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ABSTRACT

Background/aims This retrospective multicentric
panel study provides absolute numbers, types of and
indications for corneal transplantation in Germany from
2011 to 2021 and sets them into the international
context.

Methods A questionnaire was sent to the 104 German
ophthalmologic surgery departments and 93 (89%)
provided their data.

Results The number of reported keratoplasties more
than doubled from 2011 (n=4474) to 2021 (n=8998).
Lamellar keratoplasties (49% posterior (n=2883), 4%
anterior (n=231)) surpassed penetrating keratoplasty
(PKP, 47%, n=2721) for the first time in 2014. Since
2016, Descemet’s membrane endothelial keratoplasty
(DMEK) has become the predominant keratoplasty
procedure in Germany. Its number increased by 1.5-fold
from 3850 (2016) to 5812 (2021). Main indications

in 2021 were Fuchs' endothelial corneal dystrophy
(FECD, 43%), pseudophakic corneal decompensation
(12%), repeated keratoplasty (11%), infections (7%),
keratoconus (6%) and corneal scarring (4%, others: 9%).
The PKP percentage decreased from 70.2% in 2011
(n=3141) t0 31.7% in 2021 (n=2853). Descemet’s
stripping (automated) endothelial keratoplasties
(DSAEKs) decreased to 1% in 2021 (n=74). 98.6%

of all posterior lamellar keratoplasties were DMEKSs in
Germany in 2021. The number of deep anterior lamellar
keratoplasties (DALKs) remained comparable from 2011
(n=269) to 2021 (n=251, 2.8%).

Conclusion Main indications for corneal
transplantation in Germany (2021) were FECD and
pseudophakic corneal decompensation. DMEK is by

far the predominant corneal transplantation procedure
since 2016 followed by PKP, whose absolute number
decreased only slightly during the decade from 2011 to
2021. DALK proportions remain low, but stable, whereas
DSAEK decreased annually and plays a minor role in
Germany.

Trial registration number NCT03381794.

INTRODUCTION

The beginnings of penetrating keratoplasty (PKP)
date back to 1905 when Eduard Zirm performed
the first successful full-thickness corneal trans-
plantation' and PKP became the gold standard
of corneal transplantation during the twentieth

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Lamellar keratoplasty procedures are on the
rise. However, there exist different trends in the
application of lamellar keratoplasty techniques
worldwide.

WHAT THIS STUDY ADDS

= This report summarises developments in
Germany from 2011 to 2021 and sets them into
the international context.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This report underlines the importance of
Descemet’s membrane endothelial keratoplasty
as a relatively novel surgical technique which
is likely to become more widely adopted
internationally.

century. However, refined lamellar grafting tech-
niques adapted to the wide range of indications for
corneal transplantation that are precisely tailored
to the individual corneal disease patterns have been
introduced and set new standards in the last two
decades.”

Deep anterior lamellar keratoplasty (DALK)
consists of a corneal donor transplantation without
endothelium after complete removal of the patho-
logical stroma down to Descemet’s membrane.® *
Descemet’s stripping (automated) endothelial kera-
toplasty (DSAEK) is a posterior lamellar corneal
transplantation applied in endothelial corneal
diseases, and comprises the preparation and trans-
plantation of an endothelial donor tissue that was
prepared using a microkeratome and includes
a stromal layer, Descemet’s membrane and the
endothelium.”” Descemet’s membrane endothe-
lial keratoplasty (DMEK) is defined by the isolated
preparation and transplantation of Descemet’s
membrane and corneal endothelium.® Recent
approaches that are designated as ‘Descemet’s strip-
ping only’ (DSO) or ‘Descemetorhexis without
endothelial keratoplasty’” (DWEK) aim to remove
only the central Descemet’s membrane and endo-
thelium without any transplantation.

