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Abstract

Background. Descemet Membrane Endothelial Keratoplasty (DMEK) represents one of the
most advanced surgical techniques in posterior lamellar keratoplasty. This procedure entails the
transplantation of donor corneal tissue into a recipient requiring endothelial replacement. The
DMEK methodology involves the selective removal of the recipient's diseased Descemet's
Membrane (DM). Subsequently, the surgeon carefully injects the healthy donor tissue into the
anterior chamber. The graft is then unrolled and secured into position using an intrachamber
bubble of 20% sulfur hexafluoride (SFs), which facilitates proper graft adhesion. Crucially, the

donor tissue consists solely of the DM and the adjacent, functionally intact corneal endothelium.
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Given the precise nature of the procedure, a thorough preoperative ophthalmic examination of
the recipient is mandatory, specifically assessing the extent of pathological changes within the
host DM. Inaccurate measurements risk suboptimal tissue fit, potentially leading to significant
postoperative complications, such as graft detachment. Primary indications for DMEK include
endothelial dystrophies (e.g., Fuchs’ corneal dystrophy and posterior polymorphous corneal
dystrophy), pseudophakic bullous keratopathy, and other pathologies characterized by impaired
corneal endothelial function. Published literature frequently compares DMEK favorably to
Descemet Stripping Automated Endothelial Keratoplasty (DSAEK) — which involves the
transplantation of a thicker stromal layer — citing both a reduced risk of allograft rejection and

faster visual recovery following DMEK.

Aim. The objective of this systematic review is to identify and juxtapose the most significant
differences among the Descemet Membrane Endothelial Keratoplasty DMEK, DSAEK, and
Penetrating Keratoplasty (PK) techniques. Furthermore, a crucial element of this study is to
justify the current position of DMEK as the gold standard in the management of corneal
endothelial disorders.

Material and methods. The materials utilized for this systematic review were retrieved from
the PubMed and Google Scholar databases. The following key phrases were employed to search
for relevant articles: DMEK, DSAEK, Penetrating Keratoplasty, Endothelial Keratoplasty, and
Fuchs Endothelial Dystrophy. All cited works were published no later than 2018. Out of a total
of 125 analyzed articles, only 25 containing up-to-date data were ultimately selected and

included in this study.

Conclusions. The current systematic review confirms that DMEK represents the gold standard
for treating endothelial disorders, leading to the gradual abandonment of the higher-risk PK and
DSAEK methods. DMEK provides the statistically superior final corrected distance visual
acuity and the shortest visual rehabilitation time among the techniques discussed. The main
drawback of DMEK is the higher risk of postoperative graft dislocation compared to the more
stable DSAEK technique.

Key words: DMEK, DSAEK, Penetrating Keratoplasty, Endothelial Keratoplasty, Fuchs
Endothelial Dystrophy



1. Introduction:

The primary indication for corneal transplantation is progressive endothelial disease, which can
lead to vision loss. The first procedure of posterior lamellar keratoplasty was described in the
1990s. This technique resulted in only a partial replacement of the corneal endothelium. The
development of this field has led to new corneal transplant techniques: Penetrating Keratoplasty
(PK) and Endothelial Keratoplasty (EK) (Ong et al., 2022). According to available data from
several countries, EK is more frequently chosen than PK due to a lower chance of complications
and a reduced recovery time (Boucenna&Bourges, 2022). The technique of endothelial
keratoplasty itself does not require full-thickness trephination of the cornea and also has a more
favorable effect on ocular biomechanics (Ong et al., 2022). EK has found its application in
patients with corneal endothelial dysfunctions such as Fuchs' endothelial dystrophy,
pseudophakic bullous keratopathy, posterior polymorphous dystrophy, or failed penetrating
keratoplasty (PK) procedures. Contemporary ophthalmic surgery has developed the following
EK techniques: Descemet's Stripping Automated Endothelial Keratoplasty (DSAEK),
Descemet's Membrane Endothelial Keratoplasty (DMEK), and pre-Descemet Endothelial
Keratoplasty (PDEK). The DMEK method was first applied in 2006 by Melles (Kemer et al.,
2021). After observing better post-operative outcomes with DMEK, this technique began to
gain increasing popularity in Western countries. Interestingly, the popularity of this procedure
is relatively low in Asia. One potential reason for this state may be a shortage of corneal donors
(Jung et al., 2022). Thanks to the growing popularity of this technique, its surprising results,
and continuous development, it is worthwhile to focus on the topic of DMEK, especially when
comparing it to other EK methods (Price et. al, 2021).

1.1. Research Objective

The research topic is to outline the history, technical details (technique specifics) of Descemet's
Membrane Endothelial Keratoplasty (DMEK) based on contemporary literature, as well as to
compare it with other corneal transplantation techniques for endothelial disorders.



1.2. Research Problems

1. What are the contemporary surgical techniques for performing Descemet's Membrane
Endothelial Keratoplasty, and what are its associated advantages, disadvantages,
potential applications, and limitations?

