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Summary

The purpose of this study was to determine the efficacy and duration of effect of a subscleral cyclosporine A implant in horses with immu-
ne-mediated keratitis (IMMK). The study at hand describes the cases of fifteen horses with mature IMMK that were presented to the Tierkli-
nik Hochmoor for further treatment. In theses horses, a cyclosporine A drug delivery device was placed subsclerally adjacent to the supra-
choroidal space under general anesthesia. Follow-up was evaluated for up to 53 months duration after implant placement. Objective
assessment showed an improvement in 66.7% of patients. Four of the patients suffered a recurrence of symptoms. This study yields pro-
mising results for the long-term treatment of IMMK in horses. Sport horses and patients suffering from frequently recurring episodes of IMMK
could benefit greatly from this alternative treatment method.
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Klinische Erfahrungen und Langzeitergebnisse nach subskleraler Implantation eines Cyclosporin A-Trédgersystems bei Pferden
mit immunvermittelter Keratitis

Der Terminus immunvermittelte Keratitis umfasst eine Gruppe von Hornhauterkrankungen, die durch eine Fehlregulierung des kornealen
Immunsystems verursacht werden. In der Regel gehen diese Erkrankungen nicht mit einer Uveitis einher und sind auch nicht schmerzhaft.
Sie zeichnen sich durch ein Hornhautédem, eine Geféfeinsprossung und eine unterschiedlich starke Ausprégung zellulérer Infiltrate aus.
In der vorliegenden Studie wurde an der Tierklinik Hochmoor bei 15 Pferden mit immunvermittelter Keratitis ein Cyclosporin A-Implantat
in Allgemeinandsthesie eingesetzt. Das Trégersystem wurde bereits in verschiedenen human- und tiermedizinischen Studien verwendet und
besteht aus einer Silikonmatrix, in die ein 10% Cyclosporin A-Pulver Pellet eingelassen ist. Das Implantat wurde subskleral platziert, so dass
es direkt an den suprachoroidalen Raum angrenzte. Der weitere klinische Verlauf der so versorgten Patienten konnte zum Teil Uber 53
Monate verfolgt werden. Eine objektive Auswertung ergab eine Verbesserung des klinischen Bildes in 66,7% der Félle; vier der Pferde erlit-
ten ein Rezidiv der immunvermittelten Keratitis. Dieser innovative Behandlungsansatz lasst auf verbesserte Therapieméglichkeiten fur die
Langzeitbehandlung der immunvermittelten Keratitis hoffen. Gerade Sportpferde und Patienten mit hdufig auftretenden Rezidiven kénnten

von dieser Behandlungsmethode profitieren.

Stichwérter: immunvermittelte Keratitis / Pferd / Cyclosporin / Implantat / Trégersystem / Operation

Introduction

The term immune-mediated keratitis (IMMK) refers to a group
of corneal diseases that are proven or suspected to be cau-
sed by a dysfunction of the corneal immune response. The
exact etiology of IMMK is still unknown, but they are typically
nonulcerative and show varying degrees of corneal edema,
vascularization, and cellular infiltrate. Signs of uveitis, intra-
ocular inflammation or pronounced ocular pain can usually
not be detected. To date, the nomenclature of the many clini-
cally and histopathologically different IMMK is still inconsi-
stent, but generally three types are distinguished:

Superficial keratitis — This type of IMMK presents itself with a
superficial cellular stromal infiltrate of a white or slightly yel-
low color and a diffuse vascularization with or without pig-
mentation of the cornea (Fig. 1). Midstromal keratitis: This
type is more diffuse and has a midstromal, denser cellular
infiltrate surrounded by a slight corneal edema and vascula-
rization (Fig. 2).

Endothelial keratitis — This type comes along with an end-

othelial infiltrate and a diffuse superficial or midstromal cor-
neal edema as well as mild vascularization (Brooks et al.
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1990, Kellner 1990, Matthews 2000, Gilger et al. 2005,
Matthews and Gilger 2009, Matthews and Gilger 2010,
Toth et al. 2010, Clode et al. 2011).

