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ABSTRACT 
PURPOSE: To describe a case where specular microscopy data relayed misleading information regarding the 
quality of a cornea processed in an eye bank for endothelial keratoplasty.
METHODS: A cornea was prepared by microkeratome for endothelial keratoplasty and was evaluated with rou-
tine slit lamp and specular microscopy. In addition, the tissue was stained with trypan blue and alizarin red S to 
demonstrate the efficacy of the preliminary evaluation with endothelial viability studies. The stained cornea was 
photographed, and the percent cell death was calculated using Adobe Photoshop analysis.
RESULTS: The preresection central endothelial cell density was 2608 cells/mm2. In comparison, the post-cut 
density was 2978 cells/mm2, a figure that represents a 14.19% cell gain. Viability staining with analysis showed 
43.77% cell damage. 
CONCLUSIONS: Reliance on specular microscopy for determination of endothelial viability can lead to mislead-
ing conclusions, as demonstrated in this case study. 
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Selective endothelial keratoplasty (EK) has at-
tracted the attention of cornea surgeons over 
the last decade as an alternative solution to the 

standard penetrating keratoplasty (PK) for patients 
with advanced Fuchs dystrophy and bullous kera-
topathy.1, 2

The first technique introduced by Melles as poste-
rior lamellar keratoplasty consisted of manually dis-
secting the recipient and donor corneas at 80% to 90% 
stromal depth, excising the posterior recipient stroma 
and endothelium with a trephine and/or scissors, and 
inserting the donor button. A second technique was 
also described by Melles and involved stripping the 
Descemet membrane with the underlying diseased 
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endothelium from the recipient cornea, followed by 
insertion of a posterior donor tissue.3-5

Automated donor tissue preparation has popular-
ized EK, and in turn, more eye banks have begun to 
offer precut corneal tissues that are ready for trephi-
nation by the surgeon. Typically, the epithelial cap is 
replaced on the stromal bed after resection, and then 
the precut tissue is stored in preservation media until 
used in surgery. The main advantage of using precut 
tissue is that the surgeon no longer has to learn the 
delicate skills of deep stromal dissection and thus 
avoids possible complications related to cutting the 
tissue improperly. Subsequently, the surgery has be-
come faster and easier.6, 7
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The essential goal of a successful EK is providing 
the recipient with healthy donor endothelium to re-
solve the corneal edema and leaving an optically pure 
cornea.8-10 Specular microscopy has been used in many 
studies to examine the corneal endothelial layer in vi-
tro on the donor cornea before transplantation and in 
vivo after transplantation.6-14 In addition to estimating 
the central endothelial cell density, specular micros-
copy can also be used to evaluate variations in cell size 
(polymegathism) and cell shape (pleomorphism).15 
However, central endothelial cell density calculation 
using specular microscopy does not take into consid-
eration those cells with degenerative changes and may 
count them as healthy viable cells, although they may 
be dead or at least have degenerative changes. In ad-
dition, specular microscopy only samples a very small 
area of the cornea and can completely miss any para-
central or peripheral cell loss, even when the loss is 
extensive. 

On the other hand, the use of vital dye staining of 
the corneal endothelium with trypan blue and alizarin 
red S has proven to be effective in determining areas 
of endothelial cell loss and/or damage. Trypan blue 
penetrates cells with damaged plasma membranes 
and stains their nuclei blue, while alizarin red S stains 
in red the intercellular spaces and Descemet mem-
brane in areas with detached or necrosed endothelial 
cells.15-19 These dyes are particularly useful for eluci-
dating cellular damage; however, only trypan blue is 
appropriate for clinical use as alizarin red can be toxic 
to cells. This dual stain is an ideal method to confirm 
damage in corneas not released for transplantation.

METHODS

A corneoscleral button was taken from a 50-year-old 
male donor. The tissue had a death-to-preservation 
time of 10.67 hours, was stored in Optisol GS preser-
vative media (Bausch + Lomb, Emeryville, CA), and 
was refrigerated at a temperature of 2ºC to 8ºC. After 
48 hours, the tissue was taken out of the refrigerator 
inside the containing chamber, and left at room tem-
perature for an hour to warm up. Then, the tissue was 
examined by specular microscopy (Model EB 3000, 
HAI Labs, Lexington, MA) where the central endo-
thelial cell density was found to be 2608 cells/mm2. 
Using our eye bank’s standard cell counting protocol, 
cells were counted from the central cornea using the 

