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Aim: To analyze the clinical outcomes of repeat keratoplasties following a failed 
primary optical keratoplasty in an Asian population.

Methods: In this prospective cohort study, clinical data of consecutive patients 
who had repeat keratoplasty at Singapore National Eye Centre from 2007 to 
2020 were recorded from our ongoing Singapore Corneal Transplant Registry.

Results: A total of 284 first regrafts (181 Descemet stripping automated 
endothelial keratoplasty (EK), 63 penetrating keratoplasty (PK), 21 Descemet 
membrane endothelial keratoplasty, and 19 deep anterior lamellar keratoplasty 
(DALK)) were analyzed. Graft rejection (38.4%) and late endothelial failure (15.8%) 
were the main causes of initial graft failure. PK/EK and EK/EK had better one-
year postoperative best corrected visual acuity compared to PK/PK (p = 0.006 
and p < 0.001 respectively). Kaplan–Meier 10-year cumulative regraft survival 
probabilities were 69.2% for PK/EK, 52.8% for EK/EK, and 43.1% for PK/PK. 
Regraft survival was 100% for DALK/PK, DALK/DALK, and DALK/EK at three to 
5 years. Log-rank test showed higher survival of PK/EK compared to PK/PK 
(p = 0.002) and EK/PK (p = 0.009), and of EK/EK compared to PK/PK (p = 0.003) 
and EK/PK (p = 0.005). High-risk regrafts had significantly lower 10-year survival 
probabilities compared to non-high-risk regrafts (p = 0.045). Cox multiple 
regression analysis showed male gender (p = 0.023), PK regraft (p = 0.003), 
regraft rejection (p = 0.003), and initial graft indications of pseudophakic 
bullous keratopathy (p = 0.005) and aphakic bullous keratopathy (p = 0.004) to 
be risk factors for regraft failure, while longer time to regraft was associated with 
decreased risk of failure (p = 0.013).

Conclusion: Performing EK for failed optical PK or EK significantly improved 
regraft survival compared to repeat PK. Regrafts performed for failed initial DALK 
grafts did well regardless of type.
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1 Introduction

Corneal transplantation, the most common transplantation 
procedure, has significantly evolved since the first successful human 
penetrating keratoplasty (PK) performed in 1905 (1, 2). With 
increasing numbers of keratoplasties being performed worldwide, the 
result is a rising incidence of graft failure as an indication for repeat 
keratoplasty (3, 4). Previously, the only option for a failed PK was a 
repeat PK. Through more advanced techniques of lamellar 
keratoplasty, it is now possible to selectively replace only the affected 
corneal layer(s). Descemet stripping automated endothelial 
keratoplasty (DSAEK) or Descemet membrane endothelial 
keratoplasty (DMEK), instead of repeat PK, can be done for PK with 
endothelial failure but without stromal scarring (5–8). Endothelial 
keratoplasty (EK) is also now an option for deep anterior lamellar 
keratoplasty (DALK) with failed host Descemet membrane-
endothelium complex (1). Conversely, DALK can be performed for 
eyes which developed stromal scarring after DSAEK where 
functioning endothelium still exists. These effectively decrease the 
alloantigen load transplanted to the recipient eye, thought to lead to 
better graft survival and lower risk of immunological rejection (9).

Graft failure has now been reported by some centers to be one of 
the leading indications for corneal transplantations (4, 10). However, 
overall regraft survival rates as well as visual outcomes of repeat grafts 
have been reported to be worse compared to primary grafts, even if 
the original indication was a low-risk one (5–13). This may be due to 
risk factors from the initial surgery such as inflammation, corneal 
neovascularization, peripheral anterior synechiae, glaucoma, and 
poorer ocular surface (5, 14–16). A previously failed graft also 
increases the risk of rejection of succeeding grafts since there is more 
efficient immunization against donor antigens, although the exact 
mechanism is still not well understood (14).

Recent studies comparing the survival of regrafts according to 
technique have indicated varying results, with few having long term 
follow-up or a large number of patients (6–9, 12, 13). Through a meta-
analysis of four studies, Wang et al. reported a lower risk of graft 
rejection in EK for a failed PK, compared to a repeat PK (p = 0.007) 
(4). No differences in graft survival and visual acuity however were 
seen between the two groups (p = 0.81 to 0.97), although the studies 
between themselves had contrasting results. Data available on repeat 
anterior lamellar keratoplasty (ALK) is also limited (15).

Using corneal transplant registry data, we aimed to investigate the 
indications and methods of repeat corneal transplantations, and to 
determine the clinical outcomes of repeat keratoplasties of eyes with 
failed optical PK, EK, or DALK.

