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Epithelial metabolism of the corneal graft is abnormal

pachometer. Ten readings of corneal thickness were
obtained on each measurement occasion; the average
standard deviation for 10 readings was 4 um (0-8% of
corneal thickness). .

Endothelial morphology. The central endothelium
was photographed with Kodak Tri-X pan film using a
non-contact specular microscope as described pre-
viously.’" Fifteen photographs were taken of each
eye. The photographs were printed at 13 X magnifi-
cation from negatives which contained images of
endothelial cells at approximately 30 X magnifica-
tion. A precision microscopic grid of known dimen-
sions was photographed at the corneal plane to
enable exact quantification of the endothelial mosaic.
Five photographs of good quality were chosen from
the 15 photographs of each eye. Technicians traced
50 cells from each photograph on to a plastic overlay
using a fine black marking pen, giving a total of
approximately 250 cells traced per eye. The cell
tracings were analysed with an IBAS-2 automatic
image analysis system (Kontron, West Germany).
This instrument measured individual cell areas
(adjusted for the width of the pen lines) and
calculated endothelial cell density (ECD) and
the coefficient of variation of mean cell size, which
was used as an index of endothelial cell poly-
megathism.

Data analysis. The difference between the two eyes
were tested for statistical significance by a ¢ test for
matched pairs. A 95% confidence level was chosen as
the criterion for accepting a diference as being
significant.
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Results

The corneal characteristics of all the subjects are
listed in Table 2. The central corneal oxygen uptake
rate of the graft eye (3-88 (SD 0-55) mmHg/s) was
significantly depressed in comparison with the con-
tralateral control eye (4-29 (SD 0-62) mmHg/s,
p<0-001, Student’s two-tailed paired ¢ test). In
addition, the corneal oxygen uptake rate was
depressed in the centre of the graft in comparison
with the temporal host periphery (3-88 (SD 0-55)
mmHg/s vs 4:52 (SD 0-54) mmHg/s. The mean
reduction was 9% and this was also statistically
significant (<0-05, Student’s two-tailed paired ¢ test).
The difference, however, between the central (4:29
(SD 0-62) mmHg/s) and temporal (4-26 (SD 0-52)
mmHg/s) measurements of the control eye (0-7%)
was not statistically significant.

Mean corneal touch threshold for all subjects was
also significantly reduced in the centre of the graft eye
in comparison with the centre of the control eye
and with the temporal host periphery (p<0-001,
Student’s two-tailed paired ¢ test).

There was no statistically significant difference in
mean epithelial or total thickness between the graft
and control central and temporal corneas.

The average central endothelial cell density in the
graft eye was 1383 cells/mm? and in the control eye
3053 cells/mm? (Table 3). The difference in the
endothelial cell density between the graft and control
eyes was 55% . This reduction was statistically signifi-
cant (p<<0-001, Student’s two-tailed paired ¢ test).

Epithelial thickness (um) Corneal thickness (um)
Central cornea Temporal cornea Central cornea Temporal cornea

Graft Control  Diff. Graft Control  Diff. Graft Control  Diff. Graft Control Diff.
61 3 -12 40 57 -17 593 555 38 345 608 -263
7 62 9 77 34 43 488 564 -76 663 514 149
57 52 5 90 57 33 590 553 37 688 626 62
50 76 -26 33 72 -39 457 569 -112 395 670 =275
53 47 6 58 52 6 608 427 181 293 550 —-257
51 55 -4 S0 68 -18 523 500 23 662 590 72
66 68 -2 38 90 -52 526 540 -14 322 661 -339
42 54 -12 76 47 29 508 421 87 663 462 201
59 42 17 55 60 -5 497 455 42 566 571 =5
60 46 14 30 36 -6 547 517 30 616 385 231
71 72 -1 68 67 1 535 496 39 498 645 —-147
54 52 2 58 83 =25 580 494 86 594 589 S
48 59 -11 56 47 9 502 460 42 530 415 115
55 69 —14 52 68 —-16 468 474 -6 523 633 -110
52 49 3 40 20 20 523 431 92 594 319 275
60 59 1 43 61 -18 544 604 -60 550 695 —145
57 58 -2 54 57 -3 531 504 27 531 558 =27

8 1 11 17 18 26 45 56 71 129 110 197

0-70 0-45 1-47 0-53
ns ns ns ns
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Table3 Central endothelial cell density (ECD) and
polymegathism

EDC cellsimm?® Polymegathism
Subject Central cornea Central cornea
Graft Control  Diff. Graft Control  Diff.

