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P A A0 Llea: [la ce oueHAmM namoAo2uyHUme CbgoBu npomeHu B makyaHama o6Aacm Npu nauueHmu ¢
COBAA ,Bukoi', Cogus : gosu np y p

yA. ,Bukmop FpuzopoBuy* 8 pezmamozeHHo omaenBare Hapemuramaypes 0CT-aHzuozpadus; ga ce npuaoku cmamucmudecku aHaaus
Codus Ha aHzuozpadckume-0CT uHgekeu (CbgoBa nAbmMHOCM U NPOX0gUMOCM) Npeg- U cAegonepamuBHo; ga ce
e-mail: angelovaralica@gmail.com nomuvpcu Bpv3ska mexkgy nocmueHamamanocmonepamuBHaapumeAra ocmpomau mukpocmpykmypHume
U3MEHEHUA NPU NAUuUeHmU ¢ npegonepamuBHo omaeneHa U Aekauwla Makyaa.
Memogu: lpocnekmuBHo 12-meceyHo npoy4vBaHe Ha 24 nauueHmu (06wo 48 ouyu) ¢ MOHOKyAADHO
pe2MamozeHHo 0mAenBaHe Ha pemuHama, npembpneau NbpBuyHa BumpekmomuA ¢ UMNAGHMAUUA Ha
cuAukoHoBo Mmacho. MauueHmume ca pasgereHu 8 gBe 2pynu: nauueHmu ¢ npegonepamuBHO omaeneHa
U Aekawa makyaa. Beuuku nauueHmu ce npocaeguxa caeg nocmaBasemo u caeg eBakyauuama Ha
cuAukoHa. Mpuaokeru ca OCT Ha makyaa u 3pumeneH HepB, OCT-aHeuozpadus ypes OptovueAngioVue —
AngioAnalytics, ¢ usmepBa+e Ha uHgekcume Ha cbgoBa nAomHocm (MCM) (Density) 8 noBbpxHOCMHUA U
goA6okuA cbgoB nagkeyc U uHgekea Ha cbgoBa npoxogumocm (Flow) B makyaHama obaacm.
Pesyamamu: B 2pynama ¢ omaeneHa makyaa om OCT caeg eBakyauusma Ha cuAukoHa ce ycmaoBu
u3muHABaHe B makyaHama obaacm u 3azybaHanabmuocm 8 GCC. B zpynama ¢ Aexkawia Makyaa He ce omkpu
nogo6Ha Haxogka. B 2pynama ¢ omaenexa Makyaa ce ycmaHoBuxa cmamucmuyecku 3Ha4uMu pesyamamu:
pegykuua Ha CM om uarama ETDRS 30Ha (usrocmeH aHdac), usmepeHu npegonepamuBHo, B cpaBHeHue
CbC U3MepeHume Ha 2-pu nocmonepamuBeH Meceu caeg eBakyauusma Ha cuaukoHa 8 noBbpxHocmHus
cog08 naekcyc; pegykuus Ha MCT, usmepeHu B 3acezHamomo oko Ha 2-pu nocmonepamuBeH Meceu, cAeg
eBakyauuama Ha cuaukoHa, 8 cpaBHeHue ¢ uamepeHume 8 3gpaBomo oko B8 goaGokus cogoB naekcyc. B
2pynama ¢ Aekawa Makyaa He ce omkpu camucmuyecku 3Haquma 3aBucumocm mexkgy usmepeHume
uHgekceu. 11 8 gBeme 2pynu He ce HabalogaBa cmamucmuyecku 3Hauuma 3aBucumocm MeXgy uHgekca Ha
cbgoBa npoxogumocm kakmo B 3acezHamume 04U Npeg- U cAegonepamuBHo, maka u npu cpaBHeHuemo
meXgy 3acezHamo u 3gpaBomo oko.
13Bog: Hacmoawomo npoyyBate npegaaea onum 3a koausecmBeHo 06ACHEHUE Ha HaCMbNUAUME NPOMEHU
B8 makyaHama obaacm cAeg ycnelwHa Xupypaua 3a omaAenBaHe Ha pemuHama ¢ aHeaupaHe Ha Makyaama.
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BbBEAEHIE

Bonpeku ye makyaHama cmpykmypa e Bv3cmaroBeHa aHamomuyHo, ce gemoHcmpupam mukpoBackyrapHu
npomeHu caeg omaenBaqemo 0. 0CT-aHzuozpaduama e gonbAHUMEAEH guazHOCMUYeH Memog 3a npaBuAHa
NPO2HO3a Ha 3pUMeAHama 0CmMpoma cAeg Xupypaus no NoBog omaenBaxe Ha pemuHama.

KnlouoBu gymu: pemura, peemamoecerHo omaenGare, cuaukoHoBa mamnoHaga, makyaa, cegoba
navmHocm, OCT-Aneuoepadus

ABSTRACT

Aim: The aim of this article is to evaluate the pathological vascular changes in the macular area in patients
with rhegmatogenous retinal detachment using optical coherence tomography angiography (OCTA); to apply
statistical analysis of angiographic OCT indices (Vessel Density and Flow) before and after surgery; and to
establish a relationship between the achieved visual acuity after surgery and the microstructural changes in
patients with macula-off and macula-on retinal detachment.

Materials and Methods: A prospective 12-month study of 24 patients (total 48 eyes) with monocular
rhegmatogenous retinal detachment who were subjected to primary vitrectomy with silicone oil tamponade
was conducted. The patients were divided into two groups: patients with macula-off and such with macula-on.
All patients were followed up after implantation and after evacuation of the silicone oil. OCT on the macula and
optic nerve, including OCTA - OptoVue AngioVue - AngioAnalytics, with density in the superficial and deep
vascular plexuses and flow, were performed.

Results: After the evacuation of silicone oil in the macula-off group, it was observed that there were signs of
thinning in the macular area and loss of ganglion cell complex (GCC) density. No such finding was observed
inthe macula-on group. In the group with macula-off, the following statistically significant results were found:
reduction of density from the whole ETDRS area (whole en-face) measured after the surgery, compared with
measurements on the 2" month after the evacuation of the silicone oil in the superficial vascular plexus;
reduction of density measured in the affected eye on the 2" month after evacuation of silicone oil compared to
those measured in the healthy eye in the deep vascular plexus. No statistically significant relationship between
the measured indices was found in the macula-on group. No statistically significant relationship between the
flow indices was observed in both groups, both in the affected eye, before and after surgery, but also when
comparing the affected and the healthy eye.

Conclusion: The present study offers an attempt to quantify the changes in the macular area after a successful
surgery of rhegmatogenous retinal detachment. Although the macular structure is anatomically restored,
microvascular changes are demonstrated in macula-off cases. OCTA is an additional diagnostic method for
correct prognosis of visual acuity after retinal detachment surgery.

Keywords: retina, rhegmatogenous retinal detachment, silicone oil tamponade, macula, vessel density, OCT
angiography

INTRODUCTION

OmaenBaHemo Ha pemuHama npegcmaBadBa omgeAdHemo
Ha BbmpewHuAm CAOU Ha pemuHama (HeBpoceH3opuym) om
NUZMEHMHUA ENUMEA Ha pemuHama. Had-4ecmume npuyuHU 3a
moBa ca paskbcBaHe UAU gynku Ha pemuHama (peamamozeHHo
omaenBaxe) (1).

OmaenBaHemo Ha pemuHama, aHzakupaw,o Makyaama, BuHazu e
6UAO egHO 0mM 3a60AABaHUAMA, U3UCKBAWU CNEWHO XUPYP2UYHO
AeveHue (1). Mpu Hezo HacmwvnBa HApyWEHO XpaHeHe Ha
domopeuenmopume U BbHWHUME cA0eBe Ha pemuHama (2).
[lopu cAeg ycnewHa, om aHamomuyHa eaegHa moyka, onepayus
He BuHaeu ce gocmuza 3agoBoAumeAaHo Bb3cmanoBABaHe
Ha 3peHuemo, 0cobeHo B cayyaume ¢ omaeneHa Makyaa.
ToBa npegnoAaza  MukpocmpykmypHu — yBpekgaHus G
makyAHama obaacm, koumo He Mozam ga ce ycmaHoBam npu
cmaxgapmHama ®yHgycoBa 6uomukpockonua (3).

