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Long-term Outcomes of Repeated Corneal
Transplantations: A Prospective Dutch Registry

Study
MOR M. DICKMAN, LINDSAY S. SPEKREIJSE, SURYAN L. DUNKER, BJORN WINKENS,
TOS T.J.M. BERENDSCHOT, FRANK J.H.M. VAN DEN BIGGELAAR, PIETER JAN KRUIT, AND

RUDY M.M.A. NUIJTS
� PURPOSE: To compare long-term outcomes of repeated
corneal transplantations (CT), based on primary indica-
tion (Fuchs endothelial dystrophy [FED] vs pseudophakic
bullous keratoplasty [PBK]), surgical technique (pene-
trating keratoplasty [PK] vs endothelial keratoplasty
[EK]), and indication for repeated grafting.
� METHODS: In this nonrandomized treatment compari-
son with national registry data (Netherlands Organ
Transplantation Registry, NOTR), data on all consecu-
tive repeated CT following primary PK or EK for FED
and PBK between 1994 and 2015 were analyzed, with a
maximal follow-up of 5 years. Regraft survival was
analyzed using Kaplan-Meier survival curves and univari-
able andmultivariable Cox regression analysis. Secondary
outcomes best-corrected visual acuity, spherical equiva-
lent, and refractive astigmatism were compared using
linear mixed-model analysis.
� RESULTS: A total of 332 repeated CT were analyzed.
The number of regrafts increased significantly between
2007 and 2015 (P [ .001). Overall 5-year regraft sur-
vival was 60% and was higher for FED vs PBK (77%
vs 45%, HR [ 0.40, P [ .001), and re-EK vs re-PK
(81% vs 55%, HR[ 0.51, P[ .041). However, multi-
variable analysis showed no significant difference in sur-
vival based on primary indication, surgical technique, and
indication for regrafting. Corrected for baseline, second-
ary outcomes also did not differ between groups.
� CONCLUSIONS: We found a significant increase in
repeated CT, coinciding with the introduction of EK in
the Netherlands. While univariable analysis suggested
better overall regraft survival for FED and (re-)EK,multi-
variable analysis showed no such difference. This may be
owing to allocation of favorable cases to undergo (re-)EK.
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W
ITH MORE THAN 180 000 CORNEAL TRANSPLAN-

tations (CT) each year, the cornea is the
second most transplanted solid tissue.1 Recent

studies show an increase in primary CT in the Netherlands,
as well as worldwide.1–4 The volume of repeated CT is also
expected to rise, given the increase in primary CT, the
learning curve of surgeons adopting new techniques, and
the aging of the population.5–8

Endothelial failure owing to Fuchs endothelial dystrophy
(FED) and pseudophakic bullous keratopathy (PBK) is the
leading indication for CT worldwide.1,3,7 In the last
decade, endothelial keratoplasty (EK) surpassed
penetrating keratoplasty (PK) as the primary treatment of
choice for corneal endothelial failure. In a recent Dutch
registry study, we showed that the long-term survival of pri-
mary EK and PK are comparable, despite lower short-term
survival for EK. Moreover, visual acuity and refractive out-
comes were better and achieved more quickly after EK.4

However, despite these advances, primary graft failure,
chronic endothelial cell loss, and immunologic reactions
continue to compromise short- and long-term graft
survival.
The introduction of EK also expanded our armamen-

tarium of surgical techniques for failed CT. Besides tradi-
tional repeated PK (re-PK), other combinations for
repeated CT have gained interest, including repeated EK
(re-EK), PK after EK, and EK after PK. However, literature
comparing the outcomes of the different surgical tech-
niques for repeated CT is scarce.9–12 Moreover, previous
studies are limited by small sample sizes and short follow-
up duration, focus only on part of the surgical options,
or originate from highly specialized centers, limiting
generalizability.13–22

