ORIGINAL RESEARCHES Vol. 14 (4) 2021 Ophthalmology Journal

7
DOI: https://doi.org/10.17816/0V89413 ' o.) ‘
Research article
Check for
‘ updates ’

Comparison of indicators of autologous serum
obtained by different methods and used for
the treatment of macular hole
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BACKGROUND: In recent years, autologous serum has been increasingly used in the treatment of macular hole. The study
carried out a biological analysis of autologous serum obtained by various methods.

AIM: The aim of the investigation is to compare the cellular and biochemical composition of autologous serum obtained
using different methods for use in the macular hole treatment.

MATERIALS AND METHODS: The study of the number of platelets, leukocytes and fibrinogen level in the blood serum
of 24 patients obtained by centrifugation in original systems for harvesting autologous serum and laboratory test tubes was
performed.

RESULTS: : The indices of P-PRP obtained in the Arthrex ACP system and in a laboratory test tube do not statistically differ
in quantitative indices of fibrinogen and platelets (p < 0.05), and differ in the content of leukocytes (p > 0.05) in the direction of
increasing the number of leukocytes in the substrate obtained in a laboratory test tube. The indicators of L-PRP obtained in the
Ycellbio-Kit system and in a laboratory test tube do not statistically differ in the amount of fibrinogen (p < 0.05) and differ in the
content of platelets and leukocytes (p > 0.05) in the direction of decreasing the concentration of leukocytes and platelets in the
autologous serum obtained in a laboratory test tube.

CONCLUSIONS: Currently, autologous serum obtained in the Arthrex ACP system is of great interest for macular hole sur-
gery due to the minimal content of leukocytes, the closed character of the system, and the best coagulation properties of the
substrate obtained. Laboratory test tubes may be considered a more affordable alternative for the production of autologous
serum (P-PRP) for the treatment of macular hole. The autologous serum (L-PRP) obtained in the Ycellbio-Kit system and in
a laboratory test tube is less suitable for macular hole surgery according to its composition.
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CpaBHeHue nokasaTeneu noay4yaeMou pasHbiMU
cnocobamMu ayronnasMbl, UCMONb3yeMOU ANSA NleYeHUS
NaLMeHToB C MaKyNSAPHbIM pa3pbiBOM

E.M. lNonos, A.H. Kynukos, C.B. Yypawos, W.0. laBpuniok, E.H. EropoBa, A.1. A6bacosa

BoeHHo-MeauumHcKas akagemus uMm. C.M. Kuposa, CaHkT-Iletepbypr, Poccus

AkmyaneHocme. B nocneHue rofbl B IeHeHUM NALMEHTOB C MaKymSPHBIM Pa3pbiBOM BCE Yallle MPUMEHSIOT ayTONOMMUHYH
nnasmy Kposu. B uccnenoBaHuu npoBeAéH BUOMOTMYECKWIA aHaNW3 ayTomn/1a3Mbl, Moay4YaeMomn pasinyHbIMKM criocobamu.

Llesy uccnedosaHuss — cpaBHUTL KNETOUHbINA U BUOXMMMYECKMIA COCTAB ayToMiasMbl, NOAYYAEMON C MOMOLLbK PasHbIX
cnocoboB Ans UCMONIb30BaHWA B JIeYEHUM NALMEHTOB C MaKyNsAPHBIM Pa3pbiBOM.

Mamepuanel u Memodsl. BbinonHeHo uccneoBaHWe KONMYECTBa TPOMOOLMTOB, NIEMKOLMTOB U GUOpUHOreHa B nnasme
KpOoBW 24 naumeHToB, NOMYYEHHON LIEHTPUGYrMpoBaHWEM B OPUrMHAMbHBLIX CUCTEMAX L1 3ar0TOBKW ayTonniasMbl 1 B nabo-
paTopHbIX MPoBUpKax.

