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Abstract: Descemet membrane endothelial keratoplasty (DMEK) is gaining popularity

worldwide as a procedure to address corneal endothelial dysfunctions. Its perfect anatomical

result improves outcomes and expedites visual recovery. This review addresses important

aspects of safety, efficacy and patient selection.
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Introduction
In the last two decades, the treatment of corneal endothelium diseases underwent a

significant revolution. What was previously treated with full-thickness corneal

transplants is now managed with a more selective approach with the use of

endothelial keratoplasty. Even with the early techniques, clinical outcomes and

lower risk of complications were already promising in comparison to the standard

penetrating keratoplasty (PK).1–5 The use of a selective endothelium replacement

enabled surgeons to maintain the ocular surface intact and decrease wound sizes,

thus expediting visual recovery. It also eliminated the open-sky step during surgery

and any suture-related complications, minimizing risks.5 Moreover, with the evolu-

tion of the technique, numerous other advantages were noted such as a better

refractive result, less induction of higher-order aberrations, faster visual rehabilita-

tion, lower rejection rate, less use of topical steroids and chance of secondary

glaucoma as well as decrease in surgical cost. Because of all these advantages,

endothelial keratoplasty has become the procedure of choice for endothelial corneal

diseases. The Eye Bank Association of America Statistical Reports have shown an

increase in adoption of endothelial keratoplasties since very early after its introduc-

tion in 2009, and it has been the most performed technique for all corneal trans-

plants in the USA since 2011.6

Melles et al first proposed the substitution of the deeper lamellas of the stroma

together with Descemet’s membrane and endothelium in a procedure that was named

deep lamellar endothelial keratoplasty (DLEK).1 The surgical challenges involved in

preparing the recipient cornea precluded its wider adoption. However, with the intro-

duction of Descemet’s membrane stripping, the procedure became much easier to be

performed and surgeons started their transition to endothelial grafting. This technique

was named Descemet stripping endothelial keratoplasty (DSEK). However, the
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preparation of the donor cornea was still being done manu-

ally and involved dissection of the posterior stroma with the

cornea mounted on an artificial anterior chamber. When

Gorovoy proposed the use of a microkeratome to facilitate

the preparation of the donor tissue, the harvesting of the

endothelial lamella became much safer and more reproduci-

ble and this surgery gained a global popularity.7 It was named

Descemet stripping automated endothelial keratoplasty

(DSAEK). These techniques proved their superiority when

compared to PK.8

In 2006,Melles et al introduced the Descemetmembrane

endothelial keratoplasty (DMEK).4 This is a procedure that

aimed for a perfect substitution of the endothelial layer of

the cornea using only Descemet membrane as a carrier.

DMEK eliminated the stromal interface, allowing perfect

anatomical replacement of the diseased endothelium by a

healthy donor.9,10 In their original paper, they reported

visual acuities never before imagined after a corneal trans-

plant. With patients achieving 20/20 vision a few days after

surgery, DMEK has attracted the attention of the global

corneal surgeons since its introduction. However, the chal-

lenges of the preparation of the donor tissue and the surgical

difficulties of unscrolling the endothelial lamella inside the

eye made the transition to this procedure not so straightfor-

ward. In fact, increased global adoption of DMEK did not

occur until 2010 with the standardization of the technique

and evolution of the knowledge involved in the procedure.11

Donor corneal preparation is already a reality in several eye

banks, and a pre-peeled, pre-cut, pre-stamped, pre-stained

and even pre-loaded tissue can now be provided for the

surgeon.12 This “patient-ready tissue” can facilitate the

DMEK learning curve.

Safety
One of the most important aspects of lamellar endothelial

grafts is the fact that it is overall a safer procedure. By

eliminating open-sky surgical time, suture-related

complications and decreasing the wound size, the main

sight-threatening complications involved in penetrating

keratoplasties were eliminated.

