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ABSTRACT

BACKGROUND: One of the socially significant ophthalmic diseases is the dry form of the age-related macular degeneration,
the key feature of which consists in a slowly progressing damage to the pigment epithelium and the formation of drusen.
However, the basic mechanisms of pathogenesis are still not completely clear nowadays.

AIM: The aim is, using the data of OCT, 0CT-angiography and visometry, to study the dynamics of structural and functional
parameters of the macular area, as well as the dynamics of rheological and biochemical blood parameters in patients with
an intermediate stage of the dry form of age-related macular degeneration before and after the use of serum cascade
filtration.

MATERIALS AND METHODS: The study included 63 patients (94 eyes) with an intermediate stage of the dry form of age-
related macular degeneration. Patients were randomly separated into two groups. The first (main) group consisted of 34 pa-
tients (52 eyes), in whom serum cascade filtration was performed; the second group (control) group included 29 patients
(42 eyes) who did not receive any specific treatment. In patients of the main group, before and after the serum cascade
filtration course (1 month after the start of follow-up), in 6 and 12 months, in addition to standard ophthalmological exami-
nation, as an indicator of the efficacy of performed serum cascade filtration, the ultrasound triplex scanning in color Doppler
mapping mode with an assessment of blood flow velocity in the posterior short ciliary arteries, Fourier IR spectroscopy,
and the testing of the serum and blood viscosity were performed. Patients in the control group also underwent a similar
examination at 1, 6, 12 months after the start of follow-up.

RESULTS: According to optical coherence tomography, optical coherence tomography-angiography and visometry data,
we found a positive dynamics of structural and functional parameters of the macular retina and an improvement in blood
rheological parameters with an increase in microcirculation indices against the background of the serum cascade filtration
use in treatment of patients with an intermediate stage of the dry form of age-related macular degeneration. At the same
time, a statistically significant difference between the two groups begins at 1 month and persists for 12 months of follow-
up, being an evidence of the stabilization of the pathological process.

CONCLUSIONS: This study showed that after the serum cascade filtration in patients with an intermediate stage of the dry
form of age-related macular degeneration, against the background of an improvement in blood rheological and biochemical
parameters, there was an improvement in structural and functional parameters of the macular area, which consisted in
a decrease of the volume of the drusenoid retinal pigment epithelium detachment and in a visual acuity amelioration.
Keywords: age-related macular degeneration; treatment of the dry form of age-related macular degeneration; serum cascade

filtration.

To cite this article

Kulikav AN, Belskikh AN, Volozhev AA, Podshivalov AV, Sitnikova VE, Maltsev DS, Bednova SE. Dynamics of rheological and biochemical blood parameters
of patients with an intermediate stage of the dry form of age-related macular degeneration before and after serum cascade filtration. Ophthalmology
Reports. 2024;17(2):53-66. DOI: https://doi.org/10.17816/0V626316

Received: 31.01.2024 Accepted: 19.04.2024 Published online: 20.06.2024
&
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 license

© Eco-Vector, 2024


https://doi.org/10.17816/OV626316
https://doi.org/10.17816/OV626316
https://crossmark.crossref.org/dialog/?doi=10.17816/OV626316&domain=PDF&date_stamp=2024-06-20

54

OPUTHATIBHBIE CTATBN Tom 17.N?2, 2024 OdpransMonorm4ecKe Be4omMocTu

DOI: https://doi.org/10.17816/0V626316

[iIMHaMuKa peonoruyecKMx U 6UOXMMUYECKUX
nokasateneu KpoBU NaLUEHTOB C MPOMEIKYTOUHOM
cTaamMei cyxou GopMbl BO3pAaCTHOU MaKyNSAPHOU
AereHepaumm A0 M nocjae KackapgHou
nnasMopunbTpaLmm

AH. Kynukos ', AH. Benbckux ', A.A. Bonoxes ', A.B. Mopwmeanos 2, B.E. CuthukoBa ?,
[1.C. Manbues ', C.E. beaHosa

! BoeHHo-MenumHcKas akafemus uM. C.M. Kuposa, CankT-TeTepbypr, Poccus;
2 HaumoHasbHbIl UCCNe10BaTeNIbCKIUI YHUBEPCUTET MHGOPMALIMOHHBIX TEXHOMOTUIA, MEXaHMK 1 onTuku, CaHKT-eTepbypr, Poccus

AHHOTALIMA

AxtyanbHocTb. OfHO M3 cOUManbHO 3HaYMMBbIX o(TanbMoorMyeckux 3aboneBaHuii — cyxas dopma BO3pacTHOW Ma-
KYNApHOW JereHepauuu, KioyeBas 0C06eHHOCTb KOTOPOM COCTOMT B Me[JIEHHO MPOrpeccupyiolleM MOBPEXAEHUN nur-
MEHTHOro anuTenus U GopmupoBaHun apy3. OpHako 6a3oBble MexaHU3Mbl MaTOreHe3a B HACTOSLLEE BPEMS OCTaloTCA
He [0 KOHLIA U3Y4eHHbIMMU.

Lenb — n3yunTb No JaHHBIM ONTUYECKOW KOrepeHTHOM TOMorpadum, ONTUYECKOW KOrepeHTHOM ToMorpadmm-aHruorpa-
GuM N BU3OMETPUM OMHAMUKY CTPYKTYPHO-QYHKLMOHANbHLIX NapaMeTPOB MaKyNsPHOM 30HbI, @ TaKKe AMHaMUKY peo-
NIOTUYECKMX M BMOXMMMYECKMX MOKa3aTenel KPoBM Y MaLMEHTOB C NMPOMEXYTOYHOW CTagMen CyXoh (opMbl BO3PacTHOM
MaKynApHON [ereHepaumnn A0 U Nocne NPUMEHEHUS KackafHoW Nna3MopuibTpaLmi.

