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PURPOSE. To determine the impact of donor factors on the suitability of corneas stored by
organ culture for penetrating keratoplasty (PK) and the influence of donor and recipient
factors on 5-year survival of first PK.
METHODS. Logistic regression analyses were carried out to determine the influence of donor
factors on, respectively, the risk of microbial contamination during organ culture, the
suitability of corneas for PK (endothelial cell density ‡ 2200 cells/mm2), and the quality of
corneas (endothelial cell density ‡ 2500 cells/mm2). Only one cornea, randomly selected,
from each donor was included in these analyses. A Cox regression analysis was used to
determine the influence of donor and recipient factors on 5-year PK survival.
RESULTS. Risk of contamination (n ¼ 8317): Causes of donor death including infection,
respiratory disease, and cancer all increased the risk of contamination during organ culture (P
< 0.0001). Suitability for PK and endothelial quality (n ¼ 7107): Donor age (P < 0.0001) and
storage time in organ culture (P < 0.0001) were the principal factors affecting suitability and
quality. Death to enucleation and enucleation to processing times had little influence.
Corneas from organ donors were more likely to be suitable for PK (P ¼ 0.0003). Five-year
graft survival (n ¼ 3014): Graft survival was dominated by the indication for PK (P < 0.0001).
Allograft rejection was also a major risk factor for failure (P < 0.0001). The only donor factor
affecting survival was sex (P ¼ 0.008).
CONCLUSIONS. Donor age and storage time but not postmortem times influenced the suitability
of corneas for PK. The indication for PK and other recipient factors were the main predictors
of graft failure.
Keywords: corneal organ culture, corneal storage, corneal transplantation

T

ransplant outcome is ultimately the most relevant measure
for assessing criteria for the procurement, processing,
storage, and quality assessment of corneas; however, the
various recipient factors that are known to influence graft
survival and outcome must also be taken into account.
Although short-term (1 year) survival for penetrating keratoplasty (PK) across all indications is approximately 90%,1,2 there
follows a steady decline in survival with time that is highly
dependent on the original indication for the transplant. By 5
years, data from the Australian Corneal Graft Registry show that
while survival for low-risk indications such as keratoconus and
Fuchs’ endothelial dystrophy remains high, graft survival for
other indications such as ulcers and infection (nonherpetic)
can be 60% or lower.2 Data from the Swedish Corneal
Transplant Register show that not just survival but visual
outcome is similarly influenced by the indication for transplantation.3 It is important, therefore, to understand the factors

influencing the clinical outcome in order to ascertain whether
interventions, such as changing donor and cornea selection
criteria, could improve graft survival.
In the United Kingdom, during the period of this study there
was no upper age limit for eye donors; postmortem retrieval
times for eyes up to 24 hours were accepted; the great majority
of corneas were stored by organ culture for up to 4 weeks; and
the minimum endothelial cell density (ECD) for PK was 2200
cells/mm2. In order to establish the acceptability of these
criteria, it is important to determine how these donor factors
influence the suitability of corneas for PK and how donor and
recipient factors affect corneal transplant survival. The purpose
of this study, therefore, was to evaluate the impact of donor and
eye bank variables on the suitability of corneas for PK and,
taking into account recipient factors, their influence on 5-year
survival of first grafts. It is acknowledged that endothelial
keratoplasty (EK) and deep anterior lamellar keratoplasty
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(DALK) are increasingly preferred alternatives to PK. These and
the introduction of techniques for splitting corneas for use in
two patients4,5 may require eye banks to reassess their
selection criteria, but it is important for any changes to be
evidence based. Survival analyses of PK not only remain
relevant where PK is the procedure of choice but also form a
useful baseline for comparison with EK and DALK.
The two principal methods for storing corneas are
hypothermia and organ culture; the latter predominates in
the United Kingdom.6,7 We have previously analyzed the
influence of donor and storage factors on whether organcultured corneas are suitable for PK.7 Herein, we present an
updated analysis of the influence of donor factors on the
suitability and quality of corneas for PK and then determine
whether any of these donor factors affect first PK survival at 5
years, taking into account recipient factors. Regrafts were
excluded from this analysis owing to the heterogeneity of this
group, which contains a range of original indications and a
variety of causes of failure of the original graft.

