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ABSTRACT

BACKGROUND: Glaucoma is one of the leading causes of blindness in the world. This is a multifactorial ophthalmopathology,
which also results from impaired microcirculation in the optic nerve. One of the diseases affecting ocular blood flow is acute
coronavirus infection (COVID-19).

AIM: The aim of this study is the assessment of blood flow parameters of the optic nerve head in patients with primary open-
angle glaucoma (POAG) against the background of post-COVID-19 syndrome using laser speckle flowgraphy.

MATERIALS AND METHODS: The study included 40 patients with advanced stage primary open-angle glaucoma who had
COVID-19 within the previous 3 months. Patients were divided into 2 subgroups depending on the severity of the disease.
The comparison group consisted of 20 individuals with an advanced stage of primary open-angle glaucoma who did not have
COVID-19. All subjects were over 60 years old and had normal blood pressure parameters. Optic nerve head blood flow was
measured using the LSFG-NAVI device (Japan) and assessed by LSFG Analyzer software. MBR parameters (MA, MV and MT),
as well as pulse wave indicators (Skew, BOS, BOT, RR, FR, FAI, ATl and RI) were analyzed.

RESULTS: The most significant decrease was found for the MV and MT parameters, reflecting the blood flow in large ves-
sels and the microvasculature of the optic disc. MV decrease by 20%, MT — by 23%, MA — by 16% were noted, as well as
pulse wave parameter changes, in patients with an advanced stage of primary open-angle glaucoma, post-COVID syndrome
after moderate COVID-19 compared with patients with an advanced stage of primary open-angle glaucoma who did not have
COVID-19 (p < 0.05).

CONCLUSIONS: Laser speckle flowgraphy allows rapid and effective assessment of ocular blood flow. Parameters estimated
at the examination may be considered as new biomarkers for the detection and evaluation of vascular diseases.

Keywords: post-COVID-19 syndrome; primary open-angle glaucoma; ocular blood flow; laser speckle flowgraphy; LSFG; MBR;
pulse wave indicators.
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BausHMe nocTKOBMAHOr0 CUHAPOMA Ha
MUKPOLMPKYNALMUIO AUCKA 3PUTESIbHOIO
HepBa y NaLMeHToB C NepBUYHOM
OTKPbITOYroNIbHOU r/1ayKOMOM

C.10. Metpos, T.[. Oxoumnmckas, 0.M. Ouannnosa, 0./. MapkenoBsa

HaumoHanbHbIA MeaMLMHCKMIA NCCNeLoBaTENbCKUI LEHTP rNa3Hbix bonesHen uM. MenbMronbLa, Mockea, Poccus

AHHOTALNA

AxTyanbHocTb. [naykoMa — ofiHa W3 BeAYLLMX MPUYMH CNENoThl B MUpe. 3T0 MHOrogaKTopHas ogTanbMonaTosorus,
K KOTOPOW NPMBOAMT B TOM YUCNE W HApYLLUEHWE MUKPOLMUPKYNALMK B 3puUTeNbHOM HepBe. 0fHUM 13 3aboneBaHwid, Bivs-
IOLLMX Ha rNasHOM KPOBOTOK, SBNAETCA 0CTpas KopoHasupycHas uHdekums (COVID-19).

Lienb — oueHKa napamMeTpoB KPOBOTOKA AMCKA 3PUTENTbHOTO HEPBA Y NaLMEHTOB C NEPBUYHOIM OTKPLITOYrOIbHOM rayKo-
MOW Ha GOHe MOCTKOBMAHOIO CMHAPOMA C MOMOLLBIO Na3epHON cnekn-dnoyrpadum.

Matepuansl U MeTogbl. B uccnegoBanue bbinu BroyeHb! 40 naumMeHTOB C pa3BUTON CTafuel NepBUYHON OTKPLITOYroSib-
Ho¥i rnaykoMoid, nepeHéciumx COVID-19 B TeyeHune npeawecTBytowwmx 3 Mec. MaumeHTbl bbinn pasaeneHbl Ha 2 NOArpynbl
B 3aBUCMMOCTM OT TsKecTU 3aboneBanus. [pynny cpaBHeHus cocTaBunm 20 nuu, ¢ pa3BUTON CTaaMel NePBUYHON OTKPLITO-
yronibHoi rnaykoMsl, He 6oneswmx COVID-19. Bce obcnepyemble bbinu cTapiue 60 neT u MMenu HopManbHble MapameTpbl
apTepuansHoro aaeneHns. KpoBOoTOK AMCKa 3puTeNbHOMO HepBa M3Mepsnu ¢ nomolubko yctporctea LSFG-NAVI (AnoHus)
W OLeHMBanM nporpaMMHbIM obecneyennem LSFG Analyser, aHanu3upoBanu WHTerpanbHbIA NoKasaTeslb KPOBOTOKA —
CpeAHIol0 cKopocTb pasMbiTua (MBR, B ToM uncine MA, MV n MT), a TakKe noKasaTenm nynbcoBon BosHbl (Skew, BOS,
BOT, RR, FR, FAI, ATl u RI).

