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Purpose: To present the changing indications and surgical techniques for keratoplasty
during a 16-year period (2003-2018) at a tertiary referral hospital in Japan.

Methods: Consecutive keratoplasty cases at Kanazawa University Hospital from January
2003 to December 2018 were retrospectively reviewed. Keratoplasty procedures included
penetrating keratoplasty (PK), deep anterior lamellar keratoplasty (DALK), anterior lamellar
keratoplasty (ALK), Descemet’s stripping automated endothelial keratoplasty (DSAEK), and
Descemet’s membrane endothelial keratoplasty (DMEK). Annual numbers and types of
keratoplasty as well as underlying diseases for PK and total keratoplasty procedures were
recorded, and annual trends were statistically analyzed using Cochran—Armitage test for
trend.

Results: A total of 801 keratoplasty procedures (PK, 319 cases; DALK, 57 cases; ALK, 9
cases; DSAEK, 371 cases; and DMEK 45 cases; mean age, 66.9+£16.3 years) were performed
for 595 patients (302 males [329 eyes, 419 cases], 293 females [345 eyes, 382 cases]) during
the 16-year period. The proportion of PK procedures decreased significantly in the beginning
and showed a slightly increasing trend after a plateau around 2015. DSAEK was increasing
after 2006 and reached a plateau around 2012. Among 10 underlying diseases for total
keratoplasty, corneal opacity and dermoid were decreasing linearly. Failed PK and failed
DSAEK were increasing linearly in the beginning and reached a plateau followed by a
decreasing trend. In terms of the underlying disease for PK, bullous keratopathy was
decreasing in the beginning and reached a plateau around 2015. A total of 19 PK procedures
were performed on cases with recalcitrant bullous kerstopathy (BK) after 2010.
Conclusion: The distribution of keratoplasty procedures and underlying diseases changed
significantly over 16 years at a tertiary referral hospital in Japan. PK procedure was
significantly decreased and DSAEK procedure was significantly increased. PK for BK
decreased significantly; however, PK remains a viable option for other recalcitrant corneal
diseases.

Keywords: Descemet’s stripping automated endothelial keratoplasty, Descemet’s membrane
endothelial keratoplasty, penetrating keratoplasty

Introduction

To date, keratoplasty is the most frequently performed organ transplantation procedure in
Japan.' Penetrating keratoplasty (PK) is the original type of keratoplasty procedure, with
a history of more than 100 years. In the past decade, the number of lamellar keratoplasty
procedures performed has significantly increased compared with PK; lamellar kerato-
plasty procedures include deep anterior lamellar keratoplasty (DALK), anterior lamellar
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keratoplasty (ALK), and endothelial keratoplasty (EK) such as
Descemet’s stripping automated endothelial keratoplasty
(DSAEK)*™* and Descemet’s membrane endothelial kerato-
plasty (DMEK).” ' Recent statistics have shown that EK
procedures are the most commonly performed keratoplasty
procedures in the US for the treatment of bullous keratopathy
(BK)."" In western countries, the majority of underlying dis-
eases for which BK is performed are Fuchs’ endothelial
dystrophy (FED)’ and cataract surgery.'"'> In contrast, the
results of a national study in Japan conducted between 1999
and 2001 indicated that the underlying diseases for which BK
is performed are quite different from those in western
countries."> While BK for FED is relatively rare, BK after
argon laser iridotomy (ALI) and BK after cataract or glau-
coma surgery are commonly performed in Japan.'?

We previously investigated recent trends in underlying
diseases for EK procedures in Japan,'* and revealed a
significant increase in re-DSAEK and DMEK among all
EK procedures. Additionally, among the underlying dis-
eases, the incidence of BK after ALI and FED has
decreased and the incidence of BK after trabeculectomy
and failed DSAEK has increased in the past decade.

