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SUMMARY 

This paper reviews the clinical post-operative manage
ment of keratoplasty and the management of corneal 
graft rejection. In both instances corticosteroids remain 
the mainstay of treatment; however, the literature 
shows a wide range for both route and frequency of 
administration. Grafts at 'high risk' require more 
immunosuppressive therapy, but no universally 
accepted definition of high risk exists and consequently 
different treatment regimens are difficult to compare 
and evaluate. Studies using univariate and multivariate 
survival analysis suggest that recipient corneas can be 
divided into low, medium and high risk depending on 
the number of quadrants of vascularisation (avascular, 
1-2 quadrants and 3+ quadrants respectively). This 
wider classification would make the devising and 
comparing of treatment regimens more consistent. In 
high-risk cases, corticosteroids alone provide insuffi
cient immunosuppression and systemic cyclosporine is 
needed in exceptional cases. When managing rejection 
episodes, a severe reaction involving the endothelium 
often does not respond to topical steroids alone, and 
systemic corticosteroids are required. Instead of oral 
steroids, we now prefer to use an intravenous 'pulse' of 
500 mg methylprednisolone: this is at least as effective, 
avoids prolonged medication, and may confer some 
long-term benefit. 

Although the cornea is classically described as 
possessing immunological privilege, the protection 
this affords is, only relative and rejection is still the 
commonest cause of corneal graft failure.I-3 Conse
quently immunosuppression is still routinely used in 
keratoplasty. , In the majority of grafts topical 
corticosteroids provide sufficient immunosuppres
sion, but in high-risk grafts other therapeutic agents 
may be required. At present the term 'high-risk 
cornea' encompasses a wide range of corneas at 
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different degrees of risk, and no universally accepted 
definition of high risk exists. Without such a 
definition it is difficult to compare and devise 
treatment regimens. 

In this paper the definition of 'high risk' is 
discussed and a new classification is proposed. 
Immunosuppressive regimens, and other measures 
that are used to modify the immune response post
operatively, are reviewed and related to this new 
classification. Finally an outline of the methods used 
to manage corneal allograft rejection is presented. 

PROPHYLACTIC IMMUNOSUPPRESSION 

Virtually all corneal grafts receive immunosuppres
sive treatment post-operatively; in the vast majority 
this includes topical corticosteroid drops, which for 
many grafts is the only form of treatment given. The 
usual topical preparations used are 1 % prednisolone 
and 0.1 % dexamethasone, although weaker prepara
tions such as 0.25% or 0.1 % fluorometholone are 
also used, especially when the side-effects of topical 
corticosteroids need to be �voided. In a survey of 
Castroviego Cornea Society members,4 there was 
some agreement amongst respondents concerning 
the choice of preparation used post-operatively in 
corneal grafting, with 55-68% of respondents 
preferring 1 % prednisolone acetate and a further 
6-8 preferring 1 % prednisolone without specifying 
the type. Although there was a certain degree of 
unanimity concerning the preparations used, there 
was a wide variation in the frequency of usage. In an 
avascular cornea undergoing a graft for the first time, 
100% of respondents used topical steroids post
operatively; however, the frequency ranged from 
twice daily dexamethasone ointment to hourly 1 % 
prednisolone acetate drops (including night-time!). 
The average frequency was four times daily, with 
43 % of respondents also using subconjunctival 
steroids and 7% systemic steroids. In high-risk 
corneas the frequency range was the same, but the 
average frequency increased to seven times daily and 
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53% of respondents gave subconjunctival steroids 
and 23 % gave systemic steroids. This surprisingly 
wide variation in treatment preference probably 
stems from a paucity of information concerning the 
optimal preparation, dosage, route of administration 
and duration of treatment. 

