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ABSTRACT

BACKGROUND: Diagnostics of hemodynamic changes is important both for clarifying the features of the course of patho-
logical process of many ophthalmic diseases and for optimizing treatment tactics. Laser speckle flowgraphy (LSFG) is
a new non-invasive method for quantitative assessment of retinal blood flow.

AIM: To study age-related changes of pulse waves both in large blood vessels and microvasculature in the optic nerve head
and macula by laser speckle flowgraphy.

MATERIALS AND METHODS: Age-related changes in blood flow were studied in 60 healthy volunteers using LSFG-RetFlow.
We analyzed MBR — main parameter of pulse wave assessed by the laser speckle flowgraphy and also another 8 pulse
wave parameters for large vessels and microvasculature in the areas of optic nerve head and macula.

RESULTS: The study revealed statistically significant (p < 0.05) age-related changes in pulse waves for most parameters
under study. In the large vessels of the optic disc blood flow dropped after 60 years, while in the microvasculature it
decreased progradiently in the groups older than 40 and 60 years. In the macular region, blood flow in large vessels and
microvasculature decreased mainly in the group aged over 61. Age-related changes in pulse wave parameters were unidi-
rectional for both large vessels and microvasculature; trends were similar in both areas under investigation.
CONCLUSIONS: The study demonstrated statistically significant (age-related changes in most laser speckle flowgraphy
pulse wave parameters. The MBR, MV (MBR of Vascular area), MT (MBR of Tissue area) indicators are most informative in
the ophthalmic hemodinamic screening. The study of another pulse wave parameters seems sufficient for the general MBR.

Keywords: laser speckle flowgraphy; ocular blood flow; age-related changes; microvasculature; main retinal vessels;
MBR; pulse wave parameters.
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UccnepoBaHue BO3pacTHbIX MU3MEHEHUH
peTUHaNbHOW reMoAMHAMUKN METO/0M Jla3epHoM
cnekn-gnoyrpapuu

B.B. Hepoes, T.[1. Oxouumckas, 0.B. 3anuesa, C.10. [letpos, A.W. Ywwwakos,
H.E. leptoruna, 0.M1. MapkenoBa

HauuoHanbHbIN MeaVLMHCKMIA UCCeL0BaTeNbCKUI LEHTP rnasHbix bonesHen uM. MenbMronbLa, Mocksa, Poccus

AHHOTALIMA

AxtyanbHocTb. [JnarHocTvKa reMoAvHaMUYeCKUX U3MEHEHUN BaXHa KaK [ YTOYHEeHUs| 0cobBeHHOCTen TeyeHus na-
TOJIOMYECKOr0 MpoLecca MHOTUX FasHblX 3abonieBaHui, TaK U ANd ONTUMU3aUMM TaKTUKKU Nledenus. JlasepHas cnekn-
dnoyrpagus (LSFG) — HOBbIN HeMHBA3WBHBI METO, KOJIMYECTBEHHOM OLIEHKW PEeTUHAIbHOTO KPOBOTOKA.

Lenb — uccnenoBath Bo3pacTHble U3MEHEHWS MYNbCOBOM BOJHbI B KPYMHbIX COCYAAaX U MUKPOLMPKYNATOPHOM pycre
B 00N1aCTW AMCKa 3pUTENbHOI0 HepBa M MaKysbl C MOMOLLbK N1a3epHoMN crekn-dnoyrpaduu.

Matepuanbl U MeTogbl. Bo3pacTHble 3MeHeHUs KpOBOTOKa MccnepoBanu Ha 60 3n0poBbix AobpoBonbLax Ha npubope
LSFG-RetFlow. OueHnBanu 3HayeHMe 0CHOBHOMO NapaMeTpa NnysbcoBoii BofHbl — MBR, a Takke 8 napaMeTpoB nynbco-
BOI BOJIHbI 4151 KPYMHBIX COCYA0B M MUKPOLMPKYNATOPHOrO pycna B 06nacT A1cKa 3puTeNbHOr0 HepBa U MaKyrbl.
Pe3ynbrathl. BoisBneHbl focToBepHo 3HauuMble (p < 0,05) 3MeHeHWs nynbcOBOW BOJHBI C BO3PACTOM Mo HONbLUMHCTBY
uccnefyeMblx Nokasateneid. B obnactu pucka 3puTenbHOr0 HepBa KPOBOTOK B KPYMHbIX COCYAaX HauMHanm CHUMaTb-
ca nocne 60 net, KPOBOTOK B MUKPOLMPKYNATOPHOM pyciie MPOrpagMeHTHO CHWxancs B rpynnax 41-60 net u ctapwe
61 roga. B MakynapHoi 0bnacTu KpoBOTOK B KPYMHbIX COCYAax W MUKPOLMPKYNSTOPHOM pYC/e CHUManCs npeumylue-
CTBEHHO B rpynne ctapwe 61 roaa. Bo3pacTHble n3mMeHeHus napamMeTpoB MyNbCOBOW BOMHbI BblM 0QHOHAMPaBEHHDI
KaK ANs KPYMHbIX PETUHANbHbIX COCYAO0B, TaK U ANS MUKPOLMPKYNATOPHOrO pycna, TeHAEeHUMM Bbiin CXOAHBIMU B 060MX
uccnefyemblx 30Hax.

3aknouenue. Hactoslee uccnefoBaHue NPoLEMOHCTPUPOBANO CTAaTUCTUYECKM 3HAUUMOE M3MEHEHMe DONbLUMHCTBA Na-
PaMeTpoB NynbCOBOM BOSHbI C Bo3pacToM. Mokasatenu MBR: ans kpynHbix cocynos (MBR of Vascular area, MV) v cocynos
MUKpoumpKynsTopHoro pycna (MBR of Tissue area, MT), Haubonee MHGOpPMaTUBHBI 18 CKPUHUHIOBOTO MCCef0BaHMs
MUKPOLMPKYNAUMM, U3y4YeHWe OTAeNbHbIX NapaMeTpoB MyNbCOBOW BONHbI MpeAcTaBnsetcs LenecoobpasHbiM ans 06-
wen MBR.

KnioueBble cnoBa: nasepHasi cneki-gnoyrpadms; rnasHoii KpoBOTOK; BO3PACTHbIE M3MEHEHUS; MUKPOLMPKYNSTOpPHOE
PYCI0; MarucTpasbHble peTuHanbHble cocyabl; MBR; napameTpbl MynbCoBOI BOJHBI.
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BACKGROUND

Hemodynamic disorders are the cause of the patho-
genesis of many ophthalmological diseases, and often
determine the prognosis of visual functions. Therefore,
the diagnosis of these changes is important to clarify the
features of the pathological process course and optimize
treatment tactics.

