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I N TRODUC TION

Corneal blindness constitutes a critical burden that causes 
personal disability, including impaired quality of life and 
psychological depression, and diminishes social activity.1,2 

Among the worldwide population, corneal opacities account 
for approximately 4% of cases with blindness.3 Although 
nearly 80% of all corneal blindness is preventable,4 there 
exist many patients who have progressive course of corneal 
disease requiring corneal transplantation.
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Abstract
Aim: This study aimed to evaluate whether the use of an eligibility checklist un-
covered potential corneal donors among deceased outpatients and increased the 
donation.
Methods: In this retrospective cohort study, we applied the eligibility checklist to 
nearly all outpatients (age ≥ 18 y/o) who were transferred to our emergency depart-
ment and identified as deceased between 2012 and 2020. Whether the use of the 
checklist contributed to the increase in corneal donation was examined, and the rea-
sons for refusal of the donation were also evaluated. Furthermore, yearly changes in 
the number of the donation were assessed, with the data obtained before initiation 
of the checklist in 2010–2011 as references. The primary outcome was the number of 
corneal donors, with yearly changes in donation numbers assessed using data from 
2010 to 2011 as a reference before the checklist was introduced.
Results: Among 1776 outpatients to whom the eligibility checklist was applied, 1169 
patients were regarded as potential donors. Of them, 126 families gave consent and 
80 patients finally donated cornea; medical diseases as a cause of death were less 
likely to retract donation offer (OR = 0.31 [95% CI: 0.09–0.99]). The number of cor-
neal donors in 2010–2011 corresponded to 1.6% of the deceased outpatients but in-
creased since the checklist was introduced the total number of donors reached 87 
(4.3%) during 2012–2020.
Conclusion: A routine use of the eligibility checklist at the initial interview will rein-
force the awareness of corneal donation among the families of patients and contrib-
ute to the increased number of corneal donors.
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Limited availability of corneal tissue constitutes a major 
problem for the therapeutic strategy of corneal blindness. In 
Japan, most of the health care providers have fewer oppor-
tunities for interviews to obtain information concerning the 
attitudes toward corneal donation and less time to discuss 
with the families of deceased patients because of an opt-in 
approach without legal requirement to check for the willing-
ness of donation.

Since the enforcement of revised organ transplantation 
act in Japan in 2010, our hospital is struggling for improving 
transplant medicine, particularly corneal transplantation. 
We made up an eligibility checklist for screening potential 
corneal donors in 2012. In this study, we applied this check-
list to almost all patients admitted to our emergency depart-
ment during 2012 to 2020 and attempted to clarify whether 
this checklist contributed to the increase in the offer of 
corneal donation in comparison with the results obtained 
before 2012. Furthermore, we evaluated what factors were 
associated with the recruitment of corneal donation.

M ETHODS

Study information and patient evaluation

This retrospective cohort study was conducted at St. 
Marianna University Yokohama Seibu Hospital and used 
the STRengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) guidelines. Information from 
medical records was anonymized prior to final analyses.

The primary outcome measure of this study was the 
number of corneal donors during the period when the 

eligibility checklist (Table  1) was used. The eligibility for 
corneal donation was evaluated in nearly all outpatients 
who were aged 18 or over and were identified as deceased 
in our emergency department between October 2012 and 
May 2020; the patients hospitalized via our emergency 
room were not enrolled. The doctors had in-depth inter-
views with the families of the patients for potential dona-
tion of corneal graft (Step 1, Figure 1), using the eligibility 
checklist. The interviews covered the exclusion of medical/
social contraindications to corneal donation (Step 2) and 
the recognition of awareness and attitudes of patients' fam-
ilies toward corneal donation (Step 3). All medical staff was 
urged to follow these procedures to minimize the number 
of the families uninformed of the eligibility for corneal 
donation. If the families refused corneal donation, factors 
(e.g., age, gender, and causes of death) that affected their 
decision were assessed.

In case there is a request from the patient's family to meet 
with the coordinators, we contact our university's transplant 
support service (TSS) team,5 and the TSS team requests out-
of-hospital eye bank coordinators to cooperate with our team 
in managing the procedures, including the preparation of a 
consent form, the assessment of families' attitudes toward 
corneal donation, and the arrangement of the extraction and 
the transplant team (Step 4, Figure 1). If the bereaved refused 
corneal donation, the factors for the refusal were obtained 
(e.g., age, gender, causes of death, location of events, do-not-
attempt-resuscitation (DNAR) order, brain CT evaluation, 
transfer to police station, and patients' own willingness of 
donation).

