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Purpose: To evaluate the effects of autologous platelet-rich plasma (PRP) drops for evaporative dry eye (EDE) disease from
meibomian gland dysfunction (MGD).
Methods: This is a retrospective, consecutive case series of 20 eyes of 10 patients with EDE from MGD treated with PRP drops from
November 2020 to November 2021 at a single outpatient clinic in Ontario, Canada. PRP drops were prepared from whole blood using
a two-step centrifugation method. Patients were instructed to instill these drops six times daily for 4 weeks. The Canadian Dry Eye
Assessment (CDEA) questionnaire score, patient subjective assessment (PSA) score, first and average non-invasive break-up times (f/a
NIBUT), tear meniscus height (TMH), bulbar redness (BR), and meibograph grade (MG) were measured before and after the treatment
course.
Results: Significant improvements in dry eye symptoms and tear film parameters were observed. Dry eye symptoms
significantly improved as per the CDEA (mean difference (MD) = −5.45, 95% confidence interval (CI) = [−7.9, −3.1],
p<0.001) and PSA (MD = −2.6, 95% CI = [−3.9, −1.2], p<0.001). There were significant improvements in tear film parameters
including fNIBUT (MD = 3.85s, 95% CI = [1.2, 6.8], p=0.006), aNIBUT (MD = −6.81s, 95% CI = [5.7, 11.1], p<0.001) and
TMH (MD = 0.08, 95% CI = [0.003, 0.2], p=0.045). There was an improvement in conjunctival injection as measured by BR
(MD = −0.36, 95% CI = [−0.4, −0.15], p=0.373). Five eyes experienced a one-grade improvement in MG (p=0.453), and none
experienced worsening in MG with treatment. No temporary or permanent adverse effects were noted.
Conclusion: Four weeks of PRP therapy resulted in significant functional improvements in dry eye symptoms and tear film
quality and quantity. Improvements in conjunctival injection and microstructural improvements in meibomian glands were also
observed in some eyes. Overall, PRP is a promising treatment option for patients with EDE from MGD refractory to conventional
treatments.
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Introduction
Evaporative dry eye (EDE) is the most common type of dry eye disease,1,2 resulting from a deficiency in the lipid layer of
the tear film that causes increased tear evaporation. EDE is most commonly caused by meibomian gland dysfunction
(MGD).1,2 Meibomian glands are small sebaceous glands located along eyelid margins that secrete meibum into the tear
film, forming the tear film’s lipid layer. In MGD, atrophy of these glands, obstruction of gland orifices, and/or changes in
meibum consistency can alter the lipid layer and cause increased tear evaporation.1–3 First-line treatments for patients
with EDE from MGD include artificial tears, eyelid scrubs, and warm compresses. Patients with severe, refractory
symptoms often require more advanced treatments such as punctal plugs, lifitegrast drops, cyclosporine drops, corticos-
teroid drops, antibiotic drops, omega-3 supplements, oral azithromycin or tetracyclines, intense pulsed light therapy or
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lipiflow thermal pulsation therapy.4–6 However, many patients still do not achieve complete or long-term relief with these
treatments.

In the last decade, topical and injectable hemoderivatives have gained acceptance as more effective treatments for
severe and refractory ocular surface diseases. Autologous serum (AS) drops are made from the patient’s own blood and
are similar in composition to human tears.7 AS drops contain a higher concentration of vitamin A, lysozyme,
transforming growth factor-β (TGF-β), and fibronectin.7 However, the preparation of AS drops involves the removal
of a thick layer of platelets and growth factors that can provide additional benefits.8,9

