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Introduction

The Australian Corneal Graft Registry (ACGR) opened in May 1985 and
has now been operating for 33 years. Over the years, we have collected
information on more than 33,000 corneal grafts.

At registration, we seek information on the donor, eye bank practices,
the recipient, the surgeon, the graft type and the operative procedure.
Follow-up then occurs at approximately yearly intervals for an indefinite
period, and ceases upon graft failure, or the death or loss-to-follow-up
of the patient. At each round of follow-up, we request information on the
survival of the graft, the visual outcomes, and any relevant post-
operative events and treatments.

The data are entered into an Access database and checked for
consistency. Descriptive, univariate and multivariate analyses are
subsequently performed using SPSS and Stata software, and the report
is eventually collated. As has been the case in the past, a pdf of the
final report is placed in a permanent, open-access institutional
repository, so that it can be accessed freely. This report can be
accessed at: http://hdl.handle.net/2328/37917.

We have analysed all grafts performed up to 30-04-2017 and registered
with the Australian Corneal Graft Registry up to a census date of 31-
07-2017. Penetrating keratoplasties (PKs), traditional lamellar
keratoplasties (TLKs), deep anterior lamellar keratoplasties (DALKS),
and the various forms of endothelial cell keratoplasty (DSEKs/DSAEKSs
and DMEKSs) have been examined separately.

We thank our many contributors for their tireless efforts on our behalf.
We hope this report is useful and relevant to your clinical practice.



How to read our Kaplan-Meier Plots of
Graft Survival

1. The vertical axis shows the probability of graft survival. "Perfect"
survival (no failures) equates to a probability of 1.0. It may help to think
of this as 100% survival.

2.  The horizontal axis shows time elapsed from the date of graft. This
Is shown as years post-graft, although the analysis is performed on
daily graft survival.

3. The p-values shown have been calculated by log-rank analysis
and reflect a comparison of the behaviour of the curves as a whole
(taking all available data into consideration), rather than at any one
time-point.

4.  The numbers of recipients being followed at given times after graft

areshownbelow t he curves i nsthhe tfaMl mberAt a:

all followed patients in the given cohort are at risk. At the furthermost
point on the right hand side of any curve, the patient(s) who have been
followed for the longest time are at risk.

We suggest that you interpret the survival curves with this in mind. A
sudden "dip" in survival at the far right of a given curve may merely
mean, for example, that one of only two grafts that have been followed
for this length of time has failed. When the survival curve drops to zero,
this means that all grafts that have reached this length of follow-up have
failed. It does not mean that all grafts in this stratum have failed, or will
fail.

For example, a single graft may have been followed for 2 years, at
which point it failed, while 20 grafts may have been followed for 1 year
and 364 days and are all surviving at last follow-up. No other grafts have
been followed for as long as the one that has failed, so the survival
curve will drop to zero at this point. However, had the graft failed at 1
year and 364 days, the curve would not meet the horizontal axis, as
there would be 20 other surviving grafts followed for the same amount
of time.
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Abbreviations/Acronyms

ACGR = Australian Corneal Graft Registry

NA = Not Applicable

Abbreviations or acronyms used to refer to types of graft:
PK = Penetrating keratoplasty
DALK = Deep anterior lamellar keratoplasty

DS(A)EK = Descemetods stripping endothelial
automated endothelial keratoplasty and unspecified endothelial grafts

DMEK = Descemet 6s me mbtoplastye endot hel i al Kk

TLK = Traditional lamellar keratoplasty

Limbal = Limbal stem cell transplant

Misc. = Miscellaneous corneal transplant, not otherwise categorised
Acronyms used to refer to visual acuity:

VA = Visual acuity

CF = Count fingers

HM = Hand movements

LP = Light perception

NLP = No light perception
Acronyms used in statistical reporting:

p = probability

df = degrees of freedom

SE = standard error

ClI = confidence interval

tvc = time-varying coefficient
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Australian Corneal Graft Registry Report 2018

1.1 The database

At the time of census (31-07-2017), 33,920 grafts had been registered, of which 26,297

(77.5%) had been followed at least once. Table 1.1 shows the number of each type of

graft that had been registered, had follow-u p i nf or mati on provi ded al
(the graft had not failed and the recipient is not known to have died, or been lost to

follow-up by the surgeon). Table 1.2 shows the status of these grafts, in more detail.

Table 1.1 Registered, followed and active grafts, 1985 onwards

Registered Followed* Active
PK 24,827 (73.2%) 20,336 (77.3%) 5,567 (50.3%)
DALK 1,531 (4.5%) 921 (3.5%) 1,054 (9.5%)
DS(A)EK 4,736 (14.0%) 3,263 (12.4%) 3,189 (28.8%)
DMEK 1,250 (3.7%) 600 (2.3%) 932 (8.4%)
TLK 1,495 (4.4%) 1,114 (4.2%) 317 (2.9%)
Limbal 81 (0.2%) 63 (0.2%) 12 (0.1%)
Total 33,920 (100.0%) 26,297 (100.0%) 11,071 (100.0%)

Note: PK = penetrating keratoplasty. DALK = deep anterior lamellar keratoplasty. DS(A)EK = D e s ¢ e nstripping

endothelial keratoplasty, Dec e met 6 s stripping aut oma uleadhin Dredc e@tmred I0isalstk e mpe
automated endothelial keratoplasty, or unspecified endothelial grafts. DMEK = Decemet 6 s membrane
keratoplasty. TLK = traditional lamellar keratoplasty, including peripheral and scleral patch grafts.

*Excluding grafts where the recipient is known to have died but no further information has been provided.
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Table 1.2 Synopsis of the database, including registered, followed, surviving and active grafts

Registered

Followed*
Failed

Recipient still alive

Recipient subsequently died
Recipient died with surviving graft
Lost post follow-up
Followed, surviving and active

Number of grafts not followed
Recipient died pre follow-up
Lost prior to follow-up

Not yet followed but active

Graft surviving when last seen
Graft lost when surviving
Lost prior to follow-up
Lost post follow-up
Recipient died with surviving graft
Recipient died pre follow-up
Recipient died post follow-up

Currently active grafts
Not yet followed but active
Followed, surviving and active

*Excludes grafts where the recipient is known to have died but no further information has been provided regarding the survival of the graft.

PK
24827 (100%)

20336 (82%)
5686 (23%)
3784 (15%)

1902 (8%)
4005 (16%)
6648 (27%)
3997 (16%)

4491 (18%)
1033 (4%)
1888 (8%)
1570 (6%)

19141 (77%)
8536 (34%)
1888 (8%)
6648 (27%)
5038 (20%)
1033 (4%)
4005 (16%)

5567 (22%)
1570 (6%)
3997 (16%)

DALK
1531 (100%)

921 (60%)
113 (7%)
112 (7%)
1 (<1%)
14 (<1%)
234 (15%)

560 (37%)

610 (40%)
7 (<1%)
109 (7%)
494 (32%)

1418 (93%)
343 (22%)
109 (7%)
234 (15%)
21 (1%)

7 (<1%)

14 (<1%)
1054 (69%)

494 (32%)
560 (37%)

DS(A)EK
4736 (100%)

3263 (69%)
791 (17%)
744 (16%)

47 (<1%)
140 (3%)
448 (9%)

1884 (40%)

1473 (31%)
63 (1%)
105 (2%)
1305 (28%)

3945 (83%)
553 (12%)
105 (2%)
448 (9%)
203 (4%)
63 (1%)
140 (3%)

3189 (67%)
1305 (28%)
1884 (40%)

DMEK
1250 (100%)

600 (48%)
251 (20%)
248 (20%)
3 (<1%)
6 (<1%)
37 (3%)
306 (24%)

650 (52%)
9 (<1%)
15 (1%)

626 (50%)

999 (80%)
52 (4%)
15 (1%)
37 (3%)
15 (1%)
9 (<1%)
6 (<1%)

932 (75%)
626 (50%)
306 (24%)

TLK
1495 (100%)

1114 (75%)
296 (20%)
201 (13%)

95 (6%)
212 (14%)
423 (28%)
183 (12%)

381 (25%)
106 (7%)
141 (9%)
134 (9%)

1199 (80%)
564 (38%)
141 (9%)
423 (28%)
318 (21%)
106 (7%)
212 (14%)

317 (21%)
134 (9%)
183 (12%)

Limbal
81 (100%)

63 (78%)
30 (37%)
25 (31%)
5 (6%)

9 (11%)
18 (22%)
6 (7%)

18 (22%)
3 (4%)

9 (11%)
6 (7%)

51 (63%)
27 (33%)
9 (11%)
18 (22%)
12 (15%)
3 (4%)

9 (11%)

12 (15%)
6 (7%)
6 (7%)

Total
33920 (100%)

26297 (78%)
7167 (21%)
5114 (15%)

2053 (6%)
4386 (13%)
7808 (23%)
6936 (20%)

7623 (22%)
1221 (4%)
2267 (7%)

4135 (12%)

26753 (79%)
10075 (30%)
2267 (7%)
7808 (23%)
5607 (17%)
1221 (4%)
4386 (13%)

11071 (33%)
4135 (12%)
6936 (20%)
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1.1.1 Changing practice: annual increase in corneal graft registrations

The number of grafts registered with the Australian Corneal Graft Registry each year
remained stable during the ten years to 2006, with an average of 933 grafts being
registered annually. An increase was seen from this point, which coincided with the
introduction of the newer endothelial transplantation techniques - DSEK and DSAEK,
closely followed by DMEK. The number of grafts being registered continued to increase
steadily from 2009 to 2012. There has been a further increase during the last two full
years for which data is available, as shown in Figure 1.1.1.

Figure 1.1.1 Number of grafts registered with the ACGR per year, 1997 onwards
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Note: Data relating to all registrations of grafts performed up to and including 30™ April
2017, for which forms had been received by the ACGR prior to 15t August 2017, were
included. Some grafts performed prior to this date may still be registered in the future.
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1.1.2 Changing practice: the introduction of partial-thickness keratoplasties

Figure 1.1.2 shows registrations stratified by graft type over the last 20 years, for which
data were available for the full year. Data from 2017 were excluded due to the low number
of grafts registered at the census date.

Figure 1.1.2 Graft type by year of registration, 1997 onwards
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The introduction of new types of partial-thickness corneal grafts has led to a marked shift
away from full-thickness penetrating keratoplasty, so that ten years after their
introduction, endothelial grafts (DS(A)EK and DMEK) account for more than half of all
registered grafts.

After a gradual increase from 2000 to 2008, the proportion of deep anterior lamellar
keratoplasties (DALKS) remained stable for several years but has reduced recently, so
that they account for under one-tenth of registered grafts.
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1.1.3 Comparison of desired outcome for different types of keratoplasty

Surgeons indicated whether a graft was perf ol
reliefo, Afcosmesi so, At ect oni cthesetreasonst Dataa | rep
were provided for 29,338 grafts (86%). Reason for graft was less likely to have been

specified for TLK (80%), PK (84%) and limbal grafts (84%), compared with DALK (95%),

DS(A)EK (96%), or DMEK (96%). Improved visual acuity was a desired outcome in 91%

of these grafts, pain relief in 17%, structural repair in 9%, and cosmesis in 2%.

Desired outcome varied depending on graft type. The desired outcome most often
selected for PK, DALK, DS(A)EK, and DMEK, was improvement in visual acuity. This was
an aim in 92%, 98%, 98% and 99% of grafts being performed in each group (either as an
individual aim or in conjunction with other desired outcomes), respectively. Traditional
lamellar keratoplasty was most often performed to provide structural repair (71%). Figure
1.1.3 shows the desired outcomes indicated by surgeons, for each type of graft.

Figure 1.1.3 Reason for graft stratified by graft type
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1.2 Overall survival probability

Figure 1.2.1 shows the survival curves for each type of graft. Grafts for which follow-up
has not yet been provided are modelled as surviving at 1 day. The initial number at risk
(including these modelled grafts) are given in the graph for each graft type. The number
of grafts at risk, and the survival probability, are provided at various time points for each
graft type. These time points vary depending on the maximum length of follow-up
available for each graft type, and cease when fewer than 15 grafts had been followed.

Primary graft failure was reported in 181 penetrating keratoplasty (0.8%), 15 traditional
lamellar keratoplasties (1.2%), 14 deep anterior lamellar keratoplasties (1.5%), 221
D e s ¢ e meripping (awommated) endothelial keratoplasties (6.6%), 158 De s c
membrane endothelial keratoplasties (25.9%), and 1 limbal graft (1.5%). Primary graft
failure was reported for eight pairs of cornea (i.e. both corneas from the same donor).

