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Abstract

Background: Uveitis is common in horses, potentially turning chronic (persistent or

recurrent) resulting in impaired vision or blindness. All mainstay therapeutics aims at con-

trolling inflammation, but long-term or lifelong treatment is often needed with possibly

severe side effects. Therefore, intravitreal injections with low-dose gentamicin (IVGI)

have been used in attempt to give a long-lasting result with potentially less side effects.

Objectives: To retrospectively assess outcome and long-term complications follow-

ing one or two low-dose IVGI in Swedish horses with chronic uveitis.

Study design: Retrospective case series.

Methods: Medical records of horses diagnosed with uveitis examined at the Equine

Clinic of the University Animal Hospital of Sweden between 2016 and 2021 were

reviewed. Inclusion criteria were horses with a diagnosis of chronic uveitis that were

treated with 4 mg IVGI. After injection, tapering doses of anti-inflammatory medica-

tions were administered. Due to persistence or recurrence of uveitis despite IVGI,

some horses received a second injection. A positive outcome was defined as con-

trolled uveitis, despite no or minimal anti-inflammatory medication.

Results: 32 eyes (29 horses) were included. Based on clinical evaluation, uveitis was

classified as anterior (91%) or panuveitis (9%). 10 eyes were treated with IVGI twice.

A positive outcome was observed in 13/32 eyes (41%). Inflammation in 9/32 eyes

was controlled after the first, and in 4/10 eyes after the second IVGI treatment.

Long-term complications included retinal degeneration in seven eyes, and mature

cataracts in five eyes. Enucleations were performed in 14/32 eyes, due to lack of

favourable response of IVGI, or due to complications, that is, glaucoma, corneal ulcer-

ation, and/or corneal mineralisation. One horse was euthanised due to painful bouts

of inflammation in both eyes despite treatment.

Main limitations: Small sample size, retrospective design with no control group, no

histopathology performed, infrequent sampling for Leptospira and no standardised

treatment protocol after the IVGI.

Conclusions: In this group of Swedish horses, predominantly diagnosed clinically with

anterior uveitis, a positive outcome was observed in 41% of eyes following one or

two low-dose IVGI. Retinal degeneration in the visual streak was observed in 22% of

eyes, which is a higher proportion of this complication than previously described.

Received: 14 June 2023 Accepted: 6 December 2023

DOI: 10.1111/evj.14056

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Authors. Equine Veterinary Journal published by John Wiley & Sons Ltd on behalf of EVJ Ltd.

160 Equine Vet J. 2025;57:160–168.wileyonlinelibrary.com/journal/evj

https://orcid.org/0009-0004-1912-3120
mailto:siri.moren@hotmail.se
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/evj
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fevj.14056&domain=pdf&date_stamp=2024-02-08


K E YWORD S

equine ophthalmology, equine recurrent uveitis, gentamicin, horse, intravitreal injection

1 | BACKGROUND

Uveitis is inflammation of the uveal tract that can involve the iris and

ciliary body (anterior uveitis), the choroid and retina (posterior uveitis)

or involve all uveal structures (panuveitis). The disease has been

described as one of the most important causes to blindness in horses,

due to tendency to develop into chronic uveitis (persistent or recur-

rent) with permanent damage to ocular structures.1–6 The pathophysi-

ology of equine uveitis is complicated and has not been fully

unravelled. Equine recurrent uveitis (ERU) is commonly accepted to

be due to a T-lymphocyte immune-mediated response.7–9 Hetero-

chromic iridocyclitis with secondary keratitis (HIK) is another type of

chronic, persistent uveitis, which has recently been described. As in

ERU, an immune-mediated aetiology is likely, with melanosome-

related self-antigens as the main target for the immune-response.10

The aim of uveitis treatment is to control inflammation; thus,

minimising pain and the detrimental effects of ongoing inflammation.

However, mainstay therapeutics all have disadvantages in regards of

lack of efficiency, potential severe side effects and poor compliance.

This has prompted the development of surgical interventions such as

pars plana vitrectomy (PPV) and Cyclosporine A suprachoroidal

implants (CSI), as well as intravitreal injections.5,9,11–16

In 2005, Pinard et al. proposed that Leptospira-associated uveitis

may respond to a low dose (4 mg) intravitreal injection of gentamicin

(IVGI) and a positive outcome was seen in 17/18 eyes.17 Since then,

more studies have been conducted, using either 4 mg or 6 mg of gen-

tamicin intravitreally and encouraging results have been reported.

Reported complications in these clinical studies were infrequent, and

either no, or reduced signs of uveitis has been seen in 88%–94% of

eyes.18–20 The mode of action of IVGI has not yet been fully eluci-

dated. It has been proposed that gentamicin may be able to alter or

suppress the action of certain T-cell lines.18 However, this was not

confirmed in a recent publication and further studies on the subject

are warranted.21

In this retrospective study, the aim was to assess short- and long-

term results and to describe complications following one or two low-

dose (4 mg) IVGI in a case series of horses in Sweden with chronic

uveitis.