The treatment of equine IMMK is a major challenge to the
ophthalmologist. In many cases, the topical treatment with
corticosteroids yields good results. However, corticosteroids
have several disadvantages, such as their distinct adverse
side effects and the fact that they are registered in the FEI
Prohibited Substances List. Immunosuppressant agents deri-
ved from bacteria or fungi represent a significant therapeu-
tic alternative. They are less toxic, have fewer adverse side
effects, and, last but not least, have been available in pre-
parations for topical use for some time now. The most
important agents in this group are cyclosporine A, FK 506,
pimecrolimus, and rapamycin (Sigal and Dumont 1992,
Reinhard et al. 1996, Ruhlmann and Nordheim 1997,
Mabon et al. 1999, Sofer et al. 2001, Kopf et al. 2007,
Douglas et al. 2008). Until recently, those agents have pri-
marily been employed in human transplant medicine
(Maske et al. 1994, Reinhard et al. 1996, Cao et al. 1999,
Zhang et al. 2000). Their pharmacological principle is
based on the adhesion to intracellular proteins, the so-cal-
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led immunophilines. Cyclosporine A forms a complex with
those proteins which leads to the inhibition of calcineurin,
suppressing the transcription of proinflammatory cytokines
and thus downregulating immunocyte activity. The exact
mechanism is well understood today and shall not be the sub-
ject of this article. In addition to this main mode of action,
cyclosporine A also has other immunological effects. It redu-
ces the expression of IL-3, IL-4, and GM-GSF in T-lymphocy-
tes and inhibits the proliferation of B-lymphocytes as a secon-
dary reaction to the reduced cytokine production of the T-lym-
phocytes (Borel et al. 1976, Kay 1989, Kawai et al. 2005,
Zhang et al. 2008, Abadja et al. 2009, Liu et al. 2009).

Fig. 1 Right eye of a 9 year-old warmblood mare. Superficial
keratitis with marked vascularization and corneal edema.

Rechtes Auge einer 9jihrigen Warmblutstute. Man erkennt eine
superfizielle Keratitis mit deutlicher GeféBeinsprossung und einem
Hornhautédem

Fig. 2 Left eye of a 6 year-old warmblood gelding. Midstromal
keratitis with diffuse cellular infiltrate, corneal edema and vasculari-
zation.

Linkes Auge eines 6jéhrigen Warmblutwallachs. Man erkennt eine
midstromale Keratitis mit einem diffusen zelluldren Infiltrat, einem
Hornhautédem und einer Geféfeinsprossung.

Cyclosporine A is used in human and veterinary ophthalmo-
logy in the form of ointments or drops in chronic inflamma-
tory diseases of the cornea and conjunctiva that are resistant
to other forms of therapy (Minguez et al. 1992, Freisen 1993,
Holland et al. 1993, Gratzek et al. 1995, Gao et al. 1998,
Heiligenhaus and Steuhl 1999, Hingorani et al. 1999). Topi-
cally applied, cyclosporine A is chiefly absorbed by the cor-
nea where it accumulates in the different layers according to
the cellular density of the respective layer. Following uptake,
60% of the drug can be found in the epithelium, 30% in the
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stfroma, and 11% in the endothelium. Also, cyclosporine A is
metabolized in the anterior aspect of the eye; its metabolites
can be detected there. Due to the low rate of penetration of
topically applied cyclosporine A drops the concentration of
the drug in the anterior chamber of the eye is low. The topi-
cal use is still the preferred method of application, even
though it only yields a low concentration of cyclosporine A in
the eye (BenEzra et al. 1986, BenEzra and Maftzir 1990, Bleik
and Tabbara 1991, Holland et al. 1993, Althaus et al. 1996,
Dua et al. 1996, Secchi et al. 1997, Tran 1997, Williams
1997, Acheampong et al. 1999, Heiligenhaus and Steuhl
1999, Hingorani et al. 1999, Braun 2007).

Over the last few years, in both human and veterinary oph-
thalmology, a silicone-matrix implant containing cyclosporine
A has been used in clinical research studies (Davis et al.
2004, Kim et al. 2005, Gilger et al. 2006, Lee et al. 2007,
Boehringer et al. 2008). Those cyclosporine A drug delivery
devices have shown to be effective in veterinary ophthalmo-
logy in the treatment of two immune-mediated ocular disea-
ses: keratoconjunctivitis sicca in the dog and equine recurring
uveitis (Acfon et al. 2006, Gilger et al. 2010). A clinical stu-
dy has been designed at the Tierklinik Hochmoor to examine
the safety and efficacy of a local cyclosporine A drug delive-
ry device for the treatment of immune-mediated keratitis with
the potential of inducing a therapeutic paradigm shift.