When conducting survival analysis, comparisons across groups containing very small
numbers, or very small proportions of the study population, are not considered reliable or
informative. With this in mind, we have only analysed comparisons amongst categories
for which data on more than 20 followed grafts were available for DALK, DS(A)EK, DMEK
and TLK, and data on more than 50 followed grafts were available for PK (20 in
subcategory analyses).
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Figure 1.2.1 Survival of corneal grafts for a) penetrating keratoplasty, b) deep
anterior lamellar keratoplasty, ¢) Descemet's stripping (automated) endothelial
keratoplasty, d) Descemet's membrane endothelial keratoplasty, e) traditional
lamellar keratoplasty, and f) limbal stem cell transplantation
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This chapter presents the results of analyses conducted on data relating to the 24,827
penetrating keratoplasties registered with the ACGR. Kaplan-Meier survival analyses
were conducted using IBM SPSS for Windows (Version 22.0), to compare the graft
survival across groups for a range of variables relating to the corneal donor, graft
recipient, surgical procedure, surgeon, and follow-up care.

2.1 Donor and Eye Banking Factors

Table 2.1 shows the number of grafts within each of the variable sub-groups, for the donor
and eye banking factors found to be significant in univariate analyses. The sum for each
variable equals the total number of grafts (24,827 registered and 20,336 with follow-up
provided) and the percentages, summed vertically for each variable, total 100.

Table 2.1 Donor and eye banking factors, significant in univariate analyses

Penetrating Corneal Graft
Donor and Eye Banking Factors

Registered (%) Followed (%)
Eye bank
Eye bank M 8667 (35%) 6750 (33%)
Eye bank K 4795 (19%) 3988 (20%)
Eye bank V 4407 (18%) 3576 (18%)
Eye bank J 2436 (10%) 1762 (9%)
Eye bank N 2812 (11%) 2604 (13%)
Not advised 1710 (7%) 1656 (8%)

Death-to-enucleation time

Up to 3 hours

4 to 6 hours

7 to 9 hours

10 to 12 hours

13 to 15 hours

16 to 18 hours
More than 18 hours
Not advised

Storage medium
Optisol
Organ culture
Moist pot
Superseded hypothermic
Other
Not advised

Penetrating Keratoplasty

4872 (20%)
5831 (23%)
5390 (22%)
4380 (18%)
1762 (7%)
1117 (4%)
1145 (5%)
330 (1%)

12535 (50%)

2825 (11%)
335 (1%)
8974 (36%)
6 (<1%)
152 (<1%)

4317 (21%)
4907 (24%)
4423 (22%)
3563 (18%)
1323 (7%)
752 (4%)
766 (4%)
285 (1%)

9832 (48%)
1844 (9%)
316 (2%)
8202 (40%)
6 (<1%)
136 (<1%)
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Storage-to-graft time i hypothermic
Within 5 days
6 or 7 days
More than a week
Not advised
Not applicable

Sex of donor
Female
Male
Not advised

Age group
Under 20 years
20 to 29 years
30 to 39 years
40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 years and older
Not advised

Cause of death
Cardiac event
Malignancy
Trauma
Respiratory event
Intracranial/cerebral haemorrhage
Other specified
Live donor
Not advised®

Multi-organ donor status
No
Yes

Central corneal endothelial cell density

<2500 cells/mm?2

2500 to 2749 cells/mm?2

2750 to 2999 cells/mm?2

3000 to 3249 cells/mm?

3250 to 3499 cells/mm?2

O 3500 ¢eell s/ mm
Not advised

Total

Registered (%)

13974 (56%)
2615 (11%)
607 (2%)
4313 (17%)
3318 (13%)

8884 (36%)
15317 (62%)
626 (3%)

948 (4%)
1260 (5%)
1258 (5%)

2548 (10%)
4286 (17%)
6167 (25%)
5979 (24%)
2078 (8%)
303 (1%)

7410 (30%)
5838 (24%)
2749 (11%)
2302 (9%)
4234 (17%)
1179 (5%)
31 (<1%)
1084 (4%)

22684 (91%)
2143 (9%)

452 (2%)
807 (3%)
1041 (4%)
1450 (6%)
771 (3%)
510 (2%)
19796 (80%)

24827 (100%)

Followed (%)

11978 (59%)
2036 (10%)
481 (2%)
3539 (17%)
2302 (11%)

7291 (26%)
12484 (61%)
561 (3%)

775 (4%)
999 (5%)
1006 (5%)
2085 (10%)
3452 (17%)
5015 (25%)
5007 (25%)
1727 (8%)
270 (1%)

6123 (30%)
4685 (23%)
2170 (11%)
1935 (10%)
3441 (17%)
990 (5%)
25 (<1%)
967 (5%)

18654 (92%)
1682 (8%)

322 (2%)
554 (3%)
736 (4%)
956 (5%)
518 (3%)
351 (2%)
16899 (83%)

20336 (100%)

*ACGR advised that cause of death was not yet determined but there were no medical contraindications and the eye
had been cleared for release, by the Medical Director, in accordance with EBAANZ guidelines.

Penetrating Keratoplasty
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Differences in rates of follow-up across sub-groups may affect survival calculations for
these factors. This is because, while information on surviving grafts must be provided by
a surgeon, the fact that a graft has failed may also be known when a registration is
received for a replacement graft. Differences in survival across sub-groups for variables
where a significant difference was found in rates of follow-up should thus be interpreted
with this in mind.

Comparisons between the percentages of grafts registered and followed in each category
showed some differences. These differences were examined using Chi?2 analyses.
Likelihood of follow-up was significantly more likely (p<0.05) in some groups that others.
Higher rates of follow-up were received for grafts where donor tissue was stored in
hypothermic solution for five days or less. Rates were lower for grafts performed using
donor tissue that had been stored in organ culture, for donor tissue from multi organ
donors, and those that had died from trauma. Significant differences in follow-up were
also found across groups for eye bank, death-to-enucleation times and donor age.

Table 2.2 shows the number of grafts within each of the variable sub-groups, for the donor
and eye banking factors found to be non-significant in univariate analyses. The sum for
each variable equals the total number of grafts (24,827 registered and 20,336 with follow-
up provided) and the percentages, summed vertically for each variable, total 100. The
result of the Kaplan-Meier survival analysis is also provided for each variable.

Table 2.2 Donor and eye banking factors, not significant in univariate analyses

Penetrating Corneal Graft
Donor and Eye Banking Factors

Registered (%) Followed (%)
Enucleation-to-storage time
Up to 3 hours 14764 (59%) 12307 (61%)
4 to 6 hours 2331 (9%) 1817 (9%)
7 to 12 hours 1135 (5%) 908 (5%)
13 hours or more 963 (4%) 769 (4%)
Not advised 5634 (23%) 4535 (22%)
Chi2=4.00, df=3, p=0.262
Storage to graft time - Organ culture
Up to 2 weeks 608 (2%) 399 (2%)
2 to 3 weeks 968 (4%) 600 (3%)
More than 3 weeks 288 (1%) 187 (<1%)
Not advised 961 (4%) 658 (3%)
Not applicable 22002 (89%) 18492 (91%)
Chi2=2.34, df=2, p=0.311
24827 (100%) 20336 (100%)

Note: Kaplan-Meier analyses did not include grafts where categorisation was not
advised or not applicable.

Penetrating Keratoplasty
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2.1.1 Penetrating graft survival: influence of Australian eye bank

Donor corneas are retrieved, processed, stored and distributed by five eye banks around
Australia. Figure 2.1.1 shows the comparison of graft survival for corneas provided by
each of these eye banks. A significant difference was found across eye banks (Log Rank
Statistic=16.94; df=4; p=0.002), with grafts performed in State V having poorer survival
than those performed in State M (p=0.001) and State J (p<0.001). Data on this variable
were not provided in 7% of cases, primarily registered with the ACGR in the 1980s. A
further category was thus created call ed
found across groups when this category was included (Log Rank Statistic=41.87; df=5;
p<0.001). This variable was not retained in the multivariate analysis (see section 2.7)
suggesting that this is not an independent factor significantly affecting graft survival.

Figure 2.1.1 Australian eye bank
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Number at risk (years post-graft)

1 4 8 12 16 20 24
Eye Bank M 5597 2578 1116 534 294 142 32
Eye Bank K 3434 1503 614 269 110 30 3
Eye Bank V 2860 1042 338 113 33 10 NA
Eye Bank J 1434 740 363 207 96 48 18
Eye Bank N 2160 1115 529 299 164 94 49

Note: NA = not applicable, as no grafts followed at this time point

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
Eye Bank M 0.93 0.78 0.64 0.51 0.42 0.31 0.15
Eye Bank K 0.94 0.76 0.63 0.51 0.42 0.27 NA
Eye Bank V 0.93 0.75 0.59 0.45 0.33 NA NA
Eye Bank J 0.92 0.79 0.68 0.57 0.43 0.32 NA

Eye Bank N 0.91 0.76 0.65 0.56 0.48 0.38 0.32
Note: NA = not applicable, as fewer than 20 grafts followed at this time point
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2.1.2 Penetrating graft survival: influence of death-to-enucleation times

Donor corneas are retrieved as soon as possible following donor death. Retrieval is
recommended within the first 18 hours and 95% of donor eyes were enucleated within
this time-frame. Times are rounded to the nearest hour and the median time from donor
death to enucleation was 7 hours (range 0-43 hours).

Figure 2.1.2 shows a comparison of graft survival depending on time from donor death to
enucleation, stratified into three-hourly groups. A significant difference was found across
time groups (Log Rank Statistic=20.58; df=6; p=0.002). Data on this variable were not
provi ded in 1% of <cases. A further categ
significant difference was still found across groups when this category was included (Log
Rank Statistic=21.60; df=7; p=0.003). Grafts performed using donor tissue collected
within 3 hours of death showed better outcomes than those for which the tissue was
collected 4 to 6 hours or 7 to 9 hours after death (both p<0.001). When this group (up to
3 hours) was excluded from the analysis, the difference across the remaining 6 groups
was not significant (p=0.767). This variable was not retained in the final model (see
section 2.7), suggesting that it is not an independent factor significantly affecting graft
survival.

Figure 2.1.2 Time from donor death to enucleation
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Number at risk (at years post-graft)

Up to 3 hours

4to 6 hours

7 to 9 hours

10to 12 hours

13 to 15 hours

16 to 18 hours
More than 18 hours

Probability of graft survival (at years post-graft)
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2.1.3 Penetrating graft survival: influence of type of corneal storage media

In Australia, two storage methods are currently commonly used to preserve donor
corneas prior to transplantation. In hypothermic storage, donor tissue is preserved and
refrigerated below 4 degrees Celsius until required. The current storage media utilised for
hypothermic preservation is Optisol GS, however a number of media have been used
previously (e.g. K-Sol, Dextran, M-K medium). The alternative storage method, Organ
Culture, involves warm storage, and was introduced to Australia in recent years. Data
were not analysed for 335 grafts where the donor eye was stored in a moist pot, the
cornea was preserved using another alternative specified method (n=6), or the eye bank
did not specify which medium was used (n=152). Figure 2.1.3 shows the comparison of
graft survival for corneas stored using hypothermic techniques compared to organ culture
medium. A significant difference in outcomes was found between media (Log Rank
Statistic=9.10; df=1; p=0.003). This variable was not retained in the final model (see
section 2.7), suggesting that it is not an independent factor significantly affecting graft
survival.

Figure 2.1.3 Corneal storage media (modern media only)
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Organ culture 1574 394 42 11 NA NA NA NA
Hypothermic 14937 7188 3298 1649 814 392 136 22

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24 28
Organ culture 093 0.73 051 045 NA NA NA NA
Hypothermic 093 077 065 054 044 032 020 0.08
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2.1.4 Penetrating graft survival: influence of storage time i hypothermic medium

Corneas stored in hypothermic medium are most often used within 5 days of storage and

are rarely stored for longer than 7 days. Figure 2.1.4 shows the comparison of graft

survival across storage time for those corneas stored in hypothermic medium. A
significant difference was found across groups (Log Rank Statistic=14.01; df=2; p=0.001).

Data on this variable were not provided in 30% of cases (13% of tissue was stored using

a different technique, and the other 17% had no data provided). Two further categories

were thus created called Anot applicabl ed an
still found across groups when these categories were included (Log Rank Statistic=19.49;

df=4; p=0.001).

Grafts using donor tissue stored for up to 5 days exhibited better survival than those
stored for 6 to 7 days (p=0.001) or more than a week (p=0.013). The difference in survival
between the two groups of tissue stored for more than 5 days was not significant
(p=0.359). This variable was not retained in the final model (see section 2.7), suggesting
that it is not an independent factor significantly affecting graft survival.

