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ABSTRACT

BACKGROUND: One of the leading causes of central vision loss in patients with diabetic retinopathy is ischemic maculopa-
thy, the incidence of which in diabetic retinopathy varies depending on the stage of the disease from 20 to 77% according to
fluorescein angiography results. More accurate diagnosis of ischemic maculopathy is possible using the technique of optical
coherence tomography angiography (OCTA).

AIM: To study the prevalence and severity of ischemic maculopathy in patients with diabetes mellitus type 1 and 2 with
preproliferative stage of diabetic retinopathy using OCTA.

MATERIALS AND METHODS: 43 patients (72 eyes) of diabetic retinopathy levels 47 and 53, according to ETDRS criterions,
were included in the study. The exclusion criterion was the presence of diabetic macular edema with involvement of the
center of the macula. Patients were divided into 3 groups according to the ETDRS classification of ischemic maculopathy
grade. Each of them was subject to standard ophthalmologic examination, OCT with determination with determination of
central retinal thickness in macula zone and OCTA to evaluate the status of the foveolar avascular zone.

RESULTS: Ischemic maculopathy level 1 was detected in 23 patients — group 1 (33 eyes), level 2 was detected in 23 pa-
tients (27 eyes) — group 2, and level 3 — in 8 patients (12 eyes) — group 3. A statistically significant difference using
“IBM SPSS Statistics” version 27 was found between the foveolar avascular zone area scores of groups 1 and 2 — 0.18 mm?
versus 0.32 mm? (p < 0.001) and between groups 1 and 3 — 0.18 mm? versus 0.98 mm? (p < 0.001), and between groups 2
and 3 — 0.32 mm? versus 0.98 mm? (p < 0.008). In group 3, negative correlations were found between best-corrected
visual acuity and foveolar avascular zone circumference length (r = -0.906, p = 0.02), foveolar avascular zone (r = —0.748,
p =0.033) and circularity index (r = -0.569, p = 0.141), while no such statistically significant difference was found in the
other groups.

CONCLUSIONS: In patients with diabetic retinopathy levels 47 and 53, ischemic maculopathy is revealed in 100% of cases.
In 83.4% of cases, level 2 of the ischemic maculopathy is detected, and in 16.6% — level 3. Ischemic maculopathy
of levels 1 and 2 has no significant effect on best-corrected visual acuity. Level 3 is clinically significant, as the change of
parameters characterizing foveolar avascular zone, and first of all the increase of foveolar avascular zone circumference
length above 500 pm, is associated with a decrease in best-corrected visual acuity.

Keywords: diabetic retinopathy; retinal vascular disease; diabetic macular edema; ischemic maculopathy; optical coherence
tomography angiography; OCTA.
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UweMuuyeckas MaKynonatua npu
npenponudgepaTMBHON cTaauM auabeTnyecKon
PEeTUHOMNATUM. 3HMAEMMOHOFMH, KJIMHUKA

MU AUMArHOCTUKa
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AHHOTALNA

AxtyanbHoctb. OfHa 3 BefyLMX MPUYMH CHUMEHWS LIEHTPasIbHOrO 3peHMs Y MauMeHTOB ¢ AuabeTHyeckon peTuHo-
naTmeil — MLWEMWYECKas MaKynonaTus, 4acToTa BCTPEYaeMOCTU KOTOPOI Npu AuabeTuyeckoi peTMHonatum Konebnet-
CA B 3aBMCMMOCTU OT CTaguu 3abonesanua ot 20 go 77 % no AaHHbIM (nyopecueHTHoOW aHruorpaduu. bonee TouHas
AMarHoCTMKa MLLEMUYECKOI MaKyonaT1 BO3MOXHA C NOMOLLbI0 METOAMKM ONTUYECKOI KorepeHTHoM ToMorpadmm (OKT)
¢ pyHKumelr aHrnorpadum (OKTA).

