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Purpose of review

Blood-derived products [autologous serum, eye plateletrich plasma (E-PRP), plasma rich in growth factors]
are successful therapies for ocular surface disorders, which compromise the integrity of the cornea surface

and conjunctiva.

Recent findings

The most noteworthy and recent research has been directed towards hemoderivatives that include platelets.
PRP for ophthalmologic use (E-PRP) has achieved successful outcomes as reported in the peer-review
literature in the treatment of dry eye, postlaser in-situ keratomileusis ocular surface syndrome, dormant
ulcers, and for ocular surface surgical reconstruction after corneal perforation associated to amniotic
membrane transplantation, bovine pericardium membrane transplantation, or autologous fibrin membrane

combined with solid PRP clot.

Summary

PRP is a portion of the patient's own blood having a platelet concentration above baseline. The main
advantage of PRP over other products is the presence of the platelets and associated with this the
prolonged release of growth factors that are involved in the wound healing process of the cornea and
conjunctival surface. E-PRP seems to be a reliable and effective therapeutic approach to enhance epithelial
wound healing and promote ocular surface regeneration in different pathological conditions.
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There are many conditions in which the ocular
surface is severely affected as keratoconjunctivitis
sicca, persistent epithelial corneal defect, recurrent
corneal erosion, neurotrophic keratopathy, post-
laser in-situ keratomileusis (LASIK) ocular surface
syndrome (OSS), dormant corneal ulcer, graft-ver-
sus-host disease, ocular cicatricial pemphigoid, and
neurotrophic changes. The treatment of ocular sur-
face disorders has a multifactorial approach and
conventional therapy is often not enough to solve
the problem. Scientists and clinicians have been
searching for a long time for a substance that would
be similar to tears in composition and possessing
similar features and, which especially, may incite
the process of biological regeneration of the tissues
affected in ocular surface disorders.

Platelets were discovered as an important reservoir
of proteins and growth factors precipitating in
hemostasis, tissue regeneration, immune response,
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and wound healing. Alpha granules of the platelets
include over 30 known biologically active substan-
ces such as platelet-derived growth factor, trans-
forming growth factor 81 and B2 and insulin-like
growth factor 1, vascular endothelial growth factor,
epidermal cell growth factor, fibroblast growth fac-
tor 2, and insulin-like growth factor [1].

There is huge variety of autologous blood-derived
products with variable amounts of platelets and
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KEY POINTS

e The present work shows the uses of the platelet-rich
plasma in ophthalmology.

e The present work describes the application of 100%
autologous E-PRP for treatment of ocular surface
disorders.

e The present work explains how to prepare the different
types of E-PRP (eye drops, clots, fibrin membrane).

e The present article summarizes the clinical results
obtained after the treatment with E-PRP in dry eye,
ocular surface syndrome postLASIK, dormant ulcers,
and corneal perforations.

growth factors. Marx introduced a method of
obtaining PRP from autologous blood using a
double centrifugation technique and activating
PRP just before using it [2], and the first therapeutic
use of human PRP as an autologous transfusion
component was proposed by Ferrari et al. [3]. In
ophthalmology, we use eye platelet-rich plasma
(E-PRP), which is an autologous preparation of
plasma rich in platelets, but different from the PRP
described by Marx and significantly different from
plasma rich in growth factors (PRGF). E-PRP prep-
aration requires one-step centrifugation using
sodium citrate as an anticoagulant. E-PRP is used as
topical eye drops for surface application and as a clot
(solid E-PRP) for surgical procedures in ocular recon-
struction. PRGF preparation requires specially
designed devices (Endoret system centrifuge, Endoret
Ophthalmologic Kit) and is based on a double
centrifugation technique [4], whereas E-PRP pre-
paration uses commercial tubes to obtain the blood
and typical laboratory centrifuge to separate plasma.

Moreover, PRGF needs sodium calcium chloride
as a clot activator. According to Alio et al. [5],
calcium chloride is only used for the activation of
liquid E-PRP when clots are needed for surgical
procedures, such as corneal perforation treatment.
Eye drops of E-PRP contain 100% autologous plasma
and the maximum amount of platelets in suspen-
sion after a single centrifugation, without any
other additive.

PRGF was first used in the treatment of persist-
ent corneal epithelial defects [6] and latter for dry
eye [7]. However, in 2004, Hartwig et al. [8,9] had
showed the epitheliotrophic capacity of growth fac-
tor preparations in an in-vitro cell culture model.

