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Abstract

Design: Retrospective noncomparative chart review.

observational period.

prevent corneal graft rejection in high-risk patients.

N

Purpose: To report long-term results in a case series of patients treated with systemic immune suppression for
prevention of penetrating keratoplasty (PKP) graft rejection.

Participants: Three patients presented with PKP graft failure.

Methods: Patients received oral prednisone, azathioprine and cyclosporine to prevent rejection of repeat corneal
transplant. Patients received repeat PKP and graft outcome was reported.

Main outcome measures: Visual acuity and graft survival were recorded.

Results: Mean age was 55 years, two male and one female. Mean follow-up period was 37 months (range 24-
46). All three patients completed the treatment protocol with minimal adverse effects. All grafts remained clear over

Conclusion: Our study suggests that systemic immune suppression with 2 or more agents may be helpful to

,

Keywords: Corneal transplant; Penetrating keratoplasty; Graft
rejection; Systemic immunosuppression

One of the most prevalent tissue transplant procedures performed
worldwide, penetrating keratoplasty (PKP) has an unsatisfactory long-
term success rate, especially in high-risk recipients [1,2]. Irreversible
allograft rejection causes 16-30% of all corneal graft failures.>* The
prognosis decreases substantially with the number of previous grafts,
and the survival rates for third and fourth regrafts are only 25% and
0%, respectively [5,6].

Management of immunogenic allograft rejection typically
involves topical corticosteroids for epithelial rejection and
systemic corticosteroids for endothelial rejection [7]. Systemic
immunosuppression regimens are more commonly reserved for high-
risk grafts [8]. Systemic calcineurin inhibitors, antimetabolites, or
monoclonal antibodies, have been employed, either as monotherapy
or in combination with corticosteroid, with variable success [9-14].
However, these systemic agents have significant adverse effect
profile. To decrease side effects, we hypothesized that a tailored
combination of systemic prednisone, azathioprine, and cyclosporine
A (CsA) may be an effective regimen in high-risk regraft. The goal of
multi-agent therapy is to leverage their synergistic mechanisms to
achieve maximal therapeutic effects and minimal adverse effects [15].

Although the use of multi-agent therapy noninfectious uveitis
has been documented [16], there exists a scarcity of literature on the
utility of such regimen for keratoplasty rejection. Here, we described
the visual outcome and graft survival of high-risk corneal transplant
patients who received systemic immunosuppression prior to re-graft.

Institutional review board/ethics committee approvals were
obtained before the study commenced. The patients are included if
they present with more than one identifiable risk factors. (1) Failure
to meet inclusion criteria, (2) refusal of the triple therapy, (3) lack of
mental capacity to understand risks and benefits, or (4) noticeable

poor compliance defines the exclusion criteria. All PKs were
performed by one surgeon (S.C. Yiu) at the Doheny Eye Institute. All
patients were scheduled for follow-up on postoperative day (POD) 1,
postoperative week (POW) 1, and POW 3, and monthly thereafter.
The systemic immunosuppressive protocols were specifically tailored
to each patient depending on their comorbidities by a rheumatologist
(S. Shinada). Patients were seen and examined; basic studies, such
as CBC, chemistry, liver function panel, erythrocyte sedimentation
rate, c-reactive protein, and urinalysis, were vigilantly monitored on
a regular basis by S. Shinada.

Case Reports
Case 1

This 45-year-old male, with a history of right corneal
injury and opacification since childhood, bullous keratopathy,
keratoconjunctivitis sicca, and recurrent iritis, previously underwent
PKP of his right eye at an outside facility. On post-operative year
two, he presented to us with a culture positive Streptococcus
pneumoniae corneal ulcer. Graft failure with corneal edema and
neovascularization followed despite an aggressive course of topical
fortified antibiotics and prednisolone acetate 1% (Pred Forte®,
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Allergan, Irvine, California). Subsequently, the patient failed two
more PKP despite topical regimen of gatifloxacin ophthalmic 0.3%
(Zymar®, Allergan, Irvine, California) 1 gtt qid, rimexolone 1 gtt q2h,
and CsA 1% 1 gtt qid.

Given that the patient demonstrated all four high-risk
characteristics[17] and has a reported success rate of 0% for the fourth
corneal transplant [6], the multi-agent systemic immunosuppression
therapy was offered to the patient and his family. On POD 1,
prednisolone acetate 1% 1 gtt q2h and systemic prednisone were
initiated. Oral prednisone taper schedule was as followed: 40 mg daily
for 7 days, then stepped down by 10 mg each week until completion.
At POW 1, oral azathioprine 50 mg daily was implemented for 7 days
then increased to 50 mg bid. At POM 1, we started oral CsA 50 mg
bid.

