
Abstract. Background/Aim: The aim of this meta-analysis
was to compare the efficacy and safety of Ultrathin -
Descemet stripping automated endothelial keratoplasty (UT-
DSAEK) versus Descemet membrane endothelial
keratoplasty (DMEK) for the treatment of corneal
endothelial failure in patients with Fuchs endothelial
dystrophy (FED) or Pseudophakic bullous keratopathy
(PBK). Patients and Methods: We performed a meta-analysis
and conducted a literature search in PubMed and Cochrane
Library, following Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. Effects
were calculated as odds ratios or standardized mean
differences. Results: A total of six studies with 300 eyes in
total (151 UT-DSAE and 149 DMEK) were included. BSCVA
was superior in the DMEK group compared with the UT-
DSAEK at 3, 6, and 12 months after surgery. Rebubbling
rates and overall adverse events were 2.37 and 1.48 times,
respectively, higher in the DMEK group. The central corneal
thickness and spherical equivalent were significantly lower
in the DMEK group 12 months post-surgery. Endothelial cell
density values were similar in both groups up to 12 months
postoperatively. Conclusion: To the best of our knowledge,
this is the first meta-analysis comparing UT-DSAEK with

DMEK. DMEK surgery resulted in significantly better
BSCVA at 3, 6, and 12 months postoperatively compared to
UT-DSAEK. UT-DSAEK had a better complication profile
with lower rebubbling rates.

Endothelial keratoplasty (EK) is defined as the selective
replacement of dysfunctional endothelium with donor
endothelial grafts. Over the last two decades, EK tends to
replace penetrating keratoplasty (PK) in cases involving
endothelial decompensation of various origins, such as Fuchs
endothelial dystrophy (FED) or Pseudophakic bullous
keratopathy (PBK) (1). The reason is that EK results in faster
vision recovery, reduced graft rejection rates and faster
recovery time (2). 

The two main techniques of EK are Descemet stripping
automated endothelial keratoplasty (DSAEK) (3) and
Descemet membrane endothelial keratoplasty (DMEK) (4).
In DSAEK, the diseased endothelium and the Descemet
membrane are removed and replaced by healthy endothelium
with the underlying Descemet membrane and a stroma layer
of variable thickness (3). On the contrary, in DMEK, the
donor tissue consists only of endothelium and Descemet
membrane (4). Several studies and meta-analyses have
shown the superiority of DMEK over DSAEK in terms of
visual outcome and patient satisfaction (5-9).

In 2011, Neff et al. reported that thinner DSAEK grafts
could result in a better visual outcome (10). The above
evidence led to the introduction of Ultrathin-DSAEK (UT-
DSAEK), where the thickness of the corneal grafts is ≤100
μm (11). Studies have shown that UT-DSAEK results in
faster and better recovery of Best Spectacle-corrected Visual
Acuity (BSCVA) than the conventional DSAEK with a
similar incidence of complications as the conventional
DSAEK (12, 13).

The aim of the current meta-analysis was to compare the
effectiveness and safety of UT-DSAEK versus DMEK for
the treatment of corneal endothelial failure in patients with
FED and PBK.
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Patients and Methods
Search strategy and selection criteria. We (G.D & M.M) conducted
a literature search on the following electronic databases: PubMed
and the Cochrane Library with the last run in September 2022. The
search strategy combined the keywords “Ultrathin Descemet
stripping automated endothelial keratoplasty” or “UT-DSAEK”
AND “Descemet membrane endothelial keratoplasty” or “DMEK”.
Additionally, manual detection of the possible studies was
performed using the obtained articles’ reference lists.

All the relevant studies, which compared UT-DSAEK versus
DMEK, were included in this systematic review. The inclusion
criteria of this study were as follows: 1) Comparative studies,
including randomized control trials and prospective or retrospective
cohort studies. 2) Patients with FED or PBK who underwent UT-
DSAEK or DMEK, triple procedures were included. 3) Studies that
mentioned at least one of the outcomes of interest: postoperative
logarithm of the minimum angle of resolution (logMAR) best
spectacle-corrected visual acuity (BSCVA), spherical equivalent,
endothelial cell density (ECD), central corneal thickness (CCT), and
adverse events. The exclusion criteria were: 1) Non-comparative
studies, 2) eyes included with ocular comorbidities except from
FED or PBK, 3) studies not written in English. The Newcastle-
Ottawa Scale was used to assess the risk for bias of the studies.