variable frame method and counting a minimum of 
100 cells. A single large field was counted. The tissue 
was taken immediately out of the containing chamber 
and mounted on an Optisol GS bubble in the Moria 
artificial anterior chamber (Moria, Doylestown, PA) 
which was then pressurized to approximately 90 mm 
Hg. Ultrasonic pachymetry (Pachette 2, DGH Tech-
nology Inc, Exton, PA) was performed, showing a 
central corneal thickness of 490 µm. During instal-
lation of the turbine microkeratome to cut the tissue, 
the pressure inside the artificial anterior chamber was 
lost by mistake, resulting in collapse of the corneal 
dome that hit against the metal of the artificial cham-
ber. The pressure was restored, and the tissue was cut 
using the 300 micron CB head of Moria microkera-
tome system. The achieved thickness of the bed was 
180 µm. The free cap was reposited and the artificial 
chamber was dismounted. The tissue was replaced 
in Optisol GS and again examined by specular mi-
croscopy with the previously described protocol. The 
same field of cells was likely not counted; however, 
the sample was from the central cornea that is in the 
same area as the preresection sample. Amazingly, the 
central endothelial cell density was 2978 cells/mm2  

(Fig. 1). Slit lamp examination noted damage, and the 
tissue was rejected for transplantation. The decision 
was based on the slit lamp findings of an experienced 
eye bank technician and deviation from protocol dur-
ing the precutting procedure. 

The tissue was stained and analyzed according to 
previously described reports.17-19 The technique is de-
scribed here in brief. The tissue was carefully taken out 
of the Optisol GS medium and placed on a trephine 
block endothelial side up. A Barron donor punch  
(8.0 mm) (Katena, Denville, NJ) was used to cut the 
tissue. Trypan blue (0.25% solution) (MP Biomedicals, 
LLC, Solon, OH) was added drop-wise to cover the 
endothelium. After 120 seconds, the stain was poured 
off, and the corneal graft was briefly rinsed twice in 
Balanced Salt Solution (BSS; Alcon, Fort Worth, TX), 
drained to remove excess BSS, and then placed on a 
glass slide, with the endothelial surface facing up. The 
endothelial layer was then covered with alizarin red S 
(0.2% solution) (GFS Chemicals Inc., Columbus, OH) 
for 90 seconds, the staining reagent poured away, and 
the layer was again rinsed twice in BSS. The tissue was 
then placed in a clear glass vial containing BSS and 
photographed on the slit lamp.
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RESULTS

The preresection central endothelial cell density was 
2608 cells/mm2, compared with the post-cut density 
of 2978 cells/mm2 (Fig. 1). This represents a 14.19% 
cell gain. Staining the endothelial layer with trypan 
blue and Alizarin red S demonstrated extensive dam-
age and/or loss of endothelial cells over the entire sur-
face. Examination noted a remarkable ring that rep-
resented where the corneal dome had hit against the 
metal of the artificial anterior chamber (Fig. 2). Using 
Adobe Photoshop software (Adobe Systems, Inc., San 
Jose, CA) to analyze the picture, calculations revealed 
43.77% endothelial surface damage (Fig. 3). 

DISCUSSION

Apart from the odd finding of a post-cut endothelial 
cell gain (possibly attributable to specular microscopic 
sampling variation), it is critical to emphasize the fact 
that eye bank specular microscopes typically sample 
only a very small central area of the whole endothelial 

(Clockwise from above left) Fig. 1. A specular microscopic picture 
of the corneal endothelium after the cut revealed a good density of 
endothelial cells that was estimated to be 2978 cells/mm2.

Fig. 2. A photograph of the corneal button after staining with trypan 
blue (0.25%) and alizarin red S (0.2%) showed extensive damage of 
the endothelial layer and a prominent ring where the corneal dome 
hit against the metal portion of the artificial anterior chamber before 
cutting.

Fig. 3. Adobe Photoshop analysis of the stained corneal button pho-
tograph shows areas with endothelial loss and/or damage in yellow, 
representing damage to 43.77% of the total endothelial surface.

surface. This characteristic is due to limitations in the 
mechanism designed to hold the tissue in place for 
viewing. Due to this limitation, specular microscopy 
can completely miss any paracentral or peripheral en-
dothelial damage, even when the damage is extensive. 
Moreover, specular microscopy can allow misrecog-
nition of those cells with degenerative changes and 
permit mischaracterization of them as healthy, viable 
cells. Such cells may be dead, or at least have degenera-
tive changes not apparent as long as their cell mem-
branes are intact. 

Our study confirms the importance of examining 
the endothelial surface on the slit lamp after cutting 
and not depending on the specular microscopic im-
pression alone. Using vital dye staining and Adobe 
Photoshop software enabled us to examine the whole 
endothelial surface both quantitatively and qualita-
tively. We hope that in the future we will have a tool 
that enables us to examine the whole endothelial sur-
face both quantitatively and qualitatively in order to 
ensure adequate tissue quality post-processing. To 
that end, further research is warranted in order to de-
ploy such a methodology for widespread use. 
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