Journal of Translational Science

Review Article

Oat

open access text

ISSN: 2059-268X

A brief review of corneal transplantation: Techniques,
indications and methods of corneal preservation

Koulouri I'* and Hellwinkel OJC?

Department of Ophthalmology, Massachusetts Eye and Ear Infirmary, Harvard Medical School, Boston, MA, USA
“Department of Legal Medicine, University Medical Center Hamburg, Eppendorf, Hamburg, Germany

Abbreviations: PKP: Penetrating Keratoplasty; ALK: Anterior
Lamellar Keratoplasty; DALK: Deep Anterior Lamellar Keratoplasty;
PLK: Posterior Lamellar Keratoplasty; DLEK: Deep Lamellar
Endothelial Keratoplasty; DSEK: Descemet Stripping Endothelial
Keratoplasty; DSAEK: Descemet stripping automated endothelial
keratoplasty; SALK: Superficial Anterior Lamellar Keratoplasty;
DMEK: Descemet membrane endothelial keratoplasty; M-K medium :
McCarey-Kaufman medium.

Keratoplasty: Methods and indications

Corneal blindness is responsible for approximately 10% of the cases
of blindness worldwide [1]. More importantly, in most developing
countries corneal diseases represent the second leading cause of
blindness [2]. Corneal transplantation or keratoplasty is the only
effective treatment for most of the disorders leading to irreversible
corneal damage and eventually to corneal blindness. The indications of
keratoplasty have substantially changed since the era of the first corneal
transplantation in 1905. The initial indication was the treatment of
irreversible corneal scaring and haziness as a consequence of various
infectious insults: bacterial, fungal, trachomal and viral (herpes
simplex). In many countries of the developing world these infectious
diseases remain indeed one of the most important reasons for corneal
blindness and subsequent keratoplasty [3,4]. In the western countries
these initial indications have been replaced by the bullous keratopathy
and the graft failure after previous transplantation attempts [5].

New indications, like keratoconus and Fuchs’ endothelial dystrophy
have also emerged in the more recent years, especially after 2000. These
diseases are now the main indications for corneal transplantation, in
Germany as well as in other developed countries. Finally, other corneal
diseases such as xerophthalmia, the iridocorneal endothelial syndrome,
ocular trauma, the corneal ulcer and other corneal dystrophies are
indeed rarer, but important indications for a corneal transplantation
[6-10].

Methods of keratoplasty

A full thickness or a partial keratoplasty can be performed
depending mainly on the indication for corneal transplantation (Figure
1; Table 1).

1. Penetrating keratoplasty (PKP) or full thickness corneal
transplantation has been the gold standard treatment for many
corneal diseases for over a century. In PKP all the layers of the cornea
are transplanted. The central part of the patient's cornea is cut out
circularly with a trephine or with the use of a femtosecond laser and
replaced with the donors’ cornea. The donor cornea is sewn together
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at the edges with the limbus of the patient cornea. This is the method
of choice in the cases of profound corneal defects due to extensive
stromal scarring, opacities with an uncertain status of the endothelium
or significant posterior corneal involvement, corneal ectasia (such as
keratoconus and pellucid marginal degeneration, especially if there is
a history of hydrops), combined stromal and epithelial disease (such as
Peters anomaly), and infectious or non-infectious corneal ulcerations
or perforations [11]. Although PKP in a low-risk corneal disease has the
best outcome regarding graft survival rate among all transplantations,
clinicians became from the beginning aware of some undesirable
postoperative consequences of PKP. These include: high astigmatism
induced by the placement of corneal sutures causing prolonged
visual rehabilitation despite the presence of completely clear corneal
graft, unpredictable refractive outcome, post keratoplasty glaucoma,
increased vulnerability to eye trauma and infection for many years
after surgery or even expulsive bleeding during the operation [12-14].
There is also a higher risk of allograft rejection compared with other
keratoplasty types [15]. Given the high incidence of complications, the
question of replacing only the diseased part of the cornea avoiding the
damage to the structural integrity of the globe came rather early in the
forefront. Nevertheless, the development of this type of keratoplasty, the
so called ' ‘lamellar keratoplasty' ", was delayed for a few decades due
to technical difficulties. The various techniques of lamellar keratoplasty
available nowadays can be divided in two broad categories: those
dealing with the replacement of the anterior corneal layers (anterior
lamellar keratoplasty-ALK) and those replacing only the posterior
part of the cornea i.e. the Descemet’s membrane and the endothelium
(posterior lamellar keratoplasty -PLK or endothelial keratoplasty-EK).

