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aiM: to evaluate the effectiveness of the platelet-rich plasma lysate (PRP lysate) use in the treatment of persistent epi-
thelial defects (PED) after keratoplasty.

Materials and Methods: In the study, 60 patients with PED after keratoplasty were included. The 1st group (24 cases) 
included patients after keratoplasty with “low risk” of rejection, and the 2nd group – 36 cases after keratoplasty with 
“high risk” of rejection. Each group was divided into two subgroups – control subgroups 1a (cases 10) and 2a (cases 16), 
where patients received only standard postoperative therapy, and the main subgroups 1b (cases 14) and 2b (cases 20), 
in which PRP lysate was prescribed against the background of standard therapy, starting from the Day 15 post-op. 
As the criterion for effective treatment, complete persistent epithelialization after keratoplasty was considered.

results: The effectiveness of the use of PRP lysate in the subgroup 1b was 85.7%, while complete epithelialization in the 
control subgroup 1a was recorded in 70%; in the subgroup 2b, complete epithelialization was observed in 55%, in the control 
subgroup 2a – in 43.75%. 

ConClusion: The use of PRP lysate in the treatment of PED after corneal transplantation as an adjuvant therapy is ef-
fective	and	safe	in	both	high	and	low	risk	keratoplasty.	In	the	examined	category	of	patients,	treatment	with	blood	derivatives	
increases the frequency and rate of complete epithelialization.
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Применение лизата обогащенной тромбоцитами 
плазмы в лечении пациентов с персистирующими 
эпителиальными дефектами после кератопластики
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Цель исследования. Оценить эффективность применения лизата обогащенной тромбоцитами плазмы (лизат ОбТП) 
в лечении пациентов с персистирующими эпителиальными дефектами (ПЭд) после кератопластики. 

Материалы и методы. В исследование было включено 60 пациентов с ПЭд после кератопластики: 
1-я группа (n = 24) включала больных после кератопластики «низкого риска»; 2-я группа (n = 36) — после керато-
пластики «высокого риска» отторжения. каждая группа была разделена на две подгруппы — контрольные 1а (n = 10) 
и 2а (n = 16), где пациенты получали только стандартную послеоперационную терапию, и основные 1б (n = 14) 
и 2б (n = 20), где на фоне стандартной терапии начиная с 15-х послеоперационных суток назначали инстилляции 
глазных капель лизата ОбТП. критерием эффективного лечения считали полную стойкую эпителизацию после ке-
ратопластики. 

Результаты исследования. Эффективность применения лизата ОбТП в подгруппе 1б составила 85,7 %, тогда 
как полная эпителизация в контрольной подгруппе 1а зафиксирована в 70 %; в подгруппе 2б полная эпителизация 
наблюдалась в 55 %, в контрольной подгруппе 2а — 43,75 %. 

Заключение. Применение глазных капель лизата ОбТП в лечении при ПЭд после трансплантации роговицы 
в качестве адъювантной терапии эффективно и безопасно при кератопластике как высокого, так и низкого риска. 
У обследуемой категории больных лечение дериватами крови увеличивает частоту и скорость полной эпителизации.

Ключевые слова: эпителиальный дефект; лизат обогащенной тромбоцитами плазмы; кератопластика.
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Fig. 1. Biomicroscopy of the anterior segment with corneal fluorescein staining under focal illumination in blue cobalt light on Day 15 
after keratoplasty: a – Descemet’s stripping automated endothelial keratoplasty; b – penetrating keratoplasty; c – Descemet’s membrane 
endothelial keratoplasty; d – automated anterior lamellar keratoplasty
Рис. 1. Биомикроскопия переднего отрезка глаза с окраской роговицы флюоресцеином при фокальном освещении в синем 
кобальтовом свете на 15-е сутки после кератопластики: a — автоматизированная эндотелиальная кератопластика с удалением 
десцеметовой мембраны; b — субтотальная сквозная кератопластика; c — эндотелиальная трансплантация десцеметовой мем-
браны; d — автоматизированная передняя послойная кератопластика