In this study, we further elucidated trends and causal
diseases for all keratoplasty procedures, including both PK
and other lamellar surgeries, over a much longer period
(16 years). It may be beneficial for Asian corneal surgeons
or western corneal surgeons treating Japanese and/or Asian
patients to understand current trends in keratoplasty pro-
cedures at a tertiary referral hospital in Japan.

Methods

This study was approved by the Medical Ethics Committee
of Kanazawa University (approval number, 2645), and
followed the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all patients.

Charts of patients with corneal diseases surgically trea-
ted with keratoplasty by three experienced corneal sur-
geons (AK., H.Y., and K.S.) at Kanazawa University
Hospital from January 2003 to December 2018 were retro-
spectively reviewed. Data regarding the annual number
and type of keratoplasty procedures and underlying dis-
eases for PK and all keratoplasty procedures during this
period were collected. Keratoplasty procedures included
PK, DALK, ALK, DSAEK, and DMEK. DSAEK and
DMEK were introduced to our hospital in 2006 and
2010, respectively. The following diseases were recorded
as underlying diseases for PK: BK, keratoconus, corneal
dystrophy, corneal infection, corneal opacity other than

dystrophy or ongoing infection or BK, corneal perforation,
failed PK, and failed DSAEK. Dermoid and failed DMEK
were also recorded as underlying diseases for all kerato-
plasty procedures. Graft failure after PK/DSAEK was
defined as failed PK or failed DSAEK, respectively, inde-
pendent of BK. If both eyes had undergone keratoplasty,
both were enrolled into the study. If a single eye had
undergone multiple keratoplasty procedures, each proce-
dure was recorded independently. Trends in keratoplasty
procedures and underlying diseases for PK and all kerato-
plasty procedures were statistically analyzed.

Statistical methods

To detect monotonic annual trend in causal disease and
surgical procedure of corneal endothelial transplantation
during study period, Cochran—Armitage test was applied to
the 10 diseases (BK, keratoconus, dystrophy, corneal opa-
city, corneal perforation, corneal infection, failed PK,
failed DSAEK, failed DMEK, and dermoid) and the 5
procedures (PK, DALK, ALK, DSAEK, and DMEK).
The study period is from 2003 to 2018. However,
DSAEK and DMEK were not feasible at 2003, for that
reason, baseline years for failed DSAEK and failed
DMEK were assumed to be 2006 and 2010, respectively.
If P-value to the null hypothesis, i.e., no monotonic annual
trend exists, was <0.05, the disease/procedure was consid-
ered to have a significant monotonic increasing or decreas-
ing trend over the years.

Moreover, to fit a smoothed curve for the proportion
over years, logistic regression model was applied to the 10
diseases and the 5 procedures. Four types of model were
prepared, depending on the highest degree of year term in
the explanatory variables, from linear to quartic. For
excluding models with significant lack-of-fit to the data,
Hosmer-Lemshow test was used. Akaike’s information
criteria were used to select the best model for each dis-
ease/procedure, after excluding models with significant
lack-of-fit.

In addition, for evaluation of causal disease in the PK
subgroup, similar statistical analyses were performed for
eight diseases (BK, keratoconus, dystrophy, corneal opa-
city, corneal perforation, corneal infection, failed PK, and
failed DSAEK).

Results

A total of 801 keratoplasty procedures (PK, 319 cases;
DALK, 57 cases; ALK, 9 cases; DSAEK, 371 cases; and
DMEK, 45 cases; mean age, 66.9+16.3 years) were performed
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for 595 patients (302 males [329 eyes, 419 cases], 293 females
[345 eyes, 382 cases]) during the 16-year period (Table 1).
Total annual keratoplasty numbers gradually increased from
20 cases in 2003 to 69 cases in 2017 and 52 cases in 2018.
Approximately, 40-70 keratoplasty procedures were per-
formed from 2004 to 2018 (Figure 1).

