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Reduced retinal microcirculation may predict glaucoma progression
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AKTyﬂJ’[BHOCTL HCCJIeJ0BaHUuA

Onpenenuts NpeauKTOPbl IPOrPECCUPOBAHUS IEPBUUHON OTKPBITOYTOJIbHON INIayKOMBI
(ITOVYT) ¢ uenbto 3¢ HeKTUBHOIO MOHUTOPUPOBAHUS U MEPCOHATUZUPOBAHHOTO MOIX0/1a K
Je4eHno. JlaHHbBIN NOCTYJIAT SBISIETCS HEOThEMIIEMBIM IIPUHILIUIIOM MPEAUKTUBHOM
MIPEBEHTUBHON MepcoHaIM3upoBaHHOM MenulinHbl (PPPM), 1iensio KoTopoi sBiisieTcst
IIPOTHO3UPOBATH Pa3BUTHE / MPOTPECCUPOBAHKE 3a00IEBAHNUS U LIEICHATIPABICHHO
IIPEIOTBPALLATh €T0, IPEIOCTABIISASI OPUEHTUPOBAHHOE HA KOHKPETHOTO MAlMEHTA JICYEHHUE.

[ToBeimenHoOe BHyTpUriia3Hoe aasinenue (BI'/]) u ero ¢uaroktyanum, TOHKas pOroBUIla, HU3KUAN
KOpHeEaIbHBIM T'MCTEPE3UC, TEMOPPAruy HA IUCKE 3pUTEIILHOIO HEPBA, IEPUITATAIUIPHAS
aTpodus Xopuoueu, BO3pacT NalMeHTOB, )KEHCKUII 1101, IICeB0IKC(HOTUAIINHN, TTO3THSISL
JMarHOCTHKA IJ1ayKOMBI, a TAKXKE apTepuasbHasi THIIOTEH3Us WM TUIIEPTEH3Ms, KaK IIPaBUIIO,
CUMTAIOTCS OCHOBHBIMU NMPU3HaHHBIMU (hakTopamu rporpeccuposanus [IOYT. Xors B
JUTEpaType aKIEeHTUPYIOT BHUMAaHUE HAa CUCTEMHBIX U JIOKAIBHBIX COCYJUCTBIX (paKkTOpax B
OTHOILIEHUHU IPOIPECCUPOBAHUS TTIAyKOMBI [ 1-3], mpeAuKTUBHAS poJib PETUHAIBHOU
MUKPOLMPKYJISILIMYA HE YCTaHOBJICHA.

Onrtuyeckas korepeHtHast Tomorpagusi-anruorpadust (OKTA) sBnsieTcs HOBBIM HEMHBA3UBHBIM
METOOM 00CIIeI0BAaHHSI MUKPOLMPKYJISILIUK CETYATKH, 3pUTEIHHOTO HEPBAa U XOPUOHJIEH —
KIIFOUEBBIX CTPYKTYP, KOTOPBIE IOPAXKAIOTCS IIpU rIaykoMme [4].

Llesb HACTOSILETO HCCIIEIOBAHUS 3aKII0YAETCS B U3YUECHUH MPEAUKTUBHON CLIOCOOHOCTH
MIEPUIIAITUIUIAPHOIO KPOBOTOKA U MUKPOLUPKYJIALIMU BO BHYTPEHHHUX CJIOSAX MaKyJbl B
OIIPEJIEIICHUH IIPOIPECCUPOBAHNUS ITIAYKOMBI.

MarepuaJbl 1 METOABI

B npocniekTBHOM M 00CEpBAIIMOHHOM MCCIIE0BAaHUU 85 ManueHToB (85 riia3) HaXOIUIIUCh MO
HaOJII0JICHUEM B TeUCHHUE 2 JIET ¥ ObUIM pa3ZeiICHbI Ha JIBE TPYIIIbI HA OCHOBAaHUU HATHYHS /
OTCYTCTBUSI IPOIPECCUPOBAHUS, BBISIBICHHOTO C IOMOIIBIO IporpaMMHoro obecrnieuenus Guided
Progression Analysis (GPA) na ananuzarope nosns 3peaus HFA 11.