This study aimed to assess and analyse the abso-
lute numbers, percentages, surgical techniques
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Figure 1

Absolute number of keratoplasties in Germany from 2011 to 2021. Increasing number of reported keratoplasties in Germany from 2011

(n=4474) to a maximum of n=9197 in 2019 followed by a slight decrease to n=8998 in 2021. The x-axis shows year; y-axis, number of reported

corneal transplantations.

of and indications for corneal transplantations performed in
Germany during the decade from 2011 to 2021 as raised by data
from the German Keratoplasty Registry of the Cornea Section of
the German Ophthalmological Society (Deutsche Ophthalmolo-
gische Gesellschaft, DOG).

METHODS

Data about keratoplasties performed in Germany have been
collected by the Cornea Section of the German Ophthalmolog-
ical Society (DOG, http://www.dog.org/die-dog/sektionen-dog-
kornea) annually. A questionnaire asking for absolute numbers,
surgical techniques of and indications for corneal transplanta-
tion has been sent each year to 104 ophthalmologic departments
in Germany out of which 93 (89%) responded and provided
their data in 2022.° The 93 responses consisted of 36 (95%) of
the 38 contacted chairmen of German university departments
and 57 (86%) of the 66 contacted non-university-based heads
of ophthalmologic departments in Germany. The study is a
retrospective panel study (ideally) including all German patients
treated with corneal transplantation from 2011 to 2021. It was
registered at the public database ClinicalTrials.gov maintained
by the U.S. National Institutes of Health and follows the princi-
ples of the declaration of Helsinki.

RESULTS
The number of reported keratoplasties increased from 4474
in 2011 to a maximum of 9197 in 2019 and slightly decreased
to 8998 in 2021 (figure 1). The proportion of PKP performed
annually decreased by more than half from 2011 (70.2%) to
2021 (31.7%, figure 2). Nevertheless, the absolute number of
PKP decreased only slightly from 3141 (2011) to 2853 (2021)
during the same period because of the overall increase of the
number of corneal transplantations (figure 3).

Lamellar procedures (49% posterior (n=2883) and 4%
anterior (n=231)) surpassed PKP (47%, n=2721) from 2014

n (figures 2 and 3). The proportion of DALK remained
comparatively low each year, with a minimum of 212 (2016)
and a maximum of 277 (2018, figure 3). Overall, there was no
major change from 2011 (n=269) to 2021 (n=251, figure 3)
concerning anterior lamellar keratoplasties.

The number of DSAEK decreased from 10% in 2013 (n=507)
to 1% in 2021 (n=77, figure 4). In contrast, the number of
DMEK increased by 3.3-fold from 34% in 2013 (n=1773) to
65%in 2021 (n=5812, figure 4). Since 2016, DMEK has become
the predominant keratoplasty procedure in Germany with 53%,
549, 599%, 63%, 65% and 65% in 2016, 2017, 2018, 2019,
2020 and 2021, respectively (figure 4). Moreover, 98.6% of all
posterior lamellar keratoplasties were performed as DMEKs in
2021 in Germany. With two exceptions, this development was
reflected in the proportional distribution of the surgical proce-
dures within the ten most active corneal transplantation centres
in Germany (figure 5).

Main indications for corneal transplantation in 2021 were
Fuchs’ endothelial corneal dystrophy (FECD, 43%, increasing
tendency since 2017), pseudophakic corneal decompensation
(12%, stable), repeated keratoplasty (11%, increasing tendency
since 2017), infections (7%, increasing tendency since 2017),
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Figure 2 Proportions of penetrating, anterior and posterior

lamellar keratoplasties in Germany from 2011 to 2021. Proportions of
penetrating keratoplasties (blue), deep anterior lamellar keratoplasties
(red) and posterior lamellar keratoplasties (green) in Germany from
2011 to 2021. The x-axis shows year; y-axis, proportions of keratoplasty
techniques.
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Figure 3  Absolute number of penetrating, anterior and posterior
lamellar keratoplasties in Germany from 2011 to 2021. Absolute
number of penetrating keratoplasties (blue), deep anterior lamellar
keratoplasties (red) and posterior lamellar keratoplasties (green) in
Germany from 2011 to 2021. The x-axis shows year; y-axis, absolute
number of keratoplasties.

keratoconus (6%, stable) and corneal scarring (4%, stable,
others: 9%, figure 6).

