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Abstract
Importance: In New Zealand, repeat keratoplasty has become the second leading

indication for corneal transplantation.

Background: To report the indications, outcomes and survival of repeat kerato-

plasty and evaluate the risk factors for graft failure.

Design: Retrospective study in a public corneal service.

Participants: Two hundred nineteen patients undergoing 279 repeat keratoplasty

procedures during 1991-2017.

Methods: The New Zealand National Eye Bank prospectively collects data on all

corneal transplants. This was utilized to identify patients undergoing repeat kerato-

plasty in Auckland. Clinical records were retrospectively reviewed.

Main Outcome Measures: Graft survival and visual outcome.

Results: The repeat keratoplasty technique was penetrating keratoplasty

(PK) in 242 cases (86.7%) and endothelial keratoplasty in 37 (13.3%). The most

common primary indication was keratoconus (46.6%). The most common indi-

cation for repeat keratoplasty was endothelial decompensation (37.6%). For PK

performed as a repeat keratoplasty, the median survival in years was 12.0 for

first, 3.5 for second and 2.3 for third repeat keratoplasty. Keratoconus had the

longest graft survival (median 13.0 years). In surviving grafts, median visual

acuity was 6/15 at 1 year and 6/12 at 2 years. On multivariate analysis, regraft

number (P = .022), non-European ethnicity (P = .007), concurrent sur-

gical procedure (P < .0005), lower donor endothelial density (P = .028),

previous glaucoma surgery (P < .0005), postoperative raised intraocular pres-

sure (P = .001) and graft rejection (P = .032) were associated with keratoplasty

failure.

Conclusions and Relevance: Repeat keratoplasty survival is affected by multiple

interacting factors and prognosis worsens with each subsequent regraft. These

results will help guide clinicians in addressing patients' individual risk factors when

embarking on repeat corneal transplant surgery.
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1 | INTRODUCTION

Repeat keratoplasty is becoming an increasingly common
indication for corneal transplantation in major eye centres
across the world.1-14 In New Zealand, it has become the sec-
ond leading indication for corneal transplantation since
2003.15 This is not surprising given the increasing longevity
of the population, the limited survival expectancy of corneal
grafts, and the development of new surgical transplant tech-
niques. The impact of limited survival of penetrating kerato-
plasty (PK) beyond 25 to 30 years is particularly relevant in
New Zealand where many transplants are performed in rela-
tively young patients with keratoconus.16,17

It has been well recognized that repeat corneal transplants
have poorer survival rates compared with first keratoplasty
procedures, and that the survival rate further decreases with
each successive transplant.13,14,18,19 This has implications
for patients as well as hospital and eye bank resources given
the limited supply of donor corneas.20 It is therefore impor-
tant for surgeons to understand the benefits, risks and out-
comes of repeat corneal transplantation and for patients to be
counselled appropriately regarding the likelihood of success
when embarking on repeat surgery.

The purpose of this study was to quantify the number of
repeat keratoplasty procedures performed at a major ophthal-
mology centre in New Zealand, to analyse the indications
and outcomes, and to highlight the factors that influence the
risk of repeat keratoplasty failure.

2 | METHODS

2.1 | Data acquisition

The New Zealand National Eye Bank (NZNEB) was
established in 1989 and is the major supplier of donor cor-
neal tissue in New Zealand. Since 1991, the NZNEB has
prospectively collected data for all corneal transplants per-
formed in New Zealand, via a form completed by the sur-
geon at the time of surgery. A detailed list of all repeat
corneal transplants performed from 1991 to 2017 was
obtained from the NZNEB database. Data were collected for
all repeat keratoplasty procedures performed in the Depart-
ment of Ophthalmology at Auckland District Health Board
(ADHB), Auckland, New Zealand. This was the main public
ophthalmology service provided in Auckland during the

period and the largest provider of corneal transplant services
in New Zealand.

