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Near complete visual recovery 
and refractive stability in modern 
corneal transplantation: Descemet 
membrane endothelial keratoplasty 
(DMEK)
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aBstraCt

objective. To report the six months results of a large prospective study on Descemet 
membrane endothelial keratoplasty (DMEK) for management of corneal endothelial dis-
orders.
methods. DMEK was performed in 300 consecutive eyes with Fuchs endothelial dystro-
phy, bullous keratopathy or previous corneal transplant failure. Best spectacle-corrected 
visual acuity (BSCVA), refractive outcome and endothelial cell density (ECD) were evalu-
ated before and at 1, 3, and 6 months after surgery. Intra- and postoperative complications 
were documented.
results. At 6 months, 98% of eyes reached a BCVA of ≥20/40 (≥0.5), 79% ≥20/25 (≥0.8), 
46% ≥20/20 (≥1.0), and 14% ≥20/18 (≥1.2) (n=221). The pre- to 6 months postoperative 
spherical equivalent (SE) showed a +0.33D (±1.08D) hyperopic shift (P=0.0000). Refractive 
stability was shown at 3 months after DMEK, i.e. no significant change in SE (P=0.0822) or 
refractive cylinder (P=0.6182) at 3 versus 6 months follow-up. Donor ECD showed a de-
crease from 2561 (±198) cells/mm2 before, to 1674 (±518) cells/mm2 at 6 months after sur-
gery (n=251) (P=0.0000). The main complication was (partial) graft detachment occurring 
in 31 eyes (10%). Secondary ocular hypertension was seen in 13 eyes (6%): 6 induced by 
air-bubble dislocation posterior to the iris and 4 induced by steroids. Secondary cataract 
requiring phaco-emulsification developed in 3 out of 63 (5%) phakic eyes.
Conclusions. DMEK may provide a refractively neutral near complete, rapid visual reha-
bilitation with ECDs similar to earlier endothelial keratoplasty techniques. This combined 
with a relatively low complication rate, would indicate that DMEK is a safe and effective 
treatment for corneal endothelial disorders.

keywords: Descemet membrane endothelial keratoplasty (DMEK), posterior lamellar 
keratoplasty, corneal transplantation, visual acuity, Fuchs endothelial dystrophy, bullous 
keratopathy
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IntroDuCtIon

From 1998, the authors have introduced various sutureless techniques for the replace-
ment of diseased corneal endothelium. These techniques have been popularized as 
‘deep lamellar endothelial keratoplasty’ (DLEK),1 and ‘Descemet stripping (automated) 
endothelial keratoplasty’ (DSEK/DSAEK).2-4 More recently, the authors further refined 
the concept of endothelial keratoplasty towards the selective transplantation of Des-
cemet membrane (DM) and its donor endothelium, referred to as ‘Descemet membrane 
endothelial keratoplasty’ (DMEK).2,5-7 Furthermore, Studeny et al. described a hybrid 
technique between DSEK/DSAEK and DMEK, in which transplantation of Descemet 
membrane with a peripheral stromal rim is performed, referred to as DMEK-S or DMAEK.8

The early forms of endothelial keratoplasty, DLEK and DSEK/DSAEK, may have shown 
that visual outcomes could compete with penetrating keratoplasty (PK), while the most 
frequent complications were minimized.9 Endothelial keratoplasty shows minimally in-
duced astigmatism because the recipient anterior corneal surface is not compromised; 
suture related problems are eliminated since endothelial keratoplasty requires no (cor-
neal) sutures; and wound healing related complications are rare as the procedure can be 
performed through a self sealing limbal or scleral tunnel incision.

Initial results showed that DMEK enabled better visual outcomes than DLEK and DSEK/
DSAEK with minimal refractive changes.5-7,10-13 Given the growing interest worldwide, op-
tometrists may soon become more involved in the referral and postoperative manage-
ment of these patients. Hence, the aim of the current study was to evaluate a first series 
of 300 consecutive DMEK cases, with the main focus on visual and refractive outcomes.

methoDs

The first 300 consecutive eyes of 248 patients that underwent DMEK surgery enrolled in 
this prospective study. The mean age of the patients was 67 ±13 years (range 30 to 93 
years) (Table 1). All patients signed an IRB-approved informed consent; the study was 
conducted according to the Declaration of Helsinki, and registered at www.clinicaltrials.
gov (NCT00521898).

