
I N T R O D U C T I O N

Sustained demand for corneas for grafting stimu-
lates a continuous search for a more adequate
p reservation pro c e d u re. According to the 2003 Dire c t o r y
of the European Eye Bank Association, 36,567
c o rneas were processed in European eye banks in
2 0 01, with 52% delivered for transplantation (7% in-
c rease with respect to 2000). In Europe, the majority

of transplanted corneas (64.1% in 2001) are pre s e r v e d
by storage at a physiologic temperature (organ cul-
t u re method), whereas the remaining fraction is pre-
served at 4°C (hypothermic cornea storage).

The two methods yield distinct and well-character-
ized advantages (1-3). The hypothermic method con-
sists in the incubation of corneas at 4°C in a medium
containing antibiotics and a deturgescent agent to main-
tain cornea clarity and physiologic thickness. After a
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PU R P O S E. To evaluate whether the organ culture method for human cornea pre s e rvation may
be applied to corneas stored for several days at 4°C.
ME T H O D S. The cell density, viability, and morphology of corneal endothelium were examined
in 140 human corneas stored at 4°C for the minimal time re q u i red for transport to the bank
and for the pre l i m i n a ry controls of cornea status (1.6±1.1 days) and in 46 corneas pre s e rv e d
at 4°C for 6.1±1.9 days in Optisol-GS. The evaluation was repeated after 19.7±9.1 days of
incubation at 31°C in a culture medium containing 2% newborn calf serum. 
RE S U LT S. After the hypothermic storage the corneal endothelium had a mean density of 2475±159
c e l l s / m m2 without significant difference between the short and the long term incubation.
Several corneas of the two groups showed signs of endothelium degeneration and were
positive to trypan blue test. After the incubation at 31°C, the corneas with endothelial de-
generation decreased by 52.2% and those positive to trypan blue decreased by 21.7%.
Polymorphism (enlarged endothelial cells) increased from 9.6% to 14.5% of the corn e a s .
The remodeling of the endothelium led to a 6.7% decrease in cell density. These re s u l t s
w e re similar after short-term and long-term storage at 4°C.
CO N C L U S I O N S. Organ culture was effective in improving corneal endothelium when the hy-
p o t h e rmic storage was prolonged to the upper temporal l imit for this procedure (7-10 days).
These results may encourage the possibil ity of an eye bank to allocate the available corn e a
pool, thus decreasing the risk of discarding precious material. (Eur J Ophthalmol 2003; 13:
7 4 5 - 5 1 )
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maximum of 7-10 days, the corneas are used or dis-
c a rded. The culture method allows the pre s e r v a t i o n
of corneas for up to 1 month, although utilization with-
in 3 weeks is recommendable. Shortly after their iso-
lation, corneas are immersed at a physiologic tem-
p e r a t u re in a culture medium supplemented with an-
t i m i c robial agents, to avoid contamination, and
bovine serum, to improve the survival of endothelial
cells (4). In this method, the cornea clarity is lost and
swelling of the stroma occurs. To re s t o re transpare n c y
and physiologic thickness, cultured corneas are
t r a n s f e r red in the days before grafting to a medium
containing a deturgescent agent (5).

Considering the greater complexity of the culture
method, hypothermic preservation would be more con-
venient for an eye bank. However, the number of corn e a s
that can be delivered for transplantation by this pro-
c e d u re is limited. In our institution, the hypothermic
and culture methods of cornea preservation are both
operative. There f o re, we made an effort to integrate
the two methods, examining whether preservation of
c o rneas in the cold for the maximal time allowed for
this pro c e d u re may be followed by further pre s e r v a-
tion in culture. The data show that this sequential pro-
c e d u re is possible. In fact, several corneas showing
endothelial defects after hypothermic preservation im-
p roved at the end of the culture period. 

