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Purpose: To evaluate the efficacy and safety of plasma rich in growth factors (PRGF) eye drops 

in patients with glaucoma with secondary ocular surface disorders (OSDs) due to surgeries and 

topical hypotensive drugs use.

Materials and methods: A retrospective case-series study design was used including six 

patients (eight eyes) diagnosed with glaucoma who received surgical (nonpenetrating deep 

sclerectomy and/or trabeculectomy) and medical treatments (hypotensive eye drops) to control 

intraocular pressure (IOP) and who developed secondary OSDs, unresponsive to conventional 

treatments. Patients were treated with PRGF eye drops (four times a day). Outcome measures 

were ocular surface disease index (OSDI), best-corrected visual acuity (BCVA, in logarithm 

of the minimum angle of resolution), visual analog scale (VAS), frequency and severity of 

symptoms, and IOP. The safety of the treatment was also evaluated.

Results: Six patients (seven eyes with open-angle glaucoma and one eye with uveitic glau-

coma) treated with PRGF eye drops were evaluated. Mean age was 71 years (SD=7.2, range 

58–79 years). Five were female and one was male. The mean treatment time was 21.8 weeks 

(SD=9.0, range 12–36 weeks). The mean time to reach closure of the corneal ulcer was 14.5 

(SD=5.5) weeks. A statistical significant reduction in OSDI scale (50.6%), VAS frequency 

(53.1%), VAS severity (42.0%), and a 41.8% improvement in BCVA were observed (p<0.05). 

IOP also decreased by 16.6% (p=0.010). Only one of the six patients reported itching in both 

eyes as an adverse event (AE); however, the patient continued with the PRGF eye drops until 

the end of therapy; the remaining patients did not report any AEs during the follow-up period.

Conclusions: In patients with glaucoma and secondary OSDs refractive to conventional treat-

ments, the treatment with PRGF eye drops could be considered a possible therapeutic option, 

because it demonstrates an improvement in the signs and symptoms of the ocular surface, as 

well as a better control of the IOP. This is an initial research work that can open doors for future 

research to confirm these findings.

Keywords: glaucoma, ocular surface disorders, plasma rich in growth factors, PRGF, platelet-

rich plasma, PRP

Introduction
Glaucoma is the second leading cause of blindness in the world, according to 

the World Health Organization.1 In Spain, the prevalence of primary open-angle 

glaucoma (POAG) has been estimated to be 2.1%.2 There are wide arrays of medi-

cal and surgical treatments for POAG including nonpenetrant deep sclerectomy 

(NPDS) and trabeculectomy.3–5 NPDS surgery is indicated in patients diagnosed 

with glaucoma with elevated intraocular pressure (IOP) after management with 
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maximal topical therapy.5 The most common complications 

in patients after these surgeries for glaucoma include bleb 

leakage, hyphema, flat anterior chamber, inflammation in 

the anterior chamber, bleb encapsulation, and cataract-

related surgery.6,7

The first lines of glaucoma therapeutic treatment include 

topical eye drops, including several groups of drugs: prosta-

glandin (PG) analogs, alpha agonists, betablockers, carbonic 

anhydrase inhibitor, cholinergic, or combined. PG analogs 

are the most potent topical ocular hypotensors currently in 

the market.5 The maximum IOP reduction in the daylight 

curve was obtained by latanoprost (31%), followed by 

travoprost (28%), bimatoprost (26%), and timolol (23%), 

which all obtained similar results in the daylight curve val-

ley. According to the 2007 International Dry Eye Workshop 

report, topical glaucoma medications and their preserva-

tives are responsible for a form of extrinsic evaporative dry 

eye induced by their pathologic side effects on the ocular 

surface.8

The benzalkonium chloride (BAK) preservative associ-

ated with the long-term use of topical drugs for glaucoma 

may induce ocular surface disorders (OSDs), causing a 

number of symptoms and signs including discomfort, tear 

film instability, conjunctival inflammation, subconjunctival 

fibrosis, epithelial apoptosis, and corneal surface impair-

ment.9 The mechanisms by which BAK is involved in the 

induction of OSDs are still being debated, but may potentially 

result from an especially proinflammatory, toxic, or, more 

rarely, an allergic etiology.In the treatment of ocular surface 

pathologies, the so-called PRP (platelet-rich plasma) has 

been used; clinical efficacy and safety depend on the manu-

facturing process of each of them; the preparation systems 

(closed or open), the method of obtaining the blood, the type 

of anticoagulant, the centrifugation, the activation process, 

the heating, storage, stability, and dispensing are involved 

in the manufacturing process.10,11 A particular type of PRP 

is eye drop PRGF (plasma rich in growth factor) manufac-

tured with the Endoret system (BTI Biotechnology Institute, 

S.L., Miñano, Álava, Spain). This eye drop has approval 

as a human use product,12 and it is manufactured with a 

closed technique that makes its manufacture safer and more 

reproducible. It has a standardized manufacturing protocol; 