Annual number of corneal donors

Yearly changes in the number of outpatients deceased be-
tween January 2010 and May 2020 were evaluated, and the 
ratios of those who performed corneal donation versus de-
ceased outpatients were estimated. Furthermore, the ratios of 
the number of corneal donors in our hospital versus in Japan 
were calculated. Because the use of the eligibility checklist 
was started in 2012, the results obtained in 2010–2011 were 
deemed as references. The number of corneal donors per 
year at our facility and in Japan was obtained from our hos-
pital database and the report of Japan Eye Bank Association 
(www.​j-​eyeba​nk.​or.​jp/​pdf/​2021s​tatis​tic.​pdf), respectively.

Data analysis

Results of continuous variables are expressed as the median 
[interquartile range; IQR]. Categorical variables are pre-
sented as the number (%). The Mann–Whitney U test or the 
Kruskal–Wallis test was used for comparison between two 
groups or among three groups, respectively. The chi-square 
test or Fisher's exact test was applied for analysis of categori-
cal valuables. Yearly number of donors among deceased out-
patients was compared with the data acquired prior to the use 

T A B L E  1   Eligibility checklist for corneal donation.

A. Eligibility for corneal 
donation

(1) Yes (2) No

If “no”, fill out the following checklist

•	 Medical contraindications •	 Social contraindications

□ Unknown cause of death □ Cannot deny criminal cases

□ Drowning □ Cannot procure cornea within 
12 h

□ Corneal opacity/ injury □ Unidentified body

□ Hematologic malignancies □ No next-of-kin

□ Infection (HBV, HCV, HTLV-1) □ Families cannot make 
decision

□ Severe infection □ Psychological problems 
(severe dementia, etc.)

□ Others () □ Others ()

B. Do doctors provide all available information on corneal 
transplantation and confirm whether or not corneal donation is 
offered?

(1) Yes

(2) No (describe the reasons)

C. Willing to donate corneal 
tissue?

(1) Yes (2) No

http://www.j-eyebank.or.jp/pdf/2021statistic.pdf
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of the eligibility checklist in 2010–2011. Similarly, changes 
in the ratios of the number of donors in our facility versus 
total donors in Japan were assessed, using the data obtained 
in 2010–2011 as references. Odds ratios (OR) for consent or 
refusal of corneal donation in association with various vari-
ables were calculated, using the univariable logistic regres-
sion analysis. Statistical analyses were performed using JMP 
Pro (v.16, SAS Institute Inc., Cary, NC, USA), and the level of 
significance was set at p < 0.05.

R E SU LTS

Outpatient evaluation

Among the outpatients who had been transported to our 
emergency department, 1849 patients were identified as 
deceased by our physicians. Then, they evaluated the eli-
gibility for corneal donation among 96.1% of the patients 
(1776/1849), using an eligibility checklist (Step 1, Figure 1), 
and recognized that one-third of the patients (607/1849) 
were excluded because of medical or social contraindica-
tions (Step 2, Figure 1, Table S1). We thus considered 1169 
patients as potential candidates for corneal donation (Step 2, 
Figure 1), corresponding to 65.8% of the emergency outpa-
tients evaluated using the checklist.

We requested 1169 families of the deceased patients for 
corneal donation, and 126 families (10.8%) expressed in-
terview request (Step 3, Figure  1). When dichotomized by 
age 85 y/o, the bereaved of the patients aged 85 y/o or older 
were more likely to give consent for corneal donation than 

those aged <85 y/o (OR = 1.45 [95% CI:1.00–2.11], p = 0.050, 
Table S2).

We then proceeded to a next evaluation step (Step 4, 
Figure  1), which resulted in the detection of additional 
contraindication cases (n = 20), including body donation 
(n = 2), autopsy cases (n = 5), infection (n = 3), and beyond the 
time limit for corneal procurement (n = 3). Among the re-
maining 106 patients (age; 83.5 [IQR: 75.0–89.8] y/o, male/
female; 60/46), 26 families (24.5%) of the patients retracted 
their consent; 10 families refused the donation because of 
“lengthy time to harvest cornea.” Ultimately, corneal dona-
tion was performed in 80 patients, that is, 6.8% of the poten-
tial donor candidates.