Donor tissue protocol

The procedure for harvesting a DMEK-graft has been previously described.14 In short, 
corneo-scleral buttons were excised from donor globes ≤36 hours post mortem and 
stored by organ culture at 31oC. After one week of culture, endothelial cell morphology 
and viability were evaluated and the corneo-scleral buttons were mounted endothelial 
side up on a custom made holder. A 9.5-mm diameter Descemet-sheet with its endo-
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thelium was removed from the posterior stroma with the corneo-scleral rim immersed 
in balanced salt solution (BSS). Due to the elastic tissue-properties, a ‘Descemet-roll’ 
formed spontaneously, with the endothelium on the outer side. Each Descemet–roll was 
then stored for 5 to10 days in organ culture medium until the time of transplantation.14

surgical protocol 

All eyes were operated under local anesthesia (4 ml 1% ropivacain hydrochloride with 
150IE Hyason), followed by ocular massage and a Honan’s balloon for 10 minutes and the 
patient was positioned in the anti-Trendelenburg position. Surgeries were performed 
as previously described.15 Three side ports were made, the anterior chamber was filled 
with air, a circular portion of Descemet membrane (DM) was scored and stripped from 
the posterior stroma with an inversed Sinskey hook (D.O.R.C. International, Zuidland, 
The Netherlands), thereby performing a 9.0-mm diameter ‘descemetorhexis’.16 A 3.0-mm 
tunnel incision was made at the limbus for insertion of the graft.

The donor Descemet-roll was stained with a 0.06% trypan blue solution (VisionBlueTM, 
D.O.R.C. International) and sucked into a custom made injector (DMEK-inserter, D.O.R.C. 
International) to inject into the recipient anterior chamber. The graft was oriented endo-
thelial side down (donor DM facing recipient posterior stroma) by indirect manipulation 
with air and BSS.15 The graft was then gently spread out over the iris and an air bubble 
was injected underneath the graft to position it onto the recipient posterior stroma (Fig-
ure 1).15 The anterior chamber was left completely filled with air for 60 minutes followed 
by an air-liquid exchange to pressurize the eye while leaving an approximately 30% to 
50% air bubble in the anterior chamber. Each surgical procedure was recorded on DVD 
(Pioneer DVR-RT601H-S, Tokyo, Japan).

In all eyes, a YAG-laser peripheral iridotomy was made at 12 o’clock, 1 to 2 weeks before 
surgery to reduce the potential risk of postoperative pupil block glaucoma due to the air 

table 1. Demographic DMEK eyes (n=300)

Number of patients 248 -

Mean age (± SD) 67 (± 13) years Range 30-93 years 

Men/women 134/166 45/55% 

Phakic eyes 63 21% 

Fuchs endothelial dystrophy 272 90.7% 

Bullous keratopathy 17 5.7% 

Failed DSEK / PK 9 / 1 3.3% 

Decompensation after perforation 1 0.3% 

DMEK = Descemet membrane endothelial keratoplasty
DSEK = Descemet stripping endothelial keratoplasty
PK = Penetrating keratoplasty
SD = standard deviation
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bubble left in the anterior chamber after surgery. The iridotomy was made at 12 o’clock 
as patients are requested to lay in a supine position after surgery. In this position, the air 
bubble is likely to be in the inferior angle of the eye due to Bell’s phenomenon rotating 
the eye upward on closure.

measurements and statistics

Patients were examined before and 1, 3 and 6 months after DMEK with Pentacam 
imaging (Oculus, Wetzlar, Germany), non-contact specular microscopy and slit-lamp 
photography (Topcon Medical Europe BV). Donor endothelial cell density (ECD) was 
evaluated in-vitro (Axiovert 40 inverted light microscope, Zeiss, Göttingen, Germany) 
and photographed (PixeLINK PL-A662, Zeiss, Göttingen, Germany).13 In-vivo ECD was 
evaluated using a Topcon SP3000p non-contact autofocus specular microscope (Topcon 
Medical Europe BV, Capelle a/d IJssel, The Netherlands). Images of the central corneal 
window were manually corrected and three measurements were averaged.