HccnenoBanue 6bU10 0J00peHO DTHUECKUM KOMUTETOM (MHCTHTYIIMOHAIBHBIM
HaOJI0AaTeNbHBIM COBETOM) YupexaeHus denepanbHOro MeAUKo-010IOTHYECKOTO areHTCTBA
Poccuu u npoBoauiocs B coorBercTBuM ¢ Hannexameit knuandeckoit npaktukoi (GCP) B
COOTBETCTBUH C MOJIOKEHUAMHU XenbCUHKCKOH neknapauuu (Ilporokon N 5, 05.02.2016).

IIpu KOHTPOJIBHBIX BU3UTAX C UHTEPBAJIOM B 4 Mecsilia BCe MALMEHTHI IPOILIN IOJIHOE
o(ranbMoiornueckoe odcae10BaHNue, BKIIOYAs MPOBEICHUE JUArHOCTHUECKON BU3YaTU3aIlH U
¢byHKUIMOHATBHBIX TeCTOB [4]. IlToTHOCTE MUKpOIMpPKYIATOpHOTO pycia (VD)
napagoBeaJTbHOr0 MOBEPXHOCTHOI'O CILIETEHUS U MOJIHOTO aH(ac-uzo0paxkenus VD (monnas
OTHOCHUTEIIbHAS IJIOTHOCTh KanWuIApoB wiVD) B AMCKOBOI / nepunanusuisipHoii obnactu
OLIEHMBAJIU C ITOMOIIBIO ONITUYECKOM KOrepeHTHOH ToMorpadun-anruorpaduu. Ciioif HEpBHBIX
BoJIOKOH ceTuaTKu (RNFL) 1 KOMIIIEKC TaHIVIMO3HBIX KIETOK, & TAKKE TOJIILUHY BHYTPEHHUX
cioeB MakyJibl u3Mepsiiu ¢ nomoisio SD-OCT, BI'JI (IOP) u ructepe3uc poroBuisl — ¢
nomoInkko ananuzatopa Ocular Response Analyzer.

Kputepun BkitodeHus: 1 UCKITI0UeHuUs Obutn pazpadoransl Kypeimesoit H.W. u ap. [5].

Cpennee nepdysunonnoe nasnenue riasa (cpll/l) Opu1o paccunrano no ¢popmyse: cpllJ] = (2/3
JMACTOJIMYECKOr0 apTepHaIbHOe aBjieHue + 1/3 cucronuyeckoe aprepuaibHOE AaBieHHE) X 2/3
—BI'/l.

O0padoTKa CTATUCTHYECKHX JAHHBIX

Jlist cpaBHEHUS ABYX HE3aBUCHUMBIX IPYIII I10 OHOMY IIPU3HAKY UCIIONIb30Bajcs U-kpurepuil
Manna—VYutau ¢ metogom Po3nepa-I'nunn-JIu u kpurepuii 2 [lupcona.

[Tnomans nox ROC-kpuoii (AUC) kak napameTp, CBA3aHHBIN C POrPEeCCUPOBAHUEM,
HCII0JIb30BAJICS ISl CPABHEHUS IJ1a3 C IPOIPECCUPOBAHUEM IJIayKOMBI C TEMH, B KOTOPBIX
3a0oJeBaHKe HE IPOTPECCUPOBAIIO.

[Toporosoe 3Hauenue (cut-off) onpenensock ¢ momorbio nHAekca KOnena. YucnoBbie JaHHBIC
MIPEJICTaBJICHBI KaK CpeIHee + CTaHIapTHOE OTKIOHeHHe. CTaTucTrueckas 0opaboTka
MOJIyYEHHBIX PE3YJIbTATOB MPOBOANIACH C UCTIOIb30BAHUEM CTAHAAPTHOTO MAKeTa
MIPOrPaMMHOTO o0ecrieueHus ctatucTudeckoro ananusa «SPSS 16.0 mis Windowsy.
[Tokazarenu ¢ P-value <0,05 cuntannch CTAaTUCTUYECKH 3HAYNMBIMH.

