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Abstract
The efficacy and safety of Descemet’s membrane endothelial keratoplasty (DMEK) and ultrathin Descemet stripping auto-

mated endothelial keratoplasty (UT-DSAEK) have been recently compared in several systematic reviews (SRs). The aim of

this study was to assess the evidence quality of such SRs, in order to obtain a scientifically rigorous comparison between

the two techniques. We performed a systematic review of SRs and meta-analyses comparing the efficacy and safety

between UT-DSAEK and DMEK up to 24th March 2023, using 3 electronic databases (PubMed, Cochrane Library,

Google Scholar) plus manual reference search. Specific outcomes analyzed included best-corrected visual acuity

(BCVA), endothelial cell density (ECD), rebubbling rate, and other postoperative complications. Of 90 titles/abstracts

screened, four SRs met the inclusion criteria. All SRs adequately analyzed potential bias of the included studies. One

SR raised concern for potential literature search bias and two SRs have heterogeneity in some outcomes analyzed. All

SRs found higher BCVA after DMEK, but one SR reported significant heterogeneity. All SRs found significant heterogen-

eity in ECD analysis, with one SR providing inconsistent analysis of this outcome. Three SRs analyzed rebubbling rates,

favoring UT-DSAEK over DMEK. Three SRs concluded a higher overall complication rate after DMEK, although rebub-

bling may be a confounding factor. This systematic review clarifies the strengths and weaknesses of published SRs and

reinforces the conclusion that DMEK leads to superior visual outcomes compared to UT-DSAEK, with the trade-off

of higher rebubbling rates and possibly other postoperative complications. Studies with longer follow-up are needed

to ascertain these differences between procedures.
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Introduction
Descemet’s membrane endothelial keratoplasty (DMEK)
has gradually become the gold standard technique for the
treatment of corneal endothelial failure, having now
matched “traditional”Descemet stripping (automated) endo-
thelial keratoplasty (DSEK/DSAEK) as the most widely
performed keratoplasty techniques in the United States.1

The reasons underlying this trend include the superior
profile of DMEK compared with traditional DSEK/
DSAEK in terms of visual outcomes, refractive results,
and safety.2–6 Although DMEK has a higher graft detach-
ment (GD) rate,2,3 most GDs are partial and self-limited,
rebubbling rates decrease with surgeon experience, and
the implications of rebubbling in graft survival are
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controversial.7,8 Some corneal surgeons advocate that
DMEK may be more technically challenging than DSEK/
DSAEK, especially in complex eyes; this is currently
disputed.9

Ultrathin DSAEK (UT-DSAEK), using refined graft
preparation techniques to achieve lenticules with graft
thickness (GT) below 130 µm,10 and its recent variations
which produce progressively thinner grafts (microthin
DSAEK (MT-DSAEK) and nanothin DSAEK (NT-
DSAEK),11 have shown better visual outcomes and lower
rejection rates compared with traditional DSAEK.11 Until
recently, there was limited evidence as to whether DMEK
is superior to UT-DSAEK, which could be important from
clinical and economical/political decision-making stand-
points. However, increasing interest has arisen in the topic,
and in a short period of time several systematic reviews
(SRs) have emerged.

The aim of this paper is to provide a quality appraisal of
the SRs comparing the outcomes of UT-DSAEK and its
variations versus DMEK, as well as a synthesis of their
evidence.

Methods/literature search

Eligibility criteria and search strategy
We conducted a systematic review in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. We performed a
review of all SRs comparing outcomes of ultra-thin
DSAEK (and its variant designations NT-DSAEK or
MT-DSAEK) versus DMEK for corneal endothelial
failure using three electronic databases (MEDLINE,
Cochrane Database of Systematic Reviews, Google
Scholar), in addition to a manual search of references in
main articles up to 24th March 2023. We used search
terms by title and abstract using variations of the terms
ultra-thin DSAEK / UT-DSAEK / NT-DSAEK / nanothin
DSAEK / microthin DSAEK / MT-DSAEK and Descemet
membrane endothelial keratoplasty / DMEK. No restric-
tions by journal, year of publication and language were
applied in the literature search.

Population
Patients with corneal endothelial failure who underwent
endothelial keratoplasty.

Intervention
UT-DSAEK and its variations.

Comparator
DMEK.

Outcomes
All outcomes analyzed were eligible, including BCVA,
residual spherical equivalent refractive error (SphEq),
rebubbling rates, primary graft failure and secondary
graft failure rates, immune rejection rates, endothelial
cell density (ECD), central corneal thickness (CCT), and
adverse events including postoperative elevated intraocular
pressure (IOP).

Study design
Inclusion. SRs were included if they specified search strat-
egy in at least two literature databases and included
primary research; no restrictions were placed on the
study design of the primary studies.

Exclusion. We excluded SRs without clearly defined
research questions, search strategy or defined process of
article selection. We also excluded articles other than
SRs comparing UT-DSAEK vs DMEK, and we excluded
articles retrieved in the literature search that were not
written in English language.

Selection
We created a database of the search results of each data-
base into a Microsoft Excel® sheet and eliminated dupli-
cate results. Two researchers (NM-C, RP-V)
independently screened the retrieved titles and abstracts,
and the full-text articles of those classified as potentially
eligible by either reviewer were independently analyzed
by both reviewers. Where a consensus could not be
reached by both reviewers, the senior author (JLG)
reviewed disagreements.

Data extraction
We collected data including study authors, journal and year
of publication patient baseline characteristics and differ-
ences, intervention and comparator, outcome measures,
duration of follow-up, effect estimates – mean differences
(MD) and odds ratios (OR) or risk ratios (RR) with confi-
dence intervals as available –, and study design. One
researcher (NM-C) completed data extraction, and a
second researcher cross-checked (JPC).