2 | MATERIALS AND METHODS

2.1 | Cases and medical records

Medical records of horses diagnosed with chronic uveitis examined

between 1 January 2016 and 30 May 2021 were reviewed. Horses

fulfilling the following inclusion criteria were identified: given one or

two low-dose IVGI with a history and clinical signs consistent with

chronic uveitis such as blepharospasm, epiphora, corneal fibrosis,

corneal mineralisation, aqueous flare, hyalitis, miosis, iridial changes

(atrophy of corpora nigra, synechia, hyper-/hypopigmentation, fibro-

sis), cataractous changes, signs of retinal degeneration (presence of

oedema, changes in reflectivity and/or of areas of depigmentation in

the fundus), and high or low intraocular pressure (IOP). Aqueous flare

was graded as 0 (none), 1 (trace), 2 (mild), 3 (moderate) or 4 (severe).

Horses were excluded from the study if they had received IVGI but

were lost to follow-up. Any adverse reactions, either transient occur-

ring within the first hours or days post-injection (short-term complica-

tions), or reactions occurring thereafter (long-term complications),

were noted. If enucleation was performed during the study period,

time between the first IVGI until enucleation was noted.

2.2 | Examinations and classification of uveitis

The ophthalmologic examinations were performed by a veterinary

ophthalmology resident and/or a Diplomate ACVO/ECVO. Examina-

tions included neuro-ophthalmic evaluation, slit-lamp biomicroscopy,

tonometry and indirect ophthalmoscopy. Some horses were tested

serologically for Leptospiral antibodies at the discretion of the attending

ophthalmologist. Based on ophthalmologic examination, a diagnosis of

anterior, posterior or panuveitis was made. Chronic, recurrent uveitis was

diagnosed when at least two episodes of inflammation occurred after a

period of quiescence following cessation of appropriate anti-inflammatory

treatment. Chronic, persistent uveitis was diagnosed when inflammation

persisted for a minimum of 4 weeks despite appropriate treatment. HIK

was diagnosed based on characteristic clinical signs of uveitis and corneal

endothelial inflammation associated with iris pigment dispersion and

retro-corneal fibrous membrane formation.10

2.3 | Intravitreal injections

All IVGI treatments were performed on standing sedated horses.

Sedation was achieved using a combination of detomidine hydrochlo-

ride (0.005–0.01 mg/kg i.v.) (Domosedan vet. 10 mg/mL, Orion

Pharma Animal Health) and butorphanol (0.005–0.01 mg/kg i.v.)

(Butomidor vet. 10 mg/mL, Salfarm Scandinavia). Local akinesia and

analgesia were achieved through blocks to the auriculopalpebral

and supraorbital nerves with mepivacaine (1–1.5 mL/injection site

s.c., Mepidor Vet. 20 mg/mL, Salfarm Scandinavia), and by topical

application of oxibuprocaine at the site of injection (Oxibuprokain

Bausch & Lomb 0.4%, Bausch & Lomb). The conjunctival fornices

were rinsed thoroughly with 20 mL 0.05% chlorhexidine solution and

20 mL of balanced saline solution prior to injection. Topical phenyl-

ephrine (Phenylephrin hydrochloride 10%, Bausch & Lomb) was
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applied at the site of injection to minimise bleeding. A nose twitch was

applied if deemed necessary to facilitate the injection being performed

safely. The injection was performed at the 12 o'clock position on the globe,

10 mm posterior to the limbus as previously described by Fischer et al.18

For easier access to the dorsal sclera, the horse's head was rotated to pro-

duce a ventral globe rotation. Using a 1 mL insulin syringe (29-gauge,

12.7 mm long, BD Micro-Fine), sterile intravitreal injections were per-

formed with 4 mg of preservative-free gentamicin in 30 eyes (0.1 mL Gen-

sumycin 40 mg/mL, Sanofi AB), and with 4 mg of gentamicin containing

preservatives (0.04 mL Gentaject® vet. 100 mg/mL, Ceva Animal Health) in

2 eyes. Indirect ophthalmoscopy was performed immediately after the

injection to identify any intracameral and intravitreal haemorrhage.

2.4 | Post-injection therapy

Post-injection therapy consisted of topical corticosteroids (dexametha-

sone, Isopto-Maxidex 0.1%, q8–12h, Novartis, or prednisolone pivalate,

Ultracortenol 0.5%, q12h, Agepha Pharma s.r.o.), and systemic treat-

ment per orally with either NSAIDs (flunixin meglumine, Flunipaste,

0.5–1.1 mg/kg q12–24h, Bio Vet, or meloxicam, Metacam, 0.6 mg/kg

q24h, Boehringer Ingelheim Animal Health) or corticosteroids

(prednisolone, Equisolon, 0.25–1 mg/kg q12–24h, Dechra Veterinary

Products). Most horses also received topical mydriatics (atropine, Iso-

pto®-Atropine 1%, q12–48h, Alcon Nordic). At follow up examinations,

the anti-inflammatory medications were adjusted and tapered based on

prevailing clinical signs and response to treatment (Table 1).

2.5 | Follow-up examinations

Follow-up examinations were performed within 1–2 weeks and at

1-month post-injection. Thereafter, further examinations were sched-

uled individually for each patient, based on the progression and devel-

opment of remaining clinical signs.