METHODS
This investigation complied with the tenets of the Declaration
of Helsinki.

Eye Donors
Eyes from donors in hospitals throughout the United Kingdom
were sent to the Corneal Transplant Service (CTS) Eye Banks in
Bristol and Manchester for processing and storage of the
corneas by organ culture. While the great majority of eyes were
transported to the eye banks in moist chambers, corneoscleral
discs in hypothermic storage medium were also received by
the eye banks, and these were transferred to organ culture.
Consent or, in Scotland, authorization for eye donation was
obtained in accordance with, respectively, the Human Tissue
Act 2004 and the Human Tissue (Scotland) Act 2006. A detailed
medical history and behavioral background of every donor was
obtained through interview with the family, a questionnaire
sent to the donor’s family doctor, and review, where available,
of any hospital medical records and autopsy reports. The
consent and medical history were recorded on standard
National Health Service Blood and Transplant (NHSBT) forms
used throughout the United Kingdom for organ and eye
donation. Donor blood samples were subjected to mandatory
tests for markers of transmissible disease, including human
immunodeficiency virus (HIV), hepatitis B virus (HBV),
hepatitis C virus (HCV), human T-lymphotrophic virus (HTLV),
and syphilis.

Storage of Corneas
All corneas in this analysis were stored by organ culture. The
organ culture method has been described previously.7,8 Briefly,
sterile, single-use instruments were used throughout the whole
process including enucleation, corneoscleral disc excision, and
endothelial examination. Before corneoscleral disc excision,
eyes were cleaned with sterile 0.9% NaCl and 3% povidoneiodine to reduce the ocular surface microbial load. Corneoscleral discs were suspended in 80 mL medium in sterile glass
DIN infusion bottles (Neville and Moore, Southwater, United
Kingdom), closed with a silicone rubber stopper. The organ
culture medium was Eagle’s Minimum Essential Medium (MEM)
containing 26 mM sodium bicarbonate, 20 mM HEPES buffer,
2% fetal bovine serum (Australian origin), 2 mM L-glutamine,
penicillin (100 U/mL), streptomycin (0.1 mg/mL), and amphotericin B (0.25 lg/mL). (Apart from the fetal bovine serum [Life
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Technologies Ltd., Paisley, United Kingdom] all chemicals and
media used for processing, storage, and assessment of corneas
were obtained from Sigma-Aldrich Company Ltd. [Dorset,
United Kingdom].) The corneas were stored at 348C, and after
7 days, a sample of the medium was taken to test for bacteria
and fungi using blood agar plates and liquid microbiological
media. Microbial contamination was also monitored by daily
inspection of the organ culture medium for turbidity. If these
tests failed to detect the growth of any microorganisms and
there were no known medical contraindications to transplantation, the corneas were released from quarantine.
Before a cornea was issued for PK, the corneal endothelium
was examined by transmitted light microscopy after staining
with trypan blue to show damaged, dead, or missing cells, and
hypoosmotic sucrose to reveal cell borders. If a cornea was
considered suitable for PK on the basis of this endothelial
assessment (see following section), it was placed in organ
culture medium containing 5% Dextran T500 to reverse the
stromal edema that occurred during organ culture storage. The
cornea was returned to 348C, and a sample of medium was
taken the next day for further microbiological testing. The
cornea was dispatched to the recipient’s hospital the following
day and transplanted on the third day after endothelial
examination. For clinically urgent transplants, these timings
were typically shorter. During the period of this study, the
allocation of corneas took into account donor–recipient age
matching to the extent that donors were not more than 30
years older than recipients.

Endothelial Cell Density and Quality Assessment
Grade
The minimum ECD for PK was 2200 cells/mm2. An overall
quality assessment was made based principally on ECD but also
taking into account qualitative features such as presence and
location of dead and/or missing endothelial cells, extent of
folds in Descemet’s membrane, and stromal opacities (e.g.,
arcus senilis was acceptable provided there was at least a 9mm-diameter clear central corneal region). Corneas judged
suitable for PK were graded as ‘‘Good’’ (2200–2500 cells/
mm2), ‘‘Very good’’ (2500–3000 cells/mm2), or ‘‘Excellent’’
(‡3000 cells/mm2).