Autologous serum is also being used in the treat-
ment of ocular surface [10]. The first positive effect
of dry eye treatment with the application of 50%
diluted autologous serum was described by Fox et al.
[11] and Tsubota et al. [12] proved the efficacy of

326 www.co-ophthalmology.com

20% autologous serum drops for treatment of dry
eye with Sjogren’s syndrome. Autologous serum is a
body fluid, so it is capable of spreading infectious
disease [13], as probably other preparations with
blood derivatives. Also, some authors demonstrated
a decreased serum effect when it was combined with
antibiotics [14]. Generally, autologous serum treat-
ment is well tolerated but one complication was
described in the literature [15].

E-PRP preparation is made under strict sterile con-
ditions using sterile and disposable materials and
operating inside a laminar flow hood. Neither
special equipment nor bovine thrombin is needed
to obtain it [16]. Whole patient’s blood was
extracted aseptically using 3.2% sodium citrate
as anticoagulant.

After the centrifugation (10 min at 1600 rpm),
three layers were obtained. Platelet poor plasma
(PPP) on the top, PRP below, and at the bottom
separated white and red cells. PRP was aspired and
3-4ml aliquots are transferred into 10 ml new steri-
lized amber glass bottles with eye drop applicators.
The bottle in use should be kept in the refrigerator at
+4°C for 1 week, the rest of the bottles in the freezer
at —20°C [17].

Platelets deliver plenty of growth factors, cell
adhesion molecules, and cytokines from alpha gran-
ules. The growth factors released prompts a cascade
of many reactions responsible for migration, mito-
sis, extracellular matrix formation, and angiogenesis
promoting proliferation and differentiation of cor-
neal cells [18]. The major effects of PRP are derived
from platelet-derived growth factor, which is the
first growth factor to appear in the wound to
increase the number of repaired cells, stimulate
angiogenesis, and support the development of
new blood vessels and the activated macrophages.
Transforming growth factor is responsible for che-
motaxis and controlling epithelial proliferation and
maintaining cells in an indifferent state. The epi-
dermal cell growth factor accelerates corneal epi-
thelial proliferation and vascular endothelial
growth factor and fibroblast growth factor 2 take
part in angiogenesis. A wide range of clinical appli-
cations of PRP have been documented such as acute
and chronic skin ulcers [19], cosmetic surgery (skin
rejuvenation or hair loss disorders) [20,21], and
macular hole repair in eye surgery [22]. There are
many indications for the use of PRP in treatment in
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orthopedics and sports medicine [23] and also in
many dental and oral surgical procedures [24].

Dry eye

Dry eye, or keratoconjunctivitis sicca, is a multifacto-
rial disease of the ocular surface. The standard treat-
ment for dry eye is artificial tears, although topical
corticosteroids have also been used [25].

Our group undertook a prospective study on
patients with moderate and severe dry eye syn-
drome, including Sjogren’s syndrome and Ste-
vens-Johnson syndrome, according to the triple
classification of Madrid [26]. After 4-6 times per
day E-PRP treatment, 89% of patients reported
improvement and absence of subjective symptoms.
The increase in visual acuity was observed in 28% of
patients. In 56% of patients, an increase in the tear
meniscus height and tear break-up time was noticed.
Improvement in fluorescein staining and significant
reduction of the inflammation was found along
with an increase in the density of conjunctival
goblet cells [27]. In summary, topical treatment with
E-PRP eye drops proved to be a successful thera-
peutic method to relieve symptoms of dry eye and
improve regeneration of the ocular surface.

Ocular surface syndrome after laser in-situ
keratomileusis

LASIK surgery is the most common refractive pro-
cedure and the post-LASIK OSS may appear causing
dissatisfaction in many patients and may have med-
ico-legal implications for the refractive surgeon [28].
Patients develop dryness and irritation, associated
with suboptimal levels of uncorrected and corrected
vision after LASIK surgery. The mechanism of post-
LASIK OSS is still unknown, although it is acknowl-
edged today that it is caused by a neurotropic mech-
anism [29,30]. Corneal denervation after surgery
results in changes in tear film quality and quantity
[31]. After LASIK, the observed loss of conjunctival
goblet cells aggravates the situation. The first-line
treatment with artificial tears is not satisfactory and
alternative methods such as punctal occlusion,
treatment of meibomian gland dystunction, or
anti-inflammatory therapy are used [25].

E-PRP has been proposed as an efficient therapy
for this disorder considering the good results
obtained for dry eye and dormant corneal ulcers
[5,27]. The patients were all affected by severe-to-
moderate dry eye syndrome for at least 6 months
after LASIK surgery [32]. In all patients, we noticed

1040-8738 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

impaired vision, fluorescein staining, and a tear
break-up time between 4 and 9s. After 1 month of
treatment, the vast majority of patients had
improved subjective symptoms. Clinically, we
observed complete resolution of punctate epithelial
keratitis, increase of tear break-up time, and
improvement in visual acuity ranging from 1 to 4
lines. We found beneficial effects of promoting epi-
thelial status after LASIK but no positive effect in the
recovery of corneal sensitivity [33"].