2.6 | Positive outcome

A positive outcome was defined as no, or markedly reduced, signs of

uveitis (comfortable eye, no or trace of aqueous flare, normalised or

close to normalised IOP) despite no or minimal anti-inflammatory

treatment (i.e., flunixin meglumine p.o. 0.25–0.5 mg/kg once daily or

topical dexamethasone/prednisolone once daily-every other day). To be

classified as a positive outcome despite intermittent or continuous low-

grade anti-inflammatory medication, the dosage of medication also had to

be lower than before IVGI.

3 | RESULTS

The inclusion criteria were met in a total of 32 eyes (29 horses). Uve-

itis was classified as anterior (91%) or panuveitis (9%). None of the

horses were diagnosed with posterior uveitis only. In total, a positive

outcome was observed in 13/32 eyes (41%) after one or two IVGI

(Figure 1). Median follow-up time for all eyes was 220 days (range

35–728). Median follow-up time was 139 days (range 35–728) after the

first injection, and 137 days (range 33–350) after the second injection.

Mean age was similar when groups with positive and negative outcomes

were compared (12 vs. 13 years). 6/13 eyes with positive outcome were

controlled without ongoing medication, 2/13 eyes received minimal

treatment intermittently (i.e., dexamethasone topically once daily

or every other day during winter, and no medication during sum-

mer), and 5/13 eyes in the positive outcome group received con-

tinuous minimal anti-inflammatory medication (i.e., flunixin meglumine

p.o. 0.25–0.5 mg/kg once daily or topical dexamethasone/

prednisolone once daily-every other day).

Chronic recurrent or persistent uveitis (ERU) was diagnosed in

21/32 eyes (66%), and a positive outcome was observed in 5/21

(24%) of these eyes after one IVGI. HIK was diagnosed in 11 of 32 eyes

(34%), and a positive outcome was observed in 4/11 (36%) of these eyes

after one IVGI. 10 eyes (6 ERU, 4 HIK) received a second IVGI (median

time post first injection: 80 days, range 43–378) due to either persistence

of inflammation despite a first IVGI and concurrent anti-inflammatory

medication, or recurrence of inflammation when the anti-inflammatory

medication was progressively reduced. After the second IVGI, a positive

outcome was observed in 4/6 eyes (67%) with ERU, whereas none of the

4 eyes with HIK responded to the second treatment.

3.1 | Leptospira

In total 7 of 29 horses were tested serologically for leptospirosis: 1/7

was positive for Leptospira (L.), L. Grippotyphosa. This horse received

one IVGI and did not respond to treatment.

3.2 | Complications

3.2.1 | Peri-injection complications

Peri-injection complications occurred in 5/32 eyes (16%). Adverse

reactions included mild ocular discomfort (3/5), mild periocular

swelling and mild to severe serous epiphora (4/5), full body urti-

caria (1/5), and ventromedial strabismus (1/5). The ventromedial

strabismus resolved in <2 months, all other complications resolved

within 1 week.

3.2.2 | Long-term complications

Long-term complications included retinal degeneration, mature cata-

ract, corneal mineralisation, and corneal ulcers. Adequate evaluation

of the ocular fundus was possible in all eyes immediately before and

after the IVGI, but not in all eyes at all follow-up examinations due to

progressive cataract formation.
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1. Retinal degeneration was diagnosed post-injection in 7/32 eyes

(22%, 5 eyes with ERU and 2 eyes with HIK, all injected with

preservative-free gentamicin) and was observed 14 days (3/7 eyes),

42–44 days (3/7 eyes), or 161 days (1/7 eyes) after the IVGI. None of

the eyes had been diagnosed with fundus abnormalities pre-IVGI. A

horizontal area of diffuse tapetal hyperreflectivity in the area of the

visual streak with most distinct abnormalities in the area centralis

developed in all eyes diagnosed with retinal degeneration (Figure 2).

All but 1 eye received one IVGI, and 6/7 eyes had a negative out-

come. The 1 eye that received two injections had a positive outcome

in regards to control of uveitis, but developed retinal changes (retinal

oedema) within a week after the second IVGI and retinal degeneration

was confirmed after 44 days.

2. Mature cataracts developed in 5/32 eyes (16%, 3 horses, all eyes

with ERU, all injected with preservative-free gentamicin). 2 of

these horses (3 eyes) had slight cataractous changes (focal, incipi-

ent cataracts) before injection and developed mature cataracts

420 (1 eye) and 350 days (2 eyes) after the first and second injec-

tion respectively. These 3 eyes had a positive outcome in regards

of control of uveitis: 1 after a single IVGI and 2 after receiving a

second IVGI. The third horse (2 eyes) had no lens abnormalities,

except for slight pigment dispersion on the lens capsule before

IVGI, but developed total cataracts in both eyes 210 and 238 days

after one IVGI, and ulceration and mineralisation of the cornea

occurred concurrently. Both of this horse's eyes were considered

to have a negative outcome.