Matepuanbl U MeToabl. B uccnenoaHve BroYeHo 63 mauueHTa (94 rnasa) ¢ MPOMeXYTOUHON cTaguei CyXxon GpopMmbl
BO3pacTHOW MaKyNApHOi LereHepauuu. NaumeHTsl ciyyaiHbIM 00pa3oM Obinn pasfeneHsbl Ha [iBe rpynnbl: B nepsyto (oc-
HOBHYt0) BowwAM 34 naumeHTa (52 rnasa), KOTOpbIM BbINOMHAMM KacKafHYlo NnasModunbTpaumio; Bo BTOpYK (KOHTPOSb-
Hyt0) — 29 naumeHToB (42 rnasa), KoTopble He MoONy4Yanu Kakoro-nnbo creuuduyeckoro sedenus. MNauneHTaM OCHOB-
HOM rpynnbl B CPOKW [0 Kypca, Mocsie Kypca KackagHoW mnasmodunbTpaumm (yepes 1 mec. oT Havyana HabmogeHus),
yepe3 6 1 12 Mec. Hapaay €o CTaHLAPTHbIM 0(TaNbMONIOrMyeckuM obcneoBaHNEM B KauecTBe MHAMKATOpa 3G deKTUBHO-
CTU KacKafHoW Nna3ModunbTpaLmMu AONOSHUTENBHO BbIMOJHAMM YNbTPa3BYKOBOE TPUMIEKCHOE CKAHUPOBAHME B PEXUME
LLBETOBOr0 [LONMIEPOBCKOr0 KapTMpOBaHUS C OLEHKOW CKOPOCTM KPOBOTOKA B 3a[iHUX KOPOTKMX LMNMApHbLIX apTepusx,
Oypbe-MK-cnekTpockonuio U uccnefoBaHUe BA3KOCTU Nia3Mbl U KpoBW. [laupeHTaM KOHTPONLHOW Fpynmbl aHanorMyHoe
obcnenoBaHne nposoaum Yepes 1, 6 u 12 Mec. 0T Hadana HabnoaeHus.

Pe3ynbrathl. BbisBneHo, 4To N0 JaHHBIM OMTUYECKON KOTEepeHTHOW ToMorpaduu-aHruorpaguu 1 BU3OMeTpuM Habnio-
LAeTCA MONOXUTENbHAA [OMHAMMKA CTPYKTYpHO-GYHKUMOHANbHBIX MOKa3aTesleil MaKyNspHOW CETYaTKU W ymyuylleHue
PeosIorMyecKMx NoKasaTeNiel KpoBW C MOBLILLEHUEM MOKa3aTeNlel MUKPOLMPKYNALMM Ha OHe NMPUMEHEHUs KacKafHoM
nnasMouNbTPaLMM B IEYEHUM NALMEHTOB C NMPOMEXYTOYHOW CTafMeN CyXOM (DOpPMbl BO3PaCTHOW MaKyNAPHOW AereHe-
paumu. [pu 3TOM CTAaTUCTUYECKW 3HAUMMAasn pasHULLA MeXAY ABYMSA rpynnaMu HauMHaeTcsa Ha 1-i Mecsl U coXpaHseTcs
Ha 12-1 MecAL HabnoaeHMs, YTO YKa3blBaeT Ha CTabunu3aLmio NaTonorMyeckoro npouecca.

3aknioyenue. lokasaHo, 4To Nocne NPUMEHEHUs KackafHoW NiasMoGuibTpaLyi Y NaLuMeHTOB C MPOMEXYTOUYHOW CTaam-
e cyxoi (hopMbl BO3pacTHOM MaKyNsipHOW AereHepauun Ha oHe MOoN0XKUTENbHBIX U3MEHEHWIA PeOsIOrMYecKuX U bruoxm-
MWUYECKMX NOKa3aTeNel KpoBM HabnwaaeTcs ynyyllieHne CTPYKTYPHO-(YHKLMOHANbHBIX NOKa3aTeNled MaKynspHOIA 30Hbl,
3aKJ1H0YaI0LLEECS B YMEHBLUEHUW 00bEMA ipY3€HOUIHON OTCIOMKM NMUTMEHTHOTO 3MUTENNSA CETYATKW U NOBbILLEHUN OCTPO-
Tbl 3pEHUS.

KnioueBble cnoBa: Bo3pacTHas MaKyNspHas AereHepaums; leyeHune cyxoii GpopMbl BO3pacTHON MaKyNApHOW AereHepauny;
KacKafiHas nnasMopuibTpaums.
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BACKGROUND

Age-related macular degeneration (AMD) is a chronic
progressive multifactorial disease mainly affecting the
choriocapillaris, Bruch’s membrane complex, retinal
pigment epithelium, and photoreceptors of the central
fundus. The disease is the main cause of central vision
loss in older patients [1]. A key characteristic of AMD
is damage to the pigment epithelium and formation of
drusen. Retinal drusen were first described as “col-
loid balls” by Donders in 1855 [2]. However, Hutchinson
was the first to identify AMD as a separate condition in
1874 and described it as follows: “Symmetrical central
choroido-retinal disease occurring in senile persons” [3].
In 1885, Haab introduced the term senile macular illness
to describe central retinal dystrophy [4]. Later, in 1908,
he published an atlas of ophthalmology describing the
AMD signs in detail [5]. In 1973, Gass described AMD as
a chronic dystrophy mainly affecting the choriocapillaris,
Bruch’s membrane, and retinal pigment epithelium, as
well as photoreceptors at later stages [6].