Pesynbsmamei. TNokasatenu P-PRP, nonyyenHoi B cucteme Arthrex ACP u B nabopaTopHoi npobupKe, CTaTUCTUYECKM
He OT/IMYAKOTCA MO KONMYECTBEHHBIM MoKa3atensM ¢ubpuHoreHa u TpomboumTos (p < 0,05) 1 oTnMyaloTcs Mo cofepiaquio
nevikoumtoB (p > 0,05) B CTOPOHY YBENMYEHMS KONMYECTBA NIEKOLMTOB B CybCTpaTe, Moay4eHHOM B flabopaTopHoW Npobup-
Ke. lMokasatenm L-PRP, nonyuyenHoit B cucteme Ycellbio-Kit u B nabopatopHoi NpobupKe, CTAaTUCTUYECKM He OTAMYAlTCS
no Konuyectsy ¢mbpuHoreHa (p < 0,05) 1 oTnMYatoTcs no coaepKaHuio TpoMbouuToB U Nelikoumutos (p > 0,05) B cTOpOHY
MOHMMKEHWA UX KOHLLEHTpaLuM B ayTonsasme, nojly4aeMon B 1abopatopHoi npobupke.

3aknoyenue. bonblLuol MHTEpeC AN XUPYPruv MaKynspHOro paspbiBa B HacTosLLEe BpeMs NpeACcTaBAseT ayToniasma,
nonyyaemas B cucteme Arthrex ACP no npuuvHe MUHMMANbHOTO COLEPIKAHWS NEKOLMTOB, 3aKPBITOCTU CUCTEMBI, JIYULLUMX
Koary/siLMOHHbIX CBOICTB NoJlydaeMoro cybcTpara. JlabopaTopHble Npobupky MoXHO paccMaTpuBaTh Kak bonee J0CTynHyto
anbTepHaTMBY [N NonydYeHus aytoniasmel (P-PRP) B Lensx neyeHns MakynspHoro paspbia. Aytonnasma (L-PRP), nony-
yaemas B cucteMe Ycellbio-Kit n nabopatopHoit npobupke no cBoeMy cocTaBy B MeHbLLel Mepe MoAX0AUT Ans XMPYprum
MaKyNiipHOro paspbiBa.

KnioueBble cfioBa: ayTonnasma; MakynsapHblii paspsis; P-PRP; L-PRP; ayTonoruyHas KoHauuMoHMpoBaHHas nnasma; ACP.
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BACKGROUND

In recent years, treatment methods using autolo-
gous serum with increased platelet concentration gain
ground in medicine, in particular in ophthalmology [1-3].
The therapy with such serum is a safe treatment method,
and indications for its use are steadily on the rise [4].
Thus, these technologies may be used in macular hole
surgery, rhegmatogenous retinal detachment surgery,
in corneal diseases [5-8].

At the ophthalmology chair name after Profes-
sor V.V. Volkov of the Military Medical Academy named
after S.M. Kirov, studies are carried out on the repara-
tive ability of autologous serum with increased platelet
concentration in macular hole surgery [9].

In modern Russian literature, there are multiple pub-
lications on the use of autologous serum with increased
platelet concentration in clinical ophthalmology, but there
are no common terminology and no common understand-
ing concerning the features of obtained serum prepara-
tions depending on their cellular composition and on the
fibrinogen activated state [10-12].

Following the classification proposed by M. Dohan Eh-
renfest, et al. [13], four main groups of serum prepara-
tions with increased platelet concentration according to
their cell composition and fibrinogen activation.

1. P-PRP — pure platelet-rich plasma, or leucocyte-
poor plasma. Products of this group have low viscos-
ity, are practically devoid of leucocytes and contain an
increased concentration of platelets (platelet concentra-
tion increases 2—3-fold from the initial content in blood),
fibrinogen in them is not activated. P-PRP products are
widely used in clinical medicine (traumatology, sports
medicine, cosmetology, dermatology), including the use
in ophthalmologic practice. A commercial P-PRP product
is ACP (autologous conditioned plasma), obtained using
an original system Arthrex ACP double syringe system
(Arthrex, Germany).

2. L-PRP (leucocyte-platelet-rich plasma) is a group
of serum preparations, enriched in platelets, which the
same as P-PRP, have low viscosity, fibrinogen in them
is not activated, but they have higher concentration of
platelets 3, 4 times higher than the initial concentration),
and higher leucocyte content. L-PRP is also widely used
in different areas of clinical medicine including oph-
thalmology. It is for procuring of this family of serum
preparations, maximal number of systems exists, which
allow to minimize the processing of blood samples and
maximally standardize the obtained substrate. The origi-
nal system for plasma harvesting Ycellbio-Kit (Ycellbio
Medical, Korean Republic) is a part of the group.