2 Materials and methods

Clinical data of patients who undergo corneal transplantation at 
the Singapore National Eye Centre (SNEC) are prospectively recorded 
in the Singapore Corneal Transplant Registry (SCTR) during periodic 
follow-ups. The criteria used by the Singapore Eye Bank for optical 
donor tissue for PK, DSAEK, DMEK, and DALK are shown in 
Supplementary Table S1. For this study, the records of patients with a 
previous failed primary optical graft who underwent their first optical 
regraft, defined as a regraft performed for optical indications, from 
2007 to 2020 were retrieved from the SCTR and analyzed. In order to 

avoid the effect of worsening prognosis with increasing regraft 
numbers, we limited our study to the first repeat optical keratoplasties 
(i.e., second grafts) (6). Included were cases of primary graft failure, 
late endothelial failure, and failure secondary to glaucoma, infection, 
persistent ocular surface disease, trauma, graft rupture, and 
subsequent surgery. Primary graft failure was defined as persistence 
of corneal edema until the sixth postoperative week, in the absence of 
any operative or postoperative complication or underlying recipient 
condition. Late endothelial failure refers to later failure occurring 
without evidence of rejection such as a Khodadoust line. The following 
were excluded: tectonic or therapeutic first or second grafts, patients 
less than 16 years old at the time of first regraft, and second eyes of 
patients who have bilateral first optical regrafts. Minimum follow-up 
was 6 months unless the regraft had irreversibly failed before then. 
This study was approved by the Singapore Health Services Centralized 
Institutional Review Board and adhered to the principles of the 
Declaration of Helsinki.

Patient demographics, first and second graft types, indications, 
time from first graft failure diagnosis to repeat surgery, regraft 
complications including graft failure, and duration of follow-up were 
analyzed. Snellen best corrected visual acuity (BCVA) and regraft 
success at 1 year after surgery were also assessed. Success was defined 
as a clear graft, while survival of regrafts was the time from the date of 
repeat transplantation to the date at which the graft was assessed by a 
corneal specialist to have had irreversibly lost its clarity.

2.1 Surgical technique

All transplants were performed by 10 experienced corneal 
surgeons using standardized techniques for PK, DSAEK, DMEK and 
DALK previously described (7, 17). Limited Descemet membrane 
stripping was done in cases of PK/DMEK while no stripping was done 
in PK/DSAEK. Most DSAEK cases were accomplished using a pull-
through technique with a Coronet DSAEK EndoGlide (Network 
Medical, United Kingdom), while the rest utilized a push-through 
technique with a Sheets glide. DMEK grafts were inserted using an 
endothelium-in pull-through or an endothelium-out injection 
technique (18). Anwar big-bubble or manual dissection was 
performed for DALK (19).

2.2 Postoperative management

A standard postoperative therapeutic regimen previously 
described by our group composed of a steroid and an antibiotic was 
given to all patients (7). For PK and EK regrafts, levofloxacin 0.5% and 
prednisolone acetate 1% eye drops were started at one drop every 3 h 
for the first month, then 4 times a day for 2 months. The steroid was 
then tapered by one drop every 3 months until one drop a day at 
1 year was reached and maintained indefinitely. In cases of DALK 
regrafts, dexamethasone was given and tapered off to discontinue by 
6 months (20).

High-risk cases in this study were defined as having one or more 
of the following factors, in addition to having a regraft: superficial or 
deep vascularization in one or more quadrants, glaucoma or increased 
IOP, active inflammation, ocular surface disease, lid disease, history 
of ocular trauma, large (≥9 mm) primary and/or repeat graft, and the 
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presence of anterior synechiae. Regrafts without any other additional 
risk factor were defined as non-high-risk grafts for this study 
(although being themselves regrafts already makes them high-risk 
cases). Select high-risk cases were given additional 
immunosuppression, starting with topical ciclosporin 0.5% BD. Cases 
which needed additional short-term immunosuppression were also 
given oral prednisone at 10 mg/day for 1 month then 5 mg/day for 
2 months; for long-term immunosuppression mycophenolate mofetil 
250–500 mg q12 was given for at least 1 year.

2.3 Statistical analysis

Continuous, parametric variables were compared between groups 
using Kruskal-Wallis test, while categorical, non-parametric variables 
were compared using Chi-square test or Fisher’s exact test. Since the 
numbers of DMEK regrafts were too small in this study to generate 
meaningful analysis, DSAEK and DMEK regrafts were grouped 
together as EK regrafts. Preoperative and one-year postoperative 
BCVA among PK/PK, PK/EK, EK/EK, and EK/PK groups were 
compared using Mann–Whitney U test. Kaplan–Meier survival 
functions of the different combinations of primary grafts and regrafts, 
and of high-risk and non-high-risk regrafts were calculated using the 
Statistical Package for the Social Sciences (SPSS Statistics for Windows, 
Version 24.0. NY:IBM Corp.). Log-rank test was used to determine 
differences in survival between groups. Statistical significance was 
defined as a p-value of less than 0.05.

Univariate Cox regression analysis was performed to identify 
whether age, gender, race, and graft-related factors significantly 

influenced regraft survival. Risk factors with p < 0.05 were included in 
multivariate analysis.

