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ABSTRACT

Introduction: To investigate the long-term
outcomes of emergency penetrating kerato-
plasty using cryopreserved human donor cor-
neas in the management of actual or imminent
corneal perforation.
Methods: A retrospective analysis was per-
formed of the treatment efficacy of emergency
penetrating keratoplasty using a cryopreserved
human donor cornea, in 14 eyes of 14 patients
with corneal ulcers of different etiology. For
comparison, the medical histories of 14 patients
who had undergone penetrating keratoplasty
with the same indication, but received a regu-
larly processed human corneal graft, were ret-
rospectively analyzed. In both groups, the
primary endpoint for graft failure was repeat
surgery, defined as the necessity for amniotic
membrane transplantation, conjunctival flap,
or repeat penetrating keratoplasty, during a
follow-up time of maximally 12 months.
Results: The difference in the need for repeated
surgeries between the cryopreserved human
donor cornea group and cultivated tissue graft
group was not statistically significant
(p = 0.835). Specifically, repeat complex surgery

of any kind within 6 months was necessary in
50% of the cryopreserved cornea group and in
57.1% of the control group, with no further
surgical interventions during the remainder of
the follow-up period. However, repeat pene-
trating keratoplasty occurred more frequently
in the cryopreserved cornea group (n = 5) than
in the control group (n = 1) during the first 12
months after treatment (p = 0.048).
Conclusion: Cryopreserved corneas appear to
be a viable option for promptly addressing
emergencies and stabilizing the corneal situa-
tion, providing a faster solution compared to
waiting for fresh tissue availability. However,
repeat penetrating keratoplasty is more frequent
when cryopreserved human donor corneas are
used. Cryopreserved human donor corneas may
be useful if surgical treatment is urgent and
alternative options, such as tissue use, a con-
junctival flap, or multilayer amniotic mem-
brane transplantation, are not available.
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Key Summary Points

What is the purpose of this study?

Cryopreservation is a potential option in
the context of emergency penetrating
keratoplasty due to limited graft
availability.

The aim of study was to determine
whether the use of cryopreserved human
corneas is effective in the emergency
treatment of corneal perforations or other
emergency indications compared to the
use of a regularly processed human
corneal graft.

What was learned from the study?

Comparable success rates in avoiding
repeat surgical procedures were observed
in both the cryopreservation group and
the control group, emphasizing the
potential benefit of cryopreserved corneas
in urgent clinical situations.

Despite the known damage to the
endothelial cells caused by
cryopreservation, we found that these
impairments may not have a significant
impact on the long-term survival of the
transplanted cornea with regard to repeat
operations.

Patients with a cryopreserved cornea
appear to undergo a notably higher
frequency of subsequent penetrating
keratoplasties.

INTRODUCTION

Small perforated corneal ulcers can be treated
adequately with amniotic membranes or even
with only tissue adhesives [1–5], while pene-
trating keratoplasty may be required for large
perforations or those accompanied with exten-
sive stromal thinning [6, 7].

Corneal transplant ranks among the most
frequently performed procedures globally, with
approximately 180,000 surgeries conducted
annually worldwide, including over 7000 in
Germany [8]. However, in some regions, par-
ticularly in developing countries, the demand
for donor tissue far exceeds its availability. This
shortage is often attributed to factors related to
the population’s attitudes toward donation.
Moreover, it is in these areas where the need for
donor corneal tissue in cases of corneal perfo-
rations due to infectious conditions is more
prevalent [3, 9–16]. In emergency situations
with present or impending corneal perforation,
an unavailability of fresh corneal tissue, and a
risk of the eye being lost, patients may be trea-
ted with tectonic corneas that are unsuitable for
penetrating keratoplasties intended for visual
purposes, often with low endothelial cell counts
[16]. In such cases, cryopreserved corneal tissue
has occasionally been employed, yielding vari-
able results in terms of transparency and struc-
tural preservation of the eyeball [17–21].