M ATERIALS AND METHODS

Incubation media

C o rneas assigned to the organ culture method of
p reservation after a brief storage in the cold were col-
lected in MEM-Earle containing 6% dextrane-T500 (Eu-
sol). Glucose, Na bicarbonate, L-glutamine, and
pyruvate were also present to support the cornea me-
tabolism. Optisol-GS has been used for long-term hy-
pothermic storage of corneas (6). In this medium the
metabolic re q u i rements of corneal tissues are satisfied
by glucose, Na bicarbonate, pyruvate, aminoacids, and
purines. Ascorbic acid is also present according to the
finding that this vitamin is 20 times more concentrated
in the aqueous humor than in plasma. Cornea clarity
is maintained by the addition of 1% dextrane-T500
and 2.5% chondroitin sulphate. The medium for
c o rnea culture (Tissue C) was similar to Eusol except

that dextran was omitted. Newborn calf serum and
t h ree antibiotics were added to insure the survival of
endothelial cells and wide protection from bacteria
and fungi. The detailed composition of these media
is reported in Table I.

Experimental design

We stored at 4°C 249 corneas collected in our in-
stitution in July 2001. Of these, 168 were collected
and stored in the medium designed for prompt uti-
lization or early transfer to the culture medium (Eusol
g roup). Eighty-one corneas were collected and pre-
served in Optisol-GS to have a group suitable for de-
layed utilization (within 7-10 days). During the hypothermic
p reservation, 28 corneas of the Eusol group and 35
c o rneas of the Optisol-GS group were re q u i red by the
s u rgeons for penetrating keratoplasty. The re m a i n i n g
c o rneas (140 of the Eusol group and 46 of the Opti-
sol-GS group) were transferred to the culture medi-
um. Considering the limited fraction of corneas uti-
lized during the hypothermic storage, these numbers
demonstrated the advantage of having the culture pro-
c e d u re available at the end of the cold storage. Dur-
ing the culture, the medium was not changed, accord i n g
to the “closed system” pro c e d u re (1). The evaluation
of endothelium was performed before the addition of
c o rneas to the culture medium and at the end of in-
cubation at 31°C.

Evaluation of corn e a s

The cornea evaluation was performed as pre v i o u s l y
described (5). The epithelium, stroma, and endothe-
lium were examined blindly by the slit lamp and the
light microscope. Before the l ight microscope eval-
uation, the endothelium was exposed to 0.25% (w/v)
trypan blue to test cell viability. When the cells are
dead, the plasma membrane is leaky and the dye pen-
etrates into the cytosol staining the cell nucleus. Corn e a s
w e re considered trypan blue positive when stained
nuclei comprised >0.1% of the total endothelial cells.
Trypan blue positive cells were either dispersed in
the central part of the cornea or assembled in small
to large groups (5). Sometimes they formed rows along
a corneal fo ld. After the trypan blue test, the corn e a s
w e re exposed to a hypotonic sucrose solution to eval-
uate the morphology of the endothelium. The num-
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ber of endothelial cells was estimated with the help
of a calibrated grid (f ixed frame) mounted in the oc-
ular of the microscope. The morphologic evaluation
of the endothelium included the incomplete pattern
of intercellular space swelling, irregular cell shape
and borders, cell swelling, and the degree of poly-
morphism. 

Statistical methods

Results are expressed as mean ± standard devia-
tion unless otherwise specified. Comparison of mean
values was made by unpaired and paired Student’s
t-test, as appropriate. The comparison between the
Optisol-GS and the Eusol group in Table II was ana-

TABLE I - COMPOSITION OF MEDIA

C o m p o s i t i o n E u s o l O p t i s o l - G S C u l t u re (Tissue-C)

Basic components M E M - E a r l e A mixture of TC-199 M E M - E a r l e
and MEM-Earle media

B u ff e r 25 mM HEPES 25 mM HEPES 25 mM HEPES

A n t i b i o t i c s 0.1 mg/ml gentamicin 0.1 mg/ml gentamicin 50 UI/ml nystatin 
0.2 mg/ml streptomycin 100 UI/ml penicillin G