OnmuyHama koxepeHmHa momozpapua aHzuozpadus (OCT-
aHauo02padua) e cpaBHUMEAHO HOB HeuHBa3uBeH guazHocmMuUYeH

Retinal detachment is the separation of the retinal inner layer
(neurosensory retina) from the underlying retinal pigment
epithelium. The most common causes of this are retinal tears
or retinal holes - rhegmatogenous retinal detachment (RRD) (1).
Macula-off retinal detachment, has always been one of the
diseases that required relatively urgent surgical treatment
(1). There is evidence of reduced oxygen supplementation to
the photoreceptor and the outer layers of the retina (2). Even
after a successful surgery, from an anatomical point of view,
the results are not always satisfactory in terms of recovery of
vision, especially in the case of a macula-off. This suggests
microstructural damage in the macular area that cannot be
detected with standard fundus biomicroscopy (3).

Optical coherence tomography angiography (OCTA) is a
relatively new non-invasive diagnostic method that provides
better understanding of the vascular changes occurring between
the layers of the retina.
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memog, kolmo Hu gaBa no-gobpo pasbupaHe 3a cbgoBume
NPOMEHU, HAaCMbNUAU MeXgy cA0eBeme Ha pemuHama.

LEA

Leau Ha HacmoAawomo npoyyBaHe ca: ga Ce OueHAm
NamoAO2U4HUME CbgoBu npomeHu B8 makyaHama obaacm npu
NauUEHMU C Pe2Mamoz2eHHO omAenBaHe Ha pemuHama 4pes
0CT—aHzuozpadua; ga ce npuAoku cmamucmuyecku aHaAu3
Ha aHeuozpadckume-OCT uHgekcu (cbgoBa nAbmHocm U
npoxogumocm) npeg- U cAegonepamuBHO; ga ce nombpcu
Bpbska mexkgy nocmuzHamama nocmonepamuBHa 3pumeAHa
ocmpoma u MukpocmpykmypHume u3MeHeHuA npu nauueHmu
¢ npegonepamuBHo omaeneHa u Aexawia Makyaa.

MATEPWAAI 11 METOAN

lMpocnekmuBHo npoyyBaHe Ha Bcuvku nocaegoBameAHo
onepupaHu nauuesmu, no noBog pezmamozeHHo 0maenBaHe Ha
pemuHama, 4pe3 Bumpekmomus cbe cuaukoHoBa mamnoHaga,
3a nepuog om 12 meceua.

N3caegBanu ca 24 nauueHmu (06wo 48 o4u) ¢ MOHOKyAApHO
peamamozeHHo omaenBaHe Ha pemuHama. Bcuuku nauueHmu
ca gUazHOCMUUUPAHU U onepuparu 8 nepuoga om okmomBpu
2017 2. go cenmemBpu 2018 2. Bvapacmma Ha nauueHmume
6e om 18 go 67 20guHu, kamo 14 om max ca Mvxe u 10 ca
XeHu. MauueHmume ca pasgeaeHu 8 gBe zpynu:

@ Tpyna 1 — ¢ omaenena makyaa (macula-off) — 18 ouu;
& Tpyna 2 — ¢ Aekawa makyaa (macula-on) — 6 ouu;

Mpu Bcuuku ce usBopwu NbAeH 0GMAAMOAOZUYEH NpPE2AE(,
BkalouBauwl: aHamHe3a; onpegeAdHe Ha pedpakuua u 3pumeaHa
ocmpoma; 6uomukpockonua; uHgupekmHa odmaamockonus
¢ +90D Aewa; moHomempus no loagMaH, B-exozpadus;
onmu4Ha koxepeHmHa momozpaduAa. 3noa3Ba ce copmyep
3a u3MepBaHe Ha uArocmHama gebeAuna Ha makyaama (Full
Retina Thickness Map); pemuHHus HeBpodubpasepeH caol
(RNFL); 2aHeautHo-kaemoueH komnaekc (GCC) u onmuyHa
koxepeHmHa momozpadua aHzuozpadua (OCT-aHzuozpadus) —
OptovueAngioVue —AngioAnalytics, ¢ usmepBaHe Ha uHgekcume
Ha cbgoBa nAbmHocm U npoxogumocm B noBopxHoCMHUA U
gbabokusa cbgoB naekcyc B makyaHama obaacm.

Bcuuku nauueHmu npembpnaxa nvpBuyHa Bumpekmomus ¢
UMNAGHMauuA Ha cuaukoroBo macao 1300 cSt.

BkalouBawu kpumepuu Ha nayuesmume 8 npoy4Banemo:

© MoHokyAApHO pezmamo2eHHo omAenBaHe Ha pemuHama;

& NaBHocm Ha omAenBaHemo <2 cegMuuy;

& 13Bopuiena nopBuyHa Bumpekmomua ¢ UMNAGHMAUUA Ha
cuaukoHoBo macao 1300 ¢St;

& Aunca Ha gpy2o 04Ho (BkaloueHu ca nauuesmu ¢ pedpak-
mMuBHU aHomaAuu go 6,0 g.cth) u 06wo 3aborABaHe;

& KayecmBo Ha npegonepamuBro OCT/OCTA (Single Strength
Index - SS) >40 u nocmonepamuBHo OCT/OCTA SS > 50;

& CuaukoHoBomo MacAo, ¢ koemo e 6uaa mamnoHupaa pe-
muHama, ga & 0mcmpaHeHo U ga uma nepuog Ha NpocAe-
gABaHe MUHUMYM 2 Meceua cAeg NOCAegHama onepauus.

UsknloyBawu kpumepuu:
& Aromanuu Ha makyrama, Hanp. MakyAHa gynka, CbgoBu
0kAy3UBHU 3a60AABaHUA UAU guabemHa pemuHonamus;

AIM

The purpose of the present study is to evaluate the pathological
vessel changes in the macular area in patients with RRD by OCTA;
to apply statistical analysis of angiographic OCT indices (vessel
density and flow) before and after surgical treatment; and to look
for links between achieved visual acuity and microstructural
changes in patients with macula-off and macula-on retinal
detachment.

MATERIALS AND METHODS

A prospective study of all consecutively operated patients for
RRD by vitrectomy with silicone oil tamponade for a period of 12
months was conducted.
Twenty-four patients (a total of 48 eyes) were examined with
monocular RRD. All patients were diagnosed and operated on
between October, 2017 and September, 2018. The age of the
patients varied between 18 and 67 years. The group included 14
men and 10 women.
The patients are divided into two groups:

& Group 1 - with macula-off — 18 eyes;

@ Group 2 - with macula-on — 6 eyes.
In all, a full ophthalmologic examination was conducted,
including: medical history, refraction and visual acuity,
biomicroscopy, indirect ophthalmoscopy with +90D lenses,
Goldman Tonometry, B-echography, OCT, a software was used
to measure total macular thickness (full retinal thickness map),
retinal nerve fiber layer (RNFL), ganglion cell complex (GCC) and
OCTA - OptovueAngioVue - AngioAnalytics, with measurement
of vessel density and flow indices in both superficial and deep
vascular plexuses in the macular area.
All patients were operated on performing primary vitrectomy with
implantation of silicone oil 1300 ¢St.

Patient criteria for inclusion in the study:

€ Monocular RRD;

@ Period of detachment <2 weeks;

@ Primary vitrectomy conducted with implantation of silicone
oil 1300¢St;

& Lack of other ocular (except patients with refractive errors to
+6.0 d.sph who are included) and other general diseases;

& Quality prior to surgical treatment 0CT/OCTA (Single Strength
Index-SS) >40 and after surgical treatment OCT/OCTA SS
>50;

& The silicone oil with which the retina was tamponaded, was
removed and a follow-up period of at least 2 months after the
last operation has passed.

Exclusion criteria:

¢ Macula abnormalities, e.g. macular hole, vascular occlusive
disease or diabetic retinopathy;

& Proliferative vitreoretinopathy (PVR) > Grade C;

@ Patients with changes after surgical treatment that are like-
ly to interfere with the accurate assessment of the retinal lay-
ers, e.g. recurrent retinal detachment, epithelial membrane,
cystoid macular edema, and persistent subretinal fluid.