3 Results

A total of 3,314 keratoplasties were performed over the study 
period, 791 (23.9%) of which were repeat keratoplasties. A total of 284 
eyes which had a first optical regraft during this period and fulfilling 
the inclusion and exclusion criteria were identified. Baseline 
characteristics of the patients are shown in Table 1. The overall mean 
age at first regraft was 65.3 ± 14.6 years. There was a significant 
difference between the regraft groups with patients who underwent 
DALK as a regraft being younger (54.5 ± 20.9 years) than those who 
underwent PK (63.4 ± 14.8 years) or EK (67.0 ± 13.3 years) as a regraft 
(p = 0.017). Half of the patients in our study had pre-existing increased 
intraocular pressure (IOP) (50.7%). The incidence was twice as high 
among PK and EK regrafts (52.4 and 52.5%) than in DALK regrafts 
(26.3%), with the difference between groups trending toward 
significance (p = 0.089).

The median time from the first keratoplasty to repeat keratoplasty 
was 3.9 years (Supplementary Table S2). Initial PK grafts showed the 
longest median time interval between the two transplants (5.6 to 
9.7 years), while initial DMEK grafts had the shortest median time 
from first graft to regraft (0.3 to 0.6 years). Initial PK grafts reached up 
to 26 years prior to regrafting.

The most common diagnoses for both initial PK and initial EK 
grafts were pseudophakic bullous keratopathy (PBK) (38.0%) and Fuchs 
endothelial dystrophy (FED) (17.6%) (Table 2). There were significantly 

TABLE 1 Baseline demographics of the study population comparing PK, EK, and DALK regrafts (n = 284).

All PK as regraft EK as regraft DALK as regraft p-value

No. of eyes 284 (100%) 63 (22.2%) 202 (71.1%) 19 (6.7%)

Mean Age in years (SD) [Range]
65.3 (14.6) [17.5–

95.6]
63.4 (14.8) [20.6–95.6] 67.0 (13.3) [17.5–94.4] 54.5 (20.9) [19.8–86.8] 0.017

Gender, n (%) 0.143

  Male 164 (57.7) 39 (61.9) 118 (58.4) 7 (36.8)

  Female 120 (42.3) 24 (38.1) 84 (41.6) 12 (63.2)

Race, n (%) 0.026

  Chinese 217 (76.4) 47 (74.6) 159 (78.7) 11 (57.9)

  Malay 28 (9.9) 11 (17.5) 16 (7.9) 1 (5.3)

  Indian 20 (7.0) 2 (3.2) 14 (6.9) 4 (21.1)

  Others 19 (6.7) 3 (4.8) 13 (6.4) 3 (15.8)

Increased IOP 144 (50.7%) 33 (52.4%) 106 (52.5%) 5 (26.3%) 0.089

Post-regraft complicationsa

  Increased IOPb 68 (23.9%) 25 (39.7%) 39 (19.3%) 4 (21.1%) 0.005

  Regraft rejection 30 (10.6%) 15 (23.8%) 14 (6.9%) 1 (5.3%) 0.001

  Microbial keratitis 5 (1.8%) 2 (3.2%) 2 (1.0%) 1 (5.3%) 0.108

  Total complications 95 (33.5%) 37 (58.7%) 53 (26.2%) 5 (26.3%) <0.001

Median follow-up time, months 

[Range]
26.2 [4.9–169.3] 25.1 [5.9–156.2] 26.1 [4.9–169.3] 31.7 [6.8–99.7] 0.974

PK, penetrating keratoplasty; EK, endothelial keratoplasty; DALK, deep anterior lamellar keratoplasty; SD, standard deviation; IOP, intraocular pressure. aNot included are regraft detachments, 
of which three were recorded after EK from 2015 to 2020. bIncludes cases with pre-existing increased IOP. Percentages indicate the proportion of cases for that regraft type. A regraft may have 
had more than one recorded postoperative complication.
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more PBK and FED cases among initial EK than initial PK grafts 
(p = 0.002 and p = 0.019 respectively). Cases of failed PBK and FED 
represented a greater proportion of initial EK (49.3 and 24.0% 
respectively) than PK grafts (30.3 and 12.6% respectively), while cases 
of aphakic bullous keratopathy (ABK) were mostly from the failed PK 
group (10.9%). The most common indications for primary DALK were 
postinfectious scarring (31.6%) and keratoconus (26.3%).

High-risk cases (177 (62.3%)) represented more than half of the 
study population. Additional immunosuppression was given to 41 
patients (14.4%) as follows: topical ciclosporin 8.1% (23 patients), oral 
mycophenolate mofetil 2.5% (7 patients), oral ciclosporin 2.1% (6 
patients), oral prednisone 1.1% (3 patients), topical ciclosporin and 
oral prednisone 0.7% (2 patients).