0.05 mg/ml stre p t o m y c i n

O t h e r s 26 mM Na bicarbonate 26 mM Na bicarbonate 26 mM Na bicarbonate
6% dextran-T500 2.5% chondroitin sulfate 1 mM pyruvate
1 mM pyruvate 1% dextran-T500 2 mM glutamine
2 mM glutamine 1 mM pyruvate 2% (v/v) newborn calf serum 
2 - m e rc a p t o e t h a n o l 0.1 mM nonessential aminoacids

2 - m e rc a p t o e t h a n o l
ascorbic acid
v i t a m i n s
purines (adenine, adenosine, inosine)
c h o l e s t e ro l

Optisol-GS (Optisol supplemented with gentamicin and streptomycin) was supplied by Bausch & Lomb Surgical Inc. 
Other corneal storage media (Eusol, Tissue-C) and reagents were supplied by Al.chi.mi.a. (Padova, Italy)

TABLE II - S P E C I F I C ATIONS OF THE CORNEAS ADDED TO CULTURE AFTER THE HYPOTHERMIC STORAGE

C o rnea specifications O p t i s o l - G S E u s o l To t a l

Number of corn e a s 4 6 1 4 0 1 8 6
Donor age (yr) 5 7 . 5 ± 1 5 . 4 * 6 5 . 4 ± 1 3 . 0 6 3 . 5 ± 1 4 . 0
Death-to-enucleation time (hours) 7 . 1 ± 3 . 8 8 . 7 ± 5 . 8 8 . 3 ± 5 . 4
Storage at 4°C (days) 6 . 1 ± 1 . 9 * 1 . 6 ± 1 . 1 2 . 7 ± 2 . 4
Endothelial cell density (cells/mm2) 2 4 4 6 ± 1 9 9 2 4 8 3 ± 1 4 5 2 4 7 5 ± 1 5 9
% of corneas with signs of endothelial damage 4 1 . 3 3 4 . 2 3 6 . 0
% of corneas trypan blue positive 4 1 . 3 † 1 9 . 3 2 4 . 7

Data are mean ± SD
* p<0.001 for the diff e rence with Eusol (Student t-test)
†p<0.01 for the diff e rence with Eusol (χ2 t e s t )
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lyzed by the χ2 test. In Table IV, the comparison be-
f o re and after the incubation at 31°C was analyzed
by a Mc Nemar test. p Values of <0.05 were consid-
e red to be significant.

R E S U LT S

This study focused on the effect of culture on corn e a s
collected and preserved several days in Optisol-GS,
a medium suitable for long-term hypothermic
p reservation (6). As a contro l we used a simple medi-
um (Eusol)  suitable for the collection of corneas and
for their brief storage in the cold. Because it has
been reported that culture at 31°C stimulated the re-

pair of damaged endothelium (2, 7), we included in
our experimental groups the corneas presenting mild
endothelial damage after the hypothermic pre s e r v a t i o n .
As shown in Table II, the corneas of the Optisol-GS
g roup showed a minor diff e rence in the age of donors
with respect to our control corneas (the Eusol
g roup). The death-to-enucleation time and the en-
dothelial cell density were comparable. A fraction of
c o rneas presented signs of endothelial degenera-
tion (incomplete pattern of intercellular space
swelling, irregular cell shape and borders, cell
swelling) . These alterations might be in part re l a t e d
to the damaging effect of a low temperature on the
o rganization of F-actin cytoskeleton and on the in-
t e rcellular adhesive interactions (8). 