3. P-PRF (pure platelet-rich fibrin) — fibrin prepara-
tions with increased platelet content, practically do not
contain leucocytes and have activated fibrinogen with
high density fibrin net.
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4. L-PRF (leucocyte-platelet-rich fibrin) — fibrin prep-
arations with increased platelet and leucocyte content,
having activated fibrinogen with high density fibrin net.

P-PRF and L-PRF possess high viscosity, exist only as
a gel form. They are used in the reconstructive osteoplas-
tic surgery, abdominal surgery, urology, combustiology. In
ophthalmology, they come into use as fibrin glues in the
reconstructive surgery of the ocular surface.

Currently, in clinical ophthalmology, two original
systems for procurement of autologous serum with in-
creased platelet content — Arthrex ACP and Ycellbio-Kit -
gained more wide use. These systems may be not always
available for use due to several reasons. This gave us
an idea to look for more affordable methods to procure
autologous plasma with increased platelet content to be
used in vitreoretinal surgery of a macular hole.

The aim of the study — to compare the cellular and
the biochemical composition of the autologous serum
obtained by different methods — to be used in treatment
of patients with a macular hole.

MATERIALS AND METHODS

24 volunteers (12 men, and 12 women) were included
into the study from among patients and the team mem-
bers of the Military Medical Academy ophthalmology
department, without systemic diseases at the destabi-
lization stage, anemia of any origin, and not taking any
anticoagulants and antiplatelet therapy (according to clin-
ical blood testing and coagulogram results, in the stud-
ied group, there were no deviation from normal values).
The mean age of study participants was 41 + 17 years.

Each individual was subject to blood sampling in the
conditions of a blood collection room at a room tempera-
ture of 20-22 °C, from a peripheral vein, a continuous
blood sampling of 54 ml was performed into a 60 ml sy-
ringe prefilled with 6 ml anticoagulant (sodium citrate —
2,2%, glucose — 2,45%, citric acid — 0,8%). ACD-A is one
out of anticoagulants for autologous serum sampling
recommended for clinical ophthalmology, and the blood
to the anticoagulant ratio 9 : 1 corresponds to recom-
mendations of manufacturers of autologous plasma sam-
pling systems Arthrex ACP and Ycellbio-Kit and to those
on laboratory diagnosis (laboratory serum testing without
anticoagulant is difficult because of the coagulation de-
velopment within a short time and the bias of the study
results) [14-16]. After sampling, the blood was mixed
with the anticoagulant by the rotational syringe motion
during 30 sec and moved to systems for autologous
plasma sampling and to laboratory tubes.

After centrifugation, in the obtained substrate, the
number of platelets, leucocytes and fibrinogen was ana-
lyzed. The results were processed using standard instru-
ments of descriptive statistics Microsoft Office Excel 2016.
Parameters are presented as M + SD, where M is a mean
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value, and SD - standard deviation. To determine the
confidence paired Student t-test for dependent samples
was used. For control, investigated parameters were also
determined in the venous blood with anticoagulant. Quan-
titative parameters of the cellular composition were in-
vestigated using a hematologic analyzer BC Mindray 5800
(Shenzhen Mindray, China), parameters of the blood co-
agulation system - using an automatic coagulometer
ACL TOP 500 (Instrumentation Laboratory, USA).

Investigation of the autologous plasma rich
in platelets and poor in leucocytes (P-PRP)

P-PRP for the investigation was obtained by two
methods: using the Arthrex ACP system and a laboratory
test-tube.

P-PRP acquisition using the Arthrex ACP system.
Into the Arthrex ACP system, 15 ml of blood with antico-
agulant were introduced, and further acted according to the
system producer’s recommendations. The investigation was
carried out using the centrifuge Rotofix 32A (Hettich, Germa-
ny) at a speed 1500 rpm during 5 min. After centrifugation,
the serum was collected in the system'’s vertical position by
means of pulling the internal syringe plunger, not reaching
1.5 mm from the red blood cell level. With this method, on
average 5.1 + 1.2 ml of serum were collected (Fig. 1).