Optical coherent angiography was performed with an OptoVue
Inc., RTVue Avanti SD-OCT (Version 2016.2.0.35) apparatus at a
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& MpoaudepamuBra Bumpeopemuronamua (MBP) > cme-
nex G;

& Mayuenmu ¢ nocmonepamuBHuU npomenu, koumo Bepo-
AMHO 6uxa NOBAUAAU Ha MOYHama ougHka Ha pemuHHUMe
cA0eBeme, Hanpumep: peabAauus; enupemuHaAHa Mem-
bpaHa; kucmougeH MakyrapeH omok U nepcucmupawia
CcybpemuHaAHa meyHocm.

OnmuyHama koxepeHmHa adauozpadua ce ocbwecmBu
¢ anapam OptoVue Inc, RTVue Avanti SD-OCT (Version
2016.2.0.35) cbe ckopocm Ha ckanupane 70 000 A-scans/
sec, ¢ akcuaAHa pasgeAumeAHa cnocobHocm 5 MukpoHa U
mpaHcBep3aAHa pasgeaumeAHa cnocobHocm 15 mMukpoHa;
JbABOYUHA HA CkaHUPaHe NPUBAU3UMEAHO 3 MM.
TpuusmepHama kapmuna (3D) ce noayyaBa B8 pesyamam Ha
304x304 A-scans 3a npubausumeaHo 3 cek. 113noa3Ba ce
0PMO20HAAHa peaucmpauua u cauBaHe Ha g8e nocregoBameAnu
u3obpakeHus 3a noayyaBaHe Ha 06pa3s ¢ 20AeMUHa 3x3, 6x6 UAU
8x8. Mpu Bcuyku nauueHmu ce u3noa3Ba 3x3 mm pewemka 3a
ckaHupaHe Ha makyAHama obaacm.

lpocAeguxa ce cvbgoBume npomeHu B gBeme 2pynu upes
npurazaHemo Ha copmyep AngioAnalytics 3a usmepBaHe
Ha uHgekcume Ha cbgoBa nabmHocm B noBobpxHOCMHUA
U goabokus cbgoB naekcyc u uHgekca Ha CcobgoBama
npoxogumocm B makyaHama obaacm. U3noa3Ba ce ETDRS
pewemka (Early Treatment Diabetic Retinopathy Study chart),
usepageHa om gBa kpvea: ueHmpaned, BbmpeweH kpve ¢
guamemop 1,0 mm, 06xBawaw, ¢poBesma, u BbHweH kpve ¢
guamemuop 3,0 MM. KoM aHaAu3a ce npuAoXkuxa cmoadHocmume
Ha uHgekca Ha cvgoBa nabmHocm om uarama ETDRS 3oHa
(20peH, memnopaAeH, goAeH U HazaneH kBagpanm)/(whole en-
face) u doBeorapHama obaacm. Maowma 3a usmepBaHe Ha
uHgekca 3a cbgoBa npoxogumocm 6e 3.144 mm>.

3a aHaausa be uscaegBaHa Hal-gobpama kopuaupaHa
3pumeAHa ocmpoma. Bcuuku nauueHmu ce npocAeguxa Ha
1-Ba nocmonepamuBHa cegMuua u Ha 1-Bu caegonepamuBeH
Meceu, cAeg nbpBama onepauus, kakmo u Ha 1-8u u 2-pu
nocmonepamuBeH Meceu cAeg eBakyauus Ha cuaukoHa, kamo
ce npurokuxa 20penocoYeHuUme u3caegBanus.

Mopagu cBobp3aHo ¢ Bov3pacmma paswupABaHe Ha
doBeorapHama aBackyrapHa 3oHa (DA3) (pegykuus Ha
makyaapHama cbgoBa nabmHocm), 3a cpaBHeHue ce
usnoa3Baxa napamempume kakmo Ha 3acezHamomo oko Ha
nauueHmume npegu u cAeg npoBegeHomo AeyeHue, maka u
mexgy 3acezHamomo u 3gpaBomo oko.

[aHHume ce obpabomuxa cmamucmuyecku ¢ npozpamama
SPSS for Windows (IBM Corp. Released 2010. IBM SPSS
Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp.).
Mpuroku ce onucameAHa cmamucmuka U HenapamMempuyHu
mecmoBe Mann-Whitney u Wilcoxon Signed-Ranks Test.
Pesyamamume ce npegecmaBuxa Ha Box plot guaepama. 3a
cmamucmuyecku 3Ha4umu cmotdHocmu ce npuexa p<0,05.

PE3YATATIA

Ha Bcuyku nauueHmu B npoyyBanemo npegonepamuBHo, Ha
1-Ba nocmonepamuBHa cegmuua, Ha 1-Bu caegonepamuBeH
Meceu, cAeg nopBama onepauus, kakmo u Ha 1-8u u 2-pu
nocmonepamuBeH meceu cAeg eBakyauusma Ha cuAukoHa ce

scanning speed of 70,000 A-scans/sec, with an axial resolution
of 5 microns and transverse 15 microns, and a scan depth of
approximately 3 mm.

Three-dimensional (3D) picture was obtained as a result of
304x304 A-scans for approximately 3 seconds, orthogonal
registration and merging of two consecutive images to produce
an image of 3x3, 6x6 or 8x8. In all patients a 3x3mm grid to scan
the macular area was performed.

The vascular changes in the two groups were followed by the use
of AngioAnalytics software to measure the vessel density indices
in the superficial and deep vascular plexuses and the vessel flow
index in the macular area.

The vascular changes in both groups were followed up using
the AngioAnalytics software, which measures vascular density
indices in the superficial and deep vascular plexuses, as well as
the vessel flow index in the macular area. An ETDRS grid (Early
Treatment Diabetic Retinopathy Study Chart) is used, consisting
of two circles: a central, internal circle with a diameter of 1.0mm
covering the fovea; and an outer circle with a diameter of 3.0mm.
In addition to the analysis, the values of the Vessel Density Index
(VDI) from the entire ETDRS area (superior, temporal, inferior
and nasal quadrants)/(whole en-face) and the foveolar area were
added. The area for vessel flow counting was 3.144 mm?.

For the analysis, the best corrected visual acuity was examined.
All patients were followed up on the 15 week after surgery and
1! month after surgery, as well as on the 1" and 2" months after
the evacuation of the silicone oil, following the above-mentioned
studies.

Due to the age-related expansion of the foveal avascular zone
(FAZ), macular vessel density reduction for comparison the
parameters of both the affected eye of the patients before and
after the treatment was used, as well as between the affected and
the healthy eye.

Data was processed statistically with the SPSS for Windows
program (IBM Corp. Released 2010. IBM SPSS Statistics for
Windows, Version 19.0, Armonk, NY: IBM Corp.). Descriptive
statistics and nonparametric Mann-Whitney and Wilcoxon
Signed-Ranks Tests were applied. The results were presented on
Box plot diagrams. For statistically significant values, p<0.05
was accepted.

RESULTS

All patients were subjected to the specific studies before surgical
treatment, on the 1" week after surgical treatment, on the 1%
month after the first operation and on the 1* and 2" month after
the evacuation of the silicone oil. The following examinations were
applied: best corrected visual acuity; biomicroscopy; indirect
ophthalmoscopy with + 90D lenses; Goldman Tonometry;
B-echography; OCT. A software was used for: mapping the full
retinal thickness (full retina thickness map); retinal nerve fiber
layer (RNFL); GCC and OCTA. The analysis was conducted
using OptoVue AngioVue’s AngioAnalytics that measures: vessel
density and flow indices in both superficial and deep vascular
plexuses in the macular area.

Patients diagnosed with intraocular pressure greater than 20
mmHg after the surgery were prescribed subsequent therapy. On
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Fig. 1. Group 1 macula-off — OCT conducted on the 2" month after evacuation of
silicone oil — thinning in foveolar/parafoveolar sectors

u3Bbpuwiu: onpegeAdHe Ha Hall-gobpe kopuzupaHama 3pumeAHa

ocmpoma; 6uomukpockonua; uHgupekmHa odmaamockonua

¢ +90D Aewa, moHomempua no [loagmaH; B-exozpadus;
onmu4Ha koxepeHmua momozpadus. 3noa3Ba ce codmyep 3a
usmepBaHe Ha usrocmHama gebeauHa Ha makyaama (Full Retina

Thickness Map); pemunHuA HeBpodubpurepeHr caol (RNFL);

2aHzAutHO-kaemoueH komnaeke (GCC) u OCT-aHeuozpadus

4pes AngioAnalytics codmyep 3a u3mepBaHe Ha uHgekcume

Ha CbgoBa nAbmHocm U npoxogumocm B noBbpxHOCMHUA U

gbAbokua cbgoB naekcyc B makyAHama obaacm.