However, there are specific complications that are

associated with this new procedure. We will group the

main ones into intraoperative, early-postoperative and

late-postoperative to facilitate comprehension.

Intraoperative complications
There are many intraoperative complications exclusively

to DMEK.

Inadvertent graft injection into the posterior chamber

or vitreous cavity can occur especially in cases in which

the anterior chamber anatomy is distorted, when there is a

large pupil or iris defect, when there is zonular dehiscence

or in aphakia. In such cases, DSAEK may be preferable to

DMEK.

Another possible complication is the accidental ejec-

tion of the graft from inside the anterior chamber through

one of the incisions. This can happen especially when

manipulating the main or sideport incisions with the

intraocular pressure elevated. Once the graft is injected

in the eye, care should be taken to avoid burping fluid

through the main incision to minimize the risk of graft

ejection. Another solution is to place a suture in the main

incision after graft insertion.

Loss of graft staining can also happen in cases in which

graft unfolding lingers. This can be especially challenging

when dealing with an opaque cornea. Restaining of the

graft with trypan blue can be achieved, but it should only

be attempted in small aliquots to avoid staining the bare

stromal surface and obscuring visualization even more.

Indirect or oblique illumination with the vitrector light

pipe or an external light source can also be tried to

improve visualization in these cases.

Anterior chamber bleeding and fibrin formation during

graft unscrolling may interfere with proper maneuvers and

avoid an ideal graft placement. This complication may

occur after intraoperative peripheral iridectomy, inadver-

tent iris trauma and hypotony-related angle bleeding,

among other scenarios. This complication is best managed

by quickly opening the graft and tamponading the bleeding

with a full air/gas chamber fill.

Early postoperative complications
An initial complication noted in endothelial keratoplasties

was graft detachment. Since no sutures were being used to

secure the graft, an air or gas bubble had to be inserted in

the anterior chamber to fixate the graft in place. The lack

of adequate support of improper positioning resulted in

graft detachments. With the introduction of DMEK, the

thinner tissue was reported to have even higher rates of

detachment when compared to DSAEK. The incidence of

graft detachment in DMEK varies significantly in the

literature, with rates reported as high as 74%. Most of

these are peripheral detachment in which it is known that

spontaneous resolution occurs most of the time.13

However, detachments involving over one-third of the
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graft or involving the central cornea may be preferably

treated with a rebubble (Figure 1).

This is a procedure that can be performed either at the

slit lamp or under the operating microscope.14 A single

rebubble procedure is successful in the vast majority of

times. It is also important to mention that partial graft

detachment may lead to a decrease in endothelial cell

count (ECC) and consequently shorter transplant survival.15

Total graft detachment may also occur and the graft may

rescroll inside the anterior chamber (Figure 2).

It may be challenging to unscroll it once the staining

has been washed away and visualization deteriorated. This

situation may be better treated with a regraft.

The second most common DMEK complication is

immediate postoperative ocular hypertension, with fre-

quency ranging between 0.5% and 12.5%.16–18 For 80% of

these patients, the ocular hypertension is due to an early

pupillary blocking by the air bubble (Figure 3) and 20%

secondary to air passage to the posterior chamber (Figure 4).

To avoid this complication, there are strategies like creat-

ing a peripheral iridotomy and leaving an incomplete anterior

chamber air/gas filling (close to 80%) at the end of surgery.

Late postoperative complications
Primary graft failure in DMEK occurs when the graft is well

positioned, but the cornea does not clear. It is relatively rare,

ranging 0–8.2% in the literature.16,19–22 This complication

may be related to intrinsic tissue conditions but may also be

secondary to surgical trauma or an upside-down implantation.

The best time for a new transplant is unknown, but it is advised

to control inflammation and improve corneal transparency as

much as possible before proceeding with the new surgery.