Subjective refraction, best spectacle-corrected visual acuity (BSCVA) and ECD, as well 
as intraoperative and postoperative complications were recorded in a SQL-database. For 
all comparisons, two-sided paired-sample t-tests were performed (SPSS 18.0). P-values 
for the Pentacam and refractive data were corrected with the Benjamini&Hochberg cor-
rection (multiple tests increase false positives).17 After correction, all P-values of less than 
0.05 were considered to be statistically significant.
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figure 1. The DMEK procedure consists of the following steps: After the anterior chamber is filled with air 
through a side port at 3 or 9 o’clock, the main incision is made at 12 o’clock (A) and the recipient Descemet 
membrane is removed by creating a descemetorhexis through the main incision or through a side port 
(B). The donor DMEK-roll is inserted into the anterior chamber (C) and centered (D). Then, the DMEK-roll is 
unfolded by injecting BSS and/or air to the graft (E). Once completely unfolded and positioned against the 
recipient posterior stroma, the anterior chamber is filled with air for approximately 60 minutes (F). (Figure 
has been used with permission of CORNEA)
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resuLts 

Demographics

Three hundred eyes of 248 patients underwent DMEK surgery (Table 1). In patients re-
ferred for combined cataract extraction and DMEK, phacoemulsification was performed 
one to two months prior to the cornea transplantation. Post-phacoemulsification mea-
surements were used for preoperative DMEK refractive data.

visual outcome

A total of 221 eyes were included for visual acuity analysis; 79 eyes were excluded 
because of low visual potential (n=38), a re-operation within 6 months (n=21), ‘sponta-
neous corneal clearance’ despite graft detachment (n=8),18,19 or incomplete visual data 
(n=12) (Table 2). At six months, 79% of eyes reached a BSCVA of ≥20/25 (≥0.8), 46% 
≥20/20 (≥1.0), and 14% ≥20/18 (≥1.2) (n=221) (Table 3 and Figure 2). At 1 month, these 
percentages were 57%, 24% and 3%, respectively and at 3 months 71%, 37% and 6% 
(Table 3 and Figure 2).

table 2. Analysis clinical outcome DMEK (n=300)

Exclusion criteria
Analysis

BCVA

Analysis
subjective 

refractive data

Analysis
Pentacam 

data

Analysis
endothelial
cell density

One or more follow-up measurement not available 12 54 63 19

Low visual potential 36 -- -- --

Secondary DSEK (*) 17(3) 17(3) 17(3) 17(3)

Secondary DMEK (*) 4(10) 4(10) 4(10) 4(10)

Spontaneous clearance despite graft detachment 8 8 8 8

Total number of eyes excluded -79 -83 -92 -48

Total number of eyes evaluated 221 217 208 252

(*) All secondary DMEK/DSEK performed after the 6 months study evaluation interval
BCVA = Best corrected visual acuity
DMEK = Descemet membrane endothelial keratoplasty
DSEK = Descemet stripping endothelial keratoplasty

table 3. Visual outcome after DMEK (n=221)

BCVA Pre-operative 1 month 3 months 6 months

≥ 20/40 (≥ 0.5) 38% (84/n) 87% (193/n) 96% (212/n) 98% (216/n)

≥ 20/25 (≥ 0.8) 7% (16/n) 57% (126/n) 71% (157/n) 79% (175/n) 

≥ 20/20 (≥ 1.0) 1% (2/n) 24% (53/n) 37% (82/n) 46% (103/n) 

≥ 20/18 (≥ 1.2) 0% (0/n) 3% (5/n) 6% (13/n) 14% (32/n) 

BCVA = Best corrected visual acuity
DMEK = Descemet membrane endothelial keratoplasty
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subjective refraction

From 217 eyes subjective refractive data was available at all follow-up intervals (Tables 2, 
4 and 5). Because the preoperative refraction may have been less reliable due to low vi-
sual acuity, we also performed the same analysis for 166 eyes with a preoperative BSCVA 
of ≥20/60 (≥0.3); however similar results were found (Table 6). The change in spherical 
equivalent (SE) from preoperative to 3 months after surgery was ≤0.50D in 41% and 
≤1.00D in 65% of eyes and to 6 months postoperative ≤0.50D in 40% and ≤1.00D in 68%. 
The change in cylindrical error 3 months after surgery was ≤1.00D in 69%, and ≤2.00D in 
95% of eyes, and at 6 months ≤1.00D in 66% and ≤2.00D in 95% (Table 6).

