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ABSTRACT
Descemet membrane endothelial keratoplasty (DMEK)
allows for selective replacement of damaged endothelial
cells, using only donor Descemet’s membrane with
endothelium. However, early adoption by corneal
surgeons has been limited (illustrated by graft registry
reports: 0.7% all corneal transplants in the USA; 0.4%
in Australia for 2011) due to challenges in donor
preparation and surgical technique. Recently, innovative
donor preparation techniques may improve availability of
pre-stripped DMEK donors from eye banks. The
refinement of donor insertion and manipulation
techniques has also improved outcomes and reduced
graft detachment rates—still, the most common
postoperative complication following DMEK. Randomised
studies are needed to compare clinical practices and
surgeon preferences, such as intraoperative use of long-
acting gas, early versus late intervention of graft
detachments and postoperative steroid management.
A review of current literature reveals that most
publications to date are reports from similar study
cohorts by surgeons who pioneered and advocate this
technique. Thus, more long-term clinical studies in other
tertiary centres are required in order to confirm if the
purported advantages of DMEK such as improved visual
outcomes and reduced graft rejection are replicable
among most corneal surgeons.

INTRODUCTION
The concept of selectively replacing damaged endo-
thelial cells (ECs), in the form of endothelial kera-
toplasty (EK), has revolutionised corneal
transplantation.1 Patients suffering from endothelial
dysfunction are now able to benefit from a surgery,
which has a more rapid visual recovery, better
refractive outcome and superior tectonic integrity,
compared with the traditional full-thickness or
penetrating keratoplasty (PKP).2–5 Over the years,
EK techniques have also evolved to be more select-
ive in the layers of corneal replacement: from a
stromal layer with endothelium and Descemet’s
membrane (DM) for deep lamellar endothelial ker-
atoplasty (DLEK),1 to a thinner stromal layer in
Descemet stripping endothelial keratoplasty
(DSEK);6 and more recently, Descemet membrane
endothelial keratoplasty (DMEK), where only
endothelium and DM is replaced (figure 1).7 8

Once surgical techniques and donor preparation
methods by eye banks were refined and implemen-
ted, Descemet stripping automated endothelial ker-
atoplasty (DSAEK) became the main EK technique
that rapidly gained popularity among surgeons.9 10

While DSAEK enjoyed all the benefits of EK
surgery over PK, the posterior corneal stroma in
DSAEK donors often contributed to hyperopic
shift and, in some cases, suboptimal visual recov-
ery.11–14 DMEK is a more anatomically accurate

procedure that just replaces DM and endothelium,1

potentially leading to a more rapid, and better
visual recovery with minimal refractive change.15–20

However, widespread adoption is currently highly
limited due to the relative difficulty of donor prep-
aration, the overall challenging surgical technique
and seemingly increased early complications.21 The
2013 Eye Bank Association of America report
revealed that although the USA has firmly adopted
DSEK, which comprised 48.7% of all grafts per-
formed in the USA (and exceeded that of elective
or optical PK surgeries, which comprised 42.8% of
cases), DMEK was only performed in 3.2% of
cases. However, the report also noted that the total
number of DMEK cases performed in the USA,
although small, had more than doubled compared
with the previous year—from 0.7% in 2011 to
1.6% in 2012 and 3.2% in 2013.22 The 2012
Australian Graft Registry reported that only 0.4%
of all grafts performed from 2010 to 2011 were
DMEK surgeries.23

In 2006, when Melles first introduced the
concept of DMEK, he declared that ‘neither DLEK
nor DSAEK may eventually survive’.2 Although this
clearly has not happened as yet, with few surgeons
switching from DSEK to DMEK,21 a better under-
standing of the technique is gradually improving.24

The purpose of this review is to objectively sum-
marise the progress in DMEK, with regard to
donor preparation, surgical techniques, post-
operative management and clinical outcomes
almost 10 years on.

SURGICAL TECHNIQUES: DONOR
PREPARATION
Donor preparation for DMEK has gradually
evolved from its initial description by Melles.8 The
most common technique described was initially
popularised as the ‘standard’ technique described
in 2008,25 and then further modified to a ‘standard
no touch technique’.26 In the original technique, a
hockey stick is used to loosen the peripheral DM
just centrally from the scleral spur over 180–360°.
The DM is then stripped with a fine forceps—
either 50%, then followed by a superficial trephin-
ation, then completing the DM stripping; or 100%
DM stripping with full-thickness trephination using
a contact lens underneath. The latter technique
allows for the preservation of the underlying
cornea stroma, which may be used for other proce-
dures such as anterior lamellar keratoplasties.27

Since then, variants of this technique have been
described in an attempt to improve DMEK graft
harvesting success and outcomes (figure 2).28 There
is also an impetus from eye banks to innovate new
and reliable techniques to prepare DMEK donors
with minimal EC damage and reduced wastage.27

Inventive techniques have been described, such as
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the use of hydrodissection with the donor on an anterior
chamber maintainer with the endothelium side up;29 and var-
iants of air-dissection similar to a ‘reverse big bubble’ tech-
nique.30 31 However, variability and failure to obtain a ‘big
bubble’ remains an issue, with reports of up to 83% EC loss, and
many donors with a significant layer of remaining stroma
attached to the DM.32 More recently, a technique has been
described using injection of organ culture storage medium to
cleave the DM-stromal plane while the donor is still sub-
merged.33 34 Essentially, donor corneas were submerged in tissue
culture medium while a 25-gauge needle was inserted bevel up,
beneath the trabecular meshwork into the stroma and injected
with storage medium to create a liquid bubble, before the bubble
is removed and the donor is trephined to size. The reported

advantages include a larger diameter, more reliable cleavage with
fewer attempts at injection and reduced EC loss.34 35

Donor staining is important for visualisation of the graft
edges and determination of graft orientation intraoperatively.
While the use of trypan blue 0.06% is reported to be safe for
corneal ECs in vitro (up to 0.4% concentrations immersed for
15 min),36 the safety of the concentrations and durations of
staining used in vivo is relatively unknown.37 Newer dyes such
as patent blue and methyl blue, approved for retinal membrane
staining, may be safer in terms of corneal endothelial toxicity in
vitro.36 Asymmetrical marking of the donor may also be useful
for determining the graft orientation after insertion into the
eye.38 More importantly, donor preparation may be influenced
by donor characteristics. Some have advocated choosing older,

Figure 1 Postoperative slit-lamp
photographs comparing endothelial
keratoplasty techniques. (A) Descemet
membrane endothelial keratoplasty.
(B) Descemet membrane endothelial
keratoplasty with graft edge barely
visible. (C) Descemet stripping
automated endothelial keratoplasty
with visible graft edge.

