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Original Article

The highly successful nature of penetrating keratoplasty 
(PK) is dependent upon the availability of suitable donor 
tissue [1,2]. The physiological and morphological charac-

teristics of the donor corneal endothelium are important 
factors impacting the viability of corneal grafts [3]. Since 
several authors reported a decline in corneal endothelial 
cell density (ECD) with age [4-6], it has been considered 
that increasing donor age is associated with a higher risk 
of graft failure of PK. In recent decades, many researchers 
have wrestled with the issue of the impact of donor age on 
endothelial cell characteristics and the outcome of primary 
PK [7-12]; however, a precise correlation between donor 
age and the risk of graft failure has yet to be shown.

Purpose: To investigate the influence of donor age on corneal graft survival following primary penetrating kera-

toplasty (PK) with imported donor corneas.

Methods: The eyes of patients who underwent primary PK with imported donor corneas were classified retro-

spectively into two groups according to a donor-age cutoff of 65 years. Primary outcome measures were re-

jection-free graft survival and graft survival. Cox proportional hazard regression analysis was used to assess 

the factors affecting graft survival. Survival analysis was performed using the Kaplan-Meier method, while 

differences between groups were examined using a log-rank test. A subgroup analysis of low- and high-risk 

eyes according to preoperative diagnosis was also performed.

Results: A total of 140 eyes from 138 patients (age, 58 ± 18 years) were enrolled. Cox regression analysis re-

vealed that the donor age of 65 years or older group presented an increased risk of both graft rejection and 

failure. Survival analysis revealed that rejection-free graft survival and graft survival rates were higher in eyes 

in the donor age of less than 65 years group. Finally, in the subgroup analysis, both rejection-free graft survival 

and graft survival rates were significantly higher in the donor age of less than 65 years group than in the donor 

age of 65 years or older group, but only in the low-risk subgroup.

Conclusions: Donor age may correlate with graft survival in primary PK performed with imported donor cor-

neas. Donor age could be a considerable factor in primary PK with imported donor corneas, especially in pre-

operatively low-risk patients.
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The Cornea Donor Study (CDS) was designed to deter-
mine the role of donor age in corneal graft survival in or-
der to possibly increase the pool of available corneal do-
nors by expanding the allowable age limits. The Specular 
Microscopy Ancillary Study (SMAS), which included 
CDS cohort patients followed for five years without graft 
failure, also determined the effect of donor age on long-
term donor ECD [7]. The CDS five-year outcomes data re-
vealed that five-year cumulative probability of graft sur-
vival (86%) was not different between the two donor age 
groups (12- to 65-year-olds and 66- to 75-year-olds) [9], 
while SMAS detected a slightly greater endothelial cell 
loss in relation to older donors [10]. Thereafter, with the 
extended follow-up, the investigators found that, although 
10-year success rates were not different between the ages 
of 12 to 65 years (77%) and 66 to 75 years (71%), there was 
evidence of a donor age effect at the extremes of the age 
range; specifically, a higher success rate was noted when 
involving extremely young donors (96%, aged 12 to 33 
years) and a lower success rate was noted when involving 
extremely older donors (62%, aged 72 to 75 years) [11]. The 
SMAS at 10 years also showed the rate of endothelial cell 
loss as being slightly greater with older donor age [12].

Imported donor corneas are commonly used in South 
Korea due to a shortage of donor tissue [13]. Wagoner et al. 
[5] reported comparable graft survival with imported do-
nor corneas as compared with a Western series performed 
with domestic donors. However, their results showed that 
increasing donor age is significantly associated with de-
creased graft survival. In Korean studies, donor age was 
not associated with graft survival [14,15], but only a few 
studies to date have been carried out to evaluate such. This 
study was conducted to investigate the influence of donor 
age on graft survival in primary PK with imported donor 
corneas. 