Among the five types of keratoplasty procedures, sig-
nificant trends were identified for three procedures: PK,
DALK and DSAEK. Although the overall number of
keratoplasty procedures remained relatively stable from
2004 to 2018, the proportion of PK procedures decreased
significantly in the beginning, and showed slightly increas-
ing trend after a plateau around 2015. On the other hand,
DALK showed a fluctuating change with two peaks

Table | Total number of keratoplasty procedures from 2003 to
2018

Procedures No. of cases Percentage
DSAEK 371 46.3

PK 319 39.8

DALK 57 7.1

DMEK 45 5.6

ALK 9 1.1

Total 801

Abbreviations: ALK, anterior lamellar keratoplasty; DALK, deep anterior lamellar
keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty; DSAEK,
Descemet’s stripping automated endothelial keratoplasty; PK, penetrating
keratoplasty.
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around 2005 and 2014. DSAEK was increasing after
2006 and reached a plateau around 2012. (Figure 2,
Table S1).

A total of 319 PK procedures were performed for patients
with eight types of corneal disease during the 16-year period
(Table 2). In terms of the underlying disease for PK, signifi-
cant monotonic trends over years were observed in 5 dis-
eases, i.e., bullous keratoplasty, keratoconus, perforation,
failed PK, and failed DSAEK (Figure 3, Table S2). BK was
decreasing in the beginning, and showed increasing trend
after a plateau around 2015. Keratoconus was increasing
linearly. Perforation was increasing in the beginning, reached
a plateau around 2009, and then showed an increasing trend
in the last part of study period. Failed PK was increasing in
the beginning, and showed a decreasing trend after a peak
around 2013. Failed DSAEK was observed in 2016 for the
first time.

Ten underlying diseases for keratoplasty, BK, keratoco-
nus, dystrophy, corneal opacity, corneal perforation, corneal
infection, failed PK, failed DSAEK, failed DMEK, and der-
moid, were evaluated in this study. BK was the most com-
mon cause of keratoplasty throughout the 16-year period
(440 cases, 54.9%; Table 3). Significant monotonic trends
over the years were observed in 5 diseases, i.e., dystrophy,
corneal opacity, failed PK, failed DSAEK, and, dermoid
(Figure 4, Table S3). Corneal opacity and dermoid were
decreasing linearly. Failed PK and failed DSAEK were

B DSAEK

W DMEK

B DALK
ALK

Year

Figure | Number of keratoplasty procedures by year. The total annual number of keratoplasty procedures increased from 20 in 2003 to 52 in 2018. PK and DSAEK have

consistently remained as major keratoplasty types.

Abbreviations: DSAEK, Descemet’s stripping automated endothelial keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty; DALK, deep anterior lamellar

keratoplasty; ALK, anterior lamellar keratoplasty; PK, penetrating keratoplasty.
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Figure 2 Trends in keratoplasty procedures from 2003 to 2018. The incidence of PK procedures decreased, while the incidence of DSAEK significantly increased.
Abbreviations: DSAEK, Descemet’s stripping automated endothelial keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty; DALK, deep anterior lamellar

keratoplasty; ALK, anterior lamellar keratoplasty; PK, penetrating keratoplasty.

Table 2 Underlying disease indications for PK from 2003 to
2018

Underlying disease No. of cases Percentage
Bullous keratopathy 120 37.6
Corneal opacity 80 25.1
Keratoconus 43 13.5
Perforation 28 8.7

Infection 20 6.3

Failed PK 19 6.0
Dystrophy 7 2.1

Failed DSAEK 2 0.6

Total 319

Abbreviations: DSAEK, Descemet’s stripping automated endothelial keratoplasty;
PK, penetrating keratoplasty.

increasing linearly in the beginning of the study period, but in
the latter half, reached a plateau. Dystrophy showed a fluc-
tuating change with a peak in 2006 and was increasing in the
last part of the study period.