In the current study, we set out to report national prac-
tice patterns and compare long-term outcomes of repeated
CT for FED and PBK, based on surgical technique, primary
indication, and indication for repeated CT, using prospec-
tively collected real-world data from the Netherlands
Organ Transplantation Registry (NOTR).
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TABLE 1. Dutch Registry Study: Baseline Demographics of Patients Undergoing Repeated Corneal Transplantation

FED PK-PK (N ¼ 81) EK-EK (N ¼ 85) EK-PK (N ¼ 24) PK-EK (N ¼ 13)

Between Groups

P

Number of procedures (n/%) 81/40% 85/42% 24/12% 13/6%

Recipient age, y (mean 6 SD) 75 6 9 70 6 9 76 6 9 73 6 10 .890

Recipient sex, male (n/%) 27/33% 42/49% 5/21% 5/38% .040*

Donor age, y (mean 6 SD) 62 6 13 67 6 11 65 6 13 66 6 10 .100

Follow-up, mo (median/IQR) 35/15-55 30/21-39 32/16-48 28/19-37 .140

PBK PK-PK (N ¼ 96) EK-EK (N ¼ 18) EK-PK (N ¼ 10) PK-EK (N ¼ 5)

Between Groups

P

Number of procedures (n/%) 96/74% 18/14% 10/8% 5/4%

Recipient age, y (mean 6 SD) 67 6 15 70 6 14 64 6 14 83 6 4 .595

Recipient sex, male (n/%) 47/49% 8/44% 4/40% 3/60% .880

Donor age, y (mean 6 SD) 61 6 12 64 6 11 56 6 17 67 6 11 .580

Follow-up, mo (median/IQR) 33/15-52 25/11-39 23/14-32 10/6-49 .032*

EK ¼ endothelial keratoplasty; FED ¼ Fuchs endothelial dystrophy; IQR ¼ interquartile range; PBK ¼ pseudophakic bullous keratopathy;

PK ¼ penetrating keratoplasty; SD ¼ standard deviation.

Statistically significant P values are indicated by an asterisk (*).
METHODS

� GRAFT REGISTRY: Data for this multicenter registry study
were obtained from the NOTR, a prospective national data-
base founded by the Netherlands Transplantation Founda-
tion (Nederlandse Transplantatie Stichting [NTS], https://
www.transplantatiestichting.nl/over-de-nts). In the
Netherlands, donor corneas are allocated centrally, and the
allocation process is registered in NOTR. The NTS prospec-
tively collects data on the recipient, donor, eye bank process-
ing, surgical procedure, and follow-up in regular intervals
using a standardized electronic data capture system (https://
www.transplantatiestichting.nl/english). Data collection
continues until graft failure or loss to follow-up. Institutional
review board approval for data extraction and analysis was
provided by the NOTR scientific council. Data were anony-
mized prior to analysis, and the study was performed in accor-
dance with the tenets of the Declaration of Helsinki and
Dutch legislation.

� POPULATION AND DATA COLLECTION: The study
cohort included all consecutive repeated CT in the
NOTR registry following a failed primary EK or PK for
FED or PBK between January 1, 1994 and August 31,
2015 (n ¼ 345). Only the first regraft was included, with
a maximal follow-up of 5 years. For patients fulfilling inclu-
sion criteria in both eyes (n ¼ 13), only the first eye was
included in the study. No other inclusion or exclusion
criteria were applied. The term EK was used regardless of
donor dissection technique, including Descemet stripping
automated endothelial keratoplasty (DSAEK) using a
microkeratome and Descemet stripping endothelial kerato-
plasty (DSEK) using manual dissection.
VOL. 193 LONG-TERM OUTCOMES OF REPEATE
� OUTCOMEMEASURES: The primary outcome measure of
this study was regraft survival. Graft failure was reported
either by the corneal surgeon owing to specific conditions
defined in the coding guidelines of the NOTR or following
a repeated CT performed in the same eye. Secondary out-
comes included best-corrected visual acuity (BCVA),
spherical equivalent (SE), and refractive astigmatism.
BCVA was measured in Snellen acuity and converted to
the logarithm of the minimal angle of resolution (logMAR)
for statistical analyses. SE was defined as the sum of the
spherical value and half the cylindrical value.

