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Purpose: In this study, we assessed the outcome of penetrating keratoplasties using
organ-cultured corneal tissues at the University Eye Hospital, Ludwig-Maximilians-University,
Munich, Germany. The goal was to identify perioperative and postoperative risk factors that
may affect graft survival.

Patients and methods: The medical records of 377 patients who underwent a penetrating
keratoplasty between 2001 and 2011 were reviewed. Organ-cultured corneal tissue was obtained
from the eye bank of Ludwig-Maximilians-University. Perioperative and postoperative risk
factors for graft failure were evaluated by univariate and multivariate analyses.

Results: The 5-year overall survival rate of penetrating keratoplasties was 68%. Graft failure
occurred in 26% of patients. High-risk keratoplasties, such as repeat penetrating keratoplasties
and emergency penetrating keratoplasties, as well as postoperative conditions, such as glaucoma,
retinal surgery, suture problems, persistent epithelial defect, infectious keratitis, and graft rejec-
tion, were significantly associated with graft failure in the multivariate analyses.
Conclusion: This study showed a similar graft-survival rate as demonstrated in previous stud-
ies. In addition, a number of perioperative and postoperative risk factors were identified in this
specific patient population.
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Introduction

Corneal transplantations can involve either the transplantation of the full-thickness
cornea or the anterior or posterior layers of the cornea.!? The choice of the technique
depends on the preoperative indication. Despite these diverse technical options,
penetrating keratoplasty with a full-thickness corneal graft is still the most common
procedure. Penetrating keratoplasty can be done as a single procedure or in combina-
tion with cataract surgery or pars plana vitrectomy. Besides a primary penetrating
keratoplasty, this procedure can also be performed after graft failure or after corneal
perforation. Therefore, there are various perioperative factors that may determine the
outcome of graft survival.

The postoperative condition is an important factor influencing graft survival. Post-
operative complications or interventions determine the survival of a corneal graft. The
failure may take place in the immediate postoperative period, but also months or years
after corneal transplantation. Therefore, corneal graft failure may occur early or late
during the postoperative follow-up period. This failure involves the loss of transpar-
ency of the corneal graft and leads to reduction of visual acuity. Postoperative risk
factors also include glaucoma or graft rejection. Therefore, the outcome of corneal
transplantation differs from patient to patient. This fact emphasizes the importance of
evaluating the risk factors for corneal transplantation in each specific setting.
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In this study, we investigated the risk factors for graft
failure in patients undergoing penetrating keratoplasties at the
University Eye Hospital, Ludwig-Maximilians-University,
Munich, Germany. All patients received organ-cultured
donor corneas of the eye bank of the University Eye Hospital.
The eye bank was founded in 1999, and generated more than
1,000 corneal transplants between 1999 and 2011. Since
1999, most corneal tissues of the eye bank have been used
for penetrating keratoplasties. Until now, there have been no
studies analyzing the perioperative and postoperative risk
factors for graft failure with organ-cultured corneal tissues
of this eye bank. Therefore, we analyzed the outcome of
penetrating keratoplasties in terms of long-term graft survival
and identified perioperative and postoperative risk factors for
graft failure in a specific patient population.

Patients and methods

In this study, the medical records of 377 patients were
analyzed retrospectively. All patients received a penetrat-
ing keratoplasty with an organ-cultured corneal tissue at
the University Eye Hospital between 2001 and 2011. The
follow-up period was at least 1 year. All organ-cultured
corneal tissues were acquired from the eye bank of Ludwig-
Maximilians-University. They were recovered by enucleation
of the whole eye, stored as a corneoscleral ring in organ cul-
ture at 37°C, and selected for transplantation with a minimal
endothelial cell density of 2,000 cells/mm?. This study was
performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and was approved by the
local ethics committee. The following data were extracted
from the patients’ files: patients’ demographic data, ocular
history including the indication for surgery, perioperative
events (surgical procedure, combined operations with cata-
ract surgery, pars plana vitrectomy, anterior-lens exchange/
implantation, size of the donor and recipient cornea, and
endothelial cell density), postoperative follow-up status and
postoperative complications. These data were obtained for
at least three time points: 1 month, 3 months, and 12 months
after surgery.