Although studies on penetrating kerato-
plasty are frequently published, there are sig-
nificantly fewer publications on the use of
cryopreserved corneas. Using the MeSH search
terms ‘‘cryopreservation’’ and ‘‘corneal trans-
plantation,’’ we identified 183 articles on
PubMed (up to 27 November 2023). However, a
review of these 183 articles revealed that only
22 addressed transplantation performed on
patients using cryopreserved human donor
corneas. In comparison, a PubMed search using
the single MeSH term ‘‘corneal transplantation’’
yielded 17,393 articles.

One of the first successful transplantations of
a cryopreserved human donor cornea was doc-
umented by Eastcott et al. in 1954 [22]. These
authors reported applying glycerol prior to the
actual freezing process and then storing the
corneas in a mixture of alcohol and carbon
dioxide in liquid nitrogen at – 196 �C [22].
Subsequent research by O’Neil and colleagues
and Capella and colleagues in the 1960s [23, 24]
led independently to a number of successful
transplantations that were performed using
protocols that still serve as the basis for current
approaches. Despite reported cryo-related dam-
age and limited corneal endothelial
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regeneration capacity [25], some cryopreserved
human donor grafts have achieved long-term
survival [26]. To prevent cell damage during the
freezing process, the cryoprotectant must fulfill
the dual tasks of protecting against both intra-
cellular ice formation and pronounced elec-
trolyte shifts [27]. Cryoprotectants like glycerol
and dimethyl sulfoxide (DMSO) permeate cells,
thereby providing a certain degree of protection
against freeze–thaw thermal injury
[19, 24, 28–36]. Other conservation protocols
include the use of Optisol GS (Bausch and
Lomb, Irvine, CA, USA), which is applied for
tectonic as well as therapeutic penetrating ker-
atoplasties with or without subsequent optical
keratoplasty [18, 37]. When used for cryop-
reservation of corneas, the endothelial cell
count is presumed to be low, if present at all.
Without a functioning corneal endothelium,
the benefit of optical penetrating keratoplasty is
questionable. However, emergency penetrating
keratoplasty is first and foremost aimed at
restoring the tectonic character of the cornea,
eradicating any infection [38], and preserving
the ocular bulb in its entirety [2].

To determine the efficacy of cryopreserved
human corneas in such situations, we retro-
spectively compared two patient cohorts, a
cryopreservation group and a control group,
and analyzed the treatment results in terms of
tectonic stability and complications.

METHODS

The electronic (Fidus, Arztservice Wente GmbH,
Darmstadt, Germany, and ORBIS, ORBIS AG,
Saarbrücken, Germany) [39] and paper-based
patient registries of the ophthalmology depart-
ment and the cornea bank of the University
Medical Center Münster were screened for the
period between 2003 and 2021. Patients who
had received emergency penetrating kerato-
plasty with an individually selected cryopre-
served cornea were assigned to group A. Patients
who had received a regularly processed long-
term or short-term cultured cornea were inclu-
ded in group B. All implanted corneas had been
processed according to the German Medical
Association’s 2018 guidelines for the collection

of donor corneas and for the management of a
cornea bank [40] and in line with the medical
standards of the Eye Bank Association of
America [41].

The maximum shelf life of the regularly
processed corneas was 34 days after cultivation.
All corneas, whether regularly processed or
cryopreserved later on, were stored in culture
medium I (100 ml Minimum Essential Medium
Eagle [MEM], 10 ml penicillin/streptomycin, 10
ml L-glutamine [200 mM], 10 ml amphotericin
B [250 lg/ml], 12.5 ml HEPES buffer solution [1
M; 509], 29.3 ml NaHCO3, and 1000 ml dis-
tilled water [Aqua Dest.], adjusted to a pH of
7.2–7.3; Biochrom AG, Berlin, Germany), at 32
�C for a maximum of 28 days. Subsequently,
either preoperatively or prior to cryopreserva-
tion, the corneas were transferred into culture
medium II (culture medium I plus 60 g Dextran
500 per 1000 ml). Corneas which were unsuit-
able for optical penetrating keratoplasty due to
endothelial cell loss were cryopreserved at – 80
�C.