Materials and methods

Criteria for selection of cases/Test group

In the time between January 2004 and May 2011, we trea-
ted 2,965 ophthalmologic patients at the Tierklinik Hoch-
moor. Of these, 444 (16.2 %) patients were diagnosed with
corneal diseases. Out of this group of horses with corneal
diseases, 155 (34.9%) were treated for immune-mediated
keratitis. In summary, 6.2% of all ophthalmologic patients
examined during this time suffered from IMMK. The study at
hand refers to 15 patients suffering from mature immune-
mediated recurring keratitis with vascularization. Four of the-
se horses had superficial keratitis. The remaining 11 horses
were diagnosed with midstromal keratitis. Of these 15
patients, six horses were older than ten years (11-19 years)
and nine horses were younger than ten years (5-9 years); the
mean age was 9.6 years. The test group consisted of five
mares and ten geldings. Of the remaining 140 patients trea-
ted at the Tierklinik Hochmoor for IMMK during the same
time, 64 patients served as a control group respectively as a
comparison fo the test group since the course of their disea-
se could be followed over several years. The other 76 horses’
clinical course could not be adequately followed and they
were thus not included in the control group. All horses were
subject to a complete ophthalmological examination by the
same clinician.

In the acute phase, both the patients of the test group and of
the control group showed a recurring keratitis with moderate
irritation, some superficial blood vessels and a perivascular,
epithelial and subepithelial corneal edema at the laterodor-
sal aspect. The insidious keratitis characteristically occurred
unilateral and usually once or twice, sometimes up to three
times a year. During the quiet phases of the disease, the cor-
nea appeared without irritation or with a few epithelial pig-
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ment residues. In the horses chosen as test group for this stu-
dy, the chronic keratitis recurred with increasing frequency
within weeks to months despite glucocorticoid treatment. All
horses were sport horses that were no longer able to compe-
te due fo the corneal disease and the associated glucocorti-
coid treatment. All owners agreed to the intended surgical
procedure.

Implant

The implant used in this study was obtained through Profes-
sor Brian Gilger at the North Carolina State University Colle-
ge of Veterinary Medicine. It has been tested and used for the
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sels at the episcleral periphery were selectively irradiated with
a continuous beam (1.5 W power output, 810 nm wave-
length, 0.5 seconds) and a cauterization of the vessels was
thus accomplished. The laser treatment was conducted on the
standing, sedated horse (0.03mg/kg detomidine) under local
anesthesia (oxybuprocainhydrochloride eye drops, 1ml con-
tains 4.0mg). In four of the horses of the test group, the cor-
nea was additionally affected by a non-healing ulcer that was
surgically treated in a separate procedure under general anes-
thesia with a conjunctival pedicle flap prior to implantation.
The cyclosporine A drug delivery device was only implanted
subsclerally if there were no residual signs of inflammation.

Fig. 3 Left eye of a 6 year-old warmblood gelding, same horse
as in Fig. 2. Situation after intensive treatment with a glucocorticoid
eye ointment (0.3 mg/g dexamethasone and 5.0 mg/g gentamicin
four times daily). The corneal edema is markedly reduced but there
is still vascularization present.

Linkes Auge eines 6jéhrigen Warmblutwallachs, dasselbe Pferd wie in
Bild 2. Situation nach intensiver Behandlung mit Glukokortikoid-halti-
ger Augensalbe (0,3 mg/g Dexamethason und 0,5mg/g Gentamicin
viermal téglich). Das Hornhautédem ist deutlich reduziert, es sind
jedoch noch Geféfle zu erkennen.

treatment of equine recurrent uveitis and there have been no
detectable toxic side effects locally or systemically. The
implant was constructed as previously described: a matrix
made of polyvinyl alcohol polymer was loaded with a 10%
cyclosporine A powder pellet. The implant was approximate-
ly 2 mm thick and 6 mm in diameter. The cyclosporine A deli-
very device is constructed in such a way that it slowly releases
the drug over time. Previous studies have shown that the
cyclosporine A is distributed evenly throughout a number of
ocular tissues in therapeutic concentrations (Gilger et al.
2006, Gilger et al. 2010).