Figure 2.1.4 Time from storage to graft, Optisol medium storage
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1 4 8 12 16 20 24
Within 5 days 9941 4855 2305 1213 629 301 107
6 to 7 days 1681 709 289 114 41 19 6
More than 1 week 399 164 69 29 11 6 1

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24
Within 5 days 093 078 066 055 046 033 0.21
6 to 7 days 093 0.75 062 047 0.34 NA NA

More than 1 week 0.93 0.73 0.61 0.45 NA NA NA
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2.1.5 Penetrating graft survival: influence of donor sex

Almost two-thirds of corneal donors were male. Figure 2.1.5 shows the comparison of
graft survival depending on donor sex. A significant difference was found between groups
(Log Rank Statistic=7.88; df=1; p=0.005). Data on this variable were not provided in 3%
of cases. A further category was thus cr
was still found across groups when this category was included (Log Rank Statistic=9.12;
df=2; p=0.010). This variable was not included in the multivariate model (see section 2.7),
as it is collinear with the variable analysing donor/recipient sex match/mismatch (see
section 2.2.2), which was included.

Figure 2.1.5 Donor sex
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Female 6037 2768 1154 623 321 148 58
Male 10395 4777 2123 1032 495 248 89

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24
Female 0.93 0.78 0.65 0.55 0.46 0.32 0.23
Male 0.92 0.76 0.63 0.52 0.42 0.31 0.18
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2.1.6 Penetrating graft survival: influence of donor age (years)

Figure 2.1.6 shows the comparison of graft survival depending on donor age, stratified by
10 year age groups. Donors aged under 10 years or over 90 years are rare, and so these
data were combined with the adjacent age groups. A significant difference was found
across groups (Log Rank Statistic=256.53; df=7; p<0.001).

Grafts performed using tissue from donors aged under 20 years, 20 to 29 years, 30 to 39
years and 40 to 49 years, had significantly better survival than those performed using
tissue from donors aged 50 to 59 years, 60 to 69 years, 70 to 79 years and 80 years and
older (all comparisons p<0.001). The differences in survival between grafts performed
with tissue from donors aged 50 to 59 years and each of the three older age groups were
also significantly different (all p<0.001), as was the comparison between grafts performed
with tissue from donors aged 60 to 69 years and those aged 80 years or older (p<0.001).
In all cases the younger donor tissue was associated with better survival. Donor age
groups under 50 years were thus categorised together for multivariate analysis.

Data on this variable were not provided in 1% of cases. A further category was thus
createdcal | ed fAnot advisedo. A significant differ
this category was included (Log Rank Statistic=251.63; df=5; p<0.001). This variable was

retained in multivariate analysis (see section 2.7) suggesting that this is an independent

factor significantly affecting graft survival.

Figure 2.1.6 Donor age
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Number at risk (at years post-graft)

1 4 8 12 16 20 24
Under 20 years 677 350 170 96 48 29 7
20 to 29 years 845 439 228 126 57 27 14
30 to 39 years 866 411 199 111 53 29 12
40 to 49 years 1771 855 380 203 107 48 16
50 to 59 years 2897 1394 619 310 145 76 27
60 to 69 years 4163 1831 780 361 183 94 31
70 to 79 years 4048 1788 784 374 190 88 34
80 years and older 1387 584 219 109 58 22 9

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24
Under 20 years 0.95 0.87 0.79 0.73 0.62 0.49 NA
20 to 29 years 0.94 0.86 0.78 0.70 0.59 0.43 NA
30 to 39 years 0.94 0.82 0.76 0.66 0.57 0.46 NA
40 to 49 years 0.94 0.83 0.72 0.63 0.56 0.40 NA
50 to 59 years 0.93 0.79 0.67 0.56 0.44 0.35 0.22
60 to 69 years 0.92 0.75 0.62 0.48 0.40 0.59 0.17
70 to 79 years 0.92 0.73 0.58 0.47 0.37 0.25 0.15
80 years and older 0.91 0.71 0.52 0.41 0.33 0.21 NA

Donor age group is significantly correlated with central corneal endothelial cell count
(ECC) (see section 2.1.9). Donors over the age of 60 had higher rates of ECC under 2500
cellsyfmm? than those in the younger age groups (Chi2=126.78, df=7, p<0.001). Data on
ECC were unavailable for 80% of grafts and thus this variable was excluded from
multivariate analysis. It is possible that the retention of donor age group in the multivariate
model reflects the influence of ECC on graft survival.

Penetrating Keratoplasty
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2.1.6.1 Penetrating graft survival: influence of donor age (years) on grafts
performed for keratoconus

Figure 2.1.7 shows the comparison of graft survival depending on donor age, stratified by
10 year age groups, for grafts performed for keratoconus. Donors aged under 10 years
or over 90 years are rare, and so these data were combined with the adjacent age groups.
No significant difference was found across groups (Log Rank Statistic=1.30; df=7;
p=0.989).

This finding is in contrast to that found for the entire cohort, suggesting that, despite this
vari abl eods retention i n othdraenkmownnfactors maylbé i var i &
confounding this result.

Figure 2.1.7 Donor age, grafts performed for keratoconus
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Number at risk (at years post-graft)

1 4 8 12 16 20 24
Under 20 years 389 206 106 61 32 20 6
20 to 29 years 488 260 146 87 46 19 8
30 to 39 years 424 211 105 61 33 18 10
40 to 49 years 751 382 194 118 69 31 12
50 to 59 years 1088 560 281 172 101 58 21
60 to 69 years 1195 575 293 184 115 67 24
70 to 79 years 938 502 287 181 111 64 27
80 years and older 254 131 74 55 35 17 7

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24
Under 20 years 0.98 0.95 0.90 0.82 0.72 0.61 NA
20 to 29 years 0.97 0.95 0.91 0.87 0.78 NA NA
30 to 39 years 0.98 0.95 0.91 0.89 0.78 NA NA
40 to 49 years 0.98 0.94 0.89 0.84 0.77 0.56 NA
50 to 59 years 0.98 0.95 0.92 0.83 0.74 0.60 0.40
60 to 69 years 0.97 0.95 0.92 0.84 0.78 0.61 0.40
70 to 79 years 0.98 0.96 0.91 0.83 0.72 0.55 0.33
80 years and older 0.99 0.96 0.93 0.84 0.76 NA NA
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2.1.7 Penetrating graft survival: influence of cause of donor death

Few causes of death exclude a person from becoming a corneal donor. Figure 2.1.8

shows the comparison of graft survival depending on cause of donor death. 31 grafts

were performed using donor tissue from live donors. These were excluded from the
analysis. A significant difference was found across groups (Log Rank Statistic=55.24;

df=5; p<0.001). Cause of death was unknown to the ACGR for 4% of grafts. A further
category was thus created called Aunknowno.
across groups when this category was included (Log Rank Statistic=55.19; df=6;
p<0.001). Grafts where the donor had died from trauma had significantly better survival

than those where the donor had died from any of the other four major causes of death (all
p<0.001). Grafts where the donor had died fr
superior survival to those where the donor had died from malignancy (p=0.002). This

variable was not retained in the multivariate analysis (see section 2.7) suggesting that

this is not an independent factor significantly affecting graft survival.

Figure 2.1.8 Cause of donor death

1.0
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Number at risk (at years post-graft)

1 4 8 12 16 20 24
Cardiac event 5081 2433 1127 576 295 144 54
Malignancy 3898 1622 646 275 127 51 17
Trauma 1860 926 438 235 106 55 18
Respiratory event 1594 682 304 157 88 42 10
Intracranial/cerebral haemorrhage 2866 1339 576 280 140 65 25
Other specified cause 838 393 153 69 30 18 6
Probability of graft survival (at years post-graft)
1 4 8 12 16 20 24
Cardiac event 093 076 063 052 042 031 0.22
Malignancy 092 075 062 049 041 0.27 NA
Trauma 094 083 073 063 054 0.40 NA
Respiratory event 093 075 062 053 044 0.32 NA
Intracranial/cerebral haemorrhage 092 0.77 064 053 042 030 0.23
Other specified cause 093 081 066 056 047 NA NA
i Ot Ispecified causesd | n c domods evdo died from diseases of the liver, kidney,

pancreas, gastro-intestinal tract, encephalopathy, sepsis, and rare diseases. It also
included 271 cases, where the donor was listed as dying from brain damage or brain
death. In 46% of these cases, the donor was a multi-organ donor (compared to 9% of the
overall cohort). It is possible that a large proportion of this latter group had undergone

some form of trauma.
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2.1.8 Penetrating graft survival: influence of multi-organ donor status

Figure 2.1.9 shows the comparison of graft survival depending on whether the donor
cornea was obtained from a multi-organ donor. A significant difference was found
between groups (Log Rank Statistic=22.54; df=1; p<0.001). This variable was not
retained in the multivariate analysis (see section 2.7) suggesting that this is not an
independent factor significantly affecting graft survival.

Figure 2.1.9 Multi-organ donor status

1.0

-1 Eye only donor (n=22684)
—I"1 Multi-organ donor (n=2143)
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0.6
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p<0.001
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Number at risk (at years post-graft)

1 4 8 12 16 20 24 28

Eye only donor 15387 7115 3214 1629 831 414 153 28
Multi organ donor 1490 661 240 107 37 10 NA NA

Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24 28

Eye only donor 092 076 064 053 044 032 020 0.09
Multi organ donor 0.96 0.83 069 059 0.47 NA NA NA
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2.1.9 Penetrating graft survival: influence of donor central corneal endothelial cell
density

Information on donor central corneal endothelial cell count (ECC) has been requested by
the Registry in recent years. ECC was reported for one-fifth (20%) of registered
penetrating grafts. Reported ECC ranged from 1388 to 4951 cells/mmz2. Comparison of
graft survival across donor ECC groups is shown in Figure 2.1.10. A significant difference
was found across groups (Log Rank Statistic=24.77; df=3; p<0.001). Survival of grafts
with less than 2500 cells/mm? had significantly poorer survival than those with 2750 to
2999 cells/mm?, 3000 to 3249 cells/mm?, or 3500 and over cells/mm?2 (all p<0.001). This
variable was not included in the multivariate analysis (see section 2.7), due to the very
high levels (80%) of missing data. Endothelial cell count differed significantly across donor
age groups, (Chiz=126.78, df=7, p<0.001), with older donors (over 60) more likely to have
cell counts below 2500 cells/mm?.

Figure 2.1.10 Endothelial cell density
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TRIAL TIME (YEARS POST GRAFT)

Number at risk (at years post-graft)

1 2 4 6 8
Less than 2500 cells/mm?2 286 219 109 50 15
250071 2749 cells/mm?2 477 351 166 85 27
27501 2999 cells/mm?2 654 493 255 119 42
300071 3249 cells/mm?2 835 655 337 161 52
32501 3499 cells/mm?2 447 316 145 55 12
3500 or more cells/mm?2 314 234 123 53 14

Probability of graft survival (at years post-graft)

1 2 4 6 8
Less than 2500 cells/mm?2 0.94 0.86 0.68 0.55 NA
250071 2749 cells/mm?2 0.92 0.85 0.76 0.67 0.57
27507 2999 cells/mm?2 0.95 0.90 0.78 0.67 0.56
300071 3249 cells/mm?2 0.93 0.89 0.80 0.71 0.60
325071 3499 cells/mm?2 0.94 0.87 0.73 0.63 NA
3500 or more cells/mm?2 0.96 0.92 0.81 0.73 NA
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2.2 Recipient Factors

Table 2.3 shows the number of grafts reported for each indication for graft, and also
shows further sub-group breakdowns for each indication group. This breakdown is shown
for all 24827 registered grafts as well as for the 20336 followed grafts. The total for each
of the indication groups is the sum of the sub-categories shown below.