� STATISTICAL METHODS: All statistical analyses were
performed using IBM SPSS Statistics for Windows, version
23.0 (IBM Corp, Armonk, New York, USA). Baseline
characteristics were reported as frequencies with percent-
ages, mean 6 standard deviation (SD), or median and
interquartile range (IQR), where appropriate. Baseline
demographics were compared using independent samples
t test and ANOVA for numerical variables and x2 test
(for goodness-of-fit if 1 group is considered) for categorical
variables. Graft survival was assessed using Kaplan-Meier
survival curves with log-rank test, and univariable and
multivariable Cox regression analysis with primary indica-
tion, repeated CT technique, indication for repeated CT,
recipient age, and donor-recipient sex match as explana-
tory factors.
Linear mixed models (LMM) were fitted to investigate

the difference in longitudinal trend in BCVA and SE be-
tween groups, where group, time, and group 3 time were
included as fixed factors. Estimated marginal means
(EMM) with their corresponding standard errors of the
mean (SEM) were reported and postoperative differences
157D CORNEAL TRANSPLANTATIONS
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FIGURE 1. Dutch registry study: Practice pattern of repeated
corneal transplantations in the Netherlands between 1994 and
2015. The total number of repeated corneal transplantations
(CT) in the Netherlands remained stable between 1994 and
2006, increasing significantly between 2007 and 2014. The in-
crease in repeated CT is attributed to a significant increase in
repeat (re-) endothelial keratoplasty (EK) (green, P < .001),
whereas the numbers of repeat penetrating keratoplasty (PK)
did not change significantly (blue, P [ .432). The dotted line
indicates introduction of EK into standard clinical care in the
Netherlands in 2007.
between groups were corrected for baseline differences.
Vector analyses were performed using an Excel database
(Office 2010, Microsoft Inc, Redmond, Washington,
USA) to calculate refractive astigmatism.Although all var-
iables were measured at baseline and at 3, 6, 12, 36, 48, and
60 months after repeated transplantation, at least until fail-
ure, secondary outcome analyses were limited to the first
24 months owing to increasing failure rate with time and
recent inclusion of patients. Two-sided P values <_ .05
were considered statistically significant for all analyses.
RESULTS

ATOTALOF332EYESOF332PATIENTSWERE IDENTIFIED,WITH

a maximum follow-up of 5 years (mean 6 SD: 32 6
18 months, range 0.23–60 months): 177 eyes underwent
PK after failed PK (re-PK), 103 eyes underwent EK after
failed EK (re-EK), 34 eyes underwent PK after a failed EK
(EK-PK), and 18 eyes received EK after a failed PK (PK-EK).

� DEMOGRAPHICS: Recipient demographics per group of
regraft technique are given in Table 1. Comparing FED
and PBK undergoing re-PK, the proportion of female
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patients and mean patient age were significantly higher
for FED (P ¼ .040 and P < .001, respectively). The distri-
bution of re-PK vs re-EK was similar for FED (40% vs 42%,
respectively; P ¼ .756) but significantly different for PBK
(74% vs14%, for re-PK vs re-EK, respectively; P < .001).
All other demographics were comparable between groups.

� REGRAFT PRACTICE PATTERNS: The total number of
regrafts did not change significantly between 1994 and 2006
(P ¼ .382) and increased significantly between 2007 and
2014 (P ¼ .002), coinciding with the introduction of EK
into standard clinical care in the Netherlands (Figure 1).
The total increase in regrafts between 2007 and 2014 was
attributable to a significant increase in re-EK (P < .001),
whereas re-PK did not change significantly (P ¼ .432).