2. Anterior lamellar keratoplasty (ALK)

Superficial anterior lamellar keratoplasty (SALK): In the
SALK only the epithelium and the anterior stroma are transplanted.
Stromal opacities located in the anterior stroma, which may be caused
by anterior stromal dystrophy, degeneration, infection, chronic
inflammation or previous refractive surgery resulting in corneal
scarring, are the main indications of SALK. This operation can be
performed with a microkeratome or with a femtosecond laser. If the
femtosecond laser is used to create the lamellar cut, then the procedure
is called femtosecond-laser assisted anterior lamellar keratoplasty
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Figure 1. The various techniques of keratoplasty

Table 1. Keratoplasty: Techniques and indications

The most common

Method Advantages Disadvantages P
indications
Graft failure
Long time experience, Postoperative astigmatismus, Keratoconus
PKP (Penetrating Standardized technique, Prologed visual rehabilitation, Infection
Keratoplasty) Optimal method for low risk corneal diseases Need for long term care, Bullous keratopathy

Faster visual rehabilitation,

DALK (Deep Anterior Lamellar Keratoplasty) Lower rejection rate

Faster visual rehabilitation
DSAEK (Descemet stripping with automated without
endothelial keratoplasty) postoperative astigmatismus,
Lower rejection rate

endothelial

b . S
membrane The fastest visual rehabilitation

DMEK  (Descemet
keratoplasty)

(FALK). SALK is associated with a significantly lower risk of rejection
and of intraoperative complications. However, these grafts often heal
with pronounced scarring, which limits the vision after surgery [16,17].

Deep anterior lamellar keratoplasty (DALK): In the DALK the
goal is to transplant the whole stroma and epithelium of the patient and
preserve only the Descemet’s membrane and the healthy endothelium.
The main indications for DALK are: deep stromal opacities which may
be caused by herpetic or other infectious scars, chronic inflammation
with scarring after corneal burns and keratoconus [18]. The preservation
of host endothelium leads to a reduced incidence of graft rejection, to
a faster visual rehabilitation and to a reduced risk of intraoperative and
postoperative complications, compared to PKP [19]. However, DALK
is technically demanding and may be complicated with perforations
of Descemt’s membrane and consequent need for PKP. Moreover, a
rejection of the stroma, with neovascularization and vision loss, can
occur more often than in DALK [20,21].

3. Posterior lamellar keratoplasty (PLK) or Endothelial keratoplasty
(EK)

Descemet stripping automated endothelial keratoplasty
(DSAEK): DSAEK is a procedure that involves the selective
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Corneal scar
Fuchs’ dystrophy

Allograft rejection

Keratoconus
Infection
Corneal Scar

Graft Failure

Infection

Bullous Keratopathy
Corneal Scar

Fuchs’ Dystrophy

Non- Fuchs’ Dystrophy

Flat learning curve
More demanding in technical equipment
Irregularities in the interface

Flat learning curve
More demanding in technical equipment
Irregularities in the interface

Bullous Keratopathy
Fuchs’ Dystrophy
Non- Fuchs’ Dystrophy

The same as DSAEK but less demanding
in equipment and more demanding in
operating skills