PesynbTatbl. Hanbonee 3HauMMoe CHUXEeHMe BbISIBIEHO Ans NoKasaTtenei MV u MT, oTpaaloLimx KpoBOTOK B KpYMHbIX
cOCyfax U MUKPOLMPKYNATOPHOM pyclie AWCKA 3pUTENIbHOr0 HepBa. Y Nuu ¢ pa3BUTON CTagMen NepBUYHONM OTKPLITOYrOJlb-
HOM rNayKoMbl, MOCTKOBMAHBIM CMHAPOMOM nocne nepeHecéHHoro COVID-19 cpefHen cTeneHu TAXKeCTU 0TMeYanoch CHU1-
wenne MV Ha 20 %, MT — Ha 23 %, MA — Ha 16 %, a Take M3MeHeHMs nMapamMeTpoB NyNbCOBOW BOJHbI M0 CPAaBHEHUIO
C IMLaMV € pa3BUTOM CTafiuen NepBUYHOMN OTKPLITOYrofbHOW rnaykoMel, He 6oneslmnx COVID-19 (p < 0,05).
3aksntouenue. JlasepHasa cnekn-gnoyrpadusa no3Bonset 6biCTpo M 3PGEKTUBHO OLEHUTb FNa3HOM KPOBOTOK. [lapaMeTpbl,
onpegensieMble Npy UCCNeLOBaHWW, MOTYT pacLIeHUBATLCA KaK HOBble BUOMapKepbl 4191 BbISBIEHUS U OLLEHKW COCYAUCTbIX
3aboneBaHuii.

KntoueBble cnoBa: MoCTKOBUAHBIA CUHLPOM; NEPBUYHAsA OTKPbITOYrOJbHAsA FNayKoMa; rna3Hol KPOBOTOK; na3epHast
cnekn-gnoyrpadus; JICOT; MBR; nokasaTteny nynbCoOBON BOJHI.
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BACKGROUND

Glaucoma is one of the leading causes of blindness
worldwide. According to the data of epidemiological
studies, to 2040, the number of people suffering from
this disease will reach 111.8 mln [1, 2]. Glaucoma is
a neurodegenerative disease characterized by the loss
of retinal ganglion cells and leading to progressive
and irreversible blindness. The most common glau-
coma form is the primary open angle glaucoma (POAG)
(3, 4].

The POAG pathogenesis is still understudied. Glauco-
ma is a multifactorial ophthalmic condition, which could
develop due to such causes as aging, myopia, diabetes
mellitus, oxidative stress, heredity [5]. There are two
main theories of glaucoma etiopathogenesis — mechanic
one and vascular one [6]. The mechanic theory asserts
that increased intraocular pressure (IOP) compresses
the intraocular structures, including the optic nerve by
deformation and displacement of lamina cribrosa lay-
ers precluding the axoplasmic flow in nerve fibers [7].
The vascular theory suggests that glaucomatous optic
neuropathy may be secondary relative to insufficient oc-
ular perfusion [8]. The decrease in ocular hemodynam-
ics causes the impairment of vascular regulation leading
to local hypoxia, oxidative stress, induces apoptosis of
retinal ganglion cells, and leads to tissue remodeling as
well [9]. There is increasing evidence that impairments of
microcirculation in the optic nerve influence the develop-
ment and the progression of glaucoma [10, 11].