calcium chloride is used as a platelet activator, which initiates 

a greater release of growth factors,13,14 and when the PRGF 

is heated at 56°C for 1 hour, the immunoglobulin E content 

and complement activity are reduced, and its stability can be 

maintained up to 6 months.15 All these technical advantages 

have not been demonstrated by other PRP. Additionally, 

there is ample evidence of the efficacy and safety of the use 

of PRGF eye drops in pathologies of the ocular surface and 

cornea16.

In the present case-series study report, we evaluate the 

safety and efficacy of PRGF eye drops, a new blood-based 

autologous eye drop with significant advantages compared 

to autologous serum (AS).16 The PRGF eye drops consist of 

a 100% autologous PRP with no proinflammatory cytokines 

in their composition.16,17 Basic and clinical studies support 

the use of PRGF eye drops in several disorders of the ocular 

surface.16–20 We show for the first time treatment with PRGF 

eye drops and clinical evaluation of patients with glaucoma 

who developed diverse OSDs secondary to the inflamma-

tory mechanism of this pathology and to the use of topical 

hypotensive drugs.

Materials and methods
This retrospective case-series study included patients diagnosed 

with glaucoma who received surgical (non-penetrating deep 

sclerectomy and or trabeculectomy) and medical treatments 

(hypotensive eye drops) to control IOP and who developed 

secondary OSDs unresponsive to conventional treatments.

These patients were treated with PRGF eye drops and 

were evaluated at the Fernandez-Vega University Institute 

(Oviedo-Spain) by ophthalmologists between January 2010 

and September 2013. All patients included in this study 

signed informed consent for the use of PRGF eye drops and 

to have their data used in this study. The Clinical Research 

Committee of Fernandez-Vega University Institute approved 

this study. The principles of the Declaration of Helsinki were 

fulfilled to perform this study.

Included patients had the following conditions: POAG, 

any secondary glaucoma, age >18 years, had previous glau-

coma surgeries (NPDS, trabeculectomy), and had developed 

diverse severe OSDs (dry eye disease [DED], corneal ulcers, 

and so on) after glaucoma surgery that did not respond (with 

poor or no response) to conventional treatments (artificial 

tears, topical antibiotics and steroids, oral antibiotics or anti-

viral drugs, therapeutic contact lenses, and lacrimal plugs), 

or AS and/or cyclosporine.

For the diagnosis of DED, patients must meet all the fol-

lowing criteria: 1) Schirmer I-test <5 mm (the measurement 

of tear secretion requires about 5 min, allowing for natural 

blinking); 2) Tear film breakup time <5 seconds; 3) Subjec-

tive symptoms of dry eye in the level of severe (as defined 

in EDE Workshop Committee in 2007).8 4) Lesion on the 

ocular surface (dry eye syndrome, blepharitis, corneal ulcer, 

keratitis, and so on).
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PRGF preparation and patients’ 
treatment
Blood from patients was collected into 9 mL tubes, after 

informed consent. Samples were centrifuged at 580× g for 

8 min at room temperature in an Endoret System centrifuge 

(BTI Biotechnology Institute, S.L., Miñano, Álava, Spain). 

The whole column of PRGF was collected after centrifugation, 

avoiding the buffy coat that contains the leukocytes, using an 

Endoret ophthalmology kit (BTI Biotechnology Institute, S.L., 

Miñano, Álava, Spain). The obtained supernatant was incubated 

at 37°C for 1 h, and then heat treated at 56°C for 60 min. The 

plasma supernatants were filtered, aliquoted, and stored at 

−20°C until use. All procedures were performed under highly 

sterile conditions, operating inside a laminar flow hood. The eye 

drops were then heated to 57°C to inactivate the complement 

(immuno-safe). Before initiating the treatment, the patients were 

instructed to keep the PRGF eye-drop dispensers at −20°C for a 

maximum of 3 months; each dispenser was used for 3 consecu-

tive days (the eye drops could be at 8°C or ambient temperature).

PRGF eye drops were applied topically (in the conjunctival 

sac) four times daily for 6 weeks in the affected eye. In case of 

poor or no initial response, an additional 6 weeks of treatment 

was administered, up to a maximum of 36 weeks. The treatment 

with PRGF eye drops did not exclude the use of other concomi-

tant treatments (antibiotic agents, anti-inflammatory, artificial 

tears, and so on) when considered necessary by clinicians.

