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Abstract
A novel equine multi-modal protocol was implemented for management of unilateral
equine dry eye disease and worsening persistent epithelial defects in a clinically well
Irish Sports Horse. Utilising knowledge directly from human ophthalmic medicine for
meibomian gland dysfunction, the meibomian glands were first mechanically debrided
and expressed. Then a four-point treatment protocol was instigated. The protocol com-
prised hot compressing, artificial tears, autologous serum and a topical azithromycin
regimen, resulting in a significant improvement in persistent epithelial defects and
clinical signs. This case highlights the benefits of a treatment plan containing both non-
pharmacological and pharmacological therapies targeting the lipid component of the
tear film matrix in horses with dry eye disease.

BACKGROUND

Dry eye disease (DED) is a multifactorial disorder, for which
diagnosis and treatment can be complex.1,2 Human and ani-
mal model studies support DED being a localised mucosal
autoimmune disease originating from imbalance in the pro-
tective immunoregulatory and proinflammatory pathways of
the ocular surface.3 The health of the ocular surface is intrin-
sically reliant on a stable tear film matrix. When the matrix
is deficient, the ocular surface is poorly protected, resulting
in the clinical signs of DED.4 There are two main subtypes of
dry eye: aqueous deficient dry eye and evaporative dry eye.
These are inadequately characterised in the horse. Aqueous
dry eye in horses is thought to mainly occur as a result of
trauma or nerve dysfunction.5 Equine evaporative dry eye is
primarily believed to be caused by meibomian gland dysfunc-
tion (MGD) or mechanical irritation.6 In companion animal
species, the cross-over between the two forms of DED is
poorly documented.
Meibomian gland dysfunction is a group of disorders, both

congenital and acquired, with the commonality of a functional
disorder of the glands.7 Disruption of meibomian gland func-
tion affects both the quality and quantity of lipid-richmeibum
secreted. If the lipid layer of the tear film becomes defi-
cient, it destabilises the tear matrix with resultant evaporation
and ocular surface damage. This can manifest as persistent
epithelial defect (PED), ocular and eyelid discomfort and
evaporative dry eye.8,9 Global prevalence of MGD in humans
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have been estimated as 35.8%.10 In 150 dogs with ocular sur-
face disorders, 70% were diagnosed with MGD.11 There are
no prevalence figures for MGD in horses and only one pub-
lished case of equine MGD.6 The aetiology of superficial and
non-healing equine corneal ulcers is not always identified.12
The process of MGD and evaporative dry eye may be respon-
sible for more cases of PED in horses than are diagnosed.
Case report literature indicates that MGD must be consid-
ered in cases of PED, when epithelial defects are recurring
frequently or taking longer to heal than expected (2 weeks).13
Correct identification of the MGD pathology allows for initi-
ation of a treatment protocol to support the lipid component
of the tear matrix, before instigatingmore aggressive resurfac-
ing therapies such as diamond burr debridement, superficial
keratectomy or even enucleation.

CASE PRESENTATION

A 25-year-old Irish Sports Horse gelding presented to the
Royal (Dick) School of Veterinary Studies Dick Vet Equine
Practice in 2021 for evaluation of a flare-up of right-sided
uniocular blepharitis, photophobia and ocular pain of 7 days
duration.
The horse was well known to the clinic over a 19-year

period (2003–2021); epithelial defects had been diagnosed
frequently. These were almost always noted in the ventrome-
dial corneal quadrant. There was a varying clinical response
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to a variety of treatment methods over the years. Briefly, an
immune-mediated keratopathy was initially suspected in
2003. Treatment at that point with topical corticosteroids
and cyclosporine ointment resulted in a rapid tachyphylaxis.
Several topical antimicrobials, both alone and in combination
(including chloramphenicol, fusidic acid, ofloxacin or gen-
tamicin), in conjunction with autologous serum and plasma
were prescribed at various time points. An abnormal staining
pattern with topical rose bengal stain and an abnormal tear
film break-up time (TFBUT) were observed early in the dis-
ease process. This resulted in topical lubricant support to the
tear film being prescribed and intermittently utilised. A ban-
dage contact lens was trialled, providing no clinical benefit.
Several methods of mechanical debridement of the affected
cornea were performed, including cotton bud debridement,
scalpel blade debridement and more recently, diamond burr
debridement.14 Historic corneal and conjunctival swabs did
not isolate any infectious agents (bacterial, fungal or viral).
Each episode of epithelial defect would eventually heal, seem-
ingly following no pattern, that is, the treatment protocol
that worked in one episode may not have the same effect the
following time.
The horse had always been stabled at night and out dur-

