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Zusammenfassende Darstellung der Publikation

Einleitung

Die Hornhauttransplantation ist oft die einzige Methode korneale Blindheit zu
behandeln. Sie wurde erstmalig erfolgreich im Jahre 1905 als eine der ersten
Transplantationen in der Medizingeschichte durchgefuhrt und ist zurzeit die am
haufigste durchgeflihrte Transplantation weltweit (Seitz et al. 2005). Durch die
Verpflanzung einer klaren vitalen Spenderhornhaut erreicht man bei Patienten mit
hereditaren, infektiosen oder traumatischen Hornhauterkrankungen sowohl eine
Stabilisierung des Auges als auch eine Visusverbesserung (Naydis et al. 2011).
Von Anfang an bestand ein Mangel an qualitativ guten Spenderhornhauten, welche
damals direkt vom Spenderauge ohne Qualitats- oder Sterilitdtskontrollen explantiert
und auf den Empfanger Gbertragen wurden. Im Jahre 1935 veroffentlichte Filatov
(Filatov 1935) ein neuartiges Konzept Uber eine Institution, welche die Spende,
Beschaffung, Untersuchung, Verarbeitung, Kultivierung und Verteilung von
Hornhautgewebe organisiert. Neun Jahre spater wurde eine solche Einrichtung in
Form einer ,Eye-Bank” (,Hornhautbank®) in New York erstmalig gegrindet, welche
zunachst weltweit eine Vorreiterstellung innehatte. Seither wurde die Methodik der
Kultivierung der Spenderhornhaute stetig verbessert. Durch den hohen Qualitats-
und Sicherheitsstandard in einer Hornhautbank erreicht man heute deutlich bessere
Operationsergebnisse, postoperative Verlaufe mit guten Kurz- und
Langzeitergebnissen.

Die Hamburger Hornhautbank (Hamburger Eye Bank (HEB)), eine der altesten
Hornhautbanken Deutschlands, wurde im Jahre 1981 gegriindet. Auf eine genaue
Dokumentation mit Protokollierung verschiedener Charakteristika zur
Qualitatskontrolle wurde von Beginn an groRer Wert gelegt. Die
Hornhautendothelzelldichte des Spenders wird weltweit als eines der Hauptkriterien
fur die Qualitatsbestimmung verwendet und beeinflusst die Transplanatationsstabiliat
langfristig. Weitere Kriterien zur Transplantationsfreigabe einer Spenderhornhaut
sind Sterilitat, ein narbenfreies Transplantat und negative serologische Tests des
Spenders fur Hepatitis B und C, HIV und Syphilis.



Entnahmetechnik oder Kultivierungsmethodik haben einen Einfluss auf die Qualitat
des Transplantates. Spender-Hornhaute, die diese Voraussetzungen nicht erflllen,
werden verworfen.

Das Ziel dieser retrospektiven deskriptiven Publikation ist einen Uberblick tber die
Entwicklung der HEB zu geben, sowie relevante demografische Daten der Spender

und der Prozessparameter Uber einen langen Zeitraum zu beschreiben

Material und Methodik

Material und Methodik

Seit der Grundung der HEB im Jahre 1981 wurden die Verfahren fir die
Gewebeentnahmen und Konservierung bzw. Kultivierung nach der jeweiligen
aktuellen Studien- und Gesetzeslage mehrmals angepasst. Bis 1985 wurden die
Spenderaugapfel in einer feuchten Kammer fur maximal 4 Tage aufbewahrt. Diese
zum Teil noch in anderen Landern durchgeflhrte Methodik wurde 1986 durch die
Organkultur der Spenderhornhaute komplett abgeldst (Bohnke 1991a, b). Bei dieser
Technik kann ein korneoskleraler Ring, welcher innerhalb von 24 Stunden unter
sterilen Bedingungen im Labor aus dem explantierten Spenderbulbus prapariert
wurde, bis zu 4 Wochen mit regelmafigen Analysen der Endothelzelldichte kultiviert
und vital gehalten werden. In dieser Zeitspanne ist eine genauere serologische und
mikrobielle Untersuchung moglich. Die HEB verwendet eine Kulturtemperatur von 37
°C, um frihzeitig ein evtl. mikrobiologisches Wachstum zu detektieren. 2008 wurde
ebenfalls die Entnahmemethodik der Enukleation des Auges geandert. Nach einer
einjahrigen Einfihrung wird heutzutage standardmaRig nur die korneosklerale
Scheibe aus der Leiche herausprapariert und anschlie3end in einem Kulturmedium in
die Hornhautbank zur weiteren Bearbeitung transportiert. Diese Methode ist weniger
invasiv fur den Spender, erfordert jedoch besondere Sorgfalt der explantierenden
Person, um eine Kontamination oder Beschadigung des Gewebes zu vermeiden.
Alle Explantationen erfolgten im Einverstandnis der Angehérigen der Spender nach
deutschem Gesetz und die in der Studie verwendeten diversen Spenderdaten
wurden nach Gesetzeslage und der Deklaration von Helsinki erhoben.