Outcome measures
Both the demographic (gender, age) and clinical variables of 

patients (systemic diseases, type of glaucoma, hypotensive 

eye drops, eye diseases, eye surgery, associated treatment, and 

use of topical corticosteroids) were collected. All necessary 

data were obtained from patient clinical records.

Treatment response was determined by a combination 

of clinical examination (slit lamp) and evaluation of ocular 

surface symptoms using diverse outcome measures:  Ocular 

surface disease index (OSDI), the best-corrected visual acuity 

(BCVA) using Snellen optotype (conversion to logarithmic 

scale of the minimum angle of resolution [LogMAR]), visual 

analog scale (VAS, frequency and severity of symptoms), and 

IOP were also determined. All measures were taken before 

starting (baseline), and after finishing treatment with PRGF 

eye drops. The following times were recorded: duration of 

treatment with PRGF eye drops, follow-up after treatment, 

and time to reach closure of the corneal ulcer.

The evaluation of ocular surface symptoms was per-

formed using the Spanish version of the OSDI scale that 

includes 12 questions,21 and estimates the severity of dry-eye 

symptoms in a range from 0 to 100, and with the VAS, which 

is a 100-point scale in which 0=no discomfort and 100=maxi-

mal discomfort (dryness, burning/stinging, photophobia, 

foreign body sensation, blurred vision, itching, and pain), 

both in the frequency and severity of symptoms. IOP was 

determined with the Perkins tonometer, based on the same 

principles as the Goldmann applanation tonometry. A safety 

assessment was also performed recording and evaluating any 

adverse event (AE) or complication that occurred during the 

patient’s follow-up period.

Statistical analysis
Data were analyzed using absolute and relative frequency 

distributions for qualitative variables, and mean values and 

SDs for quantitative variables. Patients’ treatment response 

was analyzed comparing outcomes measures’ mean values 

between baseline and after PRGF treatment using the non-

parametric Wilcoxon statistical test. The level of statistical 

significance was set at p<0.05. The statistical software pack-

age SPSS v19.0 for Windows (SPSS Inc., Chicago, IL, USA) 

was used for all statistical analyses.

Results
Data from six patients (seven eyes with open-angle glaucoma 

and one eye with uveitic glaucoma) treated with PRGF eye 

drops were recorded and evaluated. Mean age of patients 

was 71 years (SD=7.2, range 58–79 years). Five were female 

and one patient was male. Patients had different previous 

associated eye diseases, and received diverse surgery types 

and topical hypotensive drugs therapy for glaucoma. Table 1 

summarizes the clinical situation of the patients. Patients 

received between 12 and 36 weeks of treatment with PRGF 

eye drops. Mean treatment time was 21.8 weeks (SD=9.0). 

The mean time of follow-up after treatment was 12.3 weeks 

(SD=4.5). The mean time to reach closure of the corneal 

ulcer was 14.5 (SD=5.5) weeks.

Results of primary outcome measures before and after 

PRGF eye-drop treatment are summarized in Figures 1 and 2. 

A significant reduction in the OSDI scale was observed from 

a baseline value of 50.6 (SD=37.6) to a final post-treatment 

value of 21.0 (SD=11.5). The latter represents a total reduc-

tion of 50.6 %, which was statistically significant (p=0.027; 

Figure 1A). The BCVA was reduced from a baseline value 

of 0.59 (SD=0.43) to a final post-treatment value of 0.33 

(SD=0.31), showing an improvement of 41.84% in BCVA 

(p≤0.0326; Figure 1B).
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Table 1 Demographic and clinical data of six included patients with glaucoma

Patient 
number

Age Gender Glaucoma 
type

Previous 
hypotensive drugs

Previous ophthalmic 
surgeries

Other ocular 
pathologies

Secondary 
OSDs

PRGF 
weeks

1 76 Female Open angle Apraclonidine (BE) Cataract surgery (BE) AMD (BE)
Posterior blephatritis (BE)

DED/corneal 
ulcer (BE)

18

2 79 Female Open angle Timolol/bimatoprost/
dorzolamide/
pilocarpine (LE)

Ahmed valve (LE) Retinal detachment (LE)
Corneal dystrophy aphakia 
(RE)

Corneal ulcer 
(LE)

30

3 66 Female Open angle Timolol/latanoprost/
travoprost/
brinzolamide (LE)

Cataract (BE)
Vitrectomy with silicon oil
Amniotic membrane (LE)

Amblyopia (LE)
Retinal detachment (LE)