� INDICATIONS FOR REGRAFTING: Indications for
repeated CT were analyzed per primary CT technique
(ie, failed EK and PK). Endothelial failure was the predom-
inant indication for repeated CT (50% vs 65%, after failed
EK and PK, respectively, P ¼ .014). Irreversible rejection
was the second and third most frequent indication for
repeated CT after failed PK and EK, respectively (20% vs
17%, P ¼ .542). Primary graft failure was the second
most frequent indication for repeated CT after failed EK
(25%). Other indications for regrafting (9% vs 15%,
following failed EK and PK, respectively, P ¼ .152)
included trauma, infectious keratitis, interface haze, and
high irregular astigmatism.

� REGRAFT SURVIVAL: Univariable Cox regression anal-
ysis showed higher 2-year regraft survival for FED vs PBK
(93% vs 84%, hazard ratio [HR] 0.44, 95% confidence inter-
val [CI] 0.21–0.92, P¼ .024) and comparable 2-year regraft
survival for re-EK vs re-PK (91% vs 90%, HR 0.97, 95% CI
0.43–2.20, P ¼ .945) (Figure 2). Multivariable Cox regres-
sion analysis showed higher 2-year regraft survival for FED
vs PBK (HR 0.35, 95% CI 0.13–0.96, P¼ .041) and no sig-
nificant difference in regraft survival based on surgical tech-
nique (re-EK vs re-PK, HR 1.50, 95% CI 0.55–4.07,
P ¼ .425), and indication for repeated CT (P ¼ .729).
Furthermore, univariable Cox regression analysis showed

higher 2- to 5-year regraft survival for FED vs PBK (81% vs
53%, HR 0.37, 95% CI 0.19–0.71, P ¼ .003) and re-EK vs
re-PK (89% vs 61%, HR 0.17, 95%CI 0.04–0.71, P¼ .015)
(Figure 2). However, multivariable Cox regression analysis
showed no significant differences in 2- to 5-year regraft sur-
vival based on primary indication (FED vs PBK, HR 0.76,
95% CI 0.32–1.83, P ¼ .538), surgical technique (and re-
EK vs re-PK, HR 0.38, 95% CI 0.08–1.76, P ¼ .215), and
indication for repeated CT (P ¼ .538).
Overall 5-year regraft survival was 60% (95% CI 51%–

68%). Univariable Cox regression analysis showed higher
5-year regraft survival for FED vs PBK (77% vs 45%, HR
0.40, 95% CI 0.25–0.65, P < .001) and for re-EK vs re-
PK (81% vs 55%, HR 0.51, 95% CI 0.26–0.98, P ¼ .041)
SEPTEMBER 2018OPHTHALMOLOGY



FIGURE 2. Dutch registry study: Kaplan-Meier survival curves of repeated corneal transplant survival based on primary indication
(Fuchs endothelial dystrophy [FED] vs pseudophakic bullous keratopathy [PBK]) (Left) and surgical technique (repeated endothelial
keratoplasty [EK-EK] vs repeated penetrating keratoplasty [PK-PK]) (Right). The purple line indicates 24 months of follow-up.

TABLE 2. Dutch Registry Study: Best-Corrected Visual Acuitya Before and After Repeated Corneal Transplantation

Primary Indication FED (N ¼ 203) PBK (N ¼ 129) FED vs PBK

Follow-up N LogMAR 6 SEM N LogMAR 6 SEM P

Preoperative 202 1.40 6 0.08 126 1.88 6 0.10 <.001*

3 months 171 0.54 6 0.05 99 0.96 6 0.07 .531

6 months 180 0.43 6 0.05 110 0.88 6 0.06 .783

12 months 177 0.43 6 0.06 105 0.95 6 0.07 .742

24 months 140 0.44 6 0.07 84 0.93 6 0.09 .948

Surgical Technique PK-PK (N ¼ 177) EK-EK (N ¼ 103) EK-EK vs PK-PK

Follow-up N LogMAR 6 SEM N LogMAR 6 SEM P

Preoperative 174 1.82 6 0.09 103 1.46 6 0.10 .005*

3 months 137 0.86 6 0.06 89 0.64 6 0.06 .216

6 months 152 0.71 6 0.05 92 0.60 6 0.06 .027b

12 months 149 0.76 6 0.06 91 0.62 6 0.07 .094

24 months 123 0.80 6 0.08 72 0.57 6 0.09 .389

EK ¼ endothelial keratoplasty; FED ¼ Fuchs endothelial dystrophy; LogMAR ¼ logarithm of the minimum angle of resolution; PBK ¼ pseu-

dophakic bullous keratopathy; PK ¼ penetrating keratoplasty; SEM ¼ standard error of the mean.