Lenb — c nomowibio MeToaa OKTA n3yuntb pacnpocTpaHEHHOCTb U BbIPXKEHHOCTb MLLEMUYECKOW MaKylonaTum y nauu-
€HTOB C CcaxapHbIM anabetoM 1-ro 1 2-ro TMna, UMetoLWMX NpenponudepaTnBHY0 CTafuo AMabeTMyecKol peTMHoNaTUM.
Matepuanbl M MeTogbl. B uccnenoBaHue BroYeHO 43 maumeHTa (72 rnasa) ¢ auabeTuyecKon peTuHonatuen 47-ro
n 53-ro ypoBHs, cornacHo Kputepuam ETDRS. Kputepuem ucknoyeHus 6bino Hanuume amabeTMHeCKoro MaKynsipHOro
OTEKA C BOBJIEYEHUEM LieHTPa MaKynbl. COrnacHo OLeHKU ypoBHA ULLEMUYECKOM MaKynonaTum no knaccudmkaumm ETDRS,
nauueHTbl ObinK pasgenedbl Ha 3 rpynnbl. Kaxaomy npoBoawnu craHgapTHoe odTanbmonoruyeckoe obcnefoBaHue,
OKT ¢ onpepeneHueM TOMLUMHBI LEHTPanbHOM 30HbI ceTyaTku B obnact Makynbl U OKTA c Lenbio OLEeHKM COCTOSHMA
(GOBEONAPHOI aBaACKYNAPHOMW 30HbI.

PesynbTatbl. YpoBeHb 1 UweMuyecKon MaKynonatum obii BuisieneH y 23 naumeHtoB — rpynna 1 (33 rnasa), ypoBeHb 2 —
y 23 nauuenToB (27 rnas) — rpynna 2, ypoBeHb 3 — y 8 naumenToB (12 rnas) — rpynna 3. CTaTUCTUYECKM AOCTOBEpHas
pasHuLa ¢ ucnonb3oBaHueM nporpammel IBM SPSS Statistics 27-11 Bepcum BbisiBneHa Mexay nokasatensamu nnowaam do-
BEOJIAPHOM aBaCcKyNAPHOIA 30HbI rpynn 1 v 2 — 0,18 Mm% npoTus 0,32 Mm2 (p < 0,001) n Mexxay rpynnamm 11 3 — 0,18 Mm?
npotus 0,98 mm? (p < 0,001), a Taroke mMexay rpynnamm 2 u 3 — 0,32 mm? npotus 0,98 mm? (p < 0,008). B rpynne 3 Bbl-
AIBNEHbI OTPULATENbHBIE KOPPENIALMM MeXy MaKCMMaibHO KOpPUrMpOBaHHOM OCTPOTOW 3PEHUS U AJIMHOW OKPYXHOCTH
(hoBeonspHoii aBacKynspHon 3oHbl (r = -0,906, p = 0,02), eé nnowapbto (r = —0,748, p = 0,033) 1 MHOEKCOM LMpKynsp-
HocTu (r=—0,569, p = 0,141), B apyrux rpynnax Takom CTaTUCTUYECKW LOCTOBEPHON pasHULbI He Dblislo.

3akntoueHue. Y naumeHToB ¢ auabetnyeckoil petuHonatven 47-ro u 53-ro yposHs B 100 % cnyyaes HabmnoaaeTcs Uwemuye-
cKas MakynonaTus. B 83,4 % cnydaeB BbiSIBNAETCS MLLeMUYeCKas MaKynonatusi 2-ro ypoBHs U B 16,6 % — 3-ro yposHs. Mwe-
MWYecKas Makynonatus 1-2-ro ypoBHs He OKa3bIBaeT 3HAUMMOr0 BAMSHWS HA MaKCUMaITbHO KOPPUTMPOBaHHYH OCTPOTY 3peHus,
3-1 ypoBeHb ABNAETCA KIMHUYECKU 3HAYMMBIM, TaK KaK W3MeHeHWe napaMeTpoB, XapaKTepu3ylLmx (OBeospHYK aBa-
CKYNSIPHYHO 30HY, U B NepBYt0 04epe/b YBEIMYeHHe e€ LJIMHbI OKPYXHOCTH Bbile 500 MKM, accoLMMPOBaHO CO CHUXEHUEM
MaKCUMasbHO KOpPUrMpOBaHHOM OCTPOTbI 3pEHUA.