Quality assessment and risk of bias
Two researchers (NM-C, AR) used the ROBIS tool for
quality assessment and risk of bias analysis. Where a con-
sensus could not be reached by both reviewers, the senior
author (JLG) reviewed disagreements.
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Data synthesis
Each outcome was narratively synthesized, including
number of SRs using each outcome and effect estimates
with confidence intervals (95%CI) from the source
review. All outcomes that were reported in the SRs were
included in our work, to avoid reporting bias.

Results
Database search identified 90 records, resulting in 71
studies after de-duplication (Supplemental Table 1). Four
full-text articles were retrieved and analyzed after the
initial screening of titles and abstract, and all four SRs
were eligible for inclusion.12–15 The PRISMA study flow
diagram is presented in Supplemental Figure 1.

Review characteristics
Four SRs and meta-analyses met the inclusion criteria. The
summary of reviews is presented in Table 1. All SRs
included the randomized controlled trial (RCT) by
Dunker et al.;16 all SRs included the Descemet
Endothelial Thickness Comparison Trial (DETECT)
RCT, but while Maier et al.,12 Dimtsas et al.13 and Singh
et al.14 included the publication by Chamberlain et al.,17

Hurley et al.15 included the publication by
Rose-Nussbaumer et al.18 which analyzed the 2-year
results in the same cohort. Three SRs12,13,15 included the
RCT by Matsou et al. which compared “MT-DSAEK”
(all grafts had GT≤ 130 µm, although a high proportion
had a GT below 100-µm) to DMEK19; and only one
SR12 included the RCT by Kurji et al. comparing
“NT-DSAEK” (with GT≤ 50 µm) to DMEK.20 All SRs
included the retrospective fellow-eye study of Mencucci
et al.,21 and all SRs included the retrospective study by
Romano et al.;22 three SRs12,14,15 included the fellow-eye
study by Torras-Sanvicens et al.;23 two SRs14,15 included
the retrospective study by Tourabaly et al. where DMEK
was compared with DSAEK grafts of different GT and
also compared with NT-DSAEK24; and one SR13 included
the retrospective study by Machalińska et al.25

Quality assessment and risk of bias
Risk of bias was assessed using the ROBIS tool, a vali-
dated tool designed specifically to assess the risk of bias
in systematic reviews.26 No SRs included in this study
were considered at a “High risk of bias” (Table 2). All
studies provided adequate analysis of risk of bias for the
studies included. However, the SR by Singh et al. raised
concerns for potential bias and was rated as “Unclear
risk of bias” (Table 2). The remaining three SRs were con-
sidered as having a “Low risk of bias”, although some

concerns for potential bias were raised mainly related to
the synthesis of findings.

Outcome evaluation. All SRs undertook a narrative synthe-
sis and included meta-analyses for the outcomes.12–15 All
SRs evaluated postoperative BCVA.12–15 Other outcomes
included rebubbling rate (three studies),12,13,15 ECD (four
studies),12–15 CCT (one study),13 SphEq (one study),13

rejection rate (one study),12 graft survival (one study),12

postoperative elevation of IOP (two studies),12,13 and
overall complications three studies).13–15 Dimtsas et al.
considered DMEK as the “intervention” and the
UT-DSAEK as the “comparator”,13 whereas Maier et al.,
Singh et al. and Hurley et al. considered UT-DSAEK the
“intervention” and DMEK the “comparator”.12,14,15

Visual outcomes
The SRs by Maier et al.,12 Dimtsas et al.13 and Hurley
et al.15 included a meta-analysis of visual outcomes at dif-
ferent time points, focusing particularly on 12-month
follow-up. Singh et al. performed a meta-analysis of post-
operative BCVA, but time points analyzed in the studies
included were variable from 12 to 32 months.14 There
were differences in the studies included in each SR, and
as such there were variations in the pooled estimates for
this outcome (Table 3). The largest difference in BCVA
was reported by Maier et al., who observed a pooled MD
of 0.50 (95%CI= 0.27–0.74, p < 0.0001) in BCVA 12-
month follow-up.12 This was different than the pooled
MD estimates from the other three studies, who observed
pooled MD of 0.06–0.07 in BCVA.13–15 Dimtsas et al.
also performed a meta-analysis of the 12-month SphEq
and found a pooled estimate favoring DMEK over
UT-DSAEK (MD=−0.12, 95%CI=−0.42–0.00, p=
0.049); however, heterogeneity analysis for this outcome
was not presented by the authors.13 The study by Singh
et al. observed high heterogeneity in their BCVA
meta-analysis, which the authors considered to be likely
due to the differences in postoperative time points analyzed
in the studies included.14 The SR by Hurley et al. con-
cluded that the level of quality of evidence for the
BCVA analysis was “High” using the GRADE system.15

Rebubbling
Only the studies by Maier et al., Dimtsas et al. and Hurley
et al. performed a meta-analysis of the rebubbling
rates.12,13,15 There were differences in the studies included
in each SR, and as such there were variations in the pooled
estimates for this outcome (Table 4).The largest difference
in rebubbling rate was reported by Dimtsas et al., who
observed a 2.37-fold increase in risk of rebubbling
defined by a fixed effects model after DMEK compared
with UT-DSAEK.13 In the other two SRs comparing

Moura-Coelho et al. 915

https://journals.sagepub.com/doi/suppl/10.1177/11206721231214605
https://journals.sagepub.com/doi/suppl/10.1177/11206721231214605


T
ab

le
1.

Su
m
m
ar
y
o
f
sy
st
e
m
at
ic
re
vi
e
w

o
f
sy
st
e
m
at
ic
re
vi
e
w
s
co
m
p
ar
in
g
u
lt
ra
th
in

D
e
sc
e
m
e
t
st
ri
p
p
in
g
au
to
m
at
e
d
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y
(U

T-
D
SA

E
K
)
to

D
e
sc
e
m
e
t’
s
m
e
m
b
ra
n
e
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y

(D
M
E
K
).