removal of the Descemet's membrane and endothelium, followed by
transplantation of donor corneal endothelium in addition to donor
corneal stroma. A microkeratome is used to prepare the donor tissue.
A tunneled corneoscleral incision is created in the diseased eye, the
recipient endothelium and Descemet's membrane is removed, the
graft is folded and inserted with non-coapting forceps and an air
bubble is placed in the anterior chamber to support graft adherence
[22]. The procedure is used to treat corneal edema in the setting of
endothelial dystrophies (such as Fuchs corneal dystrophy and posterior
polymorphous corneal dystrophy), pseudophakic bullous keratopathy,
iridocorneal endothelial syndrome, endothelial failure in the setting of
prior intraocular surgery or of a previous PKP graft, and other causes
of corneal endothelial dysfunction [23,24]. Advantages of DSAEK over
PKP are numerous: corneal astigmatism is much lower as compared
to PKP due to the lack of sutures. Therefore, visual recovery is fast,
and most patients have usable vision within 6 weeks after operation,
and some of them have excellent vision at just 1 week, especially with
ultra-thin DSAEK grafts [25]. The two major complications following
DSAEK surgery are graft dislocation and primary graft failure [26].

Descemet membrane endothelial keratoplasty (DMEK):
This is again a partial-thickness cornea transplant procedure that
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involves selective removal of the patient's Descemet's membrane and
endothelium, followed by transplantation of donor corneal endothelium
and Descemet membrane without additional stromal tissue from the
donor. A clear corneal incision is created, the recipient endothelium
and Descemet membrane are removed, and the graft is loaded into an
inserter. After injecting the tissue into the anterior chamber, the surgeon
orients and unscrolls the graft, and a bubble of 20% sulfur hexafluoride
is placed in the anterior chamber to support graft adherence [27]. The
indications as well as the outcome are similar to those for DSAEK. On
the other hand, the patients after DMEK obtain better visual acuity
in a quicker time frame and the graft rejection rates are much lower.
In the disadvantages of the method one should consider the technical
difficulties and the reported high rates of graft detachment [28,29].

Finally, a new method combining the above two techniques has
been recently introduced. The so called ultra-thin DSAEK combines
the advantages of DSAEK (easier manipulation with the endothelial
graft and consequently decreased endothelial cell loss) with the
advantages of DMEK (thin grafts bring better vision) [30].

The preservation of donor corneas

The eye banks: During the initial decades of keratoplasty, eyes
form living donors enucleated due to posterior segment pathology,
was the only source of corneal graft. Corneas should be immediately
transplantated because of concerns about tissue death, making thus the
keratoplasty an emergency procedure. Since the surgical techniques
were not well developed and antibiotics or immunosuppressive agents
were not available, the outcomes were rather limited [31].

The seminal report of Filatov about the feasibility of storing
cadaveric corneas in a moist chamber at 4°C offered for the first time
the opportunity to use preserved tissue and paved the way for the
development of the eye banks where corneas could be collected, stored
and distributed [32]. Nevertheless, keratoplasty continued for a long
time to be performed in an emergency basis since, due to concerns
about the short term living of corneal endothelial cells, the grafting
was accomplished no later than 48 hours postmortem [33]. The first
eye bank named “Eye-Bank for Sight Restoration, Inc”, was founded
in New York in 1944 by Townley Paton who after performing many
corneal transplants, came to the conclusion that a formal system of eye
collection needed to be developed [34]. Moist-chamber storage at 4°C
was the preservation method of choice, while research for alternatives
(e.g., drying, formalin fixation, freezing, freeze-drying, and liquid
paraffin storage) did not produce satisfactory results [35]. In 1961 the
Eye Bank Association of America (EBAA) was established, bringing
together “lay and professional individuals dedicated to the advancement
of worldwide eye banking” [31].

A turning point in the history of eye banking happened in 1974
when McCarey and Kaufman in the U.S. demonstrated that by excising
the cornea from the globe and placing it in a tissue culture medium
at 4°C, the endothelium could remain viable for several days [36].
McCarey and Kaufman reported the development of a modified
tissue medium (McCarey-Kaufman [M-K] medium) in which human
corneas with viable endothelium could be preserved at 4°C for at least
4 days. ' "MK medium" " containing TC199, Earle's salts, HEPES buffer
and gentamicin, remained the standard corneal preservation medium
for some 15 years. The application of this method gave the opportunity
to keratoplasty to become a scheduled surgery. As underlined by
Wilson and Bourne in their 1989 major review on corneal preservation,
“this allowed the patient to better plan for the transplant and for the
surgery to be performed when a well-trained regular team of operating
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personnel was available to assist a well-trained surgeon.” [35]. Corneas
stored at 4°C in M-K medium remained thin and clear and could be
transported in polystyrene containers with ice. This was subsequently
superseded by other commercial preparations, such as KSol and
Optisol, containing osmotic agents to limit corneal tissue swelling, and
offering extended preservation times of a week or ten days.