The presence of constant blood flow in the vessels of
the retina, choroid and optic nerve in conditions of rapid
transient shifts in systemic blood pressure is maintained
due to autoregulation, which depends on the state of the
endothelium, pericytes, vasoactive molecules [1]. Risk
factors for the development of microvascular pathology
in ophthalmological practice are cardiovascular disorders
(arterial hypertension and hypotension), diabetes mel-
litus, atherosclerosis, cerebrovascular diseases. In ad-
dition, structural and functional changes in the vascular
wall occur with age, even in the absence of additional risk
factors (lifestyle, concomitant diseases). There is thicken-
ing and compaction of the vascular wall [2-4], increase in
the velocity of pulse wave propagation [5]. It is believed
that an increase in arterial stiffness leads to spreading of
pulsating blood flow to the microcirculatory bed causing
gradual violation of the autoregulation mechanism, which
is manifested by a decrease in choroidal and retinal per-
fusion and plays an important role in the development of
age-related ophthalmological diseases such as glaucoma
and age-related macular degeneration [6].

Laser speckle flowgraphy (LSFG) is a new noninvasive
method for quantifying blood flow in the area of the optic
nerve disc and macula, which allows tracking changes in
perfusion in real time. The essence of the method is to
study the quantitative parameters of the pulse wave of
blood flow obtained by analyzing speckle images created
by reflecting a laser beam from moving blood elements.
The radiation reflected from the fabric creates a certain
speckle pattern on the plane where the area sensor is
focused. Reflection from moving blood elements leads
to a “blurring” of the recorded speckle pattern and a de-
crease in speckle contrast. The technology, the scope of
application of LSFG and the main parameters determined
using this method were described in detail in our previ-
ous studies [7, 8].

It has been shown that age-related changes in blood
flow can be effectively verified using LSFG. Significant
age-related changes in ocular hemoperfusion were re-
vealed, namely the main indicator LSFG — MBR (Mean
Blur Rate, average image blurring index), which is a
measure of the relative blood flow rate. In addition to
the integral indicator MBR, the parameters MBR for large
vessels (MBR of Vascular area, MV) and vessels of the
microcirculatory bed (MBR of Tissue area, MT) and MBR
for the entire study area (MBR of all area, MA) can be
calculated separately (Fig. 1, 2).
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The pulse wave parameters measured by the LSFG
method are synchronized with cardiac cycles which can
be useful for studying the relationship between systemic
and ocular blood flow and assessing the physiological
aging of the microcirculatory bed in healthy individuals
of different age groups [9]. It is believed that the time
(Blowout Time, BOT) and volume (Blowout Score, BOS)
of blood flow per heartbeat are associated with stiffness
of large arteries, diastolic function of the left ventricle
and systemic vascular resistance [10, 11]. The Accelera-
tion Time index (ATI) correlates with the ratio of the final
diastolic contraction and the mass of the left ventricle
[12,13].

LSFG allows you to analyze 13 pulse wave param-
eters, which can be determined for both the total MBR
and MV and MT - that is, both in large vessels and in the
microcirculatory bed separately. No studies have been
found in the available literature on age-related changes
in individual pulse wave parameters for MV and MT, which
determines the relevance of this work. In this paper the
8 most significant pulse wave indicators determined for
MV and MT were analyzed.

The aim is to use LSFG to investigate age-related
changes in the pulse wave in large vessels (MV) and mi-
crocirculatory bed (MT) in the area of the optic disk and
macula.

MATERIALS AND METHODS

The study included 60 healthy volunteers (120 eyes).
The subjects were divided into groups of 20 people de-
pending on their age — 20-40 years old, 41-60 years old
and 61 years and older. Exclusion criteria: the presence
of ametropia =6 diopters, any eye surgery for 3 months
prior to participation in the study, significant opacities
of optical media, any other clinically significant oph-
thalmological disease according to the researchers as
well as systemic diseases (uncompensated hyperten-
sion, dyslipidemia, diabetes mellitus, cardiovascular or
cerebrovascular disorders). All subjects underwent com-
prehensive screening diagnostics, which included anam-
nesis collection, physical and standard ophthalmological
examination. All the examined persons had high visual
acuity, normal parameters of arterial and intraocular
pressure.

Blood pressure and LPH were measured after
a 10-minute rest of the patients in a quiet, ventilated
room. All participants abstained from smoking, alcohol
and caffeine for =24 hours prior to the examination.

The study was performed on the LSFG-RetFlow device
(Nidek, Japan) according to the standard method, without
the use of mydriasis. The scan of the optic disk and macu-
la was carried out during a 4-second period, involving the
recording of 118 frames, which were transformed by su-
perimposition into a so-called composite blood flow map.
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Fig. 1. ONH blood flow parameters obtained by laser speckle flowgraphy: @ — cartogram of blood flow; b — graphic representation
of mean blur rate (MBR) in the age groups of 20-40 years (a1 and b1) and over 60 years (a2 and b2), respectively, the x-axis reflects
scanning frames. MV — MBR of Vascular area, MT — MBR of Tissue area, MA — MBR of all area

Puc. 1. MapameTpbl KPOBOTOKA AMCKA 3PUTENILHOTO HEPBA, MOJyYeHHbIE METOLIOM Jla3epHoii cneki-dnoyrpaduu: @ — KapTorpamma Kpo-
BOTOKa; b — rpaguyecKoe u3obpaxeHne cpefHero nokasarens pasmbitus usobpamenus (MBR) B BospactHbix rpynnax 2040 net (a1 v b1)
u ctape 60 net (a2 u b2) cooteetcTBeHHO. MV — MBR ans kpynHbix cocynos, MT — MBR s cocynoB MUKPOLWMPKYISTOPHOTO pycra,
MA — MBR ans Bceii uccnepyemon obnactu

al b1
TR , — MV —MT —MA —MV-MT

50

0
0 5 0 15 20
Frame of scanning
b2
—MV —MT —MA  —MV-MT
50
40 -
30{ ™
- S — i,
= 20/\_

UU 5 0 15 2
Frame of scanning

Fig. 2. Macula blood flow parameters obtained by laser speckle flowgraphy: a — cartogram of blood flow; b — graphic represen-
tation of MBR in the age groups of 20—40 years old (a1 and b1) and over 60 years old (a2 and b2), respectively, the x-axis reflects
scanning frames. MV — MBR of Vascular area, MT — MBR of Tissue area, MA — MBR of all area