R
e
vi
e
w

an
d

Y
e
ar

A
im

(p
ar
ti
ci
p
an
ts
)

In
te
rv
e
n
ti
o
n
/

C
o
m
p
ar
at
o
r

Se
ar
ch

st
ra
te
gy

N
o
.
o
f
st
u
d
ie
s

in
cl
u
d
e
d

St
u
d
ie
s
in
cl
u
d
e
d

To
ta
l
n
o
.
o
f

p
ar
ti
ci
p
an
ts

F
-U

ti
m
e

af
te
r

in
te
rv
e
n
ti
o
n

(m
o
n
th
s)

R
is
k
o
f
b
ia
s

as
se
ss
m
e
n
t

O
u
tc
o
m
e
s

an
al
yz
e
d

C
o
m
m
e
n
ts

U
T-
D
SA

E
K

D
M
E
K

M
ai
e
r

e
t
al
.

(2
0
2
3
)1
2

P
at
ie
n
ts
w
it
h

F
E
D

an
d
B
K

U
T-
D
SA

E
K
/

D
M
E
K

M
E
D
L
IN

E
,

E
M
B
A
SE
,

C
D
SR

,

L
IL
A
C
S

7
st
u
d
ie
s
(3

R
C
T
|

1
p
ro
sp
e
ct
iv
e

st
u
d
y
|
1

re
tr
o
sp
e
ct
iv
e

st
u
d
y
|
2

re
tr
o
sp
e
ct
iv
e

fe
llo
w
-e
ye

st
u
d
ie
s)

D
u
n
ke
r
e
t
al
.
(2
0
2
0
)
|

C
h
am

b
e
rl
ai
n
e
t
al
.
-

D
E
T
E
C
T
(2
0
1
9
)
|

M
at
so
u
e
t
al
.
(2
0
2
1
)
|

K
u
rj
i
e
t
al
.
(2
0
1
8
)
|

To
rr
as
-S
an
vi
ce
n
s
e
t
al
.

(2
0
2
1
)
|
M
e
n
cu
cc
i
e
t
al
.

(2
0
2
0
)
|
R
o
m
an
o
e
t
al
.

(2
0
2
0
)

1
6
5

1
6
3

1
2

C
le
ar

q
u
al
it
y

ap
p
ra
is
al
o
f

th
e
st
u
d
ie
s

P
ri
m
ar
y
o
u
tc
o
m
e
:

B
C
V
A
|

Se
co
n
d
ar
y

o
u
tc
o
m
e
s:

E
C
D
,

re
b
u
b
b
lin
g,

re
je
ct
io
n
,
gr
af
t

fa
ilu
re
,

p
o
st
o
p
e
ra
ti
ve

IO
P
e
le
va
ti
o
n

D
im
ts
as

e
t
al
.

(2
0
2
3
)1
3

P
at
ie
n
ts
w
it
h

F
E
D

an
d
P
B
K

D
M
E
K
/

U
T-
D
SA

E
K

M
E
D
L
IN

E
,

C
D
SR

6
st
u
d
ie
s
(4

R
C
T
|

1
re
tr
o
sp
e
ct
iv
e

st
u
d
y
|
1

re
tr
o
sp
e
ct
iv
e

fe
llo
w
-e
ye

st
u
d
y)

C
h
am

b
e
rl
ai
n
e
t
al
.

D
E
T
E
C
T
(2
0
1
9
)
|

D
u
n
ke
r
e
t
al
.
(2
0
2
0
)
|

M
at
so
u
e
t
al
.
(2
0
2
1
)
|

M
ac
h
al
in
sk
a
e
t
al
.
(2
0
2
1
)

|
M
e
n
cu
cc
i
e
t
al
.
(2
0
2
0
)
|

R
o
m
an
o
e
t
al
.
(2
0
2
0
)

1
5
1

1
4
9

1
2

C
le
ar

q
u
al
it
y

ap
p
ra
is
al
o
f

th
e
st
u
d
ie
s

B
SC

V
A
,
E
C
D
,

Sp
h
e
ri
ca
l

e
q
u
iv
al
e
n
t,

re
b
u
b
b
lin
g,

ad
ve
rs
e
ev
e
n
ts

In
te
rv
e
n
ti
o
n

D
M
E
K
,

co
m
p
ar
at
o
r

U
T-
D
SA

E
K

Si
n
gh

e
t
al
.

(2
0
2
3
)1
4

P
at
ie
n
ts
w
it
h

co
rn
e
al

e
n
d
o
th
e
lia
l

fa
ilu
re

U
T-
D
SA

E
K
/

D
M
E
K

M
E
D
L
IN

E
,

E
M
B
A
SE
,

SC
O
P
U
S

6
st
u
d
ie
s
(2

R
C
T
|

2
re
tr
o
sp
e
ct
iv
e

st
u
d
ie
s
|
1

re
tr
o
sp
e
ct
iv
e

fe
llo
w
-e
ye

st
u
d
y
|1

cr
o
ss
-s
e
ct
io
n
al

co
m
p
ar
at
iv
e
ca
se

se
ri
e
s)

C
h
am

b
e
rl
ai
n
e
t
al
.

D
E
T
E
C
T
(2
0
1
9
)
|

D
u
n
ke
r
e
t
al
.
(2
0
2
0
)
|

M
e
n
cu
cc
i
e
t
al
.
(2
0
2
0
)
|

To
u
ra
b
al
y
e
t
al
.
(2
0
1
9
)
|

R
o
m
an
o
e
t
al
.
(2
0
2
0
)
|

To
rr
as
-S
an
vi
ce
n
s
e
t
al
.