3. Corneal mineralisation occurred in 12/32 eyes (38%), at a median

time of 160 days (range 14–370 days) post first injection (10 eyes)

and in 44 and 114 days post second injection (2 eyes). 1 of these

eyes had slight mineralisation pre-injection that became more

marked after IVGI. 7/12 eyes were treated with topical dexameth-

asone and 1/12 eyes with topical prednisolone at the time of

mineralisation. Of the eyes developing corneal mineralisation,

3/12 were classified as having a positive outcome in regards of

control of uveitis after IVGI, and were not receiving continuous

topical treatment, but corneal mineralisation developed 14, 44 and

370 days after the IVGI respectively.

4. Corneal ulceration occurred in 13/32 eyes (41%) at a median time

of 210 days (range 14–370 days) post first injection (10 eyes), and

at a median time of 106 days (range 44–267 days) post second injec-

tion (3 eyes). 12/13 eyes were treated with topical corticosteroids at

the time of ulceration. 3/13 eyes were classified as having a positive

outcome in regards of control of uveitis (2 after one IVGI and 1 after a

second IVGI), but developed corneal ulcers 14, 44 and 370 days after

the last IVGI respectively.

3.3 | Glaucoma

Glaucoma was diagnosed in 3/32 eyes (9%, all ERU eyes) before

IVGI. None of these eyes responded to treatment and all were enu-

cleated. 2 of the eyes (both ERU eyes) developed glaucoma afterT
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the IVGI; 1 eye responded to increased doses of anti-inflammatory

and anti-glaucoma medication (i.e., dorzolamide and timolol in a

combination preparation, topically q8h) (Cosopt 20 + 5 mg/mL,

Santen Oy), the other eye did not respond to treatment and was

enucleated.

3.4 | Enucleations

Enucleations were performed in 14/32 eyes (44% of eyes; 9/21; 43%

of eyes with ERU and 5/11; 45% of eyes with HIK) at a median time

of 109 days after the last IVGI (range 34–547 days). Enucleation was

performed due to increased inflammation in spite of anti-

inflammatory medications and/or due to complications such as glau-

coma, corneal ulceration and/or corneal mineralisation.

4 | DISCUSSION

A positive outcome was observed in 28% (9/32, five ERU and four

HIK eyes) of the eyes after one intravitreal injection with a low dose

of gentamicin in this group of horses predominately diagnosed with

anterior uveitis. A second IVGI in 10 eyes, resulted in control of

inflammation in an additional 4 eyes (only ERU eyes). However, only

13/32 of the eyes (41%) responded to one or two IVGI in regards of

control of uveitis. In addition, in 13 of the eyes classified as having a

positive outcome, only 6/13 could stop concurrent medication

completely. Of the positive outcomes, 2/13 were treated intermit-

tently and 5/13 were treated continuously with anti-inflammatory

Controlled inflammation, n=9 eyes
of which
HIK, n=4
ERU, n=5
(2 horses with ERU received
gentamicin with preservatives and
both had a positive outcome)

Controlled inflammation, n=23 eyes
of which
HIK, n=7
ERU, n=16

Uncontrolled inflammation, n=6 eyes
of which
HIK, n=4
ERU, n=2

Continuous anti-
inflammatory
treatment, n=4
of which
HIK, n=2
ERU, n=2

Continuous anti-inflammatory
treatment, n=1
of which
HIK, n=1
ERU, n=0

Enucleation,
n=9
of which
HIK, n=1
ERU, n=8

Enucleation,
n=5
of which
HIK, n=3
ERU, n=2

Controlled inflammation, n=4 eyes
of which
HIK, n=0
ERU, n=4

IVGI 1, n=32 eyes
of which
HIK, n=11
ERU, n=21

IVGI 2, n=10 eyes
of which
HIK, n=4
ERU, n=6

F IGURE 1 Flow chart describing clinical outcome and further treatment of 32 eyes (29 horses) with uveitis. ERU, equine recurrent uveitis;
HIK, heterochromic iridocyclitis with secondary keratitis; IVGI 1, one intravitreal injection of gentamicin (4 mg); IVGI 2, second intravitreal
injection of gentamicin (4 mg).

F IGURE 2 10 year old Dutch Warmblood gelding with equine
recurrent uveitis in the right eye: 14 days following intravitreal
injection of 4 mg gentamicin, a horizontal area of diffuse tapetal
hyperreflectivity in the area of the visual streak with most distinct
abnormalities in the area centralis was detected during indirect
ophthalmoscopy.
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medication, although at a reduced frequency than before the IVGI.

Nearly half of the eyes (14/32, 44%) were enucleated due to lack of

response to treatment and/or due to complications to concurrent

medical treatment. 1 horse was euthanised after developing retinal

changes and thereafter mature cataracts in both eyes post IVGI.

The lower success rate in the current study compared with other

reports, where a positive outcome has been described in 88%–94% of

treated eyes,17–20 may be due to several factors. A different case-load

with horses mainly suffering from anterior uveitis (91%) was included

in this study, and there may be a lower prevalence of leptospirosis as

an inciting factor for ERU in Swedish horses. Also, in some cases the

IVGI in the current study might have been performed too late in

the course of disease and it is possible that if advanced concurrent

disease of the eye, such as glaucoma, has already developed, the eye

may not respond well to low-dose IVGI. Five eyes were injected as a

last attempt to avoid enucleation and IVGI was unsuccessful in all

these eyes. Additionally, the 3 eyes with pre-existing glaucoma were

also enucleated. None of pre-injection glaucoma eyes were rescued

by this treatment in the present study.