Materials and Methods

Subjects

We retrospectively reviewed the medical records of pa-
tients who underwent primary PK between June 2005 and 
December 2017 at Seoul National University Bundang 
Hospital, Seongnam, Korea. A total of 140 eyes of 138 pa-
tients who underwent primary PK were included in this 

study. This study was approved by the institutional review 
board (B-1905-540-105) of Seoul National University Bun-
dang Hospital and the requirement for informed patient 
consent was waived. The study complied with the guide-
lines of the Declaration of Helsinki.

We evaluated baseline characteristics of both the tissue 
transplant recipients—including age, sex, history of diabe-
tes, and preoperative diagnoses—and of the donors—in-
cluding age, sex, race, ECD (cells/mm2), graft diameter, 
death to harvest time, and harvest to operation time.

The eyes were classified into two groups according to 
donor age with 65 years acting as the cutoff age, similar to 
as in the CDS [7,11]. Many United States eye banks have 
also set an upper age limit for donor eligibility as 65 years 
[9]. Additional survival analyses were replicated in four 
data-derived donor age subgroups (<35, 35–49, 50–64, and 
≥65 years), which showed relatively constant numbers of 
cases within each of the four subgroups.

The eyes were also classified into two groups according 
to preoperative diagnoses for subgroup analysis, a high-
risk group that included eyes whose preoperative diagno-
ses were corneal perforation or thinning or infectious ker-
atitis and a low-risk group included eyes with preoperative 
diagnoses of corneal opacity, bullous keratopathy, kerato-
conus, or stromal dystrophy.

Primary PK with imported donor corneas

All PK procedures were performed by a single experi-
enced surgeon (JYH), and all procedures were standard-
ized [16]. All donor corneas were obtained from an eye 
bank in the United States (SightLife Eye Bank, Seattle, 
WA, USA). All donor corneas were preserved in Opti-
sol-GS (Bausch & Lomb, Irvine, CA, USA) and stored at 
4°C. We did not match human leukocyte antigens between 
donors and recipients. All grafts were allocated randomly 
regardless of human leukocyte antigens and sex. The do-
nor corneas were punched through the corneal endotheli-
um, measuring 7.0, 7.25, 7.5, 7.75, or 8.0 mm in diameter, 
using a radial vacuum trephine (Barron Precision Instru-
ments; Katena Products, Denville, NH, USA). The recipi-
ent corneas were trephined either to exactly match the size 
of the donor cornea or as 0.25 or 0.5 mm smaller than the 
donor cornea according to the patient’s preoperative diag-
nosis or eye condition. The donor corneas were sutured 
with interrupted sutures with 10-0 nylon (Alcon Laborato-
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ries, Fort Worth, TX, USA). Directly after PK, both 0.5 
mL of gentamicin 4% and 0.5 mL of dexamethasone 0.8% 
were injected subconjunctivally. All patients were treated 
with topical prednisolone acetate 1% eye drops and mox-
ifloxacin 0.5% eye drops four times daily during the first 
three months after surgery; the doses were gradually ta-
pered and continued once a day for the first year after sur-
gery [17].

Outcomes measures and diagnoses of graft rejection 
and graft failure

Primary outcomes measures were rejection-free graft 
survival and graft survival; rejection-free graft survival 
was defined as the time span from keratoplasty to the first 
diagnoses of graft rejection and graft survival was defined 
until graft clarity was maintained without graft failure. 

Table 1. Comparison of baseline characteristics of recipients and donors in the two donor age groups

Characteristics Donor age <65 yr (n = 107) Donor age ≥65 yr (n = 33) Total (n = 140) p-value
Recipient characteristics

Mean age (yr) 56.6 ± 19 63.6 ± 13.3 58.2 ± 18.0
<65 65 (60.7) 15 (45.5) 80 (57.1)

0.121*

≥65 42 (39.3) 18 (54.5) 60 (42.9)
Male : female 77 : 30 22 : 11 99 : 41 0.559*

History of diabetes 21 (19.6) 6 (18.2) 27 (19.3) 0.854*

Cataract 0.057*

PK alone 88 (82.2) 22 (66.7) 110 (78.6)
Combined surgery 19 (17.8) 11 (33.3) 30 (21.4)