Procedures and surgical technique

Prior to the implantation of the cyclosporine A drug delivery
device, the horses were treated subconjunctivally and/or topi-
cally with dexamethasone (2mg dexamethasone per subcon-
junctival injection once weekly resp. eye ointment with 0.3
mg/g dexamethasone and 5.0 mg/g gentamicin four fimes
daily) and systemically with NSAIDs (1.1mg/kg flunixin meglu-
mine once daily) until all signs of corneal vascularization cea-
sed in the affected eye (Fig. 3). Cases unresponsive to gluco-
corticoid treatment, which is reflected by continued vasculari-
zation at the episcleral periphery, were treated with a diode
laser (Photolase® Diode Laser, type GaAlAs specification, 810
nm wavelength, 5 W power output, Gigaa Optronics Techno-
logy Co., Ltd., Wuhan, PRC) prior to implantation. Blood ves-
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Fig. 4 Intraoperative situation prior to placement of the cyclo-
sporine A implant. Preparation of an L-shaped scleral flap and lamel-
lar dissection from the underlying tissue.

Intraoperative  Situation vor dem Einsetzen des Cyclosporin A-
Implantats. Ein L-férmiger Sklerallappen wurde vom unterliegenden
Gewebe abgehoben.

Fig. 5 Intraoperative situation; placement of the cyclosporine A
implant underneath the L-shaped scleral flap.

Intraoperative Situation; Einsetzen des Cyclosporin A-Implantats unter
den L-férmigen Sklerallappen.

The horses of the test group were then placed under general
anesthesia in lateral recumbency with the affected eye on the
top side. The cyclosporine A drug delivery devices were
implanted between sclera and chorioidea (Fig. 4-6) with a
minimally-invasive technique described by Gilger et al.
(2010). There were no complications during surgery or in the
post-surgical period.

The horses of the control group received the same treatment
as the horses of the test group except for the implantation of
the cyclosporine A delivery device. Twelve horses of the con-
trol group had an accompanying corneal ulcer that in 5
refractory cases needed surgical treatment with a pedicle
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flap; some had to be treated in this way repeatedly. The other
cases could either be managed medically or the owners did
not agree to a surgical treatment. The efficacy of the treat-
ment with cyclosporine A implants was deduced directly by
follow-up examinations, analysis of patient records and
photo-documentation and indirectly by questioning the refer-
ring veterinarians and owners.

Results

The objective assessment showed that there was an improve-
ment in 67% of patients in the test group (Fig. 7). Five patients
had no relapse 50-53 months after implantation, four
patients had no relapse 40-49 months after implantation,
and two horses had no relapse 14-15 months after implan-
tation; these patients were all successfully competing in sport
events again. Four horses (33%) exhibited signs of recurren-
ce between 12 and 20 months after implantation and thus
regularly needed treatment with glucocorticoid eye ointments
(Table 1). In each case of recurrence the type of IMMK corre-
lated with the type encountered previous to surgery.

Signs of adverse side effects after the implantation of the
cyclosporine A drug delivery devices have not been observed

Fig. 6 Intraoperative situation; closure of the L-shaped scleral
flap with simple interrupted sutures (5-0 polyglactin 910 absorbable
suture material, Vicryl®, Ethicon Products, Norderstedt, Germany).
Intraoperative Situation; Verschluss des L-frmigen Sklerallappens mit
Einzelheften (5-0 Polyglactin 910 absorbierbares Nahtmaterial,
Vicryl®, Ethicon Products, Norderstedt, Deutschland)
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Fig. 7 Left eye of a 6 year-old warmblood gelding, same horse
as in Fig. 2 and 3. Situation 4 months after subscleral placement of
a cyclosporine A implant. In some cases, as seen here, a slight cor-
neal opacity remained.

Linkes Auge eines éjéhrigen Warmblutwallachs, dasselbe Pferd wie in
Bild 2 und 3. Situation 6 Monate nach Einsetzen des Cyclosporin A-
Implantats. In manchen Féllen verblieb eine leichte Hornhauttribung,
wie hier zu erkennen ist.
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so far. Side effects that have been reported after the topical
treatment with glucocorticoids (glaucoma, cataract, seconda-
ry infections, dry eye) were not seen either.