In earlier equine uveitis studies, the prevalence of anterior uveitis

has been reported to be between 10% and 20% whereas it was 91%

in this study.18,19 The injections were performed in the vitreous and it

is known that barriers in the eye prevent diffusion throughout the

eye.22,23 This may explain why many of the horses in the present

study responded poorly to the IVGI, compared with horses in other

studies mainly describing cases of pan- or posterior uveitis.18,19 In

humans, there are more than 30 different classifications of uveitis

depending on where inflammation is most severe, and treatment may

differ between different forms of uveitis.24 Intravitreal injections are

most often used as a treatment for pan- or posterior uveitis.25–28 In

this study, there were only a few cases that showed signs of inflam-

mation in the posterior segment, that is, the site where the injections

were administered. Injection of gentamicin into the anterior segment

has not yet been studied in horses, and we do not know if this route

of administration would lead to a higher rate of success with less

adverse effects in anterior uveitis, but potential unwanted side effects

must also be considered. Peyman et al. (1974) showed that no residual

damage to ocular structures was seen when injecting up to 8000 μg

of gentamicin in the anterior chamber in rabbits, unlike when the

same dose was administered as an intravitreal injection. The authors

also concluded that gentamicin has a faster clearance from the ante-

rior chamber than from the vitreous.22 On the other hand, in another

study also performed on rabbit eyes, injections of 1000 μg of genta-

micin in the anterior chamber caused endothelial damage.29 In future

studies it may be interesting to study injections of gentamicin into the

anterior chamber in horses with chronic, anterior uveitis to evaluate

the outcome in regards of effect compared with IVGI. However, toxic-

ity to the endothelium when performing intracameral injections of

gentamicin in the horse must also be considered and evaluated.

Leptospirosis is a well-known inciting factor for chronic, persis-

tent or recurrent uveitis.12,30–32 The disease is endemic in many parts

of the world, particularly in moist tropical and subtropical areas.30,33

Baverud et al. (2009) reported a seroprevalence of 25% in Swedish

horses, but almost never related to clinical disease.34 L. Pomona and L.

Grippotyphosa are described as a common causative agent to

ERU,31,32 but these serovars were only prevalent in 0.4% and 0.5%

respectively of the horses in the study by Baverud et al.34 From 2001

to 2021, 0–3 reported cases of seropositive horses were reported to

the Swedish Board of Agriculture each year, and the prevalence of

leptospirosis in Sweden is probably low.35 Therefore, leptospiral test-

ing has not previously been included in the standard protocol in the

evaluation of Swedish horses with uveitis. In the current retrospective

study, serological sampling was only performed in 7/29 horses with

only 1 imported horse being positive for antibodies (L. Grippoty-

phosa), and no eyes were subjected to aqueous or vitreous testing.

Thus we cannot draw any conclusions on whether the leptospira sta-

tus could have been an important factor to influence the results. Fur-

ther studies to evaluate leptospirosis as a potential initiating factor for

chronic uveitis in Swedish horses should be performed.

A higher prevalence of retinal degeneration was observed in this

study, compared with previously described rates: we noted retinal

degeneration in 22% of treated eyes post IVGI, and both ERU and

HIK eyes were affected. No signs of retinal degeneration had been

seen in these eyes pre-injection. Fischer et al. (2019) report this com-

plication in 5.1% of injected eyes whereas Launois et al. (2019)

observed an increase in the prevalence of retinal changes from 28%

to 36% in eyes before and after injection respectively.18,19 The cur-

rent study is small and does not include a control group, thus it is diffi-

cult to conclude that the injection itself caused the retinal change.

However, the retinal abnormalities appeared within weeks post-IVGI

(within 2 weeks in 3/7 eyes and within 8 weeks in 3/7 eyes) and

therefore, toxicity from the gentamicin injection may be a reasonable

cause. Antibiotics injected intraocularly are known to induce detri-

mental effects, and toxicity of gentamicin administered to the eye has

been demonstrated in humans, rabbits, monkeys and pigs.22,23,36,37 In

an experimental study on rabbits, doses above 500 μg gentamicin

injected intravitreally induced many toxic side effects and retinal

degeneration and mature cataracts were most common. When

injected with 1000 μg, 50% of rabbits developed retinal degeneration,

and when injected with 2000–8000 μg, 100% developed retinal

degeneration.22 The rabbit vitreous contains approximately 1.4 mL of

fluid,22 whereas on average, the equine vitreous contains about

28 mL.38 Based on the study of Peyman et al. (1974), a non-toxic con-

centration of gentamicin injected intravitreally in rabbit eyes is

approximately 360 μg/mL.22 In comparison, a low dose (4 mg) of gen-

tamicin injected intravitreally in an equine eye will result in a concen-

tration of approximately 140 μg/mL. However, it is not known if

horses may be more sensitive than rabbits to the toxic intravitreal

effects of gentamicin.

To evaluate gentamicin toxicity after intravitreal injections in

monkeys, histopathology was performed in a study by Brown et al.