(2
0
2
1
)

1
5
1

1
3
5

U
n
cl
e
ar
*

G
o
o
d
q
u
al
it
y

ap
p
ra
is
al
o
f

th
e
st
u
d
ie
s,

b
u
t
p
ri
m
ar
y

re
se
ar
ch

m
e
th
o
d

ra
is
e
s

co
n
ce
rn

fo
r

p
o
te
n
ti
al

b
ia
s
(S
e
e

R
O
B
IS

to
o
l)

P
ri
m
ar
y
o
u
tc
o
m
e
:

B
C
V
A
|

Se
co
n
d
ar
y

o
u
tc
o
m
e
s:

E
C
D
,

co
m
p
lic
at
io
n
s

*
A
sp
e
ci
fi
c

ti
m
e
p
o
in
t
fo
r

an
al
ys
is
w
as

n
o
t
d
e
fi
n
e
d
b
y

th
e
au
th
o
rs

H
u
rl
e
y

e
t
al
.

(2
0
2
3
)1
5

P
at
ie
n
ts
w
it
h

co
rn
e
al

e
n
d
o
th
e
lia
l

fa
ilu
re

U
T-
D
SA

E
K
/

D
M
E
K

M
E
D
L
IN

E
,

E
M
B
A
SE
,

C
D
SR

7
st
u
d
ie
s
(3

R
C
T
|

2
re
tr
o
sp
e
ct
iv
e

st
u
d
ie
s
|
2

re
tr
o
sp
e
ct
iv
e

fe
llo
w
-e
ye

st
u
d
ie
s)

R
o
se
-N

u
ss
b
au
m
e
r
e
t
al
.

D
E
T
E
C
T
(2
0
2
1
)
|

D
u
n
ke
r
e
t
al
.
(2
0
2
0
)
|

M
at
so
u
e
t
al
.
(2
0
2
1
)
|

M
e
n
cu
cc
i
e
t
al
.
(2
0
2
0
)
|

R
o
m
an
o
e
t
al
.
(2
0
2
0
)
|

To
rr
as
-S
an
vi
ce
n
s
e
t
al
.

(2
0
2
1
)
|
To
u
ra
b
al
y
e
t
al
.

(2
0
1
9
)

1
8
9

1
7
3

1
2

C
le
ar

q
u
al
it
y

ap
p
ra
is
al
o
f

th
e
st
u
d
ie
s

B
C
V
A
,
E
C
D
,

re
b
u
b
b
lin
g,

co
m
p
lic
at
io
n
s

L
eg

en
d:

U
T-
D
SA

E
K
:
u
lt
ra
th
in

D
e
sc
e
m
e
t
st
ri
p
p
in
g
au
to
m
at
e
d
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
D
M
E
K
:
D
e
sc
e
m
e
t’
s
m
e
m
b
ra
n
e
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
F
E
D
:
F
u
ch
s’
e
n
d
o
th
e
lia
l
d
ys
tr
o
p
h
y;
B
K
:
b
u
llo
u
s
ke
ra
to
p
at
h
y;

M
E
D
L
IN

E
:
M
e
d
ic
al
L
it
e
ra
tu
re

A
n
al
ys
is
an
d
R
e
tr
ie
va
l
Sy
st
e
m

O
n
lin
e
;
E
M
B
A
SE
:
E
x
ce
rp
ta

M
e
d
ic
a
D
at
ab
as
e
;
C
D
SR

:
C
o
ch
ra
n
e
D
at
ab
as
e
o
f
Sy
st
e
m
at
ic
R
e
vi
e
w
s;
L
IL
A
C
S:
L
at
in

A
m
e
ri
ca
n
&
C
ar
ib
b
e
an

H
e
al
th

Sc
ie
n
ce
s
L
it
e
ra
tu
re
;
R
C
T
:
ra
n
d
o
m
iz
e
d
co
n
tr
o
lle
d
tr
ia
l;
B
C
V
A
:
B
e
st
-c
o
rr
e
ct
e
d
vi
su
al
ac
u
it
y;
E
C
D
:
e
n
d
o
th
e
lia
l
ce
ll
d
e
n
si
ty
;
IO

P
:
in
tr
ao
cu
la
r
p
re
ss
u
re
;
P
B
K
:
p
se
u
d
o
p
h
ak
ic
b
u
llo
u
s
ke
ra
to
p
at
h
y;
B
SC

V
A
:
b
e
st

sp
e
ct
ac
le
-c
o
rr
e
ct
e
d
vi
su
al
ac
u
it
y.

916 European Journal of Ophthalmology 34(4)



T
ab

le
2.

R
O
B
IS
to
o
l
as
se
ss
m
e
n
t
o
f
ri
sk

o
f
b
ia
s
in

th
e
re
vi
e
w
s
in
cl
u
d
e
d
in

th
is
o
ve
rv
ie
w

o
f
sy
st
e
m
at
ic
re
vi
ew

s.

St
u
d
ie
s

St
u
d
y

e
lig
ib
ili
ty

cr
it
e
ri
a

Id
e
n
ti
fi
ca
ti
o
n

an
d
se
le
ct
io
n
o
f

st
u
d
ie
s

D
at
a

co
lle
ct
io
n

an
d
st
u
d
y

ap
p
ra
is
al

Sy
n
th
e
si
s

an
d
fi
n
d
in
gs

R
is
k
o
f
b
ia
s

in
th
e

re
vi
e
w

R
at
io
n
al
e
fo
r
co
n
ce
rn

M
ai
e
r

e
t
al
.

L
O
W

L
O
W

L
O
W

L
O
W

L
O
W

-
-

-

D
im
ts
as

e
t
al
.