Discussion

In this study, we retrospectively reviewed total kerato-
plasty procedures (PK, DALK, ALK, DSAEK, and
DMEK) performed over a 16-year period (2003-2018) at
a tertiary referral hospital in Japan to observe trends in
surgical procedures and causal diseases. During this per-
iod, 801 keratoplasties were performed: PK, 309 cases
(38.6%); DALK, 57 cases (7.1%); ALK, 9 cases (1.1%);
DSAEK, 371 cases (46.3%); and DMEK, 45 cases (5.6%).

The analysis revealed a significant increase in DSAEK
procedures and a significant decrease in PK procedures.
DALK showed a fluctuating change with two peaks
around 2005 and 2014. Although DMEK did not show
increase with statistical significance, it tends to increase
after the introduction in 2010. The increased popularity of
DSEAK in Japan (as well as in other countries) may be
due to its many advantages, including superior visual
acuity with less astigmatism, rapid visual rehabilitation,
resistance to trauma, and the ability to make small corneal
incisions with no stroma incisions/sutures. This trend is
consistent with that observed in the US'' It should also be
noted that the development of precut DSAEK tissue'> or
prestripped DMEK tissue'® during this period has greatly
shortened operation time, eliminating the need for a large
capital investment in an expensive microkeratome
machine for DSAEK, and preventing tissue loss due to
unsuccessful Descemet’s membrane stripping/harvesting
during DMEK.

The causal diseases for keratoplasty in Japan have been
previously reported to be completely different from those
in western countries.'”>'* In a national survey of BK
procedures in Japan from 1999 to 2001 conducted by
Shimazaki et al, BK accounted for 24.2% (963 eyes) of
total keratoplasty procedures. Cataract surgery was the
most common cause of BK (n=428, 44.4%), followed by
BK secondary to laser iridotomy (LI) (n=225, 23.4%). In
contrast to western countries, in which FED comprises the
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Figure 3 Trends in underlying diseases for PK from 2003 to 2018. The incidence of BK significantly decreased.
Abbreviations: BK, bullous kerstopathy; DSAEK, Descemet’s stripping automated endothelial keratoplasty; PK, penetrating keratoplasty.

Table 3 Underlying disease indications for all keratoplasty pro-
cedures from 2003 to 2018

Underlying disease No. of cases Percentage
Bullous keratopathy 440 54.9
Corneal opacity 110 13.7
Keratoconus 56 7.0
Failed DSAEK 55 6.9
Failed PK 53 6.6
Perforation 37 4.6
Infection 20 2.5
Dystrophy 14 1.7
Failed DMEK 9 1.1
Dermoid 7 0.9
Total 801

Abbreviations: DMEK, Descemet’s membrane endothelial keratoplasty; DSAEK,
Descemet’s stripping automated endothelial keratoplasty; PK, penetrating
keratoplasty.

majority of BK cases, FED was the cause of BK in only 18
eyes (1.9%) in Japan. Recently, we reported the changing
indications and procedures for endothelial keratoplasty
(DSAEK and DMEK) over a 10-year period (2007 to
2016), including a significant increase in the incidence of
these procedures.'* With respect to causal diseases for BK,
BK secondary to LI was the leading cause in 2007, fol-
lowed by FED and failed PK. In 2016, BK after trabecu-
lectomy was most prevalent, followed by failed DSAEK,
failed PK, and pseudophakic BK. The decreased incidence
of ALI and FED and increased incidence of BK after
trabeculectomy and failed DSAEK were statistically
significant.'* These results confirmed the differences in

causal diseases for BK in Japan compared with those of
western countries.

In this study, we analyzed current trends in PK proce-
dures. Although the incidence of PK has decreased, it
remains as an important procedure for some patients. As
causal diseases for PK during the 16-year period, the
incidence of BK was decreasing in the beginning and
reached a plateau around 2015. A total of 19 PK proce-
dures were performed on cases with BK after 2010 in our
hospital: 8 cases with BK after globe rupture, 3 cases with
BK due to microcornea, and others with BK after multiple
surgeries or with proliferative vitreoretinopathy. All of
these complicated BK cases had an excellent postoperative
course with no endothelial decompensation for 3-year
follow up, indicating that PK remains a viable and impor-
tant option for other recalcitrant corneal diseases.

