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SUMMARY

Background: Technical innovations in corneal transplan-
tation have now made it possible to replace only the
diseased part of the cornea, rather than the entire cornea
as in penetrating keratoplasty (PKP). Patients with en-
dothelial insufficiency due to Fuchs endothelial dystrophy,
bullous keratopathy, or endothelial failure after
keratoplasty can be treated with the new methods of
posterior lamellar corneal transplantation: Descemet
stripping automated endothelial keratoplasty (DSAEK) and
Descemet membrane endothelial keratoplasty (DMEK). It
remains unclear which of these methods is better in the
individual case.

Methods: We review the pertinent literature retrieved by a
selective search in Medline and the Cochrane Library em-
ploying the terms “DMEK,” “DSAEK,” “DSEK,” and “poster-
ior lamellar keratoplasty.” The publications considered in
this article are those that contain important clinical in-
formation on the operative techniques.

Results: No randomized controlled trials of these tech-
niques have been published to date. Numerous case
series have shown that patients who undergo DSAEK
(postoperative visual acuity 20.5 in 38-100%), and
especially those who undergo it in early or intermediate
stages of endothelial insufficiency, achieve a better
functional result more rapidly than patients treated with
PKP (postoperative visual acuity 20.5 in 47-61%). Only
23-47% of DSAEK patients achieve a visual acuity of 0.8
or more, compared to 36-79% of DMEK patients. More-
over, transplant rejection is seen in only 1-3% of cases of
DMEK, compared to 0-8% after DSAEK and 1-23% after
PKP.

Conclusion: Numerous case series show clear advantages
of DMEK over DSAEK, which, in turn, has better results
than PKP. Nonetheless, randomized controlled trials are
needed to determine which operative method is best in
each stage of corneal disease.
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he most frequent indications for corneal grafting

include diseases of the corneal endothelium, such
as Fuchs endothelial dystrophy, bullous keratopathy,
and endothelial failure following keratoplasty. Fuchs
endothelial dystrophy is a hereditary disorder of the
corneal endothelium that affects women more often
than men and advances through various stages over a
period of years (1). First, central asymptomatic thicken-
ing (guttae) appears on the Descemet membrane, the
basal membrane of the endothelium, at the inner
surface of the cornea. As the disease progresses there is
increasing corneal edema, leading to light sensitivity
and blurred vision. This is followed by subepithelial
vesicle formation (bullous keratopathy); the patient
experiences severe pain when the bullae burst. Finally
the corneal stroma becomes fibrotic, with irreversible
loss of transparency. Among persons over the age of 40
years, up to 3.8% have cornea guttata and 0.1% have
bullous keratopathy (el). There may be other causes of
bullous keratopathy, including post-inflammatory,
post-traumatic, or postoperative endothelial damage.
Since these processes frequently involve inflammation
with pronounced loss of endothelial cells, the prognosis
for corneal transplantation is limited (2).

The first corneal grafting procedure was carried out
by Eduard Zirn (3, 4) in 1905. This was the so-called
penetrating keratoplasty (PKP), in which typically all
five layers of the cornea (epithelium, Bowman layer,
stroma, Descemet membrane, endothelium) are trans-
planted (Figure 1a). Because the only layer affected by
the above-mentioned diseases is the endothelium, as
early as 1956 Tillet (5) proposed replacing only the rear
part of the cornea (posterior lamellar keratoplasty).
This was intended to avoid some of the problems that
can occur after PKP, such as postoperative astigmatism
and wound healing disorders. Although the technical
principle of the operation could be implemented, the
visual results proved unsatisfactory for the patients.

Descemet stripping automated endothelial keratoplasty
(DSAEK)

A crucial advance in surgical technique came with the
introduction of descemetorhexis (6), in which the
patient’s corneal stroma is left in place and only the
Descemet membrane and the diseased endothelium are
removed (7). The results improve on those of previous
procedures because the graft can be laid onto a smooth
surface. The graft material, comprising stroma,
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Figure 1: Techniques of corneal grafting

a) Penetrating keratoplasty: All layers of the central segment of the host cornea (cross-
hatched) are replaced by a graft (yellow), held in place by a double-running cross-stitch
suture.

b) Descemet stripping automated endothelial keratoplasty (DSAEK): The Descemet mem-
brane (black) and the diseased endothelium (green) are the only layers of the host cornea
removed. A graft comprising stroma (yellow), Descemet membrane (blue), and endothe-
lium (red) is then applied to the posterior surface of the host cornea.

c¢) Descemet membrane endothelial keratoplasty (DMEK): The Descemet membrane (black)
and the diseased endothelium (green) are removed and replaced by a graft of Descemet
membrane (blue), and endothelium (red), restoring the original anatomical situation. Only
the diseased part of the cornea is excised and replaced.