а b c d

IntroduCtIon
Plasma and platelet-based drugs are successfully 

used in many branches of medicine for wound healing 
due to their high content of growth factors. The field of 
application of such drugs is quite wide; they are used in 
traumatology and orthopedics, cosmetology, dermatol-
ogy, sports medicine, cardiac surgery, pediatric surgery, 
gynecology, urology, plastic surgery, dentistry, and oph-
thalmology [1–3]. There is currently no standardized pro-
tocol for processing whole blood and making eye drops 
from it. The method of activation, such as collagen, cal-
cium, thrombin, in contact with glass or cycles of free-
zing and thawing, for producing platelet-based plasma 
preparations is quite diverse, ranging from a single cen-
trifugation of whole blood in a conventional test tube to 
specialized commercial systems [4–7]. Chemical activa-
tion of platelets is believed to cause side effects, while 
mechanical lysis by freezing and thawing requires less 
time, is cost effective, and is biologically safe [8].

The most popular derivatives of plasma with high 
platelet content are platelet-rich plasma (PRP), plas-
ma rich in growth factors (PRGF), and PRP lysate. 
PRP is a preparation of autologous plasma with a plate-
let concentration that is several times higher than the 
initial one. PRGF is another autologous PRP obtained 
from the patient’s own blood, which releases a pool of 
biologically active proteins after activation with calcium 
chloride [9]. PRP lysate is obtained from PRP by cold 
shock to induce platelet lysis and release of growth fac-
tors [10]. Each of the aforementioned substances rep-
resents a biological product, that is, a part of the blood 
plasma fraction with higher concentration of platelets 
compared with the whole blood. They are rich not only in 
platelets, but also in the content of the full spectrum of 
blood coagulation factors, growth factors, chemokines, 
cytokines, and other plasma proteins [11]. Studies show 
that platelets comprise a large number of growth fac-
tors and cytokines, which can influence angiogenesis, 

cell migration, and cell proliferation [12]. Many cytokines 
secreted by platelets have a direct antimicrobial effect 
[13, 14], other properties of platelets associated with 
their anti-inflammatory and analgesic effects have been 
proven as well [15–17]. It should be noted that platelet 
concentrates constitute an integral part of intrinsic blood, 
reducing not only the risk of transmission of blood-borne 
infections but also the occurrence of immune reactions. 
Also, the growth factors in these products are not mu-
tagens and do not block the feedback mechanisms of 
tissue regeneration and repair [18–20]. In the present 
study, we use PRP lysate eye drops in the treatment of 
persistent epithelial defects (PEDs) after various types 
of keratoplasty.

The problem of prolonged re-epithelialization after 
keratoplasty remains unsolved and urgent. The term 
PED is commonly used to characterize persistent, non-
healing lesions of the corneal epithelium that persist 
2  weeks after the standard therapy [21, 22]. Photos of 
patients with PED during the standard therapy after vari-
ous types of keratoplasty are presented in Fig. 1.

Autohemotherapy is the most accessible and promi-
sing method of treatment, and the use of platelet deriva-
tives is becoming the most attractive point in solving this 
problem.

mAtErIALs And mEthods
The clinical study was conducted in the Research Insti-

tute of Eye Diseases after obtaining approval from the lo-
cal biomedical ethical committee and informed voluntary 
consent of the subjects during the period of 2018–2020. 
A total of 60 patients (60 eyes) with PED following 
keratoplasty were included in this study. Depen ding 
on the degree and depth of the corneal tissue lesion, 
keratoplasty was performed as subtotal penetrating 
keratoplasty (SPK), automated anterior lamellar kerato-
plasty, Descemet’s stripping automated endothelial ker-
atoplasty (DSAEK), Descemet’s membrane endothelial 
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Table. Distribution of patients by groups depending on the indications for keratoplasty and the treatment method
Таблица. Распределение пациентов по группам в зависимости от показаний к кератопластике и метода лечения

Indications for keratoplasty Subgroup 1а
(n = 10)

Subgroup 1b
(n = 14)

Low-risk 
keratoplasty

Fuchs’ endothelial dystrophy 7 5

Pseudophakic bullous keratopathy 3 6

Degree 3−4 keratoconus – 2

Other stromal corneal dystrophies (lattice dystrophy) – 1

Indications for keratoplasty Subgroup 2а
(n = 16)

Subgroup 2b
(n = 20)