The minimum postsurgical observation per-
iod was set at 3 months. The outcome was
defined as ‘‘successful’’ if no repeat surgery was
performed during the follow-up period. Treat-
ment with a cryopreserved or a regular cornea
was defined as insufficient if repeat surgery
became necessary, i.e., amniotic membrane
grafting, conjunctival flap, repeat keratoplasty,
or enucleation. Repeat suturing or anterior
chamber rinsing was defined as a microsurgical
intervention due to a minor complication and
was analyzed separately. Graft transparency was
included in the statistically analysis.

The inclusion criteria for both groups of
patients included documented histories of
ocular and systemic diseases, information
available on the corneal disease etiology, and
detailed information on the medications
received (either topically or systemically).
Additional criteria included the availability of
transplant-related data, such as donor tissue
diameter and the performing surgeon. Postop-
erative data covered the status of the retina and
choroid, the presence of hypopyon, and whe-
ther the cornea epithelialized during follow-up.
If available, information on preoperative
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endothelial cell density was included in the
analysis.

The size of the control group was set to the
same size as group A, i.e., n = 14. The patients in
group B were selected to match those in group A
regarding age and gender without HLA typing.

If possible, data on corrected distance visual
acuity before and 6 months after penetrating
keratoplasty were also collected. For a better
comparison of corrected visual acuity between
the two groups, the data were converted to
logMAR. For patients with poor visual acuity,
the ordinal scale was converted to a numerical
logMAR scale with ’counting fingers’ (CF) as 2.1,
’hand movement’ (HM) as 2.4, ’light percep-
tion’ (LP) as 2.7 and ’no light perception’ (NLP)
as 3.0, based on UK National Ophthalmology
Database values [42, 43].

If available, photographic documentation
was retrospectively analyzed to determine
whether the recipients’ corneas were vascular-
ized at baseline, the ratio of the lesion to the
total cornea, and whether the cornea cleared up
during the follow-up. Corneas were considered
to be vascularized if peripheral vessels were
present in C 1 quadrants of the recipient’s cor-
neal stroma. A mean horizontal white-to-white
diameter of 11.77 mm for males and 11.64 mm
for females was used to convert the ratio of
lesion to total cornea into metrics [44]. A cornea
was considered to be clear if the anterior surface
of the iris was well visible. The location of the
ulcer/perforation was classified as lower, central
or upper third of the cornea. A high-risk situa-
tion was defined by the presence of the follow-
ing factors: (1) preoperative corneal
vascularization in any quadrant; (2) any previ-
ous keratoplasty with or without prior graft
rejection; (3) active inflammation; and (4) ocu-
lar graft-versus-host disease. The presence of
inflammation was determined by either docu-
mented evidence of a microbial pathogen or, in
cases where a combination of antibiotics was
administered perioperatively, it was assumed
retrospectively. Additionally, the presence of
inflammation was considered if the conjunctiva
showed significant hyperemia in perioperative
images.

For patients who had missed follow-up visits
in our department, their office-based

ophthalmologists were contacted to find out
whether and when repeat surgery had been
performed and to inquire about the best-cor-
rected visual acuity at approximately 6 months
after treatment.

All procedures complied with the tenets of
the Declaration of Helsinki and were approved
by the local institutional review board (the
ethics committee of the Westphalia–Lippe
Medical Association and the University of
Münster). Patients were informed verbally and
in writing about the surgical procedure and
consented to it.

SPSS� Statistics Version 28 (SPSS IBM Corp.,
Armonk, NY, USA) was used for the statistical
analysis. The collected data were analyzed
descriptively. Statistical significance was tested
using Pearson’s Chi-square test and, if appro-
priate, Fisher’s test. Using Spearman’s method,
cell number was correlated to visual acuity. The
Wilcoxon rank-sum test was used to analyze the
correlation of endothelial cell density with the
endpoint repeat surgery. Kaplan–Meier analysis
was used to reveal repeat surgery indicative of
transplant survival. A difference at a p-value
of\ 0.05 was defined as statistically significant.