Data extraction. Data were extracted independently by two
reviewers (G.D and M.M) from each eligible study. The
information that was extracted from all included studies were: the
name of the first author, year of publication, location, he study
design, total number (N) of patients that were enrolled in each
study, number (N) of patients with FED or PBK in each study,
number of patients (N) that underwent UT-DSAEK or DMEK, age
of patients, preoperative and postoperative logMAR BSCVA, pre-
and postoperative spherical equivalent, pre- and postoperative
endothelial cell density, postoperative central corneal thickness, and
proportion of patients with rebubbling, graft rejection and other
adverse events. All disagreements regarding data extraction were
resolved through discussion.

Statistical analysis. The present systematic review and meta-
analysis were conducted in accordance with the recommendations
of the Cochrane Library and PRISMA guidelines. Random and fixed
effects meta-analysis was conducted for the study outcomes. A
random effects model was used to calculate the pooled mean
differences (MD) or relative risks (RR) in case of significant
between-study heterogeneity, and a fixed effects model was used in
case of non-significant between-study heterogeneity (14).
Heterogeneity between studies was assessed using the I2 in order to
determine the degree of variation not attributable to chance alone.
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Figure 1. PRISMA study flow diagram.



If I2 values were more than 50%, we considered the data
significantly heterogeneous (15). Statistical significance was
considered when p<0.05. All statistical analyses were performed in
the STATA software version 11.0.

Results

Study selection. In total, 67 articles were identified initially by
searching the PubMed and the Cochrane Library.
Subsequently, 22 duplicates were removed and 45 articles
were assessed for detailed evaluation. After an independent
review, six articles were excluded after full-text evaluation.
Thirty-three of the 39 remaining articles did not present usable
data. Finally, six studies were eligible based on the inclusion
criteria and selected for this meta-analysis (16-21). Figure 1
demonstrates the Preferred Reporting Items for systematic
review and meta-analyses (PRISMA) study flow diagram. 

Characteristics of included studies and quality assessment.
The six studies that were included in the analysis and their
characteristics are presented in Table I and Table II.
Regarding study site distribution, 2 studies were from the
United Kingdom, 1 from the United States of America, 1
from the Netherlands, 1 from Italy, and 1 from Poland. The
range of research periods was between 2019 and 2021. In
total, 151 participants underwent UT-DSAEK and 149
DMEK. The mean number of participants was 25.2 (SD=4.4)
for UT-DSAEK and 24.8 (SD=3.9) for DMEK. The most
frequent diagnosis was FED in both procedures.  

The quality of the included studies was high according to
the Newcastle-Ottawa Scale, as all studies received 7 out of
9 points (Table I). 

Best spectacle-corrected visual acuity. Overall mean
preoperative BSCVA was similar between DMEK and UT-
DSAEK, (MD=0.028, 95%CI=–0.037-0.094; p=0.399). At
three months, patients with UT-DSAEK had a mean BSCVA
of 0.22 (95%CI=0.065-0.37), whereas patients with DMEK
had a mean BSCVA of 0.14 (95%CI=0.005-0.28).

As depicted in Figure 2, based on the meta-analysis of the
results from the three included studies, the pooled mean
difference of BSCVA between DMEK and UT-DSAEK, at
three months, was found to be equal to –0.08 (95%CI=–0.12-
0.03). The between-study heterogeneity was not significant
(overall Q=1.41, p=0.493, I2=0.0) and a fixed effects model
was used to calculate the pooled estimates. The BSCVA at
three months was significantly lower in DMEK cases as
compared to UT-DSAEK cases (p=0.001).
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Table I. Studies included in the meta-analysis.