Autologous platelet-rich plasma (PRP) drops contain 1.5 times as many platelets as AS drops, with platelet
concentrations often exceeding 1 million/mL.10,11 PRP drops have been found to reduce inflammation, stimulate
wound healing and promote ocular surface regeneration in patients with corneal ulcers and perforations,12,13 persistent
epithelial defects,14 chemical burns,15,16 lacrimal gland dysfunction,17 ocular surface syndrome following refractive
surgery,18 blepharoplasties,19 and graft-versus-host disease.20 Some studies have evaluated the effects of PRP drops in
patients with dry eye disease and found significant improvements in dry eye symptoms, lacrimal meniscus, conjunctival
hyperemia, corneal fluorescein staining and an increase in conjunctival goblet cells.8,21

To date, no studies have evaluated the effects of PRP drops on meibomian glands, which are important mediators in
the development of EDE. Herein, we evaluate the effects of 4-weeks of topical PRP drops on tear film quantity and
quality, conjunctival injection and meibomian gland health in patients with EDE from MGD.

Methods
Patient Selection
This retrospective, consecutive case series was approved by the William Osler Health System Research Ethics Board
(WOHS REB) and adhered to the Declaration of Helsinki. Patient consent to review medical records was not required by
the WOHS REB. Medical records of patients undergoing PRP treatment at a single outpatient clinic between
November 2020 and November 2021 were extracted. All efforts were made to protect patient confidentiality.

Inclusion and Exclusion Criteria
Patients aged 18 and older, with evaporative dry eye (EDE) from meibomian gland dysfunction (MGD) refractory to
conventional treatments were included. Patients were considered to have refractory dry eye if they experienced continued
or worsening dry eye symptoms for 1 year or more with consistent use of first line treatments such as preservative-free
artificial tears, eyelid scrubs, or warm compresses. EDE was diagnosed by an ophthalmologist (SS) based on the
meibograph grade (MG), and only eyes with a MG ≥2 (out of 4) were included. Patients were excluded if they wore
contact lenses, received cataract or refractive surgery within the last 6 months, were taking antiplatelet medications or
had active allergies or ocular infections. Patients with blood-borne infectious diseases such as hepatitis, syphilis, or HIV
were ineligible for PRP treatment. Only patients with complete baseline, pre-treatment and post-treatment data were
included.

PRP Treatment Protocol
PRP was prepared using a 2-step centrifugation method illustrated in Figure 1.18,22 In brief, 22 mL of blood was drawn
via venipuncture into sterile tubes containing 2 mL of acid-citrate-dextrose solution A, which prevents platelet activation.
The citrated blood was centrifuged at 1500g for 10 minutes using Eclipse® Easy Spin Centrifuge (Model HW8M,
Eclipse Med Global). Subsequently, the plasma layer (top) and buffy coat layer (middle) containing platelets were
extracted and centrifuged again at 1500g for 10 minutes. The entire platelet-rich pellet (bottom layer) was extracted and
resuspended with some platelet-poor plasma (top layer) to create an 11mL PRP suspension. This suspension was then
aliquoted into the COL10 E-Drop system (Salient Medical Solutions, Canada), generating 10 vials. Patients were advised
to shake vials prior to use and instill PRP drops 6 times a day for 4 weeks. Patients were also advised to keep used vials
refrigerated and unused vials frozen. Patients were instructed to continue using any baseline topical medications or
therapies for their dry eyes during the treatment course.
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Clinical Outcomes
The following clinical outcomes were measured before and after 4 weeks of PRP treatment: CDEA score, PSA
score, first and average non-invasive break-up times (f/a NIBUT), tear meniscus height (TMH), bulbar redness
(BR) and meibograph grade (MG).

The 12-item Canadian Dry Eye Assessment (CDEA) questionnaire is a modification of the validated Ocular Surface
Disease Index (OSDI), used to determine the severity of dry eye symptoms.23,24 Total scores range from 0 to 48 and
symptoms are interpreted as normal (<5), mild (5–20), moderate (21–30), or severe (31–48).24 The question “How much
do your eyes bother you?” within the CDEA was evaluated independently and referred to as the “Patient Subjective
Assessment (PSA)”. PSA scores range from 1 representing “not at all” to 10 representing “extremely and constantly”.
A higher score indicates greater severity of symptoms.