Corneal ulcer 
(LE)

18

4 65 Female Open angle Timolol/bimatoprost/
dorzolamide/
brinzolamide (LE)

Vitrectomy and scleral 
buckling (RE)
Cataract surgery (BE)

Macular hole (LE)
Amblyopia (LE)
AMD (BE)

Corneal ulcer 
(LE)

36

5 58 Female Uveitic Timolol/travoprost/
brinzolamide/
brimonidine (RE)

Ahmed valve (RE)
Conjunctival flap (RE)
Cataract surgery (RE)

Necrotizing scleritis and 
uveitis (RE)
Central trophic ulcer (RE)

Corneal ulcer 
(RE)

30

6 74 Male Open angle Travaprost/
brinzolamide (BE)

Nonpenetrating deep 
sclerectomy (BE)

AMD (BE) DED/corneal 
ulcer (BE)

12

Abbreviations: AMD, age-related macular degeneration; BE, both eyes; DED, dry eye disease; LE, left eye; OSD, ocular surface disorders; PRGF, plasma rich in growth 
factors; RE, right eye.
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Figure 1 Bar graphs showing the different outcome measures before and after treatment with PRGF (OSDI [A], BCVA [B], and VAS severity–frequency of symptoms  
[C–D]).
Note: *p<0.05.
Abbreviations: BCVA, best-corrected visual acuity; OSDI, ocular surface disease index; PRGF, plasma rich in growth factors; VAS, visual analog scale.
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Regarding the ocular symptoms  (discomfort, dryness, 

burning/stinging, photophobia, foreign body sensation, 

blurred vision, itching, and pain) measured by the VAS 

score in frequency of symptoms, a significant decrease was 

measured ranging from a baseline value of 82.5 (SD=25.3) 

to a final post-treatment value of 38.3 (SD=12.9). This repre-

sented a reduction of 53.1% which was statistically significant 

(p=0.026; Figure 1C). Finally, the VAS score of severity of 

symptoms resulted in a relevant and significant decrease of 

42.0%, going from a baseline value of 69.2 (SD=22.5) to a 

final post-treatment value of 38.3 (SD=12.9), which was sta-

tistically significant (p=0.027; Figure 1D). Regarding IOP, a 

reduction of 16.6% was observed after treatment, going from 

a baseline value of 15.13 (SD=3.0) to a final post-treatment 

value of 12.6 (SD=2.8), which was statistically significant 

(p=0.010). Figures 1 and 2 show mean values before and 

after PRGF eye-drop treatment.

Regarding safety assessment, only one of the six patients 

reported itching in both eyes as an AE but continued with 

PRGF treatment. The remaining patients did not report any 

AEs during the follow-up period. The use of corticosteroids, 

antibiotics, or other additional treatments was not necessary 

during follow-up in patients treated with PRGF eye drops.

Figures 3–5 show eye examination with slit lamp of three 

of the included patients with glaucoma and associated OSDs, 
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Figure 2 Bar graph showing IOP before and after PRGF treatment.
Note: *p<0.05.
Abbreviations: IOP, intraocular pressure; PRGF, plasma rich in growth factors.

A B C

Figure 3 Photographs showing one of the cases (patient #3) with an epithelial and 
stromal ulcer defect in the left eye.
Notes: (A) Baseline situation before treatment with PRGF eye drops showing the 
corneal ulcer that reaches deep stroma, with consequent risk of corneal perforation. 
(B) During PRGF treatment, with a therapeutic contact lens 2 weeks after a second 
amniotic membrane transplant. (C) Final clinical situation 1 month after finishing 
PRGF treatment observing corneal defect closure and corneal regeneration in 
process.
Abbreviation: PRGF, plasma rich in growth factors.

B CA

Figure 4 A sequence of three photographs showing one of the treated cases 
(patient #4) with an epithelial and stromal defect in the left eye with new vessels, 
and an additional limbic insufficiency.
Notes: (A, B) Baseline situation before initiating PRGF treatment with an important 
stromal defect and ocular surface inflammation and associated neovascularization. 
(C) Final clinical situation after PRGF treatment showing the favorable closure of 
the epithelial and stromal defect, inflammation reduction, and less vascularization.
Abbreviation: PRGF, plasma rich in growth factors.

BA

Figure 5 Photographs (patient # 5) with deep corneal ulcer, associated neovessels 
and risk of corneal perforation.
Notes: (A) Basal situation: deep corneal ulcer, thick neovessels, and risk of 
perforation. (B) Four weeks of PRGF treatment: closure of corneal ulcer, minor 
inflammation, and decrease of neovessels. Corneal regeneration continues to 
progress.
Abbreviation: PRGF, plasma rich in growth factors.
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where the clinical improvement after treatment with PRGF 

eye drops was clinically significant.