TABLE IV - EFFECT OF CULTURE AT 31°C ON ENDOTHELIUM MORPHOLOGY AND CELL VIABILITY

E ff e c t s O p t i s o l - G S E u s o l
n = 46 n = 140

Endothelial morphology
C o rnea damaged after 4°C 19 (41.3) 48 (34.2)
C o rnea damaged after the culture 9 (19.6) 23 (16.4)
C o rnea re p a i re d 10 25 

Cell viability (trypan blue test)
C o rnea trypan blue positive after 4°C 19 (41.3) 27 (19.3)
C o rnea trypan blue positive after culture 14 (30.4) 22 (15.7)
C o rnea re p a i re d 5 5 

Values are n (%). The evaluation of the endothelium included the incomplete pattern of intercellular space swelling, the irre g u l a r
cell shape and borders, and the cell swelling. Corneas were considered trypan blue positive when stained nuclei comprised >0.1%
of the total endothelial cells. Trypan blue positive cells were dispersed in the endothelium, assembled in groups, or assembled
as rows along folds (5)

TABLE III - EFFECT OF CULTURE AT 31°C ON THE ENDOTHELIAL CELL DENSITY

E ff e c t s O p t i s o l - G S E u s o l To t a l

Number of corn e a s 4 6 1 4 0 1 8 6
C u l t u re interval (days) 2 2 . 2 ± 9 . 6 1 8 . 0 ± 8 . 8 1 9 . 7 ± 9 . 1
Initial endothelial cell density (cells/mm2) 2 4 4 6 ± 1 9 9 2 4 8 3 ± 1 4 5 2 4 7 5 ± 1 5 9
Final endothelial cell density (cells/mm2) 2 3 2 2 ± 2 7 1 * 2 3 2 6 ± 2 8 7 * 2 3 2 5 ± 2 8 2 *
D e c rease in cell number (cells/mm2) 1 5 1 ± 1 7 8 1 7 1 ± 2 5 1 1 6 6 ± 2 3 6
% of cell density decre a s e 6 . 2 ± 7 . 4 6 . 9 ± 1 0 . 4 6 . 7 ± 9 . 8

Values are mean±SD
* P a i red, two-tailed t-test analysis of the decrease in the endothelial cell density yielded a p<0.0001 for the three gro u p s
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A fraction of corneas was also trypan blue posi-
tive. In the Optisol-GS group the total number of try-
pan blue positive corneas was 19 but 50% of these
only had scattered positive cells comprising less than
1% of the total cells. In the Eusol group the trypan
blue positive corneas were 27 with 17 corneas pre-
senting dispersed stained cells forming less than 1%
of the total cells. After 3 weeks of culture, we ob-
served a small but significant decrease in the en-
dothelial cell density that, however, was not detri-
mental to the cornea suitabil ity for grafting (Tab. III).
The decrease was similar in the Optisol-GS and Eu-
sol groups. Considering the two groups together, the
mean percent decrease was 6.7±9.8%, in agre e m e n t
with the cell loss reported in other studies (5, 9, 10).
The endothelium morphology changed during cul-
t u re, suggesting an extensive cell remodeling. The
final result was an improvement of the endothelium,
i r respective of the time of the hypothermic pre s e r-
vation (Tab. IV). In the two groups, 52% of the corn e a s
initially damaged were re p a i red, increasing the num-
ber of corneas without endothelial degeneration fro m
27 to 37 in the Optisol-GS group and from 92 to 117
in the Eusol group. Considering the entire corn e a
pool, the increase was from 119 to 154 (p<0.001).
Consistent with a regenerative effort, we observed
that at beginning of culture 9.6% of corneas had a
variable degree of polymorphism (enlarged en-
dothelial cells). After the organ culture the corn e a s
p resenting polymorphism increased to 14.5% (not
reported in Tab. IV). Because corneal endothelial cells
cannot replicate, cell enlargement is considered to
be a measure to compensate for the cell loss (2, 7).
Although not significant, the improvement of endothelium
was also observed with the trypan blue test. In the
Optisol-GS group the number of trypan blue posi-
tive corneas decreased by 26% after the culture. In
the Eusol group the number of trypan blue positive
c o rneas decreased by 18%. The number of corn e a s
p resenting full cell viability increased from 27 to 32
in the Optisol-GS group and from 113 to 118 in the
Eusol group. In the entire cornea pool the incre a s e
was from 140 to 150. Considering the impro v e m e n t
of endothelial morphology and cell viabil ity togeth-
e r, the pool of healthy corneas free of endothelial
defects and with full cell viability increased from 119
to 149 (25%). This improvement was independent of
the time of hypothermic pre s e r v a t i o n .

