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previous corneal graft failure (10, 22%). Mean size of 
grafts was 5.6 mm and 36 cases (72%) also received 
an amniotic membrane graft. Thirty-eight corneas 
achieved epithelization (76%), 25 (50%) were clear 
and 19 (38%) developed neovascularization. None of 
the corneas were rejected. Seventeen corneas (34%) 
failed: 7 (14%) due to reactivation of baseline dis-
ease and 10 (20%) due to primary graft failure. Four 
corneas (8%) had positive microbial cultures sugges-
tive of contamination and 2 (4%) developed a cornea 
abscess non-related to a positive microbial culture. 
Long-term preservation of donor corneas in Eusol-C 
at − 78 °C is a viable technique to meet the needs of 
emergency grafts with minimal equipment.
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Introduction

Around 40 million people worldwide are blind, cor-
neal-related blindness, such as trachoma and corneal 
opacities, representing the third cause of blindness, 
behind cataracts and glaucoma. (GBD 2019 Blind-
ness and Vision Impairment Collaborators & Vision 
Loss Expert Group of the Global Burden of Disease 
Study 2021; Pascolini and Mariotti 2012) The great 
majority of patients with visual impairment due to 
corneal disease can be treated with corneal transplan-
tation. Most common causes for transplant are Fuchs 
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Abstract  To report the clinical results on the use 
of corneas frozen in Eusol-C as tectonic corneal 
grafts.Retrospective review of medical records of 
patients who received frozen corneas as emergency 
tectonic grafts from 2013 to 2020. Corneas had been 
stored in Eusol-C preservation media at − 78  °C for 
a mean time of 6.9  months. Diagnosis, transplant 
characteristics, microbial culture results, anatomic 
integrity, epithelial healing, neovascularization, 
transparency, infection and need for additional sur-
geries were registered. Fifty corneas were used in 
40 patients (mean age 60.5  years, 20 males) with a 
median follow-up of 27.3 months after surgery. Need 
for tectonic graft was due to: perforation secondary 
to immune diseases (6, 12%), neurotrophic ulcer (11, 
22%), trauma (3, 6%), corneal infection (11, 22%), 
chronic disorders of the ocular surface (9, 18%) and 
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dystrophy, keratoconus and sequalae of infectious 
keratitis (Gain et al. 2016).

Corneal transplant is considered the world’s 
most frequent type of transplantation and more than 
185,000 corneal transplants are performed every year 
(Gain et  al. 2016). Nevertheless, there are millions 
of patients worldwide who are waitlisted and around 
50% of the world’s population have no access to cor-
neal transplantation (Gain et  al. 2016; GBD 2019 
Blindness and Vision Impairment Collaborators & 
Vision Loss Expert Group of the Global Burden of 
Disease Study 2021) Corneal tissue shortage has thus 
been an ongoing issue, which has worsened due to the 
Covid-19 pandemic (Aiello et al. 2021; Servin-Rojas 
et al. 2021).

Efforts have been made to optimize the use of 
available corneal tissue, with individual corneas 
being implanted in two and even three different recip-
ients (Heindl et al. 2011; Vajpayee et al. 2007). Fur-
thermore, the use of long term stored corneas has also 
helped reduce this tissue shortage. Cryopreservation 
is the only current long-term storage method that can 
virtually preserve tissue structure (Armitage 2009; 
Chaurasia et  al. 2020). Also, ophthalmic emergen-
cies such as corneal perforation or impending corneal 
perforation require immediate detection and prompt 
intervention. In this context, the use of frozen cor-
neas is promising because it allows simple, fast and 
low cost amassing of sizable amounts of material 
with long storage time (Kim et al. 2016; Robert et al. 
2012).

For the past years, unused corneal lenticules have 
been stored in Eusol-C (Corneal Chamber, Alchimia, 
Ponte San Nicolo, Italy) at − 78  °C in our hospi-
tal in order to have corneas stored for urgent trans-
plants in cases of corneal perforations. However, this 
technique has not been widely described. Given the 
low cost and easiness of this conservation method, 
it could be useful to reflect our good results for Eye 
Banks in developing countries or those with fewer 
resources. Therefore, we hereby report the clinical 
results regarding efficacy and safety on the use of cor-
neas frozen in Eusol-C as tectonic corneal grafts in a 
tertiary centre in Spain.

Methods

For this retrospective study, the medical records of 
patients who received frozen corneas as emergency 

tectonic grafts from 2013 to 2020 at the Hospital 
Clinico San Carlos in Madrid, Spain were reviewed. 
The protocol was approved by the hospital’s Ethics 
Committee and no informed consent was necessary.

All corneas that had been stored in Eusol-C pres-
ervation media (Corneal Chamber, Alchimia, Ponte 
San Nicolo, Italy) at − 78 °C and later used in corneal 
transplant surgeries were included. The only exclu-
sion criterion was insufficient follow-up data in the 
medical history.