Mpu nauueHmume, npu koumo nocmonepamuBHo ce ycmaroBu

BbmpeoyHo HardzaHe no-Bucoko om 20 mmHg, ce npuAoXku

megukameHmosHa mepanud. Ha nocaegBawume Busumu

U3MEPEHOMO 0YHO HaAAzaHe be B pedepeHmHU 2paHuuu.

B Ipyna 1 (18 nauueHmu ¢ MOHOKyAapHO pPE2Mamo2eHHO

omAenBaHe Ha pemuHama u omaeneHa mMakyaa) ce ycmanoBuxa

cAegHUME 3aBucumocmu:

Om koHBeHuuoHaaHomo OCT npu 7 om nauueHmume,

u3BopweHo Ha 2-pu  nocmonepamuBeH Meceu  CAeg

eBakyauuama Ha cuAukoHa, ce ycmaHoBu cekmopHo
usmoHABaHe (Full Retina Thickness Map) 8 makyaHama o6aacm

(Que. 1).

1. Om konBeHuuoHaaHomo OCT npu 7 om nauueHmume, u3Bop-
WEHO Ha 2-pu nocmonepamuBeH Mecey, caeg eBakyauuama Ha
cuaukoHa, ce ycmaHoBu cekmopHo usmuHaBaHe (Full Retina
Thickness Map) 8 makyaHama obaacm (Que. 1).

2. Mpu 4-ma om max ce ycmaHoBu 3az2y6a Ha nAbmHocm B8 2aH-
2AuTHO-kaemouen komnaekc (GCC) (Que. 2).

3. Tlpu Bcuyku nauueHmu ce yemaHoBu, ve Hama npomaHa 8 RNFL

(Que. 2).

Fig. 2. Group 1 macula-off - OCT performed on the 2" month after evacuation of
silicone oil - thinning in all GCC sectors without change in RNFL

following visits, the measured eye pressure was confirmed within

reference ranges.

In Group 1 (18 patients with monocular RRD and macula-off) the

following dependencies were found:

1. In 7 of the examined patients using conventional OCT, performed
on the 2" month after the evacuation of the silicone oil, a full reti-
nal thickness map was obtained in the macular area (Fig. 1).

2. In4of them, aloss of density in GCC was found (Fig. 2).

All patients showed no change in RNFL (Fig. 2).

4. Based on the OCTA and the Wilcoxon Signed-Ranks Test for ves-
sel density and flow, the following results were found:

& Reduction of the VDI in the whole ETDRS area (superior, tem-
poral, inferior and nasal quadrants)/(whole en-face) mea-
sured before surgery, as compared on the 2 month after
gvacuation of the silicone oil, in the superficial vascular plex-
us in the macular area.

& Namely, the VDI in the superficial vascular plexus of the af-
fected eye before surgery is greater than the VDI of the affect-
ed eye in the superficial vascular plexus on the the 2" month
after evacuation of the silicone oil (Table 1) (Fig. 3).

& Statistically significant value p=0.049 (p<0.05) (Table 2).

& The box plot chart compares median VDI levels in the super-
ficial vascular plexus of the affected eye before surgery (me-
dian 45%) on the 2" month after evacuation of the silicone oil
(median 43%) in Group 1 (Graph. 1).

& Reduction in vessel density indices measured in the affected
eye on the 2" month after surgery following the evacuation
of the silicone oil compared to those measured in the healthy
eye in the superficial and deep vascular plexuses in the mac-
ular area (Fig. 3, Fig. 4).

& From the attached Wilcoxon Signed-Ranks Test, statistical
significance was only found between the deep vascular plex-

w

Table 1. Descriptive statistics

Indicators N Mean

Vessel density of the affected eye before

surgery (superficial vascular plexus) - % 18 s

Vessel density of the affected eye on the
2" month after evacuation of silicone oil 18 44
(superficial vascular plexus) - %

Std. Dev. Min Max

Percentiles ‘
25" 50™ (Median) 75"

6.3 34 54 39 45 51

5.5 33 52 40 43 48
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BEFORE SURGERY
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SUPERFICIAL VASCULAK PLEXUS

HEALTHY
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2O MONTH AFTER EVACUATION OF SILICONE 041

\Il‘llllhllll VASCULAR PLEXTS

IHEEP VASCULAR FLEXLS

Fig. 3. Group 1 Macula-off affected left eye - OCTA multiscan analysis and color chart

DEEF VASCULAR PLEXUS

Fig. 4. Group 1 Macula- offhealthy nghl eye - OCTA multiscan analysis and color chart

4. Bb3 ocHoBa Ha OCT-aHeuozpaduama u npurokerus Wilcoxon
Signed Ranks Test Ha nokazameaume 3a cbgoBa NAbmMHOCM U
npoxogumocm ce ycmaxoBuxa:

& Pegykuud Ha uHgekca Ha cbgoBa nAomeocm (Density) om
usaama ETDRS 3oHa (Early Treatment Diabetic Retinopathy
Study chart) - 2opeH, memnopaneH, goAeH U HasaneH kBa-
gpaHm (usrocmeH en-face), uamepeH npegonepamuBHo, 8
CpaBHeHue CbC U3MepeHUA Ha 2-pu nocmonepamuBeH me-
ceu caeg eBakyauuama Ha cuAukoHa, 8 noBbpxHOCMHUA
cbgo8 naekcyc B makyaHama obaacm,

& a umenHo MHgekcom Ha cbgoBa nabmHocm B noBopx-
HOCMHUA CbgoB naekcyc Ha 3acezHamomo oko npegone-
pamuBHo e no-20Aam om MHgekca Ha cbgoBa nAbmHoCM
Ha 3acezHamomo oko B8 NoBopxHOCMHUA CbgoB naekcyc Ha
2-pu nocmonepamuBeH mecey, cAeg eBakyauusma Ha cu-
Aukowa (Ta6a. 1, Que. 3).

@ Cmamucmuyecku 3Ha4uma cmoaocm p=0,049 (p<0,05)
(Tab. 2).

& Ha box plot guagpamama ca cpaBHeHu MeguaHume Ha UH-
gekca Ha cvgoBa nAomHocm B NoBobpxHOCMHUA CbgoB
nAekcyc Ha 3acezHamomo oko npegonepamuBHO (Megu-
aHa 45%) u Ha 2-pu nocmonepamuBeH meceu, caeg eBaky-
auus Ha cuaukoHa (meguana 43%) 8 pyna 1 — makyaa-opd
(Tpad. 1).

& Pegykuua Ha ugekcume Ha cbgoBa NAbMHOCM, U3MEPE-
HU B 3acezHamomo oko Ha 2-pu nocmonepamuBeH mecel,

us in the affected eye and the one examined in the healthy
eye.

& The VDI in the deep vascular plexus of the healthy eye is
greater than the density index in the deep vascular plexus of
the affected eye on the 2" month after evacuation of the sil-
icone oil (Table 3).

& Statistically significant value p=0.028 (p<0.05) (Table 4).

& The Box plot chart compares the median VDI levels in the
deep vascular plexus of the affected eye on the 2" month
after surgery following the evacuation of silicone oil (medi-
an 48%) and the healthy eye (median 54%) in all patients in
Group 1 —macula-off (Graph. 2).

In Group 2 (6 patients with monocular rhegmatogenous retinal
detachment and macula-on):

Table 2. Results of the Wilcoxon Signed-Ranks Test

Vessel density of the affected eye
on the 2" month after evacuation of

Resul
esults silicone oil — Vessel density of the

affected eye before surgery

VA -1,961

Asymp. Sig. (2-tailed) .049

a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.

Table 3. Descriptive statistics

Indicators Mean

Percentiles
Std. Dev. Min

25" | 50" (Median) | 75"

Vessel density of the affected eye on the 2
month after evacuation of the silicone oil 18 48
(deep vascular plexus) - %

Vessel Density of the Healthy Eye

(deep vascular plexus) - % 18 54

5.3 40 58 43 48 52

4.1 48 60 50 54 57
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SUPERFICTAL VASCULAR PLEXUS

DEEP VASCULAR PLEXUS

AFFECTED
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Fig. 5. Group 2 Macula-on healthy left eye 0CTA multiscan analysis and color chart

HEALTHY
LEFT EYE

cAeg eBakyauuama Ha cuAukoHa B cpaBHeHue ¢ U3MepeHu-
me 8 3gpaBomo oko 8 noBopxHOCMHUA U gbAbOkuA CbgoB
naekcyc 8 makyaHama obaacm, (Que. 3, Que. 4).