Source                      Country              Year             Study design            Diseases                           Number                                Data extracted          NOS
                                                                                                                                                       of eyes (N)                                                               score

                                                                                                                                          UT-DSAEK           DMEK 

Chamberlain              USA                2019             Randomized          FED/PBK                  25                        25                     BSCVA, CGT,            7
et al. (16)                                                              Clinical Trial                                                                                               ECD, Sph EQ, AE

Dunker                 Netherlands          2020             Randomized               FED                       25                        29                BSCVA, CGT, ECD,       7
et al. (17)                                                              Clinical Trial                                                                                               Sph EQ, CCT, AE

Machalinska            Poland              2021            Comparative          FED/PBK                  24                        24                         ECD, AE                 7
et al. (18)                                                                     study

Matsou                        UK                 2021             Randomized               FED                       28                        28                BSCVA, CGT, ECD,       7
et al. (19)                                                              Clinical Trial                                                                                               Sph EQ, CCT, AE

Mencucci                   Italy                2020            Retrospective               FED                       18                        18                BSCVA, CGT, ECD,       7
et al. (20)                                                                                                                                                                                   Sph EQ, CCT, AE

Romano                      UK                 2020            Comparative          FED/PBK                  31                        25                 BSCVA, CGT,  AE         7
et al. (21)                                                                     study

FED: Fuchs endothelial dystrophy; PBK: pseudophakic bullous keratopathy; BSCVA: best spectacle-corrected visual acuity; CGT: central graft
thickness; ECD: endothelial cell density; Sph EQ: spherical equivalent; CCT: Central corneal thickness; AE: adverse events; NOS: Newcastle-
Ottawa scale.

Table II. Studies’ characteristics.

                                                          UT-DSAEK                    DMEK
                                                      (N in total=151)         (N in total=149)

N, mean (SD)                                     25.2 (4.4)                    24.8 (3.9)
Age, mean (SD)                                 71.5 (2.6)                    71.7 (4.1)
Females (%), mean (SD)                  64.3 (17.4)                  68.9 (15.2)
Central Graft thickness,                   78.5 (14.1)                          –
mean (SD)

Diagnosis, N (%)                                                                           
   FED                                                125 (82.8)                   138 (92.6)
   PBK                                                 26 (17.2)                      11 (7.4)

UT-DSAEK: Ultrathin-Descemet stripping automated endothelial
keratoplasty; DMEK: Descemet membrane endothelial keratoplasty; FED:
Fuchs endothelial dystrophy; PBK: pseudophakic bullous keratopathy.
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Figure 3. Results from the fixed effects meta-analysis concerning the difference of Best Spectacle-corrected visual acuity (BSCVA) at six months
between Descemet membrane endothelial keratoplasty (DMEK) and Ultrathin – Descemet stripping automated endothelial keratoplasty (UT-DSAEK).

Figure 2. Results from the fixed effects meta-analysis concerning the difference of Best Spectacle-Corrected Visual Acuity (BSCVA) at three months
between Descemet membrane endothelial keratoplasty (DMEK) and Ultrathin – Descemet stripping automated endothelial keratoplasty (UT-DSAEK).
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Figure 4. Results from the meta-analysis concerning the difference of Best spectacle-corrected visual acuity (BSCVA) at 12 months between Descemet
membrane endothelial keratoplasty (DMEK) and Ultrathin – Descemet stripping automated endothelial keratoplasty (UT-DSAEK).

Figure 5. Results from the meta-analysis concerning the difference of Endothelial cell density (ECD) at 12 months between Descemet membrane
endothelial keratoplasty (DMEK) and Ultrathin – Descemet stripping automated endothelial keratoplasty (UT-DSAEK).



Pooled estimates of the mean difference of BSCVA
between DMEK and UT-DSAEK at 6 months are shown in
Figure 3. The between-study heterogeneity was significant,
and the random effects model showed a pooled mean
difference equal to –0.097 (95%CI=–0.16-0.03) in favor of
DMEK (p=0.003). At 12 months, the pooled mean difference
of BSCVA (overall Q=7.84, p=0.097, I2=49%, estimated
from five studies) between DMEK and UT-DSAEK (Figure
4) was equal to –0.075 (95%CI=–0.12-0.03), again in favor
of DMEK (p=0.001).