1 2237 3799 -1562  0-291 0-243 0-048

2 1031 2747 -1716  0-458 0263 0-195

3 2531 3524 -993  0-327  0-283 0-044

4 1780 3201 —1421 0276 0-316 —-0-039

N 463 3058 -2595  0-280  0-247 0-033

6 1091 3499 -2408 0312 0-285 0-036

7 1443 1788 =345 0-303  0-286 0-017

8 1402 3084 —-1682  0-356  0-319 0-037

9 1173 2834 -1661  0-295  0-319 -0-024
10 2085 2792 =707  0-276 0271 —=0-002
11 1679 4095 —2416  0-344  0-280 0-065
12 1122 3348 —2226 0298  0-275 0-024
13 1162 3268 -2106  0-321 0-229 0-092
14 1176 3571 -2395  0-257  0-312 -0-054
15 782 2892 =2110  0-221 0-295 -0-074
16 973 1354 =381 0-301 0-333 —-0-031
Mecan 1383 3053 -1670  0-307 0285 0-011
SD 552 693 733 0052 0-030 0-121
rvalue 8-83 0-35
P 0-001 NS

There was no statistically significant difference in the
endothelial polymegathism of the graft and control
eyes.

Discussion

The results of this study show that the corneal oxygen
consumption of the graft epithelium is not only
significantly lower than the normal contralateral
cornea but also lower than the host periphery. The
periphery of the host cornea was subjected to the
same post surgical conditions as the graft, yet
retained normal oxygen uptake characteristics. This
suggests that the depressed oxygen uptake of the
graft is not due to postsurgical treatment such as
steroids. As differences in corneal oxygen uptake
rates are primarily caused by differences in epithelial
metabolic activity,® these results indicate that the
epithelial metabolic activity of the graft cornea is
depressed despite the long postoperative period.
Even in the same eye the epithelium at the centre and
periphery has different levels of metabolic activity
following penetrating keratoplasty. This reduction,
however, does not influence epithelial thickness, as
measurements were similar in the graft and control
eyes.

After penetrating keratoplasty the properties of
the graft cornea are altered. Bourne and Brubaker"
showed that endothelial permeability to fluorescein is
reduced with reduced endothelial cell density. This
study showed a mafked_ reduction of the endothelial
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cell density in the graft eye. Similar findings have
been reported by others.'™ A relevant question is
whether endothelial changes influence corneal
oxygen uptake rate. In our patients corneal oxygen
uptake differences did not correlate with endothelial
cell loss (Pearson correlation, r=0-14, p=0-60). This
finding is not unexpected, as calculations with a
computer model"” show that a two-fold increase or
decrease in endothelial oxygen consumption has no
significant effect on the uptake rate.™

There was no statistically significant difference
between the mean central cornea thickness of the
graft and control eyes. However, in individual cases,
the thickness of the graft and control eye did vary
(Table 2). As reported previously, significant differ-
ences in corneal thickness can alter the rate of passive
diffusion of oxygen from the atmosphere to the
aqueous humour.® To test whether this may have
influenced our findings we used the technique des-
cribed by Holden et al.* to recalculate the oxygen
uptake rates to allow for this difference. After
recalculation the differences between the graft and
control eye central oxygen uptake rates and between
the central and peripheral oxygen uptake rates of the
graft cornea were still statistically significant. Thus
the overall results were not influenced by corneal
thickness changes in individual cases.

Problems with neovascularisation, punctate
epithelial lesions, and infections with extended con-
tact lens wear following keratoplasty have been
reported.”* Epithelium with a lower than normal
aerobic metabolism must be regarded as compro-
mised and as a result may be more prone to develop
infections during contact lens wear.”*' The compro-
mised epithelium could also be more prone to secrete
neovasculogenic subtances” causing superficial
neovascularisation observed in many graft patients
with contact lens wear.

The central corneal sensitivity of the graft cornea
was significantly reduced in 12 patients in agreement
with previous studies.”* However, three of our
patients (3, 5, and 12) had normal sensitivity post-
operatively, with one patient having normal sensi-
tivity only 13 months after penetrating keratoplasty.
In another study Ruben and Colebrook* found no
case of normal central sensation until at least three
years after surgery.

The reduction in the graft eye sensitivity could
partly be explained by an abnormal nerve regenera-
tion pattern. Nerve fibres in the graft cornea are
single axons running in the basal epithelial plexus,
where they give rise to a profuse plexiform network
with very few stromal nerves evident.** Stromal
nerves find it difficult to regenerate, as Schwann cell
channels are not in apposition within the incision and
incomplete sensory recovery in humans results
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despite epithelial reinnervation.” There is also
evidence of some neurological control of the corneal
epithelium in both the resting state and when it is
physiologically challenged.**” Our findings of
depressed epithelial metabolic activity in association
with incomplete recovery of corneal nerves following
keratoplasty lend further support to the hypothesis
that normal corneal epithelial metabolism partly
depends on normal innervation.

This rescarch was supported by grants from the Finnish Eye
Foundation and the Optometric Vision Rescarch Foundation of
Australia (85-25).
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