Puc. 2. MapaMeTpbl KPOBOTOKA MaKynspHOM 0611acTy, MoslyYeHHble METOL0M JlasepHoi criekn-doyrpadmu: @ — KapTorpaMMa KpoBOTOKa;
b — rpaduyeckoe n3obpaxeHne CpeaHero noKasatesis pasMbiTUs M306paxkeHus B Bo3pacTHbix rpynnax 20-40 net (a1 v b1) u cTapwe
60 net (a2 n b2) cootBeTcTBEHHO. MV — MBR 151 KpynHbix cocynos, MT — MBR ans cocynoB MUKpOLMpKynsTopHoro pycia, MA — MBR
[Dns BCen uccnenyemon obnactu
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Then the studied area was outlined on the resulting
image inside which measurements were carried out.
A template in the form of an ETDRS “lattice” with a di-
ameter of 4.5 mm was applied to the area of the optic
disk and peripapillary retina — a single size specified by
the manufacturer. The macular area was outlined in the
form of a circle with a diameter of 5 mm. Blood flow
parameters were calculated using LSFG Analyzer soft-
ware. The value of the main parameter of LSFG — MBR,
as well as MV and MT, was estimated, on the basis of
which graphs were automatically built to analyze pulse
wave indicators. In this work, 8 most significant indica-
tors were analyzed: BOT (Blowout Time) — the percent-
age of pulse wave time during which MBR values were
higher than the average values in the current series of
measurements, BOS (Blowout Score) — blood flow vo-
lume per heartbeat, ATI, blood Flow Acceleration Index
(FAI), the indicator of the asymmetric deformation/skew
distribution (Skew), the rate of increase and decrease of
the MBR — Rr (Rising rate) and Fr (Falling rate) curve,
and the resistance Index (RI). The research was carried
out in the macula and in the field of optic disk. The cen-
tral nervous system is the site of localization of large
retinal vessels, therefore, the study of this zone gives
an idea not only about the blood supply to the optic
nerve head but also about retinal blood flow in general.
The study of the macular area by the LSFG method pro-
vides a comprehensive understanding of retinal and cho-
roidal blood flow.

Vol. 17(3) 2024
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Statistical processing of the research results was
performed using the Microsoft Excel 2016 application.
When analyzing the data of 60 patients, the values of
the median (Me) and quartile parameters were calculated
[@,5; @;5]. All samples obeyed the normal distribution law.
To verify the validity of the differences between the mean
values of the samples, a parametric two-sided Student’s
t-test was used. The differences were considered signifi-
cant at the significance level of p < 0.05.

RESULTS

According to the results of the study, significantly va-
lued (p < 0.05) changes in the pulse wave were revealed
in people of older age groups according to most of the
studied parameters (Table 1 and 2).

The relationship between the absolute value of the
MBR index and the caliber of the studied vessels is
traced. The maximum MBR values were determined for
MV DSN (large retinal vessels), followed by MV macula,
MT macula (in the macula, due to the contribution of cho-
roidal vessels to the volume of the studied blood flow,
the values increase). The minimum values were deter-
mined for MT optic disk.

Similar patterns were found for FAI, which is con-
sidered as an indicator of the maximum change in the
increasing MBR value and displays the possibility of
a rapid increase in blood flow over a short period of time
(one frame, 1/30 s). The FAI MV values were higher than

Table 1. Flowgraphic parameters of blood flow in large vessels (MV) and microvasculature (MT) of the optic disc area in different age

groups, Me [Q,5; Q5]

Tabnuua 1. ®noyrpaduyeckne napamMeTpbl KPOBOTOKA KPYMHbIX cocyaoB (MV) u MUKpoumpKynsTopHoro pycna (MT) B obnactu aucKa

3pUTeNbHOTO HepBa B Pa3HbiX BO3pacTHbIX rpynnax, Me [Q,s; Q5]

Blood flow MV MT

parameters 20-40 years 41-60 years >61 years 20-40 years 41-60 years =61 years
MV/MT 51.25 [44; 61.83]  47.15[42.9; 53.95]* 38.5[32.78; 45.2]* 19.55[16.63; 24.35] 16.1[13.08; 18.73]* 13.35[12.13; 17.25]**
BOT 57.60 [54.55; 58.9]  54.20 [50.55; 57.6] 47.90 [46.98; 50.91** 55.00 [51.3; 56.43] 51.35 [48.95; 53.1]* 44.90 [42.8; 47.93]**
BOS 80.30 [79.1; 81.93] 81.30[79.13; 83.58] 76.151[72; 78.91*  78.15[76.8;79.91 77.70 [75.38; 80.18] 72.60 [69.65; 75.15]**
Skew 10.90 [9.6; 12.23]  10.90 [10.15; 11.9] 12.10 [11.13; 13.28]** 11.95[10.9; 12.73]  11.90[11.33; 13] 12.95[12.23; 14.6]**
ATI 23.45(21.2; 27.65] 33.40 [28.85; 34.83]* 33.40 [30.3; 35.8]* 23.60 [22.38; 27.38] 31.70 [28.75; 33.2]* 33.00 [30.8; 35.5]
Rising rate 12.60 [10.9; 13.93] 14.05[13.3; 14.35]* 13.05[12.7; 13.95] 12.25[10.95; 13.2] 13.05 [12.8; 13.7]* 12.80 [12.03; 13.45]

Falling rate
FAI 6.80 [6.1; 8.23]
RI 0.31[0.29; 0.33]

4.90 [4.5; 6.4]F
0.30[0.27; 0.33]

12.30[11.78; 13.3] 13.35[12.73; 14.08]* 13.80 [13.53; 14.58]* 12.70 [12.08; 13.23]
4.90[3.9; 6.08]*
0.37[0.33; 0.42]

13.50 [13; 14.18]*
2.00[1.83; 2.4]
0.35[0.31; 0.38]

14.80 [14.1; 15.2]*
1.90 [1.53; 2.8]
0.410.37; 0.45]

2.75[2.38; 3.9]
0.34[0.31; 0.36]

Note. BOT — Blowout Time; BOS — Blowout Score; *p < 0.05, the difference is statistically significant with the 20-40 years group;
**p < 0.05, the difference is statistically significant between the =61 years group and the other two groups.

[pumeyarue. BOT — BpeMs Bbibpoca; BOS — 06bEM Bbibpoca; Skew — acumMeTpuyHoe pacnpefienenue fedopMauus/nepexoc; ATl —
MHAEKC BpeMeHu yckopeHus; Rising rate — ckopocTb Bo3pacTaHust kpusoit MBR; Falling rate — ckopocTb y6biBaHus KpuBoii MBR;
FAI — wnHpeKkc yckopenus KpoBoTOKa; Rl — wHAekc pesucteHTHocTW. *p < 0,05, pasHuuUa CTaTUCTMYECKM [OCTOBEPHA C rpynmnoi
20-40 neT; **p < 0,05, pasHuuUa CTaTUCTUYECKM [LOCTOBEPHA MeXAY rpynnoi =61 rofa u AByMA ApYriMM rpynnamu.
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Table 2. Flowographic parameters of blood flow in large vessels (MV) and microvasculature (MT) of the macula in different age groups,
Me [Qys; @yl

Tabnuua 2. Onoyrpacdmyeckue napameTpbl KPOBOTOKA KPYMHbIX cocydoB (MV) u MuKpouupkynstopHoro pycna (MT) B Makyne
B pa3HbIX BO3pacTHbIX rpynnax, Me [Q,g; Q)