(1990) which concluded that the retinal changes were mainly neural in

the early stages (hours) after injection, and mainly vascular in the later

stages (<11 days) with thrombi-formation in retinal vessels and subse-

quent vascular and retinal necrosis.37 Potentially, the same toxic

changes could occur after IVGI in horses. It may be one explanation to
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why some horses in this study showed signs of impaired vision and

behavioural changes after the IVGI, without obvious other causes such

as cataract formation, and before abnormal findings were observed on

ophthalmoscopy. In the current retrospective study, retinal changes

were observed by ophthalmoscopy and histopathology was not per-

formed on enucleated eyes. In further studies, it would be of great

value to perform histopathologic studies of equine eyes after IVGI to

evaluate the presence and extent of toxic effects. Also, future studies

should include pre- and post-recordings of electroretinograms (ERGs)

to assess retinal function before and after the IVGI, with the aim to

explore the potential toxic effects on retinal cells and retinal function,

and thus to evaluate impact on visual performance.

In this study, 5/32, 16% of eyes developed mature cataracts, which

is comparable to 8.5% and 12% in other studies on IVGI.18,19 All cata-

racts progressed in about 6–12 months, or in one eye, >12 months

after injection.22 Uveitis itself can induce cataracts,1–3 so although cata-

racts may have been induced by the injection, it is also likely that the

cataracts developed due to persistent, or previous, episodes of uveitis.

Many of the horses included in this study experienced recurrence

of uveitis when developing corneal mineralisation and sometimes sub-

sequent ulceration of the cornea during the follow up period. Topical

corticosteroids, and continuous intraocular inflammation, can disrupt

calcium homeostasis with secondary dystrophic mineralisation of the

cornea, and there are also other severe complications described due

to long-term continuous treatment with corticosteroids such as sec-

ondary ocular infection following suppression of host response.39,40

Some of the horses were given continuous topical anti-inflammatory

treatment long after the IVGI due to signs of low-grade ocular inflam-

mation, based on continuous low IOP, trace aqueous flare and/or low-

grade miosis. In these horses, it is impossible to know whether the

inflammation itself, the treatment, or both contributed to corneal

mineralisation and subsequent ulcers. 3 eyes classified as having a

positive outcome at initial re-check, later developed corneal minerali-

sation and/or ulcers and thereafter recurrence of uveitis. It is a possi-

bility that unnoticed persistent or recurrent uveitis were the cause of

these complications.

Although a low number of cases with a positive outcome and a high

number of long-term complications was reported in this retrospective case

series, the injection procedure was generally well tolerated by the horses.

Peri-injection complications were few (5/32 eyes, 16%) and mainly con-

sisted of mild peri-ocular swelling, epiphora and discomfort which all

resolved within a couple of days. One horse developed generalised urti-

caria after the injection, which resolved completely within 1 week. This

adverse advent may have been due to a reaction to the IVGI, or more

likely relate to the drugs given for sedation or local anaesthetics. 1 horse

developed ventromedial strabismus that resolved within 2 months. This

complication was unexpected and we hypothesise some sort of impact on

extraocular muscles and/or cranial nerves due to the injection itself. It is

unlikely that the nerves and muscles controlling the eye position were

affected by the supraorbital and palpebral nerve blocks applied before the

injection, and the only other plausible explanation would be that this

occurred due to a complication to the intravitreal injection itself and thus

slight trauma to the globe and periocular structures.

In conclusion, in this group of Swedish horses predominantly with a

clinical diagnosis of anterior uveitis, a positive outcome was observed in

41% of eyes following one or two low-doses of IVGI. In eyes with ERU,

26% responded to the first injection, and a positive outcome was

observed in 67% of eyes subjected to a second injection. In eyes with

HIK, 36% responded to the first injection, and none showed a positive

outcome after a second injection. Retinal degeneration in the visual

streak was observed in 22% of eyes, which is a higher proportion of this

complication than previously described. In future studies it would be of

great value to perform histopathology on enucleated eyes, as well as

ERGs before and after IVGI, to be able to assess retinal function and

potential toxic effects. It would also be interesting to investigate whether

gentamicin injection in the anterior chamber could improve outcome and

minimise detrimental effects in cases of anterior uveitis but the potential

toxicity to the corneal endothelium must also be considered.

AUTHOR CONTRIBUTIONS

S. Morén: Writing – original draft; writing – review and editing. M.

Kallberg: Supervision. L. Strom: Supervision; writing – review and

editing.

ACKNOWLEDGEMENTS

We thank Annika Appelkvist for her follow-up examinations in some

of the horses.

FUNDING INFORMATION

Not applicable.

CONFLICT OF INTEREST STATEMENT

The authors have no competing interests to declare.

DATA INTEGRITY STATEMENT

S. Morén had full access to all data in the study and takes responsibil-

ity for the integrity of the data.

ETHICAL ANIMAL RESEARCH

No ethical approval needed for this retrospective study.

INFORMED CONSENT

Not applicable.

PEER REVIEW

The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14056.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from

the corresponding author upon reasonable request. Data sharing

exemption granted by the editor for this retrospective case

series.