In the horses of the control group, the IMMK kept recurring at
an average of one to three times a year. At each occasion,
the type of IMMK corresponded to the type diagnosed befo-
re. Some of the horses of the control group that were surgi-
cally treated with pedicle flaps experienced a recurrence of
the IMMK in a different part of the cornea from the treated
area (Fig. 8).

Fig. 8 Right (above) and left (below) eye of a 12 year-old warm-
blood gelding from the control group. This horse suffered from mid-
stromal keratitis, complicated by non-healing corneal ulcers in both
eyes that recurred despite intensive treatment. The horse repeatedly
needed conjunctival pedicle flaps to treat the ulcers.

Rechtes (oben) und linkes (unten) Auge eines 12jdhrigen Warmblut-
wallachs aus der Kontrollgruppe. Dieses Pferd litt an einer midstro-
malen Keratitis, die durch nichtheilende Hornhautulzera auf beiden
Augen verkompliziert wurde. Die Keratitis rezidivierte trotz intensiver
Behandlung. Dieses Pferd wurde wiederholt mit konjunktivalen Stiel-
lappenplastiken versorgt um die Hornhautulzera zu behandeln.

Discussion

This study describes the clinical experience and long-term
outcome after suprachoroidal implantation of a cyclosporine
A drug delivery device in horses with IMMK. To date, the long-
term benefits of this therapy have lasted 50-53 months; it can
thus be deduced that the cyclosporine A treatment by means
of a subscleral drug delivery device is an effective method to
treat the recurrence of IMMK. The cyclosporine A drug deli-
very device has been tested and used for the treatment of
equine recurrent uveitis; studies regarding this treatment have
shown an efficacy of up to 48 months (Gilger et al. 2010). It
remains to be seen how long the immunosuppressant effect
lasts in cases with IMMK. Also, the test group in this study is
relatively small with 15 horses and further studies are requi-
red to confirm or refute this study’s results. In many cases, the
owners of the control group’s patients did not want a surgical
treatment of their horses and opted for a medical treatment
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Table 1 Results by duration and outcome after subscleral cyclosporine implantation / Ergebnisse nach subskleraler Cyclosporin-Implantation,
aufgelistet nach Dauer und Verlauf

No. Age (years) Gender Breed Duration (months) Outcome

1 16 Mare Warmblood 53 Good

2 17 Mare Warmblood 53 Recurrence after 20 months

3 9 Mare Westphalian 52 Recurrence

4 5 Gelding Hanoverian 52 Good

5 5 Gelding Hanoverian' 51 Good

6 6 Gelding Westphalian 51 Recurrence after 12 months?

7 6 Mare Oldenburger 50 Good

8 8 Gelding Riding Pony® 50 Good

9 11 Mare Oldenburger 49 Good

10 11 Gelding Oldenburger 48 Recurrence

11 7 Gelding Rhineland 46 Good

12 9 Gelding Trakehner 41 Good

13 6 Gelding Warmblood 40 Good

14 14 Gelding Oldenburger® 15 Good

15 19 Gelding Warmblood® 14 Good

'Fungal infection and corneal ulcer; pedicle flap, Horse sold to Russia; no further information available, *Corneal ulcer; pedicle flap

only, so that the test group could not be expanded. Four of
the 15 test horses of this study showed signs of recurrence
after implantation. This insufficient result could, among other
reasons, be due to incorrect implantation or implantation
during an active phase of IMMK that was not detfected.

Also, four of the test horses in this study had corneal ulcers
prior to implantation as a complication to the IMMK. Typical-
ly, IMMK is not accompanied by corneal ulceration. All four
horses had been subjected to long-term glucocorticoid treat-
ment by the referring veterinarians prior to presentation. The
prolonged exposure to glucocorticoids could be responsible
for the development of the corneal ulcers in these cases.