Alle Daten wurden zu Beginn auf Papier dokumentiert und im Verlauf elektronisch
Ubertragen. 1989 erfolgte eine komplette Konvertierung in eine Microsoft Access

Datei, die nun alle Daten von 1981 bis heute beinhaltet.



In dieser Studie wurde primar deskriptive Statistik flr die Berechnung von medianen
und interquartilen Werten verwendet. Fur die explorative Statistik wurde der Mann-
Whitney-U-Test und Chi-Quadrat-Test benutzt.

Ergebnisse und Diskussion

Die ,Hamburg Eye Bank-Databank® (HEB-DB) erhob wertvolle Informationen im
Zeitraum 1981 bis einschlie3lich Juni 2010 von 5503 Spendern und 10 943
Spenderhornhauten, von denen 4759 transplantiert wurden.

In Tabelle 1 werden die gesamten primaren und sekundaren Parameter, die in der
Datenbank Uber fast 30 Jahre erfasst wurden, aufgefuhrt. Anhand dieser Daten
konnten die jahrlichen Entwicklungen der Spenderzahlen, Transplantationsraten,
Spendenalter, Spendergeschlechts, Kulturzeiten, Endothelzellzahlen,
Kontaminationsraten und Zeitintervalle zwischen der Entnahme des Gewebes und
Kultur (DEI) berechnet werden. Desweiteren beinhaltet die Datenbank die
Todesursachen der Spender mit Geschlechteraufteilung.

Das durchschnittliche Alter aller Spender lag im Mittel bei 62 Jahren und zeigte eine
vergleichbare Altersverteilung mit schon publizierten Ergebnissen aus anderen
Hornhautbanken (Patel et al. 2005). Die Transplantationsrate korrelierte
erwartungsgemal mit der kornealen Endothelzahl bei der ersten mikroskopischen
Messung nach Explantation (Tabelle 2), sowie mit dem Spenderalter. In der Literatur
(Blatt et al. 1979; Carlson et al. 1988; Bourne et al. 1997; Rao et al. 2000;
Hashemian et al. 2006; Yunliang et al. 2007; Laule et al. 1978; Culbertson et al.
1982; Yee et al. 1985; Mattern et al. 1995; Probst et al. 1997; Gavrilov et al. 2010;)
wird ein Endothelzellzahlverlust von 0,3% bis 0,6% pro Lebensjahr und ein Anstieg
des Polymegathismus und Pleomorphismus beschrieben. Ursache sind
altersbedingte physiologische Veranderungen. Ein anderer Grund fir einen erhdhten
endothelialen Zellverlust bei alteren Patienten wird dem hoheren Anteil von
voroperierten pseudophaken Augen zugeschrieben, da intraoperativ oft eine
mechanische Schadigung der Hornhautzellen erfolgt. (Probst et al. 1997). Unsere
Berechnungen zeigen ebenso einen ahnlichen altersabhangigen Endothelzahlverlust
(Abb. 2) in Hohe von 0,3% pro Lebensjahr und 84,2
Endothelzellen/mm2/Lebensdekade (Pearson-Korrelation -0,341, p <0,001) bei
einem Mittelwert von 2500 Zellen/mm?. Einzelne Altersgruppen wurden in Abb, 3 in



Bezug auf ihre Transplantationsrate aufgestellt und zeigten auch hier eine
verminderte Transplantierbarkeit im erhohten Alter. Dennoch hatten auch Spender
Uber 80 Jahre noch in 31,2% der Falle eine ausreichende Hornhautqualitat fur eine
Transplantation. Andere Hornhautbanken veréffentlichten vergleichbare Ergebnisse.
[23% mit Spenderalter von 70 Jahren(Moyes et al. 1995), 45% mit Spenderalter von
75 Jahren (Armitage & Easty 1997), 53% mit Spenderalter von 80 Jahren(Gain et al.
2002)]. Bei persistierendem Spendermangel empfehlen wir, wie Gain ,(Gain et al.
2002) auch die alteste Altersgruppe der Uber 80-jahrigen als potentielle Spender
zuzulassen und einen Versuch der Hornhautkultur. Eine weitere interessante
Beobachtung ist die scheinbare negative Korrelation (Pearson-Korrelation = -0,077)
zwischen der Endothelzellzahl und der DEI, welche Uber die Jahre stetig verlangerte
(von durschnittlich 16 h (1981-1985) auf durchschnittlich 38 h (seit 1996)). Dariber
hinaus besteht auch eine positive Korrelation (Pearson-Korrelation = 0,143, p
<0,001) zwischen DEI und dem Spenderalter. Unter Berlcksichtigung der schon
oben dargelegten Wechselbeziehungen von Alter und Endothelzellzahl, fiUhren wir
die Verringerung der Endothelzellzahlen bei steigendem DEI eher auf den parallelen
Altersanstieg zuruck.