The importance of post-operative immunosuppres
sive regimens on the incidence of graft failure is 
underscored by the findings of the Collaborative 
Corneal Transplantation Study (CCTS);5 the authors 
attributed the improved graft survival found in their 
high-risk cases to the use of intensive topical steroid 
therapy post-operatively, in addition to close perso
nal follow-up, and excellent patient compliance and 
understanding. Although doubts have been raised as 
to whether all the patients in the CCTS were truly at 
high risk, there is general agreement that high-risk 
cases need to be more intensively treated post
operatively. This is confirmed by the respondents of 
the Castroviejo Cornea Society survey,4 85% of 
whom modified their treatment regimen for patients 
at high risk of allograft rejection. In aphakic patients 
without steroid-induced glaucoma it has been 
suggested that long-term topical steroids be used on 
a daily basis for patients with vascularisation or other 
risk factors.6 Alkaline-damaged corneas and other 
high-risk patients may require higher maintenance 
doses of topical steroids?,8 

Although the term 'high risk' is frequently applied 
to grafts known to have an increased likelihood of 
graft rejection, there is not a universally accepted 
definition of a high-risk cornea. Many risk factors for 
graft failure are known, but the usual risk factors 
used to define high risk are those that predispose to 
graft rejection, and include recipient vascularisation, 
previous graft failure, and the aetiology of the 
original corneal disease. However, the individual 
importance of these risk factors and their relative 
importance to other risk factors has not been fully 
established. It has been suggested that any cornea 
being grafted for a disease other than keratoconus or 
one of the stromal dystrophies can be regarded as 
high risk,9 although most authors apply stricter 
criteria. In a study on cross-matching Stark et al.1O 

defined high risk as significant stromal vascularisa
tion in at least three quadrants, extending into the 
visual axis. Foulks et al.II-13 used a similar definition, 
namely significant vascularisation of two or more 
quadrants of the corneal stroma into the optical zone 
or a history of an irreversible corneal allograft 
rejection. A similar definition was used by Belin 
et al.14 although they specified deep stromal vascular
isation in two or more quadrants and added a cornea 
scarred by severe alkaline burns as a factor for 
defining high risk. Recently the CCTS15 and the 
topical cyclosporine study have used similar defini
tions of high risk, namely two or more quadrants of 
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corneal stromal vascularisation, extending at least 
2 mm into the cornea, or a previous graft rejection in 
the affected eye. In all these studies the degree of 
vascularisation was defined as the number of 
quadrants of vascularisation rather than the total 
number of vessels. It is therefore possible to define a 
cornea as being high risk when only two vessels are 
present, provided they are in different quadrants. 
Fine and Stein16 defined a cornea as being vascu
larised if only one vessel was present, and were able 
to demonstrate a higher risk of rejection in these 
cases. KhodadousF classified the degree of vascular
isation into: avascular, mild (1-3 vessels), moderate 
(4-10 vessels) and heavy (>10 vessels). He found the 
incidence of rejection increased with the degree of 
vascularisation. In the heavily vascularised group, 
65 % of grafts started to reject and all succumbed 
despite treatment. Gibbs et af. 17 likewise found an 
increased incidence of rejection with increased 
vascularisation. 

The term high-risk cornea can therefore encom
pass corneas with as few as one or two vessels to 
corneas heavily vascularised in all four quadrants, 
such as those seen in severe alkali burns. This 
definition is too broad to act as a basis for selecting 
treatment regimes or to give patients requiring 
surgery an accurate prognosis. 

The presence of a previously rejected graft has also 
been used as the sole criterion for defining high risk. 
However, it has been suggested that a previous graft 
failure from rejection is not itself a risk factor,18,19 

but that the higher incidence of rejection results from 
the vascularisation occurring in the rejection process. 
In a paper20 reviewing the effect of some of the pre
operative risk factors on graft survival, we have also 
shown that a previously rejected graft is not itself a 
risk factor. In avascular corneas, survival of a repeat 
graft was not significantly different from first-time 
grafts; but in vascular corneas repeat grafts did have 
a significantly worse survival. This would indicate 
that in avascular corneas, a history of a previously 
rejected graft should not be used as the sole criterion 
for defining high risk. In the same paper we showed 
that, using multivariate analysis, the only significant 
risk factor was the number of vascularised quadrants 
and not the total number of stromal vessels. 
Statistically there was a natural grouping of patients 
into the following groups: avascular corneas, corneas 
with 1 or 2 quadrants of vascularisation and corneas 
with 3+ quadrants of vascularisation. These can be 
termed low-, medium- and high-risk corneas respec
tively. 