Dormant corneal ulcers

Dormant ulcers are described as persistent corneal
epithelial defects that have not responded to
previous conventional topical treatment. The most
common reasons for nonhealing ulcers are dry eye,
neurotrophic keratopathy, metaherpetic disease,
alkali burns, and immunological disorders. Patients
with chronic corneal ulcers were included in the
study (12 neurotrophic ulcers, 9 herpetic ulcers, 5
immunological ulcers). They used E-PRP eye drops
topically six times per day. A reduction in size and
depth of the corneal ulcer and the improvement in
best-corrected visual acuity were observed (Fig. 1).
Furthermore, patients declared a reduction in pain,
photophobia, and discomfort. Examination
revealed a decrease hyperemia and conjunctival
edema. To sum up, clinical improvement was
observed in 95% of the patients, 50% of the ulcers
healed/completely reepithelialized, and in 58% of
patients distance vision improved [5].

Small corneal perforations can be treated by band-
age contact lens or using an corneal adhesive cya-
noacrylate glue, fibrin glue, and conjunctival flaps,
whereas large/extensive corneal perforations require
surgical intervention such as amniotic membrane
transplantation (AMT) or corneal transplantation
[34]. More innovative strategies of treatment of
corneal perforations are cultivated corneal, oral
mucosal epithelial transplantation, and autologous
cultivated corneal limbal epithelial transplantation
[35]. The combination of solid E-PRP and tectonic
elements to close a perforated eye has been sub-
jected in several reports.

Solid eye platelet-rich plasma as a surgical
tool in corneal perforations

To prepare solid E-PRP clot, 40-60 ml of blood were
collected from the patients just before surgery. The
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(a, b) Patient with dormant ulcer after penetrating keratoplasty and before treatment. (c, d) The same patient after

eye plateletrich plasma treatment.

blood was centrifuged and the PPP was aspirated and
reserved to prepare the autologous fibrin mem-
brane. Meanwhile, PRP was harvested to prepare
the E-PRP clot: 1ml of E-PRP and 50l of 10%
calcium chloride (Braun) are incubated at 37°C for
30 min. E-PRP clots have a platelet concentration
two to three times the concentration in blood. Clots
prepared in this way can be used in the three differ-
ent surgical techniques that we explain below.

Amniotic membrane transplantation
combined with clot of eye platelet-rich
plasma

Our team performed a study on the therapy of
corneal perforations and impending perforation
because of deep ulcers. Eyes were treated surgically
with AMT combined with a clot of autologous E-PRP
as previously described [5]. The aim of this pro-
cedure was to improve the benefits of the amniotic
membrane, adding fresh clots of E-PRP just over the
perforation. After wound debridement and appli-
cation of amniotic membrane with the epithelial
side up, a clot of autologous E-PRP was put just
under the amniotic membrane. Topical antibiotics
and dexamethasone were instilled, and a temporal
tarsorrhaphy was performed (Fig. 2). A reduction in
size and depth of the corneal ulcer and improve-
ment in best-corrected visual acuity were found after
this treatment. Seventy-one percent of eyes had a
complete resolution of the perforations and deep
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ulcers, and in 57% of cases vision improved and
inflammation decreased. The greatest disadvantage
of amniotic membrane is that it is a heterologous
transplant [36]. Second, it is biological tissue so its
quality and efficiency depend on many variables
[37]. Taking this into consideration, Alio et al. tried
to find another low biological risk tissue to manage
corneal perforations.

Bovine pericardium membrane (Tutopatch)
combined with clot of autologous eye
platelet-rich plasma

We used a new technique to treat perforated corneal
ulcers. In this study, a bovine pericardium mem-
brane (Tutopatch) combined with solid E-PRP was
used as a surgical method to seal perforations [38].
Tutopatch is a collagenous membrane obtained
from bovine pericardium in a multistep process.
First, the epithelium around the perforation was
debrided, and then the pericardium membrane
was sutured. E-PRP clots were placed on the debrided
area underneath the collagenous membrane.
Furthermore, stitches were used to fixate the Tuto-
patch. At the end of the procedure, a temporal
partial tarsorrhaphy was performed (Fig. 3). The
tarsorrhaphy was opened and examination revealed
stable closure of the corneal perforation, and no
evidence of infection or inflammation. The patients
were followed up for 3 months with no evidence
of relapses or perforations in most cases [38].
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(a)

(c)

(b)

(d)

®

(a) Perforated eye before treatment with amniotic membrane transplantation combined with a clot of autologous
eye plateletrich plasma (E-PRP). (b, c)] Amniotic membrane transplantation. (d) The clot of E-PRP. (e) Introducing the clot of
E-PRP under the amniotic membrane. (f) Final result after amniotic membrane transplantation with the clot of E-PRP in

perforated eye.