DATA ANALYSIS
Contamination, Suitability for PK, and Corneal
Quality
Three separate analyses were carried out to determine the
influence of donor factors on, respectively, the risk of
microbial contamination during organ culture, the suitability
of corneas for PK (i.e., whether corneas met the minimum
endothelial criterion of 2200 cells/mm2), and the quality of
corneas (i.e., whether ECD was ‡2500 cells/mm2). These
observational, retrospective, cross-sectional studies included
corneas stored by organ culture in the CTS Eye Banks between
April 1, 1999 and March 31, 2005. During this period, 20,950
corneas were processed. For the analysis of contamination risk,
2179 corneas withdrawn prematurely from organ culture
storage because of medical contraindications were excluded.
A further 2337 corneas were excluded owing to missing/
incorrect data, resulting in a cohort of 16,434 corneas. To avoid
the potential lack of independence between corneas from the
same donor, one cornea from each donor was selected at
random. With the inclusion of those corneas from donors from
whom only one eye was received for processing, an analysis
data set of 8317 corneas was compiled. For the analyses of PK
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suitability and corneal quality, 5907 corneas discarded because
of medical contraindications, contamination, or other nonendothelial reasons were excluded. A further 1601 corneas
with missing/incorrect data were excluded to give a cohort of
13,442 corneas. As with the contamination analysis, the
analysis data set of 7107 corneas was derived from this cohort
by randomly selecting only one cornea from each donor plus
the corneas from donors from whom only one eye had been
received for processing.

Excellent
Very good
Good
Total

Five-Year Graft Survival

Only corneas that met or exceeded the minimum ECD for PK of
2200 cells/mm2 are included.

For consistency with the other analyses, the survival analysis
data set comprised those corneas from the 7107 corneas in the
PK suitability data set that were transplanted. Corneas were
excluded for the following reasons: unsuitable for PK, 1147;
suitable for PK but not transplanted, 422; corneas transplanted
but not PK, 672; corneas used for PK but not first grafts (i.e.,
regrafts), 740; and first PKs with missing/incorrect data, 1112.
The survival analysis data set thus comprised 3014 first PKs.
Data were collected through the NHSBT Ocular Tissue
Transplant Audit, which routinely captures 5-year follow-up
data on corneal transplants in the United Kingdom. Surgeons
submitted a transplant record form at the time of the surgery to
confirm the indication for PK and to record any preoperative
risk factors and perioperative complications. Follow-up forms
were then completed at 1, 2, and 5 years postoperatively.
These forms reported whether the graft was still functioning,
relevant postoperative events and complications, medication
(use of topical steroid, antiviral therapy, and systemic
immunosuppression), visual acuity, and keratometry. All donor
and recipient data were stored in the UK Transplant Registry
maintained by NHSBT.

Statistical Methods
Univariate analyses, Kaplan-Meier survival, multiple logistic
regression, and Cox proportional hazards regression were used
as appropriate. All statistical analyses were performed with SAS
version 9.1 software (SAS Institute, Inc., Cary, NC). Means are
quoted with standard deviations (SD). Odds ratios (OR) and
hazard ratios (HR) are quoted with 95% confidence intervals
(95% CI). The level of significance was set at 5%.

RESULTS
Baseline Eye Bank Data
Outcomes. Of the 20,950 corneas processed during the
study period, 68% were assessed as suitable for PK, 2% were
issued for other types of transplant, 10% were excluded
because of medical contraindications, 6% were excluded
because of microbial contamination during organ culture,
13% were excluded for not meeting the minimum endothelial
criteria for PK, and <1% were discarded for other reasons.
Postmortem Times and Storage Time. Death to enucleation time was 14.9 hours (SD 7.2). Enucleation to corneoscleral disc excision time, which included transport time to the
eye banks from hospitals throughout the United Kingdom, was
16.5 hours (SD 7.5). The mean time from death to corneoscleral disc excision was 31.4 hours (SD 9.6). Corneas were
stored on average for 18.3 days (SD 5.2). Twenty-six percent of
corneas were stored for 2 weeks or less; 46% were stored for
up to 3 weeks, 26% for up to 4 weeks, and 2% for more than 4
weeks.
ECD and Donor Age. The mean donor age and ECD for
those corneas assessed as suitable for PK were, respectively, 61
years (SD 18) and 2636 cells/mm2 (SD 232) (Table 1). Donors