PesyabTaTsl

Kinanueckue nepemennsie co cratuctTuiecku 3HaunMon AUC i 11a3 ¢ IporpeccupoBaHrueM
I"OH u 6e3 nporpeccupoBanus npeactasieHsl B Tadmuie 1. CornacHo 3TuM AaHHbIM, WiVD
JIMICKa 3pUTEIHLHOTO HEPBA U COCYI0B MapadoBea MOBEPXHOCTHOTO CIJICTCHUS UMEJIa BBICOKYIO
AUC, xoropas 6s1a conoctaBuma ¢ AUC nukoBbix 3HaueHuit BI'Jl B xoxe nadmonenus, cpll/l,
HCXOJIHOTO TUCTEPE3UCa POTrOBUILIBI U CTPYKTYPHBIX MapaMeTPOB, U3MEPEHHBIX C MOMOIIbI0 SD-
OCT.

Taoauna 1. J[uarnocruyeckast CiocOOHOCTh U3yUEHHBIX KIMHUYECKHM apaMeTpOB JUIs
muddepeHnmanuy Mex 1y rpymnmnamu c nporpeccupoanuem [IOYT u 6e3 nporpeccupoBanus u
UX MTOPOTOBbIE 3HAYCHHUSI.



Variables AUC=S.E. 95% CI p  Criterion (cut-off)

Peak follow-up IOP, mm Hg 0.792=0.05 (0.677 0.880) 0.000 >23.8

Corneal hysteresis, mm Hg 0.755=0.07 (0.606 0.870) 0.000 <=9.6

OCT thickness ILM-IPL inferior- Hemi, um 0.736=0.07 (0.589 0.853) 0.001 <=105

wiVD disc, % 0.715=0.07 (0.566 0.865) 0.001 <=452

Parafovea vessel density superficial 0.707=0.07 (0.558 0.829) 0.005 <=45

Age, vears along with 0.710=0.07(0.588 0.813) 0.001 =70

Avg, RNFL, um 0.692=0.06 (0.5670.799) 0.002 <=95.7

MOPP, mm Hg 0.682=0.08 (0.5210.819) 0.030 <=40

Abbreviations: AUC — area under ROC curve; CI — confidence interval, S.E. — standard error; OCT — optical
coherence tomography. ILM — internal limiting membrane, IPL — inner plexiform layer

bruia oOHapyXeHa MOJ0KUTEIbHAS KOPPEISALUSI MY TOJIIMHON BHYTPEHHHUX CJIOEB CETYATKH
B napagoBea u napa@oBeanbHON MIOTHOCTHIO KAMMJUIIPHOIN CETH B IOBEPXHOCTHOM CJI0€

(r=0.4, p=0.01).

3akjao4yeHue

Hackonbko HaM M3BECTHO, 3TO MIEPBOE UCCIICAOBAHHUE, B KOTOPOM IPEIUKTUBHAS CIIOCOOHOCTD
napameTpoB OKTA npu nporpeccupoBaHuy TIayKOMbI ObllIa COOCTaBUMA C XOPOILIO
U3BECTHBIMU KJIMHUYECKUMHU NpeuKTOpamu, TakuMu Kak BI'Jl, rucrepesuc porosunsl, RNFL u
tommuHa ILM-IPL no nanasim OKT B HikHeit remucdepe. [osBnsiercs Bce Oomnblie
JI0Ka3aTeJIbCTB TOr0, YTO PaHHUE NTOBPEXKICHHUS], BBI3BAHHBIE TTIAYyKOMHBIM IIPOLIECCOM,
3aTparuBaeT Makyiy, o0COOEHHO ee HHUkHIOI0 remucdepy [6]. HemocTaTouHoe KpoBOCHAOKEHUE
TaHIJIMO3HBIX KJIETOK MaKyJibl BOSHUKAET IIPU PaHHEHN CTAaUU TJIayKOMBI [7]. DTO CIIyKUT
OCHOBaHHUEM JUIs1 00Jiee MPUCTAIBHOTO N3YYEHUS MJIOTHOCTH KaMJUIIPHON CETH MaKyJIbl IPH
MOHHUTOPHHIE II1ayKOMBI, YTOOBI OBIJIO BO3MOYKHBIM OOHAPYKHUTH IPOTPECCUPOBAHUE IIIAYKOMBI
KAaK MO>KHO paHblIE, YTO COOTBETCTBYET IlepBoMy NpuHuuiy PPPM.