Overall, first graft failure in more than a third of the cases resulted 
from allograft rejection (38.4%); other more common causes of graft 
failure requiring regrafting were late endothelial failure (15.8%) and 
primary graft failure (15.5%) (Table 2). There were significantly more 
initial PK than initial EK grafts which failed due to rejection (48.7% 

of all initial PK grafts vs. 32.9% of all initial EK grafts, p = 0.009) while 
only 15.8% of failed initial DALK grafts were attributed to rejection 
(2.8% cases of initial graft failure from rejection). Similar proportions 
of initial PK and EK grafts were seen among cases of late endothelial 
failure (13.4% vs. 18.5% respectively, p = 0.267) and primary graft 
failure (15.1% vs. 17.1% respectively, p = 0.663).

3.1 Regraft techniques

The most common primary graft to undergo a regraft was EK 
(DSAEK 46.5% and DMEK 4.9%), followed by PK (41.9%) 
(Supplementary Table S3). Compared to their respective initial grafts, 
there was a greater proportion of EK regrafts (DSAEK 63.7% and 
DMEK 7.4%), while PK regrafts were fewer (22.2%); DALK regrafts 
remained the same (6.7%). The most frequently performed graft/
regraft procedures were DSAEK/DSAEK (37.3%), PK/DSAEK 
(22.2%), and PK/PK (19.0%).

TABLE 2 Indications for performing primary grafts and repeat grafts according to type of primary graft (n = 284).

Indications for first grafts All Grafts Initial PK grafts Initial EK grafts Initial DALK grafts

Pseudophakic bullous keratopathy 108 (38.0) 36 (30.3) 72 (49.3) 0 (0.0)

Fuchs endothelial dystrophy 50 (17.6) 15 (12.6) 35 (24.0) 0 (0.0)

Other causes of scarring/edema 40 (14.1) 13 (10.9) 24 (16.4) 3 (15.8)

Corneal dystrophy aside from FED and 

keratoconus
22 (7.7) 11 (9.2) 8 (5.5) 3 (15.8)

Keratoconus 17 (6.0) 12 (10.1) 0 (0.0) 5 (26.3)

Aphakic bullous keratopathy 16 (5.6) 13 (10.9) 3 (2.1) 0 (0.0)

Postinfectious scar/ thinning 14 (4.9) 8 (6.7) 0 (0.0) 6 (31.6)

Corneal injury 14 (4.9) 9 (7.6) 3 (2.1) 2 (10.5)

Congenital 2 (0.7) 2 (1.7) 0 (0.0) 0 (0.0)

CMV endotheliitis 1 (0.4) 0 (0.0) 1 (0.7) 0 (0.0)

Total 284 (100) 119 (100) 146 (100) 19 (100)

Causes of first graft failure

Allograft rejection 109 (38.4) 58 (48.7) 48 (32.9) 3 (15.8)

Late endothelial failure 45 (15.8) 16 (13.4) 27 (18.5) 2 (10.5)

Primary graft failure 44 (15.5) 18 (15.1) 25 (17.1) 1 (5.3)

Pseudophakic bullous keratopathy 25 (8.8) 10 (8.4) 15 (10.3) 0 (0)

Recurrence of corneal dystrophy (including 

keratoconus)
17 (6.0) 5 (4.2) 10 (6.8) 2 (10.5)

Postinfectious scar/ thinning 15 (5.3) 4 (3.4) 8 (5.5) 3 (15.8)

Other causes of scarring/edema 11 (3.9) 2 (1.7) 6 (4.1) 3 (15.8)

Corneal injury 6 (2.1) 0 (0) 3 (2.1) 3 (15.8)

Increased IOP 4 (1.4) 3 (2.5) 1 (0.7) 0 (0)

Aphakic bullous keratopathy 3 (1.1) 2 (1.7) 1 (0.7) 0 (0)

Recurrence of primary disease 2 (0.7) 0 (0) 0 (0) 2 (10.5)

Subsequent surgery (corneal refractive 

surgery)
1 (0.4) 1 (0.8) 0 (0) 0 (0)

Othersa 2 (0.7) 0 (0) 2 (1.4) 0 (0)

Total 284 (100) 119 (100) 146 (100) 19 (100)

PK, penetrating keratoplasty; EK, endothelial keratoplasty; DALK, deep anterior lamellar keratoplasty; FED, Fuchs endothelial dystrophy; CMV, cytomegalovirus. aCytomegalovirus 
endotheliitis, stromal scarring secondary to calcific band keratopathy. Numbers in parentheses indicate the proportion of cases for that graft type.
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There were 47 cases (16.5%) which underwent at least one 
additional intraocular procedure during the first regraft 
(Supplementary Table S4); these were mostly phacoemulsification and 
intraocular lens (IOL) procedures. Cataract surgeries were more 
commonly combined with PK/PK or PK/EK, while IOL procedures 
were done more often with EK/EK.