L
O
W

L
O
W

L
O
W

L
O
W

(*
)

L
O
W

(*
)
A
n
al
yz
in
g
o
ve
ra
ll

p
o
st
o
p
e
ra
ti
ve

co
m
p
lic
at
io
n
s
w
it
h
o
u
t

in
cl
u
d
in
g
re
b
u
b
b
lin
g

w
o
u
ld

h
av
e
p
ro
vi
d
e
d

m
o
re

re
le
va
n
t
fi
n
d
in
gs
.

N
o
fo
re
st
p
lo
t
an
d

h
e
te
ro
ge
n
e
it
y
an
al
ys
is
w
e
re

m
ad
e
fo
r
so
m
e
o
f
th
e

o
u
tc
o
m
e
s
an
al
yz
e
d
(C

C
T
,

p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
).

-

Si
n
gh e
t
al
.

L
O
W

U
N
C
L
E
A
R
*

L
O
W

U
N
C
L
E
A
R

(*
)
**

U
N
C
L
E
A
R

*
T
h
e
p
ri
m
ar
y
se
ar
ch

w
as

lim
it
e
d
b
y
ye
ar
,
la
n
gu
ag
e
,

an
d
co
u
n
tr
y
o
f

p
u
b
lic
at
io
n
,
w
h
ic
h
m
ay

ra
is
e
p
o
te
n
ti
al
b
ia
s.

**
So
m
e
in
co
n
si
st
e
n
cy

b
e
tw

e
e
n

m
an
u
sc
ri
p
t
b
o
d
y
an
d
fo
re
st

p
lo
t
re
su
lt
s;
u
n
cl
e
ar

co
n
cl
u
si
o
n
s
re
ga
rd
in
g
E
C
D
;

si
gn
ifi
ca
n
t
h
e
te
ro
ge
n
e
it
y
in

B
C
V
A
o
u
tc
o
m
e
an
al
ys
is

(*
)
A
n
al
yz
in
g
o
ve
ra
ll

p
o
st
o
p
e
ra
ti
ve

co
m
p
lic
at
io
n
s
w
it
h
o
u
t

in
cl
u
d
in
g
re
b
u
b
b
lin
g

w
o
u
ld

h
av
e
p
ro
vi
d
e
d

m
o
re

re
le
va
n
t
fi
n
d
in
gs
.

H
u
rl
e
y

e
t
al
.

L
O
W

L
O
W

L
O
W

L
O
W

(*
)

L
O
W

(*
)
A
n
al
yz
in
g
o
ve
ra
ll

p
o
st
o
p
e
ra
ti
ve

co
m
p
lic
at
io
n
s
w
it
h
o
u
t

in
cl
u
d
in
g
re
b
u
b
b
lin
g

w
o
u
ld

h
av
e
p
ro
vi
d
e
d

m
o
re

re
le
va
n
t
fi
n
d
in
gs
.

-
-

L
eg

en
d:

C
C
T
:
ce
n
tr
al
co
rn
e
al
th
ic
k
n
e
ss
;
IO

P
:
in
tr
ao
cu
la
r
p
re
ss
u
re
;
E
C
D
:
e
n
d
o
th
e
lia
l
ce
ll
co
u
n
t;
B
C
V
A
:
b
e
st
-c
o
rr
e
ct
e
d
vi
su
al
ac
u
it
y.

Moura-Coelho et al. 917



T
ab

le
3.

V
is
u
al
o
u
tc
o
m
e
an
al
ys
is
o
f
u
lt
ra
th
in

D
SA

E
K
ve
rs
u
s
D
M
E
K
.

N
o
.

st
u
d
ie
s

To
ta
l
n
o
.
o
f

p
ar
ti
ci
p
an
ts

T
im
e
p
o
in
t

an
al
ys
is
o
f

B
C
V
A

M
D

9
5
%
C
I
o
f

M
D

p
-v
al
u
e

H
e
te
ro
ge
n
e
it
y

(I
-s
q
u
ar
e
)

C
o
n
cl
u
si
o
n

C
o
m
m
e
n
ts

U
T-
D
SA

E
K

D
M
E
K

M
ai
e
r
e
t
al
.

(2
0
2
3
)

7
1
5
4

1
5
2

1
2
m
o
n
th
s

0
.5
0

0
.2
7
–

0
.7
4

p
<

0
.0
0
0
1

9
%
%

In
fa
vo
u
r
o
f

D
M
E
K

-

D
im
ts
as

e
t
al
.

(2
0
2
3
)
**

5
1
2
7

1
2
1

1
2
m
o
n
th
s

−
0
.0
7
5

−
0
.1
2
-

−
0
.0
3

p
=

0
.0
0
1

4
9
%

In
fa
vo
u
r
o
f

D
M
E
K

1
2
-m

o
n
th

an
al
ys
is
Sp
h
E
q
fa
vo
u
ri
n
g
D
M
E
K

M
D
-0
.1
2
(9
5
%
C
I
-0
.4
2
-
0
.0
0
)
(p

=
0
.0
4
9
)

Si
n
gh

e
t
al
.

(2
0
2
3
)

4
1
2
0

1
1
0

1
2
–
3
2
m
o
n
th
s

0
.0
6

0
.0
4
–

0
.0
9

p
<

0
.0
0
0
1

5
2
%
(*
)

In
fa
vo
u
r
o
f

D
M
E
K

(*
)
Si
gn
ifi
ca
n
t
h
e
te
ro
ge
n
e
it
y

H
u
rl
e
y
e
t
al
.