The number of patients on German waiting lists for corneal
transplantation reached a maximum in 2018 (n=5313) and
decreased to 4627 in 2020 (figure 7). Based on the responses to
the questionnaire for 2021, the average waiting time for PKP in
Germany was 9 weeks (n=57 centres reported the waiting time),
for DMEK 12 weeks (n=52 reported) and for DALK 13 weeks
(n=22 reported).

DISCUSSION

This retrospective panel study summarises the developments
in corneal transplantation in Germany during the decade from
2011 to 2021. FECD has become the major indication and
DMEK is the most commonly applied transplantation proce-
dure followed by PKP, which decreased only slightly (in abso-
lute numbers) during this decade. The DALK and the posterior
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EDSAEK @ DMEK DSO/DWEK

Figure 4 Absolute number of posterior lamellar keratoplasties in
Germany from 2013 to 2021. Absolute number of Descemet's stripping
automated endothelial keratoplasty (DSAEK, blue) vs Descemet's
membrane endothelial keratoplasty (DOMEK) from 2013 to 2021 in
Germany. DSAEK decreasing from 507 (10%) in 2013 to 74 (1%)

in 2021. DMEK increasing by 3.3-fold from 1773 (34%) in 2013 to
5812 (65%) in 2021. DSO (Descemet's stripping only) and DWEK
(Descemetorhexis without endothelial keratoplasty) were reported in
2021 for the first time.

lamellar DSAEK procedure turned out to play minor roles in
Germany.

These developments shall be put into the worldwide context
in the following. For this purpose, published manuscripts and
reports from cornea bank associations with data about corneal
transplantation published from 2017 onwards were reviewed. A
PubMed research was performed using the keywords ‘corneal
transplant registry’ and ‘eye bank report’ for each country (each
country was added after these keywords). It is therefore possible
that existing reports not listed in PubMed or not written in
English have been missed and were not included.

Europe

The European Cornea and Cell Transplantation Registry
(ECCTR) collects data on corneal transplantation throughout
Europe and published its first report in 2021 with 12913 regis-
tered corneal transplantations in Europe in 2019.'"° ' This
report did not include data from Germany but data from 10
other European Union Member States, the UK and Switzer-
land,"" " with the UK (n=7491) and the Netherlands (n=3083)
reporting the highest number of corneal transplantations.'® !!
Because of the limited participation among European Union
Member States, the authors assumed a total of approximately
30000 corneal transplantations for the reported period.'® ™ The
main diagnoses that required corneal transplantation were FECD
(n=5325, 41%) followed by repeated graft (n=2108, 16%),
pseudophakic bullous keratopathy (n=1594, 12%) and kerato-
conus (n=1506, 129).'" " These results present a similar distri-
bution of the indication spectrum as in our report for Germany.
Differences arise when looking at the corneal transplantation
procedures. Whereas DMEK has been the predominant corneal
transplantation procedure in Germany since 2016, the ECCTR
report stated that the predominant corneal transplantation
procedure in its European survey was DS(A)EK (n=5918, 46%),
followed by PKP (n=3886, 30%) and DMEK only in third place
(n=1838, 9%).'° ! In view of these results, one could conclude
that Germany would have a certain pioneering role in Europe
with regard to the introduction and application of DMEK.
However, such interpretations must consider that this ECCTR
report with data from 10 out of 27 European Union Member
States cannot (yet) provide a complete and representative picture
of corneal transplantation trends in Europe.

The Great Britain Organ and Tissue Donation and Trans-
plantation Activity Report 2019/2020 stated accordingly that
DS(A)EK (33%) was the predominant corneal transplantation
procedure followed by PKP (29%), DMEK (25%) and (D)ALK
(10%).'* The Italian Eye Bank Report 2020 reported similar
results to our survey with more posterior lamellar than pene-
trating keratoplasties since 2016 and 1785 posterior lamellar,
1046 penetrating and 191 anterior lamellar keratoplasties in
2020 (total=3023)."