Statistically significant P values are indicated by an asterisk (*).
aCorrected for best-corrected visual acuity at baseline (linear mixed-model estimated marginal means).
bNot significant after correction for multiple testing.
(Figure 2). However, multivariable analysis showed no sig-
nificant differences based on primary indication (FED vs
PBK; HR 0.56, 95% CI 0.29–1.08, P¼ .083), surgical tech-
nique (re-EK vs re-PK; HR 0.85, 95% CI 0.39–1.85,
P ¼ .689), and indication for repeated CT (P ¼ .719).

With regard to EK after failed PK (PK-EK, n ¼ 18) and
PK after failed EK (EK-PK, n ¼ 34), Kaplan-Meier curves
showed no significant difference in survival between all 4
regraft surgical techniques during the first 2 years (P ¼
.979) (data not shown). Between 2 and 5 years, PK-EK
and EK-PK both followed the curve for re-PK (log-rank:
VOL. 193 LONG-TERM OUTCOMES OF REPEATE
re-PK vs PK-EK, P ¼ .959; re-PK vs EK-PK, P ¼ .961)
and showed lower survival compared to re-EK (log-rank:
re-EK vs PK-EK, P ¼ .067; re-EK vs EK-PK, P ¼ .012).
Five-year survival for PK-EK and EK-PK was 73% and
63%, respectively. Multivariable analyses were not
performed for PK-EK and EK-PK owing to the limited sam-
ple sizes of these groups.

� BEST-CORRECTED VISUAL ACUITY: The results from
linear mixed-model analysis for BCVA are given in
Table 2. A significant difference in baseline BCVA was
159D CORNEAL TRANSPLANTATIONS



FIGURE 3. Dutch registry study: Best-corrected visual acuity before and after repeated endothelial keratoplasty (EK-EK) and
repeated penetrating keratoplasty (PK-PK) (Left) for Fuchs endothelial dystrophy (FED) and pseudophakic bullous keratopathy
(PBK) (Right). (Linear mixed model estimated marginal means.)

TABLE 3. Dutch Registry Study: Spherical Equivalenta Before and After Repeated Corneal Transplantation

Surgical Technique PK-PK (N ¼ 177) EK-EK (N ¼ 103) EK-EK vs PK-PK

Follow-up N SE (D) 6 SEM N SE (D) 6 SEM P

Preoperative 64 4.27 6 0.33 56 1.59 6 0.37 <.001

3 months 96 4.37 6 0.30 79 1.41 6 0.34 .536

6 months 122 4.44 6 0.28 84 1.60 6 0.34 .712

12 months 112 4.48 6 0.29 79 1.32 6 0.34 .282

24 months 71 4.46 6 0.32 54 1.34 6 0.37 .361

D ¼ diopter; EK ¼ endothelial keratoplasty; PK ¼ penetrating keratoplasty; SE ¼ spherical equivalent; SEM ¼ standard error of the mean.
aCorrected for SE at baseline (linear mixed-model estimated marginal means).