ORCID

S. Morén https://orcid.org/0009-0004-1912-3120

MOR�EN ET AL. 167

 20423306, 2025, 1, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/evj.14056 by Sw

edish U
niversity O

f, W
iley O

nline L
ibrary on [13/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14056
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14056
https://orcid.org/0009-0004-1912-3120
https://orcid.org/0009-0004-1912-3120


REFERENCES

1. Gilger BC, Michau TM. Equine recurrent uveitis: new methods of

management. Vet Clin North Am Equine Pract. 2004;20(2):

417–27. vii.
2. Schwink KL. Equine uveitis. Vet Clin North Am Equine Pract. 1992;

8(3):557–74.
3. Gilger B. Equine recurrent uveitis: the viewpoint from the USA.

Equine Vet J. 2010;42(S37):57–61.
4. Gerding JC, Gilger BC. Prognosis and impact of equine recurrent uve-

itis. Equine Vet J. 2016;48(3):290–8.
5. Gilger BC, Wilkie DA, Clode AB, McMullen RJ Jr, Utter ME,

Komaromy AM, et al. Long-term outcome after implantation of a

suprachoroidal cyclosporine drug delivery device in horses with recur-

rent uveitis. Vet Ophthalmol. 2010;13(5):294–300.
6. Dwyer AE, Crockett R, Kalsow CM. Association of leptospiral seror-

eactivity and breed with uveitis and blindness in horses: 372 cases

(1986-1993). J Am Vet Med Assoc. 1995;207(10):1327–31.
7. Deeg CA. Ocular immunology in equine recurrent uveitis. Vet

Ophthalmol. 2008;11:61–5.
8. Malalana F, Stylianides A, McGowan C. Equine recurrent uveitis:

human and equine perspectives. Vet J. 2015;206(1):22–9.
9. Gilger BC, Malok E, Stewart T, Horohov D, Ashton P, Smith T, et al.

Effect of an intravitreal cyclosporine implant on experimental uveitis

in horses. Vet Immunol Immunopathol. 2000;76(3–4):239–55.
10. Pinto NI, McMullen RJ, Linder KE, Cullen JM, Gilger BC. Clinical, his-

topathological and immunohistochemical characterization of a novel

equine ocular disorder: heterochromic iridocyclitis with secondary

keratitis in adult horses. Vet Ophthalmol. 2015;18(6):443–56.
11. McMullen RJ Jr, Fischer BM. Medical and surgical management of

equine recurrent uveitis. Vet Clin North Am Equine Pract. 2017;33(3):

465–81.
12. Spiess B. Equine recurrent uveitis: the European viewpoint. Equine

Vet J. 2010;42(S37):50–6.
13. Fruèhauf B, Ohnesorge B, Deegen E, Boeve M. Surgical management

of equine recurrent uveitis with single port pars plana vitrectomy. Vet

Ophthalmol. 1998;1(2–3):137–51.
14. Gerhards H, Wollanke B, Brem S. Vitrectomy as a diagnostic and ther-

apeutic approach for equine recurrent uveitis (ERU). Proc Am Assoc

Equine Practnrs. 1999;45:89–93.
15. Toemoerdy E, Haessig M, Spiess BM. The outcome of pars plana vit-

rectomy in horses with equine recurrent uveitis with regard to the

presence or absence of intravitreal antibodies against various sero-

vars of Leptospira interrogans. Pferdeheilkunde. 2010;26(2):251–4.
16. Gilger BC, Wilkie DA, Davidson MG, Allen JB. Use of an intravitreal

sustained-release cyclosporine delivery device for treatment of

equine recurrent uveitis. Am J Vet Res. 2001;62(12):1892–6.
17. Pinard C, Piètrement E, Macieira S, Tremblay D, editors. Intravitreal

injections of gentamicin for the treatment of Leptospira-associated

equine recurrent uveitis. 36th Annual Meeting of the ACVO; Nash-

ville, TN 2005.

18. Fischer BM, McMullen RJ, Reese S, Brehm W. Intravitreal injection of

low-dose gentamicin for the treatment of recurrent or persistent uve-

itis in horses: preliminary results. BMC Vet Res. 2019;15(1):1–12.
19. Launois T, González Hilari�on LM, Barbe F, Leurquin C, Bihin B,

Hontoir F, et al. Use of intravitreal injection of gentamicin in 71 horses

with equine recurrent uveitis. J Equine Vet. 2019;77:93–7.
20. Kleinpeter A, Goepfert A, Koehler E, Brehm W. Intravitreal injection

of low-dose gentamicin for the treatment of ERU-affected horses.

Tieraerztliche Praxis Ausgabe Grosstiere Nutztiere. 2019;47(1):

25–34.
21. Smith HL, Berglund AK, Robertson JB, Schnabel LV, McMullen RJ Jr,

Gilger BC, et al. Effect of gentamicin on CD3+ T-lymphocyte prolifer-

ation for treatment of equine recurrent uveitis: an in vitro study. Vet

Ophthalmol. 2023;26(4):347–54.