3.2 Regraft complications

The most common complication after regrafting was increased IOP 
(pre-existing and de novo) in 23.9% of eyes (Table 1). This was more 
frequently seen among PK regrafts (39.7%) compared to DALK (21.1%) 
and EK regrafts (19.3%) (p = 0.005). The overall incidence of regraft 

rejection was 10.6%; regraft rejection was also more common among PK 
(23.8%) compared to EK (6.9%) and DALK regrafts (5.3%) (p = 0.001). 
The single case of rejection in a DALK regraft resolved with medical 
treatment. There were only 5 cases of microbial keratitis (1.8%), which 
occurred in all three groups (DALK 5.3%, PK 3.2%, EK 1.0%, p = 0.108).

3.3 Regraft success and cumulative survival 
probabilities

The overall regraft success rate at one year was 88.4%. No significant 
differences in success rates were found between PK/PK and PK/EK 
(75.9% vs. 89.2% respectively, p = 0.053), and EK/PK and EK/EK (80.0% 
vs. 91.7% respectively, p = 0.372; Supplementary Figure S1). EK/EK had 

FIGURE 1

Kaplan–Meier survival plot of first repeat optical keratoplasties according to type of graft/regraft (n = 256 (59 PK, 197 EK)). Censored data indicate last 
follow-up for each patient. PK = penetrating keratoplasty; EK = endothelial keratoplasty.
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a significantly higher success rate than PK/PK (91.7% vs. 75.9%, 
p = 0.004), while no difference was seen between PK/EK and EK/EK 
(89.2% vs. 91.7%, p = 0.577). Regraft success rates for initial DALK grafts 
were 100% regardless of regraft type while that of EK/DALK was 88.9%.

At the end of the first and second postoperative years, overall 
cumulative regraft survival probabilities were similar for PK/EK (90.8 
and 86.5% respectively) and EK/EK (93.1 and 85.2% respectively) 
while PK/PK had already decreased to 75.2% by the first year 
(Figure 1). Five- and 10-year regraft survival probabilities were 74.2 
and 69.2% for PK/EK, 67.3 and 52.8% for EK/EK, and 47.9 and 43.1% 
for PK/PK. There were only 5 EK/PK grafts, none of which were seen 
to survive past year 3. Log-rank test showed greater regraft survival 
probabilities of PK/EK compared to PK/PK (p = 0.002) and to EK/PK 
(p = 0.009), and of EK/EK compared to PK/PK (p = 0.003) and to EK/

PK (p = 0.005). No difference in graft survival probabilities were found 
between PK/EK and EK/EK (p = 0.434), and between PK/PK and EK/
PK (p = 0.390). DALK/PK and DALK/DALK regrafts maintained 
100% survival for at least 5 years, while DALK/EK exhibited 100% 
survival for at least 3 years. High-risk cases were found to have 
significantly lower 10-year regraft survival (48.3%) compared to 
non-high-risk cases (72.8%) (p = 0.045; Figure 2).

There were 73 first regrafts (25.7%) that failed during the study 
period. Table 3 shows the reasons for failure, with some grafts having 
more than one cause. The most common was late endothelial failure 
(50.7% of failed regrafts), followed by graft rejection (26.0%) and 
increased IOP (19.2%). Rates of late endothelial failure were similar 
between PK regrafts and EK regrafts (p = 0.157), while regraft rejection 
was more frequently seen among PK regrafts (p = 0.024). Increased IOP 

FIGURE 2

Kaplan–Meier survival plot of high-risk versus non-high-risk first repeat optical keratoplasties (n = 251 (54 PK, 197 EK)). Censored data indicate last 
follow-up for each patient. High-risk regrafts had significantly lower 10-year survival (48.3%) compared to non-high-risk regrafts (72.8%) (log-rank 
p = 0.045).

https://doi.org/10.3389/fmed.2024.1503333
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Dimacali et al. 10.3389/fmed.2024.1503333

Frontiers in Medicine 07 frontiersin.org

as a reason for failure was similar among PK (20.7%) and EK regrafts 
(19.5%). Overall, late endothelial failure and regraft rejection were the 
top causes of failure for PK regrafts (41.4% each) while for EK regrafts, 
late endothelial failure (58.5%) was more common than regraft rejection 
(17.1%). Three DALK regrafts (DSAEK/DALK and DALK/DALK) 
failed in our study, due to endothelial failure of the initial DSAEK graft, 
infection, or recurrence of primary disease.