D I S C U S S I O N

The preservation of corneas for transplantation be-
came a current pro c e d u re in 1974 when McCarey and
Kaufman demonstrated the possibility of cornea stor-
age at 4°C in medium-199 supplemented with 5% dex-
tran, bicarbonate buff e r, and antibiotics (11). Dextran
acts as a deturgescence agent, maintaining corn e a
c l a r i t y. Cold preservation of corneas is technically sim-
ple, allows the maintenance of a viable endothelium,
and prevents the growth of micro o rganisms. The length
of storage was increased without endothelial deteri-
oration by the replacement of 80% dextran with 2.5%
c h o n d roitin sulphate (Optisol) (6). Because of this im-
p rovement, the accepted period for hypothermic corn e a
p reservation is extended to 7-10 days. The altern a-
tive pro c e d u re for cornea preservation is incubation
at 30-37°C in a medium containing several nutrients,
bicarbonate buff e r, antibiotics, and bovine serum. By
this pro c e d u re the corneas are preserved for up to 1
month, although 3 weeks seems a re c o m m e n d a b l e
time. Since its introduction in the United States fol-
lowing a pro c e d u re previously developed for the skin
(12, 13), this method found diffusion and re f i n e m e n t
in Europe, through the promotion of the Danish and
the Netherlands eye banks (3, 5). The hypothermic
method has the advantage of being simple and eco-
nomical. Accurate reviews of donor history and sero-
logic analysis minimize the possibility of transmitting
diseases. The short storage time precludes an eff e c-
tive microbiologic control of the medium during the
c o rnea storage; however, this control is not consid-
e red to be a major re q u i rement, because a corre l a-
tion between the bacterial content of the cornea and
the occurrence of postkeratoplasty endophthalmitis
has not been found (14). At variance with the hypothermic
p ro c e d u re, the culture method allows the possibil ity
of a rigorous cornea selection. The prolonged incu-
bation selects corneas with a stable endothelium, able
to survive the drastic changes of its extracellular en-
v i ronment and presenting the capacity to repair their
defects. In this pro c e d u re, continued micro b i o l o g i c
analyses are possible and may allow, discarding of
contaminated corneas whose bacteria content is re-
sistant to the antibiotics added to the incubation medi-
um. Despite a lack of correlation between the bacte-
rial content of the cornea and the occurrence of en-
dophthalmitis, this selection seems advisable because
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it has been calculated that the risk of infective com-
plications is 12-22 times greater with a contaminat-
ed cornea (15, 16). In addition, incubation of corn e a
at a physiologic temperature may reduce its content
of leukocytes, thus decreasing the risk of allograft re-
action (3). 