& 0m npuaokerua Wilcoxon Signed-Ranks Test, 3a cuzHugu-
kaHmHU cmolHocMU ce npuexa camo masu MeXkgy gbAco-
kus cvgoB naekeyc B 3acezHamomo oko u uscaegBaHus 8
3gpaBomo oko.

@ MHgekcom Ha CobgoBa nabmHocm B gbAGokuA CbgoB
naekeyc Ha 3gpaBomo oko e no-2oaam om MHgekcea Ha Co-
goBa nabmHocm B gbabokua cbgoB naekcyc Ha 3acezHa-
momo oko Ha 2-pu nocmonepamuBeH Meceu, caeg eBakya-
uuAma Ha cuaukoHa (Ta6a. 3).

& Cmamucmudecku 3Haquma cmoaxocm p=0.028 (p<0.05)
(Tabn. 4).

& Ha Box plot guazpama ca cpaBHeHu cpegHUMe HuBa Ha UH-
gekca 3a cbgoBa nAbmHocm B goabokua cbgoB naekcyc Ha
3acezHamomo oko Ha 2-pu nocmonepamuBeH Meceu, CAeg
eBakyauun Ha cuaukoHa (Meguana 48%) u 3gpaBomo oko

Table 4. Results of the Wilcoxon Signed-Ranks Test

Vessel density of the healthy eye
(deep vascular plexus) - Vessel

density of the affected eye - 2" month
after evacuation of the silicone oil
(deep vascular plexus)

VA -2,197°

Asymp. Sig. (2-tailed) .028

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

SUPERFICIAL VASCULAR PLEXUS

Fig. 6. Group 2 Macula-on healthy left eye - 0CTA multiscan analysis and color chart

DEEP VASCULAR PLEXUS

1. No change was observed in the full retinal thickness map in the
macular area, GCC, and RNFL during the conventional OCT.

2. There was no statistically significant relationship between vessel
density in the superficial and deep vascular plexuses before and
after surgery, both in the affected eye and between the affected
and the healthy eye. (Fig. 5, Fig. 6).

After a Mann-Whitney nonparametric test was conducted, a Box

plot diagram representing the mean visual acuity studied before

surgery and on the 2" month after evacuation of the silicone oil
in the two groups was prepared.

1. Patients in Group 1 with macula-off showed a median best cor-
rected visual acuity before surgery of 0.05, and on the 2" month
after evacuation of the silicone oil, the median for best corrected
visual acuity improved to 0.5 (Graph. 3).

2. Patients in Group 2 with a macula-on showed a median best cor-
rected visual acuity before surgery of 0.8, and on the 2nd month
after evacuation of the silicone oil the median for best corrected
visual acuity reached 1.0 (Graph. 4).

No statistically significant relationship was found in the two

groups between flow values, both in the affected eyes before and

after surgery, as well as in comparison between the affected and
the healthy eye.

DISCUSSION

Areduction in vessel density indices in both superficial and deep
vascular plexuses in the macular area was observed in patients
with rhegmatogenous retinal detachment with macula-off (Group
1), who underwent silicone oil implantation surgery. Incomplete
visual acuity recovery was investigated on the 2" postoperative
month following the silicone evacuation. These postoperative
effects are seen as a result of hypoxia that occurs after macular
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Vessel density index of the affected  Vessel density index of the affected eye -
eye before surgery 2#4 month after evacuation of the silicone
(superficial vascular plexus) - %

Vessel Density Index

ail
(superficial vascular plexns) - %
Graph. 1. Reduction of vessel density index in the superficial vascular plexus on the
2" month after evacuation of the silicone oil
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Graph. 3. Median best corrected visual acuity in both groups before surgery

(MeguaHa 54%) npu Bcuuku nauueHmu B8 Tpyna 1 - maky-
£a-00¢ (fpad. 2).

Tpyna 2 (6 nauueHmu C MOHOKYAGDHO pPe2MamozeHHo

omAenBaHe Ha pemuHama u Aexkawa Makyaa):

1. Om konBeHuuoHarHomo OCT He ce ycmaHoBuxa npomeHu 8
makyaHama o6aacm (Full Retina Thickness Map), (GCC), (RNFL).

2. He ce omkpu cmamucmuyecku 3Haquma 3aBucumocm mexkgy
cbgoBama nabmHocm B NoBopXHOCMHUA U goAbokuA cbgoB
naekcyc npeg- u caegonepamuBHo, kakmo mexkgy 3acezHamo-
mo oko Ha nauueHmume, maka u Mexgy 3acezHamomo U 3gpa-
Bomo oko (Que. 5, Pue. 6).

Cneg npunokeH HenapamempuyeH mecm Ha Mann-Whitney

ce uspabomu Box plot guaepama, npegcmaBawa cpegHama

3pumeAHa ocmpoma, uscAegBaHa npegonepamuBHO U Ha 2-pu

nocmonepamuBeH Meceu caeg eBakyauuama Ha cuAukoHa 8

gBeme 2pynu.

1. MauueHmume B8 lpyna 1 - ¢ omaeneHa makyaa, ca CbC cpegHa
npegonepamuBHa 3pumeAHa 0cmpoma ¢ Had-gobpa onmuyHa
kopekuusa 0,05, a Ha 2-pu nocmonepamuBeH Meceu, caeg eBaky-
auuAma Ha cuaukoHa cpegHama 3pumeAHa 0cmpoma ¢ Hal-go-
6pa onmuyHa kopekuus gocmuzHa 0,5 (Tpad. 3).

2. TMauueHmume B lpyna 2 - ¢ Aekawa makyAa, ca CoC CpegHa
3pumeAHa ocmpoma ¢ Had-gobpa onmuyHa kopekuus npegone-
pamuBHo 0,8, a Ha 2-pu nocmonepamuBeH Meceu, caeg eBaky-

Vessel Density Index
:i

i

[

Vascular density index of the affected eye -2 Vascular density index of the
manth after evacuation of silicone oil healthy eye
(deep vascular plexus) - % {desp vascular plexus) - %

Graph. 2. Reduction of vessel density index in the deep vascular plexus on the 2
month after evacuation of the silicone oil, compared to the healthy eye
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Graph. 4. Median best corrected visual acuity in both groups on the 2" month after
silicone oil evacuation

detachment combined with the overall thinning of the inner layers
of the retina, resulting from the silicone tamponade.

Retinal detachment leads to deterioration in the field of vision.
Despite good surgical results, visual acuity recovery may be
disappointing for the patient, even in a clinically normal retina
due to microstructural changes in the macula (4).

The retina has a dual blood supply - from the choroid and its own
vasculature, originating from the central retinal artery, a branch
of arteria ophthalmica. Retinal detachment results in impaired
oxygen supply to the photoreceptors and the outer retinal layers,
which in turn results in loss of peripheral and central vision,
depending on the degree of detachment (5). With longer-lasting
retinal detachment, microcystic spaces occur most often in the
outer plexiform layer. Over time, the number of ganglion cells
decreases (6).

Retinal photoreceptors are among the most metabolically active
cells in the human body. The choroidal circulation has the highest
bloodstream rate per cubic centimeter of tissue in the body. The
separation between the neurosensory retina and the underlying
choroidal circulation leads to ischemia and rapid, progressive
degeneration of the photoreceptors (2).

The principle of OCTA is to use the variation in the OCT signal
caused by red blood cell flow in the blood vessels as a contrast
mechanism for imaging the bloodstream. Scanning reproduces
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auuAma Ha cuaukoHa cpegHama 3pumeaHa 0cmpoma ¢ Had-go-
6pa onmuyHa kopekuua gocmueHa 1,0 (Tpad. 4).
N B8 gBeme epynu He ce HabalogaBa cmamucmuyecku
3Ha4uma 3aBucumocm MeXgy cmolHocmume Ha uHgekca 3a
cbgoBa npoxogumocm kakmo B8 3acezHamume o4u npeg- u
cAegonepamuBHo, maka u npu cpaBHeHuemo MexXgy 3acezHamo
U 3gpaBomo oko.

