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Purpose: To report a 10-year review of endothelial keratoplasty (EK) procedures, Descemet’s
stripping automated endothelial keratoplasty (DSAEK) and Descemet’s membrane endothelial
keratoplasty (DMEK), and underlying diseases at a tertiary referral hospital in Japan.

Study design: A single-center, retrospective case series.

Methods: We retrospectively reviewed all medical records of bullous keratopathy (BK) sur-
gically treated by EK (DSAEK/DMEK) at Kanazawa University Hospital from January 2007
to December 2016. Changes or modifications to the annual number of EK procedures and
underlying diseases were analyzed.

Results: During this period, 320 EK procedures (DSAEK: 288 cases, DMEK: 32 cases) were
performed on 250 patients. Total annual EKs gradually increased from 19 to 45 cases between
2007 and 2016. The annual number of DSAEKSs was stable, although the proportion of DSAEKs
to other procedures decreased significantly as re-DSAEKs and DMEKSs increased. BK after
argon laser iridotomy (ALI) was the leading cause in 2007, followed by Fuchs’ endothelial
dystrophy (FED) and failed penetrating keratoplasty. In 2016, BK after trabeculectomy (TLE)
was most prevalent, followed by failed DSAEK, failed penetrating keratoplasty, and pseu-
dophakic BK. The decreased ALI and FED, and increased BK after TLE and failed DSAEK
were statistically significant.

Conclusion: The distribution of EK procedures (DSAEK/DMEK) and underlying diseases
changed over 10 years at a tertiary referral hospital in Japan. The proportion of re-DSAEK
and DMEK increased among all EK procedures. Most significantly, among the underlying
diseases, decreased ALI and FED and increased TLE and failed DSAEK were observed.
Extended multicenter analysis may further elucidate the changes in EK procedures and the
causes of BK in Japan.
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Introduction

Descemet’s stripping automated endothelial keratoplasty (DSAEK)'~” and Descemet’s
membrane endothelial keratoplasty (DMEK) have been performed worldwide as the
preferential treatment for corneal endothelial dysfunction for >10 years.*'® Recent
statistics have shown that these techniques are the most common keratoplasty pro-
cedures performed in the US."” The use of precut DSAEK® or prestripped DMEK
tissues?! supplied by the eyebank 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 strip-
ping/harvesting during DMEK.

submit your manuscript

Dove

http:

Ly@mo

Clinical Ophthalmology 2018:12 13591365 1359
© 2018 Nishino et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S170263
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:eyekoba@gmail.com

Nishino et al

Dove

The great majority of underlying diseases contributing
to bullous keratopathy (BK) in western countries have been
reported to be Fuchs’ endothelial dystrophy (FED),'>!¢
followed by cataract surgery.'*?? In Japan, however, the
reported underlying diseases are quite different compared
with western countries; while Fuchs’ dystrophy is rare in
Japan, BK after argon laser iridotomy (ALI) is relatively
common.?>?* Therefore, it should be important and necessary
to understand recent trends of endothelial keratoplasty (EK)
procedures and their underlying diseases for corneal surgeons
in this region or western corneal surgeons treating Japanese
and/or Asian patients.

Herein, we report a 10-year review of EK procedures and
their underlying diseases that were performed at a tertiary
referral hospital in Japan.

Methods

The research plan was approved by the Medical Ethics
Committee of Kanazawa University (approval number: 2533),
and followed the tenets of the Declaration of Helsinki.
We retrospectively reviewed all medical records for patients
with BK surgically treated by EK (DSAEK/DMEK) at Kanaz-
awa University Hospital from January 2007 to December 2016.
Written informed consent was obtained from all participants
before enrollment into this study. All EK surgeries were per-
formed by 2 trained surgeons (AK and HY). First, the overall
number of EK surgeries and procedures as well as underlying
diseases during this period were recorded. Second, changes
in the prevalence of the different EK procedures as well as
their underlying diseases were statistically analyzed. A graft
failure after penetrating keratoplasty (PK)/DSAEK/DMEK
was defined as failed PK, failed DSAEK, or failed DMEK,
respectively. BK due to primary failure immediately after EK
was categorized as either failed DSAEK or failed DMEK.
Eyes, which had undergone DSAEK (failed DSAEK) or
DMEK (failed DMEK) multiple times were also enrolled inde-
pendently. Pseudophakic BK (PBK) was defined as BK after
phaco cataract surgery without any other apparent causes, such
as exfoliation syndrome (XFS) or preexisting low endothelial
cell density or history of other intraocular surgeries.