At POM 3, the patient reported no constitutional symptoms, and
laboratory studies were in normal range. At POM 11, no signs of graft
rejection were observed and his VA improved to 20/30"'. The patient
reported doing well on cyclosporine A 50 mg po bid, azathioprine 50
mg po bid, and prednisolone acetate 0.125% 1 gtt (Econopred®, Alcon
Laboratories, United Kingdom) qid. We tapered CsA by 25 mg each
week and discontinue it at POM 12, while azathioprine is maintained
at 100 mg daily. Azathioprine was tapered to 50 mg daily on POM 15
and discontinued on POM 17. The extended course was necessary in
this particular four-time PK case. On most recent evaluation at POM
41, graft status was viable and VA 20/50*' on prednisolone acetate
0.125% 1 gtt BID.

Case 2

A 55-year-old female with a history of Axenfeld-Rieger syndrome,
28-year history of glaucoma, recurrent iritis, and multiple prior ocular
surgeries, such as Baerveldt tube placement and revision, cataract
extraction and intraocular lens placement, who received a PKP for
pseudophakic bullous keratopathy. The graft was rejected while
patient was on topical management with prednisolone acetate 1 gtt
qid and CsA 2% 1 gtt q4h.

In preparation for the repeat PK, we instituted azathioprine step-
up at (50 mg po qd for 1 week then 50 mg po bid) and CsA step-up
after one month of azathioprine (50 mg po qd for 1 week then 50
mg po bid), two months prior to transplant procedure. After the PKP
procedure, oral prednisone was started at 40 mg for 1 week then
tapered by 10 mg per week until completion. Laboratory studies
at POM 1 were within normal range, except for an asymptomatic
pyuria (10-14 WBC). At POM 4, urinalysis showed 3+ blood and
many RBCs on microscopic examination, with normal chem-20 and
CBC panels. At this time, her prednisone protocol had completed.
CsA was discontinued and the patient remained on only azathioprine
50 mg bid. The hematuria subsequently resolved. At POM 9, early
signs of graft rejection became evident and the patient was urgently
started on prednisolone acetate q3h, CsA q4h, and oral prednisone,
in combination with azathioprine. Systemic CsA was not started
due to the history of microscopic hematuria. The oral prednisone
course was 60 mg daily for 2 weeks, 40 mg daily for 2 weeks, 20 mg
daily for 2 weeks, 10 mg daily for 2 weeks, 5 mg daily for 2 weeks,
and then discontinue. Topical prednisolone acetate 1% and CsA 1%
were subsequently increased to 8 times per day and 6 times per day,
respectively. The patient tolerated the regimen well.

At POM 14, resolution of graft rejection was seen and
azathioprine was tapered over a period of 3 months, as followed:
100 mg alternating with 50 mg every other day for 1 month, then 50

mg daily for 1 month, and then 25 mg daily for 1 month. At POM 17,
complete resolution of graft rejection was achieved and the systemic
immunosuppression regimen concluded. The patient continued to
be on topical CsA 1% 1 gtt qid and prednisolone acetate 1% 1 gtt 6
times per day. Graft remained viable at POM 27, and topical CsA was
tapered to 1 gtt bid and prednisolone acetate to 1 gtt bid. At POM 46,
no rejection was observed.

Case 3

This 60-year-old male patient has an ocular history of
trabeculectomy and aqueous shunt placement for advanced
glaucoma, cataract extraction and intraocular lens placement, and
corneal transplant for pseudophakic bullous keratopathy in the same
eye. The graft subsequently failed.

In preparation for a repeat PKP, we conducted a preoperative
discussion with the patient about the risks and benefits of the multi-
agent immunosuppression therapy. Considering his medical history
of poorly controlled hypertension (170s/100s), cyclosporine was
deferred as it is known to cause elevation of blood pressure. Oral
prednisone and azathioprine were started first, on POD 1. The oral
prednisone tapering schedule was as followed: 60 mg daily for one
week, 50 mg daily for one week, then 40 mg daily for one week, then
20 mg daily for one week, then 10 mg daily for one week then 5 mg
daily for one week then discontinue. Azathioprine started at 50 mg
daily for 7 days, then 50 mg BID. At POM 2, our patient had elevated
renal function (BUN 47 and creatinine 1.6) but other laboratory
studies were normal and he tolerated the regimen well. His vision
only improved to counting fingers at six feet from preoperative vision
of HM, secondary to advanced glaucoma.