Using this classification, post-operative prophylac
tic immunosuppressive regimens can be devised 
according to the - degree of risk. In low-risk 
(avascular) corneas, topical corticosteroids are 
probably sufficient although many surgeons would 
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prefer to give a subconjunctival corticosteroid 
injection at the completion of surgery. A frequency 
of four times daily is probably adequate initially and 
can be tailed-off over a period of 4-6 months 
provided the eye is quiet. A rejection er:isode is 
most likely to occur within the first year1,l ,21,22 and 
especially within the first 6 months,z·23,24 In a study of 
37 high-risk keratoplasty patients (3+ quadrants of 
vascularisation) given only topical steroids,2s we 
found that 27 grafts (62.2%) were lost from rejection 
at a mean time of 11.2 months, and a median time of 
8 months, after operation. Of the 23 rejected grafts, 
11 rejected during the first 6 months and 16 during 
the first year. Greater vigilance should be exercised 
in the early post-operative period, although the 
possibility of rejection is always present. In our 
study of high-risk grafts,2s it is apparent that topical 
steroids alone were not effective in preventing failure 
from rejection, although the dose of topical corticos
teroids was arguably low (four times daily, tailing off 
to stop at 6 months unless there was persistent 
inflammation). In the same studrs a similar high-risk 
group was given oral prednisone (25 mg daily for a 
month followed by 10 mg daily for 3 months) in 
addition to topical steroids, but this did not confer 
any additional benefit. Medium- and high-risk cases 
should be given topical corticosteroids more fre
quently and for a longer duration, and most surgeons 
give a subconjunctival injection of corticosteroids at 
the time of operation. In the CCTS, high-risk grafts 
were given topical prednisolone acetate 2 hourly 
initially with dexamethasone ointment at night. The 
frequency and strength of the topical steroid was 
reduced until at 7 months only fiuoromethalone once 
daily was used. 

Although the increased frequency of topical 
steroids may be sufficient to reduce the incidence 
of rejection in the medium-risk patients, maximal 
doses of corticosteroids do not reliably prevent 
rejection in the high-risk cases. The addition of 
systemic steroids does not seem to confer any 
additional benefit?S What other methods of modify
ing the immune response can be used? The role of 
histocompatibility matching in high-risk keratoplasty 
has not been resolved. Studies have shown improved 
graft survival using negative crossmatched graftslO,26 
and histocompatibility matching between recipient 
and donor.12,13,17,19,22,27,28 The CCTSs failed to show 
any significant benefit from either of these two 
approaches to tissue matching, although some benefit 
was demonstrated with ABO matching. Similarly, 
studies have demonstrated the benefit of topical 
cyclosporine (CSA) on graft failure in high-risk 
keratoplasty,14,29 but again a multicentre trial based 
on a protocol similar to the CCTS failed to find any 
benefit of topical CSA (personal communication). 
Both the CCTS and the topical CSA trial have been 

criticised for including patients who may not have 
been truly at high risk, and also the intensive topical 
corticosteroid regimen may have masked any 
beneficial effect from these two treatment modal
ities. Possibly with the newer methods of DNA tissue 
typing and greater understanding of the role of minor 
histocompatibility antigens, improved techniques will 
lead to histocompatibility matching becoming a 
viable treatment modality. The formulation of an 
effective vehicle for topical CSA and a more 
frequent usage than the twice daily regimen used in 
the topical CSA trial, may eventually prove the 
efficacy of this treatment modality. It is possible that 
we will need to look at multiple treatment regimens. 
In an animal high-risk model?O we have shown that 
in vascularised corneas topical CSA significantly 
improved graft survival compared with untreated 
grafts. But it was grafts with a relatively good donor/ 
recipient histocompatibility match that survived 
whereas the poorly matched donor/recipient grafts 
rejected despite topical CSA. In our medium- and 
high-risk cases, to achieve high success rates we may 
need to consider multiple treatment modalities such 
as tissue matching in addition to treatment with both 
corticosteroids and CSA given topically. 