There is some debate over whether or not cyclosporine A
applied topically through drops or ointments generates the-
rapeutic concentrations in the cornea and anterior chamber.
It appears that the level of immunosuppression is not always
sufficient (Benfzra and Maftzir 1990, Minguez et al. 1992,
Gratzek et al. 1995, Althaus et al. 1996, Tran 1997, Heili-
genhaus and Steuhl 1999, Zheng et al. 2002). Several in
vitro and in vivo studies have been performed to evaluate
the distribution of cyclosporine A in the eye after supracho-
roidal implantation of a cyclosporine A drug delivery device.
Those studies have shown that after implantation cyclospo-
rine A can be found in therapeutic concentrations in various
ocular tissues (Gilger et al. 2006, Gilger et al. 2010). One
report by Gilger et al.(2006) found no measurable concen-
tration of cyclosporine A in the cornea after suprachoroidal
implantation of the drug delivery device. Yet, the results of
the study at hand indicate a cerfain effect against IMMK.
This could be based upon the fact that IMMK is thought to
be not solely a disease of the cornea but rather a type of
anterior uveitis (Parma et al. 1985, Parma et al. 1987, Hol-
land et al. 1993, Lucchesi and Parma 1999, Lucchesi et al.
2002, Wada et al. 2003). It might also explain why topical-
ly applied eye ointment does not reliably control IMMK as it
does not diffuse into the deeper layers but instead only
affects the superficial tissues (Bleik and Tabbara 1991, Sec-
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chi et al 1997). Thus, the positive effect on eyes affected
with IMMK is probably not only due to the concentrations
reached within corneal fissue. A therapeutic concentration of
cyclosporine A in the anterior uvea and the immunosup-
pressive effect caused by it is more likely to be responsible
for the results yielded by this study. It remains to be seen
whether or not cyclosporine A implants affect other, non-
immune mediated types of keratitis as there was no measu-
rable concentration in the cornea.

Patients needing long-term treatment and patients needing
glucocorticoid treatment could benefit greatly from the sub-
scleral cyclosporine A implant. Glucocorticoids are potent
agents for the suppression of a dysfunctional immune respon-
se but they can have serious adverse side effects. Topically
applied, they can cause glaucoma, cataract and dry eye.
Also, they can promote secondary bacterial and fungal infec-
tions. If used systemically, glucocorticoids can, among others,
cause gastrointestinal and metabolic problems. Both methods
of application have to be conducted at least once daily which
can make owner/patient compliance a challenge. Ideally, no
further medication is needed after the implantation of the
cyclosporine A drug delivery device as it produces a long-
term therapeutic cyclosporine A concentration in the eye,
making it superior to other forms of treatment. Additionally,
the concentrations obtained through the use of a drug deli-
very device are approximately one hundred times higher than
those achieved through topical application of cyclosporine A
drops or ointments (Kim et al. 2005, Lee et al. 2007, Boeh-
ringer et al. 2009).

Cyclosporine implants and their potential ability to reduce
graft rejection after corneal transplants have recently been
investigated in international multicentered human ophthal-
mologic trials. The results of these studies are unfortunately
not available yet but results from animal studies promise a
novel, pivotal treatment modality against graft rejection and
graft loss (Kim et al. 2005, Lee et al. 2007, Boehringer et al.
2008, Boehringer et al. 2009).
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The therapy can be used in sport horses suffering from fre-
quently recurring IMMK that could not be competed otherwi-
se. The plasma concentrations of topically applied cyclospo-
rine A, and this is also true for the cyclosporine A implants,
are so low that - as of yet - they can either not be detected or
only through the use of complex measuring methods (Althaus
et al. 1996, Gilger et al. 2006). Yet, the local concentrations
in the eye are high. This local accumulation not only drama-
tically reduces systemic toxicity: a systemic effect that can be
rated as positive or negative doping is thus improbable.
Nevertheless, it remains a matter of discussion whether or not
such a permanent treatment can be considered as a form of
doping. The horse’s condition pre-treatment would not allow
participation at a competition, whereas after treatment the
horse can compete with no physical limitation such as impai-
red vision or painful inflammation.

In 6.5 years, 6.2% of all horses treated at the Tierklinik Hoch-
moor for ophthalmologic problems were diagnosed with
IMMK. Studies performed in North America stated lower
numbers of IMMK patients which raises the question whether
IMMK' possibly occurs more frequently in Europe than in
North America (Gilger et al. 2005). Multi-centered studies
aimed at this problem could elucidate whether the detected
difference really depends on geography.
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