FIGURE 4. Dutch registry study: Spherical equivalent before
and after repeated endothelial keratoplasty (EK-EK) and
repeated penetrating keratoplasty (PK-PK). (Linear mixed
model estimated marginal means.)
observed between surgical techniques (re-EK vs re-PK;
1.46 6 0.99 vs 1.82 6 1.2 logMAR, respectively,
P ¼ .005) and primary indications (FED vs PBK; 1.40 6
1.12 vs 1.88 6 1.16 logMAR, respectively, P < .001).
Corrected for baseline, BCVA was comparable for FED
vs PBK (P ¼ .929) and re-EK vs re-PK (P ¼ .133) at all
time points. As for longitudinal changes in BCVA in all
patients, BCVA improved significantly at 3 months
compared to baseline (P < .001) and from 3 to 6 months
of follow-up (P ¼ .003). After 6 months, no significant
changes in BCVA were observed (Figure 3). Indication
for repeated CT was not significantly related to baseline
differences in BCVA.

� REFRACTIVE OUTCOMES: The linear mixed-model anal-
ysis results for absolute SE are given in Table 3. We found a
significant baseline difference in SE between surgical tech-
niques (re-PK vs re-EK; 4.27 diopter [D] vs 1.59D,P< .001)
(Figure 4). Corrected for baseline, SE was comparable at all
postoperative time points between groups (P ¼ .807).
There was no significant change in SE between preopera-
tive and postoperative time points for re-PK and re-EK.
Refractive astigmatism values per group of surgical tech-
nique (re-EK and re-PK) are presented in Table 4.
Achieved refractive astigmatism did not differ significantly
160 AMERICAN JOURNAL OF
from preoperative values at all time points after re-EK and
re-PK (Figure 5). Surgically induced astigmatism (SIA)
did not differ significantly from zero for both re-EK and
re-PK at all time points (Figure 6). Refractive astigmatism
variability was higher for re-PK vs re-EK (Figures 5 and 6).
Subgroup analysis of patients undergoing re-PK with high
preoperative astigmatism (>_5 D), showed that both the dif-
ference between preoperative and achieved refractive
SEPTEMBER 2018OPHTHALMOLOGY



TABLE 4. Dutch Registry Study: Vector Analysis on Refractive Astigmatism After Repeated Corneal Transplantation

Surgical Technique PK-PK (N ¼ 177) EK-EK (N ¼ 103)

EK-EK vs PK-PK

P

6 months

Number of patients 50 49

Preoperative vector

mean 6 SD (D @ deg)

0.71 6 3.11 @ 86 0.38 6 1.27 @ 92 .814

Vector mean 6 SD (D @ deg) 1.84 6 3.37 @ 90 0.37 6 1.31 @ 90 .019a

SIA vector mean 6 SD (D @ deg) 1.14 6 4.20 @ 92 0.03 6 1.48 @ 41 .266

12 months

Number of patients 45 47

Preoperative vector

mean 6 SD (D @ deg)

0.54 6 3.05 @ 68 0.32 6 1.33 @ 93 .615

Vector mean 6 SD (D @ deg) 0.53 6 3.22 @ 68 0.28 6 1.44 @ 114 .488

SIA vector mean 6 SD (D @ deg) 0.01 6 4.38 @ 145 0.21 6 1.56 @ 154 .961

24 months

Number of patients 27 32

Preoperative vector

mean 6 SD (D @ deg)

0.75 6 3.07 @ 63 0.27 6 1.40 @ 72 .677

Vector mean 6 SD (D @ deg) 1.61 6 3.12 @ 103 0.30 6 1.92 @ 112 .149

SIA vector mean 6 SD (D @ deg) 1.66 6 4.35 @ 117 0.37 6 1.96 @ 136 .267

D ¼ diopter; Deg ¼ degrees; EK ¼ endothelial keratoplasty; PK ¼ penetrating keratoplasty; SD ¼ standard deviation; SIA ¼ surgically

induced astigmatism.
aNot significant after correction for multiple testing.
astigmatism and SIA did not differ significantly from zero
(figures not shown).
DISCUSSION

ENDOTHELIAL KERATOPLASTY HAS LARGELY REPLACED

penetrating keratoplasty as the procedure of choice in the
primary treatment of corneal endothelial dysfunction. In
a recent Dutch registry study, we showed that the advan-
tages of primary EK over PK resulted in a significant in-
crease in the volume of primary EK and a paradigm shift
toward earlier surgical intervention.4 In the current study
we set out to evaluate long-term survival and outcomes
of repeated corneal transplantations, based on prospec-
tively collected Dutch registry data.