High-risk 
keratoplasty

Vascularized leukomata of various etiology 8 14

Opaque graft retention 8 6

•	 after penetrating keratoplasty 5 2

•	 after lamellar keratoplasty 3 4

keratoplasty, and re-keratoplasty. Twenty-four patients 
were women, and 36 were men, aged 45 to 85 years. To 
assess the effect of PRP lysate eye drops action, sub-
jects were distributed into two groups depending on the 
etiology of corneal lesions. Group 1 (n = 24) included pa-
tients with PED after keratoplasty with low-risk of rejec-
tion, group 2 (n = 36) included patients with PED after 
keratoplasty at high-risk of rejection. Fuchs endothelial 
dystrophy, pseudophakic bullous keratopathy, as well as 
other corneal dystrophies, and grades 3 and 4 keratoco-
nus (according to the classification of M.  Amsler) were 
indications for keratoplasty in the group  1. The main 
indications for performing keratoplasty in the group 2 
included vascularized leucoma of various etiologies, 
opaque engraftment of the graft after keratoplasty. 
Canned donor material in Borzenk–Moroz medium was 
used for transplantation. The average shelf life of canned 
material was 2 ± 1 day.

Depending on the treatment regimen in the postoper-
ative period, each group was divided into two subgroups:
•	 Controls  – 1a (n = 10) and 2a (n = 16), included 

patients with PED receiving only standard therapy, 
which included antibacterial (Tobramycin 0.3%, 
1	drop	q.i.d.	 for	1	month);	 anti-inflammatory	 (Dexa-
methasone 0.1%, 1 drop 6 times a day, then following 
a tapering regimen of 1 drop 5 times a day; 1 drop 
4  times a day, etc., the duration of therapy depend-
ed on the type of surgical intervention); lubricants 
(Sodium hyaluronate 0.3%, 1 drop 4–6 times a day), 
reparative	 (Dexpanthenol	 5%	 t.i.d.,	 drug	 withdrawal	
when using a soft contact lens, SCL), and therapeutic 
SCL (Biotrue, Bausch & Lomb, USA) from the day 15, 
the SCL was replaced every 2 weeks;

•	 Main subgroups – 1b (n = 14) and 2b (n = 20), inclu-
ded patients with PED receiving additional treatment 
along with standard therapy in the form of instillation 

of eye drops of PRP lysate at a dosage of 1 drop 
4–5 times a day, starting from postoperative day 15. 
Before starting the therapy, voluntary informed con-
sent was obtained from all patients for further treat-
ment.
The course of additional treatment on average ranged 

from 2 to 6 weeks; in cases of further PED preservation, 
additional surgical manipulations were used. The most 
accessible method was biocoating with a dried corneo-
scleral flap. As criterion for effective treatment, com-
plete persistent epithelialization after keratoplasty was 
considered. In the absence of complete epithelialization 
within 12 weeks after surgery in all subgroups and the 
appearance of signs of initial stromal lysis, despite the 
ongoing therapy, the continuation of conservative treat-
ment was considered inappropriate. Table 1 presents 
the distribution of the studied groups evaluated based 
on the indications for keratoplasty and the method of 
treatment.

PRP lysate was obtained in the laboratory of funda-
mental research in ophthalmology of the Research Insti-
tute of Eye Diseases.

The following was the method of obtaining prp 
lysate. Blood was taken from the cubital vein into a sy-
ringe	 with	 an	 anticoagulant	 (dextrose	+	sodium	 citrate)	
of 1.5 ml, in a volume of 13.5 ml in women and 12.5 ml 
in men. After the puncture, the sampling was performed 
smoothly to avoid damaging the blood cells. The blood 
was then transferred into a test tube (YCELLBIO-KIT, Ko-
rea), and a two-stage centrifugation was performed for 
5 min	 at	 3500	 rpm.	 Then,	 the	 PRP	 (1.5–2	ml)	 was	 ex-
tracted in a laminar flow hood, which was subsequently 
used to prepare the PRP lysate. Thus, the PRP was fro-
zen at a temperature of –80°C, and then slowly thawed 
at a temperature of 4°C–6°C to release biologically active 
substances. After thawing, the tube was centrifuged at 
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3000 g (relative centrifuge acceleration) for 15 min to 
precipitate cellular components. In a laminar flow hood, 
the PRP lysate was processed through a filter with pore 
diameter of 0.22 μm to remove the remnants of cellu-
lar elements, and then transferred into sterile dispos-
able vials, which were given to the patient. The patient 
kept some of the vials in a freezer at a temperature 
of –18  °C, and one vial used by the patient was stored 
at a temperature of 4°C–6°C for no more than 4 days, 
this storage duration being recommended by A.O. Losh-
kareva as secure [23]. Further, pro re nata, other vials 
were defrosted at room temperature, and the patient 
continued	 to	 instill	 their	 contents	 over	 the	 next	 4	 days 
of therapy.

