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Graft Survival Outcomes and Glaucoma Management in
Corneal Allograft Rejection
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ABSTRACT

Objective: Evaluation of glaucoma treatments and factors affecting graft survival in patients who developed glaucoma and failed graft
after keratoplasty.

Materials and Methods: Thirty-nine patients who had penetrating keratoplasty (PKP) and deep anterior lamellar keratoplasty (DALK)
surgeries and developed graft rejection and post-keratoplasty glaucoma were included in the study. We evaluated the indications for
keratoplasty, surgical techniques, trephine diameters, number of transplants, intraocular pressure (IOP), best-corrected visual acuity
(BCVA), follow-up duration, and history of glaucoma surgery. Patients with failed grafts at final follow-up were considered to have
graft rejection.

Results: The most common indication for keratoplasty was bullous keratopathy, and half of the patients had an intraocular lens. PKP
was performed in 36 (92.3%) patients, and DALK was performed in 3 (7.7%) patients. Rekeratoplasty was applied to 24 (61.5%)
patients. The mean follow-up period was 86.17 + 28.33 months. Seven patients underwent trabeculectomy, four patients had Ahmed
glaucoma valve (AGV) implantation, and two patients had both surgeries. We found no statistically significant effect of glaucoma
surgery on failed graft (p = 0.495). Additionally, factors such as age, gender, intraocular lens status, and trephine size did not influence
failed graft. We determined a failed graft rate of 66% despite the presence of glaucoma in rekeratoplasty patients.

Conclusion: In patients who developed failed graft and glaucoma after keratoplasty, we believe that performing glaucoma surgery
when intraocular pressure cannot be controlled with medical treatment, and providing patients with the opportunity for rekeratoplasty,
is crucial for enhancing graft survival.
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INTRODUCTION

Glaucoma is a significant postoperative complication
following keratoplasty and can lead to substantial visual
impairment.! After corneal transplantation, increased
intraocular pressure (IOP) is commonly observed, which
may hasten the depletion of corneal endothelial cells and

elevate the graft failure risk.?

Pre-existing glaucoma is the most significant contributor
to elevated IOP after keratoplasty.> However, glaucoma
may also arise de novo following penetrating keratoplasty,
often as a result of corticosteroid-induced IOP elevation
Other

contributing factors include postoperative inflammation,

or the formation of synechial angle closure.*>®

trauma to the angle structures during surgery, or a collapse
of the iridocorneal angle.®® Initial management of raised

IOP typically involves topical antiglaucoma medications.
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Nevertheless, the ocular surface sensitivity in post-
keratoplasty eyes may limit the use of certain drops due to
adverse effects. In order to maintain graft survival and to
protect optic nerve, surgical procedures may be required
where medical therapy fails to adequately control IOP .°
The introduction of lamellar keratoplasty techniques has
led to a decrease in steroid-induced glaucoma, largely due
to the use of milder topical corticosteroids administered for
shorter durations. '

Corneal allograft rejection can be affected by multiple
factors involving both the recipient and the donor. Well-
established risk factors include a previous history of
failed graft, younger age of the recipient, ongoing ocular
inflammation, deep stromal neovascularization, the
presence of anterior synechiae, and coexisting ocular or
systemic conditions such as glaucoma, herpetic keratitis,

and diabetes.!!” 13

In our study, we analyzed data from patients with failed graft
and postoperative glaucoma after keratoplasty, evaluating
the glaucoma management and factors contributing to
failed graft.

MATERIAL AND METHODS

A total of 39 patients with no history of glaucoma prior
to keratoplasty who subsequently developed glaucoma
and graft rejection were included in the study. The study
spanned from January 2014 to November 2023, and these
patients underwent penetrating keratoplasty (PKP) or
deep anterior lamellar keratoplasty (DALK) for various
diagnoses. Patients with failed grafts at final follow-up
were considered to have graft rejection. Of the 39 eyes
with failed grafts, 15 eyes underwent keratoplasty only
once, while the remaining 24 eyes underwent keratoplasty
a second time (17 eyes), a third time (5 eyes), a fourth time
(1 eye), and a sixth time (1 eye) (Table 1). Of these patients,
16 had intact grafts after rekeratoplasty at final follow-up,
while 8 still had failed grafts (Figure 1).