Die demographische Untersuchung der Spender in Bezug auf Geschlecht ergab
vergleichbar mit der Literatur (Patel et al. 2005) einen signifikant erhdhten
Manneranteil von 64,8%, sowie ein geringeres Spender-Durchschnittsalter bei
Mannern von 60 Jahren, was sich in der statisch verminderten Lebenserwartung
wiederspiegelt. Es zeigte sich eine vergleichbare Verteilung der Geschlechter in allen
Todesursachen mit Ausnahme von penetrierenden Verletzungen (Schuf3- und
Messerverletzung) und Stromunfallen (Abb.3), bei denen Manner einen deutlich
héheren Anteil haben. Unerwartet war jedoch, dass weiblichen Spender ahnliche
Zahlen Uber traumatische und kardiovaskulare Todesursachen aufwiesen, obwohl
nach allgemeiner Statistik hauptsachlich Manner betroffen ist. Wir fuhren dies auf
eine Verzerrung in der Selektion der Spender-Rekrutierung zurlick, da man eher
versucht junges Spendergewebe zu erhalten. Umfassendere Untersuchungen tber
den Einfluss der Todesursachen und Grunderkrankung auf wichtige Hornhaut
Qualitatsmerkmale wie z.B. Endothelzellzahl, Endothelzahlverlust in Kultur sind
geplant.

Im Jahre 1985 wurde in der HEB die Organkultur eingefihrt, wodurch die
Aufbewahrung der Hornhaut von vorher maximal 7-10 Tagen auf bis zu 23 Tagen



verlangert werden konnte (Abb. 1B). Dies ermoglichte bessere und genauere
praoperative mikrobiologische und serologische Untersuchungen und verhindert
somit schwere postoperative Komplikationen. Szaflik (Szaflik et al. 2000)
beobachtete jedoch, dass man durch eine verkirzte Aufbewahrung, wie z.B. bei der
kostengulnstigeren Hypothermie, ein besseres Ergebnis in Bezug auf Endothelzahl
und Hornhautschwellung erreicht. Andere Studien hingegen veroffentlichten stabile
Transplantatbefunde in der Endothelzellzahl, der Morphologien und den
Hornhautdicken Uber 35 Tage in Organkultur (Doughman 1980; Lindstrom et al
1992;.. Probst et al 1997). Auch postoperativ sei der Transplantatbefund aus
Organkultur konstant (Ehlers 2002). Unsere Analysen hingegen zeigten einen
leichten wochentlichen Endothelzellverlust von 5,7% in Hornhautkulturen (Abb. 1C) .
In Hochrechnungen wurde bei einer durchschnittlichen Kulturdauer von 23 Tagen ein
Zellzahlverlust von 17,5%.kalkuliert.

Eine zwar seltene aber schwere Komplikation nach Keratoplastik ist eine
Transplantat-Keratitis, die unter der lokalen und systemischen Immunsuppression
leicht in eine Endophthalmitis Ubergehen kann. Daher ist eine grundliche
postoperative mikrobielle Untersuchung vor, wahrend und nach Kultur der
Spenderhornhaute indiziert. In der Literatur werden variable Kontaminationsraten von
4-37% in Hypothermie (Pardos & Gallagher 1982;. Kloess et al 1993; Reed et al
1994;.. Gomes et al 1995) und 0,6-16% fur Organkultur ( Erbezci et al 1995;.
Hagenah et al 1995;. Builles et al 2006;. Fontana et al 2007;. Hermel et al 2010)
angegeben. Unsere Datenlage zeigte eine mittlere Kontaminationsrate von 5,3%
uber den gesamten Zeitraum. Auffallend ist ein deutlicher Anstieg der
Kontaminationsraten von 2006 bis 2008 auf bis zu 19,4% der Kulturen (Abb.4). Dies
kann man im Zusammenhang mit der Einflihrung der potentiell
kontaminationsreicheren in situ Entnahmetechnik gesehen werden. Durch eine
optimierte Desinfektion und Entnahmetechnik, sowie intensiven Schulungen der
entnehmenden Mitarbeiter sank die Kulturverunreinigung rapide auf die aktuelle Rate
von 10,3%.

Insgesamt wurden 43,5% der Hornhaute in der HEB zur Transplantation freigegeben,
womit die Rate leicht unter anderen publizierten Daten liegt: Das Autorenteam um
Williams (Williams and alt1990) verdffentlichte eine Transplantationsrate von 55%,
wobei auch Hornhaute mit geringeren Endothelzahlen zwischen 1500 und 2000
Zellen/mm? zur Operation zugelassen wurden. Die New Zealand National Eye Bank