Figure 2 Descemet membrane endothelial keratoplasty donor preparation technique. (A) Scoring donor edge with Sinsky hook. (B) Stripping DM
donor from edge. (C) Ensuring DM is stripped at least 50% with no tears. (D) Trephination of donor. (E) Remaining trephined donor stripped and
stained with dye. (F) Donor inserted into glass injector.
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non-diabetic donors as these are related to possible ease in graft
preparation and handling. Donor tissue from younger donors
(ie, <50 years of age) may tear easily due to stronger adherence
to the stroma,39 and generally form tighter scrolls, thereby
increasing unfolding times and EC loss.40 41 However, further
studies are required to provide adequate evidence for this to
influence eye bank and clinical practice in terms of donor choice
and staining techniques.

SURGICAL TECHNIQUES: DONOR INSERTION
While most publications have focused on DMEK donor prepar-
ation and insertion, adequate recipient eye preparation is prob-
ably just as important. An adequately sized descemetorrhexis
may be important for graft attachment in order to reduced
overlap between donor and recipient DM, which may cause
donor lift-off in the periphery (unlike DSEK where the stripping
diameter is often smaller than the donor).42 The use of trypan
blue 0.06% staining in the recipient after stripping the DM can
be useful to ensure complete DM removal as residual fragments
of the anterior banded layer of the host DM have been asso-
ciated with a higher risk of detachments.43 As it is believed to
reduce graft adherence, avoidance of viscoelastics during the
recipient preparation has been advocated, although some sur-
geons report the safe use of cohesive viscoelastics as long as it is
thoroughly removed before donor insertion.44 45

One of the challenges of DMEK comes from the fact that the
DM, once separated from stroma, has an innate tendency to
form a tight scroll with the endothelium on the outside of the
scroll (especially in younger donor tissue), and this is arguably
still the most difficult step in DMEK surgery. Current techniques
all involve injecting the DM through a wound, which now may
be smaller than in DSEK. There have been a variety of instru-
ments described for DMEK donor insertion: modified intraocu-
lar lens cartridge, modified semi-rigid tubing, implantable
Collamer lens inserter and a cartridge, or a glass injector.46–48

All these techniques protect the DM scroll from the wound but
may still be susceptible to endothelial damage caused by contact
with the injector lumen (figure 3). However, no direct

comparative studies have been conducted to compare outcomes
using these inserters, at the time of this publication. Donor
insertion, and, more importantly, unscrolling and manipulation
of the donor scroll in the eye, remains a major barrier to many
surgeons attempting to learn DMEK.24

Confirming the correct graft orientation is a key step after
donor insertion, with various techniques such as direct visualisa-
tion of a cannula between donor layers,7 44 use of a hand-held
or microscope-mounted slit beam,49 illumination techniques,50

asymmetrical marking on the graft38 and even intraoperative
optical coherence tomography (OCT) (figure 4).51

Many different graft unfolding techniques have also been
described, which essentially comprise a stepwise approach to
unfolding a double scroll by tapping the cornea in a shallow
anterior chamber, and the use of an air bubble to assist in tight
or single scrolls.53 54 The efficiency of this step is important as
it has been reported that the rate of graft detachments and EC
loss increases significantly with a more difficult graft unfolding,
probably related to greater endothelial trauma.55 The use of
longer-acting gas (most commonly, non-expansile concentrations
of SF6 gas with air, ie, 20% SF6) intraoperatively with a periph-
eral iridectomy has been described with no increased toxicity to
corneal endothelium, but this has not been directly compared
with the use of air in a randomised fashion to demonstrate that
this actually improves graft adhesion.44 While most authors
advocate ‘air-filling’ times of at least 1 h7 46 53 (presumably
from past experiences with DSEK), a study using intraoperative
OCT suggests that complete graft adhesion during DMEK is
achieved around 5–6 min.51

COMPLICATIONS AND POSTOPERATIVE MANAGEMENT
Graft detachment versus re-bubble rates
Graft detachment is the most common complication after
DMEK surgery. Initial reports of complete graft detachments
were as high as 30%,4 while partial graft detachments were up
to 62–63%.17 19 However, with improved techniques and surgi-
cal experience, reported graft detachments have reduced to
34.6% in a multicentre study,55 and as low as 4% in one case

Figure 3 Descemet membrane
endothelial keratoplasty donor
insertion technique. (A) Insertion of
donor via glass injector through
temporal 3.2 mm clear corneal tunnel.
(B) Double scroll formation with
endothelium rolled upwards. (C) Donor
unscrolled in shallow anterior chamber.
(D) 20% SF6 gas combination with air
injected under donor for full air fill
with inferior peripheral iridectomy.
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series.56 However, when evaluating DMEK complications one
has to be aware that some authors choose to emphasise on
re-bubble rates rather than detachment rates. For example,
re-bubble rates were as high as 73.8% (presumed all graft
detachments were re-bubbled) in one series,57 to as low as
3–6% (with a 15.8–50% partial detachment rate).58 59 This
reflects the variation in DMEK surgeons’ preferences and
beliefs: on the one hand, conservative surgeons may choose to
observe graft detachments for months before any interven-
tion41 60 while, on the other hand, surgeons may repeat air
injections for all, if not most, of their graft detachments within
1–2 weeks.61 While late intervention allows the chance for the
cornea to clear spontaneously, visual recovery is longer, while
the delayed healing may lead to potential corneal scarring,
poorer final visual outcome and lower EC count.62 However,
there are currently no direct comparative studies to compare the
outcomes of early versus late air injections after graft detach-
ments following DMEK.