Today, AMD is the most common cause of progressive
vision loss leading to disability in elderly people. Recent
data shows that the incidence of AMD in Russia is over
15 per 1000 population [7]. The prevalence of AMD in
people older than 65 and 85 years is 15% and exceeds
30%, respectively. Signs of AMD in the fellow eye are
detected within 5 years after the diagnosis in the first
eye, which indicates a systemic pathology [8]. In 2020,
approximately 200 million people were reported to have
AMD symptoms worldwide [9]. The prevalence of AMD in
the general population is higher in Caucasians (12.3%)
than in Asian persons (7.4%) and persons of African de-
scent (7.5%). Sex did not significantly impact the preva-
lence of AMD [10].

The disease progression is associated with an in-
crease in the number and size of drusen accompanied by
a moderate decrease in vision. Later stages of dry AMD
are characterized by retinal pigment epithelium (RPE)
atrophy in the macular area, which is an independent
process or caused by the disruption of large drusen. The
RPE and choriocapillaris loss is associated with complete
atrophy of the outer retina and loss of retinal photosen-
sitivity in this area [11]. Thus, drusen are not only an
important diagnostic hallmark of the disease, but also
are central to its pathogenesis and responsible for vi-
sual outcomes. Control over the drusen progression may
change the course of dry AMD and affect the risk of se-
vere and irreversible loss of central vision caused by the
disease.

Pathology studies show that drusen are extracellu-
lar deposits (between the RPE and Bruch’'s membrane).
Studies of the drusen composition demonstrate that they
contain modified proteins, immune cells, inflamma-
tory factors (C-reactive protein, CRP; immunoglobulins),
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cholesterol, apolipoprotein, and lipid derivatives obtained
primarily from plasma through the choroid and plasma
[12, 13]. Thus, correction of plasma composition can be
considered a logical and pathogenetically justified ap-
proach to control drusen progression.

Cascade filtration (CF) is a highly effective method
to manage acute and chronic metabolic disorders. CF
is a semi-selective membrane method of extracorpo-
real blood purification based on the principle of filtration
and convective mass transfer through a semipermeable
membrane by a pressure gradient of water and mol-
ecules dissolved in it. This method effectively removes
large globular plasma components with high molecular
weight, larger than an albumin molecule, from plasma
after separation of blood cells by centrifugal or mem-
brane plasmapheresis. In addition, CF has pleiotropic
effects, including anti-inflammatory (decreases CRP, fi-
brinogen, ferritin, and homocysteine) and antithrombotic
(decreases von Willebrand factor, PAI1, and prothrom-
bin index), as well as protects vessels (decreases sE-,
sP-, sL-selectin, and sICAM) and decreases blood and
plasma viscosity [14]. CF in patients with dry AMD is
justified by pathogenetical studies, but its efficacy and
safety in patients with intermediate dry AMD have not
been adequately studied.

The study aimed to assess the changes in structure
and function of the macular area, as well as changes in
rheological and blood chemistry parameters in patients
with intermediate dry AMD before and after cascade fil-
tration using optical coherence tomography angiography
and visometry.

MATERIALS AND METHODS

This prospective, randomized, controlled, interven-
tional study included 63 consecutive patients (94 eyes)
with intermediate AMD. The patients were randomized
into two groups. Group 1 (study group) included 34 pa-
tients (52 eyes) who underwent CF using OctoNova
(Medizintechnik Promedt GmbH, Germany) with Plasma-
flo plasma filter and Cascadeflo EC40 fractionator filter
(Asahi Kasei Medical Co., Ltd., Japan) with irregular 30 nm
pores. The treatment course included four CF procedures
performed once a week for 1 month. The perfusion vol-
ume during each procedure was 1.0 circulating plasma
volume. Group 2 (control) included 29 patients (42 eyes)
with dry AMD who did not receive any specific treatment
to assess the natural course of the disease. Along with
the standard ophthalmological examination, additional
triplex ultrasound with the evaluation of blood flow ve-
locity in short posterior ciliary arteries, FTIR spectros-
copy, as well as plasma and blood viscosity test were
performed in patients in the study group before and af-
ter CF (after 1 month of follow-up), at Months 6 and
12 to assess CF efficacy. Patients in the control group
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underwent a similar examination at Months 1, 6, and 12
of follow-up.

Inclusion criteria were the following: intermediate
AMD (AREDS3) with the drusen of =125 pm in diameter
and transparent ocular media in the study eye. Non-in-
clusion and exclusion criteria were the following: history
of ocular conditions affecting the retinal and optic nerve
function (amblyopia, closed- and open-globe injuries,
diabetic retinopathy, glaucoma, retinal detachment, reti-
nopathy secondary to thrombosis, etc.); a change in the
ocular media transparency during the follow-up period,
such as a decrease in the transparency index of the ocu-
lar media by 1 point or more based on Tonoref Il (Nidek,
Japan) data; contraindications to CF; unwillingness of
the patient to continue participating in the study; and a
missed follow-up examination.

To meaningfully interpret the study results, the age
limit was set. For this purpose, 20 patients (20 eyes) with
visual acuity of 0.9-1.0 and no pathological changes in
the macular area based on ophthalmoscopy and OCT
data were examined. The median age of the patients was
68 (64-75) years. The calculated normal limits of the
study parameters of blood flow velocity in short posterior
ciliary arteries and blood viscosity are shown in Table 1.

All enrolled patients had signs of AMD in the fellow
eye. If the AMD stage in the fellow eye was different from
intermediate (early: AREDS2; late: AREDS4), structural
and functional changes were assessed in the first eye in
accordance with the inclusion criteria.

All enrolled patients, including those examined to de-
termine the age limit, had no acute conditions or exacer-
bated somatic disorders. The groups are comparable with
respect to comorbidity status.