Downloaded from iovs.arvojournals.org on 06/15/2019

TABLE 1. Mean (SD) Endothelial Cell Densities and Mean (SD) Donor
Ages for the Endothelial Quality Assessment Categories
Endothelial
Assessment

n

ECD, cells/mm2

789
3099
2169
6057

3044
2678
2426
2636

(177)
(121)
(107)
(232)

Donor Age, y
41
61
68
61

(21)
(16)
(14)
(18)

of both eyes and organs had a mean age of 48 years (SD 15)
compared with 64 years (SD 17) for all other eye donors. The
mean ECD and donor age by quality assessment grade and the
mean ECD by donor age are shown in Tables 1 and 2.

Risk of Contamination
After excluding corneas from donors with medical contraindications and then randomly selecting one cornea from each
of the remaining donors, the data set included 8317 corneas.
The overall contamination rate was 5.7%. The logistic
regression model (Table 3) showed a strong influence of
cause of donor death on the risk of contamination, which
ranged from less than 4% to more than 17%. A cause of death
recorded as infection (i.e., suspected or confirmed bacterial
septicemia or other systemic infection not considered to be a
contraindication to transplantation) increased the risk of
contamination of corneas by more than 4-fold compared with
intracranial causes (P < 0.0001). Respiratory disease (P ¼
0.0007), cancer (P ¼ 0.02), and ‘‘other’’ causes of death (P <
0.0001) also increased the risk of contamination. The only
other significant factor was transport of corneas to the eye
banks in hypothermic storage medium (i.e., corneoscleral
disc excision carried out locally in order to retain ocular
tissue for research), which reduced the risk of contamination
in organ culture (P ¼ 0.05). No other donor factors affected
the risk of contamination (Table 3).

Suitability for PK
After excluding corneas discarded because of medical contraindications and contamination and then randomly selecting
one cornea from each donor, the data set included 7107
corneas. Table 4 shows the influence of donor factors on
whether the corneal endothelium failed to meet the minimum
suitability criterion for PK (i.e., risk of ECD < 2200 cells/mm2).
Donor age (P < 0.0001) and storage time in organ culture (P <
0.0001) had the largest influence. Corneas from organ donors
were more likely to be suitable for PK (P ¼ 0.0003). There was
also an unexplained difference between the two eye banks.
Times from death to enucleation (P ¼ 0.9) and from
enucleation to corneoscleral disc excision (i.e., processing)
(P ¼ 0.3), overall time from death to processing (P ¼ 0.2), and
TABLE 2. Mean (SD) Endothelial Cell Density by Donor Age
Donor Age, y
0–39
40–59
60–79
‡80

n
766
1795
2738
758

ECD, cells/mm2
2900
2666
2576
2511

(270)
(201)
(190)
(174)

Only corneas that met or exceeded the minimum ECD for PK of
2200 cells/mm2 are included.
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TABLE 3. Logistic Regression Model Showing Factors Influencing the
Risk of Contamination of Corneas Stored in Organ Culture
Factor*

n

Contaminated, % OR 95% CI

TABLE 4. Logistic Regression Model Showing Factors Influencing the
Risk of Corneas Stored in Organ Culture Being Unsuitable for PK (i.e.,
ECD < 2200 cells/mm2)