Diameter (mm) 7.52 ± 0.18 7.5 ± 0.16 7.51± 0.17
<8 106 33 139

0.516*

≥8 1 0 1
Donor characteristics

Male : female 63 : 44 18 : 15 81 : 59 0.659*

Asian race 17 (18.7) 3 (11.1) 0.357*

Graft ECD (cells/mm2) 2,873 ± 375 2,766 ± 275 2,847 ± 356 0.131†

<2,700 45 (42.1) 18 (54.5) 63 (45)
0.334*≥2,700, <3,000 34 (31.8) 10 (30.3) 44 (31.4)

≥3,000 28 (26.2) 5 (15.2) 33 (23.6)
Death to preservation time (hr) 9.5 ± 4.8 8.1 ± 2.9 9.1 ± 4.4

≤8 52 (48.6) 20 (60.6) 72 (51.4)
0.051*9–14 36 (33.6) 12 (36.4) 48 (34.3)

≥15 19 (17.8) 1 (3.0) 20 (14.3)
Preservation to operation time (hr) 129.4 ± 23.4 130.5 ± 19 129.7 ± 22.4

≤ 96 7 (6.5) 1 (3.0) 8 (5.7)
0.802*97–168 97 (90.7) 32 (97.0) 129 (92.1)

169–240 3 (2.8) 0 3 (2.1)
Diameter (mm) 7.75 ± 0.16 7.75 ± 0.16 7.75± 0.16

<8 87 (81.3) 28 (84.8) 115 (82.1)
0.769*

≥8 19 (17.7) 5 (15.2) 24 (17.1)

Values are presented as mean ± standard deviation, number (%), or number. p < 0.05 indicates statistical significance.
PK = penetrating keratoplasty; ECD = endothelial cell density. 
*Chi-squared test; †Paired t-test.
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Graft rejection was defined as corneal edema and the ap-
pearance of an endothelial rejection line or inflammation 
(e.g., stromal infiltrate, keratic precipitates, cells in the an-
terior chamber, ciliary injection) in a graft that was previ-
ously clear. Patients with clinical evidence of rejection 
were managed with a combination of oral prednisolone  
(1 mg/kg body weight) and topical prednisolone acetate 1% 
given at one-hour intervals, with rapid tapering following 
the resolution of rejection. Graft failure was defined as a 
loss of central graft clarity that compromised vision for a 
minimum of three consecutive months.

Statistical analyses

At first, Cox proportional hazard regression analysis was 
used to assess the relationship between baseline factors 
and graft survival. After confirming the influence of donor 
age on graft survival, we compared the baseline character-
istics of two groups according to donor age with the chi-
squared and Fisher exact tests. Survival analysis was per-
formed using the Kaplan-Meier method. Differences 
between groups were assessed using the log-rank test. We 
also evaluated survival analysis with other baseline factors 
that could affect graft survival. To evaluate the trend of 
ECD across the four donor age subgroups, the Jonck-
heere-Terpstra test was conducted, while the Kruskal-Wal-
lis test and the Mann-Whitney test were used for compari-
son of the ECD among the four donor age subgroups. 
Subgroup analyses of low- and high-risk eyes according to 
preoperative diagnoses were also performed. All calcula-
tions were completed using the IBM SPSS ver. 20.0 (IBM 
Corp., Armonk, NY, USA). A p-value of less than 0.05 was 
considered to be statistically significant.

 

Results

Baseline characteristics of recipients and donors

A total of 140 eyes of 138 patients who underwent pri-
mary PK were included in this research. The mean ± stan-
dard deviation age at the time of PK was 58 ± 18 years, and 
99 (71%) of recipients were men. Preoperative diagnoses of 
high-risk patients included those with corneal perforation 
or thinning (13 eyes, 9.2%) and infectious keratitis (10 eyes, 
7.1%), while the low-risk group included patients with cor-

neal opacity (71 eyes, 50.7%), bullous keratopathy (35 eyes, 
25.0%), keratoconus (7 eyes, 5.0%), and stromal dystrophy 
(4 eyes, 2.9%).