Postoperative clinical data were retrospectively collected
from the clinical records of the patients who underwent a
repeat keratoplasty at ADHB from 1991 to 30 April 2017, to
allow a minimum of 1-year postoperative follow-up. The
chart review was performed between May and June 2018.
Demographic, clinical and surgical data were collected for
each repeat procedure. The main outcome measures were
visual acuity (VA) at 1 year and 2 years postoperatively, and
transplant survival. Transplant failure was defined as irre-
versible loss of central corneal clarity. Best-corrected visual
acuity (BCVA) was recorded when available. VA was
recorded in Snellen form but converted to logMAR for sta-
tistical analysis.

2.2 | Statistical analysis

Data were entered into an Excel spreadsheet and analysed
using SPSS for Windows version 25 (IBM, Chicago, Illinois).
Continuous data with skew distribution is reported as
median (interquartile range [IQR]) and categorical data is
reported as n (%). The estimated 5-year survival was calcu-
lated with the standard Kaplan-Meier method. Cox propor-
tional hazards model was used to ascertain risk factors for
graft failure. A P-value of <.05 was considered significant.

3 | RESULTS

3.1 | Demographics

In the study period from January 1991 to April 2017, 1728
corneal transplants were performed at ADHB, Auckland,
New Zealand. Of these, 317 were repeat transplants (18.3%),
however, 38 cases were excluded due to lack of sufficient
clinical detail or having less than 1 year of documented
follow-up. Therefore, a total of 279 repeat transplants,
performed in 232 eyes of 219 patients, were included for anal-
ysis. Of these 219 patients 128 were male (58.4%), and self-
reported ethnicity included: 148 European (67.6%), 30 Pacific
Peoples (13.7%), 18 Maori (8.2%), 9 Indian (4.1%), 3 South-
East Asian 3 (1.4%), 7 other ethnicities (3.2%) and not stated
in 4 patients (1.8%). Median age at the time of repeat trans-
plant was 55.8 years (IQR: 42.1-70.0).
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3.2 | Indication and surgical technique

The original indications for keratoplasty are provided in
Table 1. The prior transplant surgery was PK in 243 eyes
(87.1%), endothelial keratoplasty (EK) in 33 eyes (11.8%)
and deep anterior lamellar keratoplasty (DALK) in three
eyes (1.1%). The median time from prior keratoplasty to the
repeat keratoplasty was 6.12 years (IQR: 3.13-17.23).

The indications for repeat keratoplasty are listed in
Table 2. Median donor age was 66 years (IQR: 54-75) and
median donor endothelial cell density (ECD) was 2931 cel-
ls/mm2 (IQR: 2771-3110). At the time of surgery, 52 eyes
(18.6%) had a history of glaucoma and 32 (11.5%) had pre-
vious glaucoma surgery (trabeculectomy or drainage tube).
Eighty-six eyes (30.8%) had corneal neovascularization
documented at the time of repeat keratoplasty.

PK was the most common repeat keratoplasty procedure,
performed in 242 cases (86.7%). EK was performed in
37 cases (13.3%). This included descemet stripping auto-
mated endothelial keratoplasty (DSAEK) in 24, descemet
stripping endothelial keratoplasty (DSEK) in 11 and
descemet membrane endothelial keratoplasty (DMEK) in
two cases (Table 3). A repeat PK after failed PK (PK-PK)
was performed in 226 cases. An EK after a failed PK (PK-
EK) was performed in 17 cases. A repeat EK after failed EK
(EK-EK) was performed in 20 cases. A PK after a failed EK
(EK-PK) was performed in 13 cases. In addition, three PKs
were performed for failed DALK, two in below 2 years—
one due to endothelial decompensation without rejection and
one due to recurrent infection in a graft performed for herpes
simplex virus keratopathy, with the third repeat surgery at
8.6 years post-DALK due to stromal rejection and corneal
decompensation. Only two DMEKs were performed as
repeat keratoplasty in the study time frame. A concurrent
procedure was performed in 43 repeat keratoplasty opera-
tions (15.4%). The most commonly performed concurrent
procedure was cataract surgery in 22 cases.