Endothelial cell density. Overall mean preoperative ECD
was similar between DMEK and UT-DSAEK (MD=–7.14;
95%CI=–51.0-36.7; p=0.750). At three months, ECD was
recorded only in two studies and pooled mean difference
between DMEK and UT-DSAEK was equal to –126.6
(95%CI=–300.7-553.8), p=0.561. At six months, ECD was
recorded from three studies and pooled mean difference
between DMEK and UT-DSAEK was not significant
(MD=–61.6; 95%CI=–177.9-300.8), p=0.614. Pooled
estimates of the mean difference of ECD between DMEK
and UT-DSAEK at 12 months are shown in Figure 5. The
between-study heterogeneity was significant and the
random effects model showed a pooled non-significant

(p=0.900) mean difference that was equal to –14.0
(95%CI=–233.3-205.3).

Spherical equivalent. Mean preoperative spherical equivalent
(EQ) was well balanced between DMEK and UT-DSAEK,
(MD=0.22, 95%CI=–0.59-1.05; p=0.586). At six months,
spherical EQ was referred to in only two studies and pooled
mean difference between DMEK and UT-DSAEK was not
significant [MD=–0.24 (95%CI=–0.74-0.26) p=0.349]. At 12
months, a significant (p=0.049) pooled mean difference
between DMEK and UT-DSAEK for spherical EQ was
estimated from a fixed effects model [MD=–0.21
(95%CI=–0.42-0.00)], indicating lower values for DMEK
(Figure 6).

Central corneal thickness. CCT at 12 months was evaluated
in two studies and found to be significantly lower in DMEK
cases as compared to UT-DSAEK cases. The pooled
estimated difference between DMEK and UT-DSAEK at 12
months was –47.1 (95%CI=–62.2-32.0), p<0.001.

Adverse events. Concerning the rebubbling rates, the DMEK
group needed rebubbling procedures 2.37 times more often
as defined by a fixed effects model (RR=2.37, 95%CI=1.25-
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Figure 6. Results from the meta-analysis concerning the difference of spherical equivalent at 12 months between Descemet membrane endothelial
keratoplasty (DMEK) and Ultrathin – Descemet stripping automated endothelial keratoplasty (UT-DSAEK).



4.49), p=0.008; Figure 7). Donor preparation failure was
reported in 2 cases in the UT-DSAEK group (16, 17) and in
3 cases in the DMEK group (16, 17, 19). One study reported
that three DMEK cases needed retransplantation (17). The
risk of elevated IOP was not different between DMEK and
UT-DSAEK cases (RR=0.91, 95%CI=0.45-1.78, p=0.790).
Graft rejection was reported only in one (3.5%) DMEK case
(19). Overall, the DMEK group had 1.48 times greater risk
for adverse events, as defined from a fixed effects model
(RR=1.49, 95%CI=1.02-2.16, p=0.039; Figure 8).

Discussion

This meta-analysis included 6 studies, enrolling a total of
300 eyes. Especially, 151 eyes underwent UT-DSAEK and
149 eyes underwent DMEK for either FED or PBK. All the
eyes included did not have any other ocular comorbidity. The
mean Central Graft Thickness for the UT-DSAEK group was
78.5 μm, which is in accordance with the definition of the
UT-DSAEK graft (≤100 μm) (11). 

Concerning the visual rehabilitation, we found that DMEK
resulted in better BSCVA than UT-DSAEK at 3, 6, and 12
months postoperatively, and the difference was statistically

significant. Our results are in accordance with previous
meta-analyses that compared DSAEK with DMEK and they
found a superiority of DMEK (6-9). This visual superiority
could be explained by the development of higher-order
aberrations (HOAs) after conventional DSAEK or UT-
DSAEK. A recent study has shown that the posterior corneal
HOAs are strongly correlated with postoperative BSCVA at
6 and 12 months after DMEK or UT-DSAEK than anterior
corneal HOAs (22). Especially they have reported that the
posterior corneal HOAs are reduced after DMEK and
increased after UT-DSAEK at least up to 12 months after
transplantation (22). The increase in posterior corneal HOAs
can be explained by the donor-recipient curvature mismatch
(23), graft asymmetry (24) and graft folds (25).