Blood flow MV MT
parameters 20-40 years 41-60 years =61 years 20-40 years 41-60 years | =61 years |
MV/MT 36.55 [30.53; 51.38] 33.95[29.93; 38.78]* 24.65 [18.68; 31.95]** 23.75 [17.73; 32.25] 21.15 [15.38; 25.48]* 14.6 [11.6; 18.95]**

BOT 52.85 [49.15; 55]  50.45 [45.23; 52.5] 43.60 [40.83; 45.38]** 52.40 [49.7; 55.4]  47.15 [44.1; 52.1]* 43.35 [41.33; 45.8]**
BOS 78.55 [76.33; 81.28] 78.85 [76.55; 81.7] 71.40 [68.2; 74.28]** 80.00 [77.28; 83.6] 78.40 [75.65; 82.08] 72.15 [68.83; 74.5]*

Skew 13.05[11.08; 13.93] 13.05[11.73; 13.78] 14.70 [13.05; 16.13]"* 12.90 [10.78; 14] ~ 13.15[12.43; 14.6] 14.35[13; 15.08]**
ATI 23.80 [19.9; 26.05]  30.15[29; 32.7*  31.45[28.65; 34.38]" 24.70 [20.4; 26.33] 30.55 [28.65; 32.28]* 32.00 [29.6; 34.93]
Rising rate 1175 [10.6; 13.33] 13.40 [12.4; 13.75]* 12.45 [11.23; 12.98]" 12.35 [10.88; 13.58] 12.90 [12.15; 13.6] 12.70[11.08; 13.38]

13.00 [12.1; 13.93] 13.80 [12.93; 14.55]* 14.90 [14.13; 15.6]** 13.00 [12.38; 13.63] 13.85 [13.3; 14.58]* 14.70 [14.4; 15.2
FAI 5.60 [4.45;6.53]  4.25[2.68; 4.98]*  3.35[2.6; 4.5]* 3.35[2.8; 4.13] 2.50 [1.7; 3.15] 2.101.7; 2.71*

RI 033[03;0.36]  0.33[0.29;0.36]  0.42[0.39; 0.46] 0.321[0.27;0.35]  0.33[0.28;0.38]  0.42[0.39; 0.44]™

Note. BOT — Blowout Time; BOS — Blowout Score; *p < 0.05, the difference is statistically significant with the 20—40 years group; **p < 0.05, the
difference is statistically significant between the 26 1 years group and the other two groups; ’p < 0.05, the difference is statistically significant with the
41-60 years group

[pumeyaHue. BOT — BpeMs Bbibpoca; BOS — 06bEM Bbibpoca; Skew — acummeTpuuHoe pacnpefienerue fedopMauvs/nepexoc; ATl —
MHOEKC BpeMeHU yckopeHus; Rising rate — ckopocTb Bo3pacTaHust kpusoit MBR; Falling rate — ckopocTb ybbiBaHus KpuBoii MBR;
FAl — nHpeKc yckopeHus KpoBoToKa; Rl — nHAeKc pesucteHTHocTH. *p < 0,05, pasHuua cTatucTuyecku goctosepHa ¢ rpynnoi 20—40 ner;
**p < 0,05, pasHnLa CTaTUCTUYECKM IOCTOBEPHA MeXy rpynmnoii =61 rofa n asyma apyrumu rpynnamu; *p < 0,05, pasHuua cratucTdecku

Falling rate

[oCTOBepHa ¢ rpynnou 41-60 ner.

the FAI MT. The maximum FAI values were found for MV
optic disk, and the minimum values for MT optic disk.

For the rest of the pulse wave parameters, the abso-
lute values in the study of hemodynamics in large vessels
and microcirculatory bed did not differ significantly.

The relative changes in pulse wave parameters in the
age groups 41-60 years and =61 years relative to the
group 20-40 years are shown in Fig. 3. It was revealed
that the trends in the pulse wave parameters were gen-
erally unidirectional for both large retinal vessels and
the microcirculatory bed, the trends were similar in both
studied zones.

Values of MV indicators/MT began to decline after
the age of 40 but the most significant changes in the
indicator were noted after the age of 60. BOT, BOS de-
creased, and Skew, Rl increased mainly in the group over
61 years old, there was little difference between the first
two groups. The ATI index increased, and FAI decreased
after 41 years. The falling rate increased progressively
in the groups after 40 and after 60 years. For the Ris-
ing rate indicator, the maximum values were observed
in the 41-60-year-old group. The greatest age dynam-
ics was observed for MV/MT, FAI, ATl and RI indices.
The increase in Rl was more pronounced for MV and MT
in the macula region, for ATl — in the optic disk re-
gion. The maximum decrease in FAl was observed in the
macula area in people over 61 years of age.
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DISCUSSION

Laser speckle fluorography (LSFG) is a new non-inva-
sive method for assessing ocular blood flow, which dem-
onstrates effectiveness in the comprehensive diagnosis
and monitoring of various systemic and ophthalmological
diseases.

The vascular network of the eye is part of the car-
diovascular system of the body, exposed to the same
internal and external influences. Due to the possibilities
of visualization, qualitative and quantitative assessment,
ocular blood flow can be considered as a kind of “window”
for the study of vascular changes in the body, and LSFG
expands the possibilities of studying ocular blood flow
and blood circulation in general.

A number of studies have shown the relationship be-
tween individual parameters of LSPH and the state of the
cardiovascular system. H. Kunikata et al. [14] reported
that the BOT-Tissue indicator (BOT-MT) can be used to
detect latent cerebral infarction in primary aldosteronism.
It was also found that lower values of BOS in the region
of the heart correlate with a decrease in diastolic function
of the left ventricle [10] and an increase in the formation
of atherosclerotic plaques within the carotid arteries [11].
A study by T. Shiba et al. [15] showed that the average
values of total MBR obtained in patients with coronary
artery disease were significantly lower than in patients
without this pathology. And in their previous study,




ORIGINAL RESEARCHES

the ATI-MV index in the area of optic disk was
negatively correlated with the mass of the left
ventricle [13].

Similar changes were revealed in the study of pa-
tients with diabetes mellitus (DM). In patients with DM,
the thickening of intima media detected by ultrasound
correlated with a decrease in the average values of all
MBR indicators in the SD [16]. Y. Ueno et al. [17] inves-
tigating the relationship of morphological changes in
retinal arteries with general blood flow and systemic
changes in patients with type 2 diabetes, concluded that
MBR, the presence of hypertension and low-density lipo-
protein levels are independent predictors of an increase
in vascular wall thickness, which leads to narrowing of
the vessel lumen and a decrease in blood flow in diabetic
retinopathy.

Despite the fact that LSFG can be used in the diagno-
sis of both systemic diseases and ophthalmopathologies,
at the moment there is no specific regulatory framework
for pulse wave indicators although a number of authors
have made attempts to solve this issue. N. Luft et al. [18]
studied the parameters of ocular blood flow in healthy
individuals. It was shown that all three MBR indices (total
MBR, MV, MT) decreased significantly with age (p < 0.01).
There was also a statistically significant decrease in BOT,
BOS, FAIl, an increase in Skew, ATI, Falling rate (FR) and
RI. The rising rate did not show a significant age depen-
dence. According to the researchers, pulse wave vari-
ables such as FR (r=0.747) and BOT (r = -0.714) were
most strongly correlated with age.