Table 2.3 Indication for graft

Penetrating Corneal Graft
Indication for Graft

Registered (%) Followed (%)

Keratoconus*
Uncomplicated
With hydrops

Failed previous graft

Bullous keratopathy
Pseudophakic
Aphakic
Phakic

Corneal dystrophy**
F u c Hesdthelial)
Granular (epithelial/stromal)
Macular (stromal)
Lattice (epithelial/stromal)
Posterior polymorphous (endothelial)
Schnyder (stromal)
Reis-Bucklers (epithelial/stromal)
Meesmann (epithelial)

Herpetic eye disease
Inactive HSV, no perforation
Herpes zoster, no perforation
Active HSV, no perforation
HSV, or HZO, with perforation

Corneal scars and opacities
With cataract
From trachoma
Other

Corneal ulcers/perforation
Perforated
No perforation

Penetrating Keratoplasty

7621 (31%)
7185 (29%)
477 (2%)

6294 (25%)

4628 (19%)
3626 (15%)
673 (3%)
329 (1%)

2378 (10%)
2067 (8%)
138 (<1%)

56 (<1%)
54 (<1%)
27 (<1%)
21 (<1%)
13 (<1%)

2 (<1%)

1109 (4%)
680 (3%)
97 (<1%)
82 (<1%)
250 (1%)

515 (2%)
74 (<1%)
43 (<1%)
398 (2%)
505 (2%)
415 (2%)
90 (<1%)

6262 (31%)
5928 (29%)
362 (2%)

4996 (25%)

3932 (19%)
3076 (15%)
570 (3%)
286 (1%)

2048 (10%)
1794 (9%)
113 (<1%)

41 (<1%)
45 (<1%)
25 (<1%)
19 (<1%)
9 (<1%)
2 (<1%)

918 (5%)
585 (3%)
79 (<1%)
67 (<1%)
187 (<1%)

407 (2%)
63 (<1%)
34 (<1%)
310 (2%)
379 (2%)
303 (1%)
76 (<1%)



Registered (%)
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Followed (%)

Trauma 641 (3%) 507 (2%)
Burns 78 (<1%) 69 (<1%)
Beta radiation 11 (<1%) 11 (<1%)
With perforation 6 (<1%) 4 (<1%)
Unspecified 546 (2%) 423 (2%)

Non-herpetic infections 445 (1%) 316 (2%)
Microbial keratitis/abscess 169 (<1%) 118 (<1%)
Mycotic/fungal ulcer 86 (<1%) 66 (<1%)
Pseudomonas infection 58 (<1%) 34 (<1%)
Acanthamoeba keratitis 36 (<1%) 30 (<1%)
Viral keratitis 13 (<1%) 11 (<1%)
Endophthalmitis 12 (<1%) 10 (<1%)
Unspecified 71 (<1%) 46 (<1%)

Corneal degenerations 223 (<1%) 169 (<1%)

Other*** 518 (2%) 434 (2%)

Total 24827 (100%) 20336 (100%)

*In April 2015, Gomes et al [see reference 1], published a paper in Cornea, outlining a
process to develop global consensus regarding the diagnosis and treatment of
keratoconus and other ectatic diseases. The Gomes et al (2015) paper states that
AKeratoconus and kermentogtbbnoscalreerdtiiftfi eso.
previous ACGR reports included keratoglobus with keratoconus. This report separates

keratoglobus cases from keratoconus, and cl a
**In February 2015 Weiss et al [see reference 2] published a paper in Cornea, updating

t he I nternational Classification of Corneal
hi stopathol ogi c, and genetic informationo. 1

the 2018 ACGR Report.

***Qther included: Intersti t i al keratitis (156), | CE syndr
unknown (35), descemetocoele (20), lipid keratopathy (17), pterygium (16), band
keratopathy (15), keratoglobus (15), congenital glaucoma (12), aniridia (9), autograft (8),

corneal neovascularisation (8), congenital cataract (7), epithelial defects (7), blood

staining (6), glaucoma (6), congenital corneal opacity (5), cystinosis (5), irregular
astigmatism (5), mucopolysaccharidosis (5), superative keratitis (5), squamous cell
carcinoma (4), congenital rubella (4), corneal staphyloma (4), dermoid (3), congenital

corneal calcification (3), scleral necrosis (3), amyloidosis (2), congenital microphthalmia

(2), congenital syphilis (2), epithelial downgrowth (2), ichthyosis (2), pemphigoid (2),
porphyria (2), retinal detachment (2), Stevens-Johnson syndrome (2), aphakia (1),
astigmatism (1), childhood fever (1), Crouzo
hypopyon (1), keratoconjunctivitis (1), melanoma (1), monoclonal gammopathy (1),

myopia (1), neuroparalytic keratitis (1), ocular surface dysplasia (1), osteogenesis
imperfecta (1), phthisis (1), rosacea (1), Silver-Russell syndrome (1), synechia (1),

vitamin A deficiency (1), wound dehiscence following IOL insertion (1).

Chiz analysis indicated that follow-up was significantly more likely to have been received
at least once for grafts performed for bullous keratopathy or corneal dystrophy, compared
to other indications for graft (p<0.001).
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Table 2.4 summarises the number of grafts within each of the variable sub-groups, for
the recipient factors examined in this report that were found to be significant predictors of
graft survival in univariate analyses. The sum for each variable equals the total number
of grafts (24,827 registered and 20,336 followed) and the percentages, which should be
summed vertically for each variable, total 100. The data are presented in the following
sections.

Table 2.4 Summary table of recipient factors, significant in univariate analyses

Penetrating Corneal Graft
Recipient Factors

Australian State where graft was performed

State M
State K
State V
State J
State N
State C
Other

Interstate transportation
No
Yes
Not advised/not applicable

Recipient age group
<20 years
20 to 29 years
30 to 39 years
40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
O 80 vyears
Not advised

Donor/recipient sex match
Female/female
Female/male
Male/female
Male/male
Not advised

Change in lens status
Phakic/phakic
Phakic/pseudophakic
Other combination

Pre-graft neovascularisation
None
One quadrant
Two quadrants
Three quadrants
Four quadrants

Penetrating Keratoplasty

Registered (%)

8857 (36%)
5388 (22%)
4711 (19%)
2851 (11%)
2422 (10%)

572 (2%)

26 (<1%)

21812 (88%)
1295 (5%)
1720 (7%)

1130 (5%)
3293 (13%)
2862 (12%)
2679 (11%)
2701 (11%)
3645 (15%)
4993 (20%)
3516 (14%)

8 (<1%)

4269 (17%)
4615 (19%)
7222 (29%)
8095 (33%)

626 (3%)

12220 (49%)
2422 (10%)
10185 (41%)

16795 (68%)
2121 (9%)
2652 (11%)
1196 (5%)
2063 (8%)

Followed (%)

6940 (34%)
4574 (22%)
3944 (19%)
2053 (10%)
2275 (11%)

536 (3%)

14 (<1%)

17600 (87%)

1080 (5%)
1656 (8%)

937 (5%)
2671 (13%)
2375 (12%)
2179 (11%)
2222 (11%)
3012 (15%)
4125 (20%)
2808 (14%)

7 (<1%)

3552 (17%)
3739 (18%)
5970 (29%)
6514 (32%)

561 (3%)

9959 (49%)
2076 (10%)
8301 (41%)

13929 (69%)

1611 (8%)
2100 (10%)
995 (5%)
1701 (8%)



Australian Corneal Graft Registry Report 2018

Pre-graft inflammation and/or steroid use
No
Yes
Not advised

Presence of raised intraocular pressure
IOP never known to be raised
IOP raised in past and/or at graft

Prior contralateral corneal graft/s
None
One
Two or more

Registered (%)

17568 (71%)
6984 (28%)
275 (1%)

20934 (84%)
3893 (16%)

19557 (79%)
4290 (17%)
980 (4%)

Followed (%)

14480 (71%)
5652 (28%)
204 (1%)

17135 (84%)
3201 (16%)

16036 (79%)
3526 (17%)
774 (4%)

Total 24827 (100%) 20336 (100%)

Differences in rates of follow-up across sub-groups may affect survival calculations for
these factors. This is because, while information on surviving grafts must be provided by
a surgeon, the fact that a graft has failed may also be known when a registration is
received for a replacement graft. Differences in survival across sub-groups for variables
for which a significant difference was found in rates of follow-up should thus be interpreted
with this in mind.

Comparisons between the percentages of grafts registered and followed in each category
showed some differences. These differences were examined using Chi? analyses.
Follow-up was significantly more likely (p<0.05) to have been received for grafts
performed in female recipients, recipients with no history of inflammation and/or steroid
use, grafts that had a no history of previous ipsilateral grafts, grafts that underwent a triple
procedure (went from phakic to pseudophakic) and grafts performed with donor tissue
that had been transported interstate. Follow-up was significantly lower for grafts
performed in recipients from State M and State J, in recipients with mild pre-graft
neovascularisation, and in recipients aged 80 or older. Forty-three percent of recipients
known by the ACGR to have died prior to any follow-up having been received, were aged
80 or older at the time of graft, which may account for this lower level of follow-up.

Two-hundred and sixteen penetrating keratoplasties had been converted from a planned
lamellar procedure: 195 DALK, seven DS(A)EK, three peripheral patch, two mushroom
tuck-in, one DMEK, and eight unspecified. Thirty-seven had a concurrent graft (limbal or
lamellar patch). Thirty-six eyes undergoing penetrating keratoplasty had a history of
corneal cross-linking.
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Table 2.5 shows the number of grafts within each of the variable sub-groups, for the
recipient factors found to be non-significant in univariate analyses. The sum for each
variable equals the total number of grafts (24,827 registered and 20,336 with follow-up
provided) and the percentages, summed vertically for each variable, total 100. The result
of the Kaplan-Meier survival analysis is also provided for each variable.

Table 2.5 Recipient factors, not significant in univariate analyses

Penetrating Corneal Graft
Recipient Factors

Registered (%) Followed (%)
Recipient sex
Male 11798 (48%) 9800 (48%)
Female 13029 (52%) 10536 (52%)
Chi2=0.17, df=1, p=0.677
Eye grafted
Left 12345 (50%) 10120 (50%)
Right 12471 (50%) 10208 (50%)
Not advised 11 (<1%) 8 (<1%)
Chi2=1.14, df=1, p=0.286
Total 24827 (100%) 20336 (100%)

Note: Kaplan-Meier analyses did not include grafts where categorisation was not advised.
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2.2.1 Penetrating graft survival: influence of indication for graft

Figure 2.2.1 shows the comparison of graft survival depending on indication for graft. All
repeat grafts were analysed together, regardless of original pathology. A significant
difference was found across groups (Log Rank Statistic=2478.70; df=12; p<0.001).

Grafts performed for keratoconus had better survival than those performed for any other
indication, except corneal dystrophi es ot her than FuchsGratsndot he
performed for F uc h s g oteemodroeal dgstrophy,| or hetrpedid ayeo p h y
disease had better survival than those for failed previous graft, pseudophakic bullous
keratopathy, corneal ulcer, trauma, non-herpetic infection, or other bullous keratopathy.

Grafts performed for corneal scar and/or opacity had better survival than those for failed
previous graft, pseudophakic bullous keratopathy, corneal ulcer, non-herpetic infection,

and other bullous keratopathy. In addition to the indications mentioned above, grafts
performed for corneal ulcer had poorer survival than those for failed previous graft,
pseudophakic bullous keratopathy, trauma, corneal degeneration, other bullous
keratopathy and other (all p(0.001).

This variable was retained in multivariate analysis (see section 2.7) suggesting that this
is an independent factor significantly affecting graft survival.

Figure 2.2.1 Indication for graft

I Failed previous graft (n=6294)
1 Keratoconus (n=7621)
~I"1 pseudophakic bullous keratopathy (n=3626)
—I1 Fuchs’ endothelial dystrophy (n=2067)
-1 Corneal scar and/or opacity (n=479)
Corneal ulcer (n=495)
-1 Herpetic eye disease (n=1109)
Trauma (n=638)
Non-herpetic infection (n=445)
Corneal degeneration (n=223)
Other bullous keratopathy (n=1001)
Other corneal dystrophy (n=311)
-1 Other (n=518)

PROBABILITY OF GRAFT SURVIVAL

p<0.001
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0 4 8 12 16 20 24 28 32
TRIAL TIME (YEARS POST GRAFT)
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Number at risk (years post-graft)

1 4 8 12 16 20 24
Failed previous graft 4018 1651 596 251 102 44 16
Keratoconus 5597 2873 1519 944 559 302 117

Pseudo bullous keratopathy 2385 840 259 74 21 6 NA
Fuchso6 endot hel 1620 965 472 165 47 10 4

Corneal scar/opacity 304 133 48 25 9 6 1
Ulcer/perforation 211 75 30 16 6 1 NA
Herpetic eye disease 752 339 148 81 42 18 4
Trauma 408 179 73 35 15 6 NA
Non-herpetic infection 199 80 25 11 2 1 NA
Corneal degeneration 143 44 18 8 3 2 NA
Other bullous keratopathy 668 272 103 46 21 4 1
Other dystrophy 220 134 67 33 21 15 7
Other 352 187 96 47 20 9 3
Probability of graft survival (years post-graft)
1 4 8 12 16 20 24
Failed previous graft 088 063 045 031 0.22 015 NA
Keratoconus 098 095 091 084 075 058 0.39

Pseudo bullous keratopathy 091 063 043 030 019 NA NA
Fuchsdé6 endot hel 097 088 075 057 039 NA NA

Corneal scar/opacity 095 0.84 0.67 0.62 NA NA NA
Ulcer/perforation 0.72 051 041 NA NA NA NA
Herpetic eye disease 091 0.76 065 054 047 NA NA
Trauma 089 069 050 039 NA NA NA
Non-herpetic infection 0.76 0.61 0.47 NA NA NA NA
Corneal degeneration 092 0.79 NA NA NA NA NA
Other bullous keratopathy 091 063 044 030 021 NA NA
Other dystrophy 097 090 083 0.76 061 NA NA
Other 090 0.75 063 053 041 NA NA
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2.2.2 Penetrating graft survival: subcategory analyses

The analyses on pages 38 to 42 are of subcategories in individual indication for graft
cohorts. The nature of the variables means that large percentages of the cohort do not
have relevant data. These subgroup-analyses were therefore not included in multivariate
analyses. Theoverarching vari able Aindication for grafto

2.2.2.1 Penetrating graft survival: influence of the number of previous ipsilateral
grafts

Survival was compared across groups based on the number of previous grafts in the
same eye (range 1 to 12). Previous grafts may not have been penetrating keratoplasties.
The ACGR has only specifically requested this information since 2016, consequently this
is unknown in the majority (98%) of cases. Survival, shown in Figure 2.2.2, decreased
(Log Rank Statistic=222.26, df=2, p<0.001) as the number of grafts increased. Survival
of first grafts is included in the Kaplan-Meier plot for visual reference but these data were
excluded from the log rank calculation.

