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Mamepuaau u memogu: /13cAegBaHu ca 212 gywu, pasnpegeaeHu 8 mpu 2pynu — 3gpaBu uHguBugu,
guabemuuu 6e3 u coc Aeka cmeneH [IP. 13n0A3B8a ce anapamom ZEISS CIRRUS HD-OCT u npoyyBaHemo
ce npoBege ¢ nomowma Ha npomokoaume ,Macilar cube 512x128%, ,Macula thickness analysis” u ,Ganglion
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Microstructural Changes of the Macula in Diabetic Patients with and Without Mild Diabetic Retinopathy

Materials and Methods: The people studied, 212 in total, were divided into three groups—nhealthy controls,
diabetics without DR, and diabetics with a mild DR. In our study the ZEISS CIRRUS HD-OCT device was used
as well as the Macular Cube 512x128, Macular Thickness Analysis, and Ganglion Cell Analysis protocols
were used. We analyzed the thickness of the retina from the inner limiting membrane to the retinal pigment
epithelium, as well as the thickness of the ganglion cell layer, and the inner plexiform layer in the macula.
Results: A statistically significant difference between the groups was found for the mean and the minimum
thickness of the ganglion cell + inner plexiform layer. No significant difference in mean values between
patient groups for mean macular cube retinal thickness, foveal retinal thickness, and macular cube volume
was found.

Conclusion: There is no loss of ganglion cells and a decrease in the thickness of the inner layers of the retina
in the macula that precedes the appearance of retinal microvascular damage, and the two processes occur

simultaneously.

Keywords: diabetes, diabetic retinopathy, neurodegeneration, optical coherence tomography

BbBEAEHNE

3axapHuam guabem (3[1) e xemepoz2eHHa 2pyna 3aboAABaHuUA,
xapakmepusupawa ce ¢ xunepaaukemud, BcaegemBue Ha
abcoAlomHa UAU OMHOCUMEAHA AUNCA HA UHCYAUHOBa npogykuus
uAu gedcmBue. KpadHa opeaHHa gucdyHkuus, npegusBukaHa om
XPOHU4HO NoBuweHu HuBa Ha kpvBHama 2alokosa, 3acAea Copueg,
6vbpeuu, HepBHa cucmema U pemuHa (1). bpoam Ha nauueHmume,
60AHU om 31 npe3 2015 20guHa 2A06aAHO, € 6UA 0koAo 415 MUAUOHA.
OuakBaHuama Ha MekgyHapogHama guabemHa ¢egepauua (The
International Diabetes Federation — IDF) ca gocmueaHe Ha 640
MUAUOHA guabemuuu 8 cBemoBeH mauiab go 2040 20guHa (2). Had-
4ecmomo ycAmkHeHue Ha 311 — om mukpoBackyaapeH xapakmep, e
guabemHama pemunonamus ([P). Ao2uyHo Ha yBeauyaBawama ce
yecmoma Ha 3[] ce yBeauyaBa u yecmomama Ha [P, koemo cnopeg
C30 A npaBu npuopumemHo 04HO 3a60AABaHe B ugAus ¢Bam. Om
[P cmpagam okoAo egHa mpema om guabemuuume U ce npuema,
ye 10% om max umam 3acmpawaBawa 3peHuemo cmeneH Ha
pemuHonamud (3).

B cBemauHama Ha peguua no-cvBpemeHHu npoyyBanusa [P ce
onpegeAd kamo XpoHuyHa HeBpocbgoBa gezeHepauud, koamo
3acAza mukpocobgoBeme u HeBpozauama B pemurama (4,5).

Om HeBpoHume, koumo ce cvbupam B 3pumeAHuA HepB, egHa
mpema npousAuzam om makyaama. Makyaama cowo maka
uMa noBuUWEeHU MemaboAUMHU Hykgu nopagu Bucokua 6pod
koHycyema, Hamupawu ce mam (6,7). CaegBa ga ce HanpaBu
3aknloueHuemo, ye cmpykmypHama ugaocm Ha makyaama 6u buaa
komnpomemupaHa npu HaAu4ue Ha MemaboAUMHO 3aboAABaHe
kamo 3[. Mpu nauueHmu ¢ guabemeH makyreH egem gokasao ca
HAaAUUE PemUHHU cmpykmypHU NpOMEHU U yBeAuyeHa gebeAuHa Ha
pemuHama (8,9). daau npomeHume B gebeAauHama Ha makyrama
cbuwlecmByBam npu guademuuu 6e3 makyaeH omok u ¢ Aeka
CMeNeH Ha HenpoauGepamuBHa [AP?