ing the day in winter and the reverse in summer. Turn out
had become increasingly limited in inclement conditions,
especially wind, which aggravated the eye. It was other-
wise clinically well with only episodic generalised urticaria
managed as a putative sugar intolerance. Repeated resting
adrenocorticotropic hormone tests over 10 years were always
within normal limits. No abnormalities were ever recorded
in the contralateral eye. The corneal epithelial defects in
the ventromedial corneal quadrant, increased markedly in
frequency and apparent resistance to treatment during the
preceding 6 years (2015–2021), until the time of presentation.
The increasing PED frequency and worsening blepharitis
prompted a complete re-evaluation of the eye and treatment
options.

INVESTIGATIONS

At presentation, ocular pain in oculus dexter (OD)manifested
as blepharospasm, ptosis and reluctance to be examined. Ble-
pharitis was also evident in OD presenting as hot, swollen
upper and lower eyelids, epiphora and inflamed conjunctiva.
The contralateral eye (OS; oculus sinister) appeared asymp-
tomatic. Before fluorescein staining, the menace response,
pupil size and pupillary light reflex were all assessed and
within normal limits. Intraocular pressure was recorded (ini-
tially OD 20 mmHg, OS 22 mmHg sedated). A Schirmer tear
test I was 26 mm/min (reference range: 24.8± 4.8) in OD and
27 mm/min in OS. The TFBUT was less than 5 seconds, with
almost immediate disruption of the tear film appreciated. The
TFBUT was normal in the contralateral eye (>20 seconds).
A superficial corneal ulcer was present in OD (approximately
3 mm in size; Figure 1a,b). Slit-lamp examination revealed
a PED with associated mild stromal oedema. There was no
stromal infiltration or anterior segment abnormality. The
epithelial edges of the ulcer were also well adhered to the
stroma (with no under running). Fundoscopy showed mild
senile retinopathy OD and nuclear sclerotic lens opacity bilat-

LEARNING POINTS/TAKE-HOMEMESSAGES

∙ Management and diagnosis of meibomian gland
dysfunction is complex.

∙ Assessment of tear films should be performed at all
equine ocular exams.

∙ Objective tests for diagnosis of dry eye are required
in veterinary medicine.

∙ Meibomian glands should be fully assessed, and
the eye should be treated supportively before more
aggressive therapies, such as scarifying or corneal
grafting/transplantation, if clinically appropriate,
especially where there is evidence of blepharitis.

∙ Ocular azithromycin may be a preferable alter-
native to oral doxycycline in horses to reduce
gastrointestinal side effects; but more studies are
required to support this hypothesis.

erally (normal age-related changes). Corneal swabs submitted
for bacterial culture showed no bacterial isolate.
Subjective assessment of the meibomian glands deter-

mined a difference between OD and OS. Thirty percent of the
upper and lower glands towards the medial canthus appeared
dilated and capped in OD. This was not observed in OS. A
human eye microwavable hot compress was applied to the
eye five times for 1 minute each time. The meibomian glands
were then mechanically debrided (scraped) using the reverse
edge of a scalpel blade and then expressed by a standard
technique.2 Thicker meibum was extruded in the regions of
capping. The meibum became more liquid towards the lateral
canthus.

TREATMENT

The most recent treatment protocol before presentation
consisted of autologous serum three times daily, topical
fusidic acid twice daily and oral flunixin meglumine paste
(1.1 mg/kg/day) as required. Fusidic acid use was discontin-
ued after a standard 5-day course, with negative bacteriology
results. A multi-modal treatment protocol was then imple-
mented, as is standard care of human patients, with MGD
resulting in DED and PED:

1. Topical lubricant twice daily; either a paraffin-based
lubricant with lanolin and vitamin A (Hylonight,
URSAPHARM), or a phospholipid/omega-3/vitamin
A and D product (VisuEVO, VISUfarma).

2. Autologous serum three times daily.
3. Eyelid heat compress with a commercially available eye

mask, three times daily with a regimen of 1 minute of hot
compress with reheating, this was repeated five times per
dosing. (Optase moist heat pack).