One form of treatment that does effectively 
improve graft survival is systemic CSA. This is 
widely used in solid organ transplantation, but is 
rarely used in corneal transplantation because of the 
potential side-effects and cost of treatment. A 
number of reports have demonstrated the effective
ness of systemic CSA in preventing corneal graft 
failure from rejection in humans,zS,31-33 In our early 
studrs we compared the results of patients given 
topical corticosteroids and systemic CSA with those 
of patients given topical corticosteroids either alone 
or in combination with systemic steroids. There was a 
highly significant improvement in graft survival in 
patients given CSA compared with the other two 
groups (p<O.OOOl). Initially CSA was given for 12 
months, but because of the good results obtained we 
reduced the treatment time to 4 months with no 
apparent decrease in graft survival. A subsequent 
paper33 showed that although a 4-6 month course of 
treatment significantly improved graft survival, a 
longer 12 month course of CSA resulted in better 
graft survival. The dosage of CSA was adjusted to 
keep blood levels within the therapeutic range, and 
preferably in the lower part of the range. The usual 
oral dosage of CSA to achieve this was 3-4 mg/kg per 
day. Systemic CSA appears to improve graft survival 
in our patients by both reducing the incidence of 
allograft rejection and increasing the number of 
rejection episodes that are reversed?4 These benefits 
of CSA therapy appear to persist after CSA is 
stopped, indicating that possibly some degree of 
immune privilege is re-established. Although 
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patients with other organ transplants are given CSA 
indefinitely, it would appear that in corneal grafting 
CSA can be stopped after a period of time, although 
the optimal duration of treatment has not been 
established. We have reserved systemic CSA for 
high-risk patients (3+ quadrants of vascularisation) 
who have either bilateral disease or an affected only 
eye. A low incidence of side-effects was found, 
probably because our patients were generally 
systemically healthy. Any side-effects encountered 
tended to occur early, within a month or two of 
starting treatment, and the longer 12 month course 
was not associated with a higher complication rate. In 
patients who are blind from their corneal disease it is 
reasonable to use systemic CSA to restore vision; in 
patients with unilateral disease and a normal 
contralateral eye the indications for this potent 
drug are less clear. 

TREATMENT OF CORNEAL GRAFT 
REJECTION 

One important aspect of managing corneal graft 
rejection is patient education and awareness; early 
diagnosis and treatment can substantially improve 
the prognosis of graft rejection. The eye is exquisitely 
sensitive to changes in function that result in 
deteriorating vision. These should be easily detected 
by the patient and early help sought. Patients should 
appreciate that rejection can occur at any time after 
the first 10 days. with cases being reported 20 years35 

and 31 years after surgery.24 The CCTS suggested 
that the single most important factor in graft survival 
was early detection and treatment of rejection 
episodes. A rejection episode involving the endothe
lial layer results in large numbers of endothelial cells 
being destroyed;'O and even if the rejection process is 
reversed sufficient cells may not survive to maintain 
graft clarity.7 Rejection episodes should therefore be 
reversed as quickly as possible to preserve the 
maximal number of endothelial cells.37 Patients 
should be particularly aware in the early post
operative period , during which time the eye is still 
irritable and the vision poor. In grafts with a good 
prognosis the incidence of rejection has been 
reported to be between 2.3% and 35 % ,3K-40 

compared with high-risk grafts in which the inci
dence is between 40% and 68%?'J.41.42 

A rejection episode can involve either a single 
layer or more than one layer of the cornea. 
Involvement in each layer exhibits a distinct clinical 
picture resembling the experimental findings of 
Khodadoust and Silverstein.2,24,3K,3'J.43 Four types of 
corneal rejection have been described: epithelial 
rejection, subepithelial infiltrates, stromal, and 
endothelial rejection,24.43.44 but usually more than 
one type of graft rejection coexists. Endothelial 
rejection is the most severe form of corneal graft 
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rejection, because this layer has no regenerative 
capabilities and significant cell loss can lead to 
chronic graft oedema. Two forms of endothelial 
rejection are described. The first is an advancing 
rejection, or Khodadoust line. This usually originates 
at a vascularised area of the cornea3'J or at the site of 
an anterior synechia.45 Symptoms of rejection 
include pain. redness and loss of vision. Arentsenl 
found that 45% of his patients with endothelial 
rejection had a Khodadoust line. In the other type of 
endothelial rejection, diffuse keratic precipitates are 
scattered across the donor endothelium although 
often they are not readily visible. The resultant 
diffuse damage to the endothelium in turn leads to 
diffuse graft oedema.2,24,3'J It is not known what 
factors are responsible for the two types of rejection. 
It has been suggested that the vascularisation 
associated with the rejection line acts as a route for 
the afferent and efferent arcs of the rejection process. 
In the diffuse type it is suggested that the 
immunological route is via the anterior chamber. 
Thus differing routes of immunological contact may 
be responsible for the differences seen clinically.6 
The reported incidence of endothelial rejection 
varies, partly because the studies used different 
post-operative immunosuppressant regimens and 
also because the study groups contained different 
proportions of high-risk cases. 