(2
0
2
3
)

7
1
8
9

1
7
3

1
2
m
o
n
th
s

0
.0
7

0
.0
4
–

0
.1
0

p
<

0
.0
0
1

3
2
%

In
fa
vo
u
r
o
f

D
M
E
K

G
R
A
D
E
Q
u
al
it
y
o
f
E
vi
d
e
n
ce
:
H
ig
h

L
eg

en
d:

U
T-
D
SA

E
K
:
u
lt
ra
th
in
D
e
sc
e
m
e
t
st
ri
p
p
in
g
au
to
m
at
e
d
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
D
M
E
K
:
D
e
sc
e
m
e
t’
s
m
e
m
b
ra
n
e
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
B
C
V
A
:
b
e
st
-c
o
rr
e
ct
e
d
vi
su
al
ac
u
it
y;
M
D
:
m
e
an

d
if
fe
re
n
ce
;
C
I:

co
n
fi
d
e
n
ce

in
te
rv
al
;
Sp
h
E
q
:
sp
h
e
ri
ca
l
e
q
u
iv
al
e
n
t.

**
In
te
rv
e
n
ti
o
n
D
M
E
K
,
co
m
p
ar
at
o
r
U
T-
D
SA

E
K
.

T
ab

le
4.

R
e
b
u
b
b
lin
g
ra
te

co
m
p
ar
is
o
n
b
e
tw

e
e
n
u
lt
ra
th
in

D
SA

E
K
an
d
D
M
E
K
.

R
e
vi
e
w

an
d
Y
e
ar

N
o
.

st
u
d
ie
s

To
ta
l
n
o
.
o
f

p
ar
ti
ci
p
an
ts

R
R

9
5
%
C
I
o
f

R
R

p
-v
al
u
e

H
e
te
ro
ge
n
e
it
y

(I
-s
q
u
ar
e
)

C
o
n
cl
u
si
o
n

U
T-
D
SA

E
K

D
M
E
K

M
ai
e
r
e
t
al
.
(2
0
2
3
)

6
1
5
4

1
5
3

0
.3
3

0
.1
6
–
0
.6
7

p
=

0
.0
0
2
5

0
%

R
e
b
u
b
b
lin
g
ra
te

is
lo
w
e
r
af
te
r
U
T-
D
SA

E
K
co
m
p
ar
e
d
w
it
h
D
M
E
K

D
im
ts
as

e
t
al
.

(2
0
2
3
)
**

6
1
5
1

1
4
9

2
.3
7

1
.2
5
–
4
.4
9

p
=
0
.0
0
8

0
%

R
e
b
u
b
b
lin
g
ra
te

is
2
.3
7
ti
m
e
s
h
ig
h
e
r
af
te
r
D
M
E
K
co
m
p
ar
e
d
w
it
h

U
T-
D
SA

E
K

H
u
rl
e
y
e
t
al
.

(2
0
2
3
)

5
1
1
9

1
1
7

0
.4
0

0
.2
2
–
0
.7
3

p
=
0
.0
0
3

0
%

R
e
b
u
b
b
lin
g
ra
te

is
lo
w
e
r
af
te
r
U
T-
D
SA

E
K
co
m
p
ar
e
d
w
it
h
D
M
E
K

(G
R
A
D
E
Q
u
al
it
y
o
f
E
vi
d
e
n
ce
:
H
ig
h
)

L
eg

en
d:

U
T-
D
SA

E
K
:
u
lt
ra
th
in

D
e
sc
e
m
e
t
st
ri
p
p
in
g
au
to
m
at
e
d
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
D
M
E
K
:
D
e
sc
e
m
e
t’
s
m
e
m
b
ra
n
e
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
R
R
:
ri
sk

ra
ti
o
;
C
I:
co
n
fi
d
e
n
ce

in
te
rv
al
.

**
In
te
rv
e
n
ti
o
n
D
M
E
K
,
co
m
p
ar
at
o
r
U
T-
D
SA

E
K

918 European Journal of Ophthalmology 34(4)



T
ab

le
5.

P
o
st
o
p
e
ra
ti
ve

co
m
p
lic
at
io
n
s
co
m
p
ar
is
o
n
b
e
tw

e
e
n
u
lt
ra
th
in

D
SA

E
K
an
d
D
M
E
K
.

R
e
vi
e
w

an
d
Y
e
ar

T
yp
e
o
f
A
E

N
o
.

st
u
d
ie
s

To
ta
l
n
o
.
o
f

p
ar
ti
ci
p
an
ts

T
im
e
p
o
in
t

an
al
ys
is
o
f

A
E
s

R
R

9
5
%

C
I
o
f

R
R

p
-v
al
u
e

H
e
te
ro
ge
n
e
it
y

(I
-s
q
u
ar
e
)

C
o
n
cl
u
si
o
n

C
o
m
m
e
n
ts

U
T-
D
SA

E
K

D
M
E
K

M
ai
e
r

e
t
al
.

(2
0
2
3
)

G
ra
ft
fa
ilu
re

6
1
3
3

1
3
8

U
n
cl
e
ar

0
.6
5

0
.1
8
–

2
.3
0

p
=

0
.5
0

0
%

N
o
si
gn
ifi
ca
n
t

d
if
fe
re
n
ce
s
in

gr
af
t
fa
ilu
re

ri
sk

b
e
tw

e
e
n

p
ro
ce
d
u
re
s

G
ra
ft
fa
ilu
re

2

U
T-
D
SA

E
K
/
5

D
M
E
K

G
ra
ft
re
je
ct
io
n

5
1
2
3

1
2
8

U
n
cl
e
ar

1
.4
0

0
.2
7
–

7
.3
0

p
=

0
.6
9

0
%

N
o
si
gn
ifi
ca
n
t

d
if
fe
re
n
ce
s
in

gr
af
t
re
je
ct
io
n

ra
te
s
b
e
tw

e
e
n

p
ro
ce
d
u
re
s

G
ra
ft
re
je
ct
io
n
1

U
T-
D
SA

E
K
/
0

D
M
E
K

P
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
4

9
5

1
0
0

U
n
cl
e
ar

1
.1
4

0
.6
0
–

2
.1
8

p
=

0
.6
9

0
%

N
o
si
gn
ifi
ca
n
t

d
if
fe
re
n
ce
s
in

p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
ra
te

b
e
tw

e
e
n

p
ro
ce
d
u
re
s

-

D
im
ts
as

e
t
al
.