O6CbXAHE

Mpu nauueHmume ¢ pe2MamozeHHo omaenBaHe Ha pemuHama
¢ aHeakupaHe Ha wmakyaama (fpyna 1 - makyaa-000),
npemopneau MMB ¢ umnaaimauus Ha cuaukoHoBo macao, ce
HabAlogaBa pegykuua Ha uHgekcume 3a cbgoBa nAvmHoOCM
B noBvpxHocmHUA U gbAbokua cbgoB naekcyc B makyaHama
obracm. YcmaHoBu Ce HenvAHO Bv3cmadoBABaHe Ha
3pumeAHama ocmpoma, uscaegBaHa Ha 2-pu nocmonepamuBeH
Meceu cAeg eBakyauuama Ha cuaukoHa. Tesu caegonepamuBHuU
nocaegcmBua  ce  paszaekgam  kamo  pe3yamam - om
HacmbnuAama xunokcua caeg omaenBaHe Ha Makyaama u
06WOmMOo U3MbHABaHe Ha BbmpewHumMe cA0eBe Ha pemuHama,
B pe3yamam Ha cuAukoHoBama mamnoHaga.

OmaenBaHemo Ha pemuHama Bogu go gedpekm B 3pumeAaHomo
noAne.  Bonpeku  gobpume  XupypauyHu  pesyamamu,
3pumeAaHomo Bvb3cmanoBABaHe MoXe ga bbge pasouapoBawio
3a NauueHmume, gopu npu KAUHUYHO HOpMaAHO U32Aexkgaula
pEMUHA, gbAKaWwo Ce Ha He3HAYUMEAHU NpomeHu B MakyAHama
mukpocmpykmypa (4).

Pemunama uma gBodHo kpbBocHabgAaBaHe - om xopougeama
u om cobcmBeHama cu cbgoBa Mpexka, npousxokgawa om
apmepuaA UEHMpaAUC pemuHe, kAOH Ha apmepus opmaamuka.
OmaenBaHemo Ha pemuHama Bogu go HapyweHa mpoduka Ha
homopeuegnmopume u BbHWHUME cA0eBe Ha pemuHama, koemo
om cBod cmpaxa Bogu go 3az2y6a Ha nepudepHo U UEHMPAAHO
3peHue 8 3aBucumocm om cmeneHma Ha omaenBane (5). Mpu
no-gobAzompalHu omaenBaHuA Ha pemuHama Bbv3HukBam
MmukpokucmougHu npocmparcmBa, Had-4ecmo BvbB8 BoHWHUA
naekcudopmer caod. C Bpememo 6poAM Ha 2aHzAulHUME
kaemku HamanABa (6).

(Qomopeuenmopume Ha pemuHama ca egHu Om  Haid-
memaboaumHo akmuBrume kaemku 8 uyoBewkomo msanAo.
XopougaAaHama uupkyaauua uma Had-Bucoka ckopocm
Ha kpoBoobpauwleHue Ha kybuueH caHmumembvbp mokaH 8
mAaromo. PasgeaaHemo mexkgy HeBpoCeH30pHama pemuHa U
nogaexkawiama xopougaaHa uupkyaauus 8ogu go ucxemus u go
6vp3a, Npo2pecuBHa gezeHepauus Ha Gomopeuenmopume (2).
MpuHuunbm Ha OCT-aHeuozpaduama e ga ce u3noA3Ba
Bapuauuama 8 OCT cuzHaAa, npuvuHeH om gBukeHuemo Ha
yepBeHume kpoBHu kaemku B kpvBoHocHume cbgoBe kamo
koHmpacmeH MexaHu3oM 3a U306pa3AaBaHe Ha kpbBHUA nomok.
CkaHupaHuama BvanpousBekgam kanuaapHama CbgoBa
mpeka B8 yemupu paBHuHU. Yemupume aHpac 30HU ompasaBam
XUCMOAO2UYHUA cmpoeX Ha pemuHama. Te BkalouBam: 1)
Angio-superficial — noBopxHocmeH cvgoB naekcyc, kanuasapHa
mpexka B 2aHzAUOHUA kAembyeH cAOO U CAOA Ha HepBHUMeE
BnakHa; 2) Angio-deep — goabok cbgoB naekcyc, mpeka om
kanuaspu BbB BompewHua naekcudopmeH caol; 3) Angio-

the capillary vessel in four planes. The four en-face zones reflect
the histological structure of the retina. These include: 1) Angio-
superficial - superficial vascular plexus, capillary bed in the
ganglion cell layer and nerve fiber layer; 2) Angio-deep - deep
vascular plexus, a network of capillaries in the inner plexiform
layer; 3) Angio-Outer Retina - pigment epithelium, and 4) Angio-
Choroid Capillary - choriocapillaris (choroid) (7).

Spaide et al. (8) define two different capillary plexuses in the
macula: a superficial (inner) one and a deep (outer) one.
Fluorescein angiography, after its introduction in the 1960s, has
been considered the gold standard for depiction of retinal and
choroidal blood circulation (9). However, it is not capable of
assessing the flow and density alone in the deep vascular plexus
due to blocking fluorescence (8,10). The main advantage of
OCTA is that for the first time it is possible to quantify the trophic
activity in the macular area. Embedded automated software
processes data is used to generate perfusion indices (vessel
density and flow). Vessel density is defined as the percentage
area occupied by vessels in the segmented area and flow index
is defined as the average decorrelation values in the segmented
area (7,11). The flow index is more sensitive when detecting
metabolic and physiological changes in the retina. VDI is more
useful for diagnosis and monitoring of vascular pathology (12).
Initial studies show a good repeatability of VDI (13). Their
quantification in vivo may be useful for detecting and monitoring
pathological processes in the macular area.

The present study found that after a macula-off retinal
detachment there was a significant reduction in the vasculature
in the superficial vascular plexus examined at the 2" month after
evacuation of the silicone oil compared to the results before
surgery. Significant reduction of vessels is also found in the deep
plexus compared to the healthy eye. This gives a quantitative
explanation for the incomplete visual recovery, even after a
satisfactory surgical result.

A study presented in August, 2018 on EVRS in Prague examined
37 eyes (37 patients) treated for RRD with macula-off using
pars plana vitrectomy (PPV) with silicone oil tamponade and
gas implantation. This study determined a significant reduction
in vessel density in the superficial and deep vascular plexuses
with significant enlargement of the foveolar avascular zone in the
deep vascular plexus as compared to the healthy untreated eyes
(14).

In 2018, Woo et al. (15) examined 34 eyes (34 patients) with
RRD in patients with macula-on and off, using PPV with silicone
oil tamponade and gas implantation. For a control group, they
considered a healthy, non-surgically treated eye. In macula-off
patients, they observed significant expansion of the FAZ in the
superficial and deep vascular plexuses compared to the control
group and the macula-on group. In their macular study, they
found a negative correlation between superficial and deep FAZ,
and visual acuity after surgery. The cited authors discuss the
reduction of vessel density after successful surgical treatment of
patients with macula-off as a result of ischemic damage to the
retinal vasculature (15).

The reduction of vessel density indices in the superficial and
deep vascular plexuses in the macular area, particularly in the
foveolar area, is associated with the enlargement of the FAZ in
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Outer Retina — nuzmesmen enumea u 4) Angio-Choroid Capillary
— xopuokunuaapuc (xopouges) (7).

Spaide et al. (8) geduHupa gBa pasauyHu kanuaapHu naekcyca
B makyaama: eguH noBopxHocmer (BbmpeweH) U eguH gbAbok
(BoHWEH).

