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Topical Cyclosporin A in the Management of

Postkeratoplasty Glaucoma
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Purpose. To evaluate the effect of substituting topical
cyclosporin A 0.5% for topical corticosteroids in patients
with postkeratoplasty glaucoma. Methods. Topical
cyclosporin A (.5% was prospectively substituted for topi-
cal corticosteroids to treat 25 patients with postkeratoplasty
glaucoma. Results. Twenty-one (84%) of 25 patients
showed a reduction in intraocular pressure (IOP) (range,
1-22 mm Hg; mean, 8.7 mm Hg). Follow-up ranged from
3 to 12 months (mean, 5.8). Graft clarity was maintained
in all patients, with one allograft rejection episode. Thirteen
patients were able to discontinue one or more glaucoma
medication(s). Conclusion. Topical cyclosporin A 0.5%
may be substituted for topical corticosteroids to aid in the
management of postkeratoplasty patients with glaucoma.
However, the resultant decrease in IOP may be associated
with an increased risk for immune rejections.

Key Words: Cyclosporin A—Corticosteroids—Pene-
trating keratoplasty—Glaucoma.

Penetrating keratoplasty is the most successful and
most frequently performed homologous transplant
procedure in the United States with >43,000 corneal
transplants performed annually (1). Glaucoma con-
tinues to be a serious clinical problem after penetrat-
ing keratoplasty because of frequency of occurrence,
severity of disease, and difficulty in treatment (2-8).
Unfortunately, glaucoma often leads to visual com-
promise. The use of topical corticosteroids in patients
after keratoplasty can aggravate preexisting glau-
coma and induce glaucoma in previously normal pa-
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tients. Twenty to 30% of the general population re-
spond moderately to steroids (9,10); 5-7% of the
population respond with significant increases in in-
traocular pressure (I0OP) >15mm Hg (9-12) Cortico-
steroids produce a general ocular immunosuppres-
sion, potentiating the possibility of secondary
infection, increasing the risk of secondary cataract
formation, and often leading to delayed wound heal-
ing (13).

Cyclosporin A (Sandimmune; Sandoz Pharmaceu-
ticals, East Hanover, NJ, U.S.A.), a highly specific
immunomodulator that affects primarily T lympho-
cytes (14,15), does not inhibit the phagocytic system
as greatly as do steroids, allowing the antimicrobial
arm of the immune system to fight infection (14-17).
Furthermore, cyclosporin A 0.5% does not inhibit
wound healing, increase the IOP, or produce lens
changes (14,15). Because the experience with
cyclosporin A has been positive in the treatment of
high-risk corneal transplants and immune graft rejec-
tions (15,18,19), we theorized that it may be beneficial
in managing patients with glaucoma after kera-
toplasty.

Before initiating this study, we evaluated differ-
ent concentrations and formulations of topical
cyclosporine. We found the 0.5% suspension pre-
pared from the commercially available 5% intrave-
nous solution diluted with nine volumes of artificial
tears to be the most well tolerated and efficacious.
The purpose of this study, therefore, was to evaluate
the effect of substituting topical cyclosporin A 0.5%
for corticosteroids on a drop-for-drop basis in the
management of patients with glaucoma after kera-
toplasty.

METHODS

Twenty-five patients seen in a corneal referral
practice (H.D.P., E.D.D.) met the following criteria:
(a) had undergone a penetrating keratoplasty be-
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TABLE 1. Patient profile

Preoperative Postoperative Months after
Sex Age Diagnosis glaucoma steroid keratoplasty
Male 57 Fuchs' Yes Fluorometholone 14
Male 47 Keratoconus No Prednisolone 28
Male 68 PBK No Prednisolone 7
Male 72 PBK No Fluorometholone 18
Female 85 PBK Yes Dexamethasone 4
Female 67 PBK No Dexamethasone 9
Male 69 PBK No Fluorometholone 30
Female 57 Fuchs’ Yes Prednisolone 7
Female 62 Fuchs’ Yes Dexamethasone 3
Male 22 Keratoconus No Dexamethasone 13
Male 73 PBK No Prednisolone 16
Female 86 Fuchs’ Yes Fluorometholone 36
Male 68 Graft failure Yes Dexamethasone 6
Female 62 PBK No Dexamethasone 4
Female 80 ABK Yes Dexamethasone 5
Female 38 Keratoconus No Prednisolone 3
Male 71 PBK No Prednisolone 9
Male 62 PBK No Dexamethasone 5
Female 70 Climactic keratopathy No Dexamethasone 4
Male 74 PBK No Dexamethasone 6
Female 56 Fuchs’ Yes Dexamethasone 14
Female 67 PBK Yes Dexamethasone 7
Male 34 Corneal scar No Prednisolone 14
Male 64 PBK No Dexamethasone 12
Male 57 PBK No Dexamethasone 8

PBK, pseudophakic bullous keratopathy; ABK, aphakic bullous keratopathy.

tween 3 months and 3 years ago; (b) on two successive
readings, had an 10P of >22 mm Hg or difficulty
tolerating current glaucoma medication(s); and (c)
were taking topical corticosteroids (Table 1). All pa-
tients were advised of the potential adverse effects
of topical cyclosporine treatment, including nephro-
toxicity. Informed consent was obtained in all cases.
A serum creatinine level was obtained in some pa-
tients before the start of the study.