The eye banking concept came to Europe much later compared to the
U.S. The first eye bank in Continental Europe was the one established in
the Barraquer Eye Center in Barcelona, Spain by Dr. Joaquin Barraquer
in 1962 [37]. The European Eye Bank Association was founded in 1989
with the aim as stated “to help provide tissues and cells of optimum
quality and safety for transplantation and the treatment of eye diseases,
according to the highest medical and scientific standards, and making
them available to as many patients in need as possible in an ethical and
humanitarian way, in accordance with the Declaration of Helsinki and
applicable national and international laws and regulations” [38].

Since the foundation of the first eye bank an enormous progress
in both surgical techniques and methods of corneal preservation
happened. Keratoplasty became widely accepted as the only effective
treatment for corneal blindness. As a consequence, the demand
for corneal allografts increased in an exponential way and this has
ultimately led to an explosion in the number of eye banks. According
to a recent global survey 742 eye banks exist currently worldwide. India
has the most banks, followed by the United States and China [38].
Nevertheless, given an estimated global graft demand of 12.7 million,
a severe imbalance between supply and demand exists. Moreover, the
continuous global population growth (mainly in India, China and
Africa) will likely further aggravate this imbalance [39].

The various methods of corneal preservation

On the importance of corneal endothelium in corneal
transplantation: The human cornea is a transparent avascular
structure covering the front part of the eye globe. Its main function
is to transmit and focus the light to the retina to generate vision. Its
transparency needs to be maintained for optimal vision (Figure 2). The
cornea is structured into well-organized layers, and each layer has its
own importance in maintaining the viability and transparency of the
tissue. From the anterior to the posterior cornea, the human corneal
tissue consists of a stratified epithelium, Bowman’s layer, the stroma,
Descemet’s membrane, and a mosaic-like patterned monolayer of
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Figure 2. The structure of human cornea
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hexagonal endothelial cells [40]. The epithelium is a self-renewing layer
and harbors a resident stem cell population at its periphery. However,
the stroma and endothelium are usually quiescent and so far, have not
been considered to regenerate [41]. The corneal endothelium that lines
the posterior corneal surface is derived from the neural crest during
embryologic development [42]. Human endothelial cell density is
approximately 6000 cells/mm? during the first month of life [43] but
decreases to about 3500 cells / mm? by the age of five years [44]. A
further decrease at a slower pace continues throughout life so that at the
age of 85 the mean cell density is 2300 cells/mm? [45]. There is evidence
that the endothelial cells possess proliferative capacity since in tissue
culture they can be induced to divide. In vivo, however, they are arrested
in the G1 phase of the cell cycle constructing this way a non-replicable
monolayer [46]. The Descemet's membrane is formed from collagen
secreted form the endothelial cells. At the time of birth, the Descemet's
membrane is approximately 3 p thick and consists of collagen in a
banded pattern. Throughout life, endothelial cells continue to secrete
collagen added to the Descemet's membrane but in a non-banded
pattern. Nevertheless, if the endothelial cells are stressed or damaged,
they may secrete collagen added to the posterior part of the Descemet's
membrane in a banded fashion [47]. The transparency of the cornea is
mainly the result of the ultrathin structure, the crystalline organization
and the restriction in the range of distances between adjacent stromal
collagen fibrils. These particular properties of the stromal collagen in
combination with the extreme thickness of the other corneal layers
prevents almost completely light scattering. However, if the cornea
swells, disruptions of the spacing among the collagen fibrils ensues
with a consequent significant scattering of the light and lose of corneal
transparency [48]. The corneal endothelium plays a critical role in
the regulation of stromal hydration by behaving as a semi-permeable
barrier to the movement of fluids and nutrients. This property is due
to the presence of intercellular gap junctions and tight junctions at the
apical membrane of endothelial cells. Therefore, fluids and nutrients
can leak in the paracellular space and enter the stroma. On the other
hand, endothelial cells prevent excessive fluid entrance in the stroma
and subsequent corneal swelling by actively pumping ions and drawing
this way osmotically water from the stroma to the aqueous humor.
Endothelial cell loss or endothelial dysfunction has as a consequence
the inability to efficiently pump fluid out of the stroma, resulting in
stromal and epithelial edema and eventually in loss of corneal clarity
and visual acuity [49,50].