The f/a NIBUT, TMH and BR scores were automatically generated by a Keratograph 5M (OCULUS, Wetzlar,
Germany), equipped with a modified tear film scanning function. These ocular examinations were conducted by trained
ophthalmic technicians blinded to the patients’ ocular or treatment status.

For non-invasive break-up time (NIBUT) measurements, patients were instructed to keep their eyes open for as long
as possible. First NIBUT was measured as the time between the last complete blink and the first perturbation of a grid
projected onto the surface of the cornea.25 Average NIBUT was calculated by averaging all break-up events. Generally,
a break-up time of ≤5 seconds suggests dry eyes.26

The tear meniscus height (TMH) was measured as the distance between the darker edge of the lower eyelid and the
tear strip. The final TMH was calculated from the average of the TMH measurements at the left, right and center of each
eyelid (Figure 2). A TMH of <0.25 mm is suggestive of dry eye disease.27

The bulbar redness (BR) score was determined by the area percentage ratio of vessels to the bulbar conjunctiva under
illumination. The maximum ratio is 40%, therefore, BR scores range from 0.0 to 4.0. A higher score represents increased BR.28

Figure 1 PRP was prepared using a 2-step centrifugation method.18,22 Step 1: 22 mL of blood was drawn into tubes containing 2mL of acid-citrate-dextrose solution A. Step
2: The citrated blood was centrifuged at 1500g for 10 minutes. Step 3: The plasma layer (top) and buffy coat layer (middle) containing platelets were extracted. Step 4: Both
layers were centrifuged again at 1500g for 10 minutes. Step 5: The entire platelet-rich pellet (bottom layer) was extracted and resuspended with some platelet-poor plasma
(top layer) to create an 11mL PRP suspension. Step 6: PRP suspension was aliquoted into vials for storage.
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The meibograph grade (MG) was determined by the degree of meibomian gland dropout or percentage of partial
glands in the upper eyelids only. The MG was graded by an ophthalmologist (SS) blinded to the patient’s ocular or
treatment status. The MG ranges from 1 to 4, where grade 1 represents no partial glands, grade 2 represents <25% partial
glands, grade 3 represents 25%−75% partial glands, and grade 4 represents >75% partial glands.29

Statistical Analysis
Statistical analyses were performed using SPSS Statistics Version 27.0 (IBM, Armonk, NY). Continuous variables were
described using means ± standard deviations (SD), mean differences (MD) with 95% confidence intervals (95% CI), and
medians with interquartile ranges (IQR). Categorical variables were described using proportions. A linear mixed model
was used to determine treatment effects. This model accounted for interrelationships between both eyes of the same
patient. All tests were two-tailed. A p-value of <0.05 was used to confer statistical significance.

Results
Baseline Demographics
20 eyes of 10 patients met the inclusion criteria. The median age was 71 years (range 51–84), and the sample was
50.0% female (Table 1). The treatment interval was 4 weeks. The mean follow-up duration was 31.2 ± 2.74 days
(range 28–35 days).

On average, patients were using 2.16 ± 0.37 topical dry eye medications at baseline, including cyclosporine, sodium
hyaluronate, lifitegrast and hydrocortisone drops. Three patients (30.0%) were concurrently using oral Omega-3
supplements. Four eyes (20.0%) had undergone cataract surgery, two eyes (10.0%) had undergone refractive (LASIK)
surgery, and four eyes (20.0%) had undergone dry eye procedures, including lipiflow thermal pulsation therapy and
intense pulsed light therapy. All eyes had undergone these procedures at least one year before starting the PRP
treatment course.

Figure 2 Tear meniscus height (TMH) measurements as generated by the Keratograph 5M. The final TMH is calculated from the average of the TMH measurements at the
left, right and center of each eyelid. The final TMH in this eye is 0.36 mm.
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With regards to systemic conditions, six (60.0%) patients had hypercholesterolemia, four (40.0%) had hypertension
and one (10.0%) had type II diabetes mellitus but were not receiving treatment for diabetic retinopathy. On average,
patients were taking 1.11 ± 0.18 oral medications to manage these conditions.