The surgical procedure of the penetrating keratoplasty
started with the trephination of the donor cornea. The
recipient cornea was trephined with a vacuum trephine
(Hessburg-Barron; Barron Precision Instruments, MI, USA).
The donor cornea was sutured into the recipient cornea by
using 10.0 nylon continuous suture in normal-risk penetrating
keratoplasties and 10.0 nylon interrupted sutures in high-risk
penetrating keratoplasties. For the postoperative period,
topical prednisolone acetate 1% was applied six times a day

and then slowly reduced by one drop per month during the
following 6 months. Topical antibiotics were used four times
a day until the corneal epithelium was closed. In addition,
artificial tears were applied until the corneal sutures were
removed after 12 months.

Statistical analyses were conducted with the IBM SPSS
21.0 (IBM, Armonk, NY, USA). Descriptive statistics were
applied for the calculation of mean values and standard devia-
tions. Graft failure was the primary end point. Graft failure
was defined as an existing graft, which became irreversibly
edematous and opaque with an irremediable loss of clarity.
For each variable, Cox univariate regression analyses were
performed. Variables with a P-value =0.01 were selected
and further tested in Cox multivariate regression analyses
with a backward-selection procedure to identify potential
risk factors for graft failure. The effect of each variable
was quantified by hazard ratio. Pearson linear regression
analysis was used to find correlations between variables.
Categorical variables were evaluated by y? tests and Fisher’s
exact tests. Graft survival was analyzed by Kaplan—Meier
survival function. P-values <0.05 were regarded as statisti-
cally significant.

Results

Graft outcomes

Among the total 377 patients, 228 patients (60.5%) were
male and 149 patients (39.5%) were female. The mean patient
age was 51.3123.5 years. The overall graft-failure rate was
26.5% (100 patients) during a mean follow-up period of
39.34+32.2 years. Among the 100 patients with graft failure,
23 patients had an early graft failure (defined as graft failure
=6 months postoperatively), and 77 patients experienced a
late graft failure (defined as graft failure >6 months post-
operatively). Median survival time for all 377 penetrating
keratoplasties was 40 months. For keratoplasties with graft
failure, mean survival time was 23.4 months. The 1-, 2-, 3-,
4-,5-,and 10-year survival rates were 87.8%, 81.0%, 73.6%,
72.5%, 68.4%, and 53.3%, respectively (Figure 1).

The three most common indications for penetrating
keratoplasties were keratoconus (26.8%, 101 patients),
infectious keratitis (12.5%, 47 patients), and preoperative
graft failure (11.7%, 44 patients). Univariate regression
analysis demonstrated that most indications for penetrating
keratoplasties were significantly associated with graft failure
(Table 1). In the multivariate analysis, keratoconus, Fuchs’s
endothelial dystrophy, corneal stromal dystrophy, bullous
keratopathy, and corneal scar of unknown origin were not
significant for graft failure (Table 2).
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Figure | Graft-survival rate and follow-up period (months).

Perioperative risk factors for graft failure

Among all penetrating keratoplasties, 300 patients (79.6%)
received a primary keratoplasty, 64 patients (17.0%) had a
repeat keratoplasty, and 13 patients (3.4%) an emergency
penetrating keratoplasty. Both repeat keratoplasty and
emergency penetrating keratoplasty were significantly asso-
ciated with graft failure. In contrast, combined procedures
of penetrating keratoplasty with cataract extraction and
posterior-lens implantation (triple procedure), pars plana
vitrectomy, or lens exchange/anterior-lens implantation did
not significantly influence the graft outcome in terms of
graft survival. It became clear that one factor influencing
the risk of graft failure is the size of the corneal transplant.
The larger the size of the donor cornea, as well as the size of
the recipient bed, the higher the risk for graft failure. A high
endothelial cell density showed a significantly preventive

effect on graft failure. In the multivariate analysis, only repeat
penetrating keratoplasty, emergency penetrating keratoplasty,
and endothelial cell density were significantly associated with
graft failure (Tables 3 and 4).