3.3 | Outcomes

Median, best-corrected, preoperative VA was count fingers.
In surviving repeat transplants, the BCVA was 6/15 at 1 year
and 6/12 at 2 years postoperatively (Table 4). BCVA of 6/12
or better (New Zealand driving licence standard) was
achieved in 35.5% of eyes with 1-year follow-up and by
50.0% of eyes with 2-year follow-up.

Corneal allograft rejection occurred in 32.6% of repeat
keratoplasties, of which 29 (31.9%) experienced ≥2 episodes
of graft rejection. Raised intraocular pressure (IOP) was
documented in 51 cases (18.3%) during the follow-up period
and infective keratitis occurred in 20 eyes (7.2%).

3.4 | Repeat keratoplasty survival

Survival analysis was carried out for repeat keratoplasties
with PK technique only (242 procedures). This was done
due to the heterogeneity between PK and EK performed as a
repeat transplant. Endothelial keratoplasties were not
analysed separately due to the small total number of EKs
(37) performed as a repeat graft.

TABLE 1 Original indications for keratoplasty in eyes that
subsequently underwent repeat keratoplasty

Indication Eyes (N = 232) Percent

Keratoconus 108 46.6

Corneal scar 39 16.8

Pseudophakic or aphakic bullous
keratopathy

32 13.8

Fuchs' endothelial dystrophy 23 9.9

Acute trauma 12 5.2

Acute infection 9 3.9

Corneal stromal dystrophy 5 2.2

Other 4 1.7

TABLE 2 Indications for repeat keratoplasty

Indication N = 279 Percent

Endothelial decompensation without
history of rejection

105 37.6

Endothelial decompensation with
history of rejection

88 31.5

Recurrent ectasia/high astigmatism 44 15.8

Acute infection 11 3.9

Acute trauma 10 3.6

Corneal scar 10 3.6

Primary graft failure 6 2.2

Other 5 1.8

TABLE 3 Number of repeat corneal transplants performed from
1991 to 30 April 2017 by graft type and year

Year of regraft

Regraft type

PK DSEK DSAEK DMEK Total

1991-1999 15 0 0 0 15

2000-2009 107 3 0 0 110

2010-2017 120 8 24 2 154

Total 242 11 24 2 279

Abbreviations: DMEK, descemet membrane endothelial keratoplasty; DSEK,
descemet stripping endothelial keratoplasty; DSAEK, descemet stripping
automated endothelial keratoplasty; PK, penetrating keratoplasty.
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The median survival in years and the estimated 5-year sur-
vival for first, second and third repeat keratoplasties are listed in
Table 5. A Kaplan-Meier survival plot for keratoplasty survival
is shown in Figure 1. Repeat keratoplasty survival by ethnicity
(European vs non-European) is shown in Figure 2 showing a
significant disparity in regraft survival between European and
non-European patients. Table 6 displays the mean and median
keratoplasty survival by original indication. Repeat keratoplasty
survival was the longest in eyes with keratoconus, followed by
Fuchs' endothelial corneal dystrophy (FED) and poorest in
aphakic/pseudophakic bullous keratopathy (PBK) (P < .0005).

Cox regression analysis was used to analyse risk factors
for repeat keratoplasty failure (Table 7). Factors with a signifi-
cance of ≤.10 on univariate analysis were included in the
multivariate analysis. On multivariate analysis, non-European
ethnicity, increasing regraft number, concurrent surgical pro-
cedure, lower donor ECD, previous glaucoma surgery, post-
operative raised IOP, and one or more episodes of graft
rejection are statistically significant risk factors.