Figure 2 characterizes 80 patients who retained the offer 
of corneal donation and 26 patients who finally withdrew it. 
The patients who retracted donation offer were older than 
those in whom corneal donation was performed (87.5 [IQR: 
81.3–92.8] vs. 82.5 [IQR: 72.8–87.3] y/o, p = 0.009). The pa-
tient population aged 85 y/o or older was more likely to with-
draw the donation offer than that aged <85 y/o (p = 0.042), 
and females tended to predominate among the patients who 
retracted the donation offer (p = 0.09). The patients with di-
agnosed (i.e., identified) disorders as a cause of death tended 
to be more likely to retain donation offer than those with 
unidentified causes (OR = 0.44 [95% CI: 0.17–1.14], p = 0.087), 
and this trend was particularly conspicuous among the pa-
tients with medical causes (vs. unidentified; OR = 0.31 [95% 
CI: 0.09–0.99], p = 0.047). Neither DNAR orders nor trans-
fer to police station for autopsy had significant impact on 
the option for corneal donation. Although seven patients 
had their own willingness of donation in their lifetime, two 

F I G U R E  1   Use of an eligibility checklist and changes in the number of patients at each step. Upon admission to our emergency department, 
physicians used an eligibility checklist (Step 1) and excluded medical and/or social contraindications (Step 2). The physicians then requested corneal 
donation to the remaining 1169 patients and obtained consent from 126 families of the patients (Step 3). Both physicians and out-of-hospital eye bank 
coordinators discussed with the bereaved the donation offer and 26 families retracted it (Step 4). Finally, 80 patients performed corneal donation.
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families of the patients finally refused the implementation of 
harvesting corneas.

Annual changes in number of corneal donors

Whether the eligibility checklist contributed to the increase 
in corneal donation in our hospital was assessed during 
the period of 2010 to 2020. The mortality observed in our 

outpatient emergency department during 2010 and 2011 was 
443, among whom seven patients (1.6%) performed corneal 
donation (Figure 3). Using these data as references, the an-
nual number of corneal donors was evaluated over the period 
of 2012 to 2020. After the checklist was started, the number 
of donors increased to 12 cases in 2013 (5.3% of the deceased, 
OR = 3.46 [95% CI: 1.34–8.92]) and this trend was sustained 
thereafter, except in 2020. The total number of donors dur-
ing 2012 to 2020 reached 87 (4.3%), with the OR for donation 

F I G U R E  3   Annual number of corneal donors in our emergency department. The number of deceased outpatients in our emergency department 
reached 233 [IQR: 225–253] per year during the observational period, and the rate of corneal donors among the outpatients was elevated in 2012 and 
thereafter. An odds ratio for corneal donors versus non-donors in each year was calculated, with the data in 2010 and 2011 as references.

0.1 1 10
Odds ratio

Odds 
ratio 95% CI p value

3.15 [1.23–8.12] 0.012

3.46 [1.34–8.92] 0.006

3.33 [1.31–8.46] 0.008

2.49 [0.94–6.63] 0.059

2.63 [0.97–7.16] 0.050

3.09 [1.18–8.07] 0.016

2.65 [1.01–7.05] 0.043

2.22 [0.80–6.21] 0.118

1.28 [0.26–6.28] 0.672

2.80 [1.29–6.09] 0.007

year
a) Deceased

(n)
b) Donors

(n)
b/a    
(%)

2010 183 1 0.5%
2011 260 6 2.3%

443 7 1.6%

2012 249 12 4.8%

2013 228 12 5.3%

2014 256 13 5.1%

2015 260 10 3.8%

2016 222 9 4.1%

2017 233 11 4.7%

2018 245 10 4.1%

2019 232 8 3.4%

2020 (~May) 99 2 2.0%

2024 87 4.3%

Number   of   outpatients

(reference)

COVID-19
pandemic

(2012–2020)Total

(2010–2011)Total

 tsilkcehc ytilibigile fo es
U

F I G U R E  2   Factors affecting the retraction of offer of corneal donation at Step 4. DNAR, do-not-attempt-resuscitation; Identified, caused by medical 
disease or external incidents; PS, police station; unidentified, caused by unidentified disease or incidents.