RESULTS

Among the 291 penetrating keratoplasties per-
formed in our clinic between 2013 and 2020, 20
patients received a cryopreserved cornea under
urgent conditions. Of these 20 patients who
underwent treatment, 14 (Fig. 1a–c) fulfilled the
above-mentioned inclusion criteria for inclu-
sion in group A. Fourteen patients who had
received regular corneas (Fig. 1d–f) were selec-
ted for inclusion in group B (control group).

The 14 patients in group A who fulfilled the
inclusion criteria had a mean (± standard
deviation [SD]) age of 66.9 ± 22.2 (range 20-86)
years at baseline, and six (43%) were male and
eight (57%) were female. The 14 patients in
group B had a the mean age of 62.4 ± 17.6
(range 17–82) years at baseline, and seven (50%)
were male and seven (50%) were female
(Table 1).

Across both groups, the most common
baseline diagnosis was graft-versus-host disease
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(6 cases: 14% of group A and 29% of group B),
followed by neurotrophic ulcer (4 cases; 7% of
group A and 21% of group B) (Table 2).

Ten of the 14 patients in group A had a
corneal perforation at baseline, compared with
six patients in group B. Twelve of the kerato-
plasties in each group were classified as high-
risk procedures.

The average duration of follow-up was 296.5
days in group A and 365 days in group B.

Visual acuity was measured pre- and post-
operatively in all patients of group B, but in
group A, one patient did not undergo a sight
test preoperatively and four were not tested at
month 6 postoperatively.

For all patients, penetrating keratoplasty had
been performed under general anesthesia by a

total of seven different surgeons. Following
keratoplasty, all patients received topical
antibiotics and 89% were given local or sys-
temic steroids, depending on the individual
situations, e.g., antiviral, antifungal, specific
topical, or systemic. The three patients in group
A who did not receive topical or systemic ster-
oids did not need repeat surgery. Systemic
immunosuppressants were administered in 50%
of patients (n = 7) from group A and 57% (n = 8)
from group B.

Although not medically necessary, one
patient (No. 11, group A) opted for enucleation
2 months post-penetrating keratoplasty to
proactively alleviate the risk of future hospital-
ization due to persistent pain associated with
phthisis bulbi. The affected eye had already lost

Fig. 1 Upper images: left eye of patient 8 (group A) at baseline (a), day 1 (b) and day 287 (c) following keratoplasty. Lower
images: right eye of patient 26 (group B) at baseline (d), day 1 (e), and day 203 (f) following keratoplasty

Table 1 Demographic data on all patients enrolled in the study

Demographic data Total study cohort Group Aa Group Bb

Male 46% (n = 13) 43% (n = 6) 50% (n = 7)

Female 54% (n = 15) 57% (n = 8) 50% (n = 7)

Age in years (mean ± SD) 63.0 ± 20.5 66.9 ± 22.2 62.4 ± 17.6

SD, Standard deviation
aGroup A comprised patients who had received emergency penetrating keratoplasty with an individually selected cryopre-
served cornea
bGroup B comprised patients who had obtained a regularly processed long-term or short-term culture cornea
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vision. Despite the subsequent enucleation, this
case was initially deemed successful (see
Table 3).

Five patients of group A needed repeat ker-
atoplasty, due to new corneal ulcers in four
cases and graft rejection in one case. In group B,
one patient underwent repeat keratoplasty
because of a new corneal ulcer (Table 4), and
one patient received Descemet’s membrane
endothelial keratoplasty due to thinning and
resulting opacification.

In group B, proportionally more grafts
became clear than in group A (Table 5). The
retina was attached in all cases in group A; in
comparison, in group B there was only a slight
decrease in the rate of attachment. Postopera-
tive hypopyon was rare and was observed in
only one case in each group (Table 5).

Corneal transplants deteriorated following a
mean of 183.1 days in treated eyes of group A
and 139.0 days in treated eyes of group B. There
was one patient in group A for whom deterio-
ration was recorded as 1539.0 days (Table 6).