Our study had the purpose of exploring whether the
advantages of the two pro c e d u res may be combined
by using in sequence the hypothermic pre s e r v a t i o n
of the corneas and the culture method. This pro c e-
d u re would drastically reduce the wastage of donor
tissue while preserving the positive clinical outcome
of penetrating keratoplasty that is equivalent in the
two methods of preservation (3). To this end we ex-
amined the survival in culture of corneas stored for
the longest allowed times at 4°C. As a control we used
c o rneas cultured after the brief hypothermic storage
re q u i red to collect the corneas and to perform the
p reliminary tests of suitabil ity. To validate our study
we used Optisol-GS for the prolonged hypothermic
storage of the corneas, one of the most suitable me-
dia for this purpose. Following the standards re p o r t-
ed in the 2003 edition of the Directory of the Euro-
pean Eye Bank Association, we examined corneas with
an endothelial cell density greater than 2000
c e l l s / m m2, obtained after a short death to enucleation
time. The organ culture interval was about 3 weeks.
We found that in spite of a long period of cold pre s e r-
vation the influence of culture was similar to that ob-
served after a brief storage. In agreement with a l im-
ited loss of endothelial cells during culture (5, 9, 10),
we found a cell density decrease of 6.9±10.4% in the
g roup with a short period of cold preservation and of
6.2±7.4 in the group stored for a longer time. The fi-
nal endothelial cell count in all corneas was 2325 ±
282 cells/mm2, with no significant diff e rence between
the two groups. These data indicate that the integrated
method of cornea preservation (i.e., the long-term hy-
pothermic pro c e d u re followed by the cornea culture )
may give the advantage of conforming the pro p e r t i e s
of the donor cornea to the age and the general con-
ditions of the recipient. For example, a cold-pre s e r v e d
c o rnea that did not go through a strict micro b i o l o g i c
c o n t rol would better fit a young recipient with intact
immune defenses against bacteria whereas a culture d
c o rnea free of bacterial contamination would be more
suitable for an immunodeficient re c i p i e n t .

A remarkable result of the present study is the demon-

stration of endothelial repair during organ culture. This
result confirms early studies demonstrating high glu-
cose uptake in cultured corneas and high capacity to
repair an artificially induced wound in the endotheli-
um (7, 17). Elevated metabolic activity in the endothelium
in the first weeks of culture also has been demon-
strated, examining the synthesis of high energy com-
pounds (18). We observed endothelial repair in
c o rneas transferred after brief hypothermic storage
(Eusol group), but also in corneas transferred after long-
term cold storage (Optisol-GS group). The repair of
the endothelium is attributed to several processes oc-
curring together such as the elimination of damaged
cells and the elongation of residual endothelial cells
that slide over the damaged area (2). Although this is
a distinct advantage of the organ culture method, it
suggests the cautionary measure to limit as much as
possible the time of culture as the extensive endothelial
stimulation during this period may reduce a possible
wound healing effort after grafting. The same tendency
to repair has been observed examining the cell via-
bility before and after the culture (trypan blue test).
Table II shows that in the Optisol-GS group the corn e a s
showing dead cells (positivity to trypan blue) were sig-
nificantly higher when compared with the Eusol gro u p .
H o w e v e r, this diff e rence was not due to the effect of
p rolonged storage in the cold. Rather, it was the re-
sult of the greater delivery to surgeons of the best
c o rneas during the prolonged cold storage, thus con-
centrating the damaged corneas in the fraction des-
tined for culture. In the Optisol-GS group, 35 of 81
c o rneas were delivered to surgeons during the hypothermic
p reservation (43.8%), whereas in the Eusol group the
utilization was 28 of 168 (16.6%). We find that the try-
pan blue positive corneas decreased in the two
g roups after the culture. In the entire cornea pool the
d e c rease was from 46 to 36. Because the trypan blue
positive cells are irreversibly damaged, the decre a s e
is likely due to detachment of the dead cells from the
endothelium with compensative enlargement of con-
tiguous cells. Close examination shows that this pro c e s s
involved five corneas in each group and was manifest
on corneas presenting scattered trypan blue positive
cells comprising less than 1% of the total endothelial
cells. As a result, the decrease in the total number of
endothelial cells was low and insufficient to cause a
d i ff e rence in the overall decrease in endothelial cell
density between the two groups. In agreement, the
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d e c rease in cell density was comparable in the two
g roups (Tab. III).

In summary, our study shows that the transfer in
c u l t u re of corneas previously stored in the cold for
the maximal time permitted by this pro c e d u re of pre s e r-
vation allowed prolongation of their preservation for
at least 3 weeks. During this time the quality of the
endothelium may even improve. This pro c e d u re may
i n c rease the possibility of an eye bank providing corn e a s
suitable for penetrating keratoplasty. 