A limitation of the current analysis is that it is a single-
center study, so the results obtained herein may not neces-
sarily reflect the overall trends in Japan. Nonetheless, this
study has successively elucidated recent trends in kerato-
plasty procedures during a 16-year period in a tertiary
referral hospital in Japan.

In conclusion, the distribution of keratoplasty procedures
(PK/DALK/ALK/DSAEK/DMEK) and underlying diseases
changed significantly over a 16-year period (2003 to 2008)
at a tertiary referral hospital in Japan. A significant decrease in
PK procedures and a significant increase in DSAEK proce-
dures were observed. The use of PK for BK decreased sig-
nificantly; however, PK remains a viable option for the
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Figure 4 Trends in underlying diseases for all keratoplasty procedures from 2003 to 2018. Corneal opacity and dermoid were decreasing linearly. Failed PK and failed
DSAEK were increasing linearly in the beginning of the study period, but in the latter half, reached a plateau.
Abbreviations: DSAEK, Descemet’s stripping automated endothelial keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty; PK, penetrating keratoplasty.

treatment of other recalcitrant corneal diseases. The results
obtained herein may be beneficial for Asian corneal surgeons
or western corneal surgeons treating Japanese and/or Asian
patients, as understanding very recent trends in keratoplasty
procedures may better inform the selection of surgical proce-
dure. Further, multicenter studies are required to fully under-
stand the trends in keratoplasty procedures throughout Japan.
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Supplementary materials

Table S| Trends in total keratoplasty procedures from 2003 to 2018 using logistic regression model analysis and Cochran-Armitage

test
Keratoplasty | Baseline | Parameter Logisitic model parameter estimate Hosmer- Cochran-Armitage
procedures Year Lemeshow test for
goodness-of-Fit Monotonicity
Model Estimate | 95% C.I. P-value | (oot
PK 2003 Intercept at BL 1.917 (1.117,2.717) - P=0.105 P<0.001**
Cubic Linear trend -0.314 (-0.710, 0.082) 0.121
Quadratic trend —0.020 (-0.077, 0.037) 0.490
Cubic trend 0.002 (0.000, 0.004) 0.116
DALK 2003 Intercept at BL —2.218 (—3.403, —1.034) - P=0.068 P=0.001%*
Quartic Linear trend 0.967 (—0.230, 2.164) 0.113
Quadratic trend —0.444 (-0.804, —0.083) 0.016 **
Cubic trend 0.056 (0.017, 0.096) 0.005 **
Quartic trend —0.002 (-0.004, —0.001) 0.003 **
ALK 2003 Intercept at BL —5.746 (-9.892, —1.601) - P=0.345 P=0.550
Quartic Linear trend 2,670 (—1.037, 6.378) 0.158
Quaderatic trend —0.887 (—1.906, 0.132) 0.088
Cubic trend 0.091 (-0.010, 0.191) 0.077
Quartic trend —0.003 (—0.006, 0.000) 0.080
DSAEK 2006 Intercept at BL —1.450 (—2.038, —0.861) - P=0.153 P<0.00 |**
Cubic Linear trend 0.709 (0.297, 1.121) <0.001**
Quadratic trend —0.086 (-0.164, —0.008) 0.030 **
Cubic trend 0.003 (-0.001, 0.008) 0.112
DMEK 2010 Intercept at BL —2.68I (—3.334, —2.028) - P=0.130 P=0.159
Linear Linear trend 0.088 (—0.035, 0.212) 0.161

Note: **Statistically significant.
Abbreviations: ALK, anterior lamellar keratoplasty; DALK, deep anterior lamellar keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty; DSAEK,
Descemet’s stripping automated endothelial keratoplasty; PK, penetrating keratoplasty.
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