Factor Analyses

The mean (± SD) endothelial cell density of the
corneas used in group A before cryopreservation
was 1775.4 ± 248.8 cells/mm2 (minimum 1430
cells/mm2, maximum 2668 cells/mm2). The
mean preoperative endothelial cell density of
the corneas used in group B was 2188.5 ± 605.5
cells/mm2 (minimum 1480 cells/mm2, maxi-
mum 3934 cells/mm2). In neither group were
the differences in preoperative cell densities
significantly correlated with the occurrence of
repeat surgery (Wilcoxon rank-sum test,
p = 0.18 in group A, p = 0.88 in group B).

The influence of endothelial cell density on
visual acuity at postoperative month 6 was not
significant in either group A (Spearman’s rank
correlation [rs] = 0.01, p = 0.97) or group B
(Spearman’s rs = 0.33, p = 0.28) (Fig. 2). At
postoperative month 12, the data were too
sparse (n = 7 in group A, n = 10 in group B) for
evaluation of visual acuity.

Preoperative corneal vascularization was sig-
nificantly correlated with repeat surgery in
group A (Pearson’s Chi-square test, p = 0.021)

Table 2 Etiology of corneal ulcer or perforation requiring treatment

Etiology Total study cohort (n = 28
eyes/patients)

Group A (n = 14
eyes/patients)

Group B (n = 14
eyes/patients)

Ocular graft-versus-host disease 21% (n = 6) 14% (n = 2) 29% (n = 4)

Sjögren’s syndrome 7% (n = 2) 14% (n = 2) 0

Neurotrophic ulcer 14% (n = 4) 7% (n = 1) 21% (n = 3)

Bacterial etiology 10% (n = 3) 7% (n = 1) 14% (n = 2)

Candida albicans 7% (n = 2) 14% (n = 2) 0

Aspergillus fumigatus 3% (n = 1) 0 7% (n = 1)

Herpetic etiology 7% (n = 2) 7% (n = 1) 7% (n = 1)

Lattice corneal dystrophy 4% (n = 1) 7% (n = 1) 0

Trauma 11% (n = 3) 14% (n = 2) 7% (n = 1)

State after pterygium excision 4% (n = 1) 7% (n = 1) 0

Corneal ulcer with perforation or severe

thinning of unclear etiology

11% (n = 3) 7% (n = 1) 14% (n = 2)
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but not in group B (Pearson’s Chi-square test,
p = 1.0).

The results of a direct comparison of groups
A and B using Pearson’s Chi-square test are
provided in Table 7. The comparison was aimed
at determining whether the two groups differed
with regard to the following variables: preoper-
ative corneal vascularization, postoperative
corneal vascularization, donor transplant size
C 8 mm, preoperative synechiae, and previous
penetrating keratoplasty. No statistically signif-
icant difference was found between groups A
and B for any of the variables (Table 7).

Seven patients (50%) from the cryopreserved
group and six patients (43%) from the control
group had no repeat surgery and thus experi-
enced graft survival (Table 8). The type of repeat
surgery differed according to need: there was
one case of repeat keratoplasty in the control
group, and five cases of repeat keratoplasty in
the cryopreservation group. In contrast,

amniotic membrane transplantation was per-
formed more often in the control group
(Table 8).

Kaplan–Meier analysis showed no significant
difference between groups A and B in relation to
transplant survival, i.e., repeat surgery
(Kaplan–Meier analysis, p = 0.835) (Fig. 3), but
did reveal a significant difference for repeat
keratoplasty (Kaplan–Meier analysis, p = 0.048)
(Fig. 4).

The numbers of microsurgical interventions,
also including multiple procedures in the same
patient, were similar in groups A and B (see
Table 9). On average, 0.79 minor procedures
were required per patient in group A and 0.71 in
group B. The incidence of patients who under-
went at least one microsurgical intervention
was lower in group A than in group B (28.6% vs.
50%) (Table 9).