Statistical methods

To detect annual trend in causal diseases and surgical pro-
cedure of corneal endothelial transplantation in the range of
2007-2016, simple linear regression was used for 12 diseases
and 4 procedures. The response variable was percentage of
disease/procedure to the total number of transplantations
in 1 year, and the exploratory variable was the year as

continuous variable in the regression model. If P-value
to the null hypothesis, slope for year=0, was <0.05, then
the disease/procedure was considered to have a significant
increasing or decreasing trend over year.

Results

Three hundred and twenty EK procedures (DSAEK:
288 cases, DMEK: 32 cases; average age: 71.5t11.1
years old) were performed on 250 patients (105 males:
115 eyes, 144 cases; 145 females: 157 eyes, 176 cases)
during this 10-year period (Table 1). The total annual
number of EKs gradually increased from 19 cases in 2007
to 45 in 2016 with an exceptional spike in 2011 (43 cases)
(Figures 1 and 2).

As shown in Table 1, the leading indications for EK
(DSAEK/DMEK) of the total 10-year period was ALI
(68 cases, 21.3%), followed by PBK (50 cases, 15.6%), trabe-
culectomy (TLE) (46 cases, 14.4%), failed DSAEK (40 cases,
12.5%), failed PK (29 cases, 9.1%), FED (23 cases, 7.2%),
XFS (10 cases, 3.1%), forceps delivery (6 cases, 1.9%), failed
DMEK (6 cases, 1.9%), cytomegalovirus (CMV) endothelii-
tis (5 cases, 1.6%), iridocorneal endothelial syndrome (ICE)
(2 cases, 0.6%), and others (35 cases, 10.9%). All of the eyes
with BK after TLE were pseudophakia.

Significant annual trends were observed for 3 types of
procedures, DSAEK, re-DSAEK, and DMEK. Although the
total annual number of DSAEKs was stable between 2007
and 2016, the relative proportion of DSAEKs decreased
significantly (P=0.01). In contrast, the relative number of

Table | Underlying disease indications for DSAEK/DMEK from
2007 to 2016

Underlying disease No of cases Percentage
ALl 68 21.3
PBK 50 15.6
TLE 46 14.4
Failed DSAEK 40 12.5
Failed PK 29 9.1
FED 23 72
XFS 10 3.1
Forceps delivery 6 1.9
Failed DMEK 6 1.9
CMV endotheliitis 5 1.6
ICE 2 0.6
Other 35 10.9

Total 320

Abbreviations: ALl, argon laser iridotomy; CMV, cytomegalovirus; DMEK,
Descemet’s membrane endothelial keratoplasty; DSAEK, Descemet’s stripping
automated endothelial keratoplasty; FED, Fuchs’ endothelial dystrophy;
ICE, iridocorneal endothelial syndrome; PBK, pseudophakic bullous keratopathy;
PK, penetrating keratoplasty; TLE, trabeculectomy; XFS, exfoliation syndrome.
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Figure | Surgical trends in EK over a |10-year period.
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Notes: The total number of annual EK procedures gradually increased from |9 cases in 2007 to 45 cases in 2016, with an exceptional spike in 201 |. DSAEK has consistently

been the predominant type of EK.

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

re-DSAEKs (P<<0.001) and DMEKSs (P<<0.05) among all
EK procedures increased during the same period (Figure 3,
Table S1).

BK after ALI was the leading cause in 2007 (12 cases,
63.2%), followed by FED (3 cases, 15.8%) and failed PK
(2 cases, 10.5%). Ten years later in 2016, BK after TLE
was the leading cause (12 cases, 26.7%), followed by failed

DSAEK (10 cases, 22.2%), failed PK (5 cases, 11.1%), and
PBK (5 cases, 11.1%). The decrease in underlying ALI and
FED between 2007 and 2016 was statistically significant
(P<<0.001). In contrast, the increase in BK after TLE and
failed DSAEK during the same period was also statistically
significant (P<<0.001; Figure 4, Table S2). In terms of other
minor indications, such as XFS, forceps delivery, failed
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Figure 2 Annual trends in the number of endothelial keratoplasty procedures and their underlying diseases.

Note: Between 2007 and 2016, a decrease in BK after ALl and FED and an increase in BK after trabeculectomy and failed DSAEK was noted.

Abbreviations: ALl, argon laser iridotomy; BK, bullous keratopathy; CMV, cytomegalovirus; DMEK, Descemet’s membrane endothelial keratoplasty; DSAEK, Descemet’s
stripping automated endothelial keratoplasty; FED, Fuchs’ endothelial dystrophy; ICE, iridocorneal endothelial syndrome; PBK, pseudophakic BK; PK, penetrating keratoplasty;

TLE, trabeculectomy; XFS, exfoliation syndrome.
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Figure 3 Changes in endothelial keratoplasty procedures over a |0-year period (2007-2016) using simple linear regression analysis.