[P 6e3cnopHo e 3aboaaBane, BkalouBawio HeBpogezeHepamuBHa
komnoHeHma, Ho koza HacmonBa masu HeBpogezeHepauus — uma
AU B paHHume emanu Ha [1P, npegu mukpoBackyaapHume npomMeHu,
3a2yba Ha 2aH2AUlHU kaemku U HamanABaHe Ha gebeAuHama Ha
BompewHume cAroeBe Ha pemuHama?

B Hawemo npoyyBaHe nombpcuxme 0mz080p MoYHO Ha me3u gBa
Bonpoca.

IINTRODUCTION

Diabetes mellitus (DM) is a group of diseases characterized by
hyperglycemia due to an absolute or relative lack of insulin production
or action. Extreme organ dysfunction, caused by chronically elevated
blood glucose levels, affects the heart, kidneys, nervous system,
and retina (1). The number of patients with DM in 2015 was around
415 million globally. The International Diabetes Federation (IDF)
expects the number of diabetics to reach 640 million worldwide by
2040 (2). The most common microvascular complication of DM is
diabetic retinopathy (DR). The incidence of DR is also increasing and,
according to World Health Organization, it is already a priority eye
disease worldwide. About a third of diabetes patients suffer from DR,
10% of them have a vision threatening retinopathy (3).

Diabetic retinopathy is defined as chronic neurovascular degeneration
affecting retinal microvessels and neuroglia (4,5).

A third of the neurons converging in the optic nerve come from the
macula. The macula also has increased metabolic needs due to the
high number of cones located there (6, 7). This leads to the conclusion
that the structural integrity of the macula would be compromised in
the presence of a metabolic disease such as DM. Retinal structural
changes and increased retinal thickness have been observed in
patients with diabetic macular edema (8, 9). Do changes in the
thickness of the macula exist in diabetics without macular edema and
with @ mild non-proliferative DR?

Without doubt DR is a disease with a neurodegenerative component,
but when does this neurodegeneration occur—is there loss of
ganglion cells and decreased thickness of the inner retinal layers in
early stages of DR before microvascular changes?

In our study we searched for answers of these two questions.

AIM

The aim of this article is to compare the macular retinal thicknesses
and volume in patients with DM with and without mild DR and healthy
eyes.

MATERIALS AND METHODS

The used methods are clinical and statistical. The study protocol
adheres to the tenets of the Declaration of Helsinki and has been
approved by the Research Ethics Committee at MU—Varna. All patients
gave signed informed consent before the study was conducted.
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LLEA

Llenma Ha npoyyBanemo e ga ce cpaBHam koausecmBeHume
nokasameau, xapakmepusupawiu pemuHaAHUME gebeAuru U 0bem
8 makyrama npu nauueHmu coC 3axaper guabem, 6e3 u coc Aeka
CMeneH Ha guabemua pemuxonamus u 3gpaBu ouu.

METOAI

Memogume, u3noA3BaHU 3a NoAy4aBaHemo U 0bpabomBaHemo Ha
UHGOPMAUUAMA, ca KAUHUYHU U camucmuyecku. MpomokoAbm Ha
npoy4BaHemo ce npugbpka koM npuHuunumMe Ha [ekAaapauuama
om XeA3uHku 3a npaBama Ha u3cAegBaHume Auua U e 0gobpeH om
Komucuama no emuka Ha HayyHume uscaegBanus npu MY-BapHa.
Bcuuku nauueHmu ca npegaAu nognucaHo UHGOPMUPAHO Cb2Aacue
npegu npoBeXkgare Ha uscaegBaHemo.

Ju3aiiH Ha npoy4BaHemo
lepuog u mAcmo Ha npoBekgaHe Ha npoyvBaHemo — okmomBpu
2018 — mapm 2020 2oguHa B ,CBOBAA-Bapra“ EOOM. O6uwio
BkaloueHume B uscaegBaHemo uHguBugu ca 212, om koumo
mbkeme ca 92 (43,4%), a kernume 120 (56,6%). MauueHmume ca
pasnpegeAeHu 8 gBe ocHOBHU 2pynu:
* | koHmpoaHa 2pyna — 75 3gpaBu uHguBugu 6e3 HaAuuUE Ha
30 - 148 ouu
* |l 2pyna — 137 uHguBUQU C HAAUYUE HA 3axapeH guabem —
248 oyu
II A nogzpyna: 6oAHu om 3[1, 6e3 [P — 71 nauueHmu — 140 ouu
II B nogepyna: 6oaHu om 31, ¢ eka HMP (cnopeg kaacudukauusma
Ha VHmepHauuoHaaHua cvBem no opmaamoaceus, International
Council of ophthalmology — ICO) — 66 nauuesmu — 108 ouu.