Optical coherence tomography and optical coherence
tomography angiography (OCT and OCTA) were performed
using RTVue XR Avanti system (Optovue Inc., USA) with
Angio Retina 6 mm and Retina Map scanning protocols.
To assess the structural and anatomical changes, the
peak height of drusenoid pigment epithelial detach-
ment (dPED) in uym was measured using the device
software. The dPED area was calculated using ImageJ
(NIH, Bethesda, USA) software package for image pro-
cessing. The 6.0 x 6.0 mm structural en face image ob-
tained between two segmentation lines of Bruch's mem-
brane at 0 and 10 um was used for calculation. Pixels
were converted to mm using the Analyze > Set Scale
algorithm. The dPED area of interest on the imaging
cross-section was selected using the ImageJ Freehand
Selection tool. The dPED area was calculated using the
Analyze > Measure algorithm (Fig. 1).

Best-corrected visual acuity (BCVA) was measured
using the Golovin-Sivtsev charts in decimal and the
ETDRS charts in identified letters.

To assess regional eye hemodynamics, triplex ultra-
sound was performed using 10 MHz probe and LOGIQ e
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system (GE Healtcare, USA) in Color Flow and Pulse Wave
Doppler modes with evaluation of blood flow velocity in
short posterior ciliary arteries, including the peak systolic
(V) and end-diastolic velocity (V).

Data of plasma FTIR spectroscopy and rotational vis-
cometry of blood and plasma were analyzed to assess
CF efficacy.

The plasma IR spectra were recorded using the Ten-
sor 37 FTIR spectrometer (Bruker Optik, Germany) with
scan range 4000 to 600 cm~' and resolution of 2 cm™!
equipped with the MIRacle (Pike, USA) attenuated total
reflectance (ATR) accessory; the results of 32 scans were
averaged. The results were recorded 5 times and aver-
aged. A sample drop was transferred onto the crystal of
the ATR-unit and air dried at room temperature until com-
pletely dry. The baselines of the obtained spectra were
corrected, and the spectra were normalized using vector
normalization in OPUS. The spectrum of C=0 bond typical
for lipids was recorded in the region 1725-1755 cm™,
and the peak area of the absorption bands in the spec-
trum was measured. The absorption band at 1735 cm™
represents low-density lipoproteins (LDL) (Fig. 2).

Rotational viscometry was performed using the
MCR502 modular rheometer (Anton Paar, Austria)
equipped with the CC27 measuring system (ISO 3219)
consisting of a concentric cylinder (diameter: 26.66 mm)
and a cylinder cup (inner diameter: 28.92 mm) at a con-
stant sample temperature of 37.0 + 0.2 °C. The sample
temperature was controlled using the C-PTD200 Peltier
system. Blood viscosity was analyzed using the Casson
model at shear rates (y*) of 1-300 s~', with the values
determined at infinite shear (n.). Plasma viscosity was
analyzed at shear rates of 10-100 s™', and the mean
value (n,..,) Was calculated (Fig. 3).

Statistical analysis was performed using Statis-
tica 10.0 software package (StatSoft, Inc.). To assess
the normal distribution, graphical histogram data and
the Shapiro-Wilk test were used for a sample size of less
than 50 observations, the Kolmogorov—Smirnov test was
used for larger samples. All not normally distributed pa-
rameters were expressed as a median and interquartile
range (Me [Q;; @,]). The Mann-Whitney U test was used
for group comparison, and the Wilcoxon test was used
to compare the parameter changes within each group.
The differences were considered statistically significant
at p < 0.05.

RESULTS

Baseline clinical and demographic characteristics of
patients were not statistically different (Table 2).

Structural and anatomical changes over time in the
groups were analyzed using the OCT and OCTA data
presented in Tables 3 and 4 (Fig. 5 and é). The ana-
lysis results demonstrated that after the CF course
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Fig. 1. Representative example of the drusenoid retinal pigment epithelium detachment area calculation in a patient with the dry form
of age-related macular degeneration. Structural en face scan projection of the “HD Angio Retina 6 mm" protocol
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Fig. 2. Representative example of the result of the Fourier IR spectroscopy analysis in a patient with the dry form of age-related

macular degeneration
Puc. 2. Penpe3eHTaTBHbIN NpUMep pe3ynbTtata aHamm3a Oypbe-MK-cneKTpocKkonum y naumeHTa ¢ cyxon (opMoii BO3pacTHON MaKyNsipHOi
nereHepauun. HNMBO — HapyLweHHoe NosiHoe BHYTPEHHee 0TPaKeHue

(after 1 month of follow-up), the study group had a sta-
tistically significant decrease in the peak height and area
of dPED throughout the entire 12-month follow-up pe-
riod (from 211.5 to 147.5 pm, p < 0.01, and from 6.25
to 3.7 mm?, p < 0.01, respectively). In the control group,
changes in the peak height and area of dPED were not
statistically significant (p > 0.05). These changes were
confirmed by a statistically significant difference between
the study and control groups at Month 6 (detachment
height: 158.5 and 195.0 um, p < 0.01; detachment area:
3.70 and 5.70 mm?, p < 0.01) and Month 12 (detachment
height: 147.5 and 195.5 um, p < 0.01; detachment area:
3.70 and 5.85 mm?, p < 0.01), respectively. One patient
in the control group had AMD progression to a wet form,
which required anti-angiogenic therapy.

The analysis of changes in visual acuity (Table 5,
Fig. 7) showed that after the CF course (after 1 month of
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Fig. 3. Representative example of the result of an analysis of
the blood serum viscosity in a patient with the dry form of age-
related macular degeneration
Puc. 3. PenpeseHTaTuBHbIN NpuMep pesynbTaTa aHanM3a BA3KOCTU
MNa3Mbl KPOBU Y MaLMeHTa C Cyxoii GopMoit BO3pacTHOM MaKyNsipHOI
[ereHepaLum
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follow-up), the study group had a statistically significant
increase in BCVA (from 78.0 to 80.5 letters, p = 0.04) at
Month 6. The improvement was maintained up to Month
12 and interpreted as disease stabilization. A significant
decrease in BCVA from Month 6 to and including Month
12 was reported (from 79.0 to 77.0 letters, p < 0.01) in
the control group. These changes were confirmed by a
significant difference in ETDRS letters between the study
and control groups at Month 6 (80.5 and 78.0 letters,
p = 0.02) and Month 12 (80.0 and 77.0 letters, p < 0.01).