For the whole group (n=217), the pre- to postoperative change in SE (hyperopic and 
myopic shifts averaged) was +0.41 (±1.06) D (range -2.50D to 3.75D) (P=0.0000) at 3 
months, and +0.33 (±1.08) D (range -2.50D to 3.75D) (P=0.0000) at 6 months (Table 4). 
The pre- to postoperative change in refractive cylinder (hyperopic and myopic shifts in 
cylindrical power averaged) was -0.36 (±1.07) D (range -4.00D to 3.75D) (P=0.0000) at 6 
months (Table 4).

Of these 217 eyes, 50 were phakic and 167 pseudophakic. The mean change in SE at 
6 months postoperatively was +0.60 (±0.86) D (range -2.13D to 2.75D) (P=0.0000) and 
+0.25 (±1.12) D (range -2.50D to 3.75D) (P=0.0074) in phakic and pseudophakic eyes, 
respectively. The change in SE was signifi cantly higher in phakic than pseudophakic 
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figure 2. Bar graph displaying the best spectacle-corrected visual acuity (BSCVA) preoperatively and at 
one, three, and six months after DMEK surgery.
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table 5. Stability of refraction after DMEK (n=217)

∆ SE ∆ Cylinder

≤ 0.50 D
Preop-3m

≤ 1.00 D
Preop-3m

≤ 0.50 D
Preop-6m

≤ 1.00 D
Preop-6m

≤ 1.00 D
Preop-3m

≤ 2.00 D
Preop-3m

≤ 1.00 D
Preop-6m

≤ 2.00 D
Preop-6m

41%
(89/217)

65%
(141/217)

40%
(86/217)

68%
(148/217)

69%
(150/217)

95%
(205/217)

66%
(143/217)

95%
(206/217)

DMEK = Descemet Membrane Endotelial Keratoplasty ∆ = Change
SE = Spherical equivalent m = months

Pre-op 6m Post-op Difference map 

A 

I H G 

D E F 

B C 

figure 3. Topographic corneal power maps of the anterior corneal curvature (A-C), the posterior corneal 
curvature (D-F) and pachymetry (G-I), before DMEK (A, D and G), six months after DMEK (B, E and H), and the 
corresponding diff erence maps (C, F and I). Note that DMEK is associated with a virtual absence in curvature 
change at both the anterior and posterior corneal surfaces.
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eyes (P=0.0227). The refractive outcome for the pseudophakic eyes (i.e. eyes in which 
any effect of the crystalline lens on the refraction could be excluded) was analyzed 
separately (Table 4).

Refractive stability after surgery was evaluated by comparing 3 to 6 months post-
operative refractions (n=217), that showed no significant change in SE (P=0.0822) or 
cylindrical error (P=0.6182) (Table 4). All patients obtained full binocular vision, except 
for three cases: two with amblyopia, and one patient was a monoculus.

Pentacam analysis

Complete Pentacam data was available for 208 eyes. Eyes with incomplete data or where 
the image showed improper software auto-detection, were excluded (Table 2). At 3 and 
6 months postoperatively, the change in the anterior corneal curvature was -0.5 (±1.2) D 
and -0.4 (±1.0) D, respectively (P=0.0000).The posterior corneal curvature changed -0.8 
(±0.7) D and -0.7 (±0.7) D (P=0.0000) at 3 and 6 months (Figure 3; Table 6). Keratometric 
astigmatism did not increase from preoperative to 6 months postoperatively (P=0.1089) 
(Figure 3; Table 6).

Mean central corneal thickness decreased from 671 (±102) µm before surgery, to 525 
(±56) µm at 3 months, and 524 (±51) µm at 6 months (n=208), a decrease of 146 (±109) 
µm and 147 (±101) µm (P=0.0000), respectively (Figure 3).

endothelial cell density

Six months postoperative ECD measurements were available in 251 eyes and averaged 
1674 (±518) cells/mm2, compared to an average preoperative donor ECD of 2561 (±198) 
cells/mm2, indicating a decrease in ECD of on average 34.6% (P=0.0000).

Postoperative complications

All transplanted corneas with an attached graft cleared in 1 to 12 weeks, except for 4 
eyes. Of the latter eyes, 3 were among the first DMEK cases that underwent an early re-
intervention when the cornea failed to clear within 3 weeks after the initial DMEK. With 
growing experience, we learned corneal clearance can be delayed for several weeks.20 
Therefore, it remained uncertain whether or not these 3 eyes had primary graft failure, 
since these corneas should have cleared if no secondary surgery had been undertaken. 
No secondary graft failures occurred within the 6 months follow-up interval (Table 7).