4. Once the current PED had healed (Day 14 after presenta-
tion), topical azithromycin (Azyter, Thea Pharmaceuticals,
1.5%) was applied twice daily for 1 week, followed by a once
weekly application for 6 weeks.
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F IGURE  (a) The right globe and adnexa. The eyelids are being held open to capture the photograph due to blepharospasm. There is moderate upper
and lower eyelid thickening (blepharoedema), with conjunctival hyperaemia and chemosis. (b) Zoomed-in image of the PED present in the ventromedial
cornea, at the medial side of the palpebral fissure. This region was the predominant site of the recurrent episodes of ulceration. There is a superficial corneal
ulcer; the epithelial edges are well adhered (no under-running). There is some mild stromal oedema associated with loss of epithelium, but there is no evidence
of cellular stromal infiltrate and no evidence of corneal neovascularisation.

F IGURE  The central lower eyelid, gently everted, to illustrate the
appearance of the meibomian gland orifices. The gland openings are
prominent, mildly dilated and have a ‘capped’ appearance indicative of
meibomian gland dysfunction.

OUTCOME AND FOLLOW-UP

The patient was examined every 2 weeks during the 6-week
azithromycin treatment course and then finally at 10 weeks
(4 weeks after azithromycin course completion). A marked
improvement in TFBUT (>15 seconds) was noted over this
time. The tear film was more uniform in appearance with no
evidence of dry areas, which initially weremoremarked in the
region of the epithelial defect.
There was only one recurrence of PED at 7 months after

protocol instigation, which coincidedwith a period of reduced
hot compressing. Re-examination at this time showed that
the TFBUT had deteriorated to less than 10 seconds, with
regions of dryness evident almost immediately towards the
medial canthus. The meibomian glands were again observed
to be capped, so were scraped, and expressed a second time
(Figure 2). The meibum appeared liquid and normal. Hot
compressing was reinstated at least twice daily, and the defect
healed within a few days. Fusidic acid was again applied for
5 days, bacterial culture again yielded no growth, so its use
was discontinued to minimise toxicity to the corneal surface
as the continual clinical evidencewas that it was not a bacterial
keratitis. VisuEVO continued twice daily, autologous serum

F IGURE  Eye 12 months after commencement of the multi-modal
treatment protocol

and hot compresses three times daily and a second course
of topical azithromycin (twice daily for 1 week, followed by
once weekly for 6 weeks) was prescribed. At completion of the
azithromycin course, the regimen was reduced to VisuEVO
and hot compresses twice daily.
Review at 12months after protocol commencement demon-

strated a stable TFBUT (>15 seconds) and healthy cornea,
clear anterior chamber, and no evidence of any clinical signs
indicative of ocular pain (Figure 3). Hot compresses and
VisuEVO application continued twice daily. There was no
blepharitis recorded in that period and only very occasional
blepharospasm after being out in very windy conditions.
The requirement for any systemic non-steroidal treatment for
ocular pain was rare (see Table 1).

DISCUSSION

This is the first report of successful implementation of a
human evaporative dry eye treatment protocol, to address
meibomian gland dysfunction and PEDs in a horse. In the
absence of validated objective tests, such as meibography for
MGD in horses, similarly to humans, success of the proto-
col was determined by subjective TFBUT tests and response
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TABLE  Owner questionnaire of comparative pain score, overall
well-being and quality of life before and after implementation of the protocol

February
2021

February
2022

Physical well-being

(–): No, A little bit,
Somewhat, Quite a bit, Very
much

1. Is your horse lethargic? 3 1

2. Does your horse appear ill? 1 1

3. Does your horse’s ocular condition
affect their activity/lifestyle?

5 1

4. Do you think your horse is in pain? 5 2

5. How often do you think your horse is
in pain?

4 2

Emotional well-being

(–): No, A little bit,
Somewhat, Quite a bit, Very
much

6. Has your horse’s behaviour changed? 5 1

7. Has your horse’s mood changed? 5 1

Ocular-specific items

(–): No, A little bit,
Somewhat, Quite a bit, Very
much

8. Do you think your horse has
problems with vision?

2
‘He has never
liked going from
dark to light’

2

9. Does your horse have
blepharospasm?

5 1

10. Does your horse keep their eye
closed?

4 1

11. Does your horse’s eye water? 4 1

12. Does your horse avoid bright light? 3 1

13. Does wind affect your horse’s eye? 5 2

14. Does your horse flinch/shy away
when touching his head?

1 1

15. Does your horse resent having eye
drops?

4 1

16. Does your horse rub their face? 4 1

Note: This questionnaire was adapted from human and small animal neurological and
ocular scoring systems (Likert rating scale) and has not been validated.