4 | DISCUSSION

Repeat keratoplasty is becoming more common internation-
ally.1-14 The current study is the first to consider indications
and outcomes of repeat keratoplasty in a major tertiary oph-
thalmology centre in New Zealand. In the 26-year study
period, a total of 1728 keratoplasty procedures were per-
formed in Auckland and 18.3% of these were repeat kerato-
plasties. This is comparable to the proportion of regrafts
performed in other large centres including the United King-
dom (21.1%),21 Canada (17.1%8-21.5%5), United States

(10%-18% of all grafts1 and 22.0% of PKs3), Scotland
(19.2%)7 and Italy (17.4%).12

As in previous NZNEB studies, keratoconus was identi-
fied as the most common indication for corneal transplanta-
tion in New Zealand, representing 34.5% to 45.9% per
annum of all Auckland keratoplasty cases (1991-2015).15

Despite the well-established, favourable, survival of corneal
transplantation in keratoconus,19,22 it is also the most com-
mon diagnosis in repeat transplantation in this study
(46.6%). This is explained in part due to: (a) keratoconus is
by far the most common indication for primary keratoplasty
and (b) the first transplant for keratoconus is typically at a
young age and therefore a repeat keratoplasty is likely dur-
ing the patient's lifetime due to limited long-term kerato-
plasty survival.22

TABLE 4 Best-corrected visual acuity (BCVA) and refraction

BCVA (IQR)
Spherical
equivalent (IQR)

Absolute
cylinder (IQR)

Preoperative CF (6/60-HM) NA NA

1 year 6/15 (6/9.6-6/60) −0.50
(−2.80 to +1.80)

4.25 (2.00-6.00)

2 years 6/12 (6/9-6/45) −1.13
(−3.44 to +0.63)

3.50 (1.75-6.00)

Abbreviations: CF, count fingers; HM, hand movements; IQR, interquartile
range; NA, not applicable.

TABLE 5 Regraft survival (penetrating keratoplasty only)

Repeat
keratoplasty
number

Median
survival (y) SE

Estimated
5-year survival (%) SE (%)

1 12.0 2.8 55.6 4.4

2 3.5 1.3 34.6 8.2

3 2.3 0.6 40.0 14.0

FIGURE 1 Kaplan-Meier survival plot of time to regraft failure
comparing first, second and third regrafts (penetrating
keratoplasty only)

FIGURE 2 Kaplan-Meier survival plot of time to regraft failure
comparing European and Non-European patients (penetrating
keratoplasty only)
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The indication for repeat keratoplasty was keratoplasty
failure with a history of allograft rejection in 88 cases
(31.5%) and endothelial decompensation with no history of
rejection in 105 (37.6%). Due to the retrospective collection
of postoperative data it is possible that previous rejection
episodes are under-reported or under-documented. Many pri-
mary keratoplasty procedures were performed several
decades ago, or at a different institution, therefore, a history
of rejection may not have been known or documented. High
astigmatism was also a common indication for repeat PKP
(16.1%), and unsurprisingly the majority of these eyes had
keratoconus (90.9%).

The majority of repeat keratoplasty procedures were PKs
(242, 86.7%), and the smaller number of EKs comprised of
11 DSEKs, 24 DSAEKs and two DMEKs. Notably, the first
endothelial keratoplasties in New Zealand was performed in
2007 (DSEK/DSAEK) and more recently DMEK (2015)
was introduced. Because of the relatively recent introduction
of these EK techniques, the number of secondary EKs per-
formed to date is small and only limited comment can be
made on the comparative outcomes of secondary PK vs
EK. Indeed, in regression analysis of risk factors for repeat
keratoplasty failure, EK carried a hazard ratio of 1.522 in
univariate analysis, but this did not reach statistical signifi-
cance (P = .134).