Graft rejection
The incidence of ‘classical’ allograft rejection after DMEK is
widely reported to be ‘rare’, which is one of the purported
advantages of DMEK. One series reported a 0.7% rejection
episode rate after DMEK compared with historical control
groups of DSEK (9%) and PK (17%). However, the comparative
groups in this particular study were heterogeneous, with 12%
pseudophakic bullous keratopathy in the DSEK group compared
with 3% in the DMEK group.63 Moreover, another publication
from the same centre and time frame reported a 5.1% rejection
episode rate in 1 year, although that was attributed to difference
in surgeons’ tapering corticosteroid regimes (all graft rejections
were from one centre using a ‘earlier tapering regime’ of pred-
nisolone acetate 1% every 2 h while awake for 2 weeks, four
times daily for 1 month, three times daily for 1 month, twice
daily for 1 month and once daily indefinitely; the authors advo-
cated prednisolone acetate 1% four times daily for 4 months,
three times daily for a month, twice daily for 1 month and once
daily indefinitely).19 Nonetheless, graft rejection episodes fol-
lowing DMEK may well be under-reported and heavily depend-
ent on postoperative monitoring and varying steroid regimes.

Although only one centre reported graft rejection rates of <1%,
most report graft rejection ranges of around 1.4–5%64 and a
mean of 3.7% in a large multicentre multisurgeon series.56

Patients may present with symptoms such as eye redness, dis-
comfort or reduction in visual acuity with characteristic
Khodadoust lines with keratic precipitates, but some patients
may be asymptomatic and detected on routine follow-up (30%
were asymptomatic).65 In one large series, 7 of 500 eyes experi-
enced immune allograft rejection, anytime from 4 to even
42 months after surgery.64 Interestingly, these patients developed
characteristic EC changes a few months before the allograft
rejection on routine specular microscopy, suggesting that there
may be a role for routine endothelial imaging for the detection
and prevention of allograft rejection in patients with DMEK.64

These studies suggest that allograft rejection in DMEK is prob-
ably not as rare as we think, with reports supporting a
slow-onset immune response different to the clinical manifesta-
tions seen in DSEK and PK.64 Surgeons should continue to be
vigilant for mild episodes of allograft rejection that can occur at
anytime in the postoperative period, while more studies are
needed to investigate the role of topical corticosteroid regime to
prevent EC damage and improve DMEK graft survival.66

Minor postoperative complications
Most other postoperative complications reported by various
studies have been relatively rare with only one multicentre, mul-
tisurgeon study with adequate numbers to represent the various
uncommon complications.56 These included epithelial defects
and/or erosion (3.0%), secondary glaucoma (2.8%) and signifi-
cant Descemet graft folds (1.9%). The remaining complications
were reported in <1% of cases, such as anterior synechiae,
hypotony, pupillary block, subepithelial haze and interface
pigment deposits. One study reported an unusually high rate of
cystoid macular oedema, detected in up to 13.3% of eyes fol-
lowing DMEK with cataract extraction, and 12.5% of eyes fol-
lowing DMEK alone, within 6 months after surgery.67

Post-DMEK incidence of raised intraocular pressure can be as
high as 12% (2.7% developing glaucoma), most of which was
secondary to steroid response.68 As a result of improving techni-
ques and reduced detachment rates, primary iatrogenic graft

Figure 4 Intraoperative, spectral
domain optical coherence tomography
during Descemet membrane
endothelial keratoplasty. (A) Imaging
helps to demonstrate donor orientation
after insertion. (B) Intraoperative donor
graft adhesion within 1 min of full air
fill at 30 mm Hg of pressure, with
noticeable interface fluid still present.
(C) Confirmation of improved
intraoperative graft adhesion after
8 min, with reduction of interface fluid
at the end of surgery with bandage
contact lens on the cornea.52
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failure rates have also reduced from as high as 20% in initial
series to as low as 2.2%.69

OUTCOMES: VISUAL ACUITY AND EC LOSS
Most studies have reported good visual recovery and final out-
comes following DMEK.7 15–20 Within 6 months, 79–94% of
eyes could achieve best (spectacle)-corrected visual acuity
(BCVA) of at least 20/40, while 22–47% may attain BCVA of at
least 20/20.16 20 Most studies have also reported that DMEK
causes a mild hyperopic shift of <+0.50 D after 6–12 months’
follow-up.17 70 However, it is important to note that early
reports of visual outcomes in DMEK were performed in early
cases of corneal decompensation from Fuchs dystrophy, with
mild–moderate preoperative visual loss (median preoperative
visual acuity 20/40–20/50).45 71 These eyes may possibly have
less preoperative anterior stromal scarring or reversible stromal
changes compared with chronic cases of bullous keratopathy
with poor vision.72 Nonetheless, compared with DSEK in the
fellow eye, patients reported significantly better visual acuity
and preferred their vision in the DMEK eye in unmasked
studies.15 18 73 74 Although some studies suggest that DSEK
visual outcomes can be improved by using thinner donor
tissue,75 76 randomised comparisons of DMEK and ultra-thin
DSEK are needed.3 Though studies have reported a slower
visual recovery after ultra-thin DSEK compared with DMEK, a
comparable percentage of eyes achieve BCVA of 20/20 or better
1 year after surgery.76 As the results of ultra-thin DSEK
improve, the purported benefits of DMEK may eventually be
overshadowed by the ease and reliability of the widely per-
formed DSEK.76