Table 1 shows the baseline characteristics of recipients 
and donors in the two donor age groups. Eyes from donors 
aged three to 64 years old were included in the donor age 
of younger than 65 years group (group 1; n = 107, 76%), 
while those from donors aged 65 to 75 were included in the 
donor age of 65 years or older group (group 2; n = 33, 
24%). Group 1 was subdivided into three subgroups (sub-
groups 1, 2, and 2) of donor age younger than 35 years  
(n = 16), donor age of 35 to 49 years (n = 27), and donor 
age of 50 to 64 years (n = 64). The mean donor age among 
all eyes was 52 ± 15 years (48 ± 14 years in group 1 and  
67 ± 2 years in group 2, p < 0.001). There were no signifi-
cant differences in baseline characteristics of the recipients 
and donors between the younger and older age groups ex-
cept for mean donor age. The mean donor ECD was not 
significantly different between the two donor age groups 
(p = 0.131, paired t-test; 2,873 ± 375 vs. 2,766 ± 275 cells/
mm2 for groups 1 and 2, respectively). However, when ECD 
was compared among the four donor age subgroups, the 
Jonckheere-Terpstra test revealed a significant trend for 
lower ECD values with increasing age (p = 0.003) (Fig. 1), 
while the Kruskal–Wallis test also suggested a significant 
difference among the four subgroups (p = 0.015). It was 
revealed that subgroup 1 had significantly higher ECD val-
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Fig. 1. Comparison of endothelial cell densities (ECDs, cells/
mm2) among donor corneas in four donor age subgroups. Mean 
ECD tended to decrease with increasing age grade (p = 0.003, 
Jonckheere-Terpstra test). It was revealed that donors aged <35 
years had a significantly higher ECD than donors aged 50–64 or 
>65 years (*Statistical significance; p = 0.008 and p = 0.016, re-
spectively, Mann-Whitney test).
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Table 2. Log-rank test results for baseline factors for rejection-free graft survival and graft survival in all eyes

Factors
Rejection-free graft survival Graft survival

No. Event Median (95% CI) p-value* Event Median (95% CI) p-value*

Recipient characteristics
Age at surgery (yr) 0.626 0.46

<65 80 39 33.0 (12.6–53.3) 25 -
≥65 60 31 27.0 (10.7–43.2) 23 72.0 (29.3–114.6)

Sex 0.529 0.516
Female 41 19 - 13 -
Male 99 51 30.0 (13.2–46.7) 35 85.0 (32.3–137.6)

History of diabetes 0.581 0.29
No 113 56 36.0 (23.6–48.3) 38 85.0 (67.6–102.3)
Yes 27 14 22.0 (14.5–29.4) 10 34.0

Cataract 0.963 0.752
PK alone 110 55 30.0 (16.4–43.5) 37 -
Combined surgery 30 15 38.0 (2.1–73.8) 11 85.0 (52.6–117.3)

Diameter (mm) 0.42 0.579
< 8 139 70 - 48 -
≥ 8 1 0 - 0 -

Donor characteristics 
Age (yr) 0.016 < 0.001

<65 107 50 38.0 (24.1–51.8) 30 104.0 (27.1–80.8)
≥65 33 20 13.0 (5.4–20.5) 18 29.0 (17.4–40.5)

Sex 0.348 0.769
Female 59 26 38.0 (20.9–55.0) 20 104.0
Male 81 44 24.0 (11.9–36.0) 28 85.0 (31.7–138.2)

Race 0.649 0.329
Asian 20 12 19.0 (9.8–28.1) 10 38.0 (0–83.2)
Others 98 49 30.0 (17.5–42.4) 31 104.0

Graft ECD (cells/mm2) 0.727 0.484
<2,700 63 29 38.0 (23.3–52.6) 19 85.0 (38.0–131.9)
≥2,700, <3,000 44 23 23.0 (9.1–36.8) 17 41.0
≥3,000 33 18 19.0 (3.0–34.9) 12 -

Death to preservation time (hr) 0.379 0.799
≤8 72 34 25.0 (4.8–45.1) 22 -
9–14 48 28 27.0 (3.4–50.5) 20 85.0 (30.9–139.0)
≥15 20 8 36.0 6 -