Larger international studies have evaluated the outcomes
of secondary PK vs EK and reported conflicting results. The
Australian corneal graft registry reported that for
keratoconus and PBK, visual outcomes were similar
between PK-PK and PK-EK groups but graft survival was
superior for repeat PK.23 However, in Singapore, Ang et al24

showed repeat PK had poorer survival than PK-EK in
patients with PBK. Ramamurthy et al25 analysed EK vs
repeat PK after a failed therapeutic PK in India and showed
no statistically significant difference in survival. A meta-
analysis performed by Wang et al26 concluded that EK after
failed PK had the potential advantage of reduced risk of
rejection but did not confer significant advantage in graft
survival or visual outcome. A more recent report from the
UK graft registry reported that for FED and PBK, there was
no difference in graft survival between the PK-PK and PK-
EK groups.21 It would be useful to revisit this in the future,
with larger numbers and longer follow-up of secondary EKs,
particularly as DMEK may become the preferred EK
technique.

A small number of repeat grafts were performed for a
failed EK (n = 33, 11.8% of total regrafts) but only three of
these were for primary failure and these could be attributed
to the learning curve of surgeons during the initial years of
performing endothelial grafts.27 For the 30 remaining failed
EKs, 11 failed due to decompensation with a history of
rejection and 19 failed due to decompensation without a his-
tory of rejection. Only 20 of the 33 failed EKs were primary
transplants, and nine were second grafts, two were third
grafts and two were the 4th graft. Over the study period, a
total of 203 EKs were performed, 37 (18.2%) of which were
repeat transplants. In comparison, a total of 1370 PKs were
performed, 242 (17.7%) were repeat transplants. Although
the proportion of repeat transplants for each technique was
similar, the median time to repeat transplant was much
shorter for a failed EK (2.8 years) than for a failed PK
(8.8 years). This is biased due to the relatively shorter
follow-up time since the introduction of EKs, and longer
term follow-up studies are required to compare the two

TABLE 6 Regraft survival by original indication for corneal
transplant (penetrating keratoplasty only)

Mean
survival (y) 95% CI

Median
survival (y) SE

Keratoconus 13.0 9.4-16.6 13.2 0.6

Fuchs' endothelial
dystrophy

9.2 7.9-10.4 NA

Acute trauma 6.6 4.1-9.1 NA

Corneal scar 5.3 3.8-6.8 4.3 0.7

Acute infection 4.2 1.2-7.3 3.7 0.8

Other 3.5 0.8-6.2 1.9 0.4

Bullous keratopathy 3.3 2.5-4.1 2.8 0.4

Note: Median survival was not calculated for Fuchs' endothelial dystrophy and
acute trauma because the numbers of failed regrafts were too small; NA, not
applicable.

TABLE 7 Risk factors for regraft failure (penetrating
keratoplasty only)

Risk factor

Univariate Multivariate

Hazard
ratio P-value

Hazard
ratio P-value

Patient age 0.993 .229

Non-European ethnicity 1.865 .001 1.912 .007

Regraft number 1.397 .002 1.300 .022

Concurrent surgical
procedure

2.808 <.0005 2.836 <.0005

Donor age 1.011 .099 1.007 .366

Donor endothelial cell
density (per
100 cells/mm2)

0.937 .043 0.919 .028

Preoperative corneal
neovascularization

1.564 .024 1.234 .308

Previous glaucoma surgery 2.526 <.001 3.581 <.0005

Postoperative raised
intraocular pressure

1.823 .007 2.218 .001

Allograft rejection 1.815 .002 1.575 .032
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keratoplasty techniques. Nonetheless, the relatively poorer
outcome (three primary failures and 19 decompensations
without rejection, ie, 22/203 EKs [10.8%]) may reflect learn-
ing curve factors identified elsewhere in Australasia.27

This study highlights that keratoplasty survival decreased
with consecutive keratoplasty procedures. This has also been
consistently demonstrated in international studies of repeat
corneal transplantation.13,14,18,19 Repeat keratoplasty is a risk
factor for graft failure across all indications, including
keratoconus for which primary keratoplasty generally has
excellent outcomes.28 This is likely due to the increased
prevalence of preoperative risk factors at the time of repeat
keratoplasty compared with first keratoplasty.14,19

Other risk factors for repeat keratoplasty failure identified
on multivariate analysis include non-European ethnicity,
concurrent surgical procedure, lower donor ECD, previous
glaucoma surgery, postoperative raised IOP and episodes of
allograft rejection. Rejection was more common in
non-European patients (22.7% of European patients had one
or more episodes of rejection, compared with 52% of
non-European patients having one or more episodes of rejec-
tion). When ethnicity was removed from the regression
model, rejection became a more strongly significant risk fac-
tor on the multivariate analysis (P < .0005).