Endothelial cell loss following DMEK ranges widely, from
32% to 40% at 3 months, and 36% to 40% at 6
months.15 17 19 20 47 57 77 Longer term studies with a variable
follow-up rate report EC loss of around 19–36% at 1
year.20 61 78 79 The longest term results report a median 5-year
cell loss of 39% in DMEK (28 eyes), which compared favour-
ably with prior reports of DSEK (53%) and PKP (70%) per-
formed for similar indications.61 This study reported median
EC loss of 27% at 12 months (548 eyes), 28% at 24 months
(254 eyes), 31% at 36 months (98 eyes), 36% at 48 months (41
eyes) and 38% at 60 months (28 eyes).61 Another long-term
study in 300 eyes reported EC loss of 35% at 6 months (254
eyes), 38% at 12 months (234 eyes), 43% at 24 months (130
eyes), 47% at 36 months (63 eyes), 52% at 48 months (25 eyes)
and 55% at 60 months (9 eyes), which suggests a sharp decrease
in the first six months, followed by a yearly decrease of approxi-
mately 7%.80 These reports of long-term EC loss in DMEK is
encouraging compared with DSEK and PKP.13 The reported
median EC loss in DSEK is high initially, but drops to an annual
EC loss of 3–6% after the first year, which then ranges 44–46%
at 3 years,81 82 and 51–54% at 5 years.82 83 In comparison,
while the annual EC loss was gradual during the first decade
after PKP of around 4–8% per year up to overall 70% EC loss
at 5 years, there is minimal change in graft survival and EC loss
from 5 to 10 years (Cornea Donor Study).81 84 These studies
suggest that even though the initial EC loss was greater after
DMEK and DSEK, the long-term rate of EC loss of DMEK may
be lower compared with PKP. However, the two long-term
studies on DMEK have a 96–97% loss to follow-up rate at
5 years, without reporting graft survival data, thereby underlin-
ing the need for more studies with long-term results to confirm
the long-term efficacy of DMEK. In addition, most DMEK
studies reporting on EC loss rates refer to the initial results of
DSEK using the taco folding technique as a comparator, but

today lower cell loss rates have been reported with improved
donor insertion techniques.13 85–87

CONCLUSION
There is increasing evidence that DMEK has a role in improving
outcomes for patients who require selective endothelial replace-
ment. However, there are currently few adequately powered
studies with sufficient long-term follow-up, with many publica-
tions reporting results from the same study cohorts by the same
surgeons, many of whom pioneered and advocate this tech-
nique. Thus, more studies from other centres around the world
are needed to confirm whether these results are replicable, and
only time will tell whether DMEK in its current state is a pro-
cedure with the potential to be universally adopted by corneal
surgeons in their routine clinical practice. Randomised studies
comparing techniques (eg, ultra-thin DSEK vs DMEK) and trials
comparing intraoperative techniques or postoperative manage-
ment regimens are required to establish DMEK as the main EK
technique of choice.

Contributors All authors met the ICJME criteria: (1) substantial contributions to
conception and design, acquisition of data or analysis and interpretation of data;
(2) drafting the article or revising it critically for important intellectual content;
and (3) final approval of the version to be published.

Competing interests None declared.

Patient consent Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Patel SV. Graft survival and endothelial outcomes in the new era of endothelial

keratoplasty. Exp Eye Res 2012;95:40–7.
2 Melles GR. Posterior lamellar keratoplasty: DLEK to DSEK to DMEK. Cornea

2006;25:879–81.
3 Dapena I, Ham L, Melles GR. Endothelial keratoplasty: DSEK/DSAEK or DMEK–the

thinner the better? Curr Opin Ophthalmol 2009;20:299–307.
4 Melles GR, Ong TS, Ververs B, et al. Preliminary clinical results of Descemet

membrane endothelial keratoplasty. Am J Ophthalmol 2008;145:222–7.
5 Price MO, Price FW Jr. Endothelial keratoplasty—a review. Clin Experiment

Ophthalmol 2010;38:128–40.
6 Lee WB, Jacobs DS, Musch DC, et al. Descemet’s stripping endothelial keratoplasty:

safety and outcomes: a report by the American Academy of Ophthalmology.
Ophthalmology 2009;116:1818–30.

7 Dapena I, Moutsouris K, Droutsas K, et al. Standardized “no-touch” technique for
descemet membrane endothelial keratoplasty. Arch Ophthalmol 2011;129:88–94.

8 Melles GR, Ong TS, Ververs B, et al. Descemet membrane endothelial keratoplasty
(DMEK). Cornea 2006;25:987–90.

9 Gorovoy MS. Descemet-stripping automated endothelial keratoplasty. Cornea
2006;25:886–9.

10 Chen ES, Phillips PM, Terry MA, et al. Endothelial cell damage in descemet
stripping automated endothelial keratoplasty with the underfold technique: 6- and
12-month results. Cornea 2010;29:1022–4.

11 Ang M, Ho H, Wong C, et al. Endothelial keratoplasty after failed penetrating
keratoplasty: an alternative to repeat penetrating keratoplasty. Am J Ophthalmol
2014;158:1221–7 e1.

12 Ang M, Li L, Chua D, et al. Descemet’s stripping automated endothelial
keratoplasty with anterior chamber intraocular lenses: complications and 3-year
outcomes. Br J Ophthalmol 2014;98:1028–32.

13 Ang M, Mehta JS, Lim F, et al. Endothelial cell loss and graft survival after
Descemet’s stripping automated endothelial keratoplasty and penetrating
keratoplasty. Ophthalmology 2012;119:2239–44.

14 Bose S, Ang M, Mehta JS, et al. Cost-effectiveness of Descemet’s stripping
endothelial keratoplasty versus penetrating keratoplasty. Ophthalmology
2013;120:464–70.