Preservation to operation time (hr) 0.777 0.778
≤96 8 5 12.0 (0.9–23.0) 3 -
97–168 129 64 33.0 (21.0–44.9) 44 85.0 (59.7–110.2)
169–240 3 1 17.0 1 21.0

Diameter (mm) 0.030 0.552
<8 115 55 38.0 (23.7–52.2) 40 85.0 (58.5–111.4)
≥8 24 14 25.0 (0.0–50.1) 8 46.0

CI = confidence interval; PK = penetrating keratoplasty; ECD = endothelial cell density.
*Log-rank test. 
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ues than subgroups 2 and 3 (p = 0.008 and p = 0.016, re-
spectively, Mann-Whitney U-test). Preservation time fac-
tors (i.e., death to preservation time and preservation to 
operation time) were not different between the two main 
groups. The mean follow-up period was 34 months (range, 
3 to 112 months).

Factors associated with graft survival

Of the 140 eyes, 70 eyes (50%) experienced graft rejec-
tion and 48 eyes (34%) experienced graft failure during the 
follow-up period. The primary cause of graft failure in all 
48 eyes with graft failure was graft rejection.

During multivariate analysis using Cox proportional 
hazard regression, donor age and graft diameter were as-
sociated with graft rejection but only donor age was asso-
ciated with graft failure, with group 2 eyes at an increased 
risk of both graft rejection and graft failure (hazard ratio, 
1.955; 95% confidence interval [CI], 1.151–3.321; p = 0.013 
and hazard ratio, 2.83; 95% CI, 1.261–5.132; p = 0.001, re-
spectively).

Table 2 shows the results of the log-rank test for possible 
risk factors for rejection-free graft survival and graft sur-
vival in all eyes. Among all possible risk factors, donor age 
was associated with rejection-free graft survival and graft 
survival (log-rank test; X2 = 5.825, p = 0.016 vs. X2 = 

13.058, p < 0.001, respectively), while graft diameter was 
associated with rejection-free graft survival (log-rank test, 
p = 0.03).

Survival analysis results by donor age group

Rejection-free graft survival and graft survival were 
significantly higher among patients in group 1 than group 
2 (log-rank test; X2 = 5.825, p = 0.016 vs. X2 = 13.058, p < 
0.001, respectively) (Fig. 2A, 2B).

In the subgroup analysis of low- and high-risk groups 
according to preoperative diagnoses, 91 low-risk eyes 
(77.8%) and 16 high-risk eyes (69.6%) were included in 
group 1 and 26 low-risk eyes (22.2%) and seven high-risk 
eyes (30.4%) were included in group 2. It was found that 
both rejection-free graft survival and graft survival rates 
were significantly higher in group 1 than group 2 but only 
among low-risk patients (log-rank test; X2 = 5.916, p = 0.015 
vs. X2 = 12.472, p < 0.001, respectively) (Fig. 3A, 3B). In 
the high-risk group, both rejection-free graft survival and 
graft survival rates were not significantly different be-
tween the two donor age groups (log-rank test; X2 = 0.104, 
p = 0.747 vs. X2 = 1.153, p = 0.283, respectively) (Fig. 3C, 
3D).

In exploring this association further across the entire do-
nor age distribution by incorporating the three donor age 

Fig. 2. Kaplan-Meier plots of (A) rejection-free graft survival and (B) graft survival in donor age <65 years and donor age ≥65 years 
groups (log-rank test; (A) X2 = 5.825, p = 0.016 vs. (B) X2 = 13.058, p < 0.001).
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subgroups, it was found that rejection-free graft survival 
rate was not found to be significantly different but the 
graft survival rate was significantly different among the 
groups (log-rank test; X2 = 5.895, p = 0.117 vs. X2 = 14.355, 
p = 0.002, respectively) (Fig. 4A, 4B). In a subgroup analy-
sis according to preoperative diagnoses of the four donor 
age groups (three subgroups and group 2), it was also 
found that the rejection-free graft survival rate was not 