The mechanism that maintains blood pressure be-
tween heartbeats (Windkessel effect) is disrupted with
age causing an increase in systolic pulse and a decrease
in diastolic pressure — the nature of blood flow becomes
more pulsating [18]. This change is reflected in an age-
related increase in FR, which characterizes a more pro-
nounced drop in blood flow after the peak, as well as an
age-related decrease in BOT, expressed in a decrease in
peripheral perfusion during diastole. Similar age-related
changes in BOT and FR parameters were obtained by
Japanese authors [19]. N Aizawa et al. [20] also revealed
a decrease in the MBR index for large vessels relative to
age. It should be noted that in these studies, blood flow
was studied only in the field of optic disk, and in addition
it was the correlation relationship between age and blood
flow indicators that was analyzed without attempts to
create a regulatory framework [18-20].

The literature data on age-related changes in LPH
are generally consistent with the results obtained earlier
in our Center [7, 8]. The conducted studies have shown
a significant decrease in the volume parameters of blood
flow in the area of the spinal cord and macula with age.
The highest MBR parameters were observed in the group
of 20-40 years old. In the macular region, MBR indicators
decreased more significantly in the group over 60 years old,
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Fig. 3. Dynamics of pulse wave parameters within the groups 41—
60 years and =61 years relative to the group of 20-40 years (corre-
sponds to the isoline). BOT — Blowout Time; BOS — Blowout Score;
Skew — asymmetric distribution; ATI — Acceleration Time Index;
Rising rate — rate of increase of MBR curve; Falling rate — rate of
decay of MBR curve; FAl — Flow Acceleration Index; Rl — Resistivity
Index; 13H — optic nerve head; MZ — macular area

Puc. 3. [lvHamuka nokasatenein nynbCoBOW BOMHbI B rpynnax 41—
60 net n =61 ropa otHocutenbHo rpynnbl 2040 net (cooTBETCTBY-
eT u3onnHum). BOT — BpeMs Bbibpoca; BOS — 06bEM Bbibpoca;
Skew — acumMeTpuyHoe pacnipesenienne AedbopMauus/mepeKoc;
ATI — nHpexc BpeMeHy yckopeHus; Rising rate — cKopocTb Bo3pac-
TaHus kpuBoii MBR; Falling rate — ckopocTb ybbiBaHNs KpuBoii MBR;
FAl — WHAEKC ycKopeHWst KpoBOTOKa; Rl — MHAEKC pesncTeHTHOCTY;
[3H — nouck 3putenbHoro Hepsa; MZ — MaKynsipHas obnactb

whereas for the optic disk, the decrease was noted after
40 years. There was also a significantly significant age-
related change in most parameters of the pulse wave of
the integral MBR.

In this paper, the pulse wave parameters for MV and
MT are studied. Such work, according to the literature,
has not been carried out before. When comparing the in-
dividual parameters of the pulse wave MV, MT and total
MBR, there was no significant difference in the abso-
lute values of most indicators in different age groups.

43
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Significant variability is shown for the FAI index, which
has a strong correlation (r = 0.93) with MBR. At the same
time, the degree of FAI changes for MV relative to FAI for
the total MBR was almost twice as high as the degree of
MV changes relative to the total MBR.

Thus, the conducted study showed the informative
value of the MV and MT pulse wave indicators, which
reflect the blood flow in large vessels and the microcir-
culatory vascular bed. The indicators can be effectively
used in clinical practice for screening studies. To deter-
mine individual pulse wave parameters (except FAI) it is
sufficient to analyze the parameters of the general MBR.

CONCLUSION

The present study demonstrated a statistically sig-
nificant relationship between most of the pulse wave
parameters obtained using LSFG and age. It can be as-
sumed that the studied parameters can be considered as
biomarkers of age-related changes in ocular perfusion.
Due to the convenience of conducting the study for the
doctor and the patient, the speed of the study, LSFG is
a promising method for further studying blood flow in
cardiovascular diseases and various ophthalmopathol-
ogy in order to assess the development of macro- and
microvascular changes.

The MBR, MV and MT indicators are the most informa-
tive for the screening study of microcirculation. The study
of individual pulse wave parameters seems appropriate
for the general MBR. The analysis of individual pulse
wave parameters for MV and MT may be effective in cer-
tain ophthalmopathologies, however, this issue requires
separate study.

ADDITIONAL INFO

Authors’ contribution. All authors made a substantial con-
tribution to the conception of the study, acquisition, analysis,
interpretation of data for the work, drafting and revising the ar-
ticle, final approval of the version to be published and agree to

REFERENCES

1. Hadikova EV. Autoregulation of eye vessels. Clinical Gerontology.
2006;(7):4143. EDN: JUUKCN

2. Wong TY, Klein R, Klein BEK, et al. Retinal vessel diameters and
their associations with age and blood pressure. Invest Ophthalmol
Vis Sci. 2003;44(11):4644-4650. doi: 10.1167/iovs.03-0079

3. Kenney WL, Armstrong CG. Reflex peripheral vasoconstriction is
diminished in older men. J Appl Physiol (1985). 1996;80(2):512-515.
doi: 10.1152/jappl.1996.80.2.512

4. Teregulov YE, Mayanskaya SD, Teregulova ET. Changes in elastic
properties of arteries and hemodynamic processes. Practical medi-
cine. 2017;(2(103)):14-20. EDN: YLPFTZ

Tom 17.N? 3, 2024

DOl https://doi.org/10.17816/0V627230

OdTansbMonoryecKme BeoMoCTH

be accountable for all aspects of the study. Personal contribution
of each author: V.V. Neroev, T.D. Okhotsimskaya — experimental
design, collecting and preparation of samples, chromatographic
study, data analysis, writing the main part of the text, literature
review, making final edits; 0.V. Zaytseva — experimental design,
writing the main part of the text; S.Yu. Petrov — experimental
design; A.l. Ushakov — collecting and preparation of samples,
data analysis, writing the main part of the text, literature review;
N.E. Deryugina — experimental design, collecting and preparation of
sample, writing the main part of the text, literature review; 0.1. Markelo-
va— experimental design, collecting and preparation of samples, data
analysis, writing the main part of the text, literature review.

Funding source. The authors have not declared a specific grant
for this research from any funding agency in the public, commercial
or not-for-profit sectors.

Competing interests. The authors declare that they have no
competing interests.