Note: Significant annual trends were observed for three types of procedures, DSAEK, re-DSAEK, and DMEK. Slope for year indicates whether the proportion of each factor
has changed over time, and the negative value corresponds to a declining trend over time.

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

DMEK, CMV endotheliitis, and ICE, no significant changes
were observed during the study period (Figure 4, Table S2).

Discussion

Currently, EK is the preferred surgical choice worldwide
for the treatment of endothelial dysfunction.!"'® In the USA,
EK has been the most common keratoplasty procedure for
the last 5 years (DSAEK 77.2%, DMEK 22.8% in 2016)."

The leading indication for EK in the USA was FED (49.2%),
followed by PBK (17.2%), and unknown/unreported cases
(15.9%)." However, the reported causes of BK in Japan or
Asia are different than those of western countries.”>* We
specifically wanted to know the changes in EK procedures
and underlying diseases. Results showed significant annual
trends for 3 types of procedures, DSAEK, re-DSAEK, and
DMEK. Although the total annual number of DSAEKSs

80.0%
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70.0% FED
60.0% —— PBK
—— TLE
o 50.0% \\ —— XFS
: wege
8 40.0% —+— CMV endotheliitis
) \ —— Forceps delivery
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Figure 4 Changes in the underlying diseases of DSAEK/DMEK over a |0-year period (2007-2016) using simple linear regression analysis.

Notes: The decrease in underlying ALl and FED between 2007 and 2016 was statistically significant. In contrast, the increase in BK after TLE and failed DSAEK during the
same period was also statistically significant. Slope for year indicates whether the proportion of each factor has changed over time, and the negative value corresponds to a
declining trend over time.

Abbreviations: ALl, argon laser iridotomy; BK, bullous keratopathy; CMV, cytomegalovirus; DMEK, Descemet’s membrane endothelial keratoplasty; DSAEK, Descemet’s
stripping automated endothelial keratoplasty; FED, Fuchs’ endothelial dystrophy; ICE, iridocorneal endothelial syndrome; PK, penetrating keratoplasty; TLE, trabeculectomy;
XFS, exfoliation syndrome.
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performed was stable between 2007 and 2016, the relative
proportion of DSAEKSs decreased significantly. In contrast,
the proportion of re-DSAEKSs and DMEKSs increased among
all EK procedures during the same period.

Additionally, we confirmed that the indications for EK
in Japan are very different than in the USA or other western
countries. Over the last 10 years, at our hospital, BK after ALI
was the leading cause (21.3%), followed by PBK (15.6%),
BK after TLE (14.4%), failed DSAEK (12.5%), and failed
PK (9.1%). It was somewhat surprising that FED as a cause of
BK was as low as 7.2%. Most significantly, we found that the
indications for EK have changed over time; in 2007, BK after
ALIwas the leading cause (63.2%), followed by FED (15.8%)
and failed PK (10.5%). However, 10 years later in 2016, BK
after TLE was the leading cause (26.7%), followed by failed
DSAEK (22.2%), failed PK (11.1%), and PBK (11.1%). The
decrease in ALI and FED and the increase in TLE and failed
DSAEK during this period were statistically significant.

Previously, ALI was the favored treatment or preventive
measure for acute angle-closure attack in Japan. How-
ever, some cases experienced late-onset endothelial
dysfunction;*?* although the precise mechanisms underly-
ing BK after ALI remain unclear. For these reasons, laser
iridotomy using yttrium aluminum garnet (YAG) lasers is
currently used in Japan instead of ALI. Most recently, clear-
lens extraction has proven to be more cost-effective than
laser peripheral iridotomy, and should be considered as an
option for first-line treatment of angle-closure glaucoma.*
We conclude that these changes in treatment method from
ALI to YAG and/or clear-lens extraction may be respon-
sible for the recent reduction in the number of EK cases for
BK after ALI

As shown in this report, the annual number of DMEKs
fluctuated from 2 to 10 cases over the 10-year span of this
study; consequently, DSAEK has remained the predominant
EK surgery at this hospital. The preference for DSAEK rather
than DMEK is 2-fold. One reason is the difficulty of perform-
ing DMEK on the relatively smaller eyes with high vitreous
pressure of Asian patients. Second, one of the primary indi-
cations for DMEK is FED, which is relatively rare in Japan;
this is a well-known fact in Asia but may not be common
knowledge to North American ophthalmologists. The dif-
ficulty of performing DMEK in Asian patients whose eyes
have shallow anterior chambers with high vitreous pressure
has been overcome by the development of new techniques
and devices. We have previously reported the usefulness of
an endoillumination probe for the visualization of DMEK
grafts for Asian patients with dark brown irises.'* Moreover,

the use of a standardized no-touch technique has helped to
reduce complications during DMEK .?® The recent increase in
BK after TLE and failed DSAEK may also have contributed
to the increase in the number of DSAEK cases, since those
eyes are usually difficult or contraindicated for DMEK.