KntoueBble cnoBa: fuabeTnyeckas peTMHoNaTus; CoCyancTble 3aboneBaHus ceTyaTky; AUabeTUYeCcKUit MaKyNAPHbIN OTeK;
ULLEMUYECKAn MaKynonaTus; oNTUYecKas KorepeHTHas ToMorpadus ¢ yHkumen aHruorpadum; OKTA.
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BACKGROUND

Diabetes mellitus (DM) is a group of metabolic dis-
eases characterized by chronic hyperglycemia resulting
from defects in insulin secretion, insulin action, or both.
The chronic hyperglycemia of DM is associated with dam-
age, dysfunction, and failure of various organs, especially
the eyes, kidneys, nerves, heart, and blood vessels. DM
is one of the main social and economic challenges for
both population and healthcare worldwide. The estimated
DM prevalence is 9%, the disease and its complications
cause approximately 1.5 million deaths per year [1].
By 2030, DM is predicted to become the 7th leading cause
of death worldwide [2]. Registry data as of February 2,
2025, show that DM was diagnosed in a total of
5,482,678 patients in 84 regions of Russia. In 2024, the
prevalence of type 1 and type 2 DM in Russia averaged
194.2 and 3211.1 per 100,000 population,* respectively.

The main DM complications are microvascular changes
which increase the risk of stroke, infarction, and lower-
extremity venous thromboembolism [3]. A classic marker
of the diabetic microangiopathy severity is diabetic reti-
nopathy (DR) [4]. The World Health Organization staging
states that damage to the retinal capillaries is the leading
diabetic retinal change [5]. Capillary occlusion induces
the rest DR development mechanism, resulting in vasop-
roliferative changes and permanent visual function loss.
The visual function prognosis depends on several char-
acteristics of capillary non-perfusion, such as location,
initial area, and area increase rate [6, 7]. Currently, there
are the following four types of capillary non-perfusion
associated with DR: peripheral, mid-peripheral, central,
and generalized. The rate of non-perfused area increase
has been demonstrated to be the highest in peripheral
ischemia, followed by the mid-peripheral, central, and
generalized in ascending order.

When ischemia is located at the mid-periphery and
central fundus, the risk of progression to a generalized
form is the highest. Therefore, detection of macular and
perifoveal ischemia in early DR may be a marker of the
DR severity, which has high clinical value [8].

The pathogenesis of retinal capillary occlusion is un-
der study. Hyperglycemia is considered to increase reti-
nal glucose levels, thereby slightly increasing vascular
endothelial growth factor (VEGF), then expression of in-
tercellular adhesion molecules, primarily ICAM1 [9]. This
leads to “a permissive effect,” creating a vicious circle.
Increased ICAM1 levels accelerates the binding rate of
activated leukocytes to capillary endothelial cells, which

* “Endocrinology Research Center” State-Funded Research Facility
of the Ministry of Health of the Russian Federation. Database of clini-
cal and epidemiological monitoring of diabetes mellitus in the Russian
Federation. Web-site: https://sd.diaregistry.ru/#content (Accessed:
February 2, 2025).
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often leads to endotheliocyte death. Endothelial cell loss
over time depletes the replicative capacity of the endo-
thelium and results in capillary occlusion. Foci of tissue
hypoxia are formed in this area, which induce further in-
creased VEGF expression.

The association of accidental occlusion of one retinal
capillary with an increase in the non-perfusion area is
quite significant. The process continues until it reaches a
high oxygenation site, usually adjacent to a large retinal
arteriole or venule [10].