15 Tourtas T, Laaser K, Bachmann BO, et al. Descemet membrane endothelial
keratoplasty versus descemet stripping automated endothelial keratoplasty. Am J
Ophthalmol 2012;153:1082–90.e2.

16 Ham L, Balachandran C, Verschoor CA, et al. Visual rehabilitation rate after isolated
descemet membrane transplantation: descemet membrane endothelial keratoplasty.
Arch Ophthalmol 2009;127:252–5.

17 Price MO, Giebel AW, Fairchild KM, et al. Descemet’s membrane endothelial
keratoplasty: prospective multicenter study of visual and refractive outcomes and
endothelial survival. Ophthalmol 2009;116:2361–8.

Ang M, et al. Br J Ophthalmol 2016;100:15–21. doi:10.1136/bjophthalmol-2015-306837 19

Review
 on A

pril 8, 2024 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2015-306837 on 19 M

ay 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.exer.2011.05.013
http://dx.doi.org/10.1097/01.ico.0000243962.60392.4f
http://dx.doi.org/10.1097/ICU.0b013e32832b8d18
http://dx.doi.org/10.1016/j.ajo.2007.09.021
http://dx.doi.org/10.1111/j.1442-9071.2010.02213.x
http://dx.doi.org/10.1111/j.1442-9071.2010.02213.x
http://dx.doi.org/10.1016/j.ophtha.2009.06.021
http://dx.doi.org/10.1001/archophthalmol.2010.334
http://dx.doi.org/10.1097/01.ico.0000214224.90743.01
http://dx.doi.org/10.1097/ICO.0b013e3181cda04d
http://dx.doi.org/10.1016/j.ajo.2014.08.024
http://dx.doi.org/10.1136/bjophthalmol-2013-304622
http://dx.doi.org/10.1016/j.ophtha.2012.06.012
http://dx.doi.org/10.1016/j.ophtha.2012.08.024
http://dx.doi.org/10.1016/j.ajo.2011.12.012
http://dx.doi.org/10.1016/j.ajo.2011.12.012
http://dx.doi.org/10.1001/archophthalmol.2008.619
http://dx.doi.org/10.1016/j.ophtha.2009.07.010
http://bjo.bmj.com/


18 Guerra FP, Anshu A, Price MO, et al. Endothelial keratoplasty: fellow eyes
comparison of Descemet stripping automated endothelial keratoplasty and Descemet
membrane endothelial keratoplasty. Cornea 2011;30:1382–6.

19 Guerra FP, Anshu A, Price MO, et al. Descemet’s membrane endothelial
keratoplasty: prospective study of 1-year visual outcomes, graft survival, and
endothelial cell loss. Ophthalmology2011;118:2368–73.

20 Dirisamer M, Ham L, Dapena I, et al. Efficacy of descemet membrane endothelial
keratoplasty: clinical outcome of 200 consecutive cases after a learning curve of 25
cases. Arch Ophthalmol 2011;129:1435–43.

21 Terry MA. Endothelial keratoplasty: why aren’t we all doing Descemet membrane
endothelial keratoplasty? Cornea 2012;31:469–71.

22 Eye Bank Association of America. 2013 Eye Banking Statistical Report. Washington
DC, Eye Bank Association of America, 2014.

23 The Australian Graft Registry 2012 Report. 2012.
24 Kruse FE, Schrehardt US, Tourtas T. Optimizing outcomes with Descemet’s

membrane endothelial keratoplasty. Curr Opin Ophthalmol 2014;25:325–34.
25 Lie JT, Birbal R, Ham L, et al. Donor tissue preparation for Descemet membrane

endothelial keratoplasty. J Cataract Refract Surg 2008;34:1578–83.
26 Groeneveld-van Beek EA, Lie JT, van der Wees J, et al. Standardized ‘no-touch’

donor tissue preparation for DALK and DMEK: harvesting undamaged anterior and
posterior transplants from the same donor cornea. Acta Ophthalmol
2013;91:145–50.

27 Lie JT, Groeneveld-van Beek EA, Ham L, et al. More efficient use of donor
corneal tissue with Descemet membrane endothelial keratoplasty (DMEK): two
lamellar keratoplasty procedures with one donor cornea. Br J Ophthalmol
2010;94:1265–6.

28 Tenkman LR, Price FW, Price MO. Descemet membrane endothelial keratoplasty
donor preparation: navigating challenges and improving efficiency. Cornea
2014;33:319–25.

29 Muraine M, Gueudry J, He Z, et al. Novel technique for the preparation of corneal
grafts for descemet membrane endothelial keratoplasty. Am J Ophthalmol
2013;156:851–9.

30 Cabot F, Kankariya VP, Ruggeri M, et al. High-resolution optical coherence
tomography-guided donor tissue preparation for descemet membrane endothelial
keratoplasty using the reverse big bubble technique. Cornea 2014;33:428–31.

31 Zarei-Ghanavati S, Zarei-Ghanavati M, Ramirez-Miranda A. Air-assisted donor
preparation for DMEK. J Cataract Refract Surg 2011;37:1372; author reply

32 McKee HD, Irion LC, Carley FM, et al. Donor preparation using pneumatic
dissection in endothelial keratoplasty: DMEK or DSEK? Cornea 2012;31:798–800.

33 Salvalaio G, Parekh M, Ruzza A, et al. DMEK lenticule preparation from donor
corneas using a novel ‘SubHyS’ technique followed by anterior corneal dissection.
Br J Ophthalmol 2014;98:1120–5.

34 Parekh M, Ruzza A, Salvalaio G, et al. Descemet membrane endothelial keratoplasty
tissue preparation from donor corneas using a standardized submerged
hydro-separation method. Am J Ophthalmol 2014;158:277–85 e1.

35 Ruzza A, Parekh M, Salvalaio G, et al. Bubble technique for Descemet membrane
endothelial keratoplasty tissue preparation in an eye bank: air or liquid? Acta
Ophthalmol 2015;93:e129–34.