Clinical Outcomes
The mean CDEA score decreased significantly from 16.89 ± 3.82 to 11.44 ± 3.47 out of 48 (mean difference
(MD) = −5.45, 95% confidence interval (CI) = [−7.9, −3.1], p<0.001; Figure 3 and Table 2). The mean PSA score
decreased significantly from 6.70 ± 2.63 to 4.10 ± 1.73 out of 10 (MD = −2.60, 95% CI = [−3.9, −1.2], p<0.001;
Figure 3 and Table 2). All patients reported an improvement in the CDEA and PSA scores, with one patient
experiencing no dry eye symptoms after treatment.

Table 1 Patient Demographics and Baseline Clinical Features

Age (median) 71 years (range 51–84 years)

Female 5 (50.0%)
Treatment Duration 4 weeks

Follow-up Duration 31.2 ± 2.74 days (range 28–35 days)

Ocular Medications and Therapies 2.16 ± 0.37

Sodium hyaluronate drops, no. (%)a 10 (100.0%)

Cyclosporine drops, no. (%)a 5 (50.0%)

Lifitegrast drops, no. (%)a 4 (40.0%)
Hydrocortisone drops, no. (%)a 3 (30.0%)

Oral Omega-3 supplements, no. (%)a 3 (30.0%)

Hot compress, lid wipes, no. (%)a 6 (60.0%)

Other Ocular Conditions

Glaucoma, no. (%)b 2 (10.0%)

Past Ocular Procedures

Refractive surgery (LASIK), no. (%)b 2 (10.0%)

Cataract surgery, no. (%)b 4 (20.0%)
Dry eye procedures (Lipiflow, IPL), no. (%)b 4 (20.0%)

Laser peripheral iridotomy, no. (%)b 4 (20.0%)

Systemic Conditions

Hypertension, no. (%)a 4 (40.0%)
Hypercholesterolemia, no. (%)a 6 (60.0%)

Diabetes Mellitusc, no. (%)a 1 (10.0%)

Systemic Medications

Statins, no. (%)a 3 (30.0%)
Beta blockers, no. (%)a 2 (20.0%)

Cholesterol absorption inhibitors, no. (%)a 3 (30.0%)

Calcium channel blockers, no. (%)a 1 (10.0%)
Angiotensin converting enzyme inhibitors, no. (%)a 4 (40.0%)

Anti-diabetics, no. (%)a 1 (10.0%)

Notes: aOut of total number of patients (n=10). bOut of total number of eyes (n=20). cWith no evidence of diabetic
retinopathy or diabetic macular edema.
Abbreviations: Lipiflow, Lipiflow thermal pulsation; IPL, intense pulsed light.
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The mean fNIBUT and aNIBUT significantly improved from 5.30 ± 2.79s to 9.15 ± 5.54s (MD = 3.85, 95% CI
= [1.2, 6.8], p=0.006) and from 4.43 ± 4.46s to 11.24 ± 5.34s (MD = 6.81, 95% CI = [5.7, 11.1], p<0.001),
respectively (Figure 4 and Table 2). The mean TMH significantly increased from 0.26 ± 0.19mm to 0.34 ±
0.18mm (MD = 0.08, 95% CI = [0.003, 0.2], p=0.045; Figure 4 and Table 2). The mean BR decreased from 1.38
± 0.49 to 1.02 ± 0.37 (MD = −0.36, 95% CI = [−0.4, −0.15], p=0.373; Figure 4 and Table 2). F/a NIBUT, TMH
and BR did not worsen with PRP treatment in any of the patients.

The median MG was unchanged from 2 (IQR 2–3) at baseline to 2 (IQR 1–3) after treatment (p=0.453; Table 2). Five
eyes (25.0%) experienced an improvement in MG, all by one grade. There was no worsening of MG with treatment.