Ipomokon Ha npoyyBaxemo

B Hauanomo Ha uscaegBaHemo Ha GBceku cybekm ce cHe
MeguuuHcka U damuAHa aHamHe3a N0 gaHHU Ha nauueHma u
Ha npugpykaBawama gokymeHmauus. CaegBawa cmbnka
0e npoBeXgaHemo Ha wWameAreH ODMAAMOAOZUYEH Npe2Aeg,
BkalouBaw, Had-gobpa kopueupaHa 3pumeAHa ocmpoma (BCVA),
usmepBaHe Ha BOH, 6uomukpockonua, uscaegBaHe Ha 04HO JoHO
(cmepeoodmanmockonua ¢ +90 D Aewa) u onmuyHa koxepeHmHa
momozpadus.

Ha Bceku yuacmHuk 8 uscaegBanemo ce u3Bopwu cmaHgapmeH
yHUdUUUpPaH mecm 3a 3pumeAHa ocmpoma. 3mepBaHemo Ha
BOH ce ocvowecmBu ¢ anaaHauuoHeH Perkins moHomembup, a
npeaaegbm Ha NpegeH o4eH ceameHm — ¢ duomukpockon. Caeg
nocmuzaHe Ha Mugpuasa ce u3Bopwu cmepeoodmaamockonus
33 02A8g Ha 0YHOMO goHO ¢ beskonmakmHa +90 D rewla. beaesu
B 04HOMO QLHO 3a ymepeHa HenpoaudpepamuBHa [P (HMOP),
mexXka HMAP, uau npoaudepamuBra 1P (MNAP) 6axa kpumepud 3a
uskalouBare om npoyyBanemo. B cayyal ye BvB (yHgyca umauie
HaAuyue Ha mukpoareBpuamu (6eae3u Ha Aeka cmeneH Ha HIP,
cnopeg kaacudukauuama Ha ICQ), nauueHmume 6Axa pa3npegeAsHu
8 nogepyna Il B — 60AHu om 3/, ¢ aeka HIAP.

Kamo nocregHa cmbnka 0m 0QMAAMOAOUYHUA Npe2Aeg Ce
npoBege uscaegBaHe Ha Bceku yuacmHuk B npoyyBaHemo ¢ anapam
Zeiss Cirrus 5000 HD-0CT (Carl Zeiss Meditec, [b6AuH, KarupopHus,
CALL). MocmuzHa ce BudyaAusauua Ha 04HOMO gbHO ¢ Hal-Bucoka
pasgeAumeAHa cnocobHocm. CkeHupaw, npomokoa, U3noA3BaH
B8 uscaegBanemo, bewe ,Macilar cube 512x128". To3u npomokoa
ckeHupa cepua om 128 xopusoHmanHu B-ckeHa, Bceku cbemaBeH

Study Design
Patients were recruited in the Specialized Eye Hospital for Active
Treatment in Varna from October 2018 through March 2020. A total of
212 individuals were included in the study, of them 92 (43.4%) were
men and 120 (56.6%) were women. Patients were divided into two
main groups:

e | control group—75 healthy individuals without diabetes

(148 eyes)

e |l group—137 individuals with diabetes mellitus (248 eyes)
IA subgroup: patients with DM without DR—71 patients (140 eyes)
[IB subgroup: patients with DM, with mild DR (according to the
classification of the International Council of Ophthalmology (ICO))—
66 patients (108 eyes)

Study Protocol

At the beginning of the study, each subject’s medical and family
history was taken. The next step was to perform a complete
ophthalmological examination, including best-corrected visual acuity
(BCVA), I0P measurement, biomicroscopy, fundus examination
(stereo-ophthalmoscopy with +90 D lens), and optical coherence
tomography (OCT).

A standard unified visual acuity test was performed on each study
participant. The measurement of IOP was carried out with an
applanation Perkins tonometer, and the examination of the anterior
eye segment—with a biomicroscope. Stereo-ophthalmoscopy
was performed with a non-contact +90 D lens. Fundus signs for
moderate non-proliferative DR (NPDR), severe non-proliferative DR
(PNDR), or proliferative DR (PDR) were exclusion criteria. In case
of microaneurysms present in the fundus (signs of a mild degree of
NPDR, according to the ICO classification), the patients were allocated
to subgroup IIB.

Each study participant was also examined with a Zeiss Cirrus 5000
HD-OCT (Carl Zeiss Meditec, Dublin, CA, USA). High resolution
fundus visualization was achieved. Scanning protocol used in the
study was Macular Cube 512x128. This protocol scans a series of
128 horizontal B-scans, each composed of 512 A-scans, as well as
one central horizontal B-scan with high-definition (HD) quality. The
protocol gives information about the volume of a three-dimensional
cube of dimensions 6mm/6mm/6mm and for the retinal thickness
in the 9 sectors defined by the Early Treatment Diabetic Retinopathy
Study (ETDRS). Analysis protocols used in the study were Macular
Thickness Analysis and Ganglion Cell Analysis. Thanks to the
Macular Thickness Analysis protocol, retinal thickness values from
the inner limiting membrane to the retinal pigment epithelium were
shown in microns. The thickness of the ganglion cell layer and the
inner plexiform layer was measured using the Ganglion Cell Analysis
protocol with a cube per scan volume 6.0 x 6.0 mm, scan resolution
512 x 128 pixels. Fig. 1 depicts the protocols used in the study.