The most informative methods for diagnosing retinal
ischemia are fundus fluorescein angiography (FA) and
optical coherence tomography angiography (OCTA). Wide-
field or multifield FA not only detects, but also measures
peripheral non-perfusion area. The diagnosis of macular
ischemia has some challenges. Firstly, FA cannot assess
individual capillary plexuses, so early macular ischemia
may be missed. Secondly, significant hyperfluorescence
associated with rapid dye leakage challenges the assess-
ment of the non-perfusion area margins and integrety of
the parafoveal capillary ring. However, there are 8 grades
of macular ischemia (MI) identified using FA according to
Early Treatment of Diabetic Retinopathy Study (ETDRS)
report. The grading is based on the following three main
criteria: the severity of perifoveal capillary loss, increase
in perimeter length of the foveal avascular zone (FAZ),
and foveal capillary ring integrity [11].

Currently, the criteria for evaluating Ml using OCTA are
under study. This method is considered to have several
advantages in assessing capillary perfusion in the poste-
rior pole. The main one is that it analyzes each capillary
plexus individually and objectively assesses both perfu-
sion and vascular density. The parameters characteri-
zing FAZ, such as area, perimeter length, and circularity,
provide accurate understanding of the macular perfusion
status. Like FA, OCTA has its disadvantages. They include
artifacts associated with microsaccades and decentra-
tion, as well as so-called shadow artifacts leading to
incorrect data evaluation. Therefore, for studies, manual
correction of the results is required to eliminate cor-
rupted data [12]. Nevertheless, OCTA is currently consid-
ered to be more accurate in diagnosing Ml than FA [13].
Moreover, associations were found between OCTA char-
acteristics of the FAZ and perifoveal area with the se-
verity of visual acuity decrease in patients with DR [14],
presence of peripheral ischemic areas [15], and sig-
nificance of these parameters in choosing the treatment
strategy for these patients. Thus, studies of the effect of
anti-VEGF and anti-inflammatory drugs on MI, including
those targeted at Ang2, demonstrate promising results,
transforming uncontrolled MI into “a new therapeutic
target” [16].

Notably, there are currently few studies of the Ml In-
cidence at different DR stages, clinical significance, and
its progression rate using OCTA. Available publications
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are mainly based on FA data, which suggests only ap-
proximate values. This data shows that the incidence
of Ml associated with DR varies with the disease
stage from 20% to 77%. MI is most often detected at
the pre-proliferative (59.7%) and proliferative stages
(77.2%) [171.

The lack of consensus on the diagnosis and treat-
ment of M| associated with DR and the lack of objective
methods for assessing the condition demonstrate the
relevance of studies of its incidence and the main risk
factors for progression [18].

The study aimed to use OCTA to assess the Ml preva-
lence and severity in patients with type 1 and 2 DM with
pre-proliferative DR.

METHODS

A total of 43 patients (72 eyes) with mean age of 56.2
(25-79) years old were examined and enrolled, including
20 men (34 eyes) and 23 women (38 eye), with type 1
and 2 DM and pre-proliferative diabetic retinopathy at
the Regional Endocrinology Center of the City Consulta-
tive and Diagnostic Center No. 1 and the Ophthalmology
Department with Astakhov clinic of Pavlov First Saint Pe-
tersburg State Medical University.

Inclusion criteria were type 1 or 2 DM, age over
18 years, pre-proliferative diabetic retinopathy (PPDR)
with at least one of the following three signs: moderate
intra-retinal microvascular abnormalities at least in one
quadrant, venous abnormalities in two or more quad-
rants, and multiple retinal hemorrhages in four quad-
rants [19]. All enrolled patients had levels 47 and 53 DR
according to the ETDRS classification [11] and refractive
spherical equivalent below 5 D and signed the informed
consent form.

Non-inclusion criteria were diabetic macular edema
involving the center of the macula in the study eye;
cataract or other eye diseases which may affect fundus
examination or OCT/OCTA signal; other retinal vascu-
lar diseases or any eye diseases which may affect the
retinopathy status; any eye surgery, including laser one;
intravitreal therapy within 6 months; and HbAlc >12%
before the study.

Ass per the inclusion criteria, both eyes of one patient
could be included in the study.

The ophthalmological examination included a mea-
surement of best corrected visual acuity (BCVA). Struc-
tural OCT with an assessment of central retinal thickness
was performed in all patients to identify clinically signifi-
cant macular edema (non-inclusion criterion).