To satisfy the need of corneal transplantations, Europe also
relies on the import of corneal grafts: The Eye Banking Statis-
tical Report of the Eye Bank Association of America reported,
for 2019, that a total of 1849 corneal grafts were exported to
Europe (the majority of them to Germany, n=1290)."*

North America

The Eye Banking Statistical Report of the Eye Bank Association of
America reported 51336 keratoplasties during 2019, composed
of 30650 posterior lamellar, 17409 penetrating and 745 ante-
rior lamellar keratoplasties."* The proportion of posterior
lamellar keratoplasty represented the majority (60%) and was
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Figure 5 Ten most active corneal transplantation centres in Germany (2021). The 10 most active corneal transplantation centres in Germany (2021)
show a preponderance of posterior lamellar keratoplasties (exceptions: Homburg and Marburg).

composed of 17428 DS(A)EK and 13215 DMEK."* For 2021,
the majority of corneal transplantations were also posterior
lamellar keratoplasties with the number of DMEK (n=14128)
gradually approaching, but not (yet) exceeding that of DS(A)EK
(n=15 935)." Although there were fewer corneal transplanta-
tions reported in 2021 (n=49 110) than 2019 (n=51336) prob-
ably as a side-effect of the COVID-19 pandemic, the proportion
of PKP remained almost the same (n=16269, 33%)." Despite a
smaller total number of corneal transplantations in 2021, these
numbers reveal a gradual trend towards DMEK (2019: 13 215;
2021: 14 128) and away from DSAEK (2019: 17 428; 2021: 15
935) for the USA.

As in the USA and in Germany, the Canadian Eye and
Tissue Banking Statistics also reported the majority of corneal
transplantations to be posterior lamellar procedures for 2020
(n=2264) followed by 845 penetrating and 106 anterior
lamellar keratoplasties (total=3215)."® However, like in the
USA, DSAEK dominated with 59% (n=1327) versus 41%
DMEK (n=937) in view of posterior lamellar keratoplasty
procedures. '

®2017 (1=7191) W 2018 (1=8640) = 2019 (1=8797) W 2020 (n=8992) m 2021 (n=8283)

Figure 6 Main indications for keratoplasties in Germany from 2017
to 2021. Reported main indications for penetrating and lamellar
corneal transplantations in Germany from 2017 to 2021. FECD, Fuchs’
endothelial corneal dystrophy.

South America

The Organ Transplantation in Brazil Report indicated 14943
corneal transplantations in Brazil for 2019 without, however,
providing more detailed information on the transplantation
techniques.” An earlier study from Brazil reported a 2.3-fold
increase of corneal transplantations from 6193 (2001) to 14 641
(2016) and the main indications for corneal transplantation to
be keratoconus, followed by infectious keratitis, post-infectious
scarring and pseudophakic bullous keratopathy during this
period.'® Similar results for main indications were stated in a
report from Colombia covering the period from 2010 to 2017.
These were corneal ectasias, followed by pseudophakic bullous
keratopathy and repeated graft."” The most common technique
was PKP (90%); however, a trend towards lamellar grafts was
reported.” A report from Mexico reported 4729 corneal trans-
plantions from March 2019 to February 2021 without providing
information about indications and techniques.*

Although there are fewer recent reports on corneal trans-
plantation for the other South American countries, the export
statistics of the USA can be used to draw conclusions about their
transplantation activity: A total of 1499 corneal grafts were
imported by South American countries, most of them to Argen-
tina (n=377)."