P
Factor*

Corneas,† %

n

OR

95% CI

P

9.3
9.9
18.1
31.3

1.0
0.99
1.9
3.7

–
0.7, 1.3
1.5, 2.5
2.8, 4.9

–
0.95
<0.0001
<0.0001

11.9
16.0
22.2
29.5

1.0
1.5
2.4
4.0

–
1.3, 1.8
2.0, 2.8
2.7, 5.9

–
<0.0001
<0.0001
<0.0001

8.5
18.2

1.0
1.6

–
1.2, 2.0

–
0.0003

12.4
19.3

1.0
1.9

–
1.6, 2.1

–
<0.0001

Cause of death, P < 0.0001
Intracranial
1732
Trauma
509
Cardiovascular 2309
Respiratory
700
Cancer
1729
Infection
173
Other
418
Missing†
747

4.5
5.7
3.7
7.9
6.3
17.3
11.7
5.5

1.0
1.3
0.8
1.9
1.4
4.5
2.8
1.2

–
–
0.9, 2.0
0.3
0.6, 1.1
0.3
1.3, 2.7
0.0007
1.1, 1.9
0.02
2.8, 7.1 <0.0001
1.9, 4.1 <0.0001
0.8, 1.8
0.3

Cornea transported to eye bank in hypothermic storage medium,
P ¼ 0.05‡
No
7355
5.9
1.0
–
–
Yes
962
4.4
0.7 0.5, 1.0
0.05
The model accounts for 55% of variability of the data.
* Other factors that did not reach the 5% level of significance: time
from death to enucleation (P ¼ 0.6), time from enucleation to
corneoscleral disc excision (P ¼ 0.5), interaction between death to
enucleation and enucleation to corneoscleral disc excision (P ¼ 0.5),
overall time from death to corneoscleral disc excision (P ¼ 0.3), donor
age (P ¼ 0.14), organ donor (P ¼ 0.2), and eye bank (P ¼ 0.3).
† Missing cause of death is a contraindication to transplantation, but
these corneas were retrieved and placed into organ culture on the
understanding that a cause of death would be forthcoming.
‡ Corneoscleral disc excised before transport to eye bank in
hypothermic storage medium.

the interaction between death to enucleation time and
enucleation to processing time (P ¼ 0.8) had no influence on
the suitability of corneas for PK.

Donor age, y, P < 0.0001
0–39
40–59
60–79
80þ

816
1954
3256
1081

Storage time, d, P < 0.0001
7–14
15–21
22–28
29–35

1822
3248
1874
163

Organ donor, P ¼ 0.0003
Yes
No

995
6112

Eye bank, P < 0.0001
Manchester
Bristol

2519
4588

The model accounts for 65% of variability of the data.
* Other factors found not to reach the 5% level of significance: time
from death to enucleation (P ¼ 0.9), time from enucleation to
corneoscleral disc excision (P ¼ 0.3), interaction between time from
death to enucleation and time from enucleation to corneoscleral disc
excision (P ¼ 0.8), and overall time from death to corneoscleral disc
excision (P ¼ 0.2). Cause of death, donor sex, and corneas transported
to eye bank in 48C storage medium were all not significant at the 5%
level.
† Percentage of corneas unsuitable for PK (i.e., ECD < 2200 cells/
mm2).

Endothelial Quality
The likelihood of ECD < 2500 cells/mm2 was increased with
increasing donor age and longer storage time. This was
confirmed by logistic regression (Table 5). Increasing time
from enucleation to corneoscleral disc excision also increased
the risk of ECD < 2500 cells/mm2, but the overall effect was
small and significant only for times >18 hours (Table 5). None
of the other postmortem times reached the 5% level of
significance.

Graft Survival at 5 Years
The Kaplan-Meier survival estimate for first PK at 5 years was
73% (95% CI 72%–75%) across all indications (Fig. 1). The Cox
model of factors influencing 5-year survival is shown in Table
6. The only donor factor to have an effect on graft survival was
donor sex: Transplantation of corneas from male donors
increased the risk of failure compared with female donors (P
¼ 0.008). None of the other donor factors (see note, Table 6)
influenced graft survival. Indication had a major influence on
graft survival (Fig. 2). Five-year survival for transplants for
bullous keratopathy was only 59% (95% CI 54%–64%)
compared with 93% (95% CI 90%–96%) for keratoconus. After
taking other factors into account in the Cox regression model
(Table 6), this difference represented an almost 4-fold greater
risk of failure at 5 years for bullous keratopathy (HR 3.7, 95% CI
2.7–5.1, P < 0.0001). Recipient trephine diameter >8 mm (P <
0.0001), a difference of >0.25 mm between the donor and
recipient trephine sizes (P < 0.0001), and several preoperative
and postoperative risk factors also increased the risk of failure
(Table 6). A major influence on survival was allograft rejection,
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TABLE 5. Logistic Regression Model Showing Factors Influencing the
Likelihood of Corneas Stored in Organ Culture Having an ECD <2500
cells/mm2
Factor*