Macular and peripapillary OCTA of 3 x 3 and 6 x 6 mm?
areas was performed using Cirrus Zeiss 5000 AngioPlex
(Zeiss) SD-OCTA to assess capillary perfusion density,
vessel density in the superficial capillary plexus, and
FAZ status, including foveal capillary ring integrity,
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FAZ perimeter length, area, and circularity. All OCTA im-
ages were additionally assessed for quality. The mea-
surement quality criteria were well-focused capillary
networks with no cropped images, duplicated vessels,
or artifacts. In case of decentration and when automatic
assessment of FAZ could not be performed, the images
were processed manually.

Multimodal FA (HRA Spectralis Cirrus photo 800) was
performed in a group of patients scheduled to have pan-
retinal photocoagulation in the peripheral capillary non-
perfusion area.

Additionally, glycated hemoglobin (HbAlc) was as-
sessed.

Statistical data analysis was performed using IBM
SPSS Statistics, version 27. The study groups were ho-
mogeneous, which was confirmed by the Kruskal-Wallis
test. The significance of differences between unrelated
samples of patients with Ml of different grades was as-
sessed using the nonparametric Mann—Whitney U test.
Correlations between both within the groups and all val-
ues were assessed using the Pearson correlation coef-
ficient. Quantitative parameters are shown as median,
minimum, and maximum values (min-max).

To assess the Ml severity, ETDRS classification (Grad-
ing of diabetic macular ischemia according to ETDRS Re-
port No. 11) was used [11]. As the Ml assessment criteria
are similar, this classification has been adapted and is
also used for OCTA in some cases [20]. However, the
“capillary loss” parameter was replaced with “vessel
density” and “perfusion density”, the remaining charac-
teristics were unchanged.

According to the classification of Ml associated with
DR, all enrolled patients were divided into the following
groups: group 1 = grade 1, 2 Ml areas; group 2 = grade 2;
group 3 = grade 3 or higher.

RESULTS

The study revealed that in all examined patients, cap-
illary perfusion density in the macula was 17.8% (3.8-
29.3), macular vessel density in the superficial capillary
plexus (SCP) was 9.7% (2.5-18.5), FAZ area was 0.36 mm?
(0.05-2.1), FAZ perimeter length was 2.59 mm
(0.19-7.14), FAZ circularity was 0.58 (0.31-0.82), and
BCVA was 0.69 (0.1-1.0). The HbA1c level was 8.3%
(5.3-11.2). Grade 1 MI was identified in 23 patients
(33 eyes) in group 1, grade 2 MI was reported in
23 patients (27 eyes) in group 2 (Fig. 1), and 8 patients
(12 eyes) in group 3 had grade 3 MI (Fig. 2).

In group 1, macular SCP vessel density was 11.1%
(2.6—17.5), macular capillary perfusion density in the SCP
was 20.9% (5.8-29.3), FAZ area was 0.18 mm? (0.05-
0.28), FAZ perimeter length was 1.96 mm (0.82-2.72),
FAZ circularity was 0.59 (0.32-0.76), and BCVA was 0.64
(0.1-1.0). In group 2, macular SCP vessel density was
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8.64% (2.9-12.7), capillary perfusion density was 15.9%
(5.2-24.2), FAZ area was 0.32 mm? (0.29-0.52), FAZ pe-
rimeter length was 2.63 mm (2.13-3.19), FAZ circular-
ity was 0.56 (0.38-0.77), and BCVA was 0.7 (0.1-1.0).
In group 3, macular SCP vessel density was 8.4% (2.5-
18.5), capillary perfusion density was 14.3% (3.8-25.2),
FAZ area was 0.98 mm? (0.59-2.1), FAZ perimeter length
was 5.74 mm (5.1-7.14), FAZ circularity was 0.56 (0.45-
0.64), and BCVA was 0.543 (0.3-0.5).