A comparative assessment of changes in BCVA us-
ing a less sensitive method, the Golovin-Sivtsev charts,
revealed only a decrease in visual acuity in the control
group compared with the study group at Month 12 of
follow-up (0.6 and 0.7), but this difference was not sta-
tistically significant (p = 0.08).

The analysis of changes in blood flow velocity in
short posterior ciliary arteries demonstrated that after
CF (1 month of follow-up), the study group had a sta-
tistically significant increase in Vg, (from 10.35 to 10.60
cm/s, p < 0.01) and V,,, (from 4.3 to 4.4 cm/s, p < 0.01).

Table 1. Limits of the calculated norm
Ta6nuua 1. MpaHuLbl pacyéTHON HOPMbI

Tom 17.N? 2, 2024
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At Months 6 and 12, no statistical difference was report-
ed. The changes in the control group were not statistically
significant (p > 0.05). These changes were confirmed by
the absence of a statistically significant difference be-
tween the study group and healthy volunteers at Month 1
(p > 0.05) (Table é).

The analysis of changes in the peak area of the ab-
sorption band of the C=0 bond showed a statistically
significant decrease in the peak area (from 32% to 41%)
after each CF procedure (Table 7).

A statistically significant decrease in blood (from
12.5% to 14.5%) and plasma viscosity (from 14.1% to
16.1%; p < 0.01) was reported after each CF procedure
(Table 8).

The analysis of blood chemistry parameters before
and after CF revealed that CF significantly reduced the
concentrations of the investigated inflammatory markers.
After the procedure, high-sensitivity CRP and fibrinogen
decreased by 40% (from 1.54 to 0.93 mg/L, p < 0.001)
and 45% (from 3.51 to 1.61 g/L, p < 0.001), respectively.
Blood levels of immunoglobulins also significantly

Parameter Lower limit Upper limit Median
Vs €M/s 9.8 11.8 10.6
Viiasr CM/S 3.8 4.9 4.3
Blood (n,.), mPa-s 4.8 5.9 5.3
Plasma (n,,,,,) MPa-s 1.87 1.96 1.91
Note. V,q, peak systolic velocity; Vy,q, end-diastolic velocity.

[Tpumeyanue. Vo —

MaKCuMaJibHaa CUCTONInYeCKaa CKOPOCTb KPOBOTOKa; Vdiast — KOHeYHaA AnactoinyecKasd CKOpoCTb KPOBOTOKa.

Table 2. Baseline clinical and demographic parameters of patients included into the study
Ta6nuua 2. MicxofHble KNMHUKO-AeMorpaduyeckue napaMeTpbl NaLMEHTOB, BKIIOYEHHbIX B UCCie0BaHMe

Parameter | Study group (n = 52) | Control group (n = 42) | p
Sex, F/M 19/15 16/13 -
Age, years, Me [Q;; Q;] 70.5 [65; 77] 71.5[65; 77 0.6
Follow-up period, months 12 12 -
Peak height of drusenoid pigment epithelial ] ]
detachment, pm, Me [Q,; 0] 211.5[168; 263] 195.0 [166.0; 220.0] 0.25
Area of drusenoid pigment epithelial detachment, ) ]
mm?, Me [Q;; Q,] 6.25[3.7;7.3] 5.7 [4.5; 6.8] 0.54
Golovin—Sivtsev best-corrected visual acuity, ] )
Me [0; O, 0.7 [0.6; 0.7] 0.7 [0.6; 0.7] 0.47
ETDRS best corrected visual acuity, letters, ] )
Mel0; Q) 78.0 [76.0; 79.0] 79.0[76.0; 81.0] 0.43
Voo cm/s, Me [Q;; Q5] 10.35[10.1; 10.8] 10.55[10.0; 10.9] 0.57
Viiaso €M/, Me [Q;; Q5] 4.3 [4.1; 4.5] 4.2 [3.9; 4.6] 0.77

Note. V,,, peak systolic velocity; Vy,, end-diastolic velocity.

[Tpumeyarue. V
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a b c d
Fig. 4. Example of structural and anatomical changes dynamics after the use of the serum cascade filtration in patients with the dry
form of age-related macular degeneration according to the OCT and OCT-A data during the study: @ — start of the follow-up; b —
in 1 month; ¢ — 6 months; d — 12 months
Puc. 4. TpMep AVHaMMKK CTPYKTYPHO-aHaTOMUYECKMX M3MEHEHWI MPY NPUMEHEHNN KacKafiHOW Mna3ModuIbTpaLmm Y NaLMeHToB C CyXoii
(opMoli Bo3pacTHOI MaKynspHoii aereHepaumm no aanHbIM OKT 1 OKT-A B xofe uccnefoBaHms: @ — Hadano Habnionenus; b — yepes 1 Mec;
¢ — 6 Mec.; d — 12 Mec.

Table 3. Dynamic of the drusenoid retinal pigment epithelium detachment height in studied groups, pm, Me [@Q;; Q,]
Ta6nuua 3. [InHamMuKa BbICOTHI APY3€HOMHOM OTCAOMKM MUTMEHTHO0 3NUTENNA CeTHYaTKN B U3y4YaeMbix rpynnax, MkM, Me [Q;; ;]

Time point Study group (n =52) Control group (n = 42) p
Start of follow-up 211.5[168; 263] 195.0 [166; 220] 0.25
Month 1 199.0% [163; 240] 194.5 [173; 225] 0.91
Month 6 158.5* [88;200] 195.0 [173; 226] <0.01
Month 12 147.5* [20;191] 195.5 [173; 224] <0.01
Total changes, p <0.01 0.12 -

*Statistically significant difference compared with the start of follow-up (Wilcoxon test).
*CTaTMCTUYECKM 3HAYMMOE pa3/inume OTHOCUTESNIbHO Havana HabmoaeHus (Kputepuidi YWIKOKCOHa).