Reprint requests to:
Diego Ponzin, MD
Fondazione Banca degli Occhi del Ve n e t o
Via Felisati 109
30171 Venezia Mestre, Italy
f b o v d p @ t i n . i t

R E F E R E N C E S

1. Armitage WJ, Moss SJ. Storage of corneas for transplanta-
tion. In: Easty DL, ed. Current ophthalmic surgery. London:
Ballière Tindall 1990: 193-9.

2. Böhnke M. Corneal preservation in organ culture. Curr Opin
Ophthalmol 1991; 2: 432-42.

3. Pels L. Organ culture: the method of choice for preservation
of human donor corneas. Br J Ophthalmol 1997; 81: 523-5.

4. Ayoubi MG, Armitage WJ, Easty DL. Corneal organ culture:
effects of serum and a stabilised form of L-glutamine. Br J
Ophthalmol 1996; 80: 740-4.

5. Pels L, Schuchard Y. Organ culture in the Netherlands.
P reservation and endothelial evaluation. In: Brightbill FS, ed.
C o rneal surg e r y, 2nd ed. St. Louis: Mosby 1993: 622-32.

6. Kaufman HE, Beuerman RW, Steinemann TL, Thompson
H W, Va rnell ED. Optisol corneal storage medium. Arc h
Ophthalmol 1991; 109: 864-8.

7. Doughman DJ, Van Horn D, Rodman WP, Byrnes P, Lind-
s t rom RL. Human cornea endothelial layer repair during
organ culture. Arch Ophthalmol 1976; 94: 1791-6.

8. Hsu JKW, Cavanagh HD, Jester JV, Ma L, Petroll WM.
Changes in corneal endothelial apical junctional pro t e i n
o rganization after corneal cold storage. Cornea 1999; 18:
712-20.

9. Møller-Pedersen T, Hartmann U, Møller HJ, Ehlers N, Engel-
mann K. Evaluation of potential organ culture media for eye
banking using human donor corneas. Br J Ophthalmol
2001; 85: 1075-9. 

10. Stoiber J, Ruckhofert J, Lametschwandtner A, et al.
Eurosol versus fetal bovine serum-containing corneal stor-
age medium. Cornea 2001; 20: 205-9.

11. M c C a rey BE, Kaufman HE. Improved corneal storage.
Invest Ophthalmol Vis Sci 1974; 13: 165-73.

12. Summerlin WT, Miller GE, Harris JE, Food RA. The org a n
cultured cornea: an in vitro study. Invest Ophthalmol Vis Sci
1973; 12 : 176-80.

13. Doughman DJ, Harris JE, Schmidt KM. Penetrating kerato-
plasty using 37°C org a n - c u l t u red cornea. Trans Am Acad
Ophthalmol Otol 1976; 81: 778-93.

14. Everts RJ, Fowler WC, Chang DH, Reller LB. Corneoscleral
rim cultures: lack of utility and implication for clinical deci-
sion-making and infection prevention in the care of patients
undergoing cornea transplantation. Cornea 2001; 20: 586-
9.

15. Leveille AS, McMullan FD, Cavanagh GD. Endophthalmitis
following penetrating keratoplasty. Ophthalmology 1983;
90: 38-9.

16. Antonios SR, Cameron JA, Badr IA, Habash NR, Cotter JB.
Contamination of donor cornea: postpenetrating kerato-
plasty endophthalmitis. Cornea 1991; 10: 217-20.

17. Lindstrom RL, Doughman DJ, Van Horn DL, Dancil D, Har-
ris JE. A metabolic and electron microscopic study of
human organ-cultured cornea. Am J Ophthalmol 1976; 82:
72-82.

18. Redbrake C, Salla S, Frantz A, Reim M. Metabolic changes
of the human donor cornea during organ culture. Acta Oph-
thalmol Scand 1999; 77: 266-72.

This paper has been selected to appear on the
EJOWEB page free of charg e

w w w. e u r- j - o p h t h a l m o l . c o m / f re e a r t i c l e / i n d e x . h t m

on line