A statistically significant difference was found in
macular SCP perfusion density between groups 1 and 2
(20.9% vs. 15.9%, respectively; p < 0.001) and groups 1
and 3 (20.9% vs. 14.3%, respectively; p = 0.023; Fig. 3).
A difference in SCP vessel density was significant between
groups 1 and 2 (11.1% vs. 8.64%, respectively; p = 0.004)
and not significant between groups 1 and 3 (11.1% vs.
8.4%; p =0.158) and groups 2 and 3 (8.64% vs. 8.4%;
p = 1.0; Fig. 4). A significant difference in FAZ area was
noted between groups 1 and 2 (0.18 mm? vs. 0.32 mm?
p <0.001), groups 1 and 3 (0.18 mm? vs. 0.98 mm?,
p < 0.001), and groups 2 and 3 (0.32 mm? vs. 0.98 mm?;
p < 0.008). A significant difference in FAZ perimeter
length was reported between groups 1 and 2 (1.96 mm
vs. 2.63 mm; p < 0.001), groups 1 and 3 (1.96 mm vs.
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5.74 mm; p < 0.001), and groups 2 and 3 (2.63 mm vs.
5.74 mm; p = 0.008).

In group 1, a statistically significant positive cor-
relation was found between FAZ area and SCP vessel
density (r = 0.487, p = 0.006). Positive correlations were
also detected between BCVA and FAZ perimeter length
(r=0.209, p = 0.296) and between BCVA and FAZ circu-
larity (r=0.115, p = 0.567), but both associations were
not statistically significant.

In group 2, statistically significant positive correla-
tions were noted between BCVA and capillary perfusion
density (r=0.675, p <0.001) and SCP vessel density
(r=10.654, p <0.001). Correlations between BCVA and
FAZ area (r=-0.196, p=0.359) and between BCVA
and FAZ perimeter length (r = 0.134, p = 0.635) were not
statistically significant. Correlation between BCVA and
FAZ circularity (r = 0.364, p = 0.182) also did not reach
statistical significance.

In group 3, there were no significant correlations
between BCVA and SCP vessel density (r=-0.559,
p = 0.149) and between BCVA and capillary perfusion
density (r=-0.361, p =0.38). All FAZ parameters were
found to be interdependent. Statistically significant strong
positive correlation was detected between FAZ area and

Fig. 1. Patient, 62 years old, diabetes mellitus type 2, left eye preproliferative stage of diabetic retinopathy, level 2 ischemic
maculopathy: g, fundus photography; b, fluorescein angiography data; ¢, OCTA data 3x3 mm?, superficial capillary plexus (perfu-
sion density 12.9%, foveolar avascular zone area 0.68 mm?, foveolar avascular zone circumference length 3.73 mm, circularity
index 0.42; d, OCTA data 3x3 mm?, deep capillary plexus; e, fundus OCT data, retinal thickness in the macular area 297 pm, best
corrected visual acuity 0,9

Puc. 1. lMauwmeHTKa, 62 roaa, caxapHbli auabet 2-ro TMna, NeBbld rnas, npenponvdepaTuBHas cTaaus AuabeTyecKoit peTuHonaTum,
WULIEMMYECKas MaKynonatus 2-ro ypoBHS: @ — doTorpadus rnasHoro fHa; b — faHHble GyopecLieHTHON aHrMorpadum; ¢ — AaHHble
ONTMYECKON KorepeHTHo ToMorpadun-aHruorpacdum 3x3 MM2, NoBEpXHOCTHOE KanuNApHoe crieTeHne (MIoTHOCTb nepdysum 12,9 %,
nnowlaab GoBeonApHON aBackynapHon 30Hbl 0,68 MM, AnnHa eé oKpyxHocTh 3,73 MM, NoKasaTenb MHAeKca LMpKynapHocTi 0,42;
d — [aHHble ONTMYECKON KOrepeHTHOI ToMorpadun-aHrnorpadmm 3x3 MM, riyboKoe KanunnAapHoe CyeTeHne; e — aHHble oNnTU-
UECKOW KOrepeHTHOM TOMOrpadum rnasHoro AHa, TOJLLMHA CEeTYATKU B MaKynsapHOW 30He 297 MKM, MaKcUMarbHas KOppUrMpoBaHHast
ocTpota 3penus 0,9
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d