This retrospective study was carried out following
the guidelines in the Declaration of Helsinki, and all
participants provided written informed consent. Ethical
approval was granted by the local university ethics
committee (Approval Number: KAEK 910). All surgical
procedures were performed by an experienced surgeon at

the same institution.

We evaluated the demographic characteristics of the
patients, indications for keratoplasty, surgical techniques,
trephine diameters, number of transplants, preoperative
and postoperative best corrected visual acuity (BCVA)
measured with the KR-8900 (Topcon, Tokyo, Japan), in
Snellen units, IOP measured in mmHg using the Full Auto
Tonometer TX-F (Topcon) and Tono-pen (Tono-Pen AVIA,
Reichert Ophthalmic Instruments, USA), graft survival, and
follow-up duration. Additionally, we assessed the patients’
history of glaucoma surgery.. To eliminate the effects of
preoperative glaucoma on graft survival, we specifically
included patients who developed postoperative glaucoma.
In all patients included in the study, glaucoma and failed
graft occurred around the same time None of the patients

had preoperative glaucoma or corneal neovascularization.

During the follow-up of the cases, IOP values were
recorded and analyzed. IOP was measured using a non-
contact tonometer, with the average of three measurements
taken during the same examination. If non-contact
tonometry was not feasible, Tono-pen (Tono-Pen AVIA,
Reichert Ophthalmic Instruments, USA) and Goldmann
applanation tonometry (GAT) was employed. A diagnosis
of secondary glaucoma was defined not only by elevated
IOP (>21 mmHg in at least two measurements) but also by
the presence of optic nerve head changes consistent with
glaucomatous optic neuropathy requiring antiglaucomatous
treatment. These primarily include an increase in the cup-
to-disc ratio, neuroretinal rim thinning or notching, optic
disc hemorrhage, and retinal nerve fiber layer defects.
These changes are considered clinical indicators of optic
nerve damage resulting from increased or uncontrolled
intraocular pressure. Adjustments to the treatment regimen
were made based on the response to therapy, ocular surface
condition, and any allergic reactions observed. If initial
treatment was insufficient, additional medications were
added. For cases where IOP remained elevated despite
medical management, either mitomycin C trabeculectomy
or AGV implantation was performed. The AGV implant
was often chosen in patients in whom glaucoma was not
adequately controlled medically, or in whom filtration
surgery had failed, was contraindicated, or was unlikely to
be successful, or who had a high incidence of postoperative

hypotony. '
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For patients experiencing graft rejection episodes,
dexamethasone eye drops and ointment, along with pupil
dilation treatments, were administered hourly or every
half hour. In necessary cases, subconjunctival steroids, as
well as oral or intravenous methylprednisolone, were also

provided.
Statistical analysis

The statistical analysis was carried out using IBM SPSS
version 26.0 software (SPSS Inc., IL, USA). The Shapiro-
Wilk test was used for the evaluation of the normality of
the data distribution. For comparing continuous variables,
independent-sample t-test was used for normally distributed
data, Mann-Whitney U test and the Kruskal-Wallis tests
were applied to data that were non-normally distributed.
Whereas the categorical variables were assessed with the
chi-square and Fisher’s exact test. Statistical significance:
A p-value of less than 0.05

RESULTS

In this study, none of the included patients had a history of
preoperative glaucoma. The most common indication for
keratoplasty was bullous keratopathy (Table 1). Penetrating
keratoplasty was performed in 92% of the cases (36
patients), while rekeratoplasty was applied to 61.25% (24
patients) (Table 2). The mean follow-up period was 86.17
+ 28.33 (60-154) months.

Among the patients who underwent trabeculectomy, 3 out
of 7 (42.9%) had an intact graft at the final visit. Similarly,
1 out of 4 (25%) patients who had AGV implantation also
had an intact graft at the last visit. However, two patients
who underwent both AGV implantation and trabeculectomy
experienced failed graft at final follow-up. In total, 4 out of
13 (30.7%) patients who underwent glaucoma surgery had
intact grafts, compared to 12 out of 26 (46.1%) patients
who were managed with topical treatment alone. This

difference was not statistically significant (p = 0.459).