Table 5 Descriptive comparison between groups in terms of postoperative clinical course parameters

Factors that showed up during follow-up Group A (n = 14 eyes/patients) Group B (n = 14 eyes/patients)

Yes (n) No (n) Missing data (n) Yes (n) No (n) Missing data (n)

Graft cleared up 6 7 1 9 5 0

Graft epithelialized 5 3 6 7 5 2

Retina was attached 14 0 0 12 1 1

Choroidea was attached 12 2 0 9 3 0

Postoperative hypopyon 1 13 0 1 12 1

Table 6 Comparison between groups in terms of mean chronicity and mean ratio of the lesion to the total cornea

Mean chronicity and mean ratio of the lesion to the total cornea Group A Group B

Duration of significant pathology in the affected eye before

transplantation

Mean = 183.1 days Mean = 139.0 days

Minimum = 1 day Minimum = 1 day

Maximum = 1539.0

days

Maximum = 534.0

days

Ratio of the lesion to the total cornea Mean = 0.47 Mean = 0.43

Minimum = 0.18 Minimum = 0.14

Maximum = 1.0 Maximum = 0.65
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DISCUSSION

The survival rates of penetrating keratoplasties
in high-risk patients vary between 30% and 80%
over a period of 12 months after treatment
[45–48], depending on the specific risk factors

and etiologies [49, 50]. Penetrating keratoplasty
in patients with keratoconus generally has a
good survival rate [51], but this was not
observed in group A nor in group B in the pre-
sent study. Therefore, both of the patient
cohorts described here would appear to have a
relatively high risk of transplant failure.

Various cryoprotectants can be used for the
cryopreservation of human donor corneas.
Using the cryoprotectant DMSO is an elaborate
process, but it offers a certain degree of protec-
tion against freeze–thaw injury
[19, 24, 28, 31, 32, 52], leading to results for
corneal transparency of up to 75.1%, which is
comparable with results obtains with fresh tis-
sue (81.4%) [52]. In addition to a partial
preservation of the endothelium (approxi-
mately 35% after 1 year) [52], a low number of
high-risk patients may have contributed to the
treatment successes reported in this study.
Cryopreservation with dextran as a cryoprotec-
tant has been shown to have the capability of
regaining structural integrity after thawing but
also variability in terms of endothelial cell loss
[53]. Cryopreservation with glycerol results in
the lack of a viable endothelium. In the context

Fig. 2 Boxplot of the best corrected visual acuity (in
LogMAR) before and 6 months after keratoplasty in group
A and group B. Finger counting (CF) was defined as 2.1,

hand movement (HM) as 2.4, light perception (LP) as 2.7,
and no light perception (NLP) as 3.0

Table 7 P-values from Pearson’s Chi-square test for the
comparison of groups A and B

Parameter (primary target
parameter: ‘‘repeat
surgery’’)

Positive test
variable
(yes)

Negative
test variable
(no)

Preoperative corneal

vascularization

0.335 0.429

Postoperative corneal

vascularization

1.0 0.633

Donor transplant

size C 8mm

1.0 1.0

Preoperative synechiae 0.619 1.0

Previous penetrating

keratoplasty

1.0 1.0
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of emergency corneal transplantation, Gupta
et al. demonstrated comparable therapeutic
success rates for cryopreserved and fresh corneal

tissue [36]. Approaches to overcoming the
problem of endothelial cell damage in cryop-
reservation with glycerol include deep anterior

Fig. 3 Kaplan–Meier analysis of days of transplant survival, defined as days without repeat surgery, for groups A and B (log-
rank test, p = 0.835)

Fig. 4 Kaplan–Meier analysis of days of transplant survival, defined as days without repeat keratoplasty, for groups A and B
(log-rank test, p = 0.048)
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lamellar keratoplasty (DALK) [34, 35] or treat-
ment with small-diameter grafts [33], depend-
ing on the etiology and extent of corneal
damage.

Similar to freezing with glycerol or a bal-
anced saline solution [54, 55], the culture
medium used in our study has limited or no
cryoprotective qualities. Therefore, we hypoth-
esize that cell density of the transplants was
low, if cells were still present at all, in group A.
Nevertheless, these transplants did not fail sig-
nificantly more often than the regularly

processed corneas of group B in terms of overall
repeat surgery.

Similar to our cryopreservation technique,
Kim et al. and Lim et al. did not use a cryopro-
tectant, but stored the corneas in a culture
medium (Optisol GS in both studies) at – 80 �C
[18, 37]. Kim et al. examined therapeutic and
tectonic keratoplasties over a total period of 11
years [18], but DALK was performed in the
majority of the cases included; the average graft
size of 3.7 mm was also rather small compared
to the size of the transplants used in our study.