Tutopatch with solid E-PRP seems to be a highly
effective method for treatment of perforated corneal
ulcers. Probably, the only drawback would be the
fact thatitlooks absolutely white, opaque, and is not
flexible or soft for the eye.

Autologous fibrin membrane combined with
solid eye platelet-rich plasma

The more recent study of Alio ef al. [39™] has dem-
onstrated the effectiveness of using autologous
fibrin membrane combined with solid E-PRP in
the management of perforated corneal ulcers.

Preparation of the autologous fibrin
membrane

After centrifugation, Sml of PPP were placed in a
beaker previously sterilized with 500pl of 10%
calcium chlorite and 1ml of previously prepared

autologous thrombin. The mix was incubated at
37°C for 1 h. After the incubation, the fibrin mem-
brane obtained was circular, with a diameter of
between 18 and 22mm, and its thickness was
approximately 1mm (Fig. 4). With this shape and
size, the fibrin membrane was perfectly manageable
and suitable for application on the damaged ocular
surface.

All cases (11 eyes) had developed corneal per-
foration secondary to a severe corneal ulcerative
disease. Fibrin membrane was sewn onto the con-
junctiva and E-PRP clots were placed into the cor-
neal perforation underneath the fibrin membrane. A
temporal partial tarsorrhaphy was performed at the
end (Fig. 4). In all patients, corneal perforation was
sealed with no evidence of leakage.

The fibrin membrane was present for the first
3-5 days then disappeared. Patients were free of
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(a) Chronic epithelial defect after debridement of epithelium. (b) Bovine pericardium membrane (Tutopatch).
(c) Introducing the clot of eye plateletrich plasma under the Tutopatch. (d) Sutured bovine pericardium membrane.
(e) Introducing the clot of platelet-rich plasma underneath the eyelids. (f) Temporal partial tarsorrhaphy.

subjective symptoms such as pain and discomfort. =~ No relapses occurred in any of the cases before the
At 7 days postoperatively, some cases showed epi-  definite corneal grafting surgery that was performed
thelial closure over a stromal thinning and others  in 7 of the 11 patients. The main drawback of this
showed healing of both the epithelium and stroma.  technology is the cost relative to other techniques

(a) Dormant ulcer after keratoplasty just before surgical procedure. (b) Fibrin membrane. (c) Introducing the fibrin
membrane onto the cornea. (d) Stitches to fixate the fibrin membrane. (e) Introducing a clot of autologous eye platelet-rich
plasma underneath the fibrin membrane. (f) Temporal partial tarsorrhaphy.
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and the time spent in preparation and the main
advantage is that it is 100% autologous.

There are still many ambiguities concerning the
real effect of the molecules contained in the hemo-
derivatives. Some of them, for example, immunoglo-
bulins, antibodies, or the complement may interfere
in the proper wound healing process especially in
autoimmune disorders. Most of these molecules are
proteins; therefore, the heating process seems to be a
good solution to inactivate the complement com-
ponents or immunoglobulin and antibodies. How-
ever, on the contrary, heating causes a denaturizing
effect, which may affect other factors included in
plasma or serum [40]. Therefore, the future direction
for PRP treatment in ophthalmology may include
patients with autoimmune diseases such as Stevens—
Johnson syndrome, ocular cicatricial pemphigoid,
and graft-versus-host disease.

In this work, we summarize our experience using E-
PRP to treat some of the disorders affecting the
ocular surface. The evidence available on E-PRP
seems to confirm the safety and effectiveness of E-
PRP treatment for ocular surface disorders. Autolo-
gous E-PRP eye drop application improves regener-
ation of the ocular surface and relieves symptoms in
patients with symptomatic dry eye and post-LASIK
OSS.

Regarding the surgical applications of E-PRP as a
clot combined with AMT, Tutopatch or Autologous
Fibrin Membrane may be used as a solution for the
urgent management of corneal perforations, taking
into consideration that only the combination with
fibrin membrane is 100% autologous. Although very
good results were obtained with E-PRP therapy in
the pathologies showed in this manuscript, there are
still many unknown aspects regarding the mechan-
ism of action. Numerous important questions rise
about long-term stability of E-PRP, concentration,
and bioactivity level or potency of growth factors
contained in the E-PRP. Furthermore, clinical com-
parative studies and long-term observations are
required to provide clear evidence of the effective-
ness of E-PRP treatment.
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