We analyzed the thickness of the retina from the inner limiting
membrane to the retinal pigment epithelium (ILM-RPE) in the macula,
which included thickness of the retina in the central subfield of the
macula (thickness central subfield, pm), volume of the macular
cube (volume cube, mm3) and average thickness in the macular
cube (thickness avg cube, um). We also analyzed the average and
minimum thickness of the ganglion cell layer and the inner plexiform
layer (average/minimum GCL+IPL, pum) in the macula.
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Fig. 1. Macular Cube 512x128, Macular Thickness Analysis, and Ganglion Cell Analysis protocols.

om 512 A-ckena, kakmo u eguH UEHMPAAEH XOPU3OHMAAEH
B-cken ¢ HD (high definition) kauecmBo u gaBaw, uHdopmauus
33 06eMa Ha mpuusmepeH kyb ¢ pasmepu 6mm/6mm/6mm u 3a
gebeauHama Ha pemudama B8 9-me kapmozpadcku cekmopa,
onpegeAgHU 0mM NPOy4BaHemo 3a PaHHO AgYeHUE Ha guabemHa
pemuHonamus (ETDRS). AHaausHume npomokoau, u3noa3BaHu 8
uscaegBaremo, baxa ,Macula thickness analysis™ u ,Ganglion cell
analysis”. braazogaperue Ha npomokoaa ,,Macula thickness analysis*
6Axa nokasaHu cMoOHOCMUME Ha gebeAuHama Ha pemuHama om
BompewHama 2paHuyHa MembpaHa go PemuHaAHUA NUZMEHMEH
enumeA 8 MukpoHu. [lebeAuHama Ha CAOA 2aH2AUCHU kaemku
U BompewHua naekcuhopmeH cAOO Ce U3MEpU C nomowma
Ha npomokoa ,Ganglion cell analysis“ ¢ kyb Ha ckaHupave 8
obem 6,0 x 6,0 MM, pa3geaumeAHa CNOCOBHOCM Ha CkaHupaHe
512x128 nukceaa. Ha dueypa 1 ca u3obpaseHu usnoa3BaHume B
npoy4BaHemo npomokoAu.

Ha aHaaus nogaokuxme QebeAuHama Ha pemuHama om
BompewHama 2paHuyHa MembpaHa go PemuHaAHUA NUZMEHMEH

Statistical Analysis

Appropriate statistical methods were consistently applied to achieve
the aim of the study- empirical distribution, Kolmogorov-Smirnov test,
hypothesis testing. Results were considered statistically significant at
p<0.05. All statistical methods were performed using the statistical
software package SPSS 20.0.0., MedCalc 11.6., and Statistica 5.0.

RESULTS

Characteristics of the Groups Studied

The 212 individuals surveyed were divided by demographics and
health status. This distribution is shown in Table 1.

The distribution by gender and age in the healthy control group
corresponds to that in the group of diabetics.

The average age of diabetics (Il group) was 5816 years. The mean age
of patients with mild DR (lIB subgroup) was approximately 59+11.73
years and the mean age of patients without DR (lIA subgroup) was

Table 1. Patient distribution by age, gender, and health status.

Age ‘ Patients ‘ With Diabetes Mellitus ‘ Healthy Controls ‘
(Years) ‘ Males Females Total Males Females Total Males Females Total
up to 20 1 1 1 1

21-30 5 9 14 1 2 3 4 7 1
31-40 10 6 16 5 6 11 5 5
41-50 8 25 33 6 12 18 2 13 15
51-60 28 33 61 21 24 45 7 9 16
61-70 28 23 51 19 15 34 9 8 17
71-80 8 22 30 4 17 21 4 5 9
80+ 4 2 6 3 1 4 1 1 2
Total 92 120 212 60 7 137 32 43 75
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enumer (ILM-RPE) 8 makyaama, koemo Bkalouyu gebeauHa Ha
pemuHama 8 ueHmpaAnHomo nognoae Ha Makyaama (Thickness
central subfield, pum), obem Ha makyaHus ky6 (Volume cube,
mm®) u cpegHa gebeAura 8 makyaHus ky6 (Thickness Avg Cube,
pm). JonbAHUMEAHO aHaAusupaxme U nokazameAaume CpegHa
U MUHUMaAHa QebeAuHa Ha CAOA Ha 2aHeAautHume kaemku u

57+14 years. The difference between the mean age of subjects with
DR and without DR is not considered statistically significant.