Discussion
This retrospective clinical study involved six patients with 

glaucoma and secondary OSDs treated with PRGF eye drops. 

To our knowledge, this is the first study in the literature that 

evaluates a blood-derived treatment based on plasma and 

platelets in patients with glaucoma, used to treat secondary 

OSDs.

Patients suffering from glaucoma usually have ocular 

surface alterations associated with the use of topical eye 

drops. Most of these topical drugs have preservatives that 

stimulate the inflammatory mechanisms that exacerbate 

glaucoma, leading to ocular surface disease. Topical agents 

and in particular preservatives such as BAK, which induce 

the expression of inflammatory cell markers at the ocular 

surface, may provoke epithelial cell damage, cell death by 

apoptosis, and a decrease in goblet cell density.22 Recently, it 

was reported that the use of preservatives was associated with 

a lower expression of MUC5AC and the lowest MUC5AC 

levels were associated with the highest ICAM-1 and HLA-

DR levels.23 This negative correlation suggested inflamma-

tion as a possible basis for the decreased mucin expression, 

in addition to any direct effect of BAK on goblet cells 

themselves.8,22 Pisella et al, in an unmasked study of 4,107 

glaucoma patients, found that the frequency of ocular surface 

changes was twice as high in those receiving preserved drops 

as in those receiving unpreserved drops, and the frequency 

of signs and symptoms was dose-related.24

Results reported herein support that in glaucoma patients 

with secondary OSDs, treatment with PRGF eye drops could 

be considered a possible therapeutic option to improve 

associated signs and symptoms and to reduce IOP. There 

are several potential explanations for these effects. Firstly, 

PRGF eye drops contain a cocktail of trophic agents. For 

example, they contain large amounts of epidermal growth 

factor, which may be responsible for the increased prolifera-

tion and migration activity, promoting accelerated wound 

healing time in corneal injuries.25–27 In addition, PRGF 

eye drops also contain fibroblast growth factor, insulin-

like growth factor-1, and platelet-derived growth factor 

(PDGF), with critical roles in promoting proliferation and 

migration of stromal fibroblasts in ocular surface tissues; 

the PRGF eye drops  also have nerve growth factor with its 

neurotrophic properties in the cornea.17 Secondly, several 

studies have supported that PRGF eye drops reduce scar 

formation because of the balance of PDGF/transforming 

growth factor-β1 (TGF-β1) in their composition.16 Thirdly, 

PRGF eye drops exert potent anti-inflammatory effects.17 A 

better control on inflammation could contribute to a higher 

treatment adherence in patients with glaucoma. Last but not 

least, PRGF eye drops have shown clinical efficacy in patients 

with moderate-to-severe dry eye, diverse epithelial defects, 

and corneal ulcers;18,19,10,28–30 the efficacy and safety of PRGF 

eye drops in the treatment of neurotrophic keratitis have also 

been demonstrated.31

TGF-β because of its pleiotropic properties contributes to 

normal cellular physiologic processes, and also to the devel-

opment of ophthalmologic pathologies such as glaucoma or 

corneal scars.27,32 It is known that the increased activity of 

TGF-β leads to the increase of deposits in the extracellular 

matrix of the trabecular tissue, with increase in the outflow 

resistance of the aqueous humor, and the consequent eleva-

tion of intraocular pressure; anti-TGF-β drugs are being 

developed as possible therapeutic options for glaucoma.32,33 

In vitro and in vivo studies have shown that PRGF eye drops 

can modulate the activity of TGF-β, decreasing tissue fibrosis 

and favoring cell regeneration,16,15 these mechanisms could 

explain the decrease in intraocular pressure.

When interpreting the results from the present study, 

some limitations should be considered. One important issue 

is that results come from a retrospective study and in a small 

number of patients. This type of study has less validity than 

prospective clinical studies, because of the issues of selec-

tion bias and confounding factors. Further prospective and 

controlled clinical studies should be performed to corrobo-

rate the therapeutic potential efficacy of PRGF eye drops in 

glaucoma patients with secondary OSDs.

Conclusion
In this study, patients with glaucoma and secondary OSDs 

refractive to conventional treatments showed a significant 

global clinical improvement after treatment with PRGF 

eye drops, in signs and symptoms. Although more clinical 

studies are needed, treatment with PRGF eye drops could be 

considered a possible therapeutic option in glaucoma patients 

with secondary OSDs, to improve both clinical signs and 

symptoms of associated pathology and also for reducing IOP.
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