significantly different but the graft survival rate was sig-
nificantly different among subgroups in the low-risk eyes 
(log-rank test; X2 = 6.131, p = 0.105 vs. X2 = 14.907, p = 
0.002, respectively) (Fig. 5A, 5B). In the high-risk group, 
however, both rejection-free graft survival rate and graft 
survival rate were not significantly different among the 
groups (log-rank test; X2 = 2.957, p = 0.398 vs. X2= 7.385, p 
= 0.061, respectively) (Fig. 5C, 5D).
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Fig. 3. Kaplan-Meier plots of rejection-free graft survival and graft survival in the two main donor age groups after division into low- 
and high-risk groups. In the low-risk group, both (A) rejection-free graft survival and (B) graft survival were significantly higher in the 
donors age <65 years group than that of ≥65 years group (log-rank test; X2 = 5.916, p = 0.015 vs. X2 = 12.472, p < 0.001, respectively). In 
the high-risk group, both (C) rejection-free survival and (D) graft survival were not significantly different between the two donor age 
groups (log-rank test; X2 = 0.104, p = 0.747; X2 = 1.153, p = 0.283, respectively).
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Discussion

This study investigated the impact of donor age on graft 
survival in primary PK. According to our results, donor 
age was the only factor that was associated with graft fail-
ure in multivariate analysis performed using Cox propor-
tional hazard regression. Survival analysis also confirmed 
that both rejection-free graft survival and graft survival 
rates were significantly higher in eyes with a donor age of 
younger than 65 years. However, in subgroup analyses 
performed according to preoperative diagnoses, the result 
was valid only in the low-risk group. We suggest therefore 
that donor age might have an association with graft sur-
vival in primary PK with imported donor corneas, espe-
cially in preoperatively low-risk eyes. It is thought that 
certain preoperative diagnoses have a greater influence on 
graft survival in comparison with donor age.

In prior study of the CDS cohort that evaluated 10-year 
success rates, the investigators reported that there was evi-
dence of a donor age effect at the extremes of the age 
range—that is, the success rate was higher for donors aged 
12 to 33 years and lower for donors aged 72 to 75 years—
in most PK procedures performed for endothelial disease 
[11], which suggests a significant effect of donor age on 
graft survival. To evaluate the donor age effects in further 
detail, we subdivided group 1 into three donor age sub-

groups and still observed a consistent finding of a lower 
survival rate in the oldest donor age group aged above 65 
years, which was marked in the low-risk eyes. However, it 
was difficult to clearly observe the difference in survival 
rates according to increasing age among the three younger 
age subgroups below 65 years. We believe that donor age 
could have an influence on graft survival in PK with im-
ported donor corneas, although the exact range of age is 
not apparent yet. Our finding of similar graft survival rates 
in the younger age groups may be related to the relatively 
small number of eyes were included and not controlling 
for preoperative diagnoses.

Bohringer et al. [18] reported that advanced donor age 
exerts a significant negative effect on chronic endothelial 
cell loss. There is no doubt that relatively low ECD is more 
frequently found in the corneas of older donors [5,6]. In 
our results, ECD tended to decrease with increasing age 
grade, which is a consistent result of prior studies and 
could explain the hypothesis that greater cell loss with in-
creased donor age would have a negative effect on graft 
survival. However, there was no difference in ECD be-
tween the donor age of less than 65 years and donor age of 
65 years or more groups, which couldn’t explain clearly 
why the lower ECD leads to a lower survival rate in eyes 
with a donor age of 65 years or more. We suggest not only 
relatively low ECD but also other characteristics of donor 

Fig. 4. Kaplan-Meier plots of (A) rejection-free graft survival and (B) graft survival in four data-derived donor age subgroups (log-rank 
test; X2 = 5.895, p = 0.117; X2 = 14.355, p = 0.002, respectively).
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corneas, such as configuration and f lexibility, metabolic 
status, and level of histocompatibility antigen expression 
are thought to be impacted by donor age, which we 
couldn’t evaluate in this study or using other clinical meth-
ods [19].