Table 8 Patients who received at least one repeat microsurgery in both groups after 12 months

Type of repeat surgery Total study cohort (n = 28
eyes/patients)

Group A (n = 14
eyes/patients)

Group B (n = 14
eyes/patients)

Amniotic membrane

transplantation

10 (33%) 3 (21%) 7 (50%)

Conjunctival flap 2 (11%) 1 (7%) 1 (7%)

Repeat penetrating

keratoplasty

6 (14%) 5 (36%) 1 (7%)

No repeat surgery 13 (42%) 7 (50%) 6 (43%)

Table 9 Incidence of patients who had suffered at least one minor complication during the 12-month follow-up, with
donor trephination size

Repeat microsurgical intervention Donor trephination size

Yes/No Total n eyes/patients Group A Group B

Yes 11 n = 4 (28.6%) n = 7 (50%)

Mean = 6.4 mm Mean = 8.1mm

Median = 6.7 mm Median = 8.0 mm

Minimum = 4.0 mm Minimum = 7.5 mm

Maximum = 8.0 mm Maximum = 9.0 mm

No 10 n = 10 (71.4%) n = 7 (50%)

Mean = 5.3 mm Mean = 8.3 mm

Median = 5.0 mm Median = 8.0 mm

Minimum = 4.0 mm Minimum = 5.0 mm

Maximum = 8.5 mm Maximum = 12.0 mm

Minor complications were, for example, repeat suturing or anterior chamber irrigation
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Anatomical integrity could be maintained in 28
of 32 cases of tectonic keratoplasty, but these
results can only be compared to ours to a lim-
ited extent, as different endpoints (enucleation
vs. repeat surgery) were defined.

One might hypothesize that the cryopre-
served corneas used in our study induced
weaker or fewer graft rejections and less micro-
bial contamination due to their small diameter
[56].

There was a discrepancy between the two
groups regarding corneal perforation, which
occurred more frequently in group A. This may
have influenced the microsurgical and general
results.

The different survival rates in our two groups
lead us to assume that cryopreserved corneas are
probably less viable in the long term. Never-
theless, we observed that the use of cryopre-
served corneas necessitated minor surgery
comparatively rarely, possibly due to the
absence of resident dendritic cells. These anti-
gen-presenting cells are damaged by cryop-
reservation [34, 57–59]. Consequently, corneal
freezing may be advantageous when performing
small and peripherally located penetrating ker-
atoplasties even if postoperative vascularization
is present [57, 59].

There are alternative approaches to extend-
ing the preservation period of donor corneas
before transplantation. One example is the uti-
lization of methods such as irradiation or
lyophilization. In most studies involving irra-
diated corneas, the procedure has been limited
to lamellar transplantation due to the predom-
inantly non-viable endothelium after the pro-
cedure [60]. Another option for preserving
corneas is lyophilization, a method that
requires a significant amount of time for both
storage and reprocessing [61, 62] due to the
necessity to rehydrate the tissue before clinical
use. Again, studies have been done primarily for
anterior stromal keratoplasty [61].

The limitations of this study include the
relatively small sample size; the heterogeneity
of the patients, with differing medical histories
including ulcer etiology; the relatively large
number of surgeons; and the different defect
sizes, graft diameters and numbers of vascular-
izations. However, because there have been

only few reports on the medical use of cryop-
reserved human corneal grafts and because
human corneal grafts are rare, our results may
be useful.

CONCLUSION

Cryopreserved tissue can be stored wherever
there is a simple freezer, and as such it may
represent a useful option for urgent rescue of a
patient’s eyesight in situations where regularly
processed corneas and further treatment
options, such as histoacrylic tissue glue, corneal
flap, or amniotic membrane transplantation,
are unavailable. Nevertheless, further investi-
gations are necessary for better specification of
the medical use of cryopreserved corneas, such
as choice of cryopreservation method, trephi-
nation diameter, lesion location, as well as
identification of the ocular diseases most likely
to benefit from such treatment.
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