Impairments of ocular hemodynamics play an im-
portant role in the pathogenesis of many ophthalmic
diseases, that is why a lot of attention is paid to the
investigation of ocular blood flow. Laser speckle flow-
graphy (LSFG) is a method, which allows a noninvasive
and highly reproducible registration of blood flow in
large and small fundus vessels — in normal eyes as well
as in various ophthalmic diseases, including glaucoma
[12, 13]. LSFG analyzes the blood flow based on aver-
aging of a series of pulsating blood flow waves during
several cardiac cycles, obtained during 4 sec at the speed
of fundus “speckle”-images fixation 30 frames per sec-
ond. Based on obtained data, a main indicator of the optic
disc blood flow is analyzed — mean blur rate (MBR), and
pulse wave parameters. The results of examinations car-
ried out at our Center, showed changes of MBR and pulse
wave parameters depending on the age of examined pa-
tients, as well as in various conditions, including POAG
[13, 14].

One of the diseases influencing both the systemic
blood flow and ocular microcirculation is the acute coro-
navirus infection (COVID-19) [15, 16]. The severe acute re-
spiratory syndrome caused by coronavirus (SARS-CoV-2),
first observed in China in 2019, in January 2020, was
declared by World Health Organization to be a Public
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Health Emergency. In March 2020, a planet-scale level
of pandemic infection was reached, and this caused an
impact on social life, economics, and health care sys-
tem. COVID-19 apart from acute respiratory virus infec-
tion and/or pneumonia could lead to various complica-
tions, respiratory and polyorgan insufficiency among
others. After previous acute COVID-19 disease, later
on, a post-COVID syndrome may arise, which is con-
firmed when symptoms and signs are preserved dur-
ing 4—-12 weeks (and longer) after virus infection start
[16, 17].

The investigations carried out in patients with post-
COVID syndrome, revealed virus persistency and per-
sistent impairment of the vasculature, Including endo-
theliopathy, hypercoagulation, thrombosis, neutrophil
extracellular elements, chronic immune dysregulation,
imbalance of the renin-angiotensin-aldosteron system,
and manifestations of hyperinflammation / autoimmune
disturbances. Of special interest are the autoantibodies to
G-protein coupled receptors (GPCR-AAb). The functional
imbalance of these receptors caused by functionally
active GPCR-AAb leads to the microcirculatory impair-
ment, and this was confirmed by a study in glaucoma
patients [17].

The COVID-19 infection could cause a longstanding
impairment of the cardiovascular system, this is related
to the SARS-CoV-2 virus action on the receptors of angio-
tensin-converting enzyme 2 (rACE-2), which express in
the heart (endothelium of the coronary arteries, myocytes,
fibroblasts, epicardial adipocytes), vessels (vascular en-
dothelium and smooth muscle cells), intestine (intestinal
epithelial cells), lungs (tracheal and bronchial epithe-
lial cells, type 2, pneumocytes, macrophages), kidneys
(luminal surface of epithelial cells of tubules), seminal
vesicles, brain [18]. In experimental study, it was shown
that rACE-2 are present in the internal nuclear and the
plexiform retinal layers [19]. It is anticipated that ACE-2
prevents atherosclerosis and protects endothelial cells by
means of inflammation inhibition, and the rACE-2 deficit se-
quentially induces vascular inflammation and atheroscle-
rosis. It is possible that SARS-CoV-2, aimed at ACE-2, has
molecular characteristics of this receptor deficit [19, 20].
If the SARS-CoV-2 could imitate the rACE-2 deficit, then
retinal microcirculation may be damaged, namely in the
internal plexiform and nuclear layers, where the re-
ceptors to ACE-2 are located. It may be assumed that
the microcirculation impairment is one of the factors
favoring the development of clinical signs of the post-
COVID syndrome, and in POAG patients it may lead to
the ocular blood flow change with possible disease
progressing.

Aim — evaluation of optic disc blood flow param-
eters in POAG patients on the background of the post-
COVID syndrome using the laser speckle-fluography
method.
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MATERIALS AND METHODS

In the study, 60 patients were included, divided
into two groups: first (comparator) group — 20 pa-
tients (40 eyes, mean age 64.9 + 4.9 years, 10 men and
10 women) with moderate POAG stage, without COVID-19
history (COVID-19 was not diagnosed before, this was
confirmed by the absence of specific immunoglobulin G
in the serum); second group — 40 patients (80 eyes,
mean age 67.9 + 6.9 years, 15 men and 25 women) with
moderate POAG stage, with COVID-19 history within
previous 3 months (minimum period after earlier coro-
navirus infection was 1.5 months, maximum one —
2.5 months). Recovery was confirmed by two consecu-
tive negative results of the PCR-test in nasopharyngeal
swab. An inclusion criterion for this group was also the
persistence of the post-COVID syndrome, which was di-
agnosed according to the presence of such complaints as
asthenia, fatigue, taste and/or smell perversion, arthral-
gia, myalgia, palpitation, anxiety, which persisted after
convalescence.