Table 4. Dynamic of the drusenoid retinal pigment epithelium detachment area in studied groups, mm? Me [Q;; Q;]
Tabnuua 4. IMHaMuKa nnowaam Apy3eHoNAHON OTCIIONKN MUTMEHTHOTO 3MUTENNUA CETYATKM B U3yyaeMblX rpynnax, Mm?, Me [@; @,

Time point Study group (n =52) | Control group (n = 42) | p
Start of follow-up 6.25[3.7;7.3] 5.70 [4.5; 6.8] 0.54
Month 1 4.15* [3.6; 6.7] 5.70 [4.5; 6.8] 0.28
Month 6 3.70% [2.2; 4.8] 5.70 [4.5; 6.8] <0.01
Month 12 3.70% [1.0; 4.3] 5.85 [4.4; 6.8] <0.01
Total changes, p <0.01 0.06 -

*Statistically significant difference compared with the start of follow-up (Wilcoxon test).
*CTaTUCTUYECKM 3HAYMMOE pa3Niuume OTHOCUTESbHO Hadana HabnioaeHus (KpuTepuii YUnKoKcoHa).
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Fig. 5. Dynamics of the drusenoid retinal pigment epithelium de-  Fig. 6. Dynamics of the drusenoid retinal pigment epithelium de-
tachment height in studied groups tachment area in studied groups
Puc. 5. [InHammKa BbICOTbI [ipY3eHOUAHON OTCNOWKN MUrMeHTHOro  Puc. 6. [IMHamuKka nnowasm fpy3eHOWAHON OTCIIOMKN MUTMEHTHOIO
INUTENNSA CETYATKU B U3y4aeMblX rpynnax 3MUTENNA CETYATKY B U3y4aeMbIX rpynnax
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Table 5. Dynamics of visual acuity in studied groups, symbols

Tom 17.N? 2, 2024

OdTansbMonoryecKme Be1oMoCTH

Ta6nuua 5. [IHaM1Ka 0CTPOTLI 3peHUS B U3yYaeMbIX rpymnmnax, 3HaKu

Time point Study group (n = 52) Control group (n = 42) p
Golovin-Sivtsev chart
Start of follow-up 0.7 [0.6; 0.7] 0.7 [0.6; 0.7] 0.47
Month 1 0.7 [0.6; 0.7] 0.7 [0.6; 0.7] 0.67
Month 6 0.7*[0.7; 0.8] 0.7 [0.6; 0.7] 0.10
Month 12 0.7* [0.6; 0.8] 0.6* [0.6; 0.7] 0.08
Total changes, p 0.04 <0.01 -
ETDRS chart

Start of follow-up 78.0 [76; 791 79.0 [76; 81] 0.43
Month 1 78.5[76; 80] 79.0 [76; 80] 0.83
Month 6 80.5* [78; 83] 78.0% [76; 791 0.02
Month 12 80.0* [78; 82] 71.0% [75; 79] <0.01
Total changes, p <0.01 <0.01 -

*Statistically significant difference compared with the start of follow-up (Wilcoxon test).
*CTaTUCTUYECKM 3HAUMMOE Pa3fiuumMe OTHOCUTESNbHO Hadana HabnioaeHus (KpuTepuii YUNKoKcoHa).
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Fig. 7. Dynamics of visual acuity in studied groups: @ — using the ETDRS chart; b — using the Golovin-Sivtsev chart
Puc. 7. [luHamnKa ocTpOTbI 3peHms B M3y4aeMbIx rpynnax: @ — no Tabauue ETDRS; b — no tabnuue MonosuHa — CuBLeBa

changed after the CF procedure. Immunoglobulin M, G,
and A levels decreased by 42%, 27%, and 23%, respec-
tively, from baseline before the procedure (p < 0.001).
White blood cells (WBCs) significantly increased from
5.64 x 10°/L t0 7.9 x 10°/L (p < 0.01). The WBC increase
was transient (the levels reached the baseline values
within a day) and seemed to be caused by the body’s
response to the procedure. Also, ESR decreased by 72%
after the CF procedure. After CF, a significant decrease
was reported in the following parameters: total choles-
terol by 52%, from 5.41 to 2.61 mmol/L (p < 0.001); tri-
glycerides by 63%, from 1.93 to 0.71 mmol/L (p < 0.001);
low-density lipoprotein cholesterol by 64%, from 3.19 to
1.14 mmol/L (p < 0.001); and high-density lipoprotein
cholesterol by 35%, from 1.43 to 0.93 mmol/L (p < 0.001).
CF procedures were accompanied by a significant mean
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decrease in total protein by 23% (from 74 to 57 g/L,
p < 0.001), followed by a complete recovery to baseline
after 24 hours (Table 9).