To assess the area of the epithelial defect in the post-
operative period, before and after treatment, the cornea 
was stained with fluorescein (FluoStrips test strips, BIO 
GLO, India), photoregistered on a TOPCON DC-1 slit lamp 
(Japan) under focal illumination in blue cobalt light. Analy-
sis	of	the	efficiency	of	therapy	and	examination	of	patients	
was performed every week from the start of treatment.

rEsuLts
PED was found in all patients after keratoplasty re-

ceiving standard treatment. When comparing the effi-
ciency of treatment in the group 1, it should be noted 
that in the absence of additional therapy in the control 
subgroup 1a (n = 10), the average period of complete 
epithelialization was 52.3 ± 8.7 days; however, in three 
patients, complete epithelialization was not achieved, 
prompting the decision to perform additional surgical 
interventions to accelerate epithelialization. Patients in 
subgroup 1b (n = 14) received additional therapy aimed 
at accelerating epithelialization, starting from the post-
operative day 15. In this subgroup, complete epitheli-
alization was noted in 12 patients at an average time 
of 34.1 ± 3.7 days. The follow-up period after complete 
persistent epithelialization was 6–18 months; PED recur-
rence was not registered. In percentage terms, complete 
epithelialization in subgroup 1a was achieved in 70% of 
cases, and in 85.7% of cases in subgroup 1b. Group 2 
(n = 36) included patients with high-risk keratoplasty, 
so in subgroup 2a (n = 16), only standard therapy was 
used, with the mean period of complete epithelializa-
tion of 79.5 ± 7 days. Epithelialization was not achieved 
in nine patients. Complete persistent epithelialization 
was recorded only in 43.75%. Patients of subgroup 2b 
(n = 20) received additional treatment along with stan-
dard therapy, starting from the postoperative day 15. 
The average period of complete epithelialization in this 
group was 44.6 ± 9 days; complete epithelialization was 
recorded in 11 cases, which corresponds to 55% of effec-
tive treatment. In nine patients (45%), the treatment was 
ineffective, and this required further surgical intervention. 

The postoperative follow-up period in subgroups was 
6–18 months.

Complete epithelialization of the corneal graft during 
treatment with PRP lysate in subgroup 1b was 85.7%, 
and in subgroup 2b, the percentage of effective treatment 
was significantly lower (55%). Comparing the subgroups 
of patients depending on the management approach, we 
revealed that the use of PRP lysate reduces the period 
of complete epithelialization of the corneal graft. Biomi-
croscopy of the anterior segment revealed a decrease in 
irritation, hyperemia of the palpebral and bulbar conjunc-
tiva, as well as a decrease in corneal edema compared 
with patients receiving only standard therapy. A clinical 
example	that	confirms	the	efficiency	of	the	use	of	plasma	
products with high platelet content in the treatment of 
patients with PED after keratoplasty is given below.

Clinical case
Female patient H., 79 years old, was admitted to 

the Research Institute of Eye Diseases with a diagnosis: 
“right eye – condition after automated endothelial kera-
toplasty with Descemet’s membrane removal (DSAEK), 
left eye – Fuchs endothelial dystrophy, both eyes – high 
myopia, and pseudophakia. On admission, visual acu-
ity of the right eye was 0.5 incorrigible, whereas that 
of the left eye was 0.01 incorrigible. Intraocular pres-
sure at all stages was within normal limits. Taking into 
consideration fibrotic changes in the cornea against the 
background of chronic corneal edema in the left eye, 
SPK according to the traditional method was performed. 
In the postoperative period, the patient received stan-
dard therapy. On day 15, epithelialization of the graft 
was absent (Fig. 2). Voluntary informed consent was ob-
tained from the patient for further treatment. Additional 
therapy was performed against the standard therapy and 
included daily instillation of eye drops of autologous PRP 
lysate 4–5 times a day. Complete epithelialization of the 
graft was recorded on the postoperative day 35 (Fig. 3). 
The therapy lasted 3 weeks.