Fig. 2. Patient, 25 years old, diabetes mellitus type 1, left eye preproliferative stage of diabetic retinopathy (level 47), level 3 ischemic
maculopathy: a, fundus photography; b, OCTA data 8x8 mm?; ¢, OCTA data 6x6 mm?, superficial capillary plexus (perfusion density 7.3%,
foveolar avascular zone area 1.97 mm?, foveolar avascular zone circumference length 6.49 mm, circularity index 0.59; d, OCT data of
macular zone, retinal thickness in the macular area 236 pm, best corrected visual acuity 0.5

Puc. 2. MNaumneHTka, 25 net, caxapHbiii fuabet 1-ro Tuna, nesblii rnas, npenponudepaTnBHasn cTaaus amabeTnyeckoil peTuHonaTum
(47-1 ypoBeHb), NLIEMMYECKAs MaKynonaTua 3-ro ypoBHs: @ — (oTorpadus rnasHoro AHa; b — AaHHble ONTUYECKON KOrepeHTHOV
ToMorpaduu-aHrnorpadmu 8x8 MM2; ¢ — naHHble ONTUYECKOM KOrepeHTHOI ToMorpadumu-aHrnorpadumu 6x6 MM2, NoBepXHOCTHOE
KanunnspHoe cnnetexue (MNoTHocTb nepdyann 7,3 %, nnowaab GoBecnspHOi aBacKyNAPHOA 30HbI 1,97 MMZ, I/IMHA OKPYMHOCTH
(oBeonApPHON aBaCKyNApHOM 30HbI 6,49 MM, NoKasaTenb MHAEKCA LMpkynsapHocTu 0,59; d — faHHble ONTUYECKOM KOorepeHTHoM
TOMOrpaduu MakynsipHoi 30HbI, TOJLLMHA CETYATKU B MaKyNsipHOM 30He 256 MKM, MaKcuMMarbHas KOppUrupoBaHHas 0CTpoTa

3penus 0,5

FAZ perimeter length (r = 0.940, p < 0.001), and strong
correlation was noted between FAZ circularity and
FAZ perimeter length (r = 0.840, p = 0.009). However,
negative correlations were found between BCVA and
FAZ perimeter length (r=-0.906, p=10.02), BCVA
and FAZ area (r = -0.748, p = 0.033), and between BCVA
and FAZ circularity (r = -0.569, p = 0.141).

DISCUSSION

Previously published data showed that the MI in-
cidence in patients with pre-proliferative DR was
59.7% [171, which significantly differs from our results
indicating Ml in 100% of cases. The most likely reason
for this difference is the method to diagnose MI. No dye
leakage on OCTA images reliably indicates early MI mani-
festations corresponding to grade 1-2. This assumption

00l https://doiorg/1017816/0V652792

is supported by the fact that OCTA detected grade 1-2 M
was in the vast majority of cases (83.4% of patients),
and only 16.6% of patients with pre-proliferative DR had
grade 3 MI.

It is difficult to compare the FAZ parameters obtained
in patients with levels 47 and 53 DR according to the
ETDRS classification with data from non-Russian studies,
as patients with levels 43, 47, and 53 are most often
pooled into one observation group. Therefore, there are
significant differences in our study, with a tendency to
higher values.

Thus, in RICHARD including 60 patients with DR (levels
43, 47, 53) and completed in 2024, mean FAZ area was
0.28 + 0.11 mm?, FAZ perimeter length was 2.21 + 0.5 mm,
and FAZ circularity was 0.7 + 0.07, which are significant-
ly lower than the above results. Dividing patients with
levels 47 and 53 into separate groups changed these
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Fig. 3. Distribution graph of perfusion density index in the su-
perficial capillary plexus of the macular area in patients with dif-
ferent levels of ischemic maculopathy. Statistical difference was
obtained between groups 1 and 2 (p < 0.001), and groups 1 and 3
(p=0.023)