Our results show that both techniques treat well the
endothelial cells, as there is no difference in the ECD
between UT-DSAEK and DMEK up to 12 months after
surgery. These results are in accordance with previous
studies (26, 27). Additionally, the spherical EQ and central
corneal thickness were lower in the DMEK group compared
with the UT-DSAEK group, 12 months after the surgery.
That can be explained by the nature of the UT-DSAEK
technique where the graft is thicker than the DMEK graft.
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Figure 7. Results from the meta-analysis concerning the risk for rebubbling.



Regarding the adverse events, an interesting finding of the
current meta-analysis is that the rebubbling rates were 2.37
times higher in the DMEK group in comparison with the UT-
DSAEK group and that the difference was significant.
Previous studies have reported different rates of rebubbling
in DMEK ranging from 2% to 82% (28, 29). On the
contrary, in a large cohort of UT-DSAEK cases, the
rebubbling rate was 4% (27). Overall, we report that UT-
DSAEK shows a better safety profile as the overall rate of
adverse events is higher by 1.48 times in the DMEK group
in comparison with the UT-DSAEK group.

The present meta-analysis has one limitation, which is
the small number of studies included. Only six studies met
the inclusion criteria, but only one was retrospective.
Three of them were randomized controlled trials and two
were comparative studies, which provide more strength to
our results.

To the best of our knowledge, the present meta-analysis is
the first in the literature that compares exclusively UT-
DSAEK and DMEK in terms of efficacy and safety in
patients with FED or PBK and with no other ocular
comorbidities. In parallel with us, another team worked on
the same topic and they managed to publish their meta-

analysis earlier (30). Even if our results are similar, we have
to mention that they have included in the UT-DSAEK group,
28 patients that underwent Nanothin-DSAEK (NT-DSAEK)
(31). NT-DSAEK is a newer modification of DSAEK, where
the graft thickness is ≤50 μm (32), which is considerably
thinner compared to the UT-DSAEK graft which is ≤100 μm.
We believe that the inclusion of patients that underwent NT-
DSAEK should be avoided. The contribution of those 28 NT-
DSAEK patients in a total of 165 UT-DSAEK patients
(16.9%) could alter the final outcome. Especially, when they
estimated the BSCVA 6 months post-operatively, the NT-
DSAEK patients were 28 out of 115 (24%). Previous studies
have shown that graft thickness plays a crucial role in
postoperative BSCVA (10, 33). Overall, NT-DSAEK seems
to have comparable results to DMEK (31, 33).

Concluding, we have shown that DMEK is superior to UT-
DSAEK concerning visual rehabilitation up to 12 months after
surgery. Previous studies have shown that UT-DSAEK is
superior to conventional DSAEK (12, 13). Additionally, we
depict a better safety profile of UT-DSAEK compared with
DMEK, especially with lower rebubbling rates. Taking into
consideration our findings and in combination with previous
studies (34-36), we believe that UT-DSAEK should be
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Figure 8. Results from the meta-analysis concerning the risk for any adverse event.



considered as the first-line intervention in endothelial
dysfunction, especially by non-experienced surgeons, as it has
an easier learning curve than DMEK and a good visual
outcome with less adverse events than DMEK. On the contrary,
DMEK provides better visual rehabilitation but it has a steeper
learning curve, whilst it is difficult to perform DMEK in eyes
with a shallow anterior chamber or complicated anatomy (37)
and it has much higher rates of rebubbling, which demands
extra intraocular manipulations that could be avoided.

In the future, more significant correlations could be
extracted when more randomized controlled trials with more
patients and a longer follow-up period will be performed.
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