36 Thaler S, Hofmann J, Bartz-Schmidt KU, et al. Methyl blue and aniline blue versus
patent blue and trypan blue as vital dyes in cataract surgery: capsule staining
properties and cytotoxicity to human cultured corneal endothelial cells. J Cataract
Refract Surg 2011;37:1147–53.

37 Bucher F, Simons HG, Cursiefen C, et al. Phacodyne versus VisionBlue as vital dyes
in Descemet membrane endothelial keratoplasty. Graefes Arch Clin Exp Ophthalmol
Published Online First: 10 Jan 2015. doi:10.1007/s00417-014-2914-x

38 Bachmann BO, Laaser K, Cursiefen C, et al. A method to confirm correct orientation
of descemet membrane during descemet membrane endothelial keratoplasty. Am J
Ophthalmol 2010;149:922–5 e2.

39 Cirkovic A, Schlotzer-Schrehardt U, Weller JM, et al. Clinical and ultrastructural
characteristics of graft failure in DMEK: 1-year results after repeat DMEK. Cornea
2015;34:11–17.

40 Heinzelmann S, Huther S, Bohringer D, et al. Influence of donor characteristics on
descemet membrane endothelial keratoplasty. Cornea 2014;33:644–8.

41 Bucher F, Hos D, Muller-Schwefe S, et al. Spontaneous long-term course of
persistent peripheral graft detachments after Descemet’s membrane endothelial
keratoplasty. Br J Ophthalmol 2015;99:768–72.

42 Tourtas T, Schlomberg J, Wessel JM, et al. Graft adhesion in descemet membrane
endothelial keratoplasty dependent on size of removal of host’s descemet
membrane. JAMA Ophthalmol 2014;132:155–61.

43 Brockmann T, Brockmann C, Maier AK, et al. Clinicopathology of graft detachment
after Descemet’s membrane endothelial keratoplasty. Acta Ophthalmol 2014;92:
e556–61.

44 Guell JL, Morral M, Gris O, et al. Bimanual technique for insertion and positioning
of endothelium-Descemet membrane graft in Descemet membrane endothelial
keratoplasty. Cornea 2013;32:1521–6.

45 Chaurasia S, Price FW, Jr, Gunderson L, et al. Descemet’s membrane endothelial
keratoplasty: clinical results of single versus triple procedures (combined with
cataract surgery). Ophthalmology 2014;121:454–8.

46 Kruse FE, Laaser K, Cursiefen C, et al. A stepwise approach to donor preparation
and insertion increases safety and outcome of Descemet membrane endothelial
keratoplasty. Cornea 2011;30:580–7.

47 Laaser K, Bachmann BO, Horn FK, et al. Donor tissue culture conditions and
outcome after descemet membrane endothelial keratoplasty. Am J Ophthalmol
151:1007–18 e2.

48 Price MO, Price FW Jr. Descemet’s stripping with endothelial keratoplasty:
comparative outcomes with microkeratome-dissected and manually dissected donor
tissue. Ophthalmology 2006;113:1936–42.

49 Burkhart ZN, Feng MT, Price MO, et al. Handheld slit beam techniques to facilitate
DMEK and DALK. Cornea 2013;32:722–4.

50 Jacob S, Agarwal A, Narasimhan S, et al. Endoilluminator-assisted transcorneal
illumination for Descemet membrane endothelial keratoplasty: enhanced
intraoperative visualization of the graft in corneal decompensation secondary to
pseudophakic bullous keratopathy. J Cataract Refract Surg 2014;40:1332–6.

51 Steven P, Le Blanc C, Velten K, et al. Optimizing descemet membrane endothelial
keratoplasty using intraoperative optical coherence tomography. JAMA Ophthalmol
2013;131:1135–42.

52 Ang M, Dubis AM, Wilkins MR. Descemet membrane endothelial keratoplasty:
intraoperative and postoperative imaging spectral-domain optical coherence
tomography. Case Rep Ophthalmol Med 2015;2015:506251.

53 Liarakos VS, Dapena I, Ham L, et al. Intraocular graft unfolding techniques in
descemet membrane endothelial keratoplasty. JAMA Ophthalmol 2013;131:29–35.

54 Yoeruek E, Bayyoud T, Hofmann J, et al. Novel maneuver facilitating Descemet
membrane unfolding in the anterior chamber. Cornea 2013;32:370–3.

55 Maier AK, Gundlach E, Schroeter J, et al. Influence of the difficulty of graft
unfolding and attachment on the outcome in descemet membrane endothelial
keratoplasty. Graefes Arch Clin Exp Ophthalmol Published Online First: 29 Jan
2015. doi:10.1007/s00417-015-2939-9

56 Monnereau C, Quilendrino R, Dapena I, et al. Multicenter study of descemet
membrane endothelial keratoplasty: first case series of 18 surgeons. JAMA
Ophthalmol 2014;132:1192–8.

57 Laaser K, Bachmann BO, Horn FK, et al. Descemet membrane endothelial
keratoplasty combined with phacoemulsification and intraocular lens implantation:
advanced triple procedure. Am J Ophthalmol 2012;154:47–55 e2.

58 Rodriguez-Calvo-de-Mora M, Quilendrino R, Ham L, et al. Clinical outcome of 500
consecutive cases undergoing Descemet’s membrane endothelial keratoplasty.
Ophthalmology 2015;122:464–70.

59 Reid RA, Craig EA, Suleman H. Descemet’s membrane endothelial keratoplasty
(DMEK): first UK prospective study of 1-year visual outcomes, graft survival and
endothelial cell count. Br J Ophthalmol 2015;99:166–9.

60 Dirisamer M, Dapena I, Ham L, et al. Patterns of corneal endothelialization and
corneal clearance after descemet membrane endothelial keratoplasty for fuchs
endothelial dystrophy. Am J Ophthalmol 2011;152:543–55 e1.