Study (Patel et al. 2005) veroéffentlichte sogar eine Transplantationsrate von 79,1%,
welche wir in einigen Jahren annahernd aufzeigen konnen. Genauere zeitliche
Analysen der Daten zeigte nach Grindung der Hornhautbank ein stetig
aufsteigendes Transplantationsverhaltnis mit einem Hohepunkt im Jahr 1989 mit
68% und 2007 mit 75% (Abb. 1A). Hervorzuheben ist der Zeitraum zwischen 1988
und 2007 mit einer Zunahme an kultivierten Hornhauten jedoch mit einer geringen
Transplantatrate. Die absolute Zahl der fur die Transplantation verwendeten
Hornhaute hingegen verblieb jedoch konstant mit stabiler endothelialer Integritat und
Endothelzellzahlverlust pro Woche (Abb. 1A-C). Eine Ursache flur die verminderte
Transplantationsrate in diesem Zeitraum sehen wir nicht in moglichen Problemen der
routinemaRigen Kultivierung, sondern eher in den Anderungen der rechtlichen
Bestimmungen, der Struktur der Spender Rekrutierungen und der
Transplantationsaktivitat der Klinik. Im Jahre 2003 kam es jedoch zu einem Zunahme
der Transplantatrate, bei gleichzeitig fallenden absoluten Zahlen von
Spenderhornhauten und verlangerter Kulturdauer. Dies muss man in Beziehung zu
den frihzeitig eingeflihrten EU-Richtlinien von 2004 und 2006 Uber verscharfte
Qualitats-und Sicherheitsstandards fur Spender, Rekrutierung, mikrobiologischen
Untersuchungen, Verarbeitung, Kultur und Verteilung sehen.(Richtlinie 2004/23/EG).
(2006/17/EG und 2006/86/EG) gesehen werden. Dadurch scheinen zwar weniger,
aber qualitativ bessere Hornhaute rekrutiert worden zu sein. Um jedoch einen
Einbruch in der absoluten Spenderzahl zu verhindern, hob die Hamburger
Hornhautbank die Altersbeschrankung fur Hornhautspende auf. Trotz dieser
Malnahme konnte ein Ruckgang der Spenderhornhaute nicht vermieden werden.
Auch der Wechsel der Explantationsmethode zur korneoskeralen Entnahme in den
Jahren 2007 bis 2008 verursachte einen Abfall von transplantierbaren Hornhauten
durch die, wie bereits diskutierten, erhohten Kontaminationsraten Durch die oben
genannte Optimierung der Methodik konnte man im Jahre 2009 kaum einen
Unterschied mehr zwischen der Methodik in Bezug auf die Gesamtanzahl und
transplantierten Spenderhornhaute feststellen.

In dieser Publikation wurden Daten von mehr als 10 000 Hornhaute, die Uber fast 30
Jahre gesammelt wurden, analysiert. Nach unseren Informationen gibt es keine
vergleichbare Studie in dieser Grol3e. Allerdings enthalt unsere Untersuchung leider

keine postoperativen klinischen Ergebnisse und Verlaufe.



Sie bietet jedoch umfassende Informationen zu vielen bereits untersuchten bzw
neuen Aspekten der Hornhautbank. Wir konnten verschiedene Trends und
Veranderungen sowie Zusammenhange mit Spender Demographie, Verarbeitung,
Kultivierung und Kontamination und Nutzung aufzeigen.

So wurden aufbauend auf die immense Datenmenge eine Studie Uber die
Kontamination in der Hamburger Hornhautbank (Linke et al 2012) karzlich bei
Cornea akzeptiert, welche neue Erkenntnisse Uber die Kontaminationfaktoren
erbracht . Weitere laufende Analysen befassen sich genauer mit dem Wechsel der
Explantationsmethode, dem Einfluss der Todesursache und Grunderkrankung von
Spendern und dem Einfluss der gesetzlichen Anderungen auf die Hornhaut Spende
Bereitschaft.

Durch diese Ergebnisse konnen sowohl die Hamburger Hornhautbank als auch
andere Hornhautbanken ihre Prozesse optimieren und somit Hornhaute mit
verbesserter Sicherheit, Effizienz bereitstellen. Dies wirde sich positiv auf den
postoperativen Verlauf auswirken und ggf. ein fruhzeitiges Transplantatversagen
verhindern. Desweitern konnten die Erkenntnisse aus der Datenbank helfen, bei
bekannten Spendereigenschaften schon vor der Explantation Prognosen Uber die
Hornhaut Qualitat, den Kulturverlauf und dem postoperativen Verlauf anzugeben und

dann ggf. Spendegewebe nach Potential zu selektieren.
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ABSTRACT.

Purpose: To evaluate donor demographics, trends in donor tissue procurement
and tissue storage over a long period.