All examined patients were elder than 60 years and
had normal blood pressure parameters to the moment
of investigation (124 + 3.9 / 85 + 3.5 mm Hg). As glau-
coma therapy, the patients of both groups received local
hypotensive treatment (44 people — 16 people — com-
bined therapy by prostaglandin analogues, non-selective
beta-blocker, and carbonic anhydrase inhibitors), 10P
compensation was noted, no patient had a history of anti-
glaucoma surgery.

Patient selection according to glaucoma stage was
performed with consideration of morphological optic
disc changes, revealed by ophthalmoscopy (pathologi-
cal deviation of the neural rim from normal proportions,
glaucomatous optic disc excavation, peripapillary atro-
phy), and of changes in visual fields. Standard automated
perimetry was carried out using the Octopus perimeter
(Switzerland), the criteria for moderate glaucoma stage
were MD between -6.03 and -11.78 dB, SLV — more
than 19 points with p < 5%, and more than 12 points with
p < 1%.

The main inclusion criterion for the present study was
history of COVID-19, confirmed by polymerase chain re-
action to SARS-CoV-2 antigens in the smear from phar-
ynx or nose, no longer than 3 months. Based on the 15%
version of the clinical guidelines on prophylactics, diag-
nosis, and treatment of the new coronavirus infection
(COVID-19), the main group was divided into subgroups
according to the severity of the disease course: mild
(1% subgroup) and moderate severity (2" subgroup)
course. It is to be mentioned that 2"¢ subgroup patients
were in-patients as well as out-patients and receive
combined therapy, which included glucocorticosteroids,
anticoagulants, and anti-virus medications.
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Both groups were comparable in age, sex, overall
health, systemic diseases and history of ophthalmic con-
ditions. Arterial hypertension was present in 16 patients
of the 1% subgroup and 32 patients from the 2" sub-
group, but blood pressure was compensated at hypoten-
sive therapy regimen.

Exclusion criteria: smoking, mature cataract, retinal
or optic nerve diseases, all but POAG, high myopia (re-
fractive error more than -6.00 D), systemic diseases,
which could influence the ocular blood flow, such as sys-
temic hypertension with uncompensated blood pressure,
hypotony, diabetes mellitus.

The blood flow of the optic nerve head was measured
using the LSFG-NAVI (Nidek, Japan) and estimated us-
ing the software of the LSFG Analyzer. Analyzed were
the main integral blood flow indicator MBR, including
the MA (total MBR), MV (MBR of large vessels) and MT
(MBR of the microcirculatory bed) of the studied area, as
well as pulse wave indicators expressed in conditional
units. LSFG images were obtained after 10-minutes rest
in a dark room, without the use of mydriatics. 24 hours
before, patients were not allowed to take coffee and al-
cohol. The LSFG method used for blood flow measuring
was described in detail in previous publications [12-14].
On the obtained composed blood flow chart, using a
“double circle” pattern, the examined area of the optic
nerve head was marked, the pattern parameters were
set automatically. At following computer processing,
the software, based on the MBR analysis, generates the
pulse wave parameters: index of distribution asymme-
try (Skew), blowout score (BOS), blowout time (BQT),
rising rate (RR), falling rate (FR), flow acceleration in-
dex (FAI), acceleration time index (ATl) and resistivity
index (RI).

Statistical processing of the study results was per-
formed using the Microsoft Excel 2016 application.
Samples corresponded to the allocation of patients to
groups. Analyzing the data of 60 patients, we calculated
mean values of parameters M) and their standard errors
of mean (m). All samples complied with the normal law
of distribution. To explore the significance of differences
between sample means the parametric Student’s paired
two-tailed t-test was used. The differences were consid-
ered as significant ones at the significance level p < 0.05.