Comparison Between the Groups of Thicknesses and Volume
Table 2 shows the measured values of all the indicators studied for
each patient group.

Table 2. Comparison between the three studied groups in terms of thickness and volume in the macula.

Group I—healthy eyes

ILM-RPE thickness avg cube 281.61 um = 12.34 um

Avg ILM-RPE thickness centr.

subfield 260,21pum +20,42um

ILM-RPE vol. cube 10.14 mm3 = 0.44 mm3

Average GCL+IPL thickness 81.07 um = 717 um

Minimum GCL+IPL thickness 78.18 um = 8.29um

lIA Subgroup 1IB Subgroup

27818 um = 14.61 um 281.385 um = 19.444 pum

255,551M =22,40pM 260,1pm +30,18pm

10 mm3 = 0.55 mm3 10.131 mm3 + 0.697 mm3

80.63 um = 7.59 um 75.492 um = 13167 um

77.73 um = 8.54 um 69.477 pm = 15.627 um

BompewHua naekcupopmeH caod (average/ minimum GCLA-IPL,
pm) 8 makyrama.

Cmamucmuyecku ananus

3a nocmueade Ha UeAma Ha npoyyBaHemo ca NpuAokeHu
nocAegoBameAHo  NOGXogAWU  cmamucmuyecku  memogu  —
aHaAU3 Ha eMNUPUYHU pasnpegereHus, mecm Ha KoAmo2opoB—
CmupHoB, memogu 3a cmamucmudyecka npoBepka Ha xunomesu.
Pesyamamume ca npuemu 3a cmamucmuyecku 3Hayumu npu
p<0,05. N3noAaHeHuemo Ha Bcuvku cmamucmuyecku memogu e
npoBegeHo ¢ nomowma Ha cmamucmuyecku codpmyepeH nakem
SPSS 20.0.0., MedCalc 11.6. u Statistica 5.0.

PE3YATATI

Xapakmepucmuku Ha uscaegBaHume 2pynu

3caegBaHume 212 unguBugu ca pasnpegeseHu no gemozpadeku
xapakmepucmuku u 3gpaBeH cmamyc u moBa pasnpegeAeHue e
nomecmeHo 8 mabauua 1.

PasnpegereHuemo no noA u Bb3pacm B 2pynama Ha 3gpaBume
koHmpoau cbomBememBa Ha moBa B 2pynama Ha Auuama coe 3.
CpegHama Bv3pacm Ha nayueHmume ¢ Haauyue Ha 3[1 (Il 2pyna)
e 58 20guHu ¢ omkaoHeHue =16 2oguHu. CpegHama Bb3pacm Ha
nauueHmume ¢ Haaudue Ha [P (Il B nogzpyna) e npubAusumeAxo
99 2oguHu, ¢ omkaoHeHue =11,73 2., a cpegHama Bvb3pacm Ha
nauueHmume be3Haauuue Ha 1P (Il Anogzpyna) e 57 2. ¢ omkAoHeHUE
om =14 20guHu. Pasaukama mexgy cpegHama Bb3pacm Ha Auuama
¢ [IP u 6e3 [P He ce npuema 3a cmamucmuyecku 3Hayuma.

CpaBHeHue mexgy mpume 2pynu Ha gebeauHu u 0bem

B mabauua 2 ca noMecmeHu U3mepeHume cmoaHocmu Ha Beuyku
uscaegBaHu nokasamenu 3a Bcaka egHa om 2pynume nauueHmu.
3a u3caegBaHume nokasameAu — cpegHa gebeAuHa Ha pemuHama
B makyaHuA kyb, gebeAuHa Ha pemuHama 8 ueHmpaAHOMOo NOGNOoAe
Ha Makyrama (GpoBeanHa gedeauHa) u 06em Ha MakyaHuA kyo, caeg
cmamucmuyecka obpabomka Ha gaHHUMe Hue He omkpuBame

For the average retinal thickness in the macular cube, the retinal
thickness in the central subfield of the macula (foveal thickness), and
the volume of the macular cube no significant difference in their mean
values was found between the three groups of patients after statistical
processing of the data.

A statistically significant difference in the mean values of average
GCL+IPL thickness between Group I and Group 11B, as well as between
Group IIA and Group IIB was found. The mean values of the ganglion
cell layer + inner plexiform layer between Group | and Group llA did
not differ significantly (p=0.009).

Following the statistical analysis, a significantly lower minimum
thickness of the ganglion cell layer and the inner plexiform layer
in Group IIB compared to Group | and Group IIA (p=0.0006) was
established. However, no such difference was found for this layer
between Group | and Group lIA.

DISCUSSION

According to the results of the study, Zeiss Cirrus OCT has no ability of
early detection of subclinical macular thickness changes in diabetics
without DR or with mild DR compared to healthy control eyes.