All donors are routinely tested for human immu-
nodeficiency virus, hepatitis B virus, and hepatitis C 
virus, syphilis, toxoplasma gondii, brucella, Epstein-
Barr virus, herpes  simplex  types I and II, varicella-
zoster, cytomegalovirus and human T cell lympho-
tropic virus (HTLV) I.

Age, sex and cause of death of the donor were 
noted. Diagnosis, transplant characteristics (size of 
tectonic graft, adjuvant use of amniotic membrane 
graft), microbial culture results, anatomic integrity, 
epithelial healing, neovascularization, transparency, 
infection, rejection, need for additional surgeries and 
follow-up time were registered, as well as storage 
time of the cornea.

The primary efficacy endpoint was whether reepi-
thelization was achieved, while secondary endpoints 
were transparency, neovascularization, rejection and 
need for additional surgeries. Safety endpoint was 
positivity of microbial cultures. All removed failed 
grafts were tested for microbiology.

Statistical analysis was performed using SPSS 
v25.0 (SPSS, Chicago, IL). Quantitative variables are 
represented by their mean, along with their standard 
deviation (SD), while qualitative variables are shown 
as proportions.

Results

Fifty corneas that had been stored in Eusol-C pres-
ervation media and stored at − 78 °C for a mean time 
of 6.9  months (range 15  days to 12  months) were 
included. The fifty corneas were used in forty patients 
(mean age 60.5 years, 20 males) with a median fol-
low-up of 27.3 months after surgery.

Need for tectonic graft was due to: perforation sec-
ondary to immune diseases (6, 12%), neurotrophic 
ulcer (11, 22%), trauma (3, 6%), corneal infection 
(11, 22%), chronic conditions of the ocular surface (9, 
18%) and failure of previous corneal graft (10, 22%). 
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Mean size of grafts was 5.6 mm (range 3 to 11) and 
36 cases (72%) also received an amniotic membrane 
graft. The surgeries were successful in all cases with 
restitution of the globe integrity.

Thirty-eight corneas achieved epithelization 
(76%), 25 (50%) were clear and 19 (38%) devel-
oped neovascularization. None of the corneas were 
rejected. 17 corneas (34%) failed, thus requiring a 
new surgery: 7 (14%) due to reactivation of baseline 
disease, 8 (16%) due to primary failure of the graft 
and 2 (4%) due to perforation of a corneal abscess. In 
10 of these 17 failures, a new frozen cornea was used 
due to a lack of fresh tissue at that moment.

Four corneas (8%) had positive microbial cultures 
suggestive of contamination and 2 (4%) developed a 
corneal abscess non-related to a positive microbial 
culture, both corneas.

Discussion

Shortage of corneal tissue for transplant is an ongo-
ing issue, which has worsened in the past years, when 
many potential donors have been discarded due to the 
pandemic and the difficulty in booking ocular surger-
ies. We present a viable method of conservation for 
emergencies that requires little material and is thus 
suitable for eye banks with few resources. In addition, 
the use of frozen corneas in Eusol-C may serve as an 
efficient temporary measure for tectonic restoration of 
perforated corneas (Fig. 1).

During the last decades, with the development of 
new corneal storage media, an important improve-
ment in the corneal tissue conservation has been 
achieved. Optisol-GS (Bausch & Lomb, Inc., Roch-
ester, NY, USA) is the most widely used storage 
medium in the United States, while in Europe it is 
Eusol-C.  Eusol-C is an intermediate-term storage 
media which has dextran as osmotic agent, sodium 
pyruvate and glucose as energetic sources, amino 
acids, mineral salts and vitamins as nutrients, along 
with gentamicin as antibiotic, Hepes and bicarbonate 
as buffers, and phenol red as pH indicator (Yüksel 
et al. 2016).

Long-term corneal storage techniques are much 
more elaborate than short-term ones and include 
glycerol preservation, lyophilization, gamma irradia-
tion, and cryopreservation. These techniques are gen-
erally limited by lack of viable cells in the tissue, the 
longer time to epithelialization and the graft opacifi-
cation (Fig. 2).

However, advantages of long-term corneal pres-
ervation include the limited expression of MHC 
antigens, reducing the risk of rejection and that 
keratocytes and endothelial cells of the donor can 
repopulate the acellular cornea (Lynch and Ahearne 
2013). In some cases, frozen and fresh corneal donors 
have even proven to be equally efficient and safe, with 
similar recuperation of visual acuity and no untoward 
complications, such as melting, leaks, or endophthal-
mitis (Fig. 3) (Robert et al. 2012).

Fig. 1   A 50-year-old patient, with a DSAEK 5  years earlier 
due to bullous keratopathy, presented with central corneal per-
foration (A). A 4 mm tectonic graft was sutured along with an 
amniotic membrane graft. Reepithelization was achieved, with 

no corneal neovascularization and good transparency. There 
was no graft rejection or infection. Images illustrate graft 
appearance on the first day (B), 2  weeks (C), 6  weeks (D), 
6 months (E) and 12 months (F) after surgery
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The present case series proves that storage of 
cornea in Eusol-C at − 78 °C is a simple technique, 
requiring minimal equipment, which avoids wast-
ing viable tissue more suited for elective surgeries 
and can effectively be used in tectonic grafts. The 
reason to include Eusol-C as medium, instead of a 

more suitable medium for cryopreservation or with 
glycerol, was because of its wide availability in 
most hospitals not necessarily performing corneal 
transplantation.