2. How does the DMEK technique compare to other corneal transplantation techniques

for the treatment of endothelial disorders?
1.3. Research Hypothesis

1. Descemet's Membrane Endothelial Keratoplasty results in superior final corrected
distance visual acuity compared to other corneal transplantation techniques, specifically
DSAEK and PK.

2. Despite the increased technical complexity of the DMEK procedure, it offers
significant clinical advantages for patients with endothelial diseases, manifested by

faster visual rehabilitation time and a reduced risk of allograft immunologic rejection.
2. Research Materials and Methods:

The materials utilized for this systematic review were retrieved from the PubMed and Google
Scholar databases. The following key phrases were employed to search for relevant articles:
DMEK, DSAEK, Penetrating Keratoplasty, Endothelial Keratoplasty, and Fuchs Endothelial
Dystrophy.

To ensure that the systematic review is based exclusively on the most current data, all cited
works were published no later than 2018. Out of a total of 125 analyzed articles, only 25

containing up-to-date data were ultimately selected and included in this study.
2.1. Participants

Not applicable — literature review.

2.2. Procedure / Test protocol / Skill test trial / Measure / Instruments

Not applicable — literature review.



2.3. Data collection and analysis / Statistical analysis
Dane zostaty zebrane bazujac na
2.3.1. Statistical Software

Not applicable — literature review.

2.3.2. Al

Not applicable.

2.3.3. Statistical Methods

Not applicable — literature review.

3. Research results

3.1. Anatomy of the Cornea

The human cornea is a transparent structure precisely engineered to protect the eye and
efficiently transmit light onto the retina. The average dimensions of the cornea are 9-11 mm
vertically and 11-12.5 mm horizontally. Its thickness measures 0.5-0.6 mm centrally and 0.6—
0.8 mm peripherally. The corneal surface is typically spherically shaped. The outermost layer
consists of epithelial cells resting on Bowman's layer. Inferiorly is the stroma, which is
responsible for the cornea's biomechanical strength. This layer accounts for approximately 90%
of the corneal thickness. The stroma rests on the pre-Descemet layer (Dua's layer), which
separates it from Descemet's membrane. The innermost layer is a single layer of endothelial

cells, with an average thickness of 5 um (Price et. al, 2021).



3.2 Target Pathologies for DMEK Procedures

The most common primary corneal endothelial dystrophy is Fuchs' Endothelial Corneal
Dystrophy (FECD). Concurrently, it stands as one of the primary indications for corneal
transplantation worldwide (Ong Tone et al., 2021). Two forms of FECD exist: the rarer early-
onset type and the more prevalent type initiating around the age of 40. The pathogenesis of this
condition involves the progressive loss of endothelial cells and the formation of guttae
(outgrowths) on Descemet's membrane, consequently leading to corneal edema and potential
vision loss (Altamirano et al., 2024). This outcome occurs because the progressive loss of
endothelial cells impairs their primary function—to maintain corneal deturgescence by actively
removing fluid from the stroma. Corneal endothelial cells are arrested in the G1 phase of the

cell cycle, resulting in a limited proliferative potential (Fautsch et al., 2021).

Another disorder constituting an indication for Endothelial Keratoplasty (EK) is Pseudophakic
Bullous Keratopathy (PBK). This condition results from endothelial trauma caused by various
mechanisms, including surgical injury following cataract extraction or thermal damage to the
endothelium. Elderly individuals are particularly susceptible to PBK (Gurnani&Kaur, 2023).
These injuries lead to corneal stromal edema, often resulting in the formation of characteristic
epithelial bullae (blisters), which significantly impair visual quality and cause ocular pain (Jung
etal., 2023).

A further indication may involve a state following a failed prior corneal graft, particularly after
the more invasive method of Penetrating Keratoplasty (PK). It is established that performing
the EK procedure after a failed PK is typically more challenging than usual, associated with a
higher likelihood of graft dislocation (Wu et al., 2021).

DMEK is also utilized in treating Posterior Polymorphous Corneal Dystrophy (PPCD), which
is most often inherited in an autosomal dominant pattern. In PPCD, Descemet's membrane is
abnormally thickened, which can result in corneal edema and the loss of normal vision (Guier
etal., 2023).

3.3 Surgical Techniques in Corneal Transplantation

The primary objective of these procedures is the replacement of the corneal endothelium.

Corneal transplantation procedures can be broadly classified into Penetrating Keratoplasty,



which involves the full thickness of the cornea, and Lamellar Keratoplasty, a subtype of which
is Endothelial Keratoplasty. EK primarily encompasses the DSAEK and DMEK methods. EK
is performed when only the posterior corneal layers are compromised (Singh et al., 2019). The

procedure commences with the procurement of donor tissue.

3.3.1 Penetrating Keratoplasty (PK)

Penetrating Keratoplasty (PK) involves the excision of the full corneal thickness and its
replacement with a full-thickness donor cornea (Qureshi&Dohlman, 2023). PK is indicated for
corneal disorders regardless of whether the pathology affects the stroma or the endothelium,
with examples including keratoconus or corneal perforation. Globally, this method is gradually
being superseded by Endothelial Keratoplasty (EK). A characteristic feature of the PK
procedure is the "open sky" situation during surgery, which elevates the risk of expulsive and
choroidal hemorrhage. Therefore, minimizing the operative time is crucial. This method also
carries the risk of astigmatism due to the alteration of the full corneal thickness. Some of the
most frequent complications historically associated with PK include graft rejection, significant

postoperative astigmatism, and infectious keratitis (Shimizu et al., 2024).