3.4 Postoperative BCVA

Preoperative and one-year postoperative logMAR BCVA of 84 
patients according to type of first graft and regraft are summarized in 
Table 4. To account for confounders, analysis excluded cases with 
limited visual potential not due to corneal factors, while still 
including failed grafts. Overall median preoperative logMAR BCVA 
was 1.33 ± 0.47 while postoperative logMAR BCVA at 1 year was 
0.55 ± 0.50. There was a significant difference in the baseline BCVA 
of failed initial PK and initial EK grafts (PK/PK, EK/PK, PK/EK, and 

EK/EK) (p = 0.027). Those that eventually underwent PK regrafting 
generally had worse median baseline VA than those that underwent 
EK regrafting. After 1 year, the worst visual outcomes were seen in 
PK/PK cases (p = 0.001). PK/PK was also found to have worse 
preoperative and postoperative BCVA compared to PK/EK (pre 
p = 0.014, post p = 0.006), and EK/EK (pre p = 0.005, post p < 0.001). 
PK/EK and EK/EK both had similar preoperative and good 
postoperative visual outcomes (pre p = 0.893, post p = 0.295).

Due to the small number of DALK grafts with postoperative BCVA, 
no analysis was done although the DALK/DALK group had better 
preoperative BCVA and a smaller absolute improvement in BCVA 
compared to solitary cases of DALK/PK and DALK/EK.

3.5 Cox regression analysis

A Cox proportional hazards regression model was constructed 
to assess risk factors associated with regraft failure. We found male 
gender (hazard ratio (HR) 1.943, p = 0.023), PK regraft (HR 2.267, 

TABLE 3 Causes of failure of the 73 failed first regrafts.

Cause of regraft failure All failed regrafts 
n = 73 (25.7% of all 

regrafts)

Failed PK as regraft 
n = 29 (46.0% of PK 

regrafts)

Failed EK as regraft 
n = 41 (20.3% of EK 

regrafts)

Failed DALK as 
regraft n = 3 (15.8% 

of DALK regrafts)

Late endothelial failure 37 (50.7%) 12 (41.4%) 24 (58.5%) 1 (33.3%)

Regraft rejection 19 (26.0%) 12 (41.4%) 7 (17.1%) 0 (0.0%)

Increased IOP 14 (19.2%) 6 (20.7%) 8 (19.5%) 0 (0.0%)

Epitheliopathy 6 (8.2%) 3 (10.3%) 3 (7.3%) 0 (0.0%)

Microbial keratitis 4 (5.5%) 2 (6.9%) 1 (2.4%) 1 (33.3%)

Recurrence of primary disease 4 (5.5%) 1 (3.4%) 2 (4.9%) 1 (33.3%)

Primary graft failure 2 (2.7%) 1 (3.4%) 1 (2.4%) 0 (0.0%)

Othersa 5 (6.8%) 1 (3.4%) 4 (9.8%) 0 (0.0%)

Total causes of graft failure 91 (100%) 38 (100%) 50 (100%) 3 (100%)

PK, penetrating keratoplasty; EK, endothelial keratoplasty; DALK, deep anterior lamellar keratoplasty. aEK regrafts: 3 cases failed due to Cytomegalovirus endotheliitis, 1 case due to phthisis 
bulbi. PK regrafts: 1 case failed due to endotheliitis. The values in the table represent the numbers of eyes and their percentage among the failed grafts. The total number of causes exceeds the 
total number of eyes since some grafts had more than one reason for failure.

TABLE 4 Best corrected visual acuities in logarithm of the minimum angle of resolution at 1 year according to type of graft/regraft (n = 80).

Graft/regraft Number of grafts (excluding 
eyes with co-morbidities) (% 

of total grafts)

Mean preoperative logMAR 
BCVA (SD)

Mean one-year postoperative 
logMAR BCVA (SD)

PK/PK 10 (18.5) 1.73 (0.37) 1.07 (0.66)

PK/EK 16 (24.6) 1.36 (0.43) 0.53 (0.49)

EK/EK 44 (33.3) 1.36 (0.43) 0.43 (0.37)

EK/PK 1 (20.0) 1.7 0.2

DALK/PK 1 (25.0) 0.9 0.2

DALK/DALK 7 (70.0) 0.73 (0.44) 0.63 (0.63)

DALK/EK 1 (20.0) 1.3 0.5

EK/DALK 4 (44.4) 1.03 (0.19) 0.78 (0.64)

All grafts 84 (29.6) 1.33 (0.47) 0.55 (0.50)

logMAR, logarithm of the minimum angle of resolution; BCVA, best corrected visual acuity; SD, standard deviation; PK, penetrating keratoplasty; EK, endothelial keratoplasty; DALK, deep 
anterior lamellar keratoplasty; SD, standard deviation. Failed regrafts were included, while cases with other comorbidities potentially limiting visual potential (cataract, amblyopia, increased 
IOP, optic atrophy, and vitreoretinal disease) in addition to those without recorded postoperative best corrected visual acuity data were excluded.
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p = 0.003), and regraft rejection (HR 2.945, p = 0.003) to 
be  significant risk factors for failure of first regrafts (Table  5). 
Longer time between first and second grafts on the other hand was 
associated with a decreased risk of regraft failure (HR 0.909, 
p = 0.013). Looking at the indications for the initial graft, PBK 
(HR 5.764, p = 0.005), ABK (HR 8.124, p = 0.004), and other 
causes of scarring or edema (HR 10.925, p < 0.001) were associated 
with a higher risk for regraft failure compared to FED. Although 
univariable analysis suggested decreased graft survival in patients 
having preoperative increased IOP (Supplementary Table S5), 
multivariable analysis did not show this to be  significant. Age, 
race, regraft indication, and having combined intraocular surgery 
did not affect graft survival in our study.