Figure 2.2.2 Number of previous ipsilateral grafts

1.0

-1 None (n=18520)
-1 One (n=4570)
"1 Two or three (n=1467)

0.8 I Four or more (n=270)

0.6

0.4+

0.2

PROBABILITY OF GRAFT SURVIVAL
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0 4 8 12 16 20 24 28 32
TRIAL TIME (YEARS POST GRAFT)

Number at risk (years post-graft)

1 4 8 12 16 20 24
One 2995 1264 482 205 85 36 12
Two or three 925 358 109 44 16 3 1
Four or more 144 35 7 3 2 1 1

Probability of graft survival (years post-graft)

1 4 8 12 16 20
One 0.90 0.68 0.50 0.36 0.26 0.17
Two or three 0.85 0.56 0.35 0.21 NA NA
Four or more 0.73 0.28 NA NA NA NA
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2.2.2.2 Penetrating graft survival: keratoconus

Figure 2.2.3 shows the comparison of graft survival for first versus repeat grafts for

keratoconus. A significant
Statistic=644.55; df=3; p<0.001).

difference was found across groups (Log Rank

Figure 2.2.3 First versus subsequent grafts for keratoconus
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I 1% graft (n=7621)

—11 2nd graft (n=1608)

_r 3 graft (n=297)

I 4* or subsequent graft (n=157)

1 4 8 12 16 20 24
15t graft 5597 2873 1519 944 559 302 117
2" graft 1108 525 219 93 42 19 8
3'd graft 217 94 35 16 8 4 3
4t or subsequent graft 97 43 15 7 3 1 NA
Probability of graft survival (years post-graft)
1 4 8 12 16 20 24
15t graft 0.98 0.95 0.91 0.84 0.75 0.58 0.39
2" graft 0.96 0.86 0.68 0.53 0.40 NA NA
3'd graft 0.93 0.71 0.57 NA NA NA NA
4" or subsequent graft  0.84  0.56 NA NA NA NA NA
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2.2.2.3 Penetrating graft survival: influence of type of corneal dystrophy

Figure2.24s hows the comparison of

survi val

for

versus other corneal dystrophies. A significant difference was found across groups (Log

Rank Statistic=8.52; df=1; p=0.004).

Figure 2.2.4 Type of corneal dystrophy
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1 4 8 12 16
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Other dystrophy 0.97 090 083 0.76 0.61
The 311 6ot her 6 corneal dystrophies

71 Fuchs’ endothelial dystrophy (n=2067)
"1 Other dystrophy (n=311)

24

~ b

dystrophy (54), macular dystrophy (56), posterior polymorphous dystrophy (27),
Schnyder crystalline dystrophy (21), Reis-Bucklers dystrophy (13), and Meesmann

dystrophy (2).
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2.2.2.4 Penetrating graft survival: influence of HSV eye disease at time of graft

Figure 2.2.5 shows the survival of grafts performed for herpetic eye infection. The graph
shows survival of grafts with a history of HSV or HZO but no perforation, to those with
active HSV infection at the time of graft, with and without perforation. A significant
difference was found across groups (Log Rank Statistic=33.26, df=2, p<0.001). Grafts
without active HSV, and without perforation, exhibit better graft survival.

Figure 2.2.5 Presence of active Herpes Simplex Virus (HSV) and perforation
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Number at risk (years post-graft)

1 4 8 12 16 20 24

History of HSV/HZO, no perforation 560 268 119 63 32 14 3
HSV/HZO, with perforation 139 50 20 13 7 2 NA
Active HSV, no perforation 53 21 9 5 3 2 1
Probability of graft survival (years post-graft)

1 4 8 12 16
History of HSV/HZO, no perforation 0.93 0.83 0.71 059 0.49
HSV/HZO, with perforation 0.86 059 051 NA NA
Active HSV, no perforation 0.86 058 NA NA NA
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2.2.2.5 Penetrating graft survival: influence of non-herpetic infections

Figure 2.2.6 shows the comparison of survival of penetrating keratoplasty for
subcategories of non-herpetic infection. Grafts performed for viral infections and
endophthalmitis are shown in the survival curve but were excluded from the statistical
comparison due to low numbers. A significant difference was found between the
remaining groups (Log Rank Statistic=31.67; df=4; p<0.001).

Figure 2.2.6 Type of non-herpetic infection
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TRIAL TIME (YEARS POST GRAFT)

Number at risk (years post-graft)

1 2 3 4 5 6 8 10
Unspecified keratitis 36 31 22 18 16 9 3 3
Bacterial keratitis 76 54 46 31 26 18 6 5
Pseudomonas keratitis 22 16 12 8 7 5 5 2
Fungal keratitis 30 18 12 7 6 4 2 NA
Acanthamoeba keratitis 22 15 13 11 10 8 5 4

Probability of graft survival (years post-graft)

1 2 3 4 5

Unspecified keratitis 0.89 0.89 0.82 NA NA
Bacterial keratitis 0.80 0.74 0.70 0.66 0.66
Pseudomonas keratitis 0.81 NA NA NA NA
Fungal keratitis 0.54 NA NA NA NA

Acanthamoeba keratitis 0.82 NA NA NA NA

This concludes the subgroup-analyses. Analyses from page 44 onwards are again
performed on the full cohort.
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2.2.3 Penetrating graft survival: influence of Australian State where graft was

performed

Figure 2.2.7 shows the comparison of graft survival depending on the Australian State in
which the transplantation occurred. A significant difference was found across groups (Log
Rank Statistic=36.94; df=5; p<0.001), with all other States exhibiting better survival than
State C (all p<0.001), and State M exhibiting better survival than State V (p=0.001). This
variable was not retained in the multivariate analysis (see section 2.7) suggesting that

this is not an independent factor significantly affecting graft survival.

Figure 2.2.7 Australian State where graft was performed
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2.2.4 Penetrating graft survival: influence of interstate transportation

In some cases corneas are transported interstate via air freight. Figure 2.2.8 shows the
comparison of graft survival for grafts where the surgery was performed in the same State
as the donor cornea was sourced, compared to those where the donor cornea was from
interstate. A significant difference was found between groups (Log Rank Statistic=18.24;
df=1; p<0.001). Those grafts where the donor cornea had been transported interstate had
poorer survival. Data on this variable were not provided in 7% of cases. A further category
was thus created called fAnot advisedo.
groups when this category was included (Log Rank Statistic=42.66; df=2; p<0.001). This
variable was retained in the multivariate analysis (see section 2.7), despite indication for
graft also being included, suggesting that this is an independent factor significantly
affecting graft survival.

Figure 2.2.8 Interstate transportation
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Probability of graft survival (at years post-graft)

1 4 8 12 16 20 24
Different State 0.88 0.68 0.58 0.49 0.43 NA NA
Same State 0.93 0.77 0.64 0.52 0.42 0.31 0.18
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2.2.5 Penetrating graft survival: influence of recipient age (years)

Figure 2.2.9 shows the comparison of graft survival depending on the age of the corneal
transplantrecipient. Dat a f oY wehaer fidd gr oup was combined wi
group, and all recipients aged 80 years and older were grouped together for analysis, due

to the low number of recipients in these groups. Data were not available for 8 recipients.

A significant difference was found across groups (Log Rank Statistic=1047.20; df=7;

p<0.001). All comparisons between age groups were significantly different at the p<0.001

level, except for recipients aged 70 to 79 years versus 80 years or older (p=0.671). In

almost every case, the younger recipient group showed superior survival to the older

group. The one exception was for recipients under 20 years, compared to those aged 20

to 29 years, where the latter group had superior survival.

The variable of recipient age was not retained in the multivariate analysis (see section
2.7) suggesting that this is not an independent factor significantly affecting graft survival.
Recipient age is strongly associated with indication for graft (see section 2.2.1), with the
majority of grafts for keratoconus performed in younger recipients, and the majority of
grafts for bullous keratopathy and failed previous grafts, performed in older recipients.
Indication for graft has long been shown by the ACGR to be a major explanatory factor
for likelihood of graft survival, and was retained in the multivariate model.

Figure 2.2.9 Recipient age
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Number at risk (years post-graft)

1 4 8 12 16 20 24
0to 19 years 777 404 207 123 70 39 14
20to 29 years 2297 1088 571 355 218 127 48
30to 39 years 2070 1007 519 318 181 96 36
40 to 49 years 1869 1003 544 336 185 96 39
50to 59 years 1910 996 ar7 234 106 42 12
60 to 69 years 2577 1268 549 227 76 21 3
70to 79 years 3315 1434 478 128 32 3 NA
80+ years 2064 576 110 15 NA NA NA

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
Oto 19 years 0.92 0.85 0.80 0.76 0.72 0.63 NA
20 to 29 years 0.96 0.91 0.88 0.83 0.74 0.59 0.40
30to 39 years 0.96 0.88 0.82 0.74 0.61 0.43 0.28
40 to 49 years 0.92 0.81 0.71 0.59 0.48 0.33 0.21
50 to 59 years 0.92 0.76 0.62 0.48 0.37 0.25 NA
60 to 69 years 0.92 0.71 0.55 0.41 0.29 0.18 NA
70 to 79 years 0.90 0.68 0.50 0.34 0.27 NA NA
80+ years 0.91 0.68 0.49 NA NA NA NA
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2.2.6 Penetrating graft survival: influence of donor/recipient sex match/mismatch

Comparison of graft survival between the four combinations of male and female donors
and recipients is shown in Figure 2.2.10. A significant difference was found between
groups (Log Rank Statistic=8.34; df=3; p=0.040). Data on this variable were not provided
in 3% of cases. A further category was thus createdcal | ed fAnot advisedo.
difference was still found across groups when this category was included (Log Rank
Statistic=9.58; df=4; p=0.048). None of the group comparisons were significant in
univariate analyses following Bonferroni correction, however the variable of
donor/recipient sex match/mismatch was retained in the multivariate analysis (see section
2.7) suggesting that this is an independent factor significantly affecting graft survival.
Poorer survival was observed for the male/male combination, compared to female/female
(p<0.001).

Figure 2.2.10 Recipient sex
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1 4 8 12 16 20 24
Female/female 2944 1415 618 314 170 84 36
Female/male 3093 1353 580 309 151 64 22
Male/female 4996 2385 1080 520 233 119 45
Male/male 5398 2392 1043 512 262 129 43

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
Female/female 0.93 0.78 0.66 0.55 0.47 0.35 0.25
Female/male 0.93 0.78 0.66 0.55 0.45 0.30 0.22
Male/female 0.93 0.76 0.63 0.51 0.40 0.31 0.19
Male/male 0.92 0.76 0.64 0.53 0.45 0.32 0.17
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2.2.7 Penetrating graft survival: influence of pre- and post-graft lens status

Figure 2.2.11 shows the comparison of graft survival stratified by the change of lens
status from pre-to post-graft. A Ph a bhia&k/f g0 means t he e yoeeanda s
after the ggsatddopMmMePkhiakd cthwans t he eye was
pseudophakic afterwards, having undergone a triple procedure. @ Ot her 0 means
was phakic, pseudophakic or aphakic before the graft and aphakic afterwards, or the eye

was aphakic or pseudophakic before the graft and pseudophakic afterwards.

A significant difference was found across groups (Log Rank Statistic=1817.39; df=2;
p<0.001), with all three group comparisons significant at the p<0.001 level. This variable
was retained in the multivariate analysis (see section 2.7), suggesting that this is an
independent factor significantly affecting graft survival.

Figure 2.2.11 Change in lens status from pre- to post-graft
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1 4 8 12 16 20 24
Phakic/phakic 8619 4408 2282 1321 732 383 148
Phakic/pseudophakic 1778 947 416 153 48 15 1
Other 6480 2419 756 262 88 26 4

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
Phakic/phakic 0.95 0.88 0.80 0.70 0.60 0.45 0.29
Phakic/pseudophakic 0.94 0.82 0.70 0.56 041 NA NA
Other 0.89 0.62 0.42 0.29 0.19 0.11 NA
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2.2.8 Penetrating graft survival: influence of pre-graft corneal neovascularisation

Figure 2.2.12 shows the comparison of graft survival between those recipients with
various degrees of corneal neovascularisation pre-graft and those without (Log Rank
Statistic=1464.79; df=4; p<0.001). All group comparisons were significant at the p<0.001
level except between survival for grafts with two or three quadrants of vascularisation
(p=0.104). These two groups were combined for multivariate analyses. This variable was
retained in the multivariate analysis (see section 2.7), suggesting that this is an
independent factor significantly affecting graft survival. Grafts performed in
neovascularised eyes showed diminished graft survival.