Allograft rejection is amajor concern in all types of corneal

transplantation. It has been shown that DMEK has a remark-

able low incidence of graft rejection. This is especially true

when compared to DSAEK or PK. Anshu et al demonstrated a

significantly less risk of a rejection episode with DMEKwhen

compared to DSAEK or PK. The DMEK grafted eyes had a

15-fold decrease in risk of having endothelial rejection when
Figure 1 Note central DMEK graft detachment with corneal edema.

Abbreviation: DMEK, descemet membrane endothelial keratoplasty.

Figure 2 AS-OCT showing a complete graft detachment with graft rescrolling at the anterior chamber angle.
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compared to DSAEK and a 20 times less risk when compared

to PK.23 Prolonged steroid use has been demonstrated to

decrease the risk of immune rejection even more. Even a

low-dose scheme, such as once a day, of a weak topical steroid

has been shown to have a protective effect, lowering the

incidence of graft rejection even further.24

Endothelial keratoplasty was initially limited to pseudo-

phakic eyes due to a deeper anterior chamber in these cases. In

cases in which a crystalline lens was present even without

opacification, cataract surgery was performed, and many stu-

dies have shown the safety of combining these two procedures.

With the evolution of the technique and the fact that DMEK

uses a thinner tissue, some studies have shown the benefit and

safety of performing DMEK in phakic eyes without removing

the crystalline lens. This is especially important in younger

patients in which accommodation is still present. There have

also been some reports showing the safety of performing

cataract surgery in these eyes after having had a DMEK graft

although further loss of endothelial cells and graft failuremight

be a concern.25,26

There is a significant learning curve in DMEK com-

pared to other types of corneal transplants. The greatest

difficulties are related to the preparation of the donor graft,

its insertion in the anterior chamber and opening with

correct orientation and proper centration.16 Even with

these challenges, there is evidence that improvement of

the visual acuity, loss of endothelial cells and other com-

plication rates are reasonably good since the beginning of

the learning curve.27

Recent meta-analysis has summarized different aspects

about the safety and outcomes of DMEK in comparison to

DSAEK, highlighted in Table 1.28–32

Efficacy
DMEK provides an average of best-corrected visual acuity

(BCVA) of 20/25 in 50–80% of the cases at 6 months.21 In a

recent series involving patients with Fuchs endothelial dystro-

phy, after 24months, 53% of the DMEK eyes achieved BCVA

of 20/25. This same level of vision was achieved only in 15%

of the DSAEK eyes and 10% of the PK cases.21 Besides the

improved BCVA in DMEK due to the lack of stromal inter-

face, this technique also provides a faster vision recovery. In

only 4 months, 50% of the patients reached 20/40 or better

after a DMEK, while it may take significantly longer after

DSAEK or PK to achieve a similar acuity.21,33,34 (Figure 5)

The underlying pathology also contributes to some varia-

tion in results. The overall rates for ECC, central corneal

thickness (CCT), complications and visual rehabilitation pro-

cess are generally better for Fuchs endothelial corneal

Figure 3 Pupillary block caused by the air bubble.

Figure 4 Note the displacement of the air bubble to the posterior chamber.

Table 1 Comparison between DMEK and DSAEK regarding

main differences

DMEK DSAEK

Faster visual recovery X

Better visual outcome X

Lower immune

rejection rate

X

Less refractive error X

ECC loss Same Same

Primary and secondary

graft failure rate

Same Same

Complications during

and after surgery

Same Same

Less technically

challenging

X

Rebubble rate May be higher (especially on

initial learning curve)

Abbreviations: DMEK, descemet memebrane endothelial keratoplasty; DSAEK,

descemet stripping automated endothelial keratoplasty; ECC, endothelial cell count.
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dystrophy (FECD) than for pseudophakic bullous keratopa-

thy (PBK).