(OayopecueunoBama axzuozpadua, creg BoBekgaHemo
npe3 60-me 20QuHU Ha MuHaAus Bek, ce cyuma 3a “3aameH
cmaHgapm” npu u3obpasAaBaHe Ha pemMUHAAHOMO U XOPOUJAAHO
kpvBoobpaweHue (9). Bonpeku moBa ma He e B cvbcmoAHue
CamMoCMOAMEAHO ga OUeHU cbgoBama npoxogumocm U
cvgoBama nabmHocm B goAabokua cbgoB naekcyc, nopagu
oAokupare Ha dayopecueHuuama (8,10). MpeumyuwiecmBomo Ha
0CT-aHeuozpaduama e, ye 3a nbpBu nbm gaBa BvamokHocm
3a koauyecmBeHa oueHka Ha mpopukama B o6racmma
Ha Makyaama. BezpageHusm aBmomamu3supaH codmyep
00pabomBa gaHHUME 3a 2eHepupaHe Ha UHgekcume Ha
nepdysua (cvbgoBa nabmHocm u npoxogumocm). CogoBama
naomuocm (Density) ce geduHupa kamo npougHm om nAowma,
3aema om kpoBOHOCHU CbgoBe cnpamo u3cAegBaHama
NAOW, a uHgekcom Ha npoxogumocm (Flow) kamo cpegHama
cmotHocm Ha gekopeaauuoHHua cuzHan B uscaegBaHama
30Ha (7,11). MHgekcom Ha npoxogumocm e no-4yBecmBumeneH
npu omkpuBaHe Ha MemaboAUMHU U GU3UOAOZUYHU NPOMEHU
8 pemuHama. WHgekcom Ha cbgoBa nAbmHOCM € no-
NOAE3EH 3a GUazHOCMUUUPaHe U MOHUMOpUPaHe Ha cbgoBa
namoaozus (12). MopBoHauyarHume npoyyBaHus nokasBam
gobpa noBmopAemocm Ha UHgekca Ha CbgoBa NAbmHocm
(13). KoauyecmBeHomo um onpegeAaHe in vivo moke ga 6vge
NoAE3HO 3a omkpuBaHe U npocAegABaHe Ha NAMOAO2UYHU
npouecu B obracmma Ha makyaama.

Hacmoawemo npoyyBaHe ycmaHoBABa, ye cAeg onepauus no
noBog omaenBaHe Ha pemuHama ¢ aHzaXupaHe Ha Makyaama uma
cuzHudukaHmHa pegykuus Ha cogoBamampexka B noBopxHOCMHUA
cbgoB naekcyc, uscaegBaHa Ha 2-pu nocmonepamuBeH Mecel,
cAeg eBakyauuama Ha cuaukoHa, 8 cpaBHeHue CbC u3caegBaHama
npegonepamuBHo. CueHupukaHmHa pegykuua Ha cbgoBe ce
ycmaHoBu u 8 goabokus naekcyc, B cpaBHeHue coc 3gpaBomo oko.
ToBa gaBa koauyecmBeHo 06ACHEHUE Ha HENBAHOMO 3PUMEAHO
Bb3cmaHoBABaHe, Qopu CAeg 3agoBOAUMEAEH  XUpypauyeH
pesyamam.

B npoyyBaHe, npegcmaBeHo npe3 aBaycm 2018 2. Ha EVRS
8 MMpaea, npu 37 oyu (37 nauueHmu), onepupaHu no noBog
PE2Mamo2eHHO OmAenBaHe C aHeakupaHe Ha MakyArama,
npemopneau MMB ¢ umMnAaHmMauud Ha CUAUKOH U 2as,
e ycmaHoBeHa cueHupukaHmHa pegykuus B cogoBama
nAemHocm B noBopXHOCMHUA U gbAGOKUA CbgoB naekcyc cbe
cuzHudukamHo paswupaBade Ha ¢poBeorapHama aBackyrapHa
30Ha B8 goAbokua cbgoB naekeyc, B cpaBHeHue coc 3gpaBomo
Heonepupado oko (14).

Woo et al. (15) uscaegBam 34 o4u (34 nauueHmu) npe3 2018
2. C Pe2Mamo2eHHO 0mAenBaHe Ha pemuHama npu nayueHmu
C 0mAeneHa u Aexawa makyaa, caeg MMB ¢ umnaaHmauua Ha
CUAUkOHOBO MacAo U 2a3. 3a KoHmpoAHa 2pyna me npuemam
3gpaBomo HeonepupaHo oko, kamo npu nayueHmume ¢
omAeneHa makyaa HabalogaBam cuzHupukaHmHo paswupABare
Ha (DA3 B noBupxHocmHua u goabokud cbgoB naekcyc, B
cpaBHeHue ¢ koHmpoAHama epyna u zpynama c Aekauwla

patients with RRD of the retina with macula-off using PPV with
implantation of silicone oil tamponade.

PPV with silicon oil tamponade is a successful method of
surgical treatment in the case of RRD with PVR and giant retinal
tears (16). Silicone oil implanted in the vitreous cavity provides
additional bulb stability, restores anatomical relations between
the ocular structures and reduces the risk of further proliferation.
Silicone oil is well tolerated by patients and due to its transparent
nature, it enables better vision of the posterior segment after
surgery (17,18).

The most recent spectral domain-OCT studies of RRD with
macula-off show that visual acuity after surgery correlates with
the thinning and integrity of the inner retinal layers (external
limiting membrane, ellipsoid zone, cone interdigitation zone)
(19, 20). Changing these morphological parameters may result
in unsatisfactory visual acuity recovery after surgery.

The unsatisfactory visual acuity after surgery studied after
evacuation of silicone oil in RRD patients with macula-off is due
to the overall narrowing of the GCC, the foveolar/parafoveolar
zones in the macula (full retinal thickness map).

According to a study in 2017 by Purtskhvanidze K. et al. (21), RRD
patients with macula-off operated on using PPV with silicone oil
tamponade demonstrated a significant narrowing in the foveolar
and parafoveolar zones of the inner retinal layers, compared to a
gas tamponade group and a control group. They did not detect
significant changes in RNFL and elevation of ocular pressure
after surgery (21).

A small number of clinical trials establish a link between the
narrowing of the inner retinal layers after vitrectomy with silicone
tamponade in rhegmatogenous macula-on and off. Christensen,
La Cor (22) reported thinning of the inner layers of the retina
(from RNFL to the outer plexiform layer) in the eyes with RRD
and macula-on, with 1/3 of the patients having a significantly
reduced vision after surgery.

The reasons for thinning of the inner layers of the retina and
reduced visual acuity after surgery with silicone tamponade,
remain unclear (21).

According to Asaria et al. (23), the toxic effect of the silicone
oil may be due to accumulation of proinflammatory cytokines in
the retro-silicone oil fluid and activated in the retinal microglia
inflammatory process with consecutive cell death.

Bambas et al. (24) found toxic low-molecular weight components
in silicone oil samples removed from the eye after several
months.

Another possible cause of thinning of the outer retinal layers
is the mechanical pressure of the silicone oil bubble in the
parafoveolar zone (21).

The changes in the vascular trophic function found during the
analysis in our study provide another explanation for incomplete
visual recovery in patients with RRD with macula-off.

The study can be further optimized by measuring the VDI in the
deep vascular plexus by correcting projection artifacts from the
bloodstream in the superficial vascular plexus. This is possible
with the introduction of the new AngioVue 3D Projection Artifact
Removal (3D PAR) software, which improves and simplifies the
interpretation of OCTA data by removing projection artifacts
(25). Through 3D PAR technology, projection artifacts would be
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makyaa (15). B 2pynama ¢ omaeneHa makyaa me omkpuBam
HezamuBHa kopeaauus mekgy noBbpxHocmHama u gbAboka
QA3  coc  cAegonepamuBHama  3pumeAHa  ocmpoma.
LlumupaHume aBmopu paseaexkgam pegykuusma Ha cbgoBama
NABMHOCM CAEJ YCNEWHO XUPYP2UYHO AeYeHUE NpU NAuueHmu
¢ aHeakupaHe Ha makyaama, kamo pesyamam Ha UCXEMUYHO
yBpeXgaHe Ha pemuHaAHusA cvbgoB kanuaapuc (15).
Pegykuuama Ha uHgekcume 3a cbgoBa nabmHocm B
noBbpxHOCMHUA U goAbokua cogoB naekcyc B makyaHama
obAaacm, no-cneuuasHo BvB (oBeorapHama obaacm, e
cBbp3aHa ¢ paswupaBaHe Ha GoBeorapHama aBackyrapHama
30Ha NpU NaUUeHMU ¢ pe2MamozeHH0 0mAenBaHe Ha pemuHama
¢ aHeakupaHe Ha Makyaama caeg MMB ¢ umnaaHmauua Ha
CUAUKOHOBO MacAo.