Descemet membrane
and endothelium b
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Figure 2: Descemet stripping automated endothelial keratoplasty (DSAEK)

a) Anterior part of the eye with diseased endothelium on Descemet membrane.
CB = ciliary body, AC = anterior chamber

b) Introduction of a graft comprising a thin stromal layer (yellow), Descemet membrane
(blue), and healthy donor endothelium (red) into the anterior chamber after removal of the
diseased Descemet membrane and endothelium

c) Unfolding of the graft

d) Adaptation of the graft to the host cornea by gradual expansion of an air bubble (green) in
the anterior chamber

Descemet membrane, and endothelium, is introduced
into the anterior chamber of the eye and pressed against
the posterior surface of the host cornea by means of an
air bubble, with no need for sutures (Figures 1b, 2).
This technique is termed Descemet stripping endothe-
lial keratoplasty (DSEK). A major problem with DSEK
is the intricate manual preparation (e2) of the lamellar
graft, often resulting in irreparable damage to the ma-
terial intended for transplantation (8). Standardization
of the graft preparation process was achieved with the
introduction of the microkeratome, which is used to
shave away a 400 to 450 um layer from the anterior
surface of the donor corneal stroma; the lamellar ma-
terial for transplantation, 80 to 150 um thick, can then
be cut with a trephine (Descemet stripping automated
endothelial keratoplasty, DSAEK). As a closed-system
method, DSAEK can be performed under local
anesthesia better than PKP (e3). Despite the advantages
of DSAEK (suture-free transplantation, rapid improve-
ment of vision with no change in refraction) the antici-
pated increase in visual acuity is not always attained
and the results do not meet expectations (see Results).

Descemet membrane endothelial keratoplasty (DMEK)
Descemet membrane endothelial keratoplasty (DMEK)
is a modification of DSAEK in which the grafted ma-
terial includes no corneal stroma at all (Figures Ic, 3),
avoiding bothersome optical phenomena from the
convergence of host and donor stromal fibers (9). The
graft, comprising Descemet membrane and endothe-
lium, is peeled off the donor cornea manually using fine
tweezers. Macroscopically invisible collagen fibers
extending from the donor stroma into the Descemet
membrane may cause tears in the graft, which is only
15 pm thick (10). For example, Price et al. reported that
4.2% to 8% of grafts could not be prepared successfully
(11, 12). Meanwhile, however, well-established
preparation techniques achieve success rates of over
95% (13). The graft material rolls up after peeling,
always with the endothelium on the outside. The graft
can thus be introduced into the anterior chamber
through a small incision and applied to the posterior
stroma of the host cornea by means of an air bubble
(Figure 3).

Because neither donor nor host stromal fibers are
manipulated, DMEK can achieve optimal visual results
(Figure 4, B2). However, neither the preparation nor
the implantation and unfolding of the graft material is
standardized to the same extent as with DSAEK (14).

Aim

Penetrating keratoplasty has recently given way to vari-
ous posterior lamellar keratoplasty techniques in the
treatment of patients with endothelial insufficiency.
Our aim in writing this article was to provide a critical
overview of the advantages and disadvantages of the
current transplantation techniques. We reviewed all
studies from Medline and the Cochrane Library that
report relevant clinical data on the respective surgical
procedures.
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Figure 3: Descemet membrane endothelial keratoplasty (DMEK)

a) Anterior part of the eye with diseased endothelium on Descemet membrane. CB = ciliary body, AC = anterior chamber

b) The rolled graft is introduced into the anterior chamber by means of conventional lens injection systems or pipettes after removal of the
diseased Descemet membrane and endothelium; the endothelium (red) is always on the outside.