We found a significant increase in repeated CT between
2007 and 2014, coinciding with the introduction of EK into
standard clinical care in the Netherlands. This was the
result of an increase in re-EK, whereas the number of re-
PK remained stable. Standardization of EK during the study
period, and reports on lower rejection rates of EK compared
to PK,7,23–26 suggest the increase in repeated CT is related
to the growing volume of primary CT. Nonetheless, it is
difficult to tease out the effect of a learning curve on a
national level.5–8
VOL. 193 LONG-TERM OUTCOMES OF REPEATE
The main outcome of our study was repeated CT
survival. We found a cumulative 5-year repeated graft
survival of 60%. This is considerably lower compared to
primary CT (95% for FED and 85% for PBK),4 especially
in so-called ‘‘low-risk’’ eyes.27 Recent studies suggest sex
mismatch as a risk factor for primary CT rejection and
failure.28,29 However, this was not the case in our study.
While univariable Cox regression analysis indicated
higher overall graft survival for FED vs PBK and re-EK
vs re-PK, multivariable analysis showed no significant dif-
ference based on primary indication, surgical technique,
and indication for regrafting. A larger sample size or
longer follow-up may have resulted in a significant effect.
However, this would only be of interest if the observed ef-
fect was clinically significant. Indeed, the corrected effect
size for primary indication was considerable and almost
reached significance (HR ¼ 0.56, P ¼ .08). However,
this was not the case for surgical technique (HR ¼
0.85, P ¼ .69). More importantly, this may be owing to
allocation of patients with better prognosis (FED) to un-
dergo (re-)EK, corrected for by the multivariable analysis.
Indeed, a significantly higher percentage of FED patients
in our study underwent (re-)EK. Likewise, secondary out-
comes were significantly better at baseline after primary
EK, and remained so after re-EK compared with re-PK.
However, corrected for baseline, BCVA, SE, and refrac-
tive astigmatism did not differ significantly between re-
EK and re-PK at all postoperative time points. This
161D CORNEAL TRANSPLANTATIONS



FIGURE 5. Dutch registry study: Double angle-vector diagrams of the preoperative and achieved refractive astigmatism 6, 12, and
24 months after repeated endothelial keratoplasty (EK-EK) and repeated penetrating keratoplasty (PK-PK).

FIGURE 6. Dutch registry study: Double angle-vector diagrams of the surgically induced astigmatism (SIA) for repeated endothelial
keratoplasty (EK-EK) and repeated penetrating keratoplasty (PK-PK) at 6, 12, and 24 months of follow-up.
finding suggests that repeated CT outcomes are deter-
mined by the primary CT procedure. Compared with pre-
operative values, BCVA improved significantly after
repeated CT, whereas SE and refractive astigmatism
remained stable. Interestingly, this was also the case for
162 AMERICAN JOURNAL OF
patients with high preoperative refractive astigmatism.
This is likely owing to the high variability in refractive
outcomes after re-PK compared with re-EK.
Although primary CT for endothelial dysfunction is now

predominantly performed by EK, many patients treated
SEPTEMBER 2018OPHTHALMOLOGY



initially by PK remain. Several studies analyzed the out-
comes of re-PK for graft failure and found it is associated
with lower graft survival compared to primary PK.9–12 As
an alternative, EK after failed PK has attracted increasing
attention.9–13,15,17–22 To the best of our knowledge this is
the first registry study to directly compare outcomes of all
4 transplant alternatives for repeated CT. We found that
EK after failed PK does not confer an advantage in graft
survival compared to re-PK, in agreement with a recent
systematic review and meta-analysis by Wang and
associates.30