Since endothelial cells cannot actively divide in vivo, the only way
to preserve the proper corneal function despite the normal age-related
or the accelerated disease- or trauma-related endothelial loss is by
expansion of the existing cells. In the case of age-associated decline, the
remaining endothelial cells are usually enough to maintain a sufficient
barrier and pump function. However, if the density falls below a critical
value of 500 to 1000 cells/m?, then the function of corneal endothelium
becomes compromised and stromal edema ensues [51].

Given the unique role of endothelium in the maintenance of
corneal function, it is not surprising that the main goal of corneal graft
preservation is to minimize corneal endothelial loss, which independent
of the method of preservation reaches 10-30%. This renders up to 40%
of preserved donor corneas eventually unsuitable for transplantation
aggravating further the problem of graft shortage [50]. This decline
in endothelial cell density of the donor corneas is directly related to
the length of storage time [52,53] and has been mainly attributed to
apoptosis [54]. After transplantation, endothelial loss of corneal grafts
continues at a pace faster than that of normal corneas to the point
that by 3 years 53% of the preoperative endothelial cell density is lost
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[55]. This process can end up to a condition called late endothelial
failure characterized by graft swelling and haziness unresponsive to
the treatment with corticosteroids. Late endothelial failure accounts
for the majority of late graft failures [56]. It has been shown that the
initial postoperative endothelial cell density is inversely related to
late endothelial failure [57], suggesting that preservation methods
by minimizing initial endothelial loss may have a very significant
contribution to a favorable long term outcome of keratoplasty.

Methods of corneal preservation

Since cornea is an avascular structure, selection criteria for corneal
donors are less restrictive than for vascularized tissues. Nevertheless
several infectious diseases have been transmitted through corneal grafts
[58,59] underlying thus the importance of careful testing the donors
according to the medical standards guidelines issued from the European
Eye Bank Association [60] and the Eye Bank Association of America [61].
The same guidelines define also the methods the eye banks should use
to assess the quality of donor corneas. The most important component
of this quality control is the assessment of endothelial cell density and
viability. This is performed with the use of specular or confocal light
microscopy [62]. Regarding the age of the donor, although most eye
banks in America prefer donors 65 years old or younger, this is recently
changing given the results of the Cornea Donor Study which has shown
that the five years success rate of corneal transplantation was not lower
if the donors were 65-75 years old [63]. On the other hand, European
eye banks tend to accept grafts form donors even older than 75 years.
The minimum acceptable endothelial cell density also varies among eye
banks. According to the 2010 European Eye Bank Association Report,
70% of the eye banks accept as minimum density 2000 cells / mm?
while the rest have a minimum ranging from 2100 to 2500 cells / mm?
[64]. In general, a cornea with an endothelial density of 2.200 cells /
mm” should have a sufficient number of viable cells in order to retain
its transparency for the next 25 years [65]. Nevertheless, the long term
surviving of the graft is also dependent on several other factors like the
allograft rejection and the recipient diagnosis [66].

The initial method of corneal preservation was the storage of the
whole globe in the “moist chamber”, a moistened pot at 2-6 °C as
prescribed by Filatov in 1935 [32]. This type of storage was however
limited by the availability of metabolic substrates and buildup of
metabolic waste products in the aqueous humor. It was for this reason
replaced by the storage of corneas excised from the eye along with a
rim of sclera (a corneoscleral disk or button). The storage of grafts in
serum was introduced in the 1960s and the serum was soon replaced
by a synthetic solution whose composition mimicked that of aqueous
humour. The revolutionary turn which followed in early 1970s, was the
development of the MK-medium which extended the storage period
in hypothermic conditions to 4 days. MK-medium is still in use in the
developing countries due to its low cost and simplicity of production.