OR

95% CI

P

17.0
34.8
52.8
69.4

1.0
2.5
5.7
11.4

–
2.0, 3.1
4.7, 7.0
9.0, 14.3

–
<0.0001
<0.0001
<0.0001

Storage time, d, P < 0.0001
7–14
1822
35.2
15–21
3248
44.0
22–28
1874
58.5
29–35
163
76.1

1.0
1.4
2.7
6.3

–
1.2, 1.6
2.3, 3.1
4.3, 9.3

–
<0.0001
<0.0001
<0.0001

n

Corneas,† %

Donor age, y, P < 0.0001
0–39
40–59
60–79
80þ

816
1954
3256
1081

Time from enucleation to corneoscleral disc excision, h, P ¼ 0.002
12
13–18
19–24
25–30

1508
2111
3065
354

44.4
44.7
47.6
50.9

1.0
1.0
1.2
1.4

–
0.9, 1.2
1.0, 1.4
1.1, 1.8

–
0.8
0.01
0.006

The model accounts for 69% of variability of the data.
* Other factors found not to reach the 5% level of significance: time
from death to enucleation (P ¼ 0.2), interaction between time from
death to enucleation and time from enucleation to corneoscleral disc
excision (P ¼ 0.3), and overall time from death to corneoscleral disc
excision (P ¼ 0.13). Cause of death, donor sex, corneas transported to
eye bank in 48C storage medium, eye bank, and organ donor were all
not significant at the 5% level.
† Percentage of corneas with ECD < 2500 cells/mm2.
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TABLE 6. Cox Regression Model of Factors Influencing the Risk of
Graft Failure at 5 Years, n ¼ 3014
Factor*

n

HR

95% CI

P

1212
1802

1.0
1.3

–
1.1, 1.5

–
0.008

784
757
754
307
94
89
138
91

1.0
1.5
3.7
2.8
4.3
4.2
2.3
3.4

–
1.1, 2.1
2.7, 5.1
1.9, 4.0
2.7, 6.7
2.6, 6.8
1.4, 3.7
2.1, 5.4

–
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

2580
434

1.0
1.4

–
1.1, 1.7

–
0.008

2725
289

1.0
1.5

–
1.2, 1.9

–
0.0003

1.0
1.7

–
1.3, 2.1

–
<0.0001

–
1.0, 1.7

–
0.02

–
0.8, 1.2
1.2, 2.2

–
0.25
0.003

1.0
1.3
1.4

–
1.0, 1.7
1.2, 1.7

–
0.02
0.0006

1.0
2.6

–
2.1, 3.3

–
<0.0001

–
0.5, 0.9

–
0.01

Donor sex, P ¼ 0.008
Female
Male
Diagnosis, P < 0.0001
Ectasias
Dystrophies
Previous ocular surgery
Infection
Injury
Ulcerative keratitis
Opacification
Other

Infection/inflammation, P ¼ 0.008
No
Yes
Glaucoma, P ¼ 0.0003
No
Yes
FIGURE 1. Kaplan-Meier survival plot across all indications. Survival
estimate at 5 years: 73% (95% CI 72%–75%). Numbers of grafts at risk:
initially, 3014; 1 year, 2601; 2 years, 1864; 5 years, 424.

Ocular surface disease, P < 0.0001
No
Yes

2704
310

Vitrectomy at time of transplant, P ¼ 0.02

which increased the risk of failure almost 3-fold (HR 2.6, 95%
CI 2.1–3.3, P < 0.0001).