Control	 examinations	were	 performed	 after	 3,	 6,	 12,	
18 months. There was no PED recurrence observed. 
In 6 months after surgery, visual acuity was 0.25 incorri-
gible, after 12 months, it was 0.3 with a pinhole aperture.

Fig. 2. Before treatment start, Day 15 after surgery
Рис. 2. до начала лечения, 15-е сутки после операции 
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dIsCussIon
Tissue	 regeneration	 is	 a	 complex	 and	 coordinated	

process involving a number of molecular, cellular, and 
biochemical mechanisms. Various molecules, growth 
factors, known for their action on cell adhesion, prolif-
eration and differentiation, are involved in the process of 
tissue regeneration. PRP lysate provides a combination 
of many of these, being a key factor in tissue regen-
eration and wound healing strategies. The advantage of 
this therapy is the release of autologous growth factors, 
through which the process of physiological tissue re-
pair is simulated. The data obtained by us in the course 
of this study confirm the fact of the positive effect of 
PRP lysate in the treatment of PEDs, while not only the 
period of complete epithelialization of the graft is re-
duced, but also its frequency increases in comparison 
with the control group. However, it should be noted 
that the effect of therapy is not registered in all cases. 
There is controversy when comparing our results with 
those of colleagues from the N.N. Helmholtz National 
Medical Research Center, where the treatment of PED 
with blood derivatives was effective in all patients after 
corneal transplantation [24]. In our study, we obtained 
positive results in 87.5% and 55% of cases, depending 
on the degree of keratoplasty risk. In the research by 
M.A.  Abu-Ameerh et al. [25], 4 out of 10 patients had 
complete epithelialization, three showed partial efficacy, 
and in three patients, therapy was ineffective, which is 
more comparable with our results. It is believed that 

Fig. 3. After treatment with platelet-rich plasma lysate, Day 35 
after surgery
Рис. 3. После лечения, 35-е сутки после операции лизатом 
обогащённой тромбоцитами плазмы

the main causes of failures after keratoplasty include 
endothelial decompensation, secondary glaucoma, re-
currence of the underlying disease, the overlay of infec-
tious complications in the postoperative period, PED of 
the graft, and corneal suture failure. The most probable 
causes of PED formation on corneal graft, which can 
lead to ulceration, local inflammation, vascularization, 
scar formation, and ultimately to graft opacification, are 
severe forms of dry eye syndrome, entropion, trichiasis, 
limbal insufficiency, and tissue incompatibility reaction 
[26–28]. It should be noted that repeated keratoplasty 
in patients with opaque engraftment of the graft, due to 
immune reactions, increases the risk of rejection, which 
is	 due	 to	 excessive	 sensitization	 of	 the	 recipient	 to	 the	
corneal tissue of the graft that arose during the previ-
ous keratoplasty [29, 30]. In this study, all patients re-
ceived lubricants; patients with eyelid changes and signs 
of limbal insufficiency were not included in the study. 
They also lacked significant typical signs of tissue in-
compatibility reactions. Nevertheless, in our study, as 
in similar ones, it is impossible to rule out completely 
the influence of the immune factor on the delay in epi-
thelialization, especially in the high-risk group. In ad-
dition to these factors, it should be taken into account 
that the rate of epithelialization may depend on the age 
of the recipient, the size of the graft, the duration of its 
storage, the type of keratoplasty, and so forth [29, 30]. 
The study of the efficacy, safety, and tolerability of plas-
ma preparations of platelet derivatives as an alternative 
treatment for PED after keratoplasty requires further 
research for its successful implementation in clinical 
practice.

ConCLusIon
The use of PRP lysate in the treatment of patients 

with PEDs after corneal transplantation as an adjuvant 
therapy is effective and safe for both high and low-risk 
keratoplasty.	In	the	examined	category	of	patients,	treat-
ment with blood derivatives increases the frequency and 
rate of complete epithelialization. Despite the small vol-
ume of clinical material, the study did not reveal any 
complications or side effects when using the above-
described therapy.
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