AOMO/THUTENIbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHLIA BKNAA
B pa3paboTKy KOHLenuuu, npoBefeHWe UCCNefoBaHUs WU MOA-
FOTOBKY CTaTbW, MPOYAM 1 0f0b6punn duHanbHyl0 Bepcuio nepes,
nybnukaumeir. JInuHbin BKNap Kaxporo astopa: B.B. Hepoes,
T.[. OxoummcKas — KOHUENuus W Au3anH uccnefoBaHus, cbop
1 obpaboTKa MaTepuanos, xpomaTtorpauyeckoe uccnenoBaHue,
aHanu3 MoslyYeHHbIX [laHHbIX, HamMUcaHue TeKcTa, 063op nuTe-
patypel; 0.B. 3aliueBa — KoHuenuus u Au3aiiH UccnepoBaHus,
Hanucanme Tekcra; C.10. [leTpoB — KoHUenumus u au3aiiH uccne-
posaHus; A.N. Ywakos — cbop u obpaboTka MaTepuanos, aHa-
N3 MOJYYeHHbIX AaHHbIX, HanMcaHue TeKcTa, 0630p inTepaTypsl;
H.E. [leptornHa — KoHuUenuus u ou3aiiH uccnefoBanus, cbop
1 obpaboTKa MaTepuanoB, HanMcaHWe TeKCTa, 0630p nuTepaTypbl;
0.M. MapkenoBa — KoHUenuus U AM3aiiH uccnefoBaHus, cbop
1 0bpaboTKa MaTepuanoB, aHanM3 Mojy4YeHHbIX AaHHbIX, Hanuca-
HWe TeKcTa, 0030p NuTepaTypsbl.

WcTouHuK pmHaHCUpoBaHUS. ABTOPbI 3asiBNSIOT 00 0TCYTCTBUM
BHELLHero GuUHaHCMpOBaHWUA MpU NPOBELEHUN UCCIIEA0BAHMS.

KoHdpnukT uHTepecoB. ABTOpbl AEKNApUpPYOT OTCYTCTBUE
ABHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnnKaumeli HacTosLLe CTaTby.

5. Zieman SJ, Melenovsky V, Kass DA. Mecha-
nisms, pathophysiology, and therapy of arterial stiff-
ness. Arterioscler Thromb Vasc Biol. 2005:;25(5):932-943.
doi: 10.1161/01.ATV.0000160548.78317.29

6. O'Rourke MF, Hashimoto J. Mechanical factors in arterial
aging: a clinical perspective. J Am Coll Cardiol. 2007;50(1):1-13.
doi: 10.1016/j.jacc.2006.12.050

7. Petrov SY, Okhotsimskaya TD, Markelova Ol. Assessment of
ocular blood flow agerelated changes using laser speckle flow-
graphy. Point of view. East-West. 2022;(1):23-26. EDN: IKLICH
doi: 10.25276/2410-1257-2022-1-23-26



https://elibrary.ru/juukcn
https://doi.org/10.1167/iovs.03-0079
https://doi.org/10.1152/jappl.1996.80.2.512
https://elibrary.ru/ylpftz
https://doi.org/10.1161/01.ATV.0000160548.78317.29
https://doi.org/10.1016/j.jacc.2006.12.050
https://elibrary.ru/iklich
https://doi.org/10.25276/2410-1257-2022-1-23-26

ORIGINAL RESEARCHES

8. Neroeva NV, Zaitseva OV, Okhotsimskaya TD, et al. Age-related
changes of ocular blood flow detecting by laser speckle flowgraphy.
Russian Ophthalmological Journal. 2023;16(2):54—62. EDN: FFSEQV
doi: 10.21516/2072-0076-2023-16-2-54-62

9. Anraku A, Enomato N, Tomita G, et al. Ocular and systemic factors
affecting laser speckle flowgraphy measurements in the optic nerve
head. Trans! Vis Sci Technol 2021;10(1):13. doi: 10.1167/tvst.10.1.13
10. Shiba T, Takahashi M, Hori Y, et al. Optic nerve head circulation
determined by pulse wave analysis is significantly correlated with car-
dio ankle vascular index, left ventricular diastolic function, and age.
J Atheroscler Thromb. 2012;19(11):999-1005. doi: 10.5551/jat.13631
11. Rina M, Shiba T, Takahashi M, et al. Pulse waveform analysis
of optic nerve head circulation for predicting carotid atheroscle-
rotic changes. Graefes Arch Clin Exp Ophthalmol. 2015;253(12):
2285-2291. doi: 10.1007/s00417-015-3123-y

12. Singh SR, Garg H, Dogra M. Commentary: Cardio-ankle vascular
index: The how and why for an ophthalmologist. Indian J Gphthalmol.
2020;68(5):872-873. doi: 10.4103/ij0.1J0_2291_19

13. Shiba T, Takahashi M, Shiba C, et al. The relationships be-
tween the pulsatile flow form of ocular microcirculation by laser
speckle flowgraphy and the left ventricular end-diastolic pres-
sure and mass. Int J Cardiovasc Imag. 2018;34(11):1715-1723.
doi: 10.1007/510554-018-1388-z

14. Kunikata H, Aizawa N, Kudo M, et al. Relationship of ocular
microcirculation, measured by laser speckle flowgraphy, and silent

CMUCOK JIUTEPATYPbI

1. Xammkosa 3.B. Aytoperynaumsa cocynos rnasa // KnuHuyeckas
repoHTonorms. 2006. N 7. C. 41-43. EDN: JUUKCN

2. WongT.Y., KleinR, Klein BEK, et al. Retinal vessel diameters and
their associations with age and blood pressure // Invest Ophthalmol
Vis Sci. 2003. Vol. 44, N 11. P. 4644-4650. doi: 10.1167/iovs.03-0079

3. Kenney W.L., Armstrong C.G. Reflex peripheral vasoconstriction
is diminished in older men // J Appl Physiol (1985). 1996. Vol. 80,
N 2. P. 512-515. doi: 10.1152/jappl.1996.80.2.512

4. Teperynos 10.3., MasHckas C.[., Teperynosa E.T. W3mene-
HWS 3M1aCTUYECKMX CBOWCTB apTepuin U reMoAMHaMU4ecKme npo-
ueccol // Mpaktnyeckas Meamumua. 2017. N2 2(103). C. 14-20.
EDN: YLPFTZ

5. Zieman S.J., Melenovsky V., Kass D.A. Mechanisms,
pathophysiology, and therapy of arterial stiffness // Arte-
rioscler Thromb Vasc Biol. 2005. Vol. 25, N 5. P. 932-943.
doi: 10.1161/01.ATV.0000160548.78317.29

6. O'Rourke MF, Hashimoto J. Mechanical factors in arterial aging:
a clinical perspective // J Am Coll Cardiol. 2007. Vol. 50, N 1. P. 1-13.
doi: 10.1016/j.jacc.2006.12.050

7. Metpos C.10, Oxoummckas T.[., Mapkenosa 0.M. OueHka B03-
PacTHbIX WM3MEHEHWI NapaMeTpoOB [/1a3HOr0 KPOBOTOKA [AMCKa
3pWTENIbHOrO HepBa METOOM Ja3epHoi cneksi-thnoyrpadumn //
Touka 3penms. Boctok—3anaa. 2022. N° 1. C. 23-26. EDN: IKLICH
doi: 10.25276/2410-1257-2022-1-23-26