(2
0
2
3
)

**

O
ve
ra
ll
(i
n
cl
u
d
in
g
d
o
n
o
r

p
re
p
ar
at
io
n
fa
ilu
re
,

re
b
u
b
b
lin
g,

re
tr
an
sp
la
n
ta
ti
o
n
,

re
je
ct
io
n
,
p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
)

6
1
5
1

1
4
9

U
n
sp
e
ci
fi
e
d

1
.4
9

1
.0
2
–

4
.4
9

p
=

0
.0
3
9

0
%

D
M
E
K
gr
o
u
p
h
ad

1
.4
8
ti
m
e
s
gr
e
at
e
r

ri
sk

fo
r
A
E
s;
w
it
h

co
m
p
ar
ab
le

p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
ra
te

R
e
tr
an
sp
la
n
ta
ti
o
n
3

D
M
E
K
/
0

U
T-
D
SA

E
K
;

R
e
je
ct
io
n
1
D
M
E
K
/

0
U
T-
D
SA

E
K

P
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P
6

1
5
1

1
4
9

U
n
sp
e
ci
fi
e
d

0
.9
1

0
.4
5
–

1
.7
8

p
=

0
.7
9
0

N
/R

Si
n
gh e
t
al
.

(2
0
2
3
)

O
ve
ra
ll
(i
n
cl
u
d
in
g
gr
af
t

d
is
p
la
ce
m
e
n
t,
re
b
u
b
b
lin
g,

gr
af
t
re
je
ct
io
n
,
gr
af
t
fa
ilu
re
,

p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d

IO
P
)

3
6
8

7
2

1
2
m
o
n
th
s

0
.2
7

0
.1
2
–

0
.5
9

p
=

0
.0
0
1

0
%

L
o
w
e
r
co
m
p
lic
at
io
n

ra
te

in
U
T-
D
SA

E
K

C
o
m
p
lic
at
io
n
s
2
1

U
T-
D
SA

E
K
/
4
8

D
M
E
K

H
u
rl
e
y

e
t
al
.

(2
0
2
3
)

O
ve
ra
ll
(i
n
cl
u
d
in
g
d
o
n
o
r

p
re
p
ar
at
io
n
fa
ilu
re
,

re
b
u
b
b
lin
g,
p
o
st
o
p
e
ra
ti
ve

e
le
va
te
d
IO

P,
gr
af
t
fa
ilu
re
,

gr
af
t
re
je
ct
io
n
,

re
tr
an
sp
la
n
ta
ti
o
n
,

p
o
st
e
ri
o
r
sy
n
e
ch
ia
e
,
re
ti
n
al

te
ar
s
an
d
cy
st
o
id

m
ac
u
la
r

e
d
e
m
a)

5
1
1
9

1
1
7

U
n
cl
e
ar

0
.5
7

0
.3
6
–

0
.9
0

p
=

0
.0
2

3
9
%

L
o
w
e
r
co
m
p
lic
at
io
n

ra
te

in
U
T-
D
SA

E
K

C
o
m
p
lic
at
io
n
s
3
3

U
T-
D
SA

E
K
/
5
9

D
M
E
K
;
(G

R
A
D
E

Q
u
al
it
y
o
f
E
vi
d
e
n
ce
:

M
o
d
e
ra
te
)

L
eg

en
d:

U
T-
D
SA

E
K
:
u
lt
ra
th
in
D
e
sc
e
m
e
t
st
ri
p
p
in
g
au
to
m
at
e
d
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
D
M
E
K
:
D
e
sc
e
m
e
t’
s
m
e
m
b
ra
n
e
e
n
d
o
th
e
lia
l
ke
ra
to
p
la
st
y;
A
E
:
ad
ve
rs
e
e
ve
n
t;
R
R
:
ri
sk

ra
ti
o
;
C
I:
co
n
fi
d
e
n
ce

in
te
rv
al
;
IO

P
:

in
tr
ao
cu
la
r
p
re
ss
u
re
.

**
In
te
rv
e
n
ti
o
n
D
M
E
K
,
co
m
p
ar
at
o
r
U
T-
D
SA

E
K
.

Moura-Coelho et al. 919



rebubbling rates, UT-DSAEK was associated with a 60–
67% lower risk of rebubbling (RR= 0.33 to 0.40).12,15

Hurley et al. concluded that the quality of evidence for
the rebubbling analysis was “High” using the GRADE
system.15

Other postoperative complications
The studies by Dimtsas et al., Singh et al. and Hurley et al.
performed meta-analyses to compare DMEK and
UT-DSAK in “overall complications” (Table 5).13–15 The
largest difference in complication rate was reported by
Singh et al., who observed that patients undergoing
UT-DSAEK had 73% less risk of postoperative complica-
tions compared with patients undergoing DMEK (OR=
0.27, 95%CI= 0.12–0.59, p= 0.001).14 Hurley et al. con-
cluded that UT-DSAEK was associated with 43% less
risk of complications compared with DMEK (RR= 0.57,
95%CI= 0.36–0.90, p= 0.02),15 and Dimtsas et al.
reported a 1.49-fold increased risk of complications after
DMEK (RR= 1.49, 95%CI= 1.02–4.49, p= 0.039).13