22. Peyman GA, May DR, Ericson ES, Apple D. Intraocular injection of

gentamicin: toxic effects and clearance. Arch Ophthalmol. 1974;

92(1):42–7.
23. McDonald HR, Schatz H, Allen AW, Chenoweth RG, Cohen HB,

Crawford JB, et al. Retinal toxicity secondary to intraocular gentami-

cin injection. Ophthalmology. 1986;93(7):871–7.
24. Burkholder BM, Jabs DA. Uveitis for the non-ophthalmologist. BMJ.

2021;372:m4979.

25. Kok H, Lau C, Maycock N, McCluskey P, Lightman S. Outcome of

intravitreal triamcinolone in uveitis. Ophthalmology. 2005;112(11):

1916. e1-7.

26. Nguyen QD, Ibrahim MA, Watters A, Bittencourt M, Yohannan J,

Sepah YJ, et al. Ocular tolerability and efficacy of intravitreal and sub-

conjunctival injections of sirolimus in patients with non-infectious

uveitis: primary 6-month results of the SAVE study. J Ophthalmic

Inflamm Infect. 2013;3(1):1–15.
27. Nguyen QD, Merrill PT, Sepah YJ, Ibrahim MA, Banker A, Leonardi A,

et al. Intravitreal sirolimus for the treatment of noninfectious uveitis:

evolution through preclinical and clinical studies. Ophthalmology.

2018;125(12):1984–93.
28. Özkiris A. Intravitreal triamcinolone acetonide injection for the treat-

ment of posterior uveitis. Ocul Immunol Inflamm. 2006;14(4):233–8.
29. Petroutsos G, Savoldelli M, Pouliquen Y. The effect of gentamicin on

the corneal endothelium An experimental study. Cornea. 1990;9(1):

62–5.
30. Verma A, Stevenson B, Adler B. Leptospirosis in horses. Vet Micro-

biol. 2013;167(1–2):61–6.
31. Williams RD, Morter RL, Freeman MJ, Lavignette AM. Experimental

chronic uveitis – ophthalmic signs following equine leptospirosis.

Invest Ophthalmol. 1971;10(12):948.

32. Frellstedt L. Equine recurrent uveitis: a clinical manifestation of lepto-

spirosis. Equine Vet Educ. 2009;21(10):546–52.
33. Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA,

et al. Leptospirosis: a zoonotic disease of global importance. Lancet

Infect Dis. 2003;3(12):757–71.
34. Baverud V, Gunnarsson A, Engvall EO, Franzen P, Egenvall A. Leptos-

pira seroprevalence and associations between seropositivity, clinical

disease and host factors in horses. Acta Vet Scand. 2009;51:15.

35. SVA NVI. Leptospiros hos häst. 2022 Available from: https://www.

sva.se/amnesomraden/djursjukdomar-a-o/leptospiros-hos-hast/

36. Thomas T, Galiani D, Brod R. Gentamicin and other antibiotic toxici-

tiy. Ophthalmol Clin North Am. 2001;14(4):611–24.
37. Brown GC, Eagle RC, Shakin EP, Gruber M, Arbizio VV. Retinal toxic-

ity of intravitreal gentamicin. Arch Ophthalmol. 1990;108(12):

1740–4.
38. Gilger BC, Reeves KA, Salmon JH. Ocular parameters related to drug

delivery in the canine and equine eye: aqueous and vitreous humor

volume and scleral surface area and thickness. Vet Ophthalmol. 2005;

8(4):265–9.
39. Brooks D. Calcium degeneration and ocular surface failure in the

horse. Equine Vet Educ. 2012;24(1):8–11.
40. Berryhill EH, Thomasy SM, Kass PH, Reilly CM, Good KL,

Hollingsworth SR, et al. Comparison of corneal degeneration and cal-

cific band keratopathy from 2000 to 2013 in 69 horses. Vet Ophthal-

mol. 2017;20(1):16–26.

How to cite this article: Morén S, Kallberg M, Strom L. Equine

uveitis: Outcome and adverse effects after one or two

intravitreal low-dose gentamicin injections. Equine Vet J.

2025;57(1):160–8. https://doi.org/10.1111/evj.14056

168 MOR�EN ET AL.

 20423306, 2025, 1, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/evj.14056 by Sw

edish U
niversity O

f, W
iley O

nline L
ibrary on [13/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.sva.se/amnesomraden/djursjukdomar-a-o/leptospiros-hos-hast/
https://www.sva.se/amnesomraden/djursjukdomar-a-o/leptospiros-hos-hast/
https://doi.org/10.1111/evj.14056

	Equine uveitis: Outcome and adverse effects after one or two intravitreal low‐dose gentamicin injections
	1  BACKGROUND
	2  MATERIALS AND METHODS
	2.1  Cases and medical records
	2.2  Examinations and classification of uveitis
	2.3  Intravitreal injections
	2.4  Post‐injection therapy
	2.5  Follow‐up examinations
	2.6  Positive outcome

	3  RESULTS
	3.1  Leptospira
	3.2  Complications
	3.2.1  Peri‐injection complications
	3.2.2  Long‐term complications

	3.3  Glaucoma
	3.4  Enucleations

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA INTEGRITY STATEMENT
	ETHICAL ANIMAL RESEARCH
	INFORMED CONSENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