8. Hepoesa H.B., 3aiuesa 0.B., Oxoummckas T.[., n ap. Onpe-
[ieNeHne BO3PaCTHbIX WM3MEHEHWI TMa3HOro KpoBOTOKA MeTo-
[OM nasepHoit cnekn-dnoyrpadmm // Poccuiickuin odransMo-
norvndeckmin xypHan. 2023. T. 16, N2 2. C. 54-62. EDN: FFSEQV
doi: 10.21516/2072-0076-2023-16-2-54-62

Vol. 17(3) 2024

DOl https://doi.org/10.17816/0V627230

Ophthalmology Reports

brain infarction in primary aldosteronism. PLoS ONE. 2015;10(2):
e0117452. doi: 10.1371/journal.pone.0117452

15. Shiba T, Takahashi M, Matsumoto T, et al. Differences in op-
tic nerve head microcirculation between evening and morning in
patients with coronary artery disease. Microcirculation. 2017;24(7):
12386. doi: 10.1111/micc.12386

16. Ichinohasama K, Kunikata H, Ito A, et al. The relation-
ship between carotid intima-media thickness and ocular cir-
culation in type-2 diabetes. J Ophthalmol. 2019;2019:3421305.
doi: 10.1155/2019/3421305

17. Ueno Y, Iwase T, Gotoet K, et al. Association of chang-
es of retinal vessels diameter with ocular blood flow in
eyes with diabetic retinopathy. Sci Rep. 2021;11(1):4653.
doi: 10.1038/s41598-021-84067-2

18. Luft N, Wozniak PA, Aschinger GC, et al. Ocular blood flow mea-
surements in healthy white subjects using laser speckle flowgraphy.
PL0S One. 2016;11(12):e0168190. doi: 10.1371/journal.pone.0168190
19. Tsuda S, Kunikata H, Shimura M, et al. Pulse-waveform analysis
of normal population using laser speckle flowgraphy. Curr Eye Res.
2014;39(12):1207-1215. doi: 10.3109/02713683.2014.905608

20. Aizawa N, Kunikata H, Nitta F, et al. Age- and sex-de-
pendency of laser speckle flowgraphy measurements of optic
nerve vessel microcirculation. PLoS One. 2016:11(2):e0148812.
doi: 10.1371/journal.pone.0148812

9. Anraku A, Enomoto N., Tomita G., et al. Ocular and systemic
factors affecting laser speckle flowgraphy measurements in the op-
tic nerve head // Transl Vis Sci Technol. 2021. Vol. 10, N 1. P. 13.
doi: 10.1167/tvst.10.1.13

10. Shiba T., Takahashi M., Hori Y., et al. Optic nerve head circula-
tion determined by pulse wave analysis is significantly correlated
with cardio ankle vascular index, left ventricular diastolic function,
and age // J Atheroscler Thromb. 2012. Vol. 19, N 11. P. 999-1005.
doi: 10.5551/jat.13631

11. Rina M,, Shiba T., Takahashi M., et al. Pulse waveform analysis
of optic nerve head circulation for predicting carotid atherosclerotic
changes // Graefes Arch Clin Exp Ophthalmol. 2015. Vol. 253, N 12.
P. 2285-2291. doi: 10.1007/s00417-015-3123-y

12. Singh S.R,, Garg H., Dogra M. Commentary: Cardio-ankle vascu-
lar index: The how and why for an ophthalmologist // Indian J Oph-
thalmol. 2020. Vol. 68, N 5. P. 872-873. doi: 10.4103/ijo.1J0_2291_19
13. Shiba T., Takahashi M., Shiba C., et al. The relationships between
the pulsatile flow form of ocular microcirculation by laser speckle
flowgraphy and the left ventricular end-diastolic pressure and
mass // Int J Cardiovasc Imag. 2018. Vol. 34, N 11. P. 1715-1723.
doi: 10.1007/510554-018-1388-z

14. Kunikata H., Aizawa N., Kudo M., et al. Relationship of ocular
microcirculation, measured by laser speckle flowgraphy, and silent
brain infarction in primary aldosteronism // PLoS ONE. 2015. Vol. 10,
N 2. P. e0117452. doi: 10.1371/journal.pone.0117452

15. Shiba T, Takahashi M., Matsumoto T,, et al. Differences in optic
nerve head microcirculation between evening and morning in pa-
tients with coronary artery disease // Micracirculation. 2017. Vol. 24,
N7.P.e12386. doi: 10.1111/micc.12386

45


https://elibrary.ru/ffseqv
https://doi.org/10.21516/2072-0076-2023-16-2-54-62
https://doi.org/10.1167/tvst.10.1.13
https://doi.org/10.5551/jat.13631
https://doi.org/10.1007/s00417-015-3123-y
https://doi.org/10.4103/ijo.IJO_2291_19
https://doi.org/10.1007/s10554-018-1388-z
https://doi.org/10.1371/journal.pone.0117452
https://doi.org/10.1111/micc.12386
https://doi.org/10.1155/2019/3421305
https://doi.org/10.1038/s41598-021-84067-2
https://doi.org/10.1371/journal.pone.0168190
https://doi.org/10.3109/02713683.2014.905608
https://doi.org/10.1371/journal.pone.0148812
https://elibrary.ru/juukcn
https://doi.org/10.1167/iovs.03-0079
https://doi.org/10.1152/jappl.1996.80.2.512
https://elibrary.ru/ylpftz
https://doi.org/10.1161/01.ATV.0000160548.78317.29
https://doi.org/10.1016/j.jacc.2006.12.050
https://elibrary.ru/iklich
https://doi.org/10.25276/2410-1257-2022-1-23-26
https://elibrary.ru/ffseqv
https://doi.org/10.21516/2072-0076-2023-16-2-54-62
https://doi.org/10.1167/tvst.10.1.13
https://doi.org/10.5551/jat.13631
https://doi.org/10.1007/s00417-015-3123-y
https://doi.org/10.4103/ijo.IJO_2291_19
https://doi.org/10.1007/s10554-018-1388-z
https://doi.org/10.1371/journal.pone.0117452
https://doi.org/10.1111/micc.12386

46

OPYTVHATIBHBIE CTATBN

16. Ichinohasama K., Kunikata H., Ito A, et al. The relationship
between carotid intima-media thickness and ocular circulation
in type-2 diabetes // J Ophthalmol. 2019. Vol. 2019. P. 3421305.
doi: 10.1155/2019/3421305

17. Ueno Y., Iwase T, Gotoet K., et al. Association of chang-
es of retinal vessels diameter with ocular blood flow in eyes
with diabetic retinopathy // Sci Rep. 2021. Vol. 11, N 1. P. 4653.
doi: 10.1038/s41598-021-84067-2

