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Figure 2 Transmission electron micrographs of the diseased human corneal endothelium.
(A) Mildly damaged corneal endothelium (bar=1 um). Note that there are abundant
intracellular organelles. (B) Moderately damaged endothelium. Endothelium is flattened
and there are few intracellular organelles (bar=1 um). (C) Severely damaged
endothelium. There are many cytoplasmic processes (bar=10 um).
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Table 2 Specular microscopic image in various diseased
corneas

Specular image

Diseases Good (n=13) Fair (n=17) Poor (n=6)
Bullous keratopathy 3 9 4
Fuchs’ 2 0
Keratoconus 3 0 0
Regrafts 0 2 2
Scar 1 1 0
None (donor

corneas) 4 0 0

respectively, were categorised into normal,
mildly damaged, moderately damaged, and
severely damaged groups. The result showed a
significant correlation with that from histologi-
cal examination (Table 6, x2 test, p<0-0001).
Twenty six out of 35 corneas (74:3%) revealed
the same results from the two methods. Only
two corneas revealed discordant results for
more than two grades. (One normal cornea
was judged as having severely damaged endo-
thelium, and other eye with moderately
damaged endothelium was judged as having
normal endothelium.)

Discussion

In the present study, it was shown that changes
in the ocular redox fluorometric signals were
associated with histological findings of the
recipient corneal endothelium. In corneas with
mildly damaged endothelium determined by
histology, the PN/Fp ratio significantly
increased. TEM of corneas in this group
showed thickened endothelium that contained
abundant cellular organelles such as mito-
chondria. These findings suggest that the
endothelial cells are under increased metabolic
work load.!® A similar finding has been made
in wound healing, when the PN/Fp ratio was
shown to be increased.!!

In corneas with moderately damaged endo-
thelium determined by SEM, a variety of
pathological changes were observed. It was not
uncommon for some of the endothelial cells to
be thickened and contain many mitochondria,
while other cells in the same cornea were flat-
tened with scattered intracellular organelles.
Such regional differences in metabolic activity
have been studied using histochemical tech-
niques.!? A large standard deviation of the
PN/Fp ratio observed in the present study is
likely to reflect such heterogeneity of cellular
activity. Although efforts were made to per-
form all three measurements in the same
region, the small measurement regions, about
150X10 pm with ocular redox fluorometry

Table 3 Association of specular microscopy and

histopathological evaluation

Histopathological eval
Specular Mildly Moderately Severely
image Normal damaged damaged* damaged
Good 7 3 2 0
Fair 0 3 10 4
Poor 0 0 1 5

*Specular microscopic examination was not available in one
cornea of this group.
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Table 4 Results of histopathological examination

State of endothelium
Mildly Moderately Severely
Normal damaged damaged
Diseases (n=7) (n=6) (n=14) n=9)
Bullous keratopathy 0 1 8 7
Fuchs' 0 2 4 0
Keratoconus 3 0 1 0
Regrafts 0 1 1 2
Scar 0 2 0 0
None (donor corneas) 4 0 0 0
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Figure 3 The PN/Fp ratio in corneas with different
degrees of endothelial damage determined by histological
examination. *p<0-0058, **p=0-0020,***p=0-0007,
**x*%p=0-0005.

and about 100X80 wm with histopathology,
made the influence of heterogeneity inevitable.

In the severely damaged endothelium
examined by SEM, the PN/Fp ratio decreased.
The endothelial surface of these corneas was
often denuded, and Descemet’s membrane was
exposed. Therefore, the fluorometry probably
measured the signals from exposed Descemet’s
membrane. Low intensities of the PN and Fp
signals observed in such corneas are similar to
the signals in the corneal stroma. Additionally,
extremely flattened endothelium may only
weakly fluoresce as it contains few mitochon-
dria, a main source of the fluorometric signals.

Table 5 Integrated assessment of the corneal endothelium by using both specular
microscopy and ocular redox fluorometry

Specular image
PN/Fp value Good Fair Poor
Low (<1-28) Severely damaged Severely damaged Severely damaged
Normal (1-29-2-65) Normal Moderately damaged Moderately damaged
High (>2-66) Mildly damaged Mildly damaged Mildly damaged

Table 6 Association of the integrated assessment of the corneal endothelium and

histological examination
Histological examination
Integrated assessment Normal  Mildly damaged ~ Moderately damaged  Severely damaged
Normal 4 1 1 0
Mildly damaged 2 4 1 0
Moderately damaged 0 1 9 0
Severely damaged 1 0 2 9
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For application of ocular redox fluoro-
metry in an eye bank system, integrated
assessment with specular microscopy is valu-
able (Table 6). Although specular microscopy
showed a significant correlation with histo-
logical examination, five out of nine corneas
with good specular image had mildly to mod-
erately damaged endothelium determined by
histological examination (Table 3). On the
other hand, ocular redox fluorometry does
not distinguish readily between normal and
severely damaged endothelium. However, as
shown in Table 6, both together can distin-
guish between good, mildly damaged, and
severely damaged endothelia. Ocular redox
fluorometry probably would be a valuable tool
for distinguishing between normal and mildly
damaged endothelium in eye banks. Since
most of the corneal endothelium examined in
the present study was damaged, we could not
study the relation between the endothelial
density and redox fluorometry. Further
studies should be performed using corneas
with normal and mildly damaged endo-
thelium.

In conclusion, ocular redox fluorometry was
capable of detecting changes in the donor
corneal endothelium. The PN/Fp ratio
measured by the method probably reflects
metabolic differences in the endothelium.
Because of its non-invasive nature, the
method, especially when combined with
specular microscopy, seems to be useful for
donor cornea assessment.
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