5313

7807
4540 4627 4614

2017 2018 2019 2020 2021

Figure 7 Waiting lists for corneal transplantation in Germany.
Patients on waiting lists for corneal transplantation in Germany from
2017 to 2021, maximum of 5313 in 2018.
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Asia

A similar spectrum of indications as in South America was
reported in a survey from the Islamic Republic of Iran covering
the period from 1991 to 2017. It reported 95057 corneal
transplants with the underlying diagnoses keratoconus (40%)
followed by pseudophakic bullous keratopathy (19%), corneal
scarring (16%) and graft failure (8%).! The most common
transplant technique was PKP (70%) which decreased slightly
in favour of DSAEK (12%) until 2017, while DMEK played
almost no role until 2017 (<0.1%)*" as opposed to the devel-
opment in Germany with DMEK being the most frequently
applied corneal transplantation procedure at that time (54.4%).
Anterior lamellar keratoplasty accounted for 14%, which is
probably attributable to the main indication of corneal ectasia.’
An early report of the eye banks in India from 2013 to 2014
reported the main indications for corneal transplantation to be
infections (n=3023) followed by pseudophakic bullous keratop-
athy (n=934).** Furthermore, the predominant transplantation
technique in this report was PKP (n=7920), followed by DS(A)
EK (n=1245) and DALK (n=437).>* The absence of DMEK in
this survey may be due to the timing of the survey. In compar-
ison, however, there was no major change in the distribution of
transplantation techniques in a single eye bank in Hyderabad
(India) in 2018: PKP continued to be the predominant technique
(n=2955) followed by 1508 posterior lamellar and 164 ante-
rior lamellar keratoplasties,?® indicating that there had not yet
been a transition towards lamellar procedures in this Indian eye
bank equivalent to American or European conditions by the year
2018.

A survey from China reported an increase of corneal transplan-
tations from 2014 (n=5377) to 2018 (n=8980) with main indi-
cations leukoma (21%), followed by bacterial keratitis (11%),
dystrophies (11%), keratoconus (10%) and corneal perfora-
tion (8%).”* The authors attributed the differing spectrum of
indications compared with the aforementioned countries and
continents to the large agricultural population and lower cata-
ract surgery rates, resulting in a higher susceptibility to corneal
scarring and infections, which in turn led to the predominant
technique of PKP (54%), followed by anterior lamellar (38%)
and a quite small proportion of posterior lamellar keratoplasties
(7%).**

The Eye Banking Statistical Report of the Eye Bank Association
of America reported that 12207 corneal grafts were exported to
Asia in 2019 and that the largest importer was Japan (n=1999),
followed by Pakistan (n=1800) and Saudi Arabia (n=1363)."

Australia

Like in South America and the Middle East (Iran), the main indi-
cation for corneal transplantation in New Zealand was kerato-
conus from 2010 to 2018 and was surpassed by repeated graft in
2019.% During this period, the main surgical procedure was PKP
(n=1703), followed by DS(A)EK (n=888), (D)ALK (n=266) and
DMEK (n=98).% Since nine times more DS(A)EK than DMEK
have been carried out by 2020, this contrasts with the reverse
development in Germany. The Australian Corneal Graft Registry
2020 reported 1831 conducted keratoplasties out of which
30% were PKP, 30% DMEK, 29% DS(A)EK, 8% DALK and 3%
tectonic,”® indicating that DMEK has just surpassed DS(A)EK
whereas it has not exceeded PKP. Main indications were kera-
toconus followed by repeated graft and pseudophakic bullous
keratopathy and the authors stated that the number of corneal
grafts for FECD tends to increase rapidly”” which might influ-
ence the ranking of the main indications in the years to come.

Africa

The basic problem in Africa is the lack of necessary infrastruc-
ture including cornea banks (apart from exceptions as, eg, the
Gauteng Cornea and Eye Bank in South Africa).?® For this reason,
corneal transplants have to be imported, which in turn raises the
threshold for the indication and performance of keratoplasty and
results in a lower number of corneal transplantations overall.”’ 3
Since the corneal transplants are to be imported and not every
African country published reports about corneal transplanta-
tions, conclusions about the number of corneal transplantations
in Africa can be drawn from the exporters’ data, for example,
the Eye Banking Statistical Report of the Eye Bank Associa-
tion of America. For 2019, it reported 10711 donor corneas
exported to Africa and the three most active countries in corneal
transplantation were Egypt (n=5935), Djibouti (n=1409) and
South Africa (n=851)."* Only a few recent reports exist from
the individual African countries. One first survey reported 32
full-thickness grafts performed in Nigeria from 2008 to 2011.*"
A second reported 118 PKP in Kenya from 2012 to 2014, which
were mainly conducted because of keratoconus (66%) and
corneal scarring (22%) with all donor tissues imported from the
USA.?” One more recent survey reported 75 corneal transplan-
tations in Ghana from 2014 to 2018 (n=60PKP, 14 DS(A)EK, 1
DALK) after import of all transplants and the main underlying
diagnoses stated were pseudophakic bullous keratopathy and
keratoconus.*