Ethnicity, rejection and graft failure appear to be inter-
linked in the results from this study and it is difficult to sepa-
rate the three. Corneal allograft rejection was the leading
cause of PK graft failure in a previous Auckland study, and
ethnicity was found to be a significant risk factor for graft
rejection on multivariate analysis.16 A further study from the
same group found that Maori and Pacific Island ethnicities
were observed to have the lowest level of follow-up atten-
dance following corneal transplant.29 The authors did not
find a statistically significant correlation between appoint-
ment attendance and subsequent graft failure; however, they
acknowledged that the lower attendance rate may cause
under-detection of graft failure. Other studies from the
United States have found similar disparities between
“White” and “African American” corneal graft recipients,
with African American patients experiencing higher rates of
graft rejection and graft failure.30,31 These findings suggest
that there may be a racial differences in the immune
response to corneal transplantation, however, most studies
do not account for other contributing factors such as adher-
ence to treatment, follow-up, access to health care, socioeco-
nomic status and health literacy.

The reasons for the higher rate of repeat keratoplasty fail-
ure in non-Europeans are likely to be multifactorial, and not
simply explained by the higher rate of rejection episodes. Fac-
tors such as treatment adherence, socioeconomic status and
systemic health are all potential influencers that are not easily
studied and beyond the scope of this paper. However, these

observations do raise the question of how can we reduce
the risk for this group of patients in clinical practice. For
example, non-European patients undergoing a repeat kerato-
plasty may need more tailored treatment including culturally
appropriate, coordinated postoperative supervision, longer-
term topical steroids to reduce the chance of allograft rejec-
tion32,33 or possibly systemic immunomodulatory therapy in
high risk cases.

One limitation of this study is that it only reflects the
experience within the public ophthalmology service in one
major centre. Universal health care is provided by the gov-
ernment in New Zealand and the majority of corneal trans-
plants are carried out in the public sector, however, a
sizeable minority of the population have private health insur-
ance and approximately 40% of New Zealand corneal trans-
plants were performed in the private sector during the study
period (1991-2017). In the Auckland metropolitan area,
where this study was based, 533 regrafts were performed,
with 332 (62.3%) in public hospital service and 201 (37.7%)
in private ophthalmology practice.

The NZNEB corneal transplant registry currently requires
surgeons to supply clinical and surgical information only at the
time of transplantation; so, all postoperative follow-up informa-
tion was collected retrospectively. Therefore, this study is lim-
ited by factors common to all retrospective studies, including
unequal follow-up times, loss to follow-up and incomplete
documentation—particularly for tertiary referrals from outside
of the Auckland metropolitan region. Patients with surviving
corneal grafts may be discharged sooner or fail to return for
clinic follow-ups, thus leading to underestimation of graft sur-
vival over time. Conversely, patients with poor attendance may
also have higher rates of undetected rejection or failure. These
are limitations shared by registry studies.

In summary, this is the first comprehensive study of indi-
cations and outcomes of repeat corneal transplants performed
in Auckland, New Zealand. The results of this study are gen-
erally consistent with international literature, emphasizing the
declining prognosis with each subsequent keratoplasty proce-
dure. Specific risk factors for repeat keratoplasty failure in the
context of the New Zealand patient population were identi-
fied. Knowing the significance of these risk factors, and the
relative likelihood of repeat keratoplasty failure and visual
outcomes, will help clinicians provide individualized patient
counselling and informed consent regarding the risks and ben-
efits of repeat corneal transplantation.
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