Figure 2.2.12 Pre-graft corneal neovascularisation
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1 4 8 12 16 20 24
None 11963 5800 2748 1401 735 379 141
One quadrant 1369 579 212 92 39 6 1
Two quadrants 1649 708 237 128 47 21 2
Three quadrants 770 304 125 58 26 10 3
Four quadrants 1126 387 132 57 21 8 NA

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
None 0.95 0.83 0.73 0.62 0.52 0.39 0.25
One quadrant 0.93 0.73 0.57 0.44 0.31 NA NA
Two quadrants 0.89 0.66 0.48 0.39 0.28 0.18 NA
Three quadrants 0.87 0.63 0.47 0.35 0.27 NA NA
Four quadrants 0.78 0.50 0.32 0.21 0.12 NA NA
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2.2.9 Penetrating graft survival: influence of inflammation and/or steroid use at
time of graft

Figure 2.2.13 shows the comparison of graft survival between grafts performed in an eye
with current inflammation and/or steroid use within the past two weeks, compared to those
with neither of these factors (Log Rank Statistic=1583.42; df=1; p<0.001). Data on this
variable were not provided in 1% of cases. A further category was thus created called
Anot advisedo. A significant difference
was included (Log Rank Statistic=1583.10; df=2; p<0.001). This variable was retained in
the multivariate analysis (see section 2.7), suggesting that this is an independent factor
significantly affecting graft survival. Current inflammation and/or recent use of steroids
was associated with poorer graft survival.

Figure 2.2.13 Inflammation and/or steroid use at time of graft
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Number at risk (years post-graft)

1 4 8 12 16 20 24
No inflammation/steroid use 12470 6077 2876 1487 747 374 142
Inflammation/steroid use 4249 1637 554 235 115 47 10

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
No inflammation/steroiduse 096 0.85 0.74 063 052 0.38 0.25
Inflammation/steroid use 0.85 058 041 0.28 0.23 0.15 NA
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2.2.10 Penetrating graft survival: influence of the combination of history of raised
intraocular pressure (IOP) and raised IOP at time of graft

Figure 2.2.14 shows the comparison of graft survival across groups based on whether
the recipient had a history of raised IOP and/or raised IOP at the time of graft, in the eye
being grafted (Log Rank Statistic=1178.55; df=1; p<0.001). This variable was retained in
the multivariate analysis (see section 2.7), suggesting that this is an independent factor
significantly affecting graft survival.

il OP rkrownetober ai sed o me an known histaryeof raised 1@R in the
grafted eye and | OP was not r aingastdnd/arattimehe t i m
ofgr af t 0 me aeither hadla bistoeyyfeaaised IOP, the IOP was raised at the time

of graft, or both.

Figure 2.2.14 Raised intraocular pressure, in history and/or at time of graft
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IOP never raised 14332 6822 3135 1614 827 410 150
IOP raised 2545 954 319 122 41 15 3

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
IOP never raised 0.93 0.81 0.70 0.60 0.50 0.36 0.23
IOP raised 0.88 0.55 0.34 0.22 0.14 NA NA
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2.2.11 Penetrating graft survival: influence of previous contralateral graft

Figure 2.2.15 shows the comparison of graft survival between grafts where the recipient
had undergone a single previous contralateral graft, multiple previous contralateral grafts,
and no previous contralateral grafts. Recipients in each category may have undergone
any number of previous ipsilateral grafts (see section 2.2.2.1 for analysis of the effect of
number of previous ipsilateral grafts). A significant difference was found across groups
(Log Rank Statistic=131.08; df=2; p<0.001), with those having two or more prior
contralateral grafts exhibiting poorer survival than those with none or one, and those with
one exhibiting significantly better survival than those with none (all p<0.001). This variable
was retained in the multivariate analysis (see section 2.7) suggesting that this is an
independent factor significantly affecting graft survival.

Figure 2.2.15 Previous contralateral graft
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None 13193 5938 2558 1259 607 290 96
One 3030 1554 771 418 238 125 53
Two or more 654 284 124 59 23 9 2

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
None 0.92 0.76 0.62 0.52 0.43 0.30 0.18
One 0.95 0.85 0.75 0.63 0.53 0.40 0.27
Two or more 0.91 0.69 0.56 0.41 0.27 NA NA

The majority (97%) of grafts performed for ulcer/perforation, herpetic infection, trauma
and non-herpetic infection, which all have poor rates of survival, are only performed in
one eye. These make up 13% of the grafts with no contralateral graft compared with <2%
of those with a previous contralateral graft. Conversely, conditions with better survival,
such as ker at o endathelial dystrophy, are dftsndilateral and thus make
up larger proportions of the group with previous contralateral grafts (37% vs 46%).
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The analysis on page 54 is conducted using data only from first grafts (no previous
ipsilateral grafts). This subgroup-analysis was not included in multivariate analyses, as it
is collinear with indication for graft and change in lens status.

2.2.12 Penetrating graft survival: influence of history of previous intraocular
surgery in ipsilateral eye

Figure 2.2.16 shows the comparison of graft survival between first grafts performed in an
eye that had undergone previous intraocular surgery, compared with first grafts
performed in an eye that had not (Log Rank Statistic=1202.46; df=1; p<0.001). While
surgeons were not asked to specify what type of previous surgery recipients had
undergone, in the majority of cases (6166/6646, 93%) the lens status of the eye pre-graft
(pseudophakic or aphakic) indicated that they had undergone cataract extraction, with or
without IOL insertion. Surgeons were unable to say if previous surgery had occurred in
87 first grafts and these were excluded from the analysis.

Figure 2.2.16 History of previous intraocular surgery in the ipsilateral eye
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No prior surgery 8498 4430 2261 1272 681 357 132
Prior surgery 4321 1676 589 207 80 22 4

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
No prior surgery 0.96 0.89 0.83 0.73 0.62 0.47 0.30
Prior surgery 0.91 0.67 0.48 0.35 0.26 0.13 NA
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2.3 Graft Era

Table 2.6 shows the number of grafts registered and followed, in blocks of five years.
2015 to 2017 includes all grafts performed during these years, for which data had been
entered into the ACGR by the census date. The percentages, which should be summed
vertically, total 100.

Table 2.6 Graft era

Penetrating Corneal Graft
Graft Era

Registered (%) Followed (%)

Year of graft

1985 to 1989
1990 to 1994
1995 to 1999
2000 to 2004
2005 to 2009
2010 to 2014
2015 to 2017

2288 (9%)
5018 (20%)
4000 (16%)
4357 (18%)
4258 (17%)
3398 (14%)

1508 (6%)

2245 (11%)
4539 (22%)
3355 (17%)
3610 (18%)
3420 (17%)
2732 (13%)

435 (2%)

Total 24827 (100 %) 20336 (100 %)

Comparisons amongst the percentages of grafts registered and followed in each category
showed some differences. These differences were examined using Chi2 analyses.
Follow-up was significantly lower (p<0.001) for grafts performed since 2015.
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2.3.1 Penetrating graft survival: influence of graft era

Figure 2.3.1 shows the comparison of graft survival between year of graft, stratified into
five-year groups (Log Rank Statistic=58.94; df=6; p<0.001). Grafts performed from 2015
to 2017 had significantly worse survival than those performed in the four preceding eras
(all p<0.001), and from 1985 to 1989 (p=0.002). Those performed from 2010 to 2014 had
significantly worse survival than those performed in the three preceding eras (all
p<0.001). Grafts performed from 2005 to 2009 had significantly worse survival than those
from 2000 to 2004 (p=0.001). There were no significant differences between grafts
performed in any of the eras between 1985 and 2004. This variable was retained in the
multivariate analysis (see section 2.7) suggesting that this is an independent factor
significantly affecting graft survival.

Consideration was given to the effect of follow-up lag time on this analysis. Up-to-date

information on failed grafts is more likely to be known than for surviving grafts. This is

because, while information on surviving grafts must be provided by a surgeon, the fact

that a graft has failed may also be known when a registration is received for a replacement

graft. A Al ag ti meod o peadhaurveisa KaplanMabier pldt. Thist h e s t
effect is most pronounced in the early years following graft registration, when requests

have not yet been made for follow-up information, and tends to reduce predictably over

time. It can be seen, in the analysis below, that the survival curves tend to drop off

suddenly, illustrating this skewing of the data. The v ari abl e is treated a
multivariate analyses.

Figure 2.3.1 Graft era
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Number at risk (years post-graft)

1 4 8 12 16 20 24
1985 to 1989 1805 1018 604 424 245 159 98
1990 to 1994 3561 1833 992 589 385 238 55
1995 to 1999 2707 1341 702 398 232 27 NA
2000 to 2004 3113 1424 725 324 6 NA NA
2005 to 2009 3036 1570 431 1 NA NA NA
2010 to 2014 2362 589 NA NA NA NA NA
2015 to 2017 293 NA NA NA NA NA NA

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
1985 to 1989 0.90 0.76 0.67 0.60 0.53 0.40 0.31
1990 to 1994 0.90 0.74 0.64 0.57 0.48 0.36 0.20
1995 to 1999 0.93 0.77 0.67 0.54 0.44 0.24 NA

2000 to 2004 0.94 0.80 0.67 0.53 NA NA NA
2005 to 2009 0.95 0.80 0.62 NA NA NA NA
2010 to 2014 0.94 0.73 NA NA NA NA NA
2015 to 2017 0.86 NA NA NA NA NA NA
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2.4 Surgery and Surgeon Factors

Table 2.7 shows the number of grafts within each of the variable sub-groups, for the
surgery and surgeon factors found to be significant in univariate analyses. The sum of
these numbers for each variable equals the total number of grafts (24,827 registered and
20,336 followed) and the percentages, which should be summed vertically for each

variable, total

100.

Table 2.7 Surgery and surgeon factors, significant in univariate analyses

Penetrating Corneal Graft
Surgery and Surgeon Factors

Size of graft (diameter)
Less than 7.75 mm

7.75 mm to
8.25 mm to

<8.25 mm
<8.75 mm

8.75 mm or more
Not advised

The Centre effect

Fewer than
Surgeon Q
Surgeon W
Surgeon E
Surgeon R
Surgeon T
Surgeon Y
Surgeon U
Surgeon O
Surgeon P
Surgeon A
Surgeon S
Surgeon D
Surgeon F
Surgeon G

500 registered PK

Surgeon volume

Fewer than

500 registered PK

500+ registered PK, <82% follow-up

500+

regi ster edupPK,
Total

Penetrating Keratoplasty

Registered (%)

3229 (13%)
11228 (45%)
6930 (28%)
1951 (8%)
1489 (6%)

12489 (50%)
1792 (7%)
1245 (5%)
1216 (5%)
1171 (5%)

897 (4%)
886 (4%)
847 (3%)
685 (3%)
661 (3%)
635 (3%)
634 (3%)
578 (2%)
569 (2%)
522 (2%)

12489 (50%)
4203 (17%)
8135 (33%)

24827 (100 %)

Followed (%)

2764 (14%)
9381 (46%)
5520 (27%)
1519 (7%)
1152 (6%)

9903 (49%)
1713 (8%)
1210 (6%)

968 (5%)
1112 (5%)
474 (2%)
422 (2%)
766 (4%)
634 (3%)
601 (3%)
501 (2%)
563 (3%)
575 (3%)
404 (2%)
490 (2%)

9903 (49%)
2769 (14%)
7664 (38%)

20336 (100 %)
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82% was selected as the cut-off point for the follow-up categories as this (81.7%) was the
average percentage of follow-up for all penetrating grafts.

Differences in rates of follow-up across sub-groups may affect survival calculations for
these factors. This is because, while information on surviving grafts must be provided by
a surgeon, the fact that a graft has failed may also be known when a registration is
received for a replacement graft. Differences in survival across sub-groups for variables
where a significant difference was found in rates of follow-up should thus be interpreted
with this in mind.

Comparisons between the percentages of grafts registered and followed in each category
showed some differences. These differences were examined using Chi? analyses.
Follow-up was significantly lower (p<0.05) for larger grafts. There were significant
differences in follow-up levels between individual surgeons. Due to the nature of the
variable, follow-up was, significantly higher for grafts performed by surgeons with 500+
grafts and C82% follow-up.

Penetrating Keratoplasty
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2.4.1 Penetrating graft survival: influence of graft size

Figure 2.4.1 shows a comparison of graft survival depending on the size of the graft,
based on the donor button diameter, as reported by surgeons. A significant difference
was found across groups (Log Rank Statistic=198.82; df=3; p<0.001), with grafts under
7.75 mm, or 8.75 mm or more, both exhibiting poorer survival than those within these
measurements (all p<0.001). Data on this variable were not provided in 6% of cases. A
further category was thus created call ed
found across groups when this category was included (Log Rank Statistic=217.81; df=4;
p<0.001). This variable was retained in the final model, suggesting that this is an
independent factor significantly affecting graft survival.