Methods: A retrospective, longitudinal, descriptive analysis was undertaken of
data from the Hamburg Eye Bank Data Base (HEB-DB) that had been collected
between 1981 and 2010. Data on 54 parameters of cornea donors [including clini-
cal history, age, death cause, gender and death-to-explantation interval (DEI)]
and of cultivated corneas (endothelial quality and development in culture, culti-
vation period, microbiological contamination) were retrieved. These data were
analysed statistically, focusing on the historical development of the eye bank.
Results: At the time of retrieval (June 2010), the HEB-DB contained data on
10 943 corneas (5503 donors). Most donors were men (65%) and had died
from cardiopulmonary (n = 801)/cerebral (n = 261) failure or as the result
of a polytraumatic accident/suicide (n = 602). Within these years, donor age,
DEI and storage time increased. The percentage of stored corneas suitable for
transplantation displayed a variable but increasing trend; in 2007, almost 75%
of the stored corneas were transplanted. Between 1995 and June 2010, the
median microbiological contamination rate was 5.3%. A change in the pro-
curement procedure from enucleation to corneoscleral explantation in 2008 led
to a briefly increased contamination rate.

Conclusion: Donor demographic data run parallel to the general demographic
development. Our analysis indicates a dynamic development of the eye bank
over the last 30 years and emphasizes the need for an active quality manage-
ment in coping with the challenges of modern eye banking.
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Introduction

In 1905, the first successful penetrat-
ing keratoplasty was performed, initi-
ating a new chapter in restoring the
sight of patients with corneal blind-
ness. Today, cornea transplantation is
a standard clinical procedure with a
high rate of success (Naydis et al.
2011) and keratoplasty is the most fre-
quently performed transplant proce-
dure worldwide (Seitz et al. 2005).
The high demand for corneal tissue is
covered by the network of eye banks,
which organizes the donation, pro-
curement, testing, processing, preser-
vation and distribution of corneal
tissue for transplantation.

The idea of modern eye banking
was published by Filatov in 1935 (Fil-
atov 1935). In parallel, efforts were
made in the United States, and the
first eye bank was founded in New
York in 1944. Since its foundation,
the methods for corneal donor preser-
vation have been continuously
improved. Hence, high standards in
corneal quality and safety, and conse-
quently a better surgical outcome and
transplant  stability, have  been
achieved. Since the start of eye bank-
ing at the Hamburg Eye Bank (HEB)
in 1981, a standard protocol has been
used to collect valuable information
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that might be associated with the
quality of the tissue.

The main criterion for the quality
of a donor cornea is the cell density
of its endothelium. To meet the speci-
fication of a donor cornea for trans-
plantation, a cell density of
2000 cells/mm? is required, and this
density is used as the cut-off in many
eye banks. However, because this is
not a generally accepted standard, it
can differ from eye bank to eye bank.
The specification further includes ste-
rility, absence of scars and negative
serological testing of the donor for
hepatitis B and C, HIV and syphilis.
The reasons for a donor cornea not
meeting the specification for a cornea
transplant may be related to donor
characteristics or to events during the
procurement and storage of the tissue.

The aim of this study was to pro-
vide an overview on the development
of the HEB and to describe donor
demographic data and process-related
parameters over a long-time interval.

Materials and Methods

Tissue procurement and preservation

Since the foundation of the HEB in
1981, the procedures for tissue pro-
curement and preservation have chan-
ged several times. At first, the whole
donor globe was explanted and stored
at 4°C in a moist chamber until trans-
plantation of the cornea. The main
limitations of this method were the
short storage time of about 4 days
and the technical difficulties of evalu-
ating the corneal endothelium. In
1985, long-term culture (also known
as organ culture) of donor corneas
was introduced at the HEB, and since
1986, it has been the standard proce-
dure (Bohnke 1991a.,b). Initially, the
whole donor globe was explanted, and
the corneoscleral disc was excised
within 24 hr under laboratory condi-
tions. The cornea was transferred to a
culture flask containing tissue preser-
vation medium and stored at 37°C.
This method increased the storage
time for the donor corneas to 4 weeks
and enabled microscopic analysis of
the donor cornea during preservation.
We applied an ambient temperature
of 37°C, that is, the upper limit of the
temperature range (30-37°C) proposed
by current cornea cultivation guide-
lines (Schroeter et al. 2009). We chose

this temperature as it would favour
microbiological growth, thus allowing
early detection of microbiological
activity. Excision of the corneoscleral
button rather than enucleation was
introduced in 2007 and became the
standard procedure for corneal tissue
procurement at the HEB in 2008. This
method is less invasive for the donor
but requires special diligence on the
part of the eye bank personnel to
avoid contamination or damage of the
tissue.

Data acquisition

All data were documented after
receiving informed consent of the rela-
tives of the cornea donors according
to German legislation. The authors
confirm that the study and data accu-
mulation conformed with all federal
or state laws and that the study was
in adherence to the tenets of the Dec-
laration of Helsinki.

At the HEB, the data for cornea
donors and cornea cultivation param-
eters have been recorded in paper doc-
uments and (additionally) in electronic
files. In 1998, the electronic files were
converted into the current Access
database (Microsoft).

Statistics

Descriptive statistics comprised mainly
medians and interquartiles (in case of
Gaussian distribution patterns: means
and standard deviations). For explor-
ative statistics, Mann—Whitney U-test
and chi-square tests were applied.

