AaHHM,
nonyyeHn upe3 nposexaaxe Ha 0CT-A 0T NOBBHPXHOCTEH KanunsApeH
MNeKCyC Ha peTuHaTa npu naumenTn ¢ PBO, n ce cpaBHIXa C JaHHUTe,
MONyYeHN OT He3acerHaTuTe UM OuM 11 KOHTPOSHA rpyna (3apasu
oyn).

Pepnua aBTopi JoknaaBat 3a npomenn BbB MA3, yCTaHOBEHM Ha
0CT-A npw nauwmenTy ¢ PBO. PesyntaTute 0T fOKNAfBaHUTE MPOMEHMU
Ha HuBo [TKI B cBeTOBHaTa MTepaTypa ca C pa3nnyHn u3Boau. Hakon
aBTOPY CTUraT [0 M3BOAa, Ye He HAaCTbNBAT NpomeHu Ha HuBo [TKI,
a (aMo Ha HUBO Abn6oK KanunapeH nnekcyc (JKM), gokato apyru
CTUFAT [0 13B0Ja, Ye HACTbNUAMTE NpoMeHU 06XBalaT v ABaTa
KanunapHu nnekcyca (9-11). Samara et al. npu aHanu3upate Ha QA3
napametpute Ha KM u IKM npu 17 naumeHTy C ycTaHoBeHa KNOHOBA
peTMHaIHa BeHO3Ha OKNTy3uA OKNaABaT, Ye HaCTbNuMTe NPOMEHMU

Comparing eyes with RVO to control eyes, enlargement of the FAZ
perimeter and loss of circularity at the level of the SCP were found. A
similar pattern of changes was observed in the unaffected eyes of
patients with RVO. The present study demonstrated that the FAZ area
at the level of the SCP remained unchanged in patients with RVO, and
also in their unaffected eyes.

Among the parameters affecting the macular vascular network at the
SCP level, the inner zone vascular density, the total perfusion density,
and the inner zone perfusion density were significantly different in all
groups. Perfusion density was the only parameter where results were
not significant in any of the groups (Table 3).

The present study found a decrease in vascular and perfusion density
not only in the eyes of RVO patients but also in their unaffected eyes.
However, this decrease did not affect all areas of the macula.

DISCUSSION

The current study analyzed quantitative data obtained from OCTA
scans of the SCP of the retina in patients with RV0 and how it compares
to the data gathered from their fellow unaffected eyes and a control
group of healthy eyes.

Various authors report changes in FAZ on OCTA in patients with RVO.
Thereported changes of the SCPin the availableliterature are of varying
nature. Some conclude that there are no changes in the SCP, in contrast
to the deep capillary plexus (DCP), while others record alterations in
both capillary plexuses (9—11). Samara et al. analyzed FAZ parameters
of the SCP and DCP of 17 patients with diagnosed branch RVO and
reported changes only in the DCP (9). Similar findings were reported
by Suzuki et al. (12). Conversely, Rispoli et al. and Cassedholmde et al.
reported that changes were seen in both capillary plexuses (11,13). The
current study found an increase in the FAZ perimeter and circularity
at the level of SCP, while the FAZ area was unaffected. Similar to the
current study, Chen et al. reported irreqularities in the circularity of
the FAZ in patients with branch RVO and alteration of its form—
digressing from a perfect circle (14). Changes in the DCP were not
evaluated in the current study due to software limitations.

Analysis of the macular vasculature—uvessel density and perfusion
density, in patients with RVO has also established changes, specifically
a decrease in said parameters. Koulisis et al.,, in a comparative
analysis of the vessel density of 34 eyes, affected by RVO, their fellow
unaffected eyes, and a control group, reported decreased vessel
density in the SCP and DCP (15). Similar results were published by
Dave et al.—a decrease in vessel density, more distinctly in the DCP
(16). Another finding was that in eyes with RVO, vessel density was
lower in comparison to the patients’ unaffected fellow eyes, except
for the central area (17). In the current study, a decrease in vessel
density and perfusion density was recorded in eyes with RVO in
comparison to healthy eyes, except for the perfusion density in the
central area. These results can be explained by the study conducted
by Khodabandeh et al., which suggests that macular edema and
disorganization of the inner layers of the retina could be the reason
why the values of perfusion density registered in the central area are
higher (18). Presumably, this is the reason for the lack of statistically
significant results in that specific area.