RESULTS

Maximal indices of blood flow velocity in the optic
nerve head are found in patients with moderate POAG
stage without a history of coronavirus infection (the
comparator group). A significant (p < 0.05) progredient
change of blood flow velocity indices in the optic nerve
head area in POAG patients against the background of the
post-COVID syndrome, after prior COVID-19 of moderate
severity (2" subgroup).
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It is worth noticing, that by comparative analysis of
results obtained in the present study, with the results
of the previous investigation performed in our Center, in
which age-related blood flow changes in healthy volun-
teers were analyzed [14], a significant decrease both in
MBR indices characteristic for the whole examined area,
for large vessels, and for the microcirculatory bed, and
the change of various pulse wave parameters in glau-
coma patients.

Most significant decrease was revealed for MV and
MT indices reflecting the blood flow in large vessels
and in the microcirculatory bed of the optic nerve head.
MV reduction was 20%, MT — 23%, MA — 13% in pa-
tients with moderate glaucoma stage and the post-COVID
syndrome after prior COVID-19 of moderate severity
compared to patients with moderate glaucoma stage and
without prior COVID-19 history (p < 0.05).

It should be noted that MA, MV and MT indices in the
group of POAG patients on the post-COVID syndrome
background after prior mild COVID-19 (1% subgroup)
demonstrated non-significant changes; and this suggests
that one of the factors influencing the microcirculation is
the severity degree of the course of the prior acute period
of coronavirus infection (Table 1).

Table 1. MBR indicators in the optic disc area in study groups, M + m
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Statistically significant (p < 0.05) changes if most of
the studied pulse wave parameters are elicited in the
2" subgroup patients, after prior COVID-19 of moder-
ate severity. BOT and BOS indices showed a 12 and 7%
decrease, and Skew and Rl increased by 8 and 7%, re-
spectively. Detected Rr increase and Fr decrease were
statistically not significant. Most actively in the 2" sub-
group ATl indicator increased — by 16%, and for the FAI
indicator, a decrease by 18% was revealed, and this is
a maximal value among all the pulse wave parameters.
The changes in pulse wave parameters in the 15'subgroup
showed the same tendency, but were non-significant
(Table 2).

DISCUSSION

In 2020, the COVID-19 infection became a pandemic
healthcare problem. Apart from pulmonary complications,
at human organism damage by SARS-CoV-2 virus, hemo-
dynamic disturbances appear leading to cardiovascular
lesion. Characteristic features of the coronavirus damage
are microvascular damage, endothelial dysfunction and
thromboses related to intensive systemic inflammatory
and immune reactions.

Ta6nuua 1. Mokasarenu cpepHeit ckopocTu pasmbiTus (MBR) B 0bnacTu Ancka 3puTenbHOr0 HepBa B UCCIeLyeMbIX rpynnax, M+ m

Blood flow Blood flow parameters, c.u.

parameters comparator group | 15! subgroup 2" subgroup
MV 31.74 + 3.38 30.19 £ 1.15 25.39 + 1.02*
MT 9.96 +1.29 10.48 + 1.09 7.67 £1.31*
MA 17.32 £ 1.63 16.01+1.59 14.64 + 1.47*

Note. MV — MBR of large vessels; MT — MBR of the microcirculatory bed; MA — total MBR. *p < 0.05, the difference with the compara-

tor group is statistically significant.

Table 2. Parameters of the pulse wave of the optic disc area in study groups, M + m
Ta6nuua 2. Mokasatenn NybCOBOI BONHbI 0611aCTU MCKa 3pUTENIbHOTO HEPBa B UCCNEAyeMbIX rpynnax, M + m

Blood flow Blood flow parameters, c.u.
parameters comparator group 1t subgroup 2" subgroup
BOT 41.8+0.72 40.1+1.15 36.7 £ 0.89*
BOS 70.4 £ 0.51 69.6 +£0.39 65.4 + 0.46*
Skew 11.3 £ 0.47 11.01 £0.59 12.2 + 0.48*
ATI 32.7 £ 1.45 33.2+1.52 37.9 +1.25*
Rising rate 12.3+0.38 12.1 £ 0.45 12.9 £ 0.35
Falling rate 145 + 0.42 13.8+0.37 13.6 +0.37
FAI 1.8+£0.25 1.7+0.23 1.5+0.21*
RI 0.44 £0.30 0.4+0.36 0.47 + 0.32*

Note. BOT — blowout time; BOS — blowout score; Skew — index of distribution asymmetry; ATl — acceleration time index;
FAI — flow acceleration index; Rl — resistivity index. *p < 0.05, the difference with the comparator group is statistically significant.
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Most patients, infected by SARS-CoV-2, do not com-
pletely recover during several months after the discharge
from the hospital and continue to suffer from such symp-
toms, as fatigue, dyspnea, chest pain, palpitation, my-
algia, anxiety, depression leading to the quality-of-life
impairment. Recent data showed that more than 13%
infected people present symptoms of the post-acute
COVID-19 disease, preserving during 4 weeks after con-
valescence, 4.5% — during 8 weeks, and 2.3% of people
present symptoms during 12 weeks [21].