Favors refusalFavors donation offer a
0.01 0.1 1 10

Odds ratio for
refusal

n (retracted/offer
retained)

Age ≥85 vs. <85 y/o 16/31 vs. 10/49

Female vs. male 15/31 vs. 11/49 

Causes of death
Identified vs. unidentified 8/40 vs. 18/40

Medical vs. unidentified 4/29 vs. 18/40

External vs. unidentified 4/11 vs. 18/40

Medical vs. external 4/29 vs. 4/11

Location of events
Home vs. others 16/54 vs. 10/26

Home vs. nursing home 16/54 vs. 8/22

DNAR(+) vs. (–) 8/18 vs. 18/62

CT evaluation(+) vs. (–) 16/38 vs. 10/42

Transfer to PS(+) vs. (–) 21/57 vs. 5/23
Patients' own willingness 

of donation (+) vs. (–) 2/5 vs. 24/75

Odds ratio 95% CI p value

2.53 1.02–6.28 0.042

2.16 0.88–5.30 0.090

0.44 0.17–1.14 0.087

0.31 0.09–0.99 0.047

0.81 0.23–2.88 0.505

0.38 0.08–1.79 0.236

0.77 0.31–2.18 0.683

0.82 0.31–2.18 0.683

1.53 0.57–4.10 0.395

1.77 0.72–4.37 0.214

1.70 0.57–5.04 0.339

1.25 0.23–6.86 0.549
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of 2.80 [95% CI: 1.29–6.09] compared with that prior to the 
use of the checklist (p = 0.007).

We further assessed yearly changes in the number of 
corneal donors in our hospital between 2010 and 2019 
and compared our results with the data reported by Japan 
Eye Bank Association. The corneal donors in our hospi-
tal increased since the checklist was started (Figure 4); the 
number of donors in our hospital corresponded to 0.37%–
0.79% of the total corneal donors in Japan in 2010–2011, 
but tripled in 2013 (1.94%) and was further elevated to 
2.1% in 2014.

DISCUSSION

We have introduced into our emergency care a novel evalua-
tion approach (i.e., an eligibility checklist, Table 1) that could 
facilitate the enrollment of outpatients as candidates for cor-
neal donation. This system was created to raise physicians' 
and bereaved families' awareness of corneal donation, to 
know the attitudes of the bereaved toward corneal donation, 
and to maximize the baseline number of patients eligible for 
the donation. Thus, we interviewed almost all the families of 
patients using this checklist, and the families responded to 
our queries whether our staff provided information on cor-
neal transplantation, whether the patients were eligible for 
corneal donation, and whether the families were willing to 
donate cornea (Figure 1). The awareness of corneal donation 
is heightened among the bereaved families in our hospital, 
even compared with that in other hospitals worldwide.6,7 
Because of the benefit acquired from of this study, we are col-
laborating with the Vision and Health Foundation (Shinjuku, 
Tokyo) to operate the system in such a way as to confirm the 
attitudes of the bereaved toward corneal donation, with the 

policy of conducting a hospital-wide evaluation using this 
checklist, not only in the emergency department. This study 
report is the first to demonstrate the effectiveness of this sys-
tem. Of note, Sasaki et al.5 showed that the routine referral of 
corneal donation to the families of the patients who died of 
urological or other cancers increased the opportunities for 
the donation. Hence, our routine referral of corneal dona-
tion, using the eligibility checklist, may expand the oppor-
tunity to appraise the eligibility.

In the present study, we found that among the population 
to whom physicians proposed corneal donation, only 10.8% 
of the families accepted this proposition (Figure 1). This rate 
is lower than that reported previously in many studies from 
other countries.7,8 However, corneal donors increased three-
fold during the 9-year period compared to the period before 
using the checklist (Figure 3). The bereaved are required to 
decide whether cornea should be donated under the circum-
stance where they can hardly accept the death of the family 
member. Nevertheless, the fact that 10.8% of the families 
agree to the donation is noteworthy, and expanding the 
background population who are given the information on 
the donation would contribute to the increase in donation.