The 0.5% topical concentration used in this study
was prepared by diluting the intravenous cyclosporin
A (Sandimmune; Sandoz Pharmaceuticals) 5.0% so-
lution with nine volumes of artificial tears (Liquifilm
Tears; Allergan Pharmaceuticals, Irvine, CA,
U.S.A.). Patients were instructed to refrigerate the
bottle of cyclosporin A 0.5% and to refill the prescrip-
tion after 1 month. The substitution of cyclosporin
A 0.5% for topical corticosteroids was done on a
drop-for-drop basis. For example, if a patient was
using dexamethasone 1% ophthalmic solution four
times daily, this was discontinued, and topical
cyclosporin A 0.5% was substituted four times daily.
The IOP of these patients was initially monitored
weekly or biweekly, and then monthly for a minimum
of 3 months. An IOP determination was performed
by an experienced technician by using a pneumotono-
meter in a masked fashion. The technician performed
one determination per visit, and this was recorded in
the patient’s medical record. There was no allowance

in these readings for diurnal variation. When the
IOP decreased to <20 mm Hg and the patient was
receiving glaucoma medications, one of the medica-
tions was discontinued. Five patients were arbitrarily
chosen for cyclosporin A blood-level determinations.

RESULTS

Of the 25 patients enrolled in the study, 21 (84%)
patients showed a reduction of IOP (Table 2). The
reductions ranged from 1 to 22 mm Hg (mean, 8.7).
Follow-up time ranged from 3 to 12 months (mean,
5.8). Graft clarity was maintained in all patients. One
patient had an allograft rejection episode while using
cyclosporin A 0.5% twice daily. The dose was in-
creased to every hour for 1 week, every 2 h for 1
week, and four times daily. The allograft rejection
episode was successfully resolved with graft clarity
maintained. Seven patients discontinued at least one
glaucoma medication, including five patients who dis-
continued oral carbonic anhydrase inhibitors [aceta-
zolamide (Diamox) or methazolamide (Neptazane);
Storz Ophthalmics, St. Louis, MO, U.S.A.]. Four pa-
tients discontinued topical echothiophate iodide
(Phospholine Iodide; Wyeth-Ayerst Laboratories,
Philadelphia, PA, U.S.A.), and four patients discon-
tinued topical timolol maleate (Timoptic; Merck &
Co., West Point, PA, U.S.A.). No patient had detect-
able levels of serum cyclosporine (all were <50 ng/
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TABLE 2. Summary of results

Change Months of Glaucoma meds
mm Hg prior Steroid dose IOP meds mm Hg after in IOP follow-up discontinued
23.5° 2 2 19 4.5 3 Acetazolamide
35° 4 2 20 15 12 Acetazolamide
29° 3 3 20 9 4 Phospholine iodide
31° 4 0 14 17 3 0
23° 2 1 19.5 35 3 0
44 4 3 22 22 3 Methazolamide
15¢ 2 3 10 5 4 Acetazolamide
39° 4 1 25 14 3 Phospholine iodide
24¢ 2 2 16 8 4 Phospholine iodide
29¢ 12 1 15 14 6 B-blocker
28.5° 1 0 175 11 5 0
26° 1 1 19.5 6.5 4 0
23° 2 0 16 7 4 B-blocker
27¢ 2 0 20 7 5 0
28¢ 1 1 19 9 7 0
25° 4 1 22 3 3 0
27¢ 1 0 23 4 3 0
28.5° 2 0 245 4 4 0
26° 2 1 21 5 3 B-blocker
33¢ 4 1 11 22 8 B-blocker
27¢ 4 0 18 9 6 0
26° 4 3 19 7 4 Acetazolamide
30° 4 0 29 1 3 0
30° 1 2 19 11 3 Phospholine iodide
28° 4 1 27 1 3 0
IOP, intraocular pressure.
“FML.
®Pred Forte.
¢ Dexamethasone.
?Pred Mild.

¢ Rejection episode, resolved.

ml). No patient had an increased serum creatinine
level.

DISCUSSION

The incidence of glaucoma associated with pene-
trating keratoplasty is high (2-8) not only because
glaucoma was present before the penetrating kera-
toplasty or concurrent diseasc in the patient popula-
tion considered for keratoplasty, but also because
of the development of newly diagnosed glaucoma
produced by the mechanisms of keratoplasty or post-
operative management of the corneal graft (cortico-
steroid therapy) (6,7). Prolonged increased 1OP oc-
curs in 12-51% of eyes after penetrating keratoplasty
(6.20-22) Two main variables are significantly pre-
dictive of postkeratoplasty glaucoma (2,5). The first
is preexisting glaucoma; a 56-77% incidence of
increased IOP after penetrating keratoplasty is at-
tributed to preexisting glaucoma (5.6.8,22,23). The
second condition is aphakia, with an incidence of
21-52%. The combination of penetrating kerato-
plasty with anterior segment revision, anterior vit-
rectomy, or intraocular lens removal also may be
associated with increased postoperative 10P (5,
22.23).
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The prolonged use of topical steroids is the main-
stay of treatment after penetrating keratoplasty to
decrease inflammation and prevent graft rejection.
A chronic steroid-response glaucoma develops in pa-
tients sensitive to steroids (24). Discontinuation of
the topical corticosteroid regimen may be difficult,
depending on the corneal graft status. The need for
corticosteroids in the glaucoma patient after kera-
toplasty routinely complicates the management of
IOP control. We believe the mechanism for action
of the observed pressure reduction in our study is
the result entirely of the cessation of corticosteroids.