Postoperative risk factors for graft failure

The following postoperative risk factors had a significant
negative influence on the graft failure: postoperative elevated
intraocular pressure, glaucoma medication, cyclophotoco-
agulation, retinal surgery, surgery of the conjunctiva/cornea,
wound leakage, suture problems, persistent epithelial defects,
corneal vascularization, infectious or herpetic keratitis, and
graft rejection. There was no scoring of the corneal vascular-
ization based on the retrospective study design. Interestingly,
cataract operation, laser capsulotomy, sterile keratitis, and
anterior synechia had no significant effect on the graft out-
come in terms of graft failure. In the multivariate analysis,
postoperative glaucoma medication, retinal surgery, suture
problems, persistent epithelial defect, infectious keratitis,
and graft rejection were shown to be significantly associated
with graft failure (Tables 5 and 6).

Discussion

In this study, the 5-year corneal graft-survival rate for all
penetrating keratoplasties was 68%. This rate was com-
parable to the corneal graft survival of penetrating corneal
transplants within the Australian corneal graft registry.’
A higher survival rate in various other studies was mostly
attributed to a selection bias by including patients with
corneal ectasia or keratoconus.*” These factors are known
to be associated with a lower risk of graft failure.® In our

Table | Univariate analyses of indications for penetrating keratoplasties

Total Graft failure P Univariate analysis

n=377 (%) n=100 (%) HR 95% ClI
Indication - - <0.001 - -
Keratoconus 101 (26.8%) 2 (2.0%) Reference - -
Fuchs’s endothelial dystrophy 37 (9.8%) 4 (4.0%) 0.027 6.79 1.24-37.15
Infectious keratitis 47 (12.5%) 19 (19.0%) <0.001 32.46 7.53-139.97
Acute perforation of non-infectious corneal ulceration 26 (6.9%) 14 (14.0%) <0.001 58.42 13.17-259.03
Preoperative graft failure 44 (11.7%) 21 (21.0%) <0.001 35.92 8.40-153.53
Stromal dystrophy of the cornea 12 (3.2%) I (1.0%) 0.18 5.18 0.47-57.08
Bullous keratopathy 40 (10.6%) Il (11.0%) <0.001 21.83 4.83-98.73
Corneal scar of unknown origin 14 (3.7%) 3 (3.0%) 0.009 10.92 1.82—65.44
Chemical burn 9 (2.4%) 3 (3.0%) <0.001 33.78 5.60-203.75
Trauma 23 (6.1%) 8 (8.0%) <0.001 23.80 5.04-112.52
Glaucoma-associated decompensation 8 (2.1%) 7 (7.0%) <0.001 82.30 16.95-399.53
Corneal decompensation of unknown origin 16 (4.2%) 7 (7.0%) <0.001 28.05 5.82-135.26
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 2 Multivariate analyses of indications for penetrating keratoplasties

Total Graft failure P Multivariate analysis

n=377 (%) n=100 (%) HR 95% Cl
Indication - - <0.001 - -
Keratoconus 101 (26.8%) 2 (2.0%) Reference - -
Fuchs’s endothelial dystrophy 37 (9.8%) 4 (4.0%) 0.163 3.52 0.60-20.64
Infectious keratitis 47 (12.5%) 19 (19.0%) 0.006 893 1.89-42.24
Noninfectious ulcer 26 (6.9%) 14 (14.0%) <0.001 3233 6.59-158.76
Preoperative graft failure 44 (11.7%) 21 (21.0%) 0.041 5.76 1.08-30.79
Corneal stromal dystrophy 12 (3.2%) 1 (1.0%) 0.303 3.57 0.32-40.36
Bullous keratopathy 40 (10.6%) I (11.0%) 0.063 4.78 0.92-24.81
Corneal scar of unknown origin 14 (3.7%) 3 (3.0%) 0.068 5.57 0.88-35.23
Chemical burn 9 (2.4%) 3 (3.0%) 0.026 9.53 1.30-69.77
Trauma 23 (6.1%) 8 (8.0%) 0.001 15.78 3.04-81.98
Glaucoma-associated corneal decompensation 8 (2.1%) 7 (7.0%) 0.006 13.76 2.13-88.80
Corneal decompensation of other origin 16 (4.2%) 7 (7.0%) 0.004 11.49 2.20-59.85