For the storage and preservation of corneoscleral disks three
methods are today available: hypothermia, organ culture and
cryopreservation. Of these, only cryopreservation permits the storage
of occular tissue indefinitely. Indeed, cryopreserved corneas have been
successfully transplanted on several occasions in the past [67-70].
More recently, it has been used in DALK [71] and as a tectonic graft
for perforated corneas [72,73]. Cryopreservation, however, has been
associated with variable and unpredictable rates of endothelial loss
[74]. As a result, cryopreserved corneas are been currently used only
occasionally in emergency situations when the aim is to save the eye
[70]. On the other hand, optimization of cryopreservation protocols
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remains an open issue for cryobiologists [75], since cryopreservation
could become an alternative in addressing the problem of global storage
of donor corneas.

The hypothermic storage

Hypothermic storage is the most common method of corneal
preservation in the USA and in most Asian countries [76]. It is based on
the principle that cold reduces metabolic cellular demand. On the other
hand, cooling has also deleterious effects on cells such as the suppression
of active transport of ions across cell membranes leading to water
influx and cellular edema and the disruption of calcium homeostasis
and proton exchange leading to acidosis [77]. As a consequence, the
storage time is limited to a maximum of 10-14 days. This time span
has been claimed by the manufacturers of the newer storage solutions
which have largely replaced the first hypothermic solution, the M-K
medium (which permitted a maximum storage of only 4 days). These
are: the modified M-K medium, the K-Sol, the Dexol, the Liquorol, the
Optisol (GS and plus), the Chen medium, the Eusol-C (Al.Chi.mia,
Padova, Italy), the Cornisol (Aurolab, Madurai, India) and the newest
Life 4°C (Numedis Inc. Minnesota, USA). It should be noted that
despite the extended time limits offered by the manufacturers, most eye
banks prefer to keep corneas no more than 7-10 days in hypothermic
conditions due also to the fact that corneal epithelium is less well
than endothelium preserved, and the extend of epithelial defects after
transplantation increases also with storage time [78].

The technique of hypothermic storage is rather simple and
inexpensive. The corneas are stored in vials and refrigerated at 2-6 °C.
The vials may allow inspection of corneal endothelium with specular
microscopy. During the storage period the corneas remain thin and they
are readily available for surgical use. All the hypothermic storage media
consist of a tissue culture medium supplemented with deturgescent
agents like dextran and chondroitin sulfate to prevent corneal swelling.
Chondroitin sulfate is considered the most crucial ingredient since it
presumably plays an important role in the intracellular redox system
as an antioxidant and as a membrane and growth factor stabilizer. It
was the addition of chondroitin sulfate to tissue culture media which
lead from the M-K medium to the development of the newer solutions.
Other additives include antibiotics, energy sources, antioxidants,
membrane stabilizers and growth factors. All storage solutions are
commercially available and ready for use [79].

From all the above storage media, Optisol GS (from Chiron
Ophthalmics Irvin, CA, until 1997 and after that form Bausch & Lomb
Inc., Rochester, NY, USA) remains the most popular. It was introduced
in 1991 as a hybrid of K-Sol, Dexol and CSM (culture storage medium).
It contains: 2.5% chondroitin sulfate, 1% dextran, Fe, 14 vitamins,
amino acids, cell metabolites, antioxidants and precursors of adenosine
triphosphate [80]. Studies have repeatedly shown a high percentage
of clear grafts and a low percentage of endothelial loss after corneal
transplantation [81,82]. Moreover, other commercially available
hypothermic storage media (Cornisol, Life 4°C and Eusol-C) have
shown no superiority against Optisol-GS in comparative studies [83-
85].