Ocular lesions in COVID-19 are not that common, but
are described. Of relatively frequent occurrence is the
anterior segment involvement. Complaints of patients
vary from blurred vision to progressive visual loss with
concomitant discharge and/or itching, and clinical pic-
ture of follicular, pseudomembranous and hemorrhagic
conjunctivitis and keratoconjunctivitis [22]. At ophthal-
moscopic examination, focal hemorrhages, cotton-wool
spots may be found, being evidence of the impairment of
retinal microcirculation [23].

In the article by V.A. Turgel, et al. [24], using the as-
sociated with the coronavirus infection ischemic optic
neuropathy as an example, possible pathogenic correla-
tions of COVID-19 with vascular and inflammatory con-
ditions of the optic nerve and the retina are considered.
The authors make a suggestion that the mechanism of
vascular wall lesion during the post-infection period is
related to its secondary autoimmune inflammation [24].

V.E. Korelina, et al. [25] remark that the new corona-
virus infection has a great impact on all links of the POAG
pathogenesis. The disease provokes the development of
retinal ischemia and hypoxia, enhancing the ganglion cell
apoptosis. The oxidative stress developing on the back-
ground of COVID-19 could promote the glaucomatous
optic neuropathy progressing.

In several works, features of the blood flow in pa-
tients after COVID-19 were studied using the opti-
cal coherence tomography-angiography method. Thus,
B. Hohberger, et al. [19] state, that ocular microcircula-
tion is altered even in patients after convalescence from
COVID-19. The decrease in density of superficial and deep
vascular plexuses was described, and it was pointed out
that the more severe the course of coronavirus infection
was, the more pronounced was the decrease in micro-
circulation parameters. In the article by V.A. Turgel and
S.N. Tultseva [26], the evaluation of retinal microcircula-
tory changes was carried out in patients after COVID-19
of different severity degree. There were no significant
microcirculation impairments in patients with mild
COVID-19 course, but in patients with moderately severe
and severe degree, a significant decrease in density of
superficial and deep vascular plexuses, as well as of peri-
papillary capillaries. Based on obtained data, it was con-
cluded that microcirculatory retinal changes may play a
role of the new biomarker reflecting the severity of human
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vascular system impairment arising in COVID-19 [26].
To the contrary, D. Szkodny, et al. [27], investigating
the density of the superficial capillary plexus, did not
find any significant impairments of retinal microcircu-
lation after COVID-19 in all explored quadrants. Taking
into consideration the inconsistency of obtained results,
it is possible to draw a conclusion on the necessity of
further study of the influence of the coronavirus infec-
tion SARS-CoV-2 on the microcirculatory bed, including
other methods of blood flow assessment, for example,
LSFG.

We did not find in the literature any publication dedi-
cated to the investigation of ocular hemodynamics n pa-
tients on the background of the post-COVID syndrome
using the LSFG; and this served as a precipitation for
the present study, dedicated to quantitative and qualita-
tive investigation of blood flow using the LSFG method,
to understand the potential of use of this method in di-
agnosis and follow-up of the changes of the optic disc
microcirculation. In our work, significant changes of
the optic nerve head blood flow parameters were re-
vealed in POAG on the background of the post-COVID
syndrome. The obtained results evidence the high in-
formational value of this method and confirm the effi-
cacy of its use for investigating vascular impairments on
ophthalmology.

CONCLUSIONS

Ocular microcirculation may be considered as a
marker of the systemic hemodynamics status, and there
is reason to believe that examination of the optic nerve
head blood flow using the LSFG method gives a diagnos-
tic option for the follow-up of vascular impairments not
only on the ophthalmic level, but also on the systemic
one.

The laser speckle flowgraphy, on the basis of the
pulse wave analysis, allows to carry up a rapid assess-
ment of ocular hemodynamics, and some pulse wave pa-
rameters may serve as new biomarkers for detection and
evaluation of vascular diseases.
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