DISCUSSION

Age-related macular degeneration (AMD) is a chronic
multifactorial retinal disease characterized by a progres-
sive course leading to irreversible loss of central vision.
The risk of vision loss is associated with advanced AMD
accompanied by retinal and RPE atrophy (dry AMD) or
choroidal neovascularization (neovascular AMD). AREDS2
showed that in patients with intermediate disease (ca-
tegory 3), the 10-year risk of late AMD (category 4)
reached 49% [15]. Therefore, the treatment strategy for
intermediate AMD is aimed to reduce the risk of disease
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Table 6. Changes in blood flow velocity in the posterior short ciliary arteries, Me [Q,; Q]
Ta6nuua 6. I3aMeHeHNs CKOPOCTW KPOBOTOKA B 3aHUX KOPOTKMX LIUNnapHbIx apTepusx, Me [Q;; Q]

Ophthalmology Reports

Parameter Study group (n = 34) Control group (n = 29) p
Start of follow-up

Vs CM/s 10.35[10.1; 10.8] 10.55 [10.0; 10.9] 0.57

Vot CM/s 4.3 [4.1; 4.5] 4.2 [3.9; 4.6] 0.77
Month 1

Vs CM/S 10.6* [10.3; 10.9] 10.55 [10.0; 10.8] 0.29

Vs €M/ 4.4* [4.3; 4.6] 4.25 [4.0; 4.6] 0.12
Month 6

Voo CM/s 10.35[10.1; 10.7] 10.6 [10.0; 10.9] 0.37

Vot /s 4.2 [4.1; 4.5] 4.25 [3.9; 4.6] 0.86
Month 12

Vs CM/s 10.30 [10.0; 10.7] 10.6 [9.9; 10.6] 0.35

Vs €M/ 4.2 [4.1; 4.5] 4.2 [3.9; 4.6] 0.60

Changes from baseline to Month 1
Vyso CM/s <0.01 0.66 -
Vo CM/s <0.01 0.06

Note: V.

. syst?
(Wilcoxon test).

[lpumeyarue. Vg

*CTaTMCTUYECKM 3HaYMMOe pasnunyne 0THOCUTESIbHO Hadana HabntopeHns (KpMTepVIVI YUNKOKCOHa).

Table 7. Changes in the area under the peak of 1725-1755 cm™ of the IR spectrum of blood serum before and after the serum cascade
filtration, Me [Q;; Q;]
Tabnuua 7. Vamerenna niowaam nof, makom 1725-1755 cv™! MK-criekTpa nniasmbl KPOBY [10 W MOC/E KacKaiHoM nnasModusTpaLmm, Me @;; @

peak systolic velocity; V., end-diastolic velocity. *Statistically significant difference compared with the start of follow-up

— MaKCUMaJlbHas CUCTOJInYeCKasda CKOPOCTb KPOBOTOKa; Vdiast — KOHeYHas AnactosimyeCKaa CKOpPOCTb KPOBOTOKaA.

Procedure No.

Peak area at 17251755 cm™'

Changes, %

No. 1: 41
before procedure 0.022 [0.022; 0.023]
after procedure 0.013[0.012; 0.014]
No. 2: 32
before procedure 0.019 [0.018; 0.021]
after procedure 0.0131[0.012; 0.014]
No. 3: 41
before procedure 0.017 [0.017; 0.018]
after procedure 0.010[0.010; 0.011]
No. 4: 36

before procedure
after procedure

0.014[0.013; 0.016]
0.009 [0.009; 0.010]

Table 8. Changes in blood and serum viscosity before and after the serum cascade filtration, Me [Q;; Q]

Ta6nuua 8. VI3MeHeHNA BA3KOCTM KPOBM M NAa3Mbl [0 1 NOC/e KackafHoi nnasmodunbTpaumn, Me [Q;; Q]

Procedure No.

Blood (n,.), mPa-s

Changes, %

Plasma (), mPa-s

Changes, %

No. 1: 12.5 14.1
before procedure 5.6 [5.3; 5.9] 1.92 [1.87; 1.97]
after procedure 4.9 [4.7; 5. 0] 1.65 [1.61; 1.68]
No. 2: 14.2 14.7
before procedure 5.6[5.2; 6.1] 1.91 [1.86; 1.95]
after procedure 4.9 [4.5; 5.0] 1.63[1.58; 1.68]
No. 3: 14.5 16.1
before procedure 5.515.3; 6.0] 1.931.85; 1.99]
after procedure 4.7 [4.5; 4.9] 1.62 [1.59; 1.66]
No. 4: 12.7 14.2
before procedure 5.5[5.2; 5.9] 1.91[1.79; 1.98]
after procedure 4.8 [4.5; 4.9] 1.64 [1.58; 1.69]
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Table 9. Changes in biochemical parameters before and after the serum cascade filtration

Tom 17.N? 2, 2024

OdTansbMonoryecKme BeoMoCTH

Tabnuua 9. MamMeHeHNs BUOXMMUYECKUX NOKa3aTeNiei 40 M Noc/e KacKagHoM nna3ModuibTpaLmm

P Reference Control group Study group (n = 34)
arameter - p
values (n=20) before CF after CF
RBC, x10'%/L 3.8-5.1 4.25 [3.98; 4.67] 4.15[3.87; 4.75]  4.10[3.81; 4.74]  0.44
Hemoglobin, g/L 117-155 145 [137; 149] 139 [132; 151] 138[132; 150]  0.21
Hematocrit, % 35.0-45.0 41 [38; 43] 38 [36; 43] 37 [34; 42] 0.32
Platelets, x107/L 150-400 198 [188; 225] 224 [186; 234] 209 [181; 225]*  0.16
WBC, x10°/L 4.0-10.0 5.45 [4.96; 5.72] 5.64[4.88;5.90] 7.91[5.97;8.78]* 0.12
ESR, mm/h 2-20 7[4;12] 11 [4; 14] 3[2; 51* 0.09
High-sensitivity CRP, mg/L (risk) <1.0 low 1.75 [1.37; 1.98] 1.54[1.35; 1.96] 0.93[0.81; 1.22]* 0.07
1-3 medium
>3 increased