¢) An air bubble is used to slowly unroll the graft until it lies against the iris.

d) The fully unrolled graft

e) Next, the bubble of air is removed from the anterior chamber; this causes the anterior chamber to collapse so that the graft cannot roll up

again.

f) Finally the graft is carefully pressed against the posterior surface of the host cornea by inflation of a second air bubble, this time under-

neath the graft, until contact is complete.

Methods

We conducted a selective literature search of Medline
and the Cochrane Library using the following search
terms:

® Posterior lamellar keratoplasty (876 hits)

® Descemet stripping automated endothelial kerato-

plasty (359 hits)

® Descemet membrane endothelial keratoplasty

(555 hits)

® DSAEK (308 hits)

® DMEK (71 hits)

Inspection of the headings reduced the total of 777
hits to 200 studies, of which 115 were excluded after
perusal of the abstracts. The remaining 85 studies were
analyzed more closely, and 70 were judged to contain
important clinical information and therefore included
in our review. These 70 studies included one Cochrane
review and nine other reviews; the remaining 60 publi-
cations comprised nonrandomized cohort studies, some
of them controlled, and individual case reports.

Results

Functional outcome

On average, improvement of visual acuity is achieved
more quickly after DSAEK than after PKP (15-17, e4).
In a review by Anshu et al., visual acuity of > 0.5 was
attained by 38% to 100% of patients within 3 to 6
months, compared with 47% to 65% after 2 to 8 years
for PKP. However, a higher proportion of patients
eventually reach visual acuity of 1.0 following PKP
(18). Only 12% to 23% of patients treated by DSAEK
achieve visual acuity of > 0.8 despite an optically clear
cornea and an absence of vision-limiting disease
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(personal data, [19]), although this figure may rise as
high as 47% with extended observation (20). The rea-
son for this may be optically troublesome irregularities
at the interface between graft and host cornea. These
phenomena manifest as increased reflectivity of the in-
terface on Scheimpflug images (Heinzelmann et al.,
under review), which may be caused by convergence of
differently oriented host and donor collagen fibers.
Finally, the disease stage could play a part: Fibrotic re-
modeling processes lead to decreased transparency of
the cornea and do not regress after lamellar grafting.
Nevertheless, no conclusive explanation for the re-
duced visual acuity in the presence of a clear cornea
following DSAEK has yet been provided (21).

DMEK does not involve transplantation of the
stromal layer, so the optical irregularities described
above for DSAEK would not be expected to occur to
the same extent. This is indeed reflected in the visual
results. In the largest case series to date, 98% of 221 pa-
tients had achieved visual acuity of > 0.5 with virtually
unchanged refraction by 6 months after DMEK (79%
>0.8, 46% > 1.0, 14% >1.2) (22). In two case series
from Erlangen, Germany, visual acuity of > 0.8 was at-
tained by 50% to 75% of patients within 6 months after
DMEK (23), but the corresponding proportion after
DSAEK was only 6% (24). At the University Eye
Hospital in Freiburg, Germany, retrospective compari-
son revealed that 36% of patients achieved visual
acuity of > 0.8 within 3 months after DMEK, compared
with 26% by 23 months after PKP and 12% by 8
months after DSAEK. The mean visual acuity of the
last 100 patients treated with DMEK at the University
Eye Hospital Cologne, Germany was 0.5 at 1 month
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Figure 4: Clinical images after DSAEK (A1-A2) and DMEK (B1-B2)

A1) The central cornea is optically clear; the margin of the graft is readily discernible (arrow)

A2) Optical coherence tomography of the anterior chamber of the eye after DSAEK; the graft of stroma, Descemet membrane, and endothe-
lium can clearly be recognized on the posterior surface of the host cornea (arrow).

B1) The whole cornea is optically clear; the margin of the graft cannot be discerned.

B2) Optical coherence tomography of the anterior chamber of the eye after DMEK; the graft of Descemet membrane and endothelium can

barely be distinguished from the host cornea (arrow).
* Peripheral iridectomy to avoid an episode of closed-angle glaucoma

after operation, 0.7 at 6 months, and 0.8 at 1 year
(Heindl et al., submitted).

However, posterior lamellar keratoplasty is not indi-
cated at all stages of endothelial insufficiency. For
example, Sharma et al. preferred PKP in patients with
advanced visual impairment (e.g., transplantation more
than a year after cataract extraction or in patients with
visual acuity of <0.06) (25). Moreover, PKP may be
superior to the lamellar procedures in eyes with
extremely complex anterior pathology (silicone oil-
filled eyes, large defects of the iris, etc.) (26).