Case 3 has a comorbidity of JNC-7 stage 1 hypertension,
requiring vigilant surveillance of his blood pressures. CsA has been
demonstrated to exacerbate hypertension with rapid development
of end-organ decompensation and damage via multiple mechanisms
such as nephrotoxicity and inhibition of endothelial NO activity [17-
22]|.No exacerbation of blood pressures was observed during the
follow-up period.

Figure 1 illustrates the effectiveness of the multi-agent
immunosuppression therapy in management of graft failure. Photo
(A) shows complete graft failure with microcystic edema, endothelial
failure, conjunctival hyperemia, and some corneal vascularization.
Photo (B) demonstrates clear graft after a complete course of systemic
suppression therapy.

Conclusion

Over an average follow-up period of 37 months (range: 24-46
months), the multi-agent systemic immunosuppression therapy
demonstrated success in both preventing and reversing graft failure

Figure 1: Regraft status after 9 months of immunosuppressive protocol.
Complete graft failure is shown in (A), demonstrating microcystic edema,
endothelial failure, conjunctival hyperemia, and some corneal vascularization.
(B) demonstrates clear graft after a complete course of triple therapy.
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in high-risk recipients. Our patients have complicated medical and
surgical histories with multiple risk factors for graft rejection. Risk
factors for allograft rejection include degree of vascularization,
preoperative inflammation of the anterior segment, previous ocular
surgical interventions, pseudophakia, anterior or posterior synechiae,
large graft size, presence of limbus in graft proximity, loosening of
sutures, and corneal vascularization [1,5-6,23,24]. Any factors that
may emancipate soluble antigens may predispose the patients to
immunologic graft rejection.

Some mild side effects were observed. The majority of these
resolved satisfactorily. No graft failure was observed during this
follow-up period, compared to one study that reported almost 13% of
the regrafts failed within 6 months [25,26] after surgery.

Previously, some success [6,9,12] in extending graft longevity
and reversing graft rejection with the combined intravenous pulse
methylprednisolone, topical prednisolone, and oral CsA regime has
been reported. However, systemic CsA monotherapy has very limited
benefit in repeated corneal transplantation in a highly vascularized
bed [13]. A case control study [27] reported no statistically significant
benefit of systemic CsA over conventional therapy in terms of
managing graft failure, whereas many side effects of systemic CsA
were observed.

Other immunosuppressive agents may also be employed in
high-risk transplants. One prospective randomized clinical trial [11]
suggests comparable efficacies between mycophenolate mofetil
(MMF) and CsA for treatment of high-risk patients. Another study
showed some success of an 18-24 month course systemic tacrolimus
therapy after high-risk corneal transplantation [14]. In murine model,
combination therapy of CsA and MMF appeared to be superior than
monotherapy (28], without higher incidence of adverse effects.
Topical tacrolimus had been shown to be effective in prevention of
corneal allograft rejection in a murine corneal graft rejection model
[29]. Utility of these agents in toxicity-sparing protocols for organ
transplant recipients had been proposed [29,30].

Evidently, a cautious approach to aggressive immunosuppressant
therapies for corneal immunologic rejection is rational. Any particular
immunosuppressant can precipitate a range of serious adverse
effects. A case of sudden death following high-dose intravenous
methylprednisolone has beenreported [31]. CsAside effects have been
reported in corneal graft rejection patients [6,26]. A rare association
between azathioprine-induced aplastic anemia and bilateral macular
hemorrhage in one corneal graft recipient has been reported [32].
MMF may produce gastrointestinal distress, hepatotoxicity, aplastic
anemia, lymphoma and skin carcinoma.

Evidently, the weakness of this investigation is limited
number participants. Further studies with this and other multi-
agent combinations, especially the toxicity sparing regimens, are
enthusiastically encouraged. Preoperative systemic management may
be necessary in case of prior multiple regrafts. However, given the
realistic adverse effect profile and the fact that 12 or more months
[13,33]of systemic immunosuppression may be required, we advocate
a systematic and comprehensive discussion with the patients before
initiation of the triple therapy. A multidisciplinary patient-centric
approach is advantageous for optimization of the treatment protocol
to each individual patient.
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