Since the donor’s eye is usually contaminated, decontamination of
the corneal graft is an essential part of the storage process. Antibiotics
(mainly gentamycin) are for this reason added in all storage solutions.
However, antibiotics are more effective when the bacteria are
more metabolically active which certainly does not happen under
hypothermic conditions. Nevertheless, preoperative warming of the
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donor corneas enhances the decontaminating effect of the antibiotics
which have been stored in the tissue during the hypothermic storage
period [78]. On the other hand, hypothermic storage solutions do not
routinely contain antifungal agents, even though most postkeratoplasty
endophthalmitis and keratitis cases are of fungal origin. Recent studies
suggest that the addition of the antifungal agent amphotericin B in
Optisol GS significantly improves the activity against the contamination
with candida species albeit with the expense of increased toxicity
against the corneal endothelial cells [86].

The main advantages of hypothermic storage are the simplicity of
the technique and the low cost due to minimal equipment requirements
and minimal handling. The storage solutions are readily available and
easy to transport to procurement sites making possible the recovery
of corneas from donors even in remote areas. As a consequence, the
availability of corneas is dramatically increased while the eye bank
processing can be performed without sophisticated infrastructure and
with minimal training of the personnel.

The storage in organ culture medium

Summerlin and colleagues [87] were the first to report the
preservation of corneasin organ culture medium at 37° C for 4 weeks. This
was shortly followed by the successful transplantation of organ cultured
corneas by Doughman and colleagues [88]. This preservation method,
although pioneered by American ophthalmologists, predominates now
days in Europe and in Australia. Of the 62 eye banks included in the
2010 European Eye Bank Association Directory, 47 used organ culture, 9
used hypothermic storage and 6 used both methods [63]. Organ culture
allows a significantly longer period of preservation which is typically 4
weeks [53] although successful transplantations with the use of corneas
preserved even for 7 weeks have also been reported [89]. The extended
storage period comes however at a cost of more complicated technique
in comparison to hypothermia. The corneas are stored in an incubator
at 30-37°C. The storage solution consists of tissue culture medium (most
commonly Eagle’s essential medium), supplemented with 2-10% fetal or
newborn calf serum, antibiotics (mostly penicillin and streptomycin)
and antifungal agents (amphotericin B) [78]. The presence of calf serum
has raised concerns about possible transmission of Creutzfeldt-Jacobs
prion protein during the periods of disease outbreak and alternative
animal product-free solutions have been successfully tested [90-92].
Nevertheless, the common practice of including calf serum in the organ
culture medium has not been substantially changed. The majority of
the eye banks change the culture medium every 1-2 weeks while
the rest keep the same solution for the whole storage period. Since
dehydration macromolecules are ingested from corneal cells at these
storage temperatures, they are not added in the solution. Therefore, the
cornea swells to about twice its normal thickness. The corneal swelling
has to be reversed before its use for transplantation. The corneal grafts
are placed for this reason in a solution containing dextran. The same
solution is used for the transport of the cornea. The extend of deswelling
depends on the dextran concentration which varies between 4-8%
in the different banks and the time varies also from less to one up to
seven days. All the above minor differences in handling techniques are
nevertheless associated with similar results in terms of graft outcomes
[78]. The possible toxic effect of dextran due to unexpected penetration
into the graft tissue along with the difficulty to prepare the solution has
triggered recently the search for an alternative macromolecule [93].
Despite the initial encouraging results, the use of dextran solution
remains the standard method for the reversal of corneal swelling
prior to transplantation. The inspection of corneal endothelium under
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specular microscopy is not feasible with organ culture. Therefore, phase
contrast or bright field light microscopy is necessary. To visualize the
endothelial cells, swelling of the intercellular space with a hypotonic
solution is required and it should be performed in aseptic conditions
[94]. The swelling is very transient, lasting only a few minutes and
is dependent on the storage time and on the particular composition
of the storage medium [95]. The whole process is technically
demanding and requires experienced observers for the interpretation
of the images. Regarding microbiological safety, organ culture appears
superior to hypothermic storage since the antibiotics and antifungal
agents included in the storage solution are far more effective at 30-
37°C. In addition, contaminated tissue will be easily recognized since
the micro-organisms will grow rapidly in this temperature. Screening
through the examination of a sample of the medium normally takes
place after 7 days in culture and just before the transplantation. So,
the risk of transplanting contaminated tissue is minimized since up
to 3.5% of the corneas in organic culture have been reported to be
discarded due to contamination [96]. These corneas would probably
have been distributed for transplantation if they had been stored
under hypothermic conditions. The incidence of endophthalmits has
been reported as low as 0.1% after storage in organ culture medium
[78].