Puc. 3. Mpaduk pacnpepeneHus nokasaTens MioTHOCTU Mep-
dy3un B NOBEPXHOCTHOM KanWIAPHOM CMNETEHUM MaKyNsipHoM
30HbI MALMEHTOB C PasHbIM YPOBHEM MLIEMUYECKON MaKynona-
MW, CTaTucTUyeckas pasHuua nomydeHa Mexay rpynnoi 1w 2
(p <0,001) m rpynnoii 11 3 (p =0,023)

parameters to 0.31 + 0.14,0.25 + 0.13, and 2.36 + 0.67 mm?
for level 47 and to 2.09 + 0.62, 0.69 + 0.1, and 0.68 + 0.11 mm?
for level 52, respectively, which made them almost simi-
lar to the presented data [14].

Importantly, BCVA remains quite high and averages
0.69 at the pre-proliferative DR stage, whereas it is 0.54
in patients with grade 3 MI. The revealed significant cor-
relations between BCVA, vessel density, and macular
SCP perfusion density in patients with grade 2 Ml and no
clear association with the FAZ parameters indicate that
grade 1-2 Ml is clinically insignificant, and a decrease in
vessel and perifoveal perfusion density demonstrates an
increasing risk of Ml area enlargement, which may later
affect BCVA. In contrast, in patients with grade 3 M, sig-
nificant relationship of BCVA with perfusion and macular
SCP vessel density is not observed, but strong negative
correlations with all FAZ parameters are revealed, which
clearly indicates the MI clinical significance. That is, FAZ
perimeter length exceeding 5.0 mm in combination with
compromised integrity of the perifoveal capillary ring by
more than a half can be considered OCTA markers of
clinically significant MI.

It is highly important to detect macular hypoperfusion
in pre-proliferative DR; however, one should remember
that according to several authors, these changes are
followed by a hyperperfusion phase associated with in-
traretinal microvascular abnormalities and microaneu-
rysms [5]. Parafoveal microaneurysms are considered to
be a sign of MI development and progression, as well
as structural disorders of the capillary and precapillary
walls.
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Fig. 4. Distribution graph of the vascular density index in the su-
perficial capillary plexus of the macular area in patients with dif-
ferent levels of ischemic maculopathy. Statistical difference was
obtained between groups 1 and 2 (p = 0.004). Between groups 1
and 3, the difference is not significant (p = 0.158)

Puc. 4. I'padmk pacnpeneneqns nokasaTtens NjoTHOCTU COCYL0B
B MOBEPXHOCTHOM Kanu/IAPHOM CMJIETEHUW MaKymspHOW 30HbI
MaLMeHTOB C pa3HbIM YPOBHEM MULLIEMUYECKON MaKynonaTuu. CTa-
TUCTMYECKan pa3HuLa nosydeHa Mexay rpynnoi 1m 2 (p = 0,004).
Mexay rpynnon 1 u 3 pasHuua HegoctoBepHas (p = 0,158)

Follow-up macular OCTA in patients with pre-prolifer-
ative DR (especially with levels 47 and 53 corresponding
to the moderate and severe stages of non-proliferative
DR according to ETDRS) may demonstrate the need
for panretinal photocoagulation in the peripheral non-
perfusion area or intravitreal angiogenesis inhibitors to
stabilize the capillary and precapillary walls. These pro-
cedures will be effective in preventing Ml progression in
patients with DR.

CONCLUSION

All patients with levels 47 and 53 DR had MI. Grade
2 and 3 MI was detected in 83.4% and 16.6% of cases,
respectively.

Grade 1-2 MI did not significantly affect BCVA.

Grade 3 MI was clinically significant, as a change in
the FAZ parameters, primarily an increase in FAZ perim-
eter length above 5.0 mm, was associated with BCVA
worsening.

Modern diagnostic methods, in particular OCT and
OCTA, allow controlling progression of hypoperfusion
associated with capillary occlusion or intraretinal micro-
vascular abnormalities and microaneurysms, indicating
the increasing severity of Ml and DR in general.
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