P-PRP acquisition using a laboratory test-tube.
Into the test-tube of 12 ml capacity, 10 ml of blood with
anticoagulant were introduced and centrifuged in the Multi
Centrifuge CM 6M (Elmi, Latvia) at 1500 rpm speed during
5 min. After centrifugation, the serum was withdrawn into
a 5 ml syringe through an injection needle 22 Ga 40 mm,
not reaching 1.5 mm to red blood cell level. | such a way,
in average 3.9 + 0.8 ml of serum were got (Fig. 2).

Investigation of the autologous plasma rich
in platelets and in leucocytes (L-PRP)

L-PRP for investigation was got by two methods: us-
ing Ycellbio-Kit system and using laboratory tube.

Fig. 1. The Rotofix 32A centrifuge and the Arthrex ACP system for
producing autologous conditioned serum

Puc. 1. Uentpudyra Rotofix 32A u cuctema Arthrex ACP ans
Mosy4YeHUs ayTONOrMYHOM KOHAMLIMOHMPOBAHHON Mia3Mbl

Vol. 14(4) 2021

DOl https://doiorg/1017816/0V89413

Ophthalmology Journal

L-PRP acquisition using the Ycellbio-Kit system.
Into the Ycellbio-Kit system, 14 ml of blood with an
anticoagulant were brought without regard to sex, and
further, proceeded according to the manufacturer’s
recommendations [15]. For the investigation, a centri-
fuge Armed 80-2S (“Armed”, Russia) was used with
the speed 3500 rpm during 5 min. After centrifugation,
the platelet-leucocyte layer concentrates in the narrow
part of the system, between the red blood cell layer and
that of the serum. The platelet-leucocyte cellular poll
together with the serum was withdrawn into the 5 ml
syringe through an injection needle 22 Ga 40 mm in
1.5 ml volume. For maximal aspiration of cell elements,
the layer of platelets and leucocytes was gently shak-
en up by rotational movements of the injection needle
(Fig. 3).

L-PRP acquisition using the laboratory tube. In to a
12 ml tube, 10 ml of blood with an anticoagulant were
brought, and then centrifugated in the Centrifuge CM 6M
at a 1500 rpm speed during 5 min. After centrifugation,
the serum was withdrawn into a 5 ml syringe through
an injection needle 22 Ga 40 mm, not reaching 1.5 mm
to red blood cell level, and further brought into a 12 ml
tube, and centrifugation using the same centrifuge was
performed at 2800 rpm during 2 min. At increased speed
and/or duration of the centrifugation, the activation of
platelets occurs with insoluble clot formation (Fig. 4).
At decreased speed and/or duration of the centrifuga-
tion, in the obtained substrate, the number of platelets
decreases.

After centrifugation, cellular elements shift towards
the bottom of the tube, and are seen as greyish-red de-
posit.

The upper 2/3 of the poor in platelets and leucocytes
serum were aspirated, in the tube, there was only 1/3
of serum rich in platelets and leucocytes. Sedimented
cellular elements were transduced into the solution
by accurate oscillating motions of the tube. In aver-
age, 1.3+ 0.3 ml of plasma were obtained with such
method.

- A& & & a

Fig. 2. Multi Centrifuge CM 6M centrifuge and laboratory test tube
for producing platelet-rich autologous serum

Puc. 2. Uentpudyra Multi Centrifuge CM 6M 1 nabopatopHas
npobupka ans nonyyeHus boratoii TpoMboLmMTaMmu ayTonaasmbl
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Fig. 3. The Armed 80-2S centrifuge and the Ycellbio-Kit system for
producing platelet-rich autologous serum

Puc. 3. Llentpudyra Armed 80-2S n cuctema Ycellbio-Kit ans
noslyyeHus boraToii TpoMboOLMTaMM ayToNIa3Mbl

STUDY RESULTS

Quantitative indices of fibrinogen, platelets and leu-
cocytes of the autologous serum, obtained by different
methods, are shown in the table.

The studied indices of P-PRP, obtained in the Arthrex
ACP system and in a laboratory tube do not have sta-
tistically significant differences concerning quantitative
indices of fibrinogen and platelets (p < 0.05) and have
significant differences in leucocyte content (p > 0.05)
in the direction if their increase in number in the sub-
strate obtained in a laboratory tube. The compared
L-PRP indices of plasma obtained both in the Ycellbio-Kit
system and a laboratory tube do not show statistically
significant differences concerning the amount of fibrino-
gen (p < 0.05) and differ in number of platelets and leu-
cocytes (p > 0.05) towards their concentration decrease
in the autologous serum obtained in a laboratory tube.