Additionally, factors such as age, gender, intraocular
lens status, and trephine size did not have a significant
impact on final graft survival. However, a higher number
of keratoplasties performed was associated with higher
survival rates. Detailed information on graft survival and

transplantation outcomes is presented in Figure 1.

DISCUSSION

In this study, we found that the number of transplants
performed influenced graft survival. Intact grafts could
still be achieved after rekeratoplasty in patients with failed

grafts and post-keratoplasty glaucoma.

In the previous studies, they reported that the incidence
of glaucoma varies depending on the indication for
keratoplasty, with the condition being most common in
aphakic bullous keratopathy and It is less common in cases
of keratoconus and Fuchs’ corneal dystrophy.’, '*, ¢ In our
study, aphakic bullous keratopathy was similarly the most

prevalent diagnosis among the patients.

The occurrence of glaucoma following PKP is reported
to range 5.5% - 31% during the early postoperative phase
and 17% - 35% in the late postoperative phase.’ A separate
study indicated an incidence of glaucoma after PKP of
29.3%, compared to 11.6% after DALK .!” Additionally, a
previous study noted that IOP elevation could be detected
within the first postoperative hour after all types of
keratoplasty. However, it was emphasized that the increase
was more pronounced during the early postoperative

period, particularly after PKP.!5,'

Most eyes that develop glaucoma after penetrating
keratoplasty generally respond well tomedical treatment.®,2°
However, the effect of topical glaucoma medications on
graft survival is still not fully elucidated.?’ Medications
such as prostaglandin analogs, topical carbonic anhydrase
inhibitors, pilocarpine, and adrenergic agents may increase
the risk of failed graft, in contrast some studies have found

no notable differences in graft survival. !

The steroid dose can be lowered to the minimum effective
level in corticosteroid-responsive glaucoma patients. I[OP-
raising steroids (dexamethasone or prednisolone) can be
replaced with corticosteroids that have a lower propensity
for increasing IOP (loteprednol and fluorometholone) 2 In
our study, the steroids used by the patients were similarly
adjusted.

The impact of glaucoma on graft survival has been
evaluated in previous studies. A previous study reported a
transplant survival rate of 72% in glaucoma patients, with
73% survival in eyes managed medically and 63% survival
in those managed surgically. 2 Furthermore, it was found

that patients who underwent PKP for Fuchs’ dystrophy
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Table 1: Demographic data of the patients and the effects of these data on graft survival probability. DALK: Deep Lamellar
Anterior Keratoplasty, AGV: Ahmed glaucoma valve implantation
Age 52.3£18.4 (4-83) Effect on Graft
Survival Probability (p value)
0.578
Gender 0.740
Male 24 (61.5%)
Female 15 (38.5%)
Eye 0.291
Right 21 (51.2%)
Left 18 (42.9%)
Keratoplasty Indication 0.463
Bullous keratopathy 12 (30.8%)
Leukoma 4 (10.3%)
Traumatic perforation sequelae 4 (10.3%)
Corneal dystrophy 4 (10.3%)
Spontaneous perforation 2 (5.1%)
Keratoconus 6 (15.4%)
Corneal abscess 3 (7.7%)
Alkaline burn 1 (2.6%)
Keratitis sequelae 3 (7.7%)
Lens 0.130
Phakia 14 (35.9%)
Pseudophakia 20 (51.3%)
Aphakia 5(12.8%)
Keratoplasty 0.061
Penetrating 36 (92.3%)
DALK 3 (7.7%)
Keratoplasty 0.487
Trephan size 7.56+0.24
Punch size 7.94+0.24
Difference 0.38+0.12
Glaucoma surgery 0.495
Trabeculectomy 7 (17.94%)
AGV 4 (10.25%)
Trabeculectomy +AGV 2 (5.12%)
Number of Keratoplasty 0.001
1 15 (38.5%)
2 17 (43.6%)
3 5 (12.8%)
4 1 (2.6%)
6 1 (2.6%)
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Table 2: Evaluation of the graft status. best corrected visual acuity (BCVA) and intraocular pressure (IOP)
BCVA (Snellen)
Preoperative 2.12 £0.79 (0.70-3.10)
Postoperative 1.8£1.1(0.15-3.10)
IOP (mmHG)
Before Treatment 28 (22-50)
After Treatment 14 (8-23)