No
Yes

2304
710

1.0
1.3

Recipient trephine diameter, P ¼ 0.0004

DISCUSSION
The introduction of organ culture as a technique for storing
corneas offered at the time the prospect of storage for weeks
rather than days8–11: Even with improvements in hypothermic
storage solutions,12 organ culture still permits longer-term
storage. While organ culture preserves the structural integrity
of the corneal endothelium,13 there is a decline in ECD with
increasing storage time.11 Regardless of the mechanism of this
cell loss,13–15 an understanding of the influence of donor
factors such as age, postmortem retrieval and processing times,
storage time, and ECD both on the suitability of corneas for PK
and on graft outcome helps to provide a rational basis for the
setting of eye banking standards.7,16–25
A perceived advantage of corneal organ culture is the
opportunity to detect microbial contamination of the tissue
before transplantation. We found cause of death to be the
dominating factor influencing risk of contamination, with
septicemia posing the greatest risk. Among other causes of
death, cancer was associated with increased risk of contamination (Table 3), which may help explain the increased risk of
postoperative endophthalmitis associated with cold-stored
corneas obtained from donors with malignancies reported by
Hassan et al.26 Donor age and storage time in organ culture,
especially the former, were the principal factors affecting
endothelial suitability for PK and endothelial quality. We
previously found that death to enucleation time and time from
enucleation to processing had a slight influence on contamination risk and endothelial suitability when they were treated
as continuous variables. Increasing postmortem times have
been reported to reduce ECD in donor corneas18; however, we
found little influence of these factors when they were modeled
as categorical variables apart from a slight increase (3%) in the
percentage of corneas with ECD < 2500 cells/mm2 with
enucleation to processing times of 19 to 24 hours (Table 5).
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<7.5 mm
7.5–8.0 mm
>8.0 mm

603
2211
200

1.0
0.95
1.6

Donor/recipient trephine difference, P ¼ 0.001
0.25 mm
0 mm
>0.25 mm

1920
421
673

Rejection episodes, P < 0.0001
No
Yes

2653
361

Postoperative surgical procedures, P ¼ 0.01†
No
Yes

523
2491

1.0
0.7

* Other factors considered in the model: donor age (P ¼ 0.8),
endothelial quality assessment (P ¼ 0.2), endothelial cell density (P ¼
0.3), time from death to enucleation (not included in Cox model but P
¼ 0.7 in univariate analysis), enucleation to corneoscleral disc excision
time (P ¼ 0.94), death to corneoscleral disc excision (P ¼ 0.6), storage
time (P ¼ 0.9), recipient age (P ¼ 0.4), donor–recipient age difference
(P ¼ 0.4), HLA matched (P ¼ 0.2), reason for graft—vision only (P ¼
0.3), suturing method (P ¼ 0.7), other risk factors (P ¼ 0.98), deep
vascularization (P ¼ 0.1), superficial vascularization (P ¼ 0.6), donor
trephine diameter (P ¼ 0.4), type of anesthesia (P ¼ 0.6), cataract
extraction/IOL exchange at time of transplant (P ¼ 0.6), other surgical
procedures at time of transplant (P ¼ 0.2), refractive surgery (P ¼ 0.4),
postoperative complications (P ¼ 0.8).
† Suture adjustment/removal, cataract surgery, refractive surgery.

These findings are in the main consistent with other
studies. Most show an influence of donor age either on the
percentage of corneas suitable for PK or on ECD. For example,
Gavrilov et al.16 reported that 13% of organ-cultured corneas
from donors 40 years were unsuitable for PK because of
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FIGURE 2. Kaplan-Meier plot showing effect of indication on 5-year estimated graft survival of first corneal transplants (see Table 6 for Cox
regression model).