Safety
Patients reported no discomfort or irritation during PRP extraction or instillation. No temporary or permanent adverse
events, including erythema, edema or pain were reported during or shortly after the treatment course.

Figure 3 PRP treatment resulted in significant improvements in patient-reported outcomes as measured by the Canadian dry eye assessment (CDEA, (A)) and patient
subjective assessment (PSA, (B)). ***p<0.001.

Table 2 Clinical Outcomes with 4 Weeks of Autologous Platelet-Rich Plasma Drops

N Pre-Treatment Post-Treatment Mean Difference [95% CI], p-value

Canadian dry eye assessment 10 16.89 ± 3.82 11.44 ± 3.47 −5.45 [−7.9, −3.1], p<0.001***

Patient subjective assessment 10 6.70 ± 2.63 4.10 ± 1.73 −2.60 [−3.9, −1.2], p<0.001***

Non-invasive break-up time (s)

First 20 5.30 ± 2.79 9.15 ± 5.54 3.85 [1.2, 6.8], p=0.006**

Average 20 4.43 ± 4.46 11.24 ± 5.34 6.81 [5.7, 11.1], p<0.001***

Tear meniscus height (mm) 20 0.26 ± 0.19 0.34 ± 0.18 0.08 [0.003, 0.2], p=0.045*

Bulbar redness 20 1.38 ± 0.49 1.02 ± 0.37 −0.36 [−0.4, −0.15], p=0.373

Meibograph grade (median (IQR)) 20 2 (2–3) 2 (1–3) p=0.453

Notes: Pre- and post-treatment outcomes reported as mean ± standard deviation, unless otherwise stated. *p<0.05, **p<0.005, ***p<0.001.
Abbreviation: IQR, inter quartile range.
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Discussion
This is the first study to evaluate the effects of topical autologous platelet-rich plasma (PRP) on meibomian gland health.
Our findings suggest that PRP leads to improvements in dry eye symptoms and tear film stability and quantity. There
were also some improvements in conjunctival injection and structural improvements of the meibomian glands.

All patients in our study experienced an improvement in dry eye symptoms with treatment, which is consistent with
findings in existing literature on dry eye patients.8,21,30–32 Dry eye symptoms are an important indicator of patient
functionality and rehabilitation. Although associations between dry eye symptoms and clinical examinations are low and
inconsistent,33 we believe the improvements in symptoms were attributable to improvements in NIBUT, TMH, BR and
MG. All of our patients had mild to moderate dry eye symptoms before treatment but were using two or more topical
medications in combination with oral supplements and dry eye therapies to manage their symptoms. While we
encouraged our patients to continue their pre-treatment dry eye regimens after undergoing PRP therapy, our findings
suggest that PRP drops have the potential to reduce treatment and medication burden in patients using multiple first-line
therapies.

We observed a non-significant improvement in BR scores with PRP treatment. PRP contains anti-inflammatory molecules
such as interleukin-1 receptor antagonists,12 which may directly reduce BR by limiting pro-inflammatory mediators at the
ocular surface, and in doing so, indirectly dilute them and reduce the tear film osmolarity.

In keeping with the literature,8,21,34,35 we found a significant improvement in f/a NIBUT and TMH scores. PRP contains
a high concentration of epitheliotropic growth factors including platelet-derived growth factor, fibroblast growth factor,

Figure 4 PRP treatment resulted in significant improvements in functional dry eye outcomes as measured by the change in mean first non-invasive break-up time (fNIBUT,
(A)), mean average non-invasive break-up time (aNIBUT, (B)), mean tear meniscus height (TMH, (C)), and mean bulbar redness (BR, (D)). *p<0.05, **p<0.005, ***p<0.001.
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epidermal growth factor, fibronectin, and platelet factor IV that target a variety of cells, including conjunctival goblet cells.36–
39 Conjunctival goblet cells are simple, columnar cells within the conjunctival epithelium that secrete mucins into the tear film
and are found to be decreased in dry eye disease.40–42 Alio et al21 found an increase in conjunctival goblet cells with 1month of
PRP drops. Although we did not perform impression cytology in our study, the improvements in f/a NIBUTand TMHmay be
attributable to the regeneration and proliferation of these cells. These improvements could also be attributable to changes in the
meibomian gland structure.