Results

HEB-DB structure
Detailed information on the HEB-DB

structure is given in Table I and
includes documented (primary)
parameters,  deduced  (secondary)

parameters, the numbers of analysable
data (n) and the type of the variables
(ordinal, numeric or categorical). The
database contains data on 5503
donors and 10 943 corneas that have
cultivated between 1981 and June
2010.

HEB history

Cornea cultivation and transplanta-
tion activities over the last 30 years

achieved their maximum in 1999 with
727 cultivated corneas and in 2003
with 240 transplanted corneas, respec-
tively, as outlined in Fig. 1A. Overall,
4759 of the cultured corneas (43.5%)
were transplanted. The yearly utiliza-
tion rate of corneas, that is, the num-
ber of transplanted donor corneas
compared with that of cultured cor-
neas, varied irregularly with two max-
ima in 1989 (68%) and 2007 (75%),
and a minimum in 1999 (30.5%). As
shown in Fig. 1B, the median donor
age was ~53 years between 1981 and
1989, after which it increased slightly,
reaching ~65 years by 1996. The med-
ian endothelial cell count determined
at preparation remained relatively sta-
ble at 2600 cells’/mm?, with slightly
higher values found between 1986 and
1992 (Fig. 1B). The median death-to-
(cornea)-explantation interval (DEI)
increased continuously from ~16 hr
(between 1981 and 1985) to ~38 hr
(since 1996) (Fig. 1B). The cultivation
period displays the most striking
development. While short-time hypo-
thermic storage of the whole globe
was predominant in the first years,
from 1981 to 1985, the introduction
of organ culture storage in 1985 led to
increased cultivation periods, reaching
the highest median value of approxi-
mately 23 days in 1995 and 2009
(Fig. 1B).

A rather constant value of about

5.7% was found for the median
weekly decrease in the endothelial cell
density (ECD)  during  culture
(Fig. 1C).

Cornea quality and cornea transplanta-
tion

As shown in Table 2, transplantation
suitability was strongly dependent on
the initial ECD at the time of preser-
vation. The ECD decreased with
advancing donor age by 84.2 endothe-
lial cells/mm? per decade (this approx-
imates to 0.3% per year), assuming a
linear correlation (Fig. 2). This is
reflected by the decrease of suitable
cornea transplants with increasing
donor age. However, 31.2% of the
corneas of the oldest age group were
still  eligible for transplantation
(Table 3).

Increasing DEIs are weakly but
significantly associated with lower
endothelial cell counts (Pearson’s cor-
relation = —0.077; p < 0.001). At the




Table 1. Principle structure of the Hamburg Eye Bank Data Base.
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Parameter

ID

Year

Side (r/1)

Explantation method
Explantation place

Donor age

Donor age group

Donor gender

Donor death cause (text)
Donor death cause (category)
basal diseases (text)

Basal diseases (category)
Systemic infections

Diagnosed tumour in donor
Bulbus explantation (hours post-mortem)
Slit lamp results

Epithelial state

Cornea explantation (hours post-mortem)
Endothelial density
Endothelial density (categories)
Blood group

Rhesus factor

HLA_A_1

HLA_A_2

HLA_A_3

HLA_A_4

HLA_B_1

HLA_B_2

HLA_B_3

HLA_B_4

HLA _C_1

HLA_C 2

HLA DR_1

HLA_DR_2_

HLA_DR_3

HLA_DR_4

HLA_DQ_1

HLA_DQ_2

Immuno-typed

Result Hepatitis B serology

Result HIV serology

Result Hepatitis C serology

Complete serology (pos./neg.)
Documented media sterility

Sterile?

Interval till last deswelling (days)
Interval post-mortem till transplantation (days)
How often deswelled

Interval in dextran containing media
Preoperative assessment

Preoperative endothelial density
Endothelial cell loss (absolute) over all
Endothelial cell Loss (absolute) per week
Endothelial cell loss (per cent) per week
Usage of cornea

Transplanted?

Transplantation centre

Assessment at immersion in media
Assessment at immersion in BSS
Spontaneous visibility of cell nuclei in media
Spontaneous visibility of cell borders in media
Swollen cell borders in BSS

Necrotic events

Spontaneous impression in media
Swelling of intercellular borders in BSS

Summary (over recollected data from 1981 to June 2010)

Number of corneas

Number of donors

Transplanted corneas

Primary parameters

(Thereof parameters on Immuno-typing)

Type of parameter
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Secondary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Primary parameters

Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Primary parameters
Secondary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Secondary parameters
Secondary parameters
Secondary parameters
Primary parameters
Secondary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters
Primary parameters

10 943
5503
4759
54

(16)

Analysable cases
10 943

10 786

10 920

9231

3718

10 851

10 851

10 732

10 455

4481

3832

717

1550

1885

8874

8734

7354

10 132

9889

9889

729

729

compiled numbers
see secondary
parameter below
(immuno-typed)

970

9082
7031
7252
6982
8997
8999
6000
6476
6541
6413
8082
7951
7485
4608
4595
9854
9853
1897
9308
5739
8502
7654
6039
7269
7978
6992

Type of variable
ID-code
Ordinal
Categories
Categories
Categories
Numeric
Categories
Categories
Uncodified text
Categories
Uncodified text
Categories
Categories
Categories
Numeric
Categories
Categories
Numeric
Numeric
Categories
Categories
Categories
Categories

Categories

Categories

Categories

Categories

Categories

Ordinal

Categories

Numeric

Numeric

Ordinal

Numeric

Categories

Numeric

Numeric (continuous)
Numeric (continuous)
Numeric (continuous)
Categories

Categories

Categories

Categories

Categories

Categories

Categories

Categories

Categories

Categories

Categories
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Table 2. Share of transplanted corneas according to the endothelia quality.