There are studies on the subject that support our statement: in the
macular thickness of healthy people and those with DM without DR or
with mild DR significant differences are not observed (10, 11). There
are also opposite statements such is the work of Rodrigues et al., 2015.
They also conducted a study among three groups of patients: without
diabetes, with type 2 DM without DR, and patients with DM with mild
DR. The team reached an interesting conclusion: the thinning of one
or more retinal layers developed as the disease progressed, but it took
several years to manifest. The reason for author’s conclusion was the
statistically significant decrease in mean macular retinal thickness
in the group of patients with mild DR (P=0.032) compared with the
control group in the study (12).

The literature review widely supports the lack of differences we found in
the retinal thickness of the central macular subfield between the eyes
of healthy individuals and diabetics (10-14). Verma et al., Jiang et al.,
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3Hayuma pasauka B cpegHume UM cmoCdHoCMU Mekgy mpume
2pynu nauuesmu.

B xoga Ha uscregBaremo ce ycmaroBu cmamucmuyecku 3Ha4uma
pasauka 8 cpegHume cmodHocmu Ha nokasameas Average GCL+IPL
Thickness mexkgy 2pyna | u epyna Il B, kakmo u mexkgy 2pyna Il A
u epyna Il B. CpegHume cmodHOCMU Ha CAOA 2aH2AUTHU kaemku
+ BbmpeweH naekcuGopmeH CAOO He Ce pasAudaBam 3Ha4umo
mexgy 2pyna | u 2pynall A (p=0.009).

Caeg cmamucmuyeckua aHaAu3 Ce U3ACHU 3Ha4umo no-Hucka
MUHUMAaAHa gebeAUHa Ha CAOA 2aHeAUlHU kaemku u BbmpewHus
naekcudopmer caol 8 2pyna Il B cnpamo 2pyna | u 2pyna Il A
(p=0.0006). TakaBa pasauka 3a mo3u cAol 0baye He ce omkpu
mexgy 2pyna | u epynall A.

ANCKYCIA

Cnopeg Hawume pesyamamu u3noA3BaHuam 8 npoyuBaHemo Zeiss
Cirrus OCT HAma BbamokHocm 3a paHHO omkpuBaHe Ha NPOMeHU
om cybkauHuyeH xapakmep Ha makyaHama ge6eauHa 8 oyume
Ha guabemuuu 6e3 [IP uau aeka HIMP B cpaBHeHue coc 3gpaBu
KOHMPOAHU 04U.

CowecmByBam npoyyBaHus om nybaukyBaHama no Bbnpoca
Aumepamypa, koumo nogkpenam Hawemo mBopgeHue, a UMEHHO:
3Hauumu pasauku B gebeauHama Ha pemuHama B8 makyrama
Ha 3gpaBu xopa u makuBa cvc 3[] 6e3 [1P uau ¢ Aeka [IP He ce
HabalogaBam (10,11). OmkpuBam ce cbwio maka u nybaukauuu,
mBbpgAwu 0bpamHomo Ha Hac. TakvB e mpygbm Ha Rodrigues
et al., koumo npe3 2015 2oguHa npoBekgam npoy4yBaHe Couwlo
Cpeg mpu 2pynu nauueHmu: 6e3 guabem, ¢ mun 2 3/ 6e3 1P u
nauueHmu coc 3[ ¢ aeka [1P. KoaekmuBom cmuza go uHmepeceH
Uu3B0g: U3MbHABaHeMO Ha eguH UAU noBeye cA0eBe Ha pemuHama
ce pa3BuBa ¢ npozpecuama Ha 3a60AABaHemo, Ho u3uckBa Hakoako
20QUHU ga ce npoABu. MMpuyuHume 3a gocmuzaHemo go mos3u
usBog ca, 4e B8 npoyuBaHemo Ha Rodrigues u ekun cbuiecmByBa
cmamucmuyecku 3Ha4uMo HamaaABaHe Ha cpegHama gebeAuHa Ha
pemuHama 8 makyaama npu 2pynama nauueHmu ¢ Aeka cmenen [1P
(P=0,032) B cpaBHeHue ¢ koHmpoaHama 2pyna (12).

Auncama Ha ycmaHoBeHu om Hac pasauku B pemuHaAHama
gebeAUHa Ha ueHmpaaHomo MakyAHO nognone Mekgy ouume
Ha 3gpaBu uHguBugu u Ha guabemuuu ce nogkpena wupoko om
HanpaBeHuA AumepamypeH 0630p no memama (10,11,12,13,14).
B npomuBopeyue Ha Hac cmoAm u3cAegBaHuA kamo mes3u Ha
Verma et al, Jiang et al. u Dumitrescu et al., koumo omyumam
HamaneHa (oBearHa gebeAuHa npu nauueHmu cve 3[ 6e3 [P
8 cpaBHeHue cbc 3gpaBu xopa (15,16,17). Cnopeg aBmopume
Bucoko BepoAmHO € pe3yamamume Om MmexHUme npoy4BaHus
ga ompasaBam u3meHeHUA om HeBpogez2eHepamuBeH xapakmep
(2aH2AUOHOKAGMbBYHA ge2eHepauun).