The leading indication for repeated CT in our study was
endothelial failure, accounting for 50% and 65% of re-EK
and re-PK, respectively. This finding corresponds with pre-
vious reports indicating similar long-term endothelial cell
loss after EK compared to PK, despite higher early endothe-
lial cell loss after EK.31 Previous studies suggest that
DSAEK is less likely than PK to fail as a result of immuno-
logic graft rejection.32 Nonetheless, irreversible rejection
was the second (re-PK, 20%) and third (re-EK, 17%)
most common indication for repeated CT in our study.
Moreover, the clinical features of rejection in EK can be
much more subtle compared to PK. Therefore, some graft
failures ascribed to chronic endothelial cell loss may actu-
ally be caused by previously undetected rejection. One lim-
itation of this registry study is lack of information on the use
of topical steroids, which was not captured in detail for this
cohort by the NOTR registry. Long-term low-dose topical
steroids have been shown to reduce the risk of endothelial
rejection in PK.33,34 Although similar comparative
prospective studies after EK are not available, it seems
reasonable that repeated CT should also benefit from such
treatment regardless of surgical technique.

Much of our knowledge on CT outcomes comes from
large-scale national registries. Registries reflect prospec-
tively collected ‘‘real-world’’ data from a wide range of
surgeons working in various clinical settings. Although
comparative interventional registry studies lack the rigor
of randomization, in the current study we used multivari-
able models to correct for baseline values and confounders.
Another limitation of registry studies is the potential for
incomplete data. With regard to our main outcome mea-
sure (graft survival), missing data is not expected, since
all corneal transplants in the Netherlands are centrally
allocated and registered in NOTR. In addition, Kaplan-
Meier and Cox regression analysis accounts for censored
data. With regard to secondary outcome measures, linear
VOL. 193 LONG-TERM OUTCOMES OF REPEATE
mixed models use all available data and assume missingness
at random instead of missingness completely at random, as
is the case for list-wise deletion, used in analysis methods
such as repeated measures ANOVA, which may then cause
bias and reduce power.
Although Descemet membrane endothelial keratoplasty

(DMEK) was introduced in the Netherlands,35 it has only
recently entered standard clinical care, and therefore falls
outside the timeframe of this study. Given the rapid devel-
opments in the field of endothelial keratoplasty, it is diffi-
cult to predict future practice patterns for repeated
grafting. In the short term, the learning curve associated
with implementation of DMEK on a national level is likely
to result in an increase in re-DMEK. However, re-DSAEK
may (initially) be the preferred choice after failed DMEK.
Moreover, (re-)DSAEK remains the most frequently used
keratoplasty technique in the Netherlands and in the
United States.36

In the long term, fewer repeated grafts may be needed for
DMEK, given reports on lower rejection rates,37 and
following completion of the learning curve on a national
level. At the same time, re-DMEK will likely become an
attractive alternative following failed DSAEK and PKP,
while DSAEK will likely remain a viable alternative for
repeated keratoplasty, especially in highly complex eyes
with inherently higher risk of graft failure. Most recently,
the NOTR, together with the Swedish Corneal Transplant
Register and the National Health Services Blood and
Transplant Registry, established ECCTR: The European
Cornea and Cell Transplantation Registry (www.ecctr.
org). We expect this multinational registry to provide valu-
able insights into the real-world outcomes of re-DMEK and
advanced cell therapies for corneal regeneration, as those
become available.
In conclusion, we report a significant increase in

repeated CT following the introduction of EK into routine
clinical practice in the Netherlands. Overall, repeated CT
survival was significantly lower compared to primary graft
survival, even in so-called ‘‘low-risk’’ eyes. Whereas
univariable analysis suggests better survival for re-EK and
FED, multivariable analysis shows no significant difference.
This may be owing to allocation of patients with favorable
prognosis (FED) to (re-)EK. Similarly, corrected for base-
line values, secondary outcomes (BCVA, SE, refractive
astigmatism) were determined by the primary CT tech-
nique, reaffirming the role of (re-)EK as the preferred tech-
nique for the treatment of corneal endothelial pathology.
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