The analysis of “overall complications” raises concern
for potential interpretation bias, since a large proportion
of complications in all studies were rebubblings. This
means that other individual postoperative complications
may not conform to the findings of their meta-analyses.
For instance, Dimtsas et al. also performed a meta-analysis
of postoperative elevation of IOP, and found no significant
differences between DMEK and UT-DSAEK (RR= 0.91,
95%CI= 0.45–1.78, p= 0.790),13 comparable with the
findings of Maier et al. (RR= 1.14, 95%CI= 0.60–2.18,
p= 0.69).12 Only the study by Maier et al. analyzed the
rejection rates and graft failure as standalone parameters,
and found no significant differences between both proce-
dures (graft failure RR= 0.65, 95%CI= 0.18–2.30, p=
0.50 | graft rejection RR= 1.40, 95%CI 0.27–7.30, p=
0.69).12 Hurley et al. found that the GRADE level of
quality of evidence for the comparison of “overall compli-
cations” between UT-DSAEK and DMEK was
“Moderate”.15

Endothelial cell density
All SRs included in this overview included a meta-analysis
of the ECD at 12-month postoperative follow-up.12–15

There were differences in the studies included in each
SR, and as such there were variations in the pooled esti-
mates for this outcome (Supplemental Table 2). Maier
et al. found that pooled estimates could not be interpreted
for ECD due to significant heterogeneity,12 and the other
SRs similarly found significant heterogeneity for this ana-
lysis.13–15 The SR by Dimtsas et al. also included a
meta-analysis of the 12-month CCT, and found a pooled
estimate in favor of DMEK (MD=−47.1, 95% CI=
−62.0–32.0, p < 0.001)13; however, this analysis raises

concern for potential interpretation bias, since heterogen-
eity was not reported, and particularly since this difference
may be at least partly explained by the differences in donor
lenticule graft thickness between DMEK and
UT-DSAEK.13 The meta-analysis for ECD by Singh
et al. has some inconsistencies which raise concern for
potential bias (Supplemental Table 2).14

Conclusions
This is the first systematic review of SRs specifically
addressing the outcomes of corneal endothelial grafting.
The relevance of this type of overviews of SRs is high-
lighted by the findings that only 28–70% of SRs in oph-
thalmology are considered reliable.27–30 This is in line
with our findings that 25% of the SRs analyzed had an
unclear risk of bias after applying the ROBIS tool, that
50% raised potential concerns due to heterogeneity and
inconsistent reporting of data, and that three SRs compared
“overall complications” rather than reporting each compli-
cation individually. Given the weight that rebubbling has
in the complication rates after DMEK, at least this
outcome should not have been included among other less
frequent complications. Besides, the rejection and graft
failure rates ought to have been analyzed independently,
since these are important outcomes to analyze when two
techniques of corneal transplantation are compared.

This summary of SRs provides the highest level of evi-
dence that DMEK leads to higher levels of BCVA in com-
parison with UT-DSAEK and its variations. The favorable
visual outcomes after DMEK are likely due to the lack of
posterior stromal tissue in the donor graft, which also
leads to lower levels of posterior corneal HOAs compared
with UT-DSAEK.25,31 However, it is unclear whether dif-
ferences BCVA after 1 year of follow-up are relevant,
since the study with the longest follow-up after
UT-DSAEK observed a mean BCVA of 0.09 logMAR
and that 53.4% of eyes achieved BCVA> 20/20
Snellen,32 which is comparable with the results of long-
term series of DMEK surgery.5,6

Rebubbling rates after UT-DSAEK are lower than those
after DMEK. However, as previously stated, the implica-
tions for rebubbling on graft survival are unclear.7,8,33

ECD after UT-DSAEK and DMEK were comparable,
although significant heterogeneity was observed by all
SRs. Endothelial cell loss after DMEK and UT-DSAEK
is likely comparable, and this is also true when comparing
the endothelial cell loss after conventional DSEK/DSAEK.
Although no comparative studies are available for
follow-up longer than 1 year, reported 5-year endothelial
cell loss rates after UT-DSAEK are also comparable with
those of DMEK and those of DSEK/DSAEK.5,33–36

Importantly, this systematic review of SRs found that
immune rejection rates and other postoperative complica-
tions after UT-DSAEK may be comparable with those
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after DMEK during the first postoperative year. However,
we consider that this is a short follow-up period to establish
definite conclusions regarding rejection risk. Although
most rejection episodes occur during the first two years
after EK,37 the cumulative rejection risk increases with
time after endothelial keratoplasty, and studies with
longer follow-ups have reported up to 7% rejection rates
at 5 years in UT-DSAEK,32 compared with 2.5–4% rejec-
tion rates at 5 to 10 years after DMEK.5,6,37

The main strength of our overview is that we identified
the relevant differences and contrasts between the SRs. The
main limitation of our systematic review of SRs is that we
used few electronic databases, although relevant ones. One
important limitation of current SRs of UT-DSAEK versus
DMEK is that no review compared the cost-effectiveness
of the two techniques, which should be relevant for deci-
sion makers. DMEK showed to be cost-effective in com-
parison to conventional DSAEK in the United States,38

but a recent multicenter RCT conducted in the
Netherlands found that UT-DSAEK was cost-effective
compared with DMEK, as DMEK had higher costs
(mainly caused by higher rebubbling and regraft rates)
while quality-adjusted life years were lower.39

In conclusion, there is an overall good quality of evi-
dence on the comparison of outcomes between DMEK
and UT-DSAEK and its variations, although a quarter of
SRs had an unclear risk of bias, and potential concerns
for heterogeneity and inconsistency in reporting of data
were found in this overview of SRs. DMEK eyes may
expect to reach higher levels of BCVA compared with
eyes undergoing UT-DSAEK and its variations, with the
trade-off of a higher rebubbling rate. It is unclear
whether the rate of other postoperative complications is
comparable between the two techniques (apart from rebub-
bling). Comparative studies with longer follow-up are
crucial to elucidate the differences in BCVA, as well as
in cumulative rejection rates and graft failure after the
first year postoperatively.
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