Patient satisfaction
Although the mean visual acuity after DSAEK is about
0.5 (27), contrast sensitivity is increased, so the patients
have an impression of improved vision even if full
acuity is not attained postoperatively (e5). A survey of
patients treated by DSAEK showed high rates of over-
all satisfaction and satisfaction with the achieved post-
operative visual acuity and the progress of the healing
process (28). Furthermore, a retrospective survey of pa-
tients treated with PKP in one eye and DSAEK in the
other showed that they would all opt for DSAEK if they
needed surgery again (29). In contrast, 57% of 15 pa-
tients in Freiburg said they would prefer PKP, against
36% who would choose DSAEK, although subjective
improvement in visual acuity occurred sooner after
DSAEK than after PKP in 71% of cases in this survey
(Gross et al., submitted).

The better functional results after DMEK are
reflected in the subjective satisfaction rates. In a com-
parative retrospective case series, 85% of patients

stated they were more satisfied with visual quality after
DMEK than after DSAEK (19).

Complications

Graft dislocation and renewed air injection into anterior
chamber (rebubbling)

Secondary interventions are necessary more often after
DSAEK and DMEK than after PKP (15, 30). Most of
these cases merely involve repeat air instillation after
dislocation of the graft. This may be required in 1% to
82% of cases following DSAEK (27). Rebubbling after
graft dislocation is necessary more often after DMEK
(33% to 81%) than after DSAEK (7% to 20%) (12, 24).
The dislocation rate is lower with grafts from organ
culture, as mostly used in Europe, than with grafts from
short-term culture, as predominantly used in the USA
(e6). With regard to postoperative supine positioning of
the patient so that the air bubble in the anterior chamber
presses the graft against the posterior stroma, it has
been shown that the patient’s position (supine or
upright) has no influence on the graft dislocation rate if
the anterior chamber is completely filled with air for at
least 2 hours (31). This is important in view of the risk
of position-related deep vein thrombosis and resulting
pulmonary embolism. Patients should therefore be
mobilized soon after operation or should receive
prophylactic anticoagulant medication if indicated.

Graft failure

The rates of primary graft failure (7able) are higher for
DSAEK (0 to 29%) and DMEK (0 to 9%) than for PKP
(0 to 3%). Five years after DSAEK—the longest period
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Risk of rejection within 2 years 0.5-23.3% 0-14 %

Summary of the complications after PKP. DSAEK. and DMEK: complication rates and references

I N TS T S

1-3% PKP:
(15) (30) (39) (e16-€22)
DSAEK:
(11) (15) (19) (30) (33) (39) (e13) (16) (21) (€22)
DMEK:

(11) (622) (23)

Primary graft failure 0-3% 0-29%

0-9% PKP:
(15) (30)
DSAEK:
(15) (19) (27) (30) (33) (37) (39) (e4) (e12) (e13) (e24)
DMEK:
(11) (12) (23) (€25) (e26)

Graft dislocation/rebubbling n.a. 0-82%

31-81% DSAEK:
(15) (19) (24) (33) (37) (39) (e4) (e12) (e13) (e23)
(e27-e29)

DMEK: (11) (24) (12) (e25) (623) (e30)

Suture complications 6.9% na.

n.a. PKP:
(€9)

Episode of glaucoma n.d. 0.1-9.5%

n.d. DSAEK:
(12) (e13) (27)

Epithelial invasion n.a. 0.8-1.6%

n.d. DSAEK:
(e12) (e13)

Infections 0.8-6.9% 0.8-1.5%

nd. PKP:
(e17) (e9)

DSAEK:
(38) (e15) (e31) (e9) (e12)

n.a., not applicable; n.d., no data; PKP, penetrating keratoplasty; DSAEK, Descemet stripping automated endothelial keratoplasty;

DMEK, Descemet membrane endothelial keratoplasty

of postoperative observation to date—92% of the grafts
were clear (32). In our own experience, the rate of re-
grafting in the first 12 months postoperatively was
higher after DSAEK, at up to 10%, than after PKP. The
reason is not always endothelial graft failure; some-
times patients are not satisfied with the achieved visual
acuity. The rate of primary graft failure seems to be
falling sharply, however, as more experience of these
surgical techniques is gained. No case of primary graft
failure was observed, for example, among the last 100
patients treated with DMEK at the University Eye
Hospital Cologne.