It is often difficult to differentiate the graft oedema 
associated with rejection from other causes of 
endothelial cell loss, especially in the absence of 
other signs of rejection such as inflammation or the 
typical Khodadoust line. This can be particularly 
important in herpes simplex keratitis, a common 
reason for keratoplasty. In disciform keratitis there is 
inflammation, with graft oedema and keratic pre
cipitates. In herpetic uveitis endothelial dysfunction 
is common and leads to graft oedema. If there is any 
doubt then antiviral medication should be given in 
addition to immunosuppressant therapy when there 
is a past history of herpes simplex infection.46 
Because of the difficulties sometimes encountered 
in the diagnosis of rejection, Stulting et al.47 have 
suggested a terminology for rejection episodes. A 
definite rejection episode is defined as one producing 
corneal oedema and an endothelial rejection line, in 
a previously clear graft. A probable rejection episode 
is one with corneal oedema and inflammation 
(stromal infiltrate, keratic precipitates, cells in the 
anterior chamber, or ciliary injection) without a 

rejection line in a previously clear graft. A possible 
rejection episode is one with diffuse oedema (often 
occurring gradually) with no signs of inflammation or 
other diagnosable cause. If a graft never became 
clear after operation it should be regarded as a 

primary failure. 
Corticosteroids, administered locally and systemi-
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cally, remain the mainstay in the treatment of graft 
rejection. Epithelial, subepithelial or stromal rejec
tion are not usually associated with graft failure 
unless there is associated endothelial involvement, 
although stromal scarring with some loss of vision 
can occur.24 These forms of rejection do, however, 
indicate that recipient sensitisation has occurred and 
may be harbingers of impending endothelial rejec
tion. Therefore, all episodes of rejection should be 
treated vigorously as early as possible. 

In the survey of the members of the Castroviego 
Corneal Society mentioned earlier,4 the treatment 
preferences of surgeons were sought. For subepithel
ial infiltrates and epithelial rejection 93% of surgeons 
gave topical steroids (dosage range 0 to 24 drops per 
day), approximately 10% gave subconjunctival 
steroids and approximately 10% gave systemic 
steroids. For endothelial rejection 100% gave topical 
steroids (dosage range 4 to 24 drops per day), 
approximately 55% gave subconjunctival steroids 
and approximately 35% gave systemic steroids. It is 
apparent that the intensity of treatment given for a 
rejection episode varies tremendously between 
surgeons. The following regimen has been suggested 
by Wilson and Kaufman,6 and is similar to regimens 
advocated by other studies.7,24,35 For non-endothelial 
types of rejection topical 1 % prednisolone acetate or 
0.1 % dexamethasone sodium phosphate drops are 
given six times daily for approximately a week and 
then tapered of over a period of 3-5 weeks. For 
endothelial rejection the drops are given hourly 
during the waking hours with dexamethasone sodium 
phosphate 0.05% or betamethasone 0.1 % ointment 
at night. In addition a subconjunctival injection of 2 
mg dexamethasone sodium phosphate is given. The 
drops are administered hourly for 3 days, then 2 
hourly for several days and then slowly tapered off 
over several weeks or months. The ointment is 
usually stopped after 2 or 3 weeks. If there is minimal 
response to treatment a repeat subconJunctival 
injection can be given after 2 or 3 days. As an 
alternative to subconjunctival injections, collagen 
shields in conjunction with corticosteriod drops 
have been suggested, the shield acting as a reservoir 
for the drug.48 