The main advantage of organ culture is the length of storage period.
This 4-week period permits the implementation of microbiological
testing for safety, as well as a more thorough evaluation of the corneal
endothelium also after vital staining such as with tryphan blue for the
more accurate recognition of necrotic cells. Given the great variability
regarding endothelial loss among stored corneas, organ culture is
considered a ‘stress test'' for the recognition of those graft with
irreversibly affected vitality [97]. This way, the most suitable corneas
for each procedure can be selected. Moreover, the capacity of corneal
endothelium for self-repair is maintained only with organ culture
[98]. On the other hand, maintenance in organ culture medium is
definitely a more complicated preservation method with a higher

Py

cost compared to the hypothermic storage (Table 2). Nevertheless,
despite their differences, the few studies which have compared the
two methods in terms of clinical outcome and of post-operative
decline in endothelial cell density, have demonstrated similar results
showing this way no definite superiority of one method against the
other [99,100].

Table 2. Hypothermic storage versus storage in organ culture medium

Storage in Organ Culture Medium (30-

Hypothermic Storage (2-6°C)

37°C)
Most common storage method in USA | Most common storage method in Europe and
and in Asia in Australia

Storage period: 7-10 days

Storage period: 4-6 weeks

Offers thin grafts ready to use

Pre-operative deswelling of the graft is
necessary

Minimal bacterial growth in low
temperatures.

Antibiotics added provide coverage after
intra-operative warming.
Antifungal agents are not added in the
solution

At 30-37°C the graft contamination becomes
more obvious and the antibiotics and the
antimycotics are more effective.

The risk of transplanting contaminated tissue
is reduced

The more easily transported hypothermic
medium to procurement sites facilitates
getting more donor corneas from remote

areas.

More thorough evaluation of the stored
corneas permits selecting the most suitable
cornea for each procedure

Simplicity in equipment, no need for
sophisticated staff training, lower cost

Technical complexity, need for qualified
staff, higher cost
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Conclusion

In conclusion, corneal transplantation or keratoplasty remains the
only available and effective therapy of corneal blindness worldwide.
Trauma and genetic or degenerative ocular disorders have currently
replaced infectious diseases as the main indications of keratoplasty
in the western world countries. In the developing world, though, eye
infections remain the main reason to perform keratoplasties. The
method has also evolved over time from the initial full thickness
transplantation (penetrating keratoplasty) to the selective replacement
of corneal endothelium and Descemet's membrane only (lamellar or
endothelial keratoplasty). A turning point in the history of keratoplasty
was the development of eye banks. Eye banking allows the storage of
donor corneal grafts by preserving the integrity of corneal endothelium,
a critical factor for a successful long-term outcome of keratoplasty.
A major limitation of this exciting therapeutic modality is, however,
the shortage of human donor corneas. For this reason, the appropriate
storage and the preservation of the quality of every single available
corneal graft are of paramount importance. Since corneal endothelial
cells have a critical role in the maintenance of corneal transparency,
it is not surprising that the main goal of corneal preservation through
eye banking is to minimize the unavoidable time-dependent decline
in endothelial cell density. Hypothermic storage and storage in organ
culture medium are the two currently in use preservation techniques.
Hypothermic storage limits the graft preservation to a maximum of
10-14 days. It is a simple method of low-cost using solutions readily
available and permitting the recovery of corneas from donors even in
remote areas. The alternative storage technique in organ culture medium
is more costly and technically more complex. It is however, associated
with a reduced risk of graft contamination and offers a substantially
longer storage period of 4-6 weeks. Despite their differences, it has not
been shown any superiority of one method against the other and their
use remains for each eye bank a matter of preference and of resource
availability. Nevertheless, only a new method combining the advantages
of both, by further expanding the time limits of storage and preserving
at the same time the integrity of corneal endothelium at a reasonable
cost, could effectively help the clinicians to overcome the problem of
graft shortage. Research efforts in this field are urgently needed.
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