All of the surgeries were successful in terms of 
restitution of the globe integrity. Overall, 76% of 

Fig. 2   A 59-year-old 
patient with ocular pemphi-
goid, which had required 
multiple previous amniotic 
membrane grafts in the past, 
presented with corneal per-
foration (A) due to reactiva-
tion of the disease. A 4 mm 
corneal graft combined 
with amniotic membrane 
was performed. Reepi-
thelization was achieved, 
although there was corneal 
neovascularization and loss 
of transparency. Images of 
the first day (B), first month 
(C) and third month (D) 
are shown. Despite good 
results, further corneal 
grafts were needed at 6 and 
8 months due to relapse of 
the disease

Fig. 3   An 83-year-old patient presented in the Emergency 
Room with corneal perforation due to pellucid marginal degen-
eration (A). A horseshoe shaped graft with an external diame-
ter of 10 mm was cut and an amniotic membrane graft was also 
sutured. Reepithelization was achieved, with no neovessels and 

excellent transparency. No graft rejection or failure was noted 
during 3 years of follow-up. Images of the first day (B), 1 week 
(C), 1 month (D), 8 months (E) and 2 years (F) after surgery 
are shown
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the corneas achieved epithelization (38 patients), 
25 (50%) were clear and 19 (38%) developed neo-
vascularization. None of the corneas were rejected. 
However, 17 corneas (34%) failed: 7 (14%) due to 
reactivation of baseline disease and 10 (20%) due to 
primary failure of the graft.

In long-term techniques the graft tends to remain 
opaque and cosmetically unsatisfactory. However 
spontaneous graft clearing is also possible in cases 
where the surrounding host endothelium is healthy 
and migrates into the graft (Sharma et  al. 2001). In 
a series of 195 patients who underwent therapeutic 
penetrating keratoplasty with cryopreserved corneas 
without endothelium, 18 patients (9.23%) achieved a 
clear graft postoperatively (Ying et al. 2022). Despite 
graft sizes ranging from 7.0 to 9.5 mm, a mean cell 
density of 991 cells/mm2 (range, 782–1531 cells/
mm2) was reached. The greater graft size is prob-
ably responsible for a lower proportion of endothelial 
regeneration and thus less patients with clear grafts. 
In smaller grafts like those here presented, cell pro-
liferation and cell migration are probably more easily 
achieved and explain the better outcomes.

One of the main risk factors for corneal transplants 
is donor cornea contamination. The use of antibiotics 
in storage media remains as one of the most important 
safety measures in order to minimize the contamina-
tion risk in corneal preservation. In the present study, 
four corneas (8%) had positive microbial cultures 
suggestive of contamination and 2 (4%) developed 
a cornea abscess non-related to a positive microbial 
culture. These results are quite similar to other series 
(Gruenert et al. 2017, Li et al. 2019; Ling et al. 2019). 
Li et al. (2019) reported 8.2% of positive cultures in 
111 donor corneas, most common bacteria and fungi 
being Acinetobacter baumannii  complex (19.8%) 
and  Candida spp. (9.0%), respectively. Only two 
patients (1.8%) who received contaminated corneal 
buttons developed postoperative infections. Death due 
to cardiac disease and longer preservation time was 
associated with increasing contamination rates. In 
another series including 3306 donor corneas, (Gruen-
ert et  al. 2017) the overall contamination rate was 
7.8% and, in this case, younger donor age, a death-to-
explantation interval of more than 24 h, hospitaliza-
tion prior to death and death caused by sepsis were 
associated with a higher risk of contamination. Most 
common microbes were Enterococci (19%), Staphy-
lococci (10.8%) and Candida (37.4%). On the other 

hand, Vignola et al. (2019) tested 100 donor corneas 
for microbial contamination after cold storage, cor-
neal culture and corneal deswelling at the Eye Bank 
of Rome. Tissue contamination was unexpectedly 
high given that 67% of the Eusol-C samples were 
contaminated, mainly by Staphylococcus spp.

Some limitations of the method hereby described 
should be acknowledged. A relatively high number of 
patients suffered graft failure (34%), although many 
of them (14%) were due to worsening of baseline dis-
ease. Therefore, it might not be the perfect technique 
for elective surgeries, but can be a useful option in 
emergency tectonic grafts. Also, despite graft opacifi-
cations in some cases, this technique may circumvent 
the problem of corneal shortage and serve as an inter-
mediary procedure with a definitive optical transplant 
with fresh tissue at a later date, avoiding having to 
discard unused corneas.

In conclusion, long-term preservation of donor 
corneas in Eusol-C at − 78  °C is a viable technique 
to meet the needs of emergency grafts with minimal 
equipment and in corneal shortage scenarios.
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