Fibrinogen, g/L 2.0-3.9 3.211[2.89; 3.53] 3.511[2.85;3.60] 1.61[1.42; 1.94]* 0.27
IgM, g/L 0.4-2.3 1.21[0.95; 1.5] 1.09 [0.91; 1.55]  0.46 [0.39; 0.57]* 0.11
IgG, g/L 7.0-16.0 13.8[10.2; 15.7] 12.9[10.4; 15.2]  9.46 [8.1; 11.5]*  0.31
IgA, g/L 0.7-4.0 2.41[1.97; 2.85] 256 [1.91;2.82] 1.971[1.53;2.22]* 0.27
Total cholesterol, mmol/L 3.73-6.86 5.11[3.8; 5.4] 5.411[3.7; 6.06] 2.611[2.20; 3.42]* <0.01
Triglycerides, mmol/L 0.62-2.94 1.7 [1.5; 1.8] 1.9311.6; 2.13]  0.71[0.62; 0.93]* <0.01
Low-density lipoprotein cholesterol, mmol/L 2.49-5.34 2.9112.3; 3.1] 3.19[2.35;3.5]  1.14[1.04; 1.96]* <0.01
High-density lipoprotein cholesterol, mmol/L 0.80-1.94 1.50 [1.20; 1.72] 1.4311.21; 1.60] 0.93[0.85; 0.96]* <0.01
Total protein, g/L 62-81 72 [68; 76] 74 [68; 771 57 [48; 60]* 0.51

*Statistically significant difference in the study group compared with the beginning of cascade filtration (Wilcoxon test).
*CTaTMCTUYECKY 3HaYMMOE Pasfinime B OCHOBHOI rpynMe OTHOCUTESIbHO Hauana npoLeaypbl KaCKaaHoM Nna3mMopuibTpaLmm (kputepuii

YnnKoxcoHa)

progression to a late stage and stabhilize visual function.
Antioxidants (vitamin-mineral complexes, the so-called
AREDS formula) and polyunsaturated fatty acids (to cor-
rect lipid metabolism) are recommended. More active
approaches include micropulse laser therapy [16] and
laser retinal “rejuvenation,” also known as selective la-
ser therapy [17], aimed to reactivate RPE function, which
is involved in resorption of drusenoid material. An alter-
native strategy involves improving microcirculation and
eliminating certain high-molecular compounds from the
blood, including pathophysiologically significant risk fac-
tors for AMD. Two controlled, randomized, clinical trials
demonstrated the safety and efficacy of rheopheresis for
the treatment of patients with AMD, especially the dry
form [18-20].

Extracorporeal rheopheresis procedures (cascade
filtration, heparin-induced lipoprotein precipitation, lipid
filtration, lipoprotein immunoadsorption, etc.) are widely
and successfully used in Russia to correct lipid metabo-
lism. Extracorporeal rheopheresis procedures have not
only a pronounced lipid-lowering effect, but also several
pleiotropic effects [14], including:

Reduction of pro-inflammatory peptides (including cy-
tokines) and pro-coagulant factors, i.e. vessel protection;

Improvement of whole blood viscosity, stimulation of
endothelium-mediated vasodilation, with a positive effect
on the hemorheological properties, and improvement of
perfusion in microvasculature.
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The capability of extracorporeal rheopheresis (inclu-
ding CF) to rapidly cause pronounced positive changes in
the metabolic, rheological, inflammatory, and antioxidant
profiles of plasma allows considering it in patients with
dry AMD. OCT and OCTA with a modern software set allow
detecting the smallest structural and functional changes
in the eye tissues at different depth, which makes it pos-
sible to monitor dry AMD [21].

In this study, a comprehensive assessment of chang-
es in rheological and blood chemistry parameters, as
well as in the structure and function of the central fun-
dus after CF in patients with dry AMD revealed a sig-
nificant improvement. The CF course led to positive ana-
tomical changes in the macular area, which included a
significant decrease in the dPED height and area. In the
study group, no large geographic atrophies in the area of
dPED resolution were noted. In the control group, though
dPED tended to naturally resolve in some patients, char-
acteristic atrophic changes in the RPE, RNE, and choroid
were observed. In addition, some patients in the control
group showed an increase in the dPED height and area.
One patient had AMD progression to a wet form, which
required anti-angiogenic therapy.

Structural and anatomical changes in the macula
represented improved visual function. The control group
had a significant increase in visual acuity (at Month 6,
maintained for 12 months), which corresponds to dPED
resolution.
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We believe that the changes in the investigated struc-
tural and functional parameters are associated with the
described pleiotropic effects of cascade filtration, which
eliminates or reduces modifiable risk factors for AMD.
Proposed CF method rapidly caused pronounced posi-
tive changes in the metabolic, rheological, inflamma-
tory, and antioxidant plasma profiles, thereby positively
affecting the dry AMD course, which is confirmed by a
statistically significant difference in the structural and
functional parameters changes in the study and control
groups.

CF has a positive effect on the AMD course, but the
effect weakens over time. We suggest this is because
it is impossible to affect unmodifiable risk factors of
AMD. Thus, along with the return of blood flow veloc-
ity in short posterior ciliary arteries to baseline after
6 months of follow—up, a relative decrease in visual
acuity was reported (by 0.1 lower quartile based on
the Golovin—Sivtsev charts, by 0.5 median letters of the
ETDRS chart). Despite these changes, there is still a sta-
tistically significant improvement compared with the start
of follow-up, which we consider as disease stabilization
at Month 12.

This study was limited by a relatively short follow-
up period (up to 1 year), which did not allow assessing
long-term outcomes. This is especially important as the
disease tends to progress. Also, safety is a valuable CF
feature and allows repeating the treatment course annu-
ally to control long-term outcomes. This is a promising
focus area for our studies. An important objective of this
study was to comprehensively evaluate rheological and
blood chemistry parameters, as well as structural and
functional changes.

CONCLUSION

This study demonstrated that cascade filtration in pa-
tients with intermediate dry age-related macular degen-
eration not only resulted in positive changes in rheologi-
cal and blood chemistry parameters, but also improved
the structural and functional parameters of the macula,
i.e. decreased dPED and improved BCVA.
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