4 Discussion

To our knowledge, this study is the first to report 10-year first 
regraft survival probabilities, which were significantly higher in PK/
EK and in EK/EK compared to PK/PK regrafts. We  found 
postoperative BCVA at 1 year among PK/EK and EK/EK regrafts to 

be better compared to repeat PK. Postoperative complications of 
regraft rejection as well as increased IOP were more frequently seen 
among PK regrafts compared to EK regrafts. Rejection and failure 
rates for DALK/DALK regrafts in our study were low, and 100% 3- to 
5-year survival probabilities were seen for all types of regrafts 
performed for failed optical DALK. Regrafts which had one or more 
additional preoperative risk factors for failure demonstrated 
significantly lower 10-year survival than those which did not. 
Through multivariate analyses, male gender, initial graft indications 
of PBK and ABK, regraft rejection, and having a PK regraft versus an 
EK regraft were found to be significant risk factors for regraft failure 
while longer time between first and second grafts was associated with 
a lower risk of failure.

Five-year regraft survival probabilities in our study mostly 
concurred with those reported in similar published studies (42.6–
65.6% for PK/PK, 38.8–86.4% for PK/EK, 50.1–81% for EK/EK) (7, 9, 
12). Variations in these estimates are attributed to various center- and 
surgeon-related factors, as well characteristics inherent in each study 
cohort. For example, endothelial failure among Asian eyes is most 
often due to PBK as in this study, unlike in Caucasian eyes wherein 
FED is more common (7, 21, 22).

TABLE 5 Multivariate cox regression analysis of factors found to be significant in univariate analysis for regraft failure (n = 284).

Predictor n Hazard ratio p > |z| 95% CI

Lower Upper

Gender

  Male 164 1.943 0.023 1.096 3.443

  Female 120 ref = 1

Regraft procedure

  PK 63 2.267 0.003 1.321 3.893

  DALK 19 0.716 0.603 0.204 2.515

  EK 202 ref = 1 0.006

Increased IOP

  Yes 144 1.250 0.407 0.737 2.122

  No 140 ref = 1

First graft indication

  Fuchs endothelial dystrophy 50 ref = 1 0.007

  Pseudophakic bullous keratopathy 108 5.764 0.005 1.689 19.675

  Other causes of scarring/edema 40 10.925 <0.001 2.872 41.565

  Corneal dystrophy aside from FED 

and keratoconus
22 2.472 0.227 0.569 10.728

  Keratoconus 17 1.690 0.579 0.265 0.779

  Aphakic bullous keratopathy 16 8.124 0.004 1.920 34.378

  Post infectious scar/ thinning 14 3.725 0.119 0.712 19.501

  Corneal injury 14 3.422 0.131 0.693 16.906

  Others 3 17.386 0.003 2.730 110.712

  Time between grafts (years) 284 0.909 0.013 0.843 0.980

Regraft rejection

  Yes 20 2.945 0.003 1.455 5.960

  No 264 ref = 1

CI, confidence interval; ref, reference; PK, penetrating keratoplasty; DALK, deep anterior lamellar keratoplasty; EK, endothelial keratoplasty; IOP, intraocular pressure; FED, Fuchs endothelial 
dystrophy.
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Studies have shown EK to have longer graft survival and lower risk of 
immunologic rejection compared to PK (23), possibly due to the smaller 
amount of tissue transplanted as well as the absence of sutures which 
could incite a rejection episode (5, 6, 10, 24–26). However, not all studies 
have been able to find a clear benefit of EK compared to PK regraft in 
terms of graft survival (6–9, 12, 13). It should be noted that some of these 
studies were large, long-term registry studies involving multiple centers 
and more corneal surgeons with variations in surgical experience and 
techniques as well as in postoperative regimens (6, 9, 12). Surgeons could 
also have still been in the DSAEK learning curve as some studies included 
regrafts performed in the early 2000s (9, 12). Keane et al. found higher 
rates of graft detachment and primary graft failure of EK under PK which 
may reflect a learning curve among less experienced surgeons (6). Unlike 
in multicenter registry studies, all surgeons in our single-center study use 
standardized techniques and postoperative treatment regimens with 
relatively equal follow-up times. Another strength of our study is its 
limitation to the first repeat grafts to avoid the confounding effect of 
progressively decreasing graft survival with increasing number of 
previous grafts (6). This is unlike many other studies which included all 
repeat grafts regardless of sequence (3, 5, 8, 10, 24, 27, 28). Our overall 
5-year survival probability for DALK/DALK was higher than those 
reported by two other similar single-center studies (38.8% (29) and 78.3% 
(15)). Those studies however included cases from the 1990s, and our 
results could reflect subsequent improvements in stromal dissection 
methods especially the big-bubble technique introduced in 2002 (30).