to therapy.2,15 This horse showed a marked and sustained
improvement of the ocular surface, accompanying clinical
signs and improved quality of life.
Other than comprehensive studies on tear film proteases

in horses, most knowledge of the equine tear film is extrap-
olated from humans and presumed to be similar.4,16–19 Tear
production, evaporation, absorption and drainage all con-
tribute to the dynamic balance of the tear film and leads to
its integrity and stability and corneal surface health. Reviewed
in Dartt and Willcox,20 the tear film is a unique and com-
plex composition of three fluid layers (mucin, aqueous and
lipid) approximately 3 µm thick. All lipids other than the
phospholipids are released from themeibomian glands, which
are sebaceous glands located within the tarsal plates. The
glands secrete lipid-rich meibum, providing tear film stability,
preventing evaporation, protecting against microbial agents
and assisting in removal of foreign matter. Any imbalance
of this layer leads to evaporative dry eye and PED as seen
in this case.21 In equine cases of PED, underlying infectious

or mechanical causes should always be considered, but com-
monly no infectious agents are identified.12 Acknowledging
the limitations of cytology as a method to isolate an infectious
agent in the eye, similarly this horse never returned a posi-
tive bacterial, fungal or viral cytology or culture.22,23 Thus, the
case reported supports careful assessment of eyelid function,
and any disruption to the tear film matrix, either production
or quality, should be noticed to identify PED aetiology.
Instability of the tear film and an abnormal break-up time is

a common feature between aqueous dry eye and evaporative
dry eye disease in humans. The commonality between the two
conditions may be alterations in lipid composition and con-
formation of the polar lipids.24–26 Thus, dysfunction of the
meibomian glands is not only one of the causes of evapora-
tive dry eye, but also one of the main causes of generalised dry
eye.27 As such measurement of aqueous deficiency and lipid
deficiency, as they apply to dry eye disorders, are not mutu-
ally exclusive and this should be taken into consideration in
all types of DED case management.
Hot compressing over the eyelids, meibomian gland orifice

debridement, and expression are cornerstones of evaporative
dry eye and MGD management in humans, and all were
performed in this case.2 Eyelid hot compresses were one of
the first treatments for human dry eye and have been proven
to be efficacious.28 There is a biophysical basis to heating
the eyelids, as heat alters the viscosity of the meibum lipid
and increases meibum flow and lipid volume on the lid
margin.24,25 In human ophthalmology, mechanical debride-
ment of the meibomian glands is performed to remove the
build-up of accumulated debris and keratinised cells from
the eyelid margin and duct orifices, which impede meibum
flow.29,30 By heating, scraping and expressing the eyelids, the
lipid layer thickness improves, with resulting improved tear
stability and amelioration of clinical disease as evidenced in
this case.31–33
Tear replacement is fundamental to human DED therapy

and was included in this protocol on a strict regimen.2,34,35
Newer innovative over-the-counter formulations have been
released, one of which is VisuEVO. They have been shown to
improve tear film osmolarity, promote homeostasis and tear
film retention, improving clinical signs by lubricating and
lipid replacement.36–38 Matrix regenerating agents have also
been successfully used in dogs for PED, but these are not yet
reported in horses.39
Serum is a biological tear substitute.2,40 This is known to

provide lubrication, growth factors and cytokines for the sur-
face of the eye.41–44 In veterinary species, serum is relatively
easily available and can be prepared and stored for 8 days
without the need for preservatives, which are known to be
epitheliotoxic.45–48 It is generally accepted that preservative-
free topical preparations should be used wherever possible,
especially for long-term use, giving serum another benefit
over many commercially available preparations.49–51 Indeed,
chronic exposure to topical treatments containing preser-
vatives was considered a possible contributory factor to
PED in this case. In combination with extensive support in
the human literature for its use in a DED treatment, autol-
ogous serum was deemed an essential component of this
protocol.
Fusidic acid is a commonly used first-line therapy for

corneal defects in horses, although it is not a licensed
medication in this species.52 It is also only indicated for
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staphylococcal conjunctivitis in dogs, cats and rabbits, with
a limited spectrum of activity. It was used in this case, as the
horse had recently become non-compliant to treatment with
topical chloramphenicol, ofloxacin and gentamicin, yet tol-
erated fusidic acid. This may have been due to ocular surface
irritation manifesting as stinging, as has been reported in
humans.53
In humans, oral doxycycline and topical azithromycin