In this study, statistically significant results were registered in

the vessel and perfusion density of specific macular zones, when
comparing unaffected fellow eyes of patients with RV0 and the control
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ca camo Ha HuBoTo Ha [IKM (9). MogobHn npomeHn [oKNagBaT 1
Suzuki et al. (12). Ot gpyra cTpaHa, Rispoli et al. n Casselholmde et
al. cbobiLaBar, ye Te3n NPOMEHI HACTBNBAT HA HIUBOTO 11 HA ABaTa
kanunapHu nnekcyca (11,13). B HacToALLOTO NPoyuBaHe Ce YCTaHoBY,
ye OA3 e C NOBULLIEHN CTOAHOCTM Ha MEPUMETBPA 11 C HapyLleHa
LmpKynApHoCT Ha HuBo [1KI, fokaTo nnowyTa i 0CTaBa He3acerHara.
MopobHo Ha HacToAwoto npoyuBaHe, Chen et al. goknaggar 3a
HapyLUeHMA B LMPKYNAPOHOCTTa Ha MA3 npu nauMeHTU C KNoHoBa
peTvHanHa BeHO3Ha OKMy3us, Kato Gopmata il ce OTKMOHABA OT
npeantua Kpor (14). B HacToAWOTO NpoyuBaHe He Ce u3cneaBaxa
MUKpOBAcKynapHu npomeHi, cBbp3ai ¢ OA3, Ha Huso JIKI nopasm
COQTYEPHN OrpaHInyeHNs.

Mpu U3CnefBaHe Ha CbAOBaTa Mpexa Ha Makynata (Cbaosa u
nephy3noHHa MBLTHOCT) npu naumentn ¢ PBO ce ycTaHoBABaT
MPOMEHH, KOUTO (a CBbP3aHM ¢ HamanABaHe Ha Te3n mapameTpy.
Koulisis et al., npu cpaBHUTENeH aHanu3 Ha CbAOBaTa MIBLTHOCT Ha
34 oun ¢ PBO ¢ He3acerHaTit oy Ha naumeHTin ¢ PBO 1 KoHTponHa
rpyna, AOKNAABaT 3a HamaneHa CbJ0Ba MABLTHOCT Ha HUBO MK
n JKMN (15). MogobHu pesyntatit cbobiasat u Apyr ekun (Dave et
al.) 3a HamanABaHe Ha Cb[0BaTa MITBTHOCT, KAaTO Te31 NPOMEHN B
TAXHOTO MPOYyBaHe ca No-AcHO u3paseHn Ha HuBo [IKI (16). Coo
e JoKnazBaHo, e B oun ¢ PBO e HamaneHa CbjoBaTa MIbTHOCT B
CpaBHeHUle C He3acerHaTuTe UM 0um, C U3KMYeHIe Ha LieHTpaHaTa
30Ha (17). B HacToALLOTO NpoyyBaHe Ce perucTpupa HamanABaHe Ha
(b/l0BaTa 1 NepPy3noHHaTa NALTHOCT B 04 ¢ PBO npu cpaBHeHue
CbC 3APaBM OuM, C U3KMKYEHME HA LieHTpanHaTa nepoysmnoHHa
MTBTHOCT.

MposeaeHoto ot Khodabaned et al. npoyuBaHe moxe fa obAcHu
JINCaTa Ha CUrHUGUKAHTEH Pe3YNTaT 3a LieHTpanHaTa nepdy3noHHa
MITBTHOCT, Thid KaTO HaNMUKETO Ha OTOK B 06M1aCTTa Ha Makynata U
JIe30praHn3aLmsTa Ha BbTPELLHUTE (N0EBE Ha peTuHaTa BOAAT /10
PErucTpupaHe Ha HETOYHI CTOHOCTM OT COPTYepa B Ta3u 30Ha (18).
BeposTHO TOBa € NpUUMHATA 3a NUNCATa Ha CTATUCTUYECKIN 3HAYNUM
pe3ynTart B Tasu obnact.