Immune reaction

Endothelial immune reaction remains the most frequent
cause of graft failure after PKP (e7). Recent studies
seem to show that the risk of rejection within 2 years of
grafting is 0 to 23% after PKP, 0 to 14% after DSAEK,
and 1 to 3% after DMEK (7able). Apparently the risk of
rejection increases with the amount of tissue
transplanted. The postoperative treatment also plays an
important part. The one single endothelial rejection
reaction we have observed at the University Eye Hospi-
tal Freiburg among nearly 200 DMEK procedures to
date occurred in a patient in whom topical steroids were
discontinued much too soon. No endothelial immune
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reactions have yet been observed in the last 150 pa-
tients undergoing DMEK at the University Eye
Hospital Cologne, where topical steroids are prescribed
for a year after operation.

Endothelial cell loss

The loss of endothelial cells in the early postoperative
period is much higher after DSAEK/DMEK than after
PKP, owing to the intraoperative manipulation of the
graft. The extent of primary endothelial cell loss seems
to depend on the experience of the surgeon (e8). The
mean endothelial cell loss 6 months after DSAEK is
36% (33). Three years after surgery, however, the mean
endothelial cell loss was 39% to 46% for DSAEK and
47% to 51% for PKP (34, €9), so the chronic endo-
thelial cell loss seems lower after DSAEK, and the
endothelial cell density values converge 5 years after
operation (30, 35, e10). Comparison of endothelial cell
loss 6 months after operation showed rates of 41% for
DMEK and 39% for DSAEK (24). The endothelial cell
loss also seems slower after DMEK than after PKP, so
that the endothelial cell densities are almost identical
by 2 years after surgery (23). The longest postoperative
observation period reported to date is 5 years; loss of
endothelial cells was high early after DMEK but
around 7% per year thereafter (36).
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Rare complications

DSAEK and DMEK are associated with other charac-
teristic intra- and postoperative problems. For instance,
Afshari et al. reported eight cases in which the graft
dislocated into the vitreous cavity during DSAEK,
necessitating retransplantation (el1). In 0.8% to 9.5%
of cases filling of the anterior chamber with air dis-
places the pupil and thus gives rise to an acute episode
of glaucoma (27, e12, el3); this can usually be avoided
by sufficiently extensive iridectomy. There are also
case reports of Urrets—Zavalia syndrome after DSAEK,
with irreversible postoperative widening of the pupil
(37, el4). Furthermore, in 0.8% to 1.7% of cases
DSAEK is followed by epithelial invasion of the inter-
face between donor lamella and host cornea, frequently
necessitating regrafting (27, el2, el3). Finally, a
number of cases of microbial infection at the interface
have been reported, most of which could be cured only
by means of PKP (38, el5).

Perspective

Numerous case series show that good visual results are
achieved more quickly after posterior lamellar kerato-
plasty than after PKP and without any change in
refraction. Over the past few years the high degree of
standardization of DSAEK has made it the standard
procedure worldwide for patients with endothelial in-
sufficiency, despite the not always satisfactory visual
results. Although DMEK yields better visual results
and involves a lower risk of rejection, the lack of tech-
nical standardization and the possibility of preparation-
related graft loss mean that it cannot compete with
DSAEK; DMEK is currently offered at only a small
number of corneal surgery centers. It seems only a
matter of time, however, before DMEK is routinely
offered at all centers, because commercially available
instrument sets, pre-prepared grafts, and numerous
training courses are constantly increasing the degree of
standardization (26). However, DSAEK will remain the
procedure of choice in certain situations (e.g., in apha-
kia, aniridia, or pronounced anterior synechiae) (18). In
comparison with PKP, DSAEK and DMEK have higher
rates of reoperation (mostly repeat air instillation)
and primary transplant failure. PKP also seems superior
to the lamellar techniques in advanced disease with
fibrotic remodeling of the corneal stroma. To date
there have been no long-term studies to permit
sufficiently confident estimates of the overall
survival rate of lamellar grafts compared with PKP.
For these reasons Nanavaty and Shortt (39) conclude
that randomized controlled trials are required to
decide which operation is best for which individual
patient in the long term.
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