Regarding endothelial cell loss rate, there is no difference

comparing DMEK, DSAEK and PK at 6 months, with 34.7–

47% of the cell loss. However, the rate of loss is initially

faster in lamellar transplants, probably due to increased

manipulation and trauma at graft insertion.11,16,20,26,35–38

A meta-analysis comparing DMEK and DSAEK con-

cluded that both procedures have the same complication

rates in graft detachment, graft failure and rejection,

although DMEK showed better visual outcome and patient

satisfaction.39 Ultra-thin DSAEK is claimed to have simi-

lar results to DMEK. Since this study did not compare

different DSAEK graft thicknesses, one cannot make any

conclusion, even though there are arguments that ultra-thin

DSAEK may be as good as DMEK.40

Refractive predictability is another major advantage of

DMEK due to preservation of anterior and posterior corneal

surfaces. Usually, there is a postsurgical hypermetropic

shift of approximately +0.50D.When performing combined

surgery with cataract, biometric calculation with a final

target of −0.50 to −1.00D is recommended.27,38,41–43

DMEK can also be considered in patients with a history of

laser vision correction or phakic IOL implantation.44,45 Due

to its high refractive accuracy, there have been reports of

successfully combining DMEK with toric or even multi-

focal IOL implantation. However, studies showing the

safety and effectiveness of this combination are still lack-

ing. It is also known that higher-order aberrations, although

improved by surgery, may still compromise visual function

when comparing to healthy controls.46

DMEK technique allows the use of donor corneas with

compromised corneal layers but with a healthy endothelium,

increasing the number of corneas available for transplantation.

It is also possible to use the same donor cornea to two patients,

one for endothelial transplantation and another for anterior

lamellar, for example. In an attempt to further increase the

number of patients benefited with a limited number of donated

corneas, techniques have also been described to use half or

even one-fourth of the donor graft per patient, procedures

called hemi- and quarter-DMEK.47–51

Patient selection
Endothelial dystrophies such as Fuchs’ and posterior poly-

morph, bullous keratopathy (pseudophakic or aphakic) and

endothelial decompensation (post-traumatic or postsur-

gery, such as glaucoma tubes and stents) are candidates

for endothelial transplantation.44 Endothelial failure of

previous PK or even cases of Iridocorneal Endothelial

(ICE) syndrome have already been reported as been suc-

cessfully treated with DMEK.52,53

Contraindications include situations in which opacities

or stromal scars may limit vision during surgery or in the

postoperative period. Even in situations of primary

endothelial disease, chronic edema can lead to stromal

fibrosis and the posterior lamellar transplant might not be

ideal. In those situations, a PK may be considered.

Aphakia is also a relative contraindication and may lead

to losing the graft to the posterior cavity. Vitrectomized

eyes are challenging because of the difficulties of shallow-

ing the chamber to unscroll the graft. An external force

produced by digital compression of the globe may be

required to increase posterior pressure and yield graft

opening. Hypotonic or pre-phthisic eyes are also contra-

indicated to DMEK since ocular pressurization is required

for correct graft attachment and surgical trauma may

accelerate the process of bulbar atrophy.

Surgeons transitioning to the DMEK technique should

preferably select cases of pseudophakic FECD with ade-

quate corneal transparency, preserved anterior chamber

anatomy and intact lens/iris diaphragm and avoid highly

edematous corneas or with stromal haze that may impair

visibility.15,54 (Figure 6)

Figure 5 Early (left) and late (right) post DMEK transplantation. Note the perfect anatomical replacement of this procedure.

Abbreviation: DMEK, descemet membrane endothelial keratoplasty.
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With the improvement of surgical skills, DMEK can be

performed even in challenging situations such as grossly

edematous corneas, aphakic eyes, anterior chamber lenses,

tubes, synechiae, etc.

Salvaging a failed previous PK has been reported as

viable with DMEK. In these cases, postoperative visual

acuity may be limited by previous best-corrected vision

(Figure 7).