61 Feng MT, Price MO, Miller JM, et al. Air reinjection and endothelial cell density in
Descemet membrane endothelial keratoplasty: five-year follow-up. J Cataract Refract
Surg 2014;40:1116–21.

62 Baydoun L, van Dijk K, Dapena I, et al. Repeat descemet membrane endothelial
keratoplasty after complicated primary descemet membrane endothelial keratoplasty.
Ophthalmology 2015;122:8–16.

63 Anshu A, Price MO, Price FW, Jr. Risk of corneal transplant rejection significantly
reduced with Descemet’s membrane endothelial keratoplasty. Ophthalmology
2012;119:536–40.

64 Monnereau C, Bruinsma M, Ham L, et al. Endothelial cell changes as an indicator
for upcoming allograft rejection following descemet membrane endothelial
keratoplasty. Am J Ophthalmol 2014;158:485–95.

65 Dapena I, Ham L, Netukova M, et al. Incidence of early allograft rejection after
Descemet membrane endothelial keratoplasty. Cornea 2011;30:1341–5.

66 Price MO, Price FW Jr, Kruse FE, et al. Randomized comparison of topical
prednisolone acetate 1% versus fluorometholone 0.1% in the first year after
descemet membrane endothelial keratoplasty. Cornea 2014;33:880–6.

67 Heinzelmann S, Maier P, Bohringer D, et al. Cystoid macular oedema following
Descemet membrane endothelial keratoplasty. Br J Ophthalmol 2015;99:98–102.

68 Maier AK, Wolf T, Gundlach E, et al. Intraocular pressure elevation and post-DMEK
glaucoma following Descemet membrane endothelial keratoplasty. Graefes Arch Clin
Exp Ophthalmol 2014;252:1947–54.

69 Dapena I, Ham L, Droutsas K, et al. Learning curve in Descemet’s membrane
endothelial keratoplasty: First Series of 135 Consecutive Cases. Ophthalmology
2011;118:2147–54.

70 Ham L, Dapena I, Moutsouris K, et al. Refractive change and stability after
Descemet membrane endothelial keratoplasty. Effect of corneal dehydration-induced
hyperopic shift on intraocular lens power calculation. J Cataract Refract Surg
2011;37:1455–64.

71 Parker J, Dirisamer M, Naveiras M, et al. Outcomes of Descemet membrane
endothelial keratoplasty in phakic eyes. J Cataract Refract Surg 2012;38:871–7.

72 Patel SV, Baratz KH, Maguire LJ, et al. Anterior corneal aberrations after Descemet’s
stripping endothelial keratoplasty for Fuchs’ endothelial dystrophy. Ophthalmology
2012;119:1522–9.

20 Ang M, et al. Br J Ophthalmol 2016;100:15–21. doi:10.1136/bjophthalmol-2015-306837

Review
 on A

pril 8, 2024 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2015-306837 on 19 M

ay 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1097/ICO.0b013e31821ddd25
http://dx.doi.org/10.1016/j.ophtha.2011.06.002
http://dx.doi.org/10.1001/archophthalmol.2011.195
http://dx.doi.org/10.1097/ICO.0b013e31823f8ee2
http://dx.doi.org/10.1097/ICU.0000000000000072
http://dx.doi.org/10.1016/j.jcrs.2008.05.036
http://dx.doi.org/10.1111/j.1755-3768.2012.02462.x
http://dx.doi.org/10.1136/bjo.2009.171629
http://dx.doi.org/10.1097/ICO.0000000000000045
http://dx.doi.org/10.1016/j.ajo.2013.05.041
http://dx.doi.org/10.1097/ICO.0000000000000070
http://dx.doi.org/10.1016/j.jcrs.2011.05.003
http://dx.doi.org/10.1097/ICO.0b013e31823f76a3
http://dx.doi.org/10.1136/bjophthalmol-2013-304466
http://dx.doi.org/10.1016/j.ajo.2014.04.009
http://dx.doi.org/10.1111/aos.12520
http://dx.doi.org/10.1111/aos.12520
http://dx.doi.org/10.1016/j.jcrs.2010.12.051
http://dx.doi.org/10.1016/j.jcrs.2010.12.051
http://dx.doi.org/10.1016/j.ajo.2010.01.005
http://dx.doi.org/10.1016/j.ajo.2010.01.005
http://dx.doi.org/10.1097/ICO.0000000000000295
http://dx.doi.org/10.1097/ICO.0000000000000106
http://dx.doi.org/10.1136/bjophthalmol-2014-305562
http://dx.doi.org/10.1001/jamaophthalmol.2013.6222
http://dx.doi.org/10.1111/aos.12419
http://dx.doi.org/10.1097/ICO.0b013e3182933aee
http://dx.doi.org/10.1016/j.ophtha.2013.09.032
http://dx.doi.org/10.1016/j.ajo.2010.11.027
http://dx.doi.org/10.1016/j.ophtha.2006.05.034
http://dx.doi.org/10.1097/ICO.0b013e31827797e7
http://dx.doi.org/10.1016/j.jcrs.2014.06.019
http://dx.doi.org/10.1001/jamaophthalmol.2013.4672
http://dx.doi.org/10.1155/2015/506251
http://dx.doi.org/10.1001/2013.jamaophthalmol.4
http://dx.doi.org/10.1097/ICO.0b013e318254fa06
http://dx.doi.org/10.1001/jamaophthalmol.2014.1710
http://dx.doi.org/10.1001/jamaophthalmol.2014.1710
http://dx.doi.org/10.1016/j.ajo.2012.01.020
http://dx.doi.org/10.1016/j.ophtha.2014.09.004
http://dx.doi.org/10.1136/bjophthalmol-2014-305956
http://dx.doi.org/10.1016/j.ajo.2011.03.031
http://dx.doi.org/10.1016/j.jcrs.2014.04.023
http://dx.doi.org/10.1016/j.jcrs.2014.04.023
http://dx.doi.org/10.1016/j.ophtha.2014.07.024
http://dx.doi.org/10.1016/j.ophtha.2011.09.019
http://dx.doi.org/10.1016/j.ajo.2014.05.030
http://dx.doi.org/10.1097/ICO.0b013e31820d8540
http://dx.doi.org/10.1097/ICO.0000000000000206
http://dx.doi.org/10.1136/bjophthalmol-2014-305124
http://dx.doi.org/10.1007/s00417-014-2757-5
http://dx.doi.org/10.1007/s00417-014-2757-5
http://dx.doi.org/10.1016/j.ophtha.2011.03.037
http://dx.doi.org/10.1016/j.jcrs.2011.02.033
http://dx.doi.org/10.1016/j.jcrs.2011.11.038
http://dx.doi.org/10.1016/j.ophtha.2012.01.038
http://bjo.bmj.com/