Dan Peng et al. cpaBHAaBam obema Ha makyaama npu 3gpaBu
AuUa, guabemuuu 6e3 1P u nauuesmu ¢ aeka [P. Te HabalogaBam
cmamucmuyecku 3Hayumo yBeaudeH MmakyaeH obem B 2pynama
Ha guabemHo 6oAHUME ¢ pa3Buma [1P, cpaBHeHo ¢ nauueHmume
om 2pynama Ha guabemuuume 6e3 [P, kakmo u 8 cpaBHeHue ¢
Auuama om koHmpoaxama 2pyna (18). Hue, om gpyea cmpaHa, He
HabAlogaBame makuBa npomeHu B Hawemo npoyyBaHe. BepoAmHo
e NpomeHu B obema Ha makyaama ga ca acuMnmoMamuyHu U
CYOKAUHUYHU U ga He 3acAeam 0Cmpomama Ha 3peHuemo, mbl
kamo 8 mpyga Ha Dan Peng u ekun aBmopume ycmanoBaBam

and Dumitrescu et al. report reduced foveal thickness in patients with
DM without DR compared to healthy individuals, which is contrary to
our results (15-17). According to the authors, it is highly likely that the
results of their studies reflect changes of a neurodegenerative nature
(ganglion cell degeneration).

Dan Peng et al. compared macular volume in healthy individuals,
diabetics without DR, and patients with mild DR. They observed
a statistically significantly increased macular volume in the group
of diabetic patients with developed DR compared to patients in the
group of diabetics without DR, as well as compared to subjects in
the control group (18). We, on the other hand, did not observe such
changes in our study. It is likely that changes in macular volume are
asymptomatic and subclinical and do not affect visual acuity, as Dan
Peng et al. found slight morphological changes in the macula without
clinically evident vision loss.

Few are the publications reporting absent or minor loss of retinal
ganglion cell nuclei and dendrites in patients with DM and mild DR
(19,20). In the majority of published studies, a significant difference
in average/minimum GCL-+IPL thickness is found between healthy
individuals and DM patients with mild DR (21-24) Among diabetics
without DR, mild DR, or PDR, Chhablani and team reported similar
GCL+IPL thinning (22).

In relation to our results of no statistically significant difference in
GCL+IPL thicknesses between the group of healthy subjects and
the group of subjects with DM without DR, it would be important to
mention a study by Gerendas et al. from 2019 (25). They studied 150
patients with DM who were compared with 150 healthy subjects and
the result was surprising—a significant thickening of the GCL+IPL in
the diabetic eyes. The authors interpreted this finding in several ways.
First, the high number of type 1 diabetics in their study was cited as a
reason, with the idea that in type 2 diabetes the lipid profile of patients
is worsened, and accordingly, the thinning of the ganglion cell layer
and the inner plexiform layer in the macula is due to hyperlipidemia
and the thickening of the GCL+IPL is masked. The authors’ second
hypothesis states: the GCL+IPL thickens more in diabetics who
develop diabetic macular edema (DME) in the future, and the layer
remains stable in patients who do not develop DME. According to the
third possible explanation two pathways of changes in the GCL+ IPL
layers of DM patients with or without mild DR compared to healthy
controls were observed—neurodegenerative with thinning of the
GCL+IPL to neuronal atrophy, and vascular with thickening of the
GCL+IPL as an indication for the subsequent occurrence of DME (25).
However, there are numerous studies that obtain results identical
to ours. No differences are reported between the groups of healthy
individuals and individuals with DM without DR regarding the average
or minimum thickness of the GCL+IPL in the macula (26—28).

CONCLUSION

Healthy subjects, diabetics without DR, and diabetics with mild NPDR
did not have a significant difference in retinal thickness and volume
in the macula, but statistically significant differences were found in
the ganglion cell layer and the inner plexiform layer. In conclusion,
we cannot confirm the presence of increased macular thickness in
diabetics without macular edema. We also believe that there is no loss
of ganglion cells or a thickness reduction of the inner retinal layers
prior to the appearance of retinal microvascular damage and both
processes oceur simultaneously.
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Aeku  mopdoAoz2uyHU  npomeHu B makyaama 6e3  KAUHUYHO
ga ce ycmaHoBaBa ouyeBugHo BrowaBaHe Ha 3peHuemo npu
u3cAegBaHume om max nauueHmu.