Figure 2.4.1 Graft size

1.0

- Less than 7.75 mm (n=3229)
~17.75 mm to <8.25 mm (n=11228)
-1 8.25 mm to <8.75 mm (n=6930)

0.8 -1 8.75 mm or more (n=1951)

0.6+

0.4-

0.2+

PROBABILITY OF GRAFT SURVIVAL

p<0.001
0.0 —

IS [

0 4 8 12 16 20 24 28 32
TRIAL TIME (YEARS POST GRAFT)

Number at risk (years post-graft)

1 4 8 12 16 20 24
Less than 7.75 mm 2144 1027 496 291 168 80 30
7.75 mm to < 8.25 mm 8013 3739 1686 869 444 212 73
8.25mm to <8.75 mm 4617 2120 950 436 203 114 42
8.75 mm or more 1149 483 171 70 23 3 1

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24

Less than 7.75 mm 0.89 0.69 0.56 0.47 0.39 0.27 0.16
7.75 mm to < 8.25 mm 0.94 0.80 0.68 0.57 0.48 0.35 0.22
8.25mm to < 8.75 mm 0.94 0.79 0.66 0.54 0.44 0.34 0.22
8.75 mm or more 0.86 0.68 0.55 0.44 0.30 NA NA

The size of penetrating grafts has changed significantly across eras. They have increased
in size during each five-year cohort. Just 6% of grafts performed since 2010 were less
than 7.75 mm in diameter, compared with 21% pre-2000. At the other end of the
spectrum, 17% of grafts performed since 2010 were 8.75 mm or more, compared with
5% pre-2000. 47% of grafts 8.75 mm or more were repeat grafts.
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2.4.2 Penetrating graft survival: influence of the Centre effect

Figure 2.4.2 shows the comparison of graft survival for 14 individual surgeons for whom
there were 500 or more penetrating keratoplasties registered with the ACGR, and all other
grafts (performed by 448 identified individual surgeons, Australia-wide) combined (Log
Rank Statistic=217.76; df=14; p<0.001). This analysis indicates that there is a significant
Centre effect. This variable was not included in the multivariate analysis as it is collinear
with the surgeon volume and follow-up variable shown in Figure 2.4.3.

Figure 2.4.2 The Centre effect

1.0
\ Fewer than 500 (n=12489)

Surgeon Q (n=1792)
Surgeon W (n=1245)
Surgeon E (n=1216)
Surgeon R (n=1171)
Surgeon T (n=897)
Surgeon Y (n=886)
Surgeon U (n=847)
Surgeon O (n=685)
Surgeon P (n=661)
Surgeon A (n=635)
Surgeon S (n=634)
Surgeon D (n=578)
I Surgeon F (n=569)
Surgeon G (n=522)

0.8+

193353

0.6+

b

PROBABILITY OF GRAFT SURVIVAL

p<0.001
0'0 | 1 T T 1 T 1
0 4 8 12 16 20 24 28 32
TRIAL TIME (YEARS POST GRAFT)

Note: To preserve anonymity, surgeons have been identified using random letters of the
alphabet. These identifying letters do not correspond with those used in chapters
reporting on other types of graft, i.e. Surgeon W in this chapter is not the same surgeon
identified as Surgeon W in the chapter on Descemet stripping (automated) endothelial
keratoplasty.
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Number at risk (years post-graft)

1 4 8 12 16 20 24
<500 PK registered 8083 3597 1497 771 414 206 80
Surgeon Q 1295 525 231 87 20 3 1
Surgeon W 997 553 279 166 93 53 22
Surgeon E 815 220 54 4 NA NA NA
Surgeon R 956 590 357 206 123 70 18
Surgeon T 399 185 56 24 15 8 3
Surgeon Y 319 145 76 52 36 23 6
Surgeon U 666 304 110 42 20 9 1
Surgeon O 580 260 118 56 19 NA NA
Surgeon P 555 289 115 45 7 NA NA
Surgeon A 404 166 99 61 21 11 6
Surgeon S 498 279 137 67 32 11 4
Surgeon D 506 292 179 101 61 30 12
Surgeon F 360 101 25 6 NA NA NA
Surgeon G 444 269 121 48 7 NA NA

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
<500 PK registered 0.91 0.73 0.60 0.50 0.42 0.31 0.20
Surgeon Q 0.92 0.76 0.61 0.45 0.27 NA NA
Surgeon W 0.93 0.79 0.67 0.60 0.53 0.42 0.33
Surgeon E 0.95 0.77 0.55 NA NA NA NA
Surgeon R 0.94 0.82 0.71 0.60 0.51 0.44 NA
Surgeon T 0.93 0.78 0.61 0.44 NA NA NA
Surgeon Y 0.90 0.70 0.58 0.47 0.35 0.26 NA
Surgeon U 0.96 0.87 0.77 0.54 0.37 NA NA
Surgeon O 0.95 0.80 0.71 0.64 NA NA NA
Surgeon P 0.98 0.89 0.80 0.67 NA NA NA
Surgeon A 0.91 0.71 0.59 0.52 0.33 NA NA
Surgeon S 0.94 0.83 0.73 0.61 0.52 NA NA
Surgeon D 0.97 0.87 0.78 0.72 0.66 0.39 NA
Surgeon F 0.97 0.82 0.58 NA NA NA NA
Surgeon G 0.94 0.81 0.72 0.59 NA NA NA
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2.4.3 Penetrating graft survival: influence of surgeon volume (500+ registered PK

grafts) grouped by level of follow-up

Figure 2.4.3 shows the comparison of graft survival between grafts performed by
surgeons with 500+ registered penetrating keratoplasties with average or better (082%)
follow-up, to those with lower than average follow-up (<82%), and to surgeons with fewer
than 500 registered penetrating keratoplasties (Log Rank Statistic=127.76; df=2;
p<0.001). Survival of grafts performed by high volume surgeons with average or better
follow-up was significantly better than that of either of the other two groups (both
p<0.001). This variable was retained in the multivariate analysis (see section 2.7)

suggesting that this is an independent factor significantly affecting graft survival.

Figure 2.4.3 Surgeon volume and level of follow-up
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2.5 Operative Procedures at the Time of Graft

Table 2.8 shows the number of grafts for which specified operative procedures were
performed at the time of graft. The sum of these numbers for each variable equals the
total number of grafts (24,827 registered and 20,336 followed) and the percentages,
which should be summed vertically for each variable, total 100. While only anterior
vitrectomy at time of graft was found to be significant at the p<0.05 level, peripheral
iridectomy at time of graft met the p<0.08 level, for inclusion in multivariate analyses.

Table 2.8 Operating procedures at the time of graft, significant in univariate
analyses

Penetrating Corneal Graft
Operative Procedures

Registered (%) Followed (%)
Anterior vitrectomy at time of graft
No 22791 (92%) 18620 (92%)
Yes 2036 (8%) 1716 (8%)
Peripheral iridectomy at time of graft*
No 23328 (94%) 19315 (95%)
Yes 1499 (6%) 1021 (5%)
Total 24827 (100 %) 20336 (100 %)

* Note: significant at p<0.08 for inclusion in multivariate analyses but not at p<0.05.

Differences in rates of follow-up across sub-groups may affect survival calculations for
these factors. This is because, while information on surviving grafts must be provided by
a surgeon, the fact that a graft has failed may also be known when a registration is
received for a replacement graft. Differences in survival across sub-groups for variables
where a significant difference was found in rates of follow-up should thus be interpreted
with this in mind.

Comparisons between the percentages of grafts registered and followed in each category
showed some differences. These differences were examined using Chi? analyses.
Follow-up was significantly higher for grafts that had undergone anterior vitrectomy at the
time of graft (p=0.007), and significantly lower for those that had undergone peripheral
iridectomy at time of graft (p<0.001).

Penetrating Keratoplasty



Australian Corneal Graft Registry Report 2018

2.5.1 Penetrating graft survival: influence of anterior vitrectomy at time of graft

Figure 2.5.1 shows the comparison of survival for grafts where an anterior vitrectomy was
performed at the time of graft, to those where one was not. A significant difference was
found across groups (Log Rank Statistic=255.42; df=1; p<0.001). This variable was not
retained in the final model, suggesting that this is not an independent factor significantly

affecting graft survival.

Figure 2.5.1 Anterior vitrectomy at time of graft
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2.5.2 Penetrating graft survival: influence of peripheral iridectomy at time of graft

Figure 2.5.2 shows survival for grafts where a peripheral iridectomy was performed at the
time of graft, and those where one was not. No significant difference was found between
groups (Log Rank Statistic=3.47; df=1; p=0.063), however this variable met the p<0.08
criteria for inclusion in the multivariate analyses. It was not retained in the final model (see
section 2.7), suggesting that this is not an independent factor significantly affecting graft
survival.

Figure 2.5.2 Peripheral iridectomy at time of graft
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TRIAL TIME (YEARS POST GRAFT)
Number at risk (years post-graft)
1 4 8 12 16 20 24
No peripheral iridectomy 16034 7338 3271 1672 827 415 152
Peripheral iridectomy 843 439 183 64 29 9 1
Probability of graft survival (years post-graft)
1 4 8 12 16 20 24
No peripheral iridectomy  0.93 0.77 0.64 0.54 0.44 0.32 0.20
Peripheral iridectomy 0.90 0.76 0.63 0.50 0.38 NA NA
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2.6 Post-graft Events

Table 2.9 shows the occurrence of post-graft events, and Table 2.10 shows post-graft
surgical procedures, as reported by follow-up practitioners, found to be significant in
univariate analyses. Please note: post-graft data may be incomplete when follow-up is
based on a registration for a replacement gratft.

Table 2.9 Post-graft events, significant in univariate analyses

Penetrating Corneal Graft
Post-graft Events

Registered (%) Followed (%)

Post-graft neovascularisation
No
Yes

Post-graft herpetic infection
No
Yes

Post-graft microbial keratitis
No
Yes

Post-graft synechiae
No
Yes

Post-graft uveitis
No
Yes

Post-graft rise in IOP
No
Yes

At least one rejection episode
No
Yes

Time to removal of all sutures
Less than 6-months
6-months to <12 months
12 months to <24 months
24 months or more
Not yet removed/not advised*

23307 (94%)
1520 (6%)

24399 (98%)
428 (2%)

24251 (98%)
576 (2%)

24438 (98%)
389 (2%)

24544 (99%)
283 (1%)

20964 (84%)
3863 (16%)

20718 (83%)
4109 (17%)

590 (2%)
2155 (9%)
5940 (24%)
2566 (10%)
13576 (55%)

18816 (93%)
1520 (7%)

19908 (98%)
428 (2%)

19760 (97%)
576 (3%)

19947 (98%)
389 (2%)

20053 (99%)
283 (1%)

16473 (81%)
3863 (19%)

16227 (80%)
4109 (20%)

590 (3%)
2155 (11%)
5940 (29%)
2566 (13%)
9085 (45%)

Total 24827 (100 %) 20336 (100 %)

* Some failed grafts had ROS dates provided which were after the date of failure and thus not included in analysis.
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Table 2.10: Post-graft surgical procedures

3,092 penetrating keratoplasties were reported to have undergone a re-grafting
procedure (separate to subsequent concurrent graft/s) at the date last seen. Of these,

2,168 had not had additional post-graft operative procedures reported, while 924 had.