The major postoperative complication in this DMEK series was graft detachment, 
defined as a lack of adherence between the Descemet graft and the recipient posterior 
stroma requiring secondary surgical intervention (re-bubbling or re-graft). This could be a 
complete (frequently seen as a ‘free-floating’ Descemet-roll in the recipient anterior cham-
ber) or partial detachment. Overall, 10.3% (31/300) of eyes showed a graft detachment; of 
these 5.7% (17/300) were partial and 4.7% (14/300) were complete detachments (Table 7).
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An allograft rejection occurred in 3 eyes (1%). Only one patient presented with dis-
comfort, reduced visual acuity due to corneal edema and a Khodadoust line. No subjec-
tive complaints were experienced by the other two patients, who discontinued their 

table 7. Complications after DMEK (n=300)

Intraoperative

Failed to unfold/position DMEK graft  1 (0.3%) 

‘Vitreous pressure’ during surgery 18 (6.0%) 

Irisroot hemorrhage  4 (1.3%)   

Postoperative

Graft related

Primary graft failure / Early re-intervention 4 (1.3%)* 

Secondary graft failure 1 (0.3%)** 

Graft detachment:  

Complete  14 (4.7%); first 150 cases: 10 (6.7%); second 150 cases: 4 (2.7%) 

Partial  17 (5.7%); first 150 cases: 10 (6.7%); second 150 cases: 7 (4.7%) 

Recipient raelated   

Remnant recipient Descemet at interface 17 (5.7%)  

Allograft rejection  3 (1.0%)  

Corneal infiltrate  3 (1.0%)  

Intraocular pressure  

Hypotonic eye 1 (0.3%) 

Pre-existing glaucoma 7 (2.3%) 

Pupillary block glaucoma 0 (0.0%) 

Air bubble induced angle closure glaucoma  6 (2.0%) 

Steroid induced glaucoma 4 (1.3%) 

Secondary glaucoma (other causes) 3 (1.0%) 

Crystalline lens  

Iatrogenic induced cataract  3 (4.8%; 3 out of 63 phakic eyes)  

Posterior segment  

Cystoid macular edema   3 (1.0%)  

Macular hole  1 (0.3%)  

Macular Pucker  3 (1.0%)  

Retinal detachment  1 (0.3%) 

re-operations

Re-bubbling  9 (3.0%) 

Secondary DSEK 20 (6.7%) 

Secondary DMEK  14 (4.7%) 

* See text complications in results section
** No secondary graft failures occurred within the 6 months. One eye showed secondary failure 10 months 
postoperative
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steroid medication prematurely. Three eyes (1%) presented with a peripheral corneal 
infiltrate in an area with remnant peripheral corneal edema that resolved with topical 
antibiotics (Table 7).

Intraocular pressure (IOP) elevation was found in 20 DMEK eyes (20/300, 6.7%), of 
which 7 eyes (2.3%) had an escalation of a pre-existing glaucoma and 13 eyes (4.3%) 
presented with a ‘de-novo’ IOP elevation (Table 7). Of these 13 eyes, secondary glaucoma 
due to air-bubble dislocation behind the iris and/or mechanical forward displacement 
of the iris-diaphragm occurred in 6 phakic eyes. Four eyes showed steroid induced intra-
ocular pressure elevation within the first month after surgery (in one patient bilateral). 
The 3 remaining eyes developed secondary glaucoma due to peripheral anterior synec-
chiae (necessitating glaucoma surgery in one eye). The aetiology of the IOP elevation 
was unidentified in 2 eyes (Table 7). Hypotony for several weeks was observed in one eye 
with a history of phacoemulsification, PK and vitrectomy (Table 7).

In phakic eyes, mild anterior crystalline lens opacities were sometimes observed after 
DMEK, these usually faded within months. However, in 3 out of 63 phakic eyes (5%), the 
induced lens opacities required phacoemulsification (Table 7).21

Cystoid macular edema developed in three eyes (1%; 3/300). One highly-myopic eye 
(0.3%; 1/300) presented with a retinal detachment two months after surgery requiring 
vitrectomy. A macular hole developed in one eye (0.3%; 1/300) and in three eyes a 
epiretinal membrane was observed after DMEK (1%; 3/300) (Table 7).