Abbreviations: HR, hazard ratio; Cl, confidence interval.

study, the preoperative indications included low-risk kerato-
plasties like keratoconus, moderate-risk keratoplasties such
as Fuchs’s dystrophy, and also high-risk keratoplasties such
as previous graft rejection.

As expected, repeat keratoplasty and emergency pen-
etrating keratoplasty were significantly associated with
graft failure in the univariate and multivariate analyses.
These results were in accordance with the outcome of repeat
penetrating keratoplasties in previous studies.”'® Increased
risk of repeat penetrating keratoplasties for graft failure
is explained by the increased risk of graft rejection as the
host is sensitized.!" Since the most common cause of graft
failure is graft rejection,'? the highest percentage of graft
failure in this study was found in patients with regraft. Com-
bined procedures, such as triple keratoplasties, penetrating
keratoplasties with pars plana vitrectomy, or anterior-lens

Table 3 Univariate analyses of perioperative risk factors

exchange/implantation, had no significant influence on the
risk of graft failure in our study. These results were in contrast
to Fasolo et al” who showed a 2.8-fold greater risk of graft
failure after penetrating keratoplasty with pars plana vitrec-
tomy. However, Sugar et al® did not find an increased risk
of graft failure after combined operation with vitrectomy in
their multivariate analysis either. Whether or not combined
keratoplasty is a risk for graft failure remains controver-
sial, since our study only included a rather low number of
combined procedures.

In accordance with previous studies, a high endothelial cell
density had a protective effect on corneal graft survival, since the
endothelial cell loss did not exceed a rate 0of 2.6%—7.8% per year
in the first 3 years postoperatively.'*!> On the other hand, a larger
size of both the donor cornea and the recipient bed increased
the risk for graft failure. This observation may be explained by

Perioperative variables Total Graft failure P Univariate analysis
n=377 (%) n=100 (%) HR 95% ClI
Surgical procedure - - <0.001 - -
Penetrating keratoplasty 300 (79.6%) 63 (63.0%) Reference - -
Repeat keratoplasty 64 (17.0%) 29 (29.0%) <0.001 2.74 1.76-4.26
Emergency keratoplasty 13 (3.4%) 8 (8.0%) <0.001 6.94 3.27-14.72
Combined procedures - - 0314 - -
None 298 (79.0%) 75 (75.0%) Reference - -
Triple procedure*® 52 (13.8%) 14 (14.0%) 0.532 1.20 0.68-2.13
Pars plana vitrectomy 15 (4.0%) 6 (6.0%) 0.152 1.84 0.80—4.22
Lens exchange/anterior lens implantation 12 (3.2%) 5 (5.0%) 0.207 1.79 0.72-4.44
Size of donor cornea (mm) 7.77 7.87 0.041 1.31 1.01-1.70
Size of recipient cornea (mm) 7.54 7.65 0.016 1.35 1.06—-1.71
Endothelial cell density (per mm?) 2,694 2,648 0.004 0.99 0.99-1.00

Notes: *Pars plana vitrectomy, cataract extraction, and lens implantation.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 4 Multivariate analysis of perioperative risk factors

Perioperative variables Total Graft failure P Multivariate analysis
n=377 (%) n=100 (%) HR 95% ClI