Table 3: Evaluation of the number of keratoplasty and the graft survival
Intact Reject Total

Number of keratoplasty 1 0 15 15

2 12 5 17

3 3 2 5

4 1 0 1

6 0 1 1
Total 16 23 39

e

39 eyes with failed graft +

post-keratoplasty glaucoma

e

i Y il

15 eyes had failed graft

{Keratoplasty was 24 eyes had rekeratoplasty
performed only once)
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16 eyes had intact graft 8 eyes had failed graft

at final follow-up at final follow-up
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Figure 1: /. Distribution of patient numbers and rekeratoplasty outcomes in patients with failed grafts
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or pseudophakic bullous keratopathy and who also had
glaucoma had a significantly higher risk of failed graft. 2

One of the controversial issues regarding keratoplasty is the
impact of glaucoma surgeries on graft survival. A previous
study reported that glaucoma surgery is linked to a faster
onset of failed graft, a higher probability of experiencing
multiple rejections, and an increased risk of failed graft
while compared to eyes that are either non-glaucomatous
or managed with medication.?* The use of antimetabolites,
which can damage the corneal endothelium, together with
intraocular surgery may accelerate endothelial dysfunction
by decreasing endothelial cell density.>® Levels of
proinflammatory cytokines are elevated in glaucomatous
eyes compared with nonglaucomatous eyes, and the the
inflammatory reaction in primary open-angle glaucoma is
more pronounced in eyes that have undergone glaucoma
or cataract surgery compared to those managed with
medications. 2¢ The blood-aqueous barrier disruption
may result in similar failed graft rates in eyes that have
undergone prior trabeculectomy or had glaucoma drainage
devices. In addition, drainage implants can harm the corneal
endothelium either through direct mechanical contact or by
facilitating the entry of inflammatory cells into the anterior
chamber.?’, 2 In one study, positioning the drainage tube
within the anterior chamber was found to significantly
increase the likelihood of failed graft in the early period.”
Nevertheless, a different study did not confirm this
association, reporting that the likelihood of rejection seems

comparable between valved and non-valved devices.*®

No definitive agreement exists regarding when surgery
should be performed in individuals with glaucoma. Certain
studies indicate improved graft survival when the implant is
placed prior to or concurrently with penetrating keratoplasty,
whereas others report no association.”,*® The Cornea
Donor Study, with 10-year follow-up data, demonstrated
that failed graft is associated with a history of glaucoma,
most notably in eyes with previous glaucoma surgery.*
In our study, all glaucoma surgeries were performed after
keratoplasty, and we observed no significant difference
in graft survival between cases that underwent glaucoma

surgery and those that did not.

This study is subject to several limitations. To begin
with, the sample size was relatively small. Additionally,

the frequency of glaucoma and failed graft related to the

patients’ specific diagnoses may have influenced the results.
Not all patients with failed graft underwent rekeratoplasty;
had these patients received rekeratoplasty, the graft survival
rate might have improved. One other limitation is that lack
of adjustment for baseline disease severity and the absence
of multivariate analysis limits the validity of the conclusion
that glaucoma surgery does not affect graft survival. Despite
these limitations, we believe the findings are valuable, as
the study involved a minimum of 5 years of follow-up and
specifically focused on patients diagnosed with glaucoma
after keratoplasty, providing a more objective assessment

of the impact of glaucoma surgery on graft survival.
Conclusion

Post-keratoplasty glaucoma remains an important factor
influencing graft survival. Adequate intraocular pressure
control and timely consideration of rekeratoplasty may
contribute to improved long-term graft survival probability.
Future prospective studies with larger populations are
needed to better clarify the impact of glaucoma management
strategies and to demonstrate the benefits of rekeratoplasty

after failed grafts.
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