Wnentudukays npeIaKTopoB IPOrpeccupoBaHms JT000ro 3a00sIeBaHus 103BOJISET
OIpENIeNIUTh MHAUBUIYalbHbINA MPO(UIIL MAMEHTa, YTO TPEOYETCsI B COOTBETCTBUU C

koH1enuueit PPPM [8].

B cymnocTH, korja 3a0oneBaHie JUArHOCTUPYETCS BIIEPBbIE, IPOTHO3UPOBAHUE €TO
[IPOrPECCUPOBAHUS TIO3BOJISIET ONITUMU3UPOBATH METOBI JICUEHUS B KaXKJA0M KOHKPETHOM
ClIly4ae ¥ CJeJIaTh JICYCHUE UHAUBUAYAIbHBIM. B Cilydae riiaykoMbl — 3TO 03Ha4aeT
ONTUMH3UPOBAHHBIN MPEANICaHHBIA METO/1, HaIpUMep, 0oJiee paHHUH Mepexo/] Ha Ja3epHoe
WJIU 1aK€ XUPYPIUUECKOE JIEYEHUE, UTO MOKET NIPEAOTBPATUTD JajbHEHIIEEe YXyALLICHUE
3pUTEIBHBIX (DYHKIIMIA; B COOTBETCTBUH CO BTOphIM IpuHiunoM PPPM. Jlaxe B ciaydae
porpeccupoBaHus 3a00JIeBaHMs ONPeACICHUE HHINBUAYAIBHBIX MAPKEPOB 3TOTO
IIPOTPECCUPOBAHUS TTO3BOJIUT BHIOPATH IEPCOHATMZUPOBAHHOE JICUEHHUE, HAIPABICHHOE UMEHHO
Ha 3TH (PaKTOPbI, HAIIPUMED, HA CHIDKEHHE Nep(y3nOHHOTO JaBJICHUS I71a3a; B COOTBETCTBUU C

TpeTbuM npuHuunom PPPM.



Taxum 06pa3oM, B HACTOSIIEM UCCIIEOBAaHUH OBLIM BBISIBICHBI HOBBIE, BHICOKO HAJICKHBIC
IIPEAUKTOPBI IIPOrPECCUPOBAHMNS IT1ayKOMBI, ITO3BOJIAIOIIKE B 3HAYUTEIILHOW MEpe PACILIUPUTD
IpaHMIIbI OOLIETPUHATHIX CTAHJAPTOB MOHUTOPUHTA TI1ayKOMBI.
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Background

To determine the predictors of primary open angle glaucoma (POAG) progression successful
monitoring and a personalized treatment approach. This postulate is an integral principle of
predictive preventive personalized medicine (PPPM) that is to predict a disease
development/progression and targetly prevent it by providing a treatment tailored to the person.

Increased intraocular pressure (IOP) and its fluctuations, thin cornea, low corneal hysteresis,
optic disc hemorrhages, peripapillary atrophy of the choroid, age of patients, female sex,
pseudoexfoliations, late detection of glaucoma, and arterial hypotension or hypertension are
commonly considered to be the main recognized factors of POAG progression. Though systemic
and local vascular factors in regard to glaucoma progression have been emphasized in literature
[1-3], the predictive role of retinal microcirculation is not elucidated.

Optical coherence tomography angiography (OCTA) is a new non-invasive method for
examination of the microcirculation of retina, optic nerve and choroid—the key structures
affected by glaucoma [4].

The purpose of the present work is to study the predictive ability of peripapillary and inner
macula microcirculation in glaucoma progression.

Materials and methods

In the prospective and observational study, 85 patients (85 eyes) were followed-up for 2 years
and were divided into two groups on the basis of the presence/absence of progression detected
using the Guided Progression Analysis (GPA) software on the Humphrey Field Analyzer II.

The study was approved by the Ethical Committee (Institutional Review Board) of the Institution
of Federal Medical and Biological Agency of Russia and was conducted in accordance with
Good Clinical Practice within the tenets of the Declaration of Helsinki (Protocol N 5, 05.02,
2016).