DISCUSSION

According to several authors, the most important
autologous plasma indices that determine the ability to
form a platelet-fibrin “plug” in the macular hole diasta-
sis and platelet-fibrin film on the macular retina surface,
are the fibrinogen and platelets [17, 18], which, being

=

Fig. 4. Precipitated blood cell elements (indicated by arrow),
and obtained L-PRP

Puc. 4. KneTouHble 3neMeHTbl KpoBU (yKasaHbl CTPesiKoW),
BbiNaBLUMe B 0CALOK U nonyyeHHasa L-PRP

physiological factors of the hemostasis and of vascular
wall recovery, assure more delicate in comparison to me-
chanical techniques closure of the macular hole. Growth
factors of the platelet a-granules assure the damaged
tissue recovery, at that the intensity of the reparatory
activity depends on the platelet concentration. It is be-
lieved that the maximal reparatory effect of the autol-
ogous serum is reached at platelet concentration in it
starting from 1 million cells in 1 mcl [19]. To the contrary,
inflammation mediators of leucocytes could adversely
affect the macular hole area causing retinal alteration,
edema, and ischemia, at the same time, the expres-
sion of inflammatory manifestations is in direct propor-
tion to the leucocyte concentration in the autologous
serum [20].

Obtained in a laboratory tube P-PRP has more leuco-
cytes, and this may increase the inflammatory reaction
risk in vitreal surgery, and taking into account that in
autologous plasma acquisition using a laboratory tube,
there is a contact of the blood with the outside environ-
ment, the possibility of the substrate microbial contami-
nation increases, making higher the probability of post-
op infectious inflammatory complications.

L-PRP, obtained in a laboratory tube, along with
the decrease of leucocyte concentration, contains less

Table. The average amount of fibrinogen, platelets and leukocytes in venous blood with anticoagulant and autologous serum obtained

by various methods

Ta6nuua. CpefHee KONMYecTBO GUBPUHOTEHa, TPOMBOLMTOB M NIEMKOLIMTOB B BEHO3HOI KPOBM C aHTUKOATYISHTOM W ayToniasme

KpoBWy, nonyquHoﬁ pasnnyHbIMU cnocobamu

Method

Fibrinogen, g/l Platelets, x10%/1 Leucocytes, x10%/1

Control indices of venous blood with anticoagulant
Indices of P-PRP obtained in the Arthrex ACP system
Indices of P-PRP obtained in laboratory tube

Indices of L-PRP obtained in the Ycellbio-Kit system
Indices of L-PRP obtained in laboratory tube

3.51+£0.68 203.83 £ 42.05 539 £ 1.24
3.57 £ 0.56 451.17 £ 114.32 0.48 £ 0.74
3.56 +0.59 454.33 £ 104.90 0.85+0.56
3.30 £ 0.64 740.08 + 209.26 3.57 +1.87
3.42 + 0.64 643.67 + 163.51 1.45£0.79
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platelets, and this from one side, may diminish the in-
flammatory response to the injection into tissues, and
from the other side, decreases the autologous serum
reparative activity.

A not unimportant aspect of the autologous serum
coagulative activity is a presence or absence of antico-
agulant. Thus, the protocol of the autologous plasma ac-
quirement in the Arthrex ACP system allows obtaining a
substrate without anticoagulant’s use, and at the same
time fibrinogen concentration and that of cellular ele-
ments increase, and the coagulation capacity increases.
Same properties are characteristic for the autologous se-
rum (P-PRP), obtained without anticoagulant in a labora-
tory tube. The protocol of the autologous plasma acquisi-
tion using the Ycellbio-Kit system without anticoagulant
in the laboratory tube is not fore see, that is why serum
obtained in the Ycellbio-Kit system would have admit-
tedly inferior procoagulation capacities.

CONCLUSION

Data obtained as a result of the study testify that
nowadays the maximal interest for macular hole surgery
represents autologous serum, received in the Arthrex
ACP system, due to the fact that it has minimal leucocyte
content, maximal protection of the system from external
influences, possibility to obtain autologous serum without
anticoagulant. Laboratory tubes may be considered as a
more affordable alternative for P-PRP acquirement aim
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