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Effect of donor parameters on primary graft failure and the recovery of acuity after keratoplasty
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Figure 1: Cumulative percentage of patients that have achieved a visual acuity of 6/12 plotted
against time. Solid line represents moist chamber storage, dashed line represents McCarey-
Kaufman medium, and dotted line represents K-Sol.
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storage systems. A linear regression line is shown
on each scattergram, but in no case is the
correlation significant; regression data are shown
in Table 4. The negative slope for the moist
chamber and McCarey-Kaufman plots indicates
a (non-significant) reduced time to 6/12 vision
with longer storage times. For the K-Sol group
the positive slope indicates a (non-significant)
delay to 6/12 vision of three days for every extra
24 hours that the cornea is kept in storage.

It is possible to make a direct comparison
between the three storage techniques by con-
sidering donor eyes that were used between 18
and 34 hours after death. This time interval was
common to all three storage techniques; 18 hours
was the shortest period for K-Sol and 34 hours
was the longest period for a moist chamber
donor. Over this interval 18 moist chamber, 15
McCarey-Kaufman, and 16 K-Sol stored corneas
were used. There was no significant difference in
average time to 6/12 vision between these cases.

Figure S is a scattergram which plots the time
to 6/12 vision against age of the donor. Testing
the three groups separately shows no significant
correlation between time to 6/12 vision and age of
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Figure 2: Moist chamber stored corneas. Scattergram of time to 6/12 vision versus time from
donor death to surgery. The linear regression line shown is not significant.

donor. Linear regression analysis on all three
groups pooled shows no significant correlation
(slope 0-0094, intercept 194, correlation
coefficient 0-061). This slope indicates a (non-
significant) delay in time to 6/12 vision of 0-28
days for each additional year of donor age. To
examine the hypothesis that donors over the age
of 60 may show a greater trend to poorer quality,
linear regression analysis was repeated taking
only those donors over the age of 60. This again
showed no significant correlation (slope —0-009,
intercept 3-24, correlation coefficient —0-026).
This slope indicates a (non-significant) reduction

. in time to 6/12 vision with increasing donor age

over 60 years.

Figure 6 is a scattergram which plots the time
to 6/12 vision against age of recipient. All three
storage techniques are combined. Linear regres-
sion analysis showed a significant correlation
(p<0-025, slope 0-027, intercept 1-17, correla-
tion coefficient of 0-22). The slope of the regres-
sion line represents a (significant) delay in time to
6/12 vision of 0-83 days for each additional year
of recipient age; a 20-year old patient may be
expected to reach 6/12 vision six weeks earlier
than a 70-year old. However, there was consider-
able overlap when confidence limits were con-
sidered; 95% of 20-year old patients may be
expected to reach 6/12 vision between two and 14
weeks, whereas 95% of 70-year old patients took
between three and 23 weeks.

Discussion

Over the total of 983 grafts there was a significant
increase in the rate of primary graft failure for
corneas stored in either McCarey-Kaufman or
K-Sol compared with those stored in a moist
chamber. Over the selected 150 patients the rate
of primary graft failure was greater in the media
stored corneas, but this did not reach statistical
significance. There was no difference in the rate
of primary graft failure between the two media;
each was associated with an incidence of about
2%. In this series there were no primary graft
failures in moist chamber stored corneas.

This superiority of moist chamber storage
should be interpreted with caution. On average,
McCarey-Kaufman and K-Sol corneas were
stored respectively 2-6 and 3-7 times as long as
moist chamber corneas; it may well be that even
higher rates of failure would be associated with
moist chamber storage over these lengths of
time. It may be noted that viscoelastic material
was used more often with the media stored
corneas than with moist chamber corneas.

If the increased rate of primary graft failure
with media storage reflects decreased endothelial
cell viability, then it seems possible that such
corneas may be slower to recover clarity, and so
perhaps visual acuity, postoperatively. No such
association was found; there was no significant
difference between the three subgroups in either
average time to 6/12 vision or in the pattern of
recovery, as shown in Figure 1. It may also be
postulated that prolonged donor storage times
and increased donor age should result in
decreased endothelial cell viability and slower
visual recovery. However, no significant correla-
tion was found between the time to 6/12 vision
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Figure 3: McCarey-Kaufman stored corneas. Scattergram of time to 6/12 vision versus time
from donor death to surgery. The linear regression line shown is not significant.
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to surgery. The linear regression line shown is not significant.
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Figure 4: K-Sol stored corneas. Scattergram of time to 6/12 vision versus time from donor death
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Figure S: Scattergram of time to 6/12 vision versus age of donor. The linear regression line

shown is not significant.