Since the number of domestic corneas is insufficient in 
Korea, using imported donor corneas is an important part 
of managing many patients in need of corneal transplanta-

tion. Previous studies have reported that PK performed 
with imported donor corneas is as effective and safe as 
when using domestic donor corneas, despite the longer 
preservation time [13,20,21]. It is predicted that corneal 
transplantation using imported donor corneas will contin-
ue to be performed due to the reported success rates 
achieved with imported corneas comparable to domestic 
corneas, lack of domestic corneas, and increasing cases of 

Fig. 5. Kaplan-Meier plots of rejection-free graft survival and graft survival in four data-derived donor age subgroups after division into 
low- and high-risk groups. In the low-risk group, it was found that (A) the rejection-free graft survival rate was not found to be signifi-
cantly different, while the (B) graft survival rate was significantly different among the groups (log-rank test; X2 = 6.131, p = 0.105 vs. X2 
= 14.907, p = 0.002, respectively). In the high-risk group, both (C) the rejection-free graft survival rate and (D) graft survival rate were 
not significantly different among the groups (log-rank test; X2 = 2.957, p = 0.398 vs. X2 = 7.385, p = 0.061, respectively).
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endothelial keratoplasty with their higher successful rates 
[22]. In our study, although there was no difference in 
preservation-to-surgery time between group 1 (mean, 129 
hours) and group 2 (mean, 130 hours), the times were rela-
tively long as compared with those of previously reported 
studies in Korea using domestic donor corneas. Effects of 
prolonged storage time of donor tissue may be another 
possible factor that may have some kind of influence on 
the lower survival rate seen with older donor corneas and 
could be related to the discordance with the results from 
other reports that saw no influence of donor age on graft 
survival when using domestic donor corneas with relative-
ly short storage times. Contrary to our expectations, de-
spite quite different death to preservation times between 
the two groups (9.5 ± 4.8 hours in group 1 vs. 8.1 ± 2.9 
hours in group 2, p = 0.051), group 1 eyes showed better 
survival rates, supporting the presence of adverse effects 
of older donor age on graft survival.

The conditions of the donor cornea can also be taken 
into account when performing keratoplasty with imported 
donor corneas, whereas domestic corneas cannot be select-
ed. Transplant surgeons should be informed by good evi-
dence, thus balancing the need to maximize the utilization 
of donated tissue while maintaining high standards for 
graft survival and visual outcome. Against the background 
of an aging population, the results of our study suggest 
that donor age could be a considerable factor when select-
ing imported donor corneas among candidate donors, at 
least in preoperatively low-risk patients with primary PK. 

There were some limitations in our study. First, we in-
cluded only a small number of patients with inhomoge-
neous preoperative diagnoses, which could result in a lim-
itation in the interpretation of the results. Further studies 
including a higher number of patients with uniform preop-
erative diagnoses are necessary. Second, races between 
donors and recipients (all Korean) were not matched. It 
may be advantageous though that this study involved data 
only for Korean recipients, as it could be a reference for 
other institutions in Korea using imported corneas. Third, 
the maximum follow-up period was limited. Considering 
that the cumulative number of immunologic graft reac-
tions was significantly increased with the length of the fol-
low-up period, one might infer that, with a longer fol-
low-up period, the cumulative number of graft reactions 
would be higher than the number found in this study. Fi-
nally, we did not assess actual endothelial cell loss accord-

ing to donor age. The examination of endothelial cell loss 
rate in relation to different donor ages could further pre-
dict graft survival.

In conclusion, rejection-free graft survival and graft sur-
vival rates were significantly higher among eyes with 
younger donor ages below 65 years as compared with 
among those with older donor ages of 65 to 75 years in pri-
mary PK performed with imported donor corneas. Our re-
sults support that considering the donor age in primary PK 
using imported donor corneas would help increase graft 
survival, especially in preoperatively low-risk patients. 
Further controlled studies are necessary to evaluate the 
exact effects of the donor age not merely on primary PK 
but also on endothelial keratoplasty, which is the preferred 
treatment option worldwide for endothelial dysfunction.
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