Graft rejection and late endothelial failure have been cited as 
the most frequent reasons for graft failure requiring repeat corneal 
transplantations (3, 7, 9, 12, 28). Failure of the first graft due to 
rejection was seen in 38.4% of regrafts in our study, with estimates 
in the literature ranging from 17 to 48.3% (3, 6, 7, 9, 12). A rejection 
episode in any graft or regraft is associated with a significantly 
greater risk of failure for that graft, in addition to further episodes 
of rejection (5, 6, 28). Prior graft failure is inherently another high-
risk factor in repeat keratoplasty, especially if it was due to allograft 
rejection (3, 27, 31). Repeat transplant patients at our center 
undergo more frequent follow-ups and slower tapering of topical 
corticosteroids. High-risk patients are given additional topical and 
systemic immunosuppression. This requires collaboration with a 
rheumatologist and close monitoring of blood chemistry.

In our study, only 15.8% of the primary DALK grafts had failed 
due to stromal rejection while only one DALK regraft experienced a 
rejection episode, which subsequently resolved with topical 
prednisolone. This could explain the high survival seen among all 
types of regrafts performed after a failed DALK. Our group’s previous 
paper also reported similarly low rates of stromal rejection in repeat 
ALK compared to primary DALK (15).

We also found that a longer time to regraft was associated with 
decreased risk of regraft failure. Claesson et al. and Keane et al. 
found improved regraft survival especially if the initial graft 
survived at least 2–5 years (6, 10). In our study, preoperative 
increased IOP was a significant risk factor for regraft failure in 
univariate analysis but was not retained in multivariate analysis. 
This could be due to its correlation with another risk factor such as 
regraft rejection. Lu et al. in their multi-center study reported that 
having a concurrent surgical procedure during transplantation was 
associated with increased regraft failure, although this was not 
significant in our study (28).

In the original Singapore Corneal Transplant Study, male sex was 
also found to be a significant risk factor for failure of primary PK 
grafts (32). One recent study found a significantly higher risk of repeat 
keratoplasty for males compared to females (33), while another did 
not observe gender to affect regraft survival or rejection (27). The 
reasons for this are not yet well understood. Shin et al. proposed that 
male patients could have more resources or support for having repeat 
surgery or have an etiology with less favorable outcomes than females 
(33). Another factor to consider is donor-recipient sex compatibility, 
although the evidence for sex-matching is still not conclusive (34–36).

In contrast to some published studies, this study showed significantly 
better one-year postoperative BCVA in PK/EK grafts compared to PK/
PK, and in EK/EK grafts when compared to PK/PK grafts, although 
mean preoperative BCVA between the regraft groups also differed 
significantly (6, 12, 13). Kitzmann et al. found similar median BCVA in 
PK/PK and PK/DSAEK after 1 year, although significantly better final 
visual acuity was seen in the latter after excluding failed grafts (8).

The authors recognize the limitations to this study such as its 
modest sample size and retrospective design. There were much fewer 
DMEK than DSAEK regrafts since the DMEK technique was 
introduced more recently and may also be less preferred over DSAEK 
as a repeat graft. The learning curve is already significant with 
performing DMEK as a primary technique, and it is even more 
difficult to do in complex eyes with severely edematous failed grafts 
and alteration of anterior segment architecture (17). Due to the low 
number of DMEK regrafts, comparison with DSAEK was not possible 
in the present study. Analysis will be performed once we have more 
long-term data on regrafts performed using DMEK.

Another limitation of the study is the longer median follow-up 
time of PK regrafts compared to DSAEK and especially DMEK regrafts, 
thereby potentially underestimating the long-term complications or 
regraft failure rates for EK. This could be partially offset by having a 
greater number of EK than PK regrafts in our population, unlike in 
other studies (3, 6–9, 12, 13, 28). The numbers of previous rejection 
episodes could also be  underreported as mild episodes may 
subsequently resolve with adherence to the current immunosuppressive 
regimen without consulting in clinic. Despite these limitations, our 
graft registry data remains valuable as it represents real-world data in 
an Asian population. In addition, not all patients in our study reached 
5 years of follow-up; median follow-up was 2 years but Kaplan–Meier 
analysis adjusts for this by censoring data from lost cases.

5 Conclusion

In conclusion, our study showed that performing EK for a failed 
optical PK or EK significantly improved regraft survival compared to 
repeat PK. Repeat EK was also associated with higher regraft survival 
and success rates compared to repeat PK. Regrafts performed for 
failed initial DALK grafts did well regardless of type.
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