At follow-up visits with a 4-month interval, all the patients underwent complete ophthalmologic
examinations and several imaging and functional tests [4]. The vessel density (VD) of the
parafoveal superficial plexus and in whole image (wi) en face VD in the disc/peripapillary region
were assessed using optical coherence tomography-angiography. Retinal nerve fiber layer
(RNFL) and ganglion cells complex and the inner macular thickness were measured by SD-
OCT, IOP, and corneal hysteresis using the Ocular Response Analyzer.

The inclusion and excludion criteria have been detailed by Kurysheva et al. [5].

Mean ocular perfusion pressure (MOPP) was calculated using the formula: MOPP = (2/3
diastolic blood pressure + 1/3 systolic blood pressure) x 2/3 —IOP.



Statistical processing

Mann—Whitney U test using Rosner—Glynn—Lee method and Pearson chi-squared test were
applied to compare two independent groups by one characteristic.

The area under receiver operating characteristic curve (AUC) as a parameter’s importance
measure for distinguishing the progression from non-progression eyes was accessed.

Cut-off value was determined by means of Youden’s index. The numerical data are represented
as the mean + SD. Statistical processing of the obtained results was carried out using the standard
package of statistical analysis software “SPSS 16.0 for Windows.” Parameters with p <0.05
were considered statistically significant.

Results

The clinical variables with statistically significant AUC for distinguishing the eyes with
glaucoma progression and non-progression eyes are represented in Table 1. According to this
data, wiVD disc and parafovea vessel density in superficial plexus had the high AUC that was
comparable with AUC for peak follow-up IOP, MOPP, baseline corneal hysteresis, and
structural parameters measured by SD-OCT.

Table 1 Diagnostic ability of studied clinical parameters in differentiating the POAG
progression and non-progression groups and their cut-off scores

Variables AUC=S.E. 95% CI p  Criterion (cut-off)

Peak follow-up IOP, mm Hg 0.792+0.05 (0.677 0.880) 0.000 =238

Corneal hysteresis, mm Hg .755=0.07 (0.606 0.870) 0.000 <=9.6

OCT thickness ILM-IPL inferior- Hemi, um  0.736=0.07 (0.589 0.853) 0.001 <=105

wiVD disc, % 0.715=0.07 (0.566 0.865) 0.001 <=452

Parafovea vessel density superficial 0.707=0.07 (0.558 0.829) 0.005 <=45

Age, years along with 0.710+0.07(0.588 0.813) 0.001 =70

Avg, RNFL, um 0.692=0.06 (0.5670.799) 0.002 <=05.7

MOPP. mm Hg 0.682=0.08 (0.5210.819) 0.030 <=40

Abbreviations: AUC — area under ROC curve; CI — confidence interval, S.E. — standard error; OCT — optical
coherence tomography. ILM — internal limiting membrane, IPL — inner plexiform layer

A positive correlation was observed between the thickness of the retinal inner layers in parafovea
and the parafovea vessel density in the superficial layer (r=0.4, p=0.01).

Conclusion and expected impact

To the best of our knowledge, this is the first study where the predictive ability of OCTA

parameters in glaucoma progression was comparable with well-known clinical predictors such as
IOP, corneal hysteresis, and RNFL and OCT thickness ILM-IPL in inferior hemisphere. There is
a growing body of evidence that early glaucomatous damage involves the macula, especially its
inferior hemisphere [6]. The insufficient blood supply to ganglion cells in macula occurs in early
glaucoma [7]. This is a reason to look more closely at the macula VD in glaucoma monitoring in
order to predict and to detect glaucoma progression earlier that corresponds to the first principle
of PPPM.



Identification of the progression predictors of any disease allows determining a patient’s
individual profile. This is required in accordance with the concept of PPPM [8].

In fact, when a disease is diagnosed for the first time, prediction of its progression allows
optimizing the treatment methods in each particular case and making the treatment personalized.
In glaucoma it means the optimized prescribed method, for example, an earlier transition to laser
or even surgical treatment, that may prevent further deterioration of visual function; in
agreement with the second principle of PPPM. Even in the case of disease progression, the
identification of individual markers of this progression will allow choosing

the personalised treatment aimed specifically at these factors, for example, at reduction of ocular
perfusion pressure; in line with the third principle of PPPM.

In conclusion, the present study has revealed new highly reliable predictors of glaucoma
progression that allow significantly expanding the boundaries of generally accepted standards for
glaucoma monitoring.
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