Management of postkeratoplasty glaucoma has
been difficult. Medical management revolves around
the well-known aqueous suppressants, usually 8-
blockers and carbonic anhydrase inhibitors. Miotics
are less commonly prescribed because at least in part
of shallowing of the anterior chamber, which may
induce synechia formation. Miotics, most important,
tend to induce intraocular inflammation by increasing
the permeability of the blood aqueous barrier, which
in turn potentiates graft rejection (25). When medical
management is insufficient, argon laser trabecu-
loplasty is used (26). The degree of open angle and
the ability to visualize the angle limit the use of argon
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laser trabeculoplasty. If laser treatment is not effec-
tive or possible, the next step in management is trabe-
culectomy or glaucoma implant procedures or both
and cyclodestructive procedures to control the IOP
in grafted eyes (27-30). It is well known that surgical
intervention in the patient after keratoplasty fre-
quently leads to graft failure. We believe that topical
cyclosporin A 0.5% may be safely substituted for
corticosteroids in the management of these difficult
patients with glaucoma after keratoplasty. In this
problem group, the likelihood of steroid responsive-
ness approaches 92%. It is our experience that this
substitution will routinely decrease IOP and may pre-
vent surgical intervention.

Penetration of topical cyclosporine into the aque-
ous humor and serum has been shown to be low
(15,31). In our patient group, serum determinations
failed to reveal any significant serum levels of
cyclosporine. Our primary concern in using topical
cyclosporine is that with cessation of topical cortico-
steroids, there may be an increased incidence of im-
munologic graft rejection. Although one rejection
episode occurred during the course of our study, this
was managed by increasing the dose of topical
cyclosporin A. All patients in this study, with the
exception of the problem of glaucoma, had a rela-
tively good prognosis for corneal transplantation.
Only one patient could be considered high risk, hav-
ing had graft failure resulting from an irreversible
graft-rejection episode. This small pilot study cannot
determine whether the substitution of cyclosporin A
for corticosteroids increases the likelihood of graft-
rejection episodes or is more dangerous to the pa-
tient. We await a double-masked controlled study
to prove this point. However, in the patient after
keratoplasty who is a steroid responder and has glau-
coma, we believe that our results support substituting
cyclosporine for corticosteroids.

The results of this pilot study suggest that substitu-
tion of topical corticosteroids with topical cyclosporin
A 0.5% maintains satisfactory corneal graft clarity.
Because a significant subpopulation of glaucoma pa-
tients after keratoplasty develops steroid-responding
glaucoma, this substitution may help significantly in
the prevention and management of ocular hyperten-
sion (24,32). Our experience consists of a nonran-
domized trial of topical cyclosporin A 0.5%. There-
fore the effect of topical cyclosporin A in all patients
after penetrating keratoplasty has not been evalu-
ated. We attempted to minimize bias by having all
IOP measurements performed by a trained techni-
cian by using a pneumotonometer and blind to the
status of the patient. For patients receiving glaucoma
medications, their inclusion in the study may have
increased their compliance, and therefore, included

bias in the cyclosporin A effect. We found that the
0.5% dilution of cyclosporin A formulated from the
intravenous solution had a lower discomfort level
among our patients compared with higher concentra-
tions (1-2%). None of the patients in the study dis-
continued cyclosporin A because of topical adverse
effects, although several patients complained of mild
to moderate irritation. Five patients had blood-level
determinations for cyclosporin A that were all unde-
tectable (<50 ng/ml). None of the patients developed
increased serum creatinine levels during the study.

Topical cyclosporin A 0.5% in an artificial tear
solution appears to be well tolerated and effectively
promotes corneal graft clarity. In most patients with
postkeratoplasty glaucoma who are receiving topical
corticosteroids, a significant ocular hypotensive effect
occurs that has not been attributed to cyclosporin A.
The mechanism of action seems to be the removal of
the agent causing secondary steroid-induced ocular
hypertension or glaucoma. If routine patients with
glaucoma are treated with corticosteroids, >90% will
show an ocular hypertensive response to topical corti-
costeroids (33,34). In patients with glaucoma after
keratoplasty, corticosteroids present a significant risk
to the patient and routinely will add to the complexity
of their postoperative management. The number of
patients we studied was small and not randomized;
therefore generalized conclusions cannot be drawn
from these data. There is a strong suggestion that
topical cyclosporin A may play an important role in
the management of postkeratoplasty glaucoma, while
promoting corneal graft clarity.
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