In severe rejection episodes involving the endothe
lium some authors use only topical corticosteroid 
drops,6,18,46 others treat with the addition of systemic 
steroids.1.7,24 In a recent study Boisjoly et al.18 
reported that 17 of 23 grafts (73.9%) that developed 
a single episode of endothelial rejection failed when 
only topical corticosteroids were used. We have also 
found that the use of topical corticosteroids alone, in 
cases of definite and probable rejection, has a low 
success rate (39%) in reversing- -graft rejection 
(unpublished data). Because of the lower success 
rates in endothelial rejection many authors prefer to 

give systemic corticosteroids to these cases provided 
that there are no contraindications. The usual dose is 
60-80 mg daily (depending on body weight) for 3 
days, tapering off over a week or two. A single 
intravenous dose of 125 mg methylprednisolone 
sodium has also been advocated in the management 
of severe graft rejection.49 

We now prefer to use a single 500 mg intravenous 
pulse of methylprednisolone instead of oral steroids 
for the treatment of severe endothelial rejection.50,51 
This form of corticosteroid administration appears to 
be at least as effective as oral administration and 
avoids the potential side-effects of prolonged oral 
medication. Our studies showed that patients given a 
single 500 mg intravenous pulse of methylpredniso
lone (pulse group) fared at least as well as patients 
given 60-80 mg prednisone by mouth tapered off 
over 2 weeks (oral group); all patients also received 
hourly topical corticosteroid drops. In the pulse 
group 79.2% of grafts survived compared with 62.5% 
in the oral group (p = 0.17). In this study the interval 
between onset of symptoms of rejection and 
treatment ranged from 3 to 21 days (median � 
days). However, if we considered patients who 
presented early (8 days or less) then 92.8% of grafts 
in the pulse group recovered compared with 54.5% 
in the oral group (p <0.05). This finding underscores 
the importance of early diagnosis and treatment in 
graft rejection. Another interesting finding was the 
fate of the grafts that recovered; only 25 % of those in 
the pulse group had a further rejection episode 
compared with 66.7% in the oral group (p<0.025). 
This suggests that pulse therapy may confer some 
degree of long-term protection. Further studies in 
which a second pulse was given either 24 or 48 hours 
after the first pulse, showed no improvement in graft 
surviva1.52 The mechanism by which pulse therapy 
works is not known but it appears able to 'reset' an 
aberrant immune response by the simultaneous 
occurrence of inhibition of the proliferating clone, 
the temporary removal of recirculating T lympho
cytes from the blood and eye, and the profound 
suppression of peripheral inflammation.53 This 
immunological manipulation has been shown to 
induce long-term remissions in destructive corneal 
and scleral disease. 53 A similar explanation probably 
accounts for the decreased incidence of subsequent 
rejection episodes found in the patients treated with 
pulse therapy in our study. 

In the past other immunosuppressant agents such 
as azathioprine (Imuran)54-59 have been used to help 
prevent rejection and to treat rejection episodes 
when they occur. But the results show little 
advantage over corticosteroids and their use 
requires great care because of potentially serious 
side-effects .. 

Regimens for reversing graft rejection have had 
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variable success rates, with reversal rates of 50-91 % 
being reported. This variation results from the 
studies reporting rejection reactions of different 
severity, using different routes of corticosteroid 
therapy depending on the severity of the immune 
reaction , different degrees of corneal vascularisation 
and other risk factors, and variable delays in 
presentation and treatment.2•1l,l6,17,24,3H.60.61 Fine 
and Steinl6 found that in avascular corneas the 
reversal rate was 67%, but that in vascularised 
corneas only 50% of rejection episodes were 
successfully reversed. It would appear that in high
risk cases rejection is more likely to occur and is also 
more difficult to reverse. This emphasises the 
necessity of having accurate criteria for defining 
high risk in order that prophylactic and therapeutic 
regimens for treating rejection can be devised. A 
universally accepted definition of high risk would 
allow the treatment regimens used in different 
centres to be compared. The final goal would be to 
determine the optimal dosage, frequency and dura
tion of the immunosuppressant agents that are used 
post-operatively in keratoplasty and in the treatment 
of corneal graft rejection. 

This study was partially funded by a grant from the South 
African Medical Research Council. 

Key words: Allograft rejection. Corneal graft. Corticosteroids, 
Cyclosporine. Immunosuppression, Keratoplasty. 
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