 35 Re-operations 

 Re-DSEK 

 Re-bubbling 

 Re-DMEK 

C L E A R 

14 

20 

1 

4 

4 

9 

figure 4. Diagram displaying the number and sequence of secondary interventions after the 300 DMEK 
surgeries performed in this study.
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secondary corneal procedures

In 35 eyes, reoperation was performed because of graft detachment (n=31) or alleged 
graft failure (n=4). A re-bubbling procedure was performed in 9 eyes (3%), of which only 
one was successful. Twenty eyes (6.7%) underwent a secondary DSEK, and 14 eyes (4.7%) 
had a re-DMEK (Figure 4; Table 7). All of the secondary DSEK and DMEK surgeries were 
successful, and visual outcomes were similar to primary DSEK or DMEK procedures.22

DIsCussIon

In the current study we evaluated visual performance, refractive outcome, ECD and post-
operative complications of the first 300 DMEK cases. Compared to earlier EK techniques 
such as, DLEK and DSEK/DSAEK, our study showed that DMEK may provide significantly 
better visual outcomes and faster visual rehabilitation, while eliminating the most com-
mon complications associated with PK.1,2,9,23-26

visual outcome and rehabilitation rate

In this study, the majority of DMEK eyes showed visual recovery in the first month after 
surgery with a continuing improvement up to 6 months (Figure 2). At one month after 
DMEK, about 90% of eyes had a BSCVA of ≥20/40 (≥0.5), a visual acuity level required for 
an independent lifestyle and driving. At 3 months 70% of eyes reached ≥20/25 (≥0.8). 
The rate of visual rehabilitation after DMEK appears to be faster as compared to DSEK/

figure 5. Diagrammatic representation of the 
corneal power shift in a pseudophakic eye before 
(A), and after DMEK (B and C). Before surgery, 
endothelial disease induces corneal edema, as-
sociated with flattening of the posterior corneal 
curvature and/or steepening of the anterior cor-
neal surface may occur due to epithelial edema 
in more advanced cases. Hence, on both the 
anterior and posterior corneal surface a ‘myopic 
shift’ is induced by the endothelial dysfunction. 
In the early phase after DMEK surgery, the cornea 
shows central thinning while the periphery is still 
edematous, creating a steepening of the pos-
terior cornea curvature and a flattening of the 
anterior cornea curvature, which results in a ‘hy-
peropic shift’. As the transplanted cornea returns 
to a physiological hydration status, the induced 
hyperopic shift is again reduced, but still detect-
able in comparison to the preoperative power.
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DSAEK and PK, in which a visual acuity of ≥20/40 (≥0.5) may not be achieved before 6 or 
even 12 months after surgery.2-4,23-27

Visual rehabilitation after DMEK may also be more complete, as approximately 80% 
of eyes (with normal visual potential and an attached transplant) achieved a BSCVA of 
≥20/25 (≥0.8) at six months and about 50% reached ≥20/20 (≥1.0), which compares 
favorably to visual outcomes after PK and DSEK/DSAEK. Historic studies on PK for 
endothelial disease reported visual results of ≥20/40 (≥0.5) at one year in 40-50% of 
patients.26 Although DSEK/DSAEK may surpass PK, with mean visual outcomes up to 
20/30 (0.6), only small percentages may reach ≥20/25 (≥0.8).1-4,23-25 It has been suggested 
that (cultured) donor posterior stroma in DSEK/DSAEK grafts could degrade the opti-
cal quality of a transplanted cornea, possibly through a mismatch between donor and 
recipient cornea curvature.2,28-30 In contrast, isolated Descemet grafts as used in DMEK 
may provide near normal anatomical restoration of the recipient cornea, which seems to 
be associated with a near normal optical performance of the transplanted cornea, with 
visual acuity levels up to 20/18 (1.2) or better.

refractive change and stability 

Refractive and pachymetric stability is largely obtained at approximately 3 months after 
DMEK, with pachymetry returning to normal and limited changes in refraction thereafter. 
Therefore, new glasses were usually prescribed at 3 months after surgery, while patients 
continued to wear their preoperative glasses in the immediate postoperative period.