Transition to DMEK in a global context

A worldwide review of PKP indications during the period of
1980 to 2014 reported FECD to be the fourth most common
indication in North America and Europe.** Much has changed
since then and the proportion of posterior lamellar keratoplas-
ties (mainly due to FECD) has already surpassed the number
of PKP in many parts of the world, for example, in Germany
(2021: 65%), in Europe (2019: 55%),"° ' in the USA (2021:
619%)" and in Australia (2020: 59%), which is why the twenty-
first century is sometimes being referred to as the lamellar age
or century?’ with regard to corneal transplantations techniques.
While visual acuity may be affected after DSAEK by the shape
and thickness of the graft or the stroma-stroma interface,”
DMEK is reported to result in better visual acuity outcomes and
an even lower hyperopic shift.**** In terms of 5-year survival
rates and endothelial cell loss rates, both procedures seem to
be comparable.’® The American Academy of Ophthalmology
confirmed a faster visual recovery and better visual outcome
with DMEK when compared with DSAEK with an even lower
endothelial rejection rate after DMEK than after DSAEK.>
Since DMEK donor preparation and transplantation in the
recipient eye may be technically more challenging, the question
arises why DSAEK is constantly underrepresented in Germany.
In the German-language literature, it has been suggested that
DSAEK should be used especially in eyes with a shallow ante-
rior chamber,® complex anterior segment pathologies (such
as aphakia, larger iris defects, glaucoma implants, hypotonic
eyes, eyes with silicone oil filling)*” or in children®® since the
DSAEK lamella unfolds quasi-autonomously due to its inherent
rigidity.*” For the treatment of endothelial corneal diseases,
DMEK has been considered the standard of care in Germany,”
although the most important factor in deciding between DMEK
and DSAEK remains the experience of the microsurgeon
with one or the other surgical procedure.*! In view of these
aspects, a further increase in the spread and number of DMEK
conducted worldwide at the expense of DSAEK can be expected.
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However, prevalence and genetic studies about FECD found a
higher frequency of FECD in Caucasians when compared with
Asians.** Geographical and ethnic differences in FECD preva-
lence may therefore affect the relative proportions of indications
for and techniques of corneal transplantations throughout the
world. One recent study concluded that DMEK became the
leading technique for the cure of endothelial corneal diseases in
Spain.*® Another reported 58% of keratoplasties in the Singa-
pore National Eye Center to be endothelial keratoplasties with
equal proportions of DSAEK (50%) and DMEK (50%).** A
survey among Canadian corneal surgeons revealed DMEK to be
the preferred surgery method for endothelial corneal diseases.*’
When comparing DMEK and DSAEK for the treatment of FECD
and pseudophakic bullous keratopathy, patients with DMEK
showed a better graft survival and fewer rejections than patients
treated with PKP or DSAEK receiving the same medical postop-
erative therapy.** A meta-analysis yielded better postoperative
outcomes for DMEK in terms of best corrected visual acuity
(BCVA), patient satisfaction and rejection rates.*’ In the direct
comparison of DMEK and DSAEK, a distinction must be made
in the DSAEK group between DSAEK, MT-(microthin, <130 pm
graft thickness)* DSAEK and UT-(ultrathin <100um graft
thickness)*® DSAEK. The trend towards further reduced DSAEK
graft thickness results from the fact that thinner grafts with
the thinnest possible stromal lamella are associated with faster
visual recovery.*” Randomised controlled trials on the treatment
of FECD or pseudophakic bullous keratopathy with DMEK or
MT-DSAEK or UT-DSAEK concluded that DMEK leads to better
visual outcomes after 3, 6 and 12 months,*® **-° whereas both
techniques lead to a minimal hyperopic shift and do not differ in
terms of endothelial cell loss.’® In addition, DMEK resulted in
lower posterior corneal higher order aberrations compared with
UT-DSAEK.*! Contrast and scatter sensitivity also recovered
faster after DMEK.’" Although these studies document a supe-
riority of DMEK, there exist also randomised controlled trials
that showed comparable results between DMEK and UT-DSAEK
in terms of postoperative BCVA, complication rates, endothe-
lial loss and patient-reported quality-of-life scores.’* Finally, the
growing number of posterior lamellar procedures is probably
also attributable to the decreasing clinical threshold for surgery
in corneal endothelial diseases.’