Surgical procedure - - <0.001 = -

Penetrating keratoplasty 300 (79.6%) 63 (63.0%) Reference - -

Repeat keratoplasty 64 (17.0%) 29 (29.0%) <0.001 2.82 1.77-4.48

Emergency keratoplasty 13 (3.4%) 8 (8.0%) <0.001 5.99 2.76-13.03

Endothelial cell density (per mm?) 2,694 2,648 0.025 0.99 0.99-1.00

Abbreviations: HR, hazard ratio; Cl, confidence interval.

an increased risk of graft rejection in larger donor grafts, since
there is a higher number of dendritic Langerhans cells in the
limbal region of the cornea than in the central cornea.'®!” Fur-
thermore, a larger donor cornea needs to be positioned closer to
the limbal region, and is therefore more exposed to the antigen/
antibody influences of the limbal vasculature.

Besides these perioperative risk factors, there were
multiple postoperative risk factors that were associated
with a higher risk of graft failure. In particular, glaucoma
and associated glaucoma medication, retinal surgery, suture
problems, persistent epithelial defect, infectious keratitis,

Table 5 Univariate analyses of postoperative risk factors

and graft rejection were shown to be significant factors for
graft failure both in the univariate and multivariate analyses.
These results were consistent with previous studies.'®?° An
Australian Corneal Graft Registry analysis found that 8.5%
of graft failures occurred in eyes with glaucoma.® The risk for
postoperative glaucoma is increased in aphakic eyes, elderly
patients, traumatized eyes, and repeat corneal grafts.!! The
mechanism for this effect is still unknown.'' Postoperative
interventional procedures, such as postoperative cataract
surgery or laser capsulotomy, had no significant effect on
graft survival. From previous studies, it is known that cataract

Postoperative variables Total Graft failure P Univariate analysis
n=377 (%) n=100 (%) HR 95% ClI
Elevated intraocular pressure =21 mmHg (mmHg) 21.90 26.08 <0.001 1.05 1.03-1.07
Glaucoma medication® 137 (36.3%) 61 (61.0%) <0.001 2.85 1.90—4.25
Glaucoma surgery - - 0.079 - -
None 356 (94.4%) 90 (90.0%) Reference - -
Trabeculectomy 2 (0.5%) I (1.0%) 0.695 1.49 0.21-10.67
Cyclophotocoagulation 19 (5.0%) 9 (9.0%) 0.026 2.19 1.10-4.35
Cataract surgery 41 (10.9%) 12 (12.0%) 0.627 0.86 0.47-1.58
Retinal surgery 25 (6.6%) 15 (15.0%) <0.001 3.16 1.82-5.48
Surgery of the conjunctiva/cornea 33 (8.8%) 20 (20.0%) <0.001 3.14 1.92-5.14
Other intraocular surgery 30 (8.0%) I (11.0%) 0.201 1.51 0.80-2.82
Laser capsulotomy 23 (6.1%) 5 (5.0%) 0.208 0.56 0.23-1.38
Wound leakage - - <0.001 - -
None 304 (80.6%) 66 (66.0%) Reference - -
Without intervention 48 (12.7%) 21 (21.0%) <0.001 2.56 1.56-4.19
With suturing 25 (6.6%) 13 (13.0%) 0.013 2.13 1.17-3.87
Suture problems 113 (30.0%) 45 (45.0%) <0.001 2.25 1.52-3.34
Persistent epithelial defect (=3 months) 33 (8.8%) 24 (24.0%) <0.001 4.54 2.86-7.20
Corneal vascularization 100 (26.5%) 55 (55.0%) <0.001 3.64 2.45-5.40
Keratitis - - <0.001 - -
None 318 (84.4%) 64 (64.0%) Reference - -
Sterile 15 (4.0%) 4 (4.0%) 0.378 1.58 0.574.33
Bacterial 34 (9.0%) 25 (25.0%) <0.001 6.37 3.99-10.17
Herpes simplex virus 10 (2.7%) 7 (7.0%) <0.001 4.29 1.96-9.41
Anterior synechia 60 (16.0%) 22 (22.0%) 0.163 1.40 0.87-2.25
Graft rejectiont 85 (23.8%) 47 (47%) <0.001 3.48 2.35-5.17