B HacToAWL0TO NpoyuBaHe Ce OTKPUBAT CUTHUQUKAHTHU Pe3ynTaTi
B ONpefeneHn 30HM B Makynata 3a CbAoBa W nepdy3noHHa
MIBTHOCT NPY CPaBHABAHEe Ha He3acerHaTin oum Ha nauyenTi ¢ PBO
I KOHTpOnHa rpyna. ToBa Moxe Aa e AbMKM Ha dakTa, ue npu
naumeHTi ¢ HacTbnuna PBO e Bb3MOXHO Hannume Ha NpoMeHu B
MUKPOBACKyNapHaTa MpeXa Ha MakynaTta U B He3acerHatute um
ouu. Mopo6HM NpoMeHM 33 HaManABaHe Ha CboBaTa MILTHOCT B
He3acerHaTuTe oun ot PBO goknaagat u Khodabandeh et al. (18).
Te3n U3meHeHWA, YCTaHOBEHM B HE3aCerHaTuTe 0uM Ha MaLMeHTH ¢
PBO, obaue Hanarat no-noapobHo NpoyuBaHe C LieN NOTBbPX/aBHe
Ha MUKPOBACKyNapHUTE NpOMeHN.

B HacToALLOTO U3CNeaBaHe Ca HANMMUHM HAKOMKO OrpaHuueHus. Tbil
kato Zeiss Cirrus HD-OCT 6000, AngioPlex Metrix He npepocTasa
KonuuectBeH aHanu3 3a [IKIT, Te3n JaHHM He ca aHanM3uMpaHMu.
(nefoBaTeNHo B HACTOALLOTO MpoyuBaHe 6AXa CpaBHEHM (amo
AanHu, nonyyeny ot MKI1. Mo Bpeme Ha npoueca Ha NpoBeXJaHe Ha
0CT-A ce cBeie 10 MUHUMYM PerucTpUpaHeTo Ha apTedakTu. Te umat
3HauUTENHO BMAHIE BHPXY TOBA, KOETO COQTYEPbT U3UNCIABA KaTo
CTOAHOCTY. Bbnpeku ycunnaTa 3a MUHUMI3MPaHe Ha apTedakTuTe
W U3KNIOUBAHE HA HUMCKOKAYECTBEHU CKAHMpaHMs, mapameTpuTe
Ha OCT-A moxe fAa ca Guan MOBAMAHM OT HANWYHU MUHUMANHN
apTedaKTt B HAKOU OT U3 IBAHUTE OUM.

group. This can be attributed to the fact that there could be changes
in the microvasculature of the macula in patients with diagnosed
RVO in the adjacent eye. Similar results of a decrease in vessel density
in unaffected RVO fellow eyes were reported by Kholdabandeh et al.
(18). The registered alterations in unaffected fellow eyes in patients
with RVO require further investigation on the topic to confirm those
findings.

The current study had several limitations. Zeiss Cirrus HD-OCT
6000, AngioPlex Metrix does not provide a quantitative analysis of
the DCP, and that data has not been analyzed. Therefore, the present
study evaluated only data from the SCP. While performing OCTA
scans, artifacts were avoided because they would have a significant
impact on the values calculated by the software. Despite the efforts to
minimize artifacts and exclude low-quality scans, the available OCTA
parameters may have been affected by the minimal artifacts in some
of the eyes that were included in the study.

CONCLUSION

Angio-0CT is a convenient and non-invasive method that can be
used to evaluate microvasculature changes in the macula of patients,
affected by retinal vein occlusion. This method records changes in the
FAZ—an increase in perimeter, irreqularities in FAZ circularity, as well
as a decrease in vessel and perfusion density of the macula. As it is a
fairly new method, further research is required to better understand
the microvasculature alterations that are observed in patients with
retinal vein occlusion.
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3AKNHOYEHUE

Aurno-0CT e ynobeH U HeuHBa3WBEH METOM, KOWTO MoXe fAa ce
U3M0N13Ba 3a OLIEHKA Ha MIKPOBACKYNapHUTE MPOMEHH, HaCTbANIN
B MaKynara npu NaLMeHTy ¢ peTHaNHa BeHO3Ha OKNy3ua. MetoabT
J10Ka3Ba KaKTO NPOMEHM, HacTbNuA BbB DA3, KaTo yBennyaBaHe Ha
NepUMeTbpa i HapyLLeHNA B LUPKYNAPHOCTTA if, Taka  HaManABaHe
Ha Cbji0BaTa U nepdy3uoHHaTa MIBTHOCT Ha MaKynata. Bbnpeku
T0Ba, KaTto CPABHUTENHO HOB METOA, M3UCKBA MPOBEMX/aHEe Ha
AOMbAHUTENHN W3CEABAHUA C LEA MO-TOYHO pasbupaHe Ha
MUKPOBACKYNapHUTE MPOMEHI, HACTbNUMA MpU  MaLMEHTH ¢
PETUHANHA BEHO3HA OKy3W.
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