73 Maier AK, Gundlach E, Gonnermann J, et al. Retrospective contralateral study
comparing Descemet membrane endothelial keratoplasty with Descemet stripping
automated endothelial keratoplasty. Eye (Lond) 2015;29:327–32.

74 Goldich Y, Showail M, Avni-Zauberman N, et al. Contralateral eye comparison of
descemet membrane endothelial keratoplasty and descemet stripping automated
endothelial keratoplasty. Am J Ophthalmol 2015;159:155–9 e1.

75 Busin M, Madi S, Santorum P, et al. Ultrathin descemet’s stripping automated
endothelial keratoplasty with the microkeratome double-pass technique: two-year
outcomes. Ophthalmology 2013;120:1186–94.

76 Busin M, Albe E. Does thickness matter: ultrathin Descemet stripping automated
endothelial keratoplasty. Curr Opin Ophthalmol 2014;25:312–18.

77 Ham L, van Luijk C, Dapena I, et al. Endothelial cell density after descemet membrane
endothelial keratoplasty: 1- to 2-year follow-up. Am J Ophthalmol 2009;148:521–7.

78 Ham L, Dapena I, van Luijk C, et al. Descemet membrane endothelial keratoplasty
(DMEK) for Fuchs endothelial dystrophy: review of the first 50 consecutive cases.
Eye (Lond) 2009;23:1990–8.

79 Gorovoy IR, Gorovoy MS. Descemet membrane endothelial keratoplasty postoperative
year 1 endothelial cell counts. Am J Ophthalmol 2015;159:597–600, e2.

80 Baydoun L, Tong CM, Tse WW, et al. Endothelial cell density after descemet membrane
endothelial keratoplasty: 1 to 5-year follow-up. Am J Ophthalmol 2012;154:762–3.

81 Price MO, Gorovoy M, Price FW, Jr, et al. Descemet’s stripping automated
endothelial keratoplasty: three-year graft and endothelial cell survival compared with
penetrating keratoplasty. Ophthalmology 2013;120:246–51.

82 Price MO, Fairchild KM, Price DA, et al. Descemet’s stripping endothelial
keratoplasty five-year graft survival and endothelial cell loss. Ophthalmology
2011;118:725–9.

83 Ratanasit A, Gorovoy MS. Long-term results of Descemet stripping automated
endothelial keratoplasty. Cornea 2011;30:1414–18.

84 Lass JH, Gal RL, Dontchev M, et al. Donor age and corneal endothelial cell loss
5 years after successful corneal transplantation. Specular microscopy ancillary study
results. Ophthalmology 2008;115:627–32 e8.

85 Gangwani V, Obi A, Hollick EJ. A prospective study comparing EndoGlide and Busin
glide insertion techniques in descemet stripping endothelial keratoplasty. Am J
Ophthalmol 2012;153:38–43 e1.

86 Ang M, Saroj L, Htoon HM, et al. Comparison of a donor insertion device to sheets
glide in Descemet stripping endothelial keratoplasty: 3-year outcomes. Am J
Ophthalmol 2014;157:1163–9 e3.

87 Bahar I, Kaiserman I, Sansanayudh W, et al. Busin guide vs forceps for the insertion
of the donor lenticule in descemet stripping automated endothelial keratoplasty.
Am J Ophthalmol 2009;147:220–6 e1.

Ang M, et al. Br J Ophthalmol 2016;100:15–21. doi:10.1136/bjophthalmol-2015-306837 21

Review
 on A

pril 8, 2024 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2015-306837 on 19 M

ay 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1038/eye.2014.280
http://dx.doi.org/10.1016/j.ajo.2014.10.009
http://dx.doi.org/10.1016/j.ophtha.2012.11.030
http://dx.doi.org/10.1097/ICU.0000000000000071
http://dx.doi.org/10.1016/j.ajo.2009.04.025
http://dx.doi.org/10.1038/eye.2008.393
http://dx.doi.org/10.1016/j.ajo.2012.06.025
http://dx.doi.org/10.1016/j.ophtha.2012.08.007
http://dx.doi.org/10.1016/j.ophtha.2010.08.012
http://dx.doi.org/10.1097/ICO.0b013e31820ca34b
http://dx.doi.org/10.1016/j.ophtha.2008.01.004
http://dx.doi.org/10.1016/j.ajo.2011.06.013
http://dx.doi.org/10.1016/j.ajo.2011.06.013
http://dx.doi.org/10.1016/j.ajo.2014.02.049
http://dx.doi.org/10.1016/j.ajo.2014.02.049
http://dx.doi.org/10.1016/j.ajo.2008.08.029
http://bjo.bmj.com/

	Descemet membrane endothelial keratoplasty
	Abstract
	Introduction
	Surgical techniques: donor preparation
	Surgical techniques: donor insertion
	Complications and postoperative management
	Graft detachment versus re-bubble rates
	Graft rejection
	Minor postoperative complications

	Outcomes: visual acuity and EC loss
	Conclusion
	References