Notes: *Defined as glaucoma medication required to lower intraocular pressure elevation for more than 4 weeks; 'defined as existing graft with epithelial/endothelial

rejection line or anterior-chamber reaction with corneal edema and infiltrates.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 6 Multivariate analysis of postoperative risk factors

Postoperative variables Total Graft failure P Multivariate analysis
n=377 (%) n=100 (%) HR 95% CI
Elevated intraocular pressure =21 mmHg (mmHg) 21.90 26.08 0.401 - -
Glaucoma medication® 137 (36.3%) 61 (61.0%) <0.001 2.87 1.88—4.37
Glaucoma surgery - - 0.735 - -
None 356 (94.4%) 90 (90.0%) Reference - -
Cyclophotocoagulation 19 (5.0%) 9 (9.0%) 0.492 - -
Retinal surgery 25 (6.6%) 15 (15.0%) 0.004 230 1.31-4.02
Surgery of the conjunctiva/cornea 33 (8.8%) 20 (20.0%) 0.575 - -
Wound leakage - - 0.238 - -
None 304 (80.6%) 66 (66.0%) Reference - -
Without intervention 48 (12.7%) 21 (21.0%) 0.118 - -
With suturing 25 (6.6%) 13 (13.0%) 0.729 - -
Suture problems 113 (30.0%) 45 (45.0%) 0.004 1.85 1.22-2.82
Persistent epithelial defect (=3 months) 33 (8.8%) 24 (24.0%) 0.009 2.13 1.21-3.74
Corneal vascularization 100 (26.5%) 55 (55.0%) 0.186 - -
Keratitis/ulcer - - <0.001 - -
None 318 (84.4%) 64 (64.0%) Reference - -
Bacterial 34 (9.0%) 25 (25.0%) <0.001 3.49 2.05-5.95
Herpes simplex virus 10 (2.7%) 7 (7.0%) 0.502 1.34 0.57-3.15
Graft rejectiont 85 (23.8%) 47 (47%) <0.001 2.65 1.77-3.98

Notes: *Defined as glaucoma medication required to lower intraocular pressure
rejection line or anterior-chamber reaction with corneal edema and infiltrates.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

surgery following penetrating keratoplasty is a safe procedure
with a low risk of graft failure.?!

There are several limitations to our study, which need
to be taken into account. First of all, our study design was
based on a retrospective review of medical records. There-
fore, the quality of data was certainly in part dependent on
the documentation provided by the patient files. For our
study analyses, we only included clear information from the
medical records in regard to graft failure. If a note remained
unclear, a second reviewer was consulted. Besides that, the
patients of this study belonged to a diverse patient popula-
tion with a vast number of different indications based on our
university setting. This patient population may not reflect the
usual patient population for penetrating keratoplasties in most
clinics. Furthermore, due to the great number of risk factors,
we did not document the time course or nature of the risk
factors in detail. This would have helped in earlier detection
and treatment of graft failure.” Lastly, a selection bias could
not be ruled out, given that new lamellar transplantation tech-
niques were just introduced at the end of the study period.
However, none of these patients had a follow-up period of
at least 1 year and were therefore excluded.

In summary, we were able to identify a number of perioper-
ative and postoperative risk factors for corneal graft failure with
organ-cultured corneal tissues in our study population at the

elevation for more than 4 weeks; tdefined as existing graft with epithelial/endothelial

University Eye Hospital, Munich, Germany. This retrospective
review was extracted from the medical records of a >10-year
study period since the foundation of our university eye bank
in 1999. Since the outcome of corneal transplantation differs
from patient to patient, it is even more important to outline the
factors that may influence graft survival or lead to graft failure
in a specific setting, such as in a university hospital.
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