18. Luft N., Wozniak P.A, Aschinger G.C., et al. Ocular blood
flow measurements in healthy white subjects using laser speck-

AUTHORS' INFO

Vladimir V. Neroev, MD, Dr. Sci. (Medicine), Professor,
Corresponding Member of RAS; ORCID: 0000-0002-8480-0894;
eLibrary SPIN: 5214-4134; e-mail: sekr@ighb.ru

Tatiana D. Okhotsimskaya, MD, Cand. Sci. (Medicine);
ORCID: 0000-0003-1121-4314; eLibrary SPIN: 9917-7103;
e-mail: tata123@inbox.ru

Olga V. Zaytseva, MD, Cand. Sci. (Medicine);

ORCID: 0000-0003-4530-553X; eLibrary SPIN: 5171-8473;
e-mail: sea-zov@yandex.ru

Sergey Yu. Petrov, MD, Dr. Sci. (Medicine);

ORCID: 0000-0001-6922-0464; eLibrary SPIN: 9220-8603;
e-mail: glaucomatosis@gmail.com

Aleksandr I. Ushakov, MD; eLibrary SPIN: 5209-8565;
e-mail: winter215@yandex.ru

Natalia E. Deryugina, MD; ORCID: 0009-0004-3406-0033;
eLibrary SPIN: 5609-6216; e-mail: natasha.der96@yandex.ru
*Oksana I. Markelova, MD; address: 14/19 Sadovaya-
Chernigryazskaya st., Moscow, 105062, Russia;

ORCID: 0000-0002-8090-6034; eLibrary SPIN: 6381-9851;
e-mail: levinaoi@mail.ru

* Corresponding author / ABTOp, 0TBETCTBEHHBI 33 NEPEnUCKy

Tom 17.N? 3, 2024

DOl https://doi.org/10.17816/0V627230

OdTansbMonoryecKme BeoMoCTH

le flowgraphy // PLoS One. 2016. Vol. 11, N 12. P. e0168190.
doi: 10.1371/journal.pone.0168190

19. Tsuda S., Kunikata H. Shimura M. et al. Pulse-wave-
form analysis of normal population using laser speckle flow-
graphy // Curr Eye Res. 2014. Vol. 39, N 12. P. 1207-1215.
doi: 10.3109/02713683.2014.905608

20. Aizawa N., Kunikata H., Nitta F., et al. Age- and sex-dependency
of laser speckle flowgraphy measurements of optic nerve ves-
sel microcirculation // PLoS One. 2016. Vol. 11, N 2. P. e0148812.
doi: 10.1371/journal.pone.0148812

0b ABTOPAX

Bnagumup Bnagmumupouy Hepoes, A-p Mefl. Hayk,
npodeccop, 4n.-kopp. PAH; ORCID: 0000-0002-8480-0894;
eLibrary SPIN: 5214-4134; e-mail: sekr@igb.ru

TatbsaHa JMuTpueBHa OXoUMMCKas, KaH[. Mefl. HayK;

ORCID: 0000-0003-1121-4314; eLibrary SPIN: 9917-7103;
e-mail: tata123@inbox.ru

Onbra BnaguMupoBHa 3aiueBa, KaHa. Meq. Hayk;

ORCID: 0000-0003-4530-553X; eLibrary SPIN: 5171-8473;
e-mail: sea-zov@yandex.ru

Cepreit lOpbeBuy leTpoB, A-p Me. Hayk;

ORCID: 0000-0001-6922-0464; eLibrary SPIN: 9220-8603;
e-mail: post@glaucomajournal.ru

Anekcanap Uropesuy Ywakos; elibrary SPIN: 5209-8565;
e-mail: winter215@yandex.ru

Hartanbsa EBrenbeBHa [leptoruna; ORCID: 0009-0004-3406-0033;
eLibrary SPIN: 5609-6216; e-mail: natasha.der96@yandex.ru
*OkcaHa UropesHa MapkenoBa; aapec: Poccus, 105062,
MockBa, yn. CapoBas-YepHorpsackas, a. 14/19;

ORCID: 0000-0002-8090-6034; eLibrary SPIN: 6381-9851;
e-mail: levinaoi@mail.ru



https://orcid.org/0000-0002-8480-0894
https://www.elibrary.ru/author_profile.asp?spin=5214-4134
mailto:sekr@igb.ru
https://orcid.org/0000-0002-8480-0894
https://www.elibrary.ru/author_profile.asp?spin=5214-4134
mailto:sekr@igb.ru
https://orcid.org/0000-0003-1121-4314
https://www.elibrary.ru/author_profile.asp?spin=9917-7103
mailto:tata123@inbox.ru
https://orcid.org/0000-0003-1121-4314
https://www.elibrary.ru/author_profile.asp?spin=9917-7103
mailto:tata123@inbox.ru
https://orcid.org/0000-0003-4530-553X
https://www.elibrary.ru/author_profile.asp?spin=5171-8473
mailto:sea-zov@yandex.ru
https://orcid.org/0000-0003-4530-553X
https://www.elibrary.ru/author_profile.asp?spin=5171-8473
mailto:sea-zov@yandex.ru
https://orcid.org/0000-0001-6922-0464
https://www.elibrary.ru/author_profile.asp?spin=9220-8603
mailto:glaucomatosis@gmail.com
https://orcid.org/0000-0001-6922-0464
https://www.elibrary.ru/author_profile.asp?spin=9220-8603
mailto:post@glaucomajournal.ru
https://www.elibrary.ru/author_profile.asp?spin=5209-8565
mailto:winter215@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=5209-8565
mailto:winter215@yandex.ru
https://orcid.org/0009-0004-3406-0033
https://www.elibrary.ru/author_profile.asp?spin=5609-6216
mailto:natasha.der96@yandex.ru
https://orcid.org/0009-0004-3406-0033
https://www.elibrary.ru/author_profile.asp?spin=5609-6216
mailto:natasha.der96@yandex.ru
https://orcid.org/0000-0002-8090-6034
https://www.elibrary.ru/author_profile.asp?spin=6381-9851
mailto:levinaoi@mail.ru
https://orcid.org/0000-0002-8090-6034
https://www.elibrary.ru/author_profile.asp?spin=6381-9851
mailto:levinaoi@mail.ru
https://doi.org/10.1155/2019/3421305
https://doi.org/10.1038/s41598-021-84067-2
https://doi.org/10.1371/journal.pone.0168190
https://doi.org/10.3109/02713683.2014.905608
https://doi.org/10.1371/journal.pone.0148812

	Study of age-related retinal hemodynamic changes by laser speckle flowgraphy

	Abstract

	To cite this article



	Исследование возрастных изменений ретинальной гемодинамики методом лазерной спекл-флоуграфии

	Аннотация

	Как цитировать 


	Background

	Materials and methods

	Results

	Discussion

	Conclusion

	Additional info

	Дополнительная информация

	References

	Список литературы

	Authors' Info

	Об авторах