Holliday, Ritten

TABLE IV Regression data for Figure 2; months to 6/12
vision versus hours in storage

Regression data

Correlation

Storage type Slope Intercept  coefficient  Significance
Moist chamber -0-075 3:60 -0-258 NS
McCarey-Kaufman -0-011 3-08 -0-075 NS
K-Sol +0-004 1-81 +0-063 NS

NS=not significant.

and either the time from death to surgery (Figs
2-4) or the donor age (Fig S).

Prolonged storage does reduce endothelial cell
density," and it is likely that endothelial cell
viability is also affected by storage technique and
donor age. The chosen clinical endpoint in this
study, time to 6/12 vision, is presumably not
sensitive to such differences.

Although visual acuity is not a sine qua non of
a functioning graft, it is usually true that an eye
with good acuity has a successful, functioning
graft. In this study visual acuity was used as a
measure of graft quality. Patients who had
additional pathology that could reduce acuity
were excluded from the analysis. Good acuity
does not, however, predict continuing graft
success. Normal corneas have endothelial cell
function in excess of that required to maintain
corneal deturgescence and clarity. Techniques of
storage and donor parameters that adversely
affect endothelial cells may not reduce function
below the critical value. An initially successful
graft may, over a longer period of follow-up, lose
clarity and fail.

Pinhole or refractive acuities were both con-
sidered satisfactory endpoints in this study. The
large refractive errors often present in these
patients resulted in poor unaided acuities which
did not accurately reflect the corneal clarity.
Unfortunately pinholes not only overcome
refractive error," but they may also improve
visual acuity in the presence of corneal irregu-
larity and minor opacity. There therefore exists
the possibility that the pinhole acuities recorded
in this study presented an overoptimistic assess-
ment of corneal clarity. The data showed, how-
ever, that the pinhole acuities were close to the
refractive acuity (on average, within 0-38 Snellen
lines). Pinhole acuities were actually slightly
worse than refractive acuities, especially if the
pinhole acuity was recorded at the visit before
rather than the visit after the occasion when
refraction was performed. The reduction in
acuity measured with pinhole was more marked
(0-46 Snellen lines) if the pinhole acuity was
recorded before a refraction than when it was
recorded after refraction (0-12 Snellen line).
This difference may be explained by assuming
that, with increasing postoperative time, corneal
clarity improves and so allows the better acuity at
the later date. For the pinhole acuity measured
after refraction the small reduction in recorded
acuity presumably represents the failure of the
pinhole fully to correct the refractive error.

Donor cornea quality may also be assessed in
vivo by measurements of corneal thickness and
endothelial cell density. However these para-
meters do not provide an absolute standard by
which the success of a graft may be judged.
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Figure 6: Scattergram of time to 6/12 vision versus age of recipient. There is significant
correlation as shown by the linear regression line.

Individual grafts that are equally satisfactory
from a clinical point of view may show wide
variation in these measures. Laboratory based
tests of corneal function can provide a basis by
which various cornea storage techniques can be
evaluated,™ but an ideal clinically applicable
method of assessing endothelial cell viability has
yet to be developed.'? In our patients further
follow-up may proyjide information on long term
decompensation and may show, for example, an
increased rate of late failure in grafts from older
donors.

Patients in this study showed a very wide
variation in the time that was taken to reach a
postoperative acuity of 6/12. No significant
correlation was found with the known donor
parameters, but there was a significant delay in
recovery of vision with increasing recipient age.
However, this accounted for only a very small
part of the variation in time to 6/12. Other
factors, not identified here, such as reduced
macular function in the elderly may be import-
ant. Improved techniques are needed to assess

11

both donor corneas and also more of the variable
host factors, such as inflammatory response and
the presence and time course of cystoid macular
oedema.

Although this study failed to find clinical
advantage in using corneas from younger donors
or from corneas stored for shorter periods in
any one storage system, such corneas remain
theoretically preferable. The use of McCarey-
Kaufman and K-Sol storage media, with the
associated increased time of storage, facilitated
the scheduling of surgery, but were associated
with an increased risk of primary graft failure.

We thank Darwin Minassian for his statistical analysis and the
surgeons of Moorfields Eye Hospital for permission to report their
cases.
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