We also observed a trend towards an improved MG, with 25% of eyes improving by one grade. In vivo studies have
found that growth factors in PRP improve recruitment of dermal-derived stem cells in the regeneration of sweat glands,
acinar and ductal cells.42 Meibomian glands are holocrine sebaceous glands that discharge meibum onto the lid margin
and share similar structural features.40 In MGD, atrophy of the glands, obstruction of gland orifices, alteration of
meibomian secretions or a combination of these processes affect tear film stability and quantity. The significant
improvements observed in f/a NIBUT and TMH scores, in the context of clinical improvements in MG, suggest that
PRP may stimulate the growth and regeneration of cells lining the meibomian gland orifices, thereby promoting meibum
outflow. Anti-inflammatory mediators in PRP may also contribute to these improvements as they limit pro-inflammatory
cytokines such as IL-1, IL-6, IL-17, and IL-22, which are known to cause lymphocyte infiltration and inflammation of
gland orifices.44,45 However, our findings are limited by our measurement technique as MG scores were based on the
percentage of partial glands in the upper eyelids only. Further, MG scores only quantify gross structural changes of the
meibomian glands, which may underestimate the true effects of PRP therapy on meibomian gland health. We may have
observed significant microstructural changes had we used other imaging modalities such as in-vivo confocal microscopy.

On the other hand, an injectable modality may be a more potent option for improving meibomian gland structure in
patients with severe MGD. To date, only two studies have used injectable PRP for dry eye in the context of lacrimal
gland dysfunction and found significant improvements in functional outcomes.17,34 However, some of these patients
experienced temporary injection site inflammation. Although the risks associated with injectable PRP therapy may
prevent its widespread adoption in routine ophthalmic practice, its efficacy in improving meibomian gland function
merits further investigation.

Although we explored the short-term treatment effects of PRP therapy, the improvements in dry eye symptoms
and tear film parameters suggest that long term or pulsed PRP therapy may have the potential to reduce treatment
burden and improve quality of life in patients with dry eye resistant to conventional treatments. It is also
important to recognize that our study findings are largely dependent on our treatment protocol. Currently, there
is no standardized treatment protocol for PRP preparation. Studies on PRP for dry eye report a wide range of
treatment parameters, including centrifugation speeds, storage temperatures, dilution concentrations, and clotting
times. The preparation of hemoderivatives is an evolving field, and optimization of treatment parameters can bring
PRP into mainstream ophthalmic practice.

Limitations
The small sample size of our study limits the applicability of our findings. Our treatment duration was only four
weeks, and the average follow-up duration was one month, making it difficult to ascertain the long-term, sustained
effects of PRP. Given the short follow-up, it was also difficult to determine the change in the number and types of
oral and topical dry eye medications and therapies after PRP treatment. Patients were encouraged to continue their
pre-treatment dry eye regimens after PRP treatment. Finally, investigating other clinical parameters such as tear
film osmolarity and lipid layer thickness may have been useful in understanding the effects of PRP therapy on
EDE and MGD.

Conclusion
This is the first study to explore the effects of topical autologous PRP drops on meibomian gland health in patients with
EDE from MGD. We found significant improvements in dry eye symptoms, first and average tear break-up times, and
tear meniscus height with 4 weeks of PRP therapy. There was a trend towards an improved bulbar redness and
meibograph grade, with 25% of eyes improving by one grade. With its high concentration of platelets and growth
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factors, PRP is a promising treatment option for patients with dry eye refractory to conventional treatments such as
artificial tears. Future research should investigate optimizing PRP preparation parameters and determining the long-term
effects of PRP therapy.
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