Strategic approaches to corneal donation among emer-
gency outpatients and comprehensive survey of potential do-
nors may increase the opportunity for the donation. In our 
hospital, we performed a small number of corneal donations 
before initiation of the eligibility checklist (i.e., 2010–2011, 
Figure  4). Since the introduction of this check system and 
its influence on hospital staff, corneal donations increased 
more than threefold per year. Because most of the corneal 
donors in our hospital were outpatients (66.7%–100%), the 
use of our checklist is likely to be responsible for the in-
creased contribution to corneal donation in Japan. These 
findings may be relevant to the report showing that a higher 
interview rate is associated with the increasing number of 
corneal donors.9 It appears obvious, therefore, that provid-
ing the information constitutes a critical determinant of re-
cruiting corneal donors.8,10

Of note, one of the reasons why the bereaved refuse cor-
neal donation is the “lengthy time for harvesting corneas.” 
This supposition, however, appears misleading because of 
the time between death confirmation.11 Our TSS team coop-
erates as closely as possible with police authorities in autopsy 
to minimize the additional time for donating corneas and 
the hospital stay, which could contribute to the increase in 
corneal donation.

This study shows that 24.5% of the families retracted the 
offer of corneal donation though they initially gave consent 
(Step 4, Figure  1). Among them, elderly and females were 
associated with the retraction of the donation (Figure  2). 
Inferentially, the bereaved are concerned about “disfigured 
face” due to removal of eyeballs entailed by corneal procure-
ment.8 Alternatively, some of the bereaved do not wish any 
further physical burden on their super-elderly loved one. In 
contrast, the bereaved were less likely to retract the donation 
offer when the cause of death was identified, particularly as 
medical causes. Under the circumstance where the bereaved 

F I G U R E  4   Changes in the number of corneal donors in our hospital 
and total donors in Japan. The proportion of the number of donors in 
our hospital versus all donors in Japan was significantly elevated in 2012 
and thereafter. Repeated measures analysis of variance (ANOVA) was 
applied to compare the number of donors during the pre-checklist period 
(2010–2011) with that during 2012–2019. The data in brackets indicate the 
number of outpatient donors in our hospital.

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Donors, n

Our hospital 4 [1] 8 [6] 14 [12] 18 [12] 18 [13] 13 [10] 10 [9] 17 [11] 11 [10] 8 [8]
Japan 1077 1008 891 927 880 857 830 870 720 725

Use of eligibility checklist
)

%(
sronodlaenro

C
]napaJ

ni
sronodlatot/latipsohru

O[

p = 0.019
Pre-checklist

period
checklist

period
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have limited time to accept patient's death, the clarification 
of the cause of death may serve as valuable information in 
deciding corneal donation. Finally, among 26 patients who 
had expressed DNAR, 18 patients offered corneas. Hence, 
DNAR does not necessarily indicate the renunciation of 
the donation procedure but presenting the patients' fami-
lies with the option of donation appears important at death 
confirmation, which may alter the families' attitudes toward 
donation.

Limitations

Although we interviewed almost all families of deceased 
patients, using the checklist, the results were obtained in a 
single hospital. Furthermore, as a screening process for cor-
neal donation, we check twice for contraindications (Steps 2 
and 4, Figure 1) that might be identified during the proce-
dure. This process appears different from that implemented 
in the nations where TSS or family-support teams actively 
participate in the management of critical care and donation 
process from the early step.12 Alternatively, our dual check 
procedure may help the bereaved verify their attitudes to-
ward donation, which could avoid family disagreement and 
minimize the potential risk for legal issues.

Refusal of donation constitutes a critical determinant of 
successful transplantation medicine. We attempted to clarify 
what factors affected donation process but used univariable, 
but not multivariable, regression analysis due to the small 
number of patients in a single hospital. More extensive stud-
ies collaborating with other facilities will detail the factors 
favoring or disfavoring corneal donation.

Finally, this study was performed between 2010 and 2020, 
during which the revised organ transplantation act was en-
forced. Hence, the long-term nature of this study and the 
dissemination of the knowledge on this law may affect the 
number of outpatients and social attitudes toward donation. 
Prospective studies will be required to clarify our current 
issue.

CONCLUSION

The present study demonstrates that a routine use of the 
eligibility checklist at the initial interview raises the aware-
ness of corneal donation among hospital staff and the gen-
eral public, whereby almost all patients are evaluated. Such 
a simple tool but closely associated with fundamental com-
munications between hospital staff and the bereaved may 
contribute to the increase in corneal donors and could al-
leviate the gap between supplies and needs of donor corneas, 
particularly in the countries where opt-in consent policies 
for organ donation prevail.
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