The increased prevalence of TLE as an underlying disease
can be explained by the fact that our hospital has begun to spe-
cialize in glaucoma over the years, and the number of patients
with TLE has recently increased to as high as 300 cases per
year. Furthermore, the increase in failed DSAEKSs can simply
be explained by the increase in recent DSAEK cases.

The limitation of the current report is that it is a single-center
study and the results obtained herein may not necessarily
reflect the overall trends in Japan as a whole. Nonetheless,
this study has significance by showing the recent trends in a
small area of Japan with a population of 1 million.

Conclusion

Changes in EK procedures (DSAEK/DMEK) and their
underlying diseases over a 10-year period (2007-2016) at a
tertiary referral hospital in Japan were noted. The proportion
ofre-DSAEK and DMEK procedures were increasing among
all EK procedures. Most significantly, a decrease in ALI and
FED cases and an increase in TLE and failed DSAEK were
observed as underlying diseases for EK. Further analysis
spanning a longer period of time and conducted as a multi-
center study may be necessary to fully understand the changes
in EK procedures and the causes of BK in Japan.
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Supplementary materials

Table S| Changes in endothelial keratoplasty procedures over a 10-year period (2007-2016) using simple linear regression analysis

Surgical procedure

Slope for year*

Intercept on 2007

Estimate 95% CI P-value Estimate 95% CI
DSAEK —4.70% (—6.85% to —2.55%) 0.001 102.56% (91.08% to 114.04%)
re-DSAEK 2.64% (1.45% to 3.83%) <0.001 —1.74% (-8.10% to 4.62%)
DMEK 1.99% (0.38% to 3.59%) 0.022 —1.01% (-9.60% to 7.58%)
re-DMEK 0.07% (-0.22% to 0.36%) 0.587 0.19% (—1.33% to 1.72%)

Note: *Slope for year indicates whether the proportion of each factor has changed over time, and the negative value corresponds to a declining trend over time.
Abbreviations: DSAEK, Descemet’s stripping automated endothelial keratoplasty; DMEK, Descemet’s membrane endothelial keratoplasty.

Table S2 Changes in the underlying diseases of DSAEK/DMEK over a |0-year period (2007-2016) using simple linear regression analysis

Causal disease Slope for year* Intercept on 2007
Estimate 95% CI P-value Estimate 95% CI

ALl -5.86% (—8.40% to —3.32%) <0.001 51.35% (37.78% to 64.92%)
FED -1.72% (-2.28% to —1.17%) <0.001 16.02% (13.06% to 18.99%)
PBK —0.09% (-2.09% to 1.91%) 0919 16.32% (5.64% to 27.00%)
TLE 2.40% (1.44% to 3.37%) <0.001 1.90% (—3.24% to 7.05%)
XFS —0.06% (—0.72% to 0.59%) 0.828 3.47% (—0.03% to 6.96%)
CMV endothelitis 0.27% (-0.22% to 0.77%) 0.238 0.17% (—2.48% to 2.81%)
Forceps delivery 0.32% (-0.17% to 0.81%) 0.169 0.26% (—2.36% to 2.88%)
ICE —0.03% (—0.42% to 0.37%) 0.873 0.59% (—1.52% to 2.70%)
Failed PK 0.12% (—0.86% to 1.11%) 0.777 8.69% (3.44% to 13.94%)
Failed DSAEK 2.81% (1.54% to 4.08%) <0.001 —1.94% (—8.73% to 4.84%)
Failed DMEK 0.23% (-0.27% to 0.74%) 0.316 0.64% (—2.06% to 3.34%)
Others 1.60% (0.68% to 2.52%) 0.004 2.53% (—2.37% to 7.44%)

Note: *Slope for year indicates whether the proportion of each factor has changed over time, and the negative value corresponds to a declining trend over time.

Abbreviations: ALl argon laser iridotomy; CMV, cytomegalovirus; DSAEK, Descemet’s stripping automated endothelial keratoplasty; DMEK, Descemet’s membrane
endothelial keratoplasty; FED, Fuchs’ endothelial dystrophy; ICE, iridocorneal endothelial syndrome; PBK, pseudophakic bullous keratopathy; PK, penetrating keratoplasty;
TLE, trabeculectomy; XFS, exfoliation syndrome.
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