Penetrating Corneal Graft
Post-graft Surgical Procedures Excluding Re-graft

Number

Cataract removal and IOL insertion 1606
Cataract removal without IOL insertion 63
IOL insertion (cataract removed prior to graft) 149
IOL repositioned/removed/exchange 128
Insertion of piggyback lens 52
Implantable contact lens 20
Relaxing incision 1039
YAG laser 973
Suture adjustment 803
Wound repair/re-sutured 496
PRK laser 285
Compression sutures 391
LASIK 177
Wedge resection 147
Keratectomy 49
Keratotomy 25
Trabeculectomy 343
Cyclodiode 206
Tube insertion (Molteno: 135, Barveldt:31, unspecified: 2) 168
Vitrectomy 204
Tarsorrhaphy 126
Enucleation 62
Evisceration 28
Retinal detachment surgery 66
Conjunctival flap 83
Iridectomy 23
Iridotomy 17
Ptosis repair 37
Membrane peel 25
Bleb needling/revision 28
Intravitreal injection/s 97
Synecholysis 26
Concurrent subsequent graft (29 lamellar patch, 15 limbal/conjunctival) 44
Other* 561
: 10149

Total post-graft surgical procedures (number of grafts) (4713)

Note: in calculating total number, cataract removal and IOL insertion are counted as two surgical
procedures, even if done together. Where the same surgery was reported on multiple follow-ups for the

same eye, it was only counted once. Surgeries
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*Other included: Molteno tube revision/reposition (19); cryotherapy (16); ectropion repair
(14); entropion repair (14); lid procedures (14); corneal scraping (13); punctal plugs (13);
pterygium removal (13); scar removal (13); selective laser trabeculoplasty (12); cyst
removal (11); amniotic membrane transplant (10); laser treatment not further specified
(10); squint surgery (10); anterior chamber tap (9); biopsy (9); interface revision (9);
punctal cautery (9); pupilloplasty (9); reformation of anterior chamber (9); strabismus
surgery (9); band keratopathy removal (8); BCC removal (8); dacryocystorhinostomy (8);
photocoagulation (8); corneal gluing (7); iris repair (7); refractive keratoplasty (7); removal
of lens matter (7); scleral buckle (7); silicone oil insertion (7); Argon laser trabeculoplasty
(6); blepharoplasty (6); epithelial debridement (6); foreign body removal (6);
keratoprosthesis (6); anterior chamber washout (5); Botulinum toxin injection (5); filament
removal (5); lensectomy (5); Molteno tube removal (5); plague removal (5); scar removal
(5); trabeculectomy revision (5); unspecified drainage device inserted (5); unspecified
glaucoma surgery (5); capsulotomy (4); chalazion removal (4); corneal collagen cross-
linking (4); corneal debridement (5); iridoplasty (4); lashes epilated (4); lysis (4);
paracentesis (4); punctal occlusion repair (4); limbal lesion removal (4); silicone oil
removal (4); vitreous aspiration (4); drainage of choroidal haemorrhage (3); IOL re-
sutured (3); iris removal (3); Keraring insertion (3); macular hole repair (3); retinal
photocoagulation (3); Baerveldt tube removal (2); Beta-radiation (2); canthoplasty (2);
Endolaser (2); hyphaema evacuation (2); unspecified glaucoma drainage device inserted
(2); Healon inserted in anterior chamber (2); Holmm laser sclerectomy (2); prolapsed iris
repositioned (2); punctal snip (2); pupillary membrane removal (2); retained Descemet
membrane removal (2); retinal laser surgery (2); retinoplexy (2); scleral buckle removal
(2); superior conjunctival resection (2); trabeculectomy revision (2); trichiasis (2);
unspecified gas insertion (2); vitreoretinal surgery (2); vitreous haemorrhage removal (2);
anterior segment clearance (1); aspiration of anterior chamber (1); Argon laser of blood
vessels at graft/host junction (1); Barrier laser (1); orbital compression (1); branch artery
occlusion repair (1); canalicular repair (1); capsulectomy (1); cathoplasty (1); Cionni ring
insertion (1); clearance of iris from the graft (1); conjunctival injection (1); conjunctival
keratin removal (1); conjunctival resection (1); corneal cautery (1); division of angle
adhesions & pupil membrane (1); epithelial plugs removed (1); exenteration (1); express
drainage (1); eye muscle surgery (1); filter surgery (1); gas/fluid exchange (1);
intracameral antibiotics (1); intracorneal injection for epithelium downgrowth (1); iris clip
repositioned (1); iris implant inserted (1); irrigation of hyphaema (1); Jones tube inserted
(1); lacrimal duct reconstruction (1); lacrimal plugs (1); laser treatment for diabetic
retinopathy (1); lateral canthoplasty (1); needling of posterior capsule (1); occlusion of
puncta (1); opened cloudy capsule (1); punctate diothermy (1); pupil block (1); pupil
membrane removal (1); pupillary cerclage (1); reattachment of Descemet membrane (1);
removal of blood from vitreous cavity (1); removal of Descemet folds (1); removal of
epithelial dystrophy (1); removal of epithelium (1); removal of exposed scleral bullae (1);
removal of fibrous bleb (1); removal of fibrous tissue (1); removal of iris from graft/host
junction (1); removal of pannus (1); removal of SCC (1); repair of iridotomy (1); repeat
refiltering surgery (1); reposition of Keraring segment (1); retrobulbar alcohol (1); revision
of astigmatic keratotomy cuts (1); revision of vitrectomy (1); Scheie's operation (1); scleral
flap (1); silicone oil exchange (1); sphincterotomy (1); submandibular gland transplant (1);
subretinal tissue plasminogen activator (1); suture of conjunctival fold (1); syringed tear
ducts (1); inser t i o nlens {1); tar3absnip (1); TBL inserted (1); temporal pinguecula
removal (1); trabeculectomy removed (1); trabeculectomy repositioned (1); triescence
(1); tube revision (1); tube shunt (1); unspecified secondary implant (1); viscocanalostomy
(2); vitreolysis by laser (1); vitreous band dissection (1).
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2.6.1 Penetrating graft survival: influence of post-graft neovascularisation

Figure 2.6.1 shows the influence of post-graft neovascularisation on graft survival. A
significant difference was found across groups (Log Rank Statistic=491.58; df=1;
p<0.001). This variable was retained in the final model, suggesting that this is an
independent factor significantly affecting graft survival.

Figure 2.6.1 Post-graft neovascularisation
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Number at risk (years post-graft)

1 4 8 12 16 20 24
No neovascularisation 15670 7237 3228 1608 798 385 136
Neovascularisation 1207 539 226 128 70 39 17

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
No neovascularisation 0.93 0.79 0.67 0.56 0.46 0.34 0.22
Neovascularisation 0.83 0.55 0.40 0.30 0.21 0.14 NA
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2.6.2 Penetrating graft survival: influence of post-graft herpetic infection

Figure 2.6.2 shows the influence of herpetic infection in a graft. A significant difference
was found across groups (Log Rank Statistic=199.70; df=1; p<0.001). This variable was
retained in the final model, suggesting that this is an independent factor significantly
affecting graft survival.

Figure 2.6.2 Post-graft herpetic infection
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1 4 8 12 16 20 24
No herpetic infection 16537 7634 3394 1710 855 420 153
Herpetic infection 340 142 60 26 13 4 NA

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
No herpetic infection 0.93 0.77 0.65 0.54 0.44 0.32 0.21
Herpetic infection 0.84 0.52 0.36 0.23 NA NA NA
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2.6.3 Penetrating graft survival: influence of post-graft microbial keratitis

Figure 2.6.3 shows the survival for grafts in which microbial keratitis occurred post-graft,
including those where a stitch abscess occurred. A significant difference was found
between groups (Log Rank Statistic=351.81; df=1; p<0.001). This variable was retained
in the multivariate analysis (see section 2.7), suggesting that this is an independent factor
significantly affecting graft survival.

Figure 2.6.3 Post-graft microbial keratitis
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1 4 8 12 16 20 24
No microbial keratitis 16423 7590 3402 1716 861 419 152
Microbial keratitis 454 186 52 20 7 5 1

Probability of graft survival (years post-graft)

1 4 8 12 16 20 24
No microbial keratitis 0.93 0.78 0.67 0.55 0.45 0.33 0.21
Microbial keratitis 0.82 0.52 0.28 0.16 NA NA NA
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2.6.4 Penetrating graft survival: influence of post-graft synechiae

Figure 2.6.4 shows the survival for grafts where the eye developed at least one synechia
post-graft, compared to those where it did not. A significant difference was found between
groups (Log Rank Statistic=108.61; df=1; p<0.001). This variable was not retained in the
multivariate analysis (see section 2.7), suggesting that this is not an independent factor
significantly affecting graft survival.

Figure 2.6.4 Post-graft synechia
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2.6.5 Penetrating graft survival: influence of post-graft uveitis

Figure 2.6.5 shows the comparison of survival of grafts in eyes which developed uveitis
compared with those that did not. A significant difference was found across groups (Log
Rank Statistic=35.67; df=1; p<0.001). This variable was not retained in the final model,
suggesting that this is not an independent factor significantly affecting graft survival.

Figure 2.6.5 Post-graft uveitis
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2.6.6 Penetrating graft survival: influence of post-graft raised IOP

Figure 2.6.6 shows the comparison of graft survival for grafts where the eye was reported
to have developed raised intraocular pressure post-graft to those where IOP was not
reported as raised. A significant difference was found between groups (Log Rank
Statistic=103.35; df=1; p<0.001). This variable was retained in the multivariate analysis
(see section 2.7), suggesting that this is an independent factor significantly affecting graft
survival.

Figure 2.6.6 Post-graft raised intraocular pressure
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2.6.7 Penetrating graft survival: influence of graft rejection episodes

Figure 2.6.7 shows the survival for grafts where the eye underwent at least one episode
of post-graft immunological rejection, compared to those that did not. A significant
difference was found between groups (Log Rank Statistic=885.30; df=1; p<0.001). This
variable was retained in the multivariate analysis (see section 2.7), suggesting that this is
an independent factor significantly affecting graft survival.

Figure 2.6.7 Rejection episode(s)
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2.6.8 Penetrating graft survival: influence of time to final removal of sutures

Figure 2.6.8 shows the comparison of graft survival depending on the time from graft to
final suture removal. A significant difference was found amongst groups (Log Rank
Statistic=154.01; df=3; p<0.001). Grafts where the sutures had been removed within 6
months had poorer survival than all other groups (all p<0.001). Additionally, grafts where
the sutures were not removed until at least 24 months post-graft had significantly better
survival than those where they were removed at between 6 months and 24 months (both
p<0.001). Consideration should be given to the fact that grafts in each group must, by
definition, have survived to the point of suture removal, meaning that all grafts in the 24
months or more group must have survived for 2 years, and so on. This information was
only available for 11251 (55%) of followed grafts and therefore this variable was not
included in the multivariate analysis.

Figure 2.6.8 Time to final removal of sutures
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2.7 Multivariate Analysis

A multivariate model was used to investigate the combined effect of variables on
penetrating graft survival, adjusted for all other variables in the model. This analysis was
performed using STATA version 15.

In the preceding univariate analyses, each registered penetrating graft, together with its
archival follow-up records, was treated as a separate and independent entity. Some
recipients had multiple penetrating grafts performed during the census period (registered
by 31/7/2017), with some having repeat grafts in a single eye, some grafts in both eyes
and some a combination of both. To control for potential inter-graft and/or inter-eye
dependence in the multivariate analyses, the multivariate model was adjusted to allow for
clustering by individual patient [see references 7 & 8].

Variables to be included in the Cox Proportional Hazards regression model were identified
based on the results of the univariate Kaplan-Meier analyses, with a cut-off significance
level of p<0.08 used to select variables for inclusion. Some variables which were found
to be significant in the univariate analyses were omitted due to co-linearity, or because of
large amounts of missing data (>25%). Each variable was initially analysed individually
to determine if it remained significant once clustered by individual patient. Where the
variable was no longer found to be significant (p>0.08), it was excluded from the
multivariate analysis.

The best model was found by a backward elimination process, removing variables not

appearing to be predictors of graft failure. The model excluded variables with a p-value

of p O 0.0%a(lamre plfolpald . 05 for variables wit
stepwise manner, beginning with the least significant variable. The Kaplan-Meier plots,

and additional appropriate STATA analyses, were used to assess whether each included

variable met the assumption of proportional hazards. Where variables were found to be
time-variant, they were treated as such in the multivariate model.

Table 2.11 shows each of the variables analysed in the univariate analyses, stratified by
whether they were included in the initial multivariate model and whether they remained in
the final model. Some variables that were found to be significant in the univariate analyses
were excluded from the multivariate model as they were found to be co-linear with (i.e.
were highly correlated and produced the same effect on the outcome as) another variable
in the model.
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Table 2.11 Multivariate model

Penetrating Corneal Graft
Multivariate Model

Not significant in univariate analysis
Time from enucleation to storage
Storage time in organ culture
Recipient sex
Eye grafted

Significant in univariate analysis but excluded from multivariate model due
to co-linearity or missing data
The Centre effect (co-linear with surgeon experience and level of follow-up)
Donor sex (co-linear with donor/recipient sex match/mismatch)
Number of previous ipsilateral grafts (co-linear with indication for graft)
Corneal endothelial cell density (missing data)
Time to removal of sutures (missing data)

Significant in univariate analysis but not retained in multivariate model
Peripheral iridectomy at time of graft (p>0.08 after clustering by patient)
Eye Bank

Cause of donor death

Storage medium: hypothermic vs organ culture
Time from death to enucleation

Storage time in Optisol

Multi-organ donor

Recipient State

Recipient age group

Anterior vitrectomy at time of graft

Post-graft uveitis

Post-graft synechia

Significant in univariate analysis AND retained in multivariate model
Donor age group
Indication for graft
Interstate transportation of donor cornea
Donor/recipient sex match/mismatch
Change in lens status pre- to post-graft
Pre-graft neovascularisation
Pre-graft inflammation and/or steroid use
History of raised intraocular pressure
Number of previous contralateral grafts
Graft era
Graft size
Surgeon experience and level of follow-up
Post-graft neovascularisation
Post-graft herpetic infection
Post-graft microbial keratitis
Raised intraocular pressure post-graft
Post-graft rejection episode(s)
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