insufficient endothelium, and this rose to 32% for corneas from
donors 80 years (cf. Table 4). The Cornea Donor Study, which
was undertaken in the United States to determine the
suitability of cold-stored corneas from older donors for PK,
showed a negative association between increasing donor age
and ECD.27
Given that corneal transplants lose endothelial cells at an
accelerated rate,28 a higher initial ECD in the donor cornea
would imply a better prognosis for long-term graft survival;
however, there is currently little direct supporting evidence for
the setting of an acceptable minimum donor ECD for PK.
Corneas from older donors and corneas stored for longer
periods are likely to have lower ECDs; but, provided the ECD is
above a given minimum at the time of transplantation, it is
assumed that these donor variables will have little impact on
long-term graft survival. Our results lend support to this
contention. The Cornea Donor Study failed to find an
association between donor ECD and graft failure caused by
endothelial decompensation, although the 6-month postoperative ECD was predictive of failure.22 Since postmortem times
in our study had no effect on overall graft survival, exploratory
analyses were carried out to further investigate the influence of
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postmortem times on graft failure caused by endothelial
decompensation in Fuchs’ and bullous keratopathy recipients.
No effects of postmortem times were seen in the Fuchs’ group.
In the bullous keratopathy group, death to enucleation times of
19 to 24 hours did appear to increase the risk of endothelial
decompensation; but the overall trend was not consistent
when longer death to enucleation times were considered and,
taken as a global variable, death to enucleation time did not
reach the 5% level of significance.
It is noteworthy in the present study that no donor factors
except sex affected 5-year graft survival. The Cornea Donor
Study found no influence of sex on risk of PK failure at 5
years, but corneas from female donors did have higher
postoperative ECD.24,29 Whether the sex effect we observed
is related to expression of the H-Y antigen, which could be a
target for allograft rejection where corneas from male donors
are transplanted into female recipients, is a moot point.30
Although further analysis did not show any of the specific
donor–recipient sex combinations to be significant, this
observation does warrant further investigation. A lack of
effect of donor age and donor ECD on 5-year graft survival
was also found in the Cornea Donor Study.20–22,24 In the
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present study, corneas were stored by organ culture; there
was no upper donor age limit, and corneas from older donors
tended to be allocated to older recipients. By contrast,
corneas in the Cornea Donor Study were stored by
hypothermia; there was a maximum upper age limit for
donors of 75 years; there was no donor–recipient age
matching; and only moderate risk grafts were included in
the study. However, the results of the Cornea Donor Study do
provide strong support for a lack of influence of donor age, at
least up to 75 years in moderate-risk grafts. There are reports
of effects of donor factors on postoperative ECD,18,31 but
other studies do not consistently support such findings.21,25
The Cornea Donor Study did show a slight association
between postoperative endothelial cell loss and donor age
but, as acknowledged by the authors, the clinical significance
of this for graft survival in the longer term is unknown.20
Longer-term follow-up will be needed to establish the
ultimate impact of donor factors such as age and ECD;
however, loss to follow-up becomes an important consideration in long-term studies.32
In summary, donor age and storage time in organ culture
were the main factors determining the suitability of corneas for
PK. Postmortem times to enucleation and to processing had
little influence on tissue suitability or quality. Although
postmortem times up to 30 hours were included in the
analyses, current practice in the CTS Eye Banks is not to accept
death to enucleation times greater than 24 hours. Similarly, a
few corneas (2%) included in the analyses were organ cultured
for more than 4 weeks, whereas the standard practice is to
outdate corneas after 4 weeks. Based on the outcome of the
present analyses, these time limits appear to be acceptable in
terms of their influence on the suitability of corneas for PK
stored by organ culture. All of the transplanted corneas met or
exceeded the minimum endothelial quality assessment based
principally on ECD ‡ 2200 cells/mm2. The indication for PK
was a major factor influencing graft survival. The 5-year
survival estimates shown in Figure 2 and the HR in Table 6 for
the main indications are similar to those reported by the
Australian Corneal Graft Registry.2,19 Since the Australian
registry is primarily based on cold-stored corneas, these
similarities in outcomes with our results suggest that there is
little influence of method of corneal storage on graft outcome.
As with the Australian data, graft survival was dominated by the
indication for PK, allograft rejection, and other recipientrelated factors.19 Whether this conclusion will be modified by
longer-term follow-up studies or whether it applies to
endothelial keratoplasty remains to be determined; however,
within the limits of this study, donor and cornea storage criteria
as applied in the United Kingdom appear to be acceptable
based on 5-year graft survival for first PK.
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