The use of small aperture implants can minimize the

impact of residual irregular astigmatism and has been

shown to further improve vision in these patients.55 The

combination of small aperture implants with DMEK may

extend the indication of selective endothelial replacement

of a failed PK even to irregular grafts. A higher graft

detachment and rebubbling rates have been reported with

DMEK after PK.56,57

Surgery is usually indicated whenever visual distur-

bances due to the endothelial disease become noticeable.

It is important to note that low visual acuity with loss of

Snellen lines may represent an advanced stage of the

disease. Initial corneal edema, thickened Descemet’s mem-

brane and guttaes may produce light scatter, increase

higher-order aberrations and decrease contrast sensitivity

justifying an early indication of the procedure.58,59

There is no adequate cutoff point in pachymetry

beyond which one can be certain of corneal decompensa-

tion. But, in general, corneas with central thickness above

650 µm or with pachymetric worsening of more than 30

microns in 6 months are indication for endothelial trans-

plant for most of the surgeons. It is important to consider

the large overlap of pachymetric values between thin

swollen corneas and thick but healthy corneas.60

Age, patient collaboration and postural alterations that

impede the postoperative decubitus should be taken into

account in the indication of surgery since the postoperative

dorsal position is important to help graft attachment once

the air/gas bubble is placed in the anterior chamber.

It is not uncommon patients with endothelial disease that

also require cataract surgery. When there is concurrent

endothelial disease and lens opacity, it can be challenging to

assess the contribution for visual decrease of each individual

disease. It is known that isolated cataract surgery before a

DMEK may be feasible, cataract surgery in previously

DMEK patients is also possible and, last, there is the possibi-

lity of combining the cataract surgery with DMEK in the same

procedure.25,26 Interestingly, ECC has failed to predict which

patients will develop corneal edema after cataract surgery, so

there is no cut-off in ECC that could guide the surgeon in this

decision. There is one variable that has been shown as a valid

predictor of postoperative corneal decompensation. It is the

epithelial valley measured in confocal microscopy. This is an

indirect measure of epithelial edema, and it seems to be the

predictive factor of corneal decompensation with greatest

sensitivity and specificity.61 However, confocal microscopy

access is not widespread limiting the clinical use of this. In

practical terms, the presence of visual symptoms worse in the

morning may indicate early signs of endothelial failure. CCT

above 650 µm is also likely to indicate corneal edema and

endothelial failure. It is known that the chance of developing

Figure 6 Fuchs endothelial dystrophy. Note the central guttae.

Figure 7 DMEK graft to rescue a failed PK. Note the DMEK graft edge inside the

original graft–host junction.

Abbreviations: DMEK, descemet membrane endothelial keratoplasty; PK, pene-

trating keratoplasty.
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cataract after DMEK is influenced by surgical trauma, steroid

use and patient’s age. Patients over 50, even in the absence of

lens opacity, may benefit from combined surgery because of

the greater chance of needing cataract surgery shortly after

DMEK. For younger patients with initial endothelial disease

and a clear lens, phakic DMEK may be preferable. These

patients need to be informed that cataract may develop shortly

after the transplant and that cataract surgery might compro-

mise the graft lifespan.62,63

Conclusion
DMEK represents the apex of what is currently understood

by selective lamellar transplantation of the diseased layer of

the cornea. The perfection of layer replacement is exempli-

fied in this fascinating surgical technique, which allows fast

recovery, excellent refractive results and low rejection rates

in a safe procedure. This revolution in efficacy and prognosis

introduced to cornea by DMEK transplantation may perhaps

be compared to the transition of extracapsular cataract

extraction era to the current phacoemulsification.

Although the learning curve for DMEK is long, more and

more surgeons are adopting the technique. New perspectives

for treatment of endothelial diseases like the descemetorhexis

without donor cornea, the use of Rho-kinase inhibitors or the

advent of cellular biology producing new endothelial cells

without donors need are already realities and promise to

further optimize the treatment of endothelial diseases.
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The authors report no conflicts of interest in this work.
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