are specifically advocated for both MGD and PED
treatments.54–56 Given the pathogenesis of underlying
DED immune mechanisms, in humans systemic use of anti-
inflammatory agents are recommended and were used in
this case. Oral doxycycline also has an anti-inflammatory
effect and has been shown to penetrate an intact equine
blood–aqueous barrier, although it remains unknown if
it accumulates at therapeutic levels in tears and aqueous
humour despite its presence.57–59 Recently, it has also been
suggested that systemic antimicrobials for ocular disease can
disrupt the gut microbiome such that it has a deleterious
knock-on effect to the ocular microbiome and an overall
negative effect on treatment, making the use of systemic
treatment for DED less appealing than topical preparations.60
Topical azithromycin has been very successfully utilised

in human DED.61–63 In horses, its use as an ocular prepara-
tion is unreported. Besides its broad-spectrum antimicrobial
effects, topical azithromycin has three further therapeutic
benefits. First, it exerts similar anti-inflammatory properties
to oral doxycycline. Second, azithromycin (and doxycycline)
reduces ocular matrix metalloproteinases (MMPs).18,62 This
is important as excessive MMP activity plays a role in the
pathogenesis of dry eye and ocular surface disease in humans
and horses.16,19,64 Third, and the primary reason for its use
in this case, azithromycin has a direct action on meibomian
gland epithelial cells by stimulating lipid accumulation and
meibomian gland cell differentiation.65,66
A comparison of 4 weeks of ocular azithromycin treat-

ment with oral doxycycline treatment in human DED showed
oral doxycycline was slightly less effective in improving for-
eign body sensation and the signs of plugging and secretion
than the direct application of ocular azithromycin.67 In sub-
jects with clinical evidence of MGD, changes in ordering
of the lipids and phase transition temperature were brought
closer to normal with azithromycin treatment than doxycy-
cline treatment. In another 4-week human study with topical
azithromycin, there was a significant improvement in clinical
signs and symptoms in people suffering from blepharitis.61
A safety and pharmacokinetics study administering both

intravenous and oral azithromycin in an equine cross-over
study showed only mild gastrointestinal effects when given
orally.68 In two further studies assessing azithromycin efficacy
in equine asthma, oral azithromycin (10 mg/kg) was admin-
istered with no adverse events reported.69,70 Given all the
evidence base for azithromycin in DED, it was chosen over
systemic oral doxycycline for use in this case. Then consid-
ering all factors including topical toxicity, pharmacokinetics
and the various azithromycin regimens in use in human dry
eye therapy, a protocol of azithromycin regimen of twice
daily, once weekly, followed by a once weekly application for
6 weeks was implemented. This was after the ocular surface
was allowed a short time to heal subsequent to fusidic acid
application.2,40,63,66,71 Further studies are required to assess

the use of azithromycin as a first-line antimicrobial in equine
ocular disease.
Examination findings of this horse were consistent with

evaporative DED, with associated worsening corneal PEDs
and blepharitis. Therefore, in line with current thinking in
human ophthalmology, we implemented a multi-modal pro-
tocol to address the complexity of this condition. The protocol
aims to address the clinical problem in several ways concur-
rently, to re-establish a healthy ocular microbiome topically,
by reducing surface irritants and local inflammation while
simultaneously promotingMBG lipid production and release.
We are unable to determine from this one case if all protocol
components contributed to clinical improvement. An individ-
ual element alone may have had the same effect, but given the
protracted and poorly controlled 19-year history of epithelial
keratopathy and PEDs with conventional treatments, which
resulted in only temporary remission of clinical signs, imple-
mentation of the newprotocol has convincingly been a clinical
success in this horse. This aligns with human DED literature.
In the absence of case-controlled clinical studies, we suggest
this multi-modal protocol should be considered in cases of
PED where there are any clinical signs and clinical examina-
tion findings consistent with meibomian gland disease, and
greater clinical consideration should be given to assessment
of MBGs in cases of PED in horses.
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MULTIPLE -CHOICE QUEST ION
Which one of these is not a component of this multi-modal
treatment protocol for equine evaporative dry eye?

POSSIBLE ANSWERS TO
MULTIPLE -CHOICE QUEST ION
a. Azithromycin
b. Autologous serum
c. Topical lubrication
d. Acyclovir
e. Hot compresses
f. Scraping and expressing the meibomian glands

CORRECT ANSWER
d. Ophthalmic acyclovir is used to treat eye infections caused
by herpes simplex virus.
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