Transplanted?

("0)
Endothelia Quality (group) Corneas (n) Yes No p (i test)
Good (>2600 cells/mm?) 4089 58.8 41.2 >0.001
Acceptable (2200-2600 cells/mm?) 3583 48.7 51.3
Borderline (2000-2200 cells/mm?) 850 34.2 65.8
Poor (<2000 cells/mm?) 469 18.3 81.7

6000 4.
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4000

Jooo

2000

Endothelial density
(cells per mm?)

1000

o 10 20 30 40

50 60 70 80 80 100

Fig. 2. Correlation between the donor age and the initial endothelial density.

Table 3. Share of transplanted corneas according to the donor age.

Transplanted? (%)

Donor age [group] Corneas (n) Yes No p (7 test)
<20 years 243 63.4 36.6 >0.001
20-39 years 944 59.6 40.4

40-59 years 3204 54.2 45.8

60-79 years 4332 453 54.7

>80 years 1063 31.2 68.8

same time, the DEI also correlates with
donor age (Pearson’s correlation
between DEI and age = 0.143; p <
0.001).

Donor demographics and influence of the
cause of death on the release of the donor
cornea for transplantation

As shown in Fig. 3, the three main
causes of death of the donors were
cardiopulmonary failure, polytraumat-
ic accidents or suicides and cerebral
causes. The median age at death was
62 years (interquartile range 49-72.5),
although this displayed a rather non-
parametric distribution pattern (Fig. 1).
The majority of donors were men
(64.8%). The male donors had a sta-
tistically significantly lower median
age of death (60 years, interquartile
range 48-70) than female donors
(65 years, interquartile range 52-76).
However, the distribution pattern of

the death causes was comparable for
both genders (Fig. 3), for example, of
donors dying from cardiovascular fail-
ure, 35.8% were women and 37.1%
were men; of those dying from poly-
traumatic accident or suicide, 25.2%
women and 29% were men. In con-
trast, a higher percentage of the
female donors had died because of
cerebral disorders (17.5% compared
with 9.1% for men), whereas a higher
percentage of male donors died from
penetrative force (by gunfire or blades;
2.5% male versus 0.1% female
donors) or electrocution.

Contamination

From the beginning in 1981, the stor-
age medium for the corneas was
screened for microbiological contami-
nation. From 1995 to 2010, the HEB
recorded a median contamination rate
of 5.3% of all cultured corneas

(Fig. 4). The contamination data
before 1995 could not be verified on
original documents. From 2000 to
2006, the contamination rate was
slightly above 5% (5-8.4%); this
increased to 12.5% in 2007 and fur-
ther to 19.4% in 2008 and 17.4% in
2009. Since then, a decrease to 10.3%
has been observed.

Discussion

The analysis of more than 10 000 cor-
neas from the HEB-DB provides valu-
able information on a wide range of
aspects (Table 1). To the best of our
knowledge, this report describes the
largest number of procured corneas
from a single eye bank collected over
the course of 30 years. However, so
far, the database does not hold infor-
mation on the clinical outcome of per-
formed keratoplasties.

The age distribution of donors was
comparable to published results from
other eye banks (Patel et al. 2005)
with a median donor age of 62 years.
As expected, the eligibility of donor
corneas for transplantation was
strongly dependent on their ECD at
the time of explantation (Table 2) and
was associated with donor age. Sev-
eral clinical and experimental studies
have shown that the average ECD
reduces annually between 0.3% and
0.6%, with a concomitant increase in
polymegathism and pleomorphism
because of age-related changes in the
cornea (Blatt etal. 1979; Carlson
et al. 1988; Bourne et al. 1997; Rao
et al. 2000; Hashemian et al. 2006;
Yunliang et al. 2007; Laule et al.
1978; Culbertson et al. 1982; Yee
et al. 1985; Mattern et al. 1995; Probst
et al. 1997; Gavrilov et al. 2010). A
higher proportion of postcataract-sur-
gery eyes with inherent lower cell
count because of subclinical surgical
damage of the endothelium (Probst
et al. 1997) might add to the lower
ECD in mature donors. Our statistical
analysis also concurs with these age-
related  studies  (Fig. 2); ECD
decreased with increasing donor age
by 84.2 endothelial cells/mm? per dec-
ade, assuming a linear correlation,
which represents an annual decrease
of 0.3%. This reduction in ECD
results in a reduced number of cor-
neas from elder donors being trans-
planted (Table 3). However, even so,
many corneas from donors older than
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Fig. 3. Defined causes of donor death (number of corneas) and gender-dependent distribution
of causes of death (per cent).
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Fig. 4. Yearly corneal culture medium contamination rates (per cent).