My6aukauuume, gokaagBauiu AUNCA UAU HE3HAYUMEAHa 3a2yba Ha
PEMUHaAHU 2aH2AUCHOKAEMbBYHU AgPa U geHgPUMU NpU NauueHmu
cvc 31 u reka [IP, ca manko Ha bpod (19,20). 3Ha4uma pasauka
8 nokasameaume Average/Minimum  GCL+IPL Thickness ce
ycma+oBaBa mexkgy 3gpaBume Auua u 6oaHume om 3[1 ¢ Aeka [IP
B no-2oaam bpod om nybAukyBaxume npoyyBaHusa (21,22,23,24).
Cpeg guademuuu 6e3 [P, ¢ aeka cmeneH [1P uau ¢ NP Chhablani u
ekun cvobwaBam 3a cxogHo GCL+IPL usmbHABaHe (22).

BbB Bpo3ka ¢ HaWUMe pe3yamamu 3a Aunca Ha cmamucmuyecku
3Ha4uma pasauka 8 gebeaurume Ha GCL-+IPL meXgy 2pynama Ha
3gpaBume Auua U epynama Ha Auuama cbe 3[1 6e3 [1P, 6u 6uno
BakHo ga cnomeHem egHo npoyyBaHe Ha Gerendas u koaekmuB om
2019 2oguHa (25). N3caegBanu ca 150 nauueHmu cve 3[1, koumo
ca cpaBHeHu cvce 150 3gpaBu Auua, a peayamamobm e yuygBaul,
— CueHupukaHmHo ygebeaaBaHe Ha GCL+IPL gebeauHama npu
guabemuuume. ABmopume mbakyBam moBa cBoe omkpumue
no HAakoako HavuHa. MopBo, kamo npuyuHa ce nocoyBa Bucokuam
bpol guabemuuu mun 1 8 mAxHoMO u3cAegBaHe ¢ ugeama, ye
npu guabem mun 2 AUNUGHUAM NPOQUA HA 6OAHUME e BAoweH
U cbomBemHo U3MbHABAHEMO Ha CAOA 2aHeAulHU kaemku u
Ha BbmpewHus naekcupopmeH caol B8 makyaama ce gbAXu Ha
xunepaunugemus u ygebeaaBaHemo Ha GCL+IPL e mackupaHo.
Bmopama xunome3a Ha aBmopume 2aacu: GCL+IPL ce ygeteanBa
noBeye npu guabemuuume, koumo pa3BuBam guabemeH
makyaeH egem (OME) 8 6vgewle u croAm ocmaBa cmabuAeH npu
nauuesmu, koumo He pasBuBam JME. [18a nbma Ha NpOMeHU Ha
GCL-+IPL croeBeme Ha 60AHU om 3[] 63 uAu cve Aeka [IP cnpaAmo
3gpaBu koHmpoau ce HabalogaBam cnopeg mpemomo BepoAmHo
00ACHEHUE Ha NoAyYeHUme pesyamamu — HeBpogezeHepamuBeH ¢
uambHABaHe Ha GCL+IPL go ampodua Ha HeBpoHume u cbgoB ¢
ygeoeadBare Ha GCL+IPL kamo uHgukauus 3a nocaegBauia noaBa
Ha IME (25).

Bce nak no-mH0206po0HU ca npoyyBaHuama, koumo noaysaBam
PesyAmamu, UJEHMUYHU Ha HaWUme — He ce omyumam pasauku
mexgy 2pynume 3gpaBu Auua u auua coc 3/1 6e3 [IP no omHoweHue
Ha CpegHama UAU MuHuMaAHama gebeauta Ha GCL+IPL B8 makyaama
(26,27,28).

3AKAHOYEHNE

Mpu 3gpaBu xopa, guabemuuu 6e3 [P u guabemuuu ¢ Aeka
cmened Ha HIMOP HAmam 3Hayuma pasauka B gebeauHama u
obema Ha pemunama 8 makyaama, Ho cmamucmuyecku 3Haqumu
pasauku ce goaaBAm npu cA0A 2aH2AUOHU kaemku U BbmpewHua
naekcugopmeH cAol. B 3aknloyeHue Ha mesu pesyamamu Hue
He MOXeM ga nomBbpgum HaAuyuemo Ha yBeauyeHa makyaHa
gebeAuHa npu guabemuuu 6e3 makyreH omok. CmAmame Coulo,
4e npegu nosBama Ha yBpexkgaHuama Ha mukpocbgoBeme B
pemuHama HAMa 3a2yba Ha eaHeAudHU kaemku u HamaAABaHe Ha
gebeAauHama Ha BompewHume cA0eBe Ha pemuHama, a gBama
npoueca npomuyam egHoBpeMeHHo.
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