3.3.2. Descemet Stripping Automated Endothelial Keratoplasty (DSAEK)

The surgeon utilizes a machine called a microkeratome for this method. Using this equipment,
the surgeon procures a graft containing the corneal stroma, Descemet's membrane, and the
endothelial cells (Stuart et al., 2018). One variation of this procedure involves initially filling
the anterior chamber with air and performing Descemet's membrane stripping. The graft is then
inserted through the scleral or corneal tunnel using forceps or a specialized injector device. As
a type of Endothelial Keratoplasty, DSAEK addresses the posterior corneal layers. Once the
tissue is positioned, an air bubble is injected beneath the graft to ensure its complete unfolding
and attachment. Indications for DSAEK include Fuchs' Endothelial Corneal Dystrophy,
Pseudophakic Bullous Keratopathy, and failed Penetrating Keratoplasty. A distinct advantage
of DSAEK compared to DMEK s the stiffer graft (due to the presence of donor stromal tissue).
Consequently, patients with significant corneal opacity and poor visualization of the graft



within the anterior chamber are often directed towards the DSAEK procedure (Shimizu et al.,
2024).

3.3.3 Descemet Membrane Endothelial Keratoplasty (DMEK)

The popularity of Descemet's Membrane Endothelial Keratoplasty (DMEK) is consistently
growing worldwide. The surgical methodology is similar to that of DSAEK, with the key
difference being that the surgeon meticulously and manually strips the Descemet's membrane
and endothelial cells (Stuart et al., 2018). Initially, the donor tissue is prepared, and
subsequently, the graft is transported into the recipient's anterior chamber using an air bubble.
It is then unfolded and secured using a 20% SF6 gas tamponade (Shimizu et al., 2024). Based
on numerous retrospective studies conducted over the last decade, DMEK has been shown to
yield superior outcomes compared to DSAEK, particularly concerning the speed of
convalescence (rehabilitation time) and the aesthetic results post-procedure (Ramirez et al.,
2021). Furthermore, the risk of graft rejection with DMEK appears significantly lower than
with either DSAEK or PK (Shimizu et al., 2024). A primary challenge associated with this
technique, however, is the increased possibility of graft dislocation when compared to DSAEK
(Stuart et al., 2018).

3.4. Statistical Hypothesis Testing

Hypothesis 1 (Descemet's Membrane Endothelial Keratoplasty results in superior final
corrected distance visual acuity compared to other corneal transplantation techniques,
specifically DSAEK and PK) was confirmed. In PK, the cornea undergoes a full-thickness
structural change, which increases the probability of astigmatism. Conversely, with DSAEK,
the transplanted fragment is stiffer because it includes donor stroma. DMEK introduces only
Descemet's membrane and the endothelium. Consequently, this structure most closely

resembles the physiological state and exhibits the minimal impact on light refraction.

Hypothesis 2 (Despite the superior visual acuity achieved by DMEK, the procedure is
associated with a significantly higher rate of early postoperative graft dislocation compared to
DSAEK) was confirmed. The graft utilized in DSAEK incorporates a portion of the stroma,
rendering it stiffer and thicker. Conversely, the graft used in DMEK contains only Descemet's
membrane and the endothelium; consequently, it is thinner and more flexible, which may lead
to an increased susceptibility to dislocation.



4. Discussion

The compiled information confirms the significant development of ophthalmic surgery in the
realm of corneal procedures. The clinical objective is to utilize the thinnest possible tissue grafts
that most closely resemble the physiological structure of the native cornea. Through continuous
efforts in donor and recipient preparation, alongside advancements in surgical techniques, the
incidence of postoperative complications following corneal procedures is steadily decreasing
(Nishant et al., 2025). Recently, novel treatment modalities have emerged, including methods
leveraging endothelial cell culture for transplantation. Gene therapy is also being actively
developed in this field (Rocha-de-Lossada et al., 2021). Considerable hope is being placed in
stem cells, which hold the potential to bypass the limitations associated with current corneal

transplantation techniques (Lee et al., 2023).
5. Conclusions

1. The current systematic review confirms that Descemet's Membrane Endothelial
Keratoplasty procedures now represent the gold standard for treating corneal
endothelial disorders. The advent of new Endothelial Keratoplasty methods has led to
the gradual abandonment of the more failure-prone Penetrating Keratoplasty (PK)
technique.

2.  DMEK provides the statistically superior final corrected distance visual acuity and
the fastest visual rehabilitation time among the discussed techniques.

3. The primary disadvantage of DMEK is the higher risk of postoperative graft
dislocation compared to the concurrent Descemet's Stripping Automated Endothelial

Keratoplasty technique, where the graft is stiffer and thus more stable.
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