Interestingly, our study showed a small pre- to postoperative hyperopic shift.13 In 
DSEK/DSAEK, a hyperopic shift of +1.5D has been described, which may result from the 
‘negative lenticle’ effect of the stroma carried by the endothelial transplant.31 If so, no 
hyperopic shift would be expected after DMEK, in which only an isolated donor DM is 
transplanted. Surprisingly, however, a small shift of +0.33D was also found in our DMEK 
series, that persisted when phakic eyes were excluded from analysis (to eliminate any re-
fractive bias induced by the crystalline lens) (Table 4). In the pseudophakic group, how-
ever, the hyperopic shift was only +0.25D, which should be of little clinical importance. 
Hence, DMEK may be the first technique in corneal transplantation that (on average) 
truly is refractive neutral. If so, intraocular lens power calculations for cataract extrac-
tion prior or during DMEK would become less critical, and even multifocal implants or 
accommodative intraocular lenses could be considered in suitable candidates. However, 
although the mean change in SE may not be of clinical significance, large differences in 
refractive shift were found among individuals (Tables 4 and 5), so that better refractive 
predictability, with more individual patients achieving emmetropia may still be pursued.

If not explained by a ‘lenticle-shaped tissue effect’, how is the hyperopic shift after 
DMEK to be explained? In our study, DMEK was associated with a -0.7D steepening 
of the posterior curvature and a -0.4D flattening of the anterior corneal curvature 
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with a concurrent decrease in pachymetry. It may therefore be assumed that, pre- to 
postoperatively, the reversal toward a normal hydration status of the recipient cornea 
would largely explain the shift in SE after DMEK (Figure 5).13,32 In eyes with mild Fuchs 
endothelial dystrophy, the change in anterior keratometric values may be negligible, so 
that routine nomograms may be used for intraocular lens power calculations. However, 
in more advanced cases and particularly in the presence of epithelial edema,33 some flat-
tening of the anterior corneal surface (ie lower keratometric values) may be anticipated 
for.

endothelial cell density

At 6 months after DMEK, the ECD decreased by about 35% compared to preoperative 
donor cell counts, similar to values reported after DSEK/DSAEK and PK.7,24,25,27,34-36 Since 
DMEK graft diameters (9.0-10.0-mm) exceed those in PK (7.0-8.0-mm) and DSEK/DSAEK 
(8.0-9.0-mm), more endothelium is transplanted, potentially providing longer graft 
survival in DMEK.

Complications 

(Partial) graft detachment has been recognized as the most frequent complication in 
endothelial keratoplasty,2-4,37,38 which also occurred in 31 eyes (10%) in our series. With 
growing experience, the incidence of detachments decreased from 20 in the first 150 
cases (13%), to 11 in the second 150 cases (7%) (Table 7). This may be explained by 
technique adjustments and general precautions, such as a longer air-fill of the anterior 
chamber at the end of the surgery to support the graft and avoiding the use of plastic 
material.20,39 In early cases, a ‘re-bubbling’ procedure (repositioning of the graft by filling 
the recipient anterior chamber with air) was performed to manage these detachments. 
We have now learned that awaiting ‘spontaneous corneal clearance’ may be advocated 
because re-endothelialization of the recipient posterior stroma and subsequent resto-
ration of the vision in the presence of a partially detached graft was observed within 
the first months after surgery in virtually all cases operated on for Fuchs endothelial 
dystrophy.18,19,39 

An intriguing finding was the low incidence of allograft rejections in our series of only 
1%, that has recently been confirmed by others.7,40,41 Apparently, DMEK seems to be as-
sociated with a significantly lower risk of allograft rejection than with DSEK/DSAEK or PK, 
despite larger transplant diameters of ± 9.5mm.40,41

In phakic eyes, it has become common practice to first remove the crystalline lens, 
before commencing DSEK/DSAEK to gain a deeper anterior chamber and to facilitate tis-
sue handling during surgery. We recently documented that there is a relatively low risk 
of inducing a secondary cataract and that visual outcomes may be better when an eye 
remains phakic.42 Since overall patient satisfaction may also be better in these (relatively 
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young) patients, when the accommodative functions are spared, it may be appropriate 
to leave the (clear) crystalline lens in-situ prior to DMEK.

Postoperative pressure elevation after DMEK may most often result from exacerbations 
of pre-existing glaucoma, steroid response, or secondary due to air-bubble misdirection 
behind the iris (after leaving a 30-50% air-fill of the anterior chamber at the end of the 
surgery).43 

In conclusion, for corneal endothelial disorders, DMEK may be offered as an alterna-
tive to PK and/or DSEK/DSAEK, because it has the potential to provide faster and more 
complete visual rehabilitation, with only minimal changes in refraction and good refrac-
tive stability after surgery.
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