Mapc naasa Bumpekmomuama cvc cuaukoHoBa mamnoHaga
€ yCneweH MEmog 3a XUPYp2U4YHO AgueHue B cayqaume Ha
pezmMamozeHHo omaenBaHe Ha pemuHama ¢ npoAudepamuBHa
Bumpeopemuronamus  (MBP) u eueaHmcku pemuHanHu
pynmypu (16). CuaukoHoBomo macAo, umnaaHmupaHo BbB8
BumpeaaHama kyxuHa, ocuzypaBa cmabuAaHocm Ha 6yAda,
Bv3cmaHoBaBa aHamomuyHume Bpbsku Mmexkgy 0vHUME
cmpykmypu U 3a6aBa no-HamamblwHama npoAudepauus,
noHaca ce gobpe U, 6Ad20gapeHue Ha Npo3payHocmma My,
no3BoaaBa no-gobpa caegonepamuBHa BudyaAu3auua Ha
3agHuA ceamenm (17,18).

MocaegHume  cnekmpan  gomedH-0CT  npoyyBaHua npu
pEe2MamozeHHo OmAenBaHe Ha pemuHama, aHeakupawo
makyrama, nokazBam 4e nocmonepamuBHama 3pumeAHa
ocmpoma kopeaupa ¢ U3MbHABaHemOo U uHMezpumema Ha
BbmpewHume pemuHarHu cAoeBe  (BbHWHAmMa 2paHuyHa
MeMbpaHa, eAuncougHama 30Ha, koHu4Hama uHmepgueumanHa
30Ha) (19,20). Mpomaxama B8 me3u MOp(HOA02UYHU Napamempu
moXke ga goBege go He3agoBoAumeAHo Bv3cmaHoBABaHe Ha
3pumeAHama ocmpoma nocmonepamuBHo.
HesagoBoAumeAHama nocmonepamuBHa 3pumeAHa ocmpoma,
uscaegBaHa caeg eBakyauua Ha cuaukoHoBomo macAo npu
NauueHMu C pe2mamozeHH0 OmAenBaHe Ha pemuHama ¢
aHzaXkupaHe Ha makyaama, ce goAku Ha 06WOmMO U3mbHABaHe
Ha GCC, ¢oBeorapHama u napadoBeorapHume 30HU B
makyaHama obaacm (Full Retina Thickness Map).

Mo gaHHu om npoyyBaHe om Purtskhvanidze K. et al. (21) om
2017 2., npu nauueHmu, onepupaHu no noBog peamamozeHHo
omaenBaHe Ha pemuHama, ¢ aHzaXkupaHe Ha makyaama, caeq
napc naaHa Bumpekmomus cbc cuaukoHoBa mamnoHaga e
ycmanoBeHo cuzHudukaHmHro usmoHABaHe BvB8 doBeorapHama
U napagoBeorapHama 30Ha Ha BbmpewHume pPemuHaAHU
cAoeBe B cpaBHeHue ¢ 2pyna ¢ 2a308a mamnoHaga U koHmpoAHa
2pyna. Te He ycmaHoBaBam cuzHudukaHmHu npomeru 8 RNFL u
cAegonepamuBHo noBuwaBaHe Ha 04HOMO HaAAzaHe (21).
Manok 6pod kauHU4HU npoyyBaHuAa ycmaHoBaABam Bpb3ka
meXgy U3mbHABaHemMO Ha BbmpewHume pemuHaAHu cAoeBe
creg  Bumpekmomua  cbc  cuaukoHoBa mamnoHaga  npu
pezmamozeHHo omaenBaHe u Aekawa makyaa. Christensen, La
Cor (22) cvobwaBam 3a usmbHABaHe Ha BbmpewHume cAoeBe
Ha pemunama (om RNFL go BoHWwHUA nagkcudopmeH cAod) B o4u
C pe2mMamozeHHo omaenBare U Aekawa makyaa, kamo 1/3 om
nauueHmume ca CbC CUAHO HAMAAEHO NOCMONEPamuBHO 3peHue.

minimized, providing better visualization and possibilities for
further studies of deep microvascular changes.

CONCLUSION

The present study offers an attempt to quantify the changes
in the macular area after a successful macula-off retinal
detachment surgery. Although the macular structure is restored
anatomically, microvascular changes are demonstrated after
retinal detachment with macula-off. OCTA is an additional
diagnostic method for correct prognosis of visual acuity after
surgery for retinal detachment.

Future studies and analysis of microvascular changes due to
retinal detachments using OCTA will enable improved follow-up
of conditions and evaluation of results following macular surgery.
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MpuduHume 3a u3moHABaHemo Ha BbmpewHume cAoeBe
Ha pemuHama U HamaneHama cAegonepamuBHa 3pumeAHa
ocmpoma cAeg cuAukoHoBa mamnoHaga ocmaBam HeAacHu (21)
Cnopeg Asaria et al. (23) mokcuyHuam edekm Ha cuAukoHa
moke 6u ce gonku Ha akmuBupaHe Ha NpouHdAAMamOopHU
uumokuHu 8 pempo-cuaukoroBomo ,MbpmBo npocmpaxcmBo*
u akmuBupanemo Ha Bb3naaumeAeH npouec B8 pemuHHama
MukpozAusa, Bogew, go kaembvyHa cMbpm.

Bamber et al. (24) omkpuBam mokcuyHu komnoHeHmu ¢ Hucko
MoAekyAHO me2a0 B npobu om cuAukoH, eBakyupaH om oko
cAeg Hakoako meceua.

[py2a Bb3mokHa npuvuHa 3a U3MuHABaHEe Ha BbHWHUME
pemuHaAHu cAoeBe e epekmom om mexaHuyeH Hamuck Ha
cuAukoHoBus mexyp 8 napadoBeorapHama 30Ha (21).
3meHeHuama B8 cbgoBama mpoduka, ycmaHoBeHu npu
usmepBaHuama B Hawemo npoyyBaHe, gaBam owe egHo
00ACHEHUE 3a HENbAHOMO 3pumeAHOMO Bb3cmaHoBABaHe
Npu NAUUeHMU ¢ Pe2Mamoz2eHHo omAenBaHe Ha pemuHama ¢
aHzaxupaHe Ha Makyrama.

MpoyuBaremo mMoxke ga 6bge gONbAHUMEAHO ONMUMU3UPAHO
npu usmepBaHe uHgekca Ha cbgoBama naomHocm B8 goAbokuA
cbgoB naekcyc ypeskopekuus HanpokekuuoHHume apmedakmu
om kpbBHUA nomok 8 noBbpxHocmHuA cbgoB naekcyc. ToBa e
Bv3moXkHo npu BHegpaBaHe HaHoBua codpmyep AngioVue 3D PAR
(3D Projection Artifact Removal), kotmonogobpaBauonpocmaBa
uHmepnpemauuama Ha gaHHume B8 OCT-aHzuoepadus upes
npemaxBaqe Ha npokekuuoHHume apmedakmu (25). Ypes 3D
PAR mexHorozusma npoxkekuuoHHume apmedakmu 6uxa 6uau
cBegeHu go MUuHUMYM, ocuzypAaBaltku no-gobpa Busyaausayus
U Bv3moXHOCMU 3@ nO-HAMambWHU npoyyBaHus  Ha
BackyaapHume cmpykmypHU npomeHU 8 gbABOYUHA.

n3son

HacmoAawomo npoyyBaHe npegaaea onum 3a koausecmBeHo
06ACHEHUE Ha HacmbnuAuMe NpoMeHu B makyaHama obAacm cAeg
ycnewHa xupypaua 3a 0omaenBaHe Ha pemuHama ¢ aHeaXupaHe Ha
makyrama. Bonpeku ye makyaHama cmpykmypa e Bv3cmanoBeHa
aHamoOMUYHO, Ce gemoHcmpupam mukpoBackyAapHu NpoMeHu
creg omaenBade 0. OCT-aHzuozpadusama e gonbAHUMEAeH
guazHocmuyeH Memog 3a npaBuAHa Npo2HO3a Ha 3pumeAHama
0Cmpoma cAeg xupypaua no noBog omaenBaqe Ha pemuHama.
Bogewume uscAegBaHua u aHaAusu Ha mukpoBackyrapHume
npomeHu B pesyamam Ha omaenBaHe Ha Makyaama upes
0CT-aHeuozpadua we no3BoAu No-gobpo npocregaBaqe Ha
HacmoNUAUME U3MEHEeHUA U npeugeHka Ha nocmonepamuBHume
pe3yAmamu npu xupypaus Ha makyaama.
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