The increasing use of sophisticated tomographic and biome-
chanical measurements®*° helping to diagnose keratoconus
at its very early stages and corneal crosslinking providing effi-
cient keratoconus stabilisation’” may contribute to decreasing
numbers of keratoplasties (PKP and DALK). Although DALK
aims to preserve the patient’s own endothelium and is thus not
threatened by endothelial rejection, it is technically challenging
and may be considered still on its way to becoming the stan-
dard procedure for corneal pathologies located in the (ante-
rior) corneal stroma.*® Visual outcomes after DALK and PKP
may show similar results,’® yet there are several factors that
contribute to the fact that DALK has not become widespread
in Germany. First, corneal crosslinking increasingly succeeds in
halting keratoconus progression, thus obviating at least in part
the need for keratoplasty. Second, DALK does not always achieve
the desired separation between Descemet’s membrane and the
corneal stroma’” resulting in an average BCVA of 20/40°°-*
in young patients with keratoconus or stromal corneal dystro-
phies. In Germany, the well-established eximer laser-assisted
PKP technique may achieve a BCVA up to 20/28 on average.®* **
Third, a frustrated separation of Descemet’s membrane and the
corneal stroma may result in opacities in the interface between
Descemet’s membrane and the posterior corneal stroma.’’

Fourth, the rate of patients requiring intraoperative conversion
from DALK to PKP (in Germany between 10%% ®¢ and 15%°")
may discourage the use of DALK as a routine technique in the
patients with keratoconus.®®

Repeated keratoplasty was again the third most common indi-
cation for corneal transplantation in Germany in 2021. Unfor-
tunately, the German Keratoplasty Registry did not collect data
on the underlying diagnoses of repeated keratoplasty up to now.
It is known that posterior lamellar procedures in abnormal
anterior chamber anatomy subsequent to previous surgery have
a higher failure rate.®” 7 Detailed data about repeated kerato-
plasty in Germany are still to be collected and should be the
main topic of the next German Keratoplasty Registry report. A
recent German multicentre (n=7) study about 3200 DMEKs
conducted to treat FECD or pseudophakic bullous keratopathy
reported 3% graft failure (n=67) and a graft rejection rate of
1.5% (n=48), respectively.” Thus, (1) repeated PKP after graft
failure, (2) repeated DMEK/DSAEK after graft failure, but
also (3) DMEK on the PKP graft (also in case of transplanted
guttae on the PKP graft’! or if a toric intraocular lens has been
implanted earlier to correct corneal astigmatism) in previously
well-functioning penetrating grafts are to be subsumed under the
heading of repeated keratoplasty.”

CONCLUSIONS

As in many other countries, the most common corneal trans-
plantation in Germany is the posterior lamellar keratoplasty.
Germany stands out in international comparison because of the
high proportion of DMEK and very low proportion of DSAEK.
Penetrating keratoplasty continues to be the second most
frequent corneal transplantation procedure, although its number
decreased proportionally from 2011 to 2021. The number of
PKP is yet almost stable because of the increasing number of
overall corneal transplantations. DALK seems to be underrep-
resented in Germany with about 3% and might further decrease
due to an early and stage-appropriate therapy of keratoconus.
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