80 years (31.2%) were of a quality
sufficient for transplantation. Whereas
Patel et al. (2005) reported that 80%
of donor corneas from the oldest age
group were of sufficient standard to
be transplanted, several other eye
banks reported rates of corneal utili-
zation at advanced donor age that
were similar to our results [23% (Mo-
yes et al. 1995), 45% (Armitage &
Easty 1997), 53% (Gain et al. 2002)
for donors aged 70, 75 and over
80 years, respectively]. Those who do
not meet the donation criteria based
on ocular (corneal scar, herpetic eye
disease, low ECD) or medical contra-
indications [haematologic malignancy,
unclear dementia, serological
HIV-, Hepatitis B- and C positivity,
serological indications for treponema
infection, signs for sexual promiscuity;

all according to the actual medical
guidelines and the German tissue regu-
lation (Gewebeverordnung)] are gener-
ally excluded prior to the procurement
of their tissue. However, as we face a
persistent shortage of donor corneas,
we, as did Gain et al. (Gain et al.
2002), recommend including the oldest
age group for cornea donation.

An interesting observation is the
apparent negative association of the
DEI on the endothelial cell count.
The correlation is however weak
(Pearson’s correlation = —0.077). As
shown, we could demonstrate that
older donors tend to have lower endo-
thelial cell counts (Fig.2; Pearson’s
correlation —0.341; p < 0.001) — now,
the DEI also correlates (positively)
with donor age (Pearson’s correla-
tion = 0.143; p < 0.001). We there-

fore conclude that decreasing cell
counts found at increasing DEIs
might exclusively depend on the paral-
lel donor age increase.

The preponderance of male donors
at the HEB (64.8% of all donors) cor-
responds to the results published by
other eye banks (Patel et al. 2005).
Statistically, men die earlier than
women [peak of male deaths is
between 70 and 79 years compared
with female deaths between 80 and
89 years (Statistisches Bundesamt 2010;
Oktober 25)]. This is attributed to
higher male mortalities from traumata
and cardiovascular diseases. The com-
parable number of male and female
donors who died as a result of trauma
or cardiovascular failure observable in
our data (Fig. 3) has to be interpreted
as a selection bias for young cornea
donors. Further comprehensive analy-
ses will unclose, whether and how
death causes (and other biological
donor properties) have an impact on
important cornea quality parameters
as endothelial cell count, endothelial
loss during culture and others.

In 1985, with the change in standard
HEB policy from hypothermic to
organ culture storage, the storage
duration increased from a maximum of
7-10 days to 23 days (Fig. 1B).
Increased storage duration allowed
improved microbiological and serologi-
cal screening for tissue-compatibility
matching and subsequent allocation.
The storage methods used by different
eye banks around the world vary sig-
nificantly (Bourne 1983; Tullo & Dyer
1995; Chu 2000; Ehlers 2002). Hypo-
thermic storage decreases costs and
requires less complex technical equip-
ment. It has also been suggested that
short-term storage has positive effects
on corneal swelling and endothelial
viability (Szaflik et al. 2000). However,
several studies have clearly shown that
ECD and morphology are well main-
tained even up to 35 days of storage in
organ culture (Doughman 1980; Lind-
strom et al. 1992; Probst et al. 1997)
and that, postoperatively, survival and
corneal thickness were similar com-
pared with short-term storage (Ehlers
2002). However, we found an average
rate of endothelial cell loss per week of
cultivation of 5.7% (Fig. 1C). An
extrapolation to the average cultiva-
tion time (23 days) reveals that, on
average, 17.5% endothelial cells will be
lost during this period.
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80 years (31.2%) were of a quality
sufficient for transplantation. Whereas
Patel et al. (2005) reported that 80%
of donor corneas from the oldest age
group were of sufficient standard to
be transplanted, several other eye
banks reported rates of corneal utili-
zation at advanced donor age that
were similar to our results [23% (Mo-
yes et al. 1995), 45% (Armitage &
Easty 1997), 53% (Gain et al. 2002)
for donors aged 70, 75 and over
80 years, respectively]. Those who do
not meet the donation criteria based
on ocular (corneal scar, herpetic eye
disease, low ECD) or medical contra-
indications [haematologic malignancy,
unclear dementia, serological
HIV-, Hepatitis B- and C positivity,
serological indications for treponema
infection, signs for sexual promiscuity;

all according to the actual medical
guidelines and the German tissue regu-
lation (Gewebeverordnung)] are gener-
ally excluded prior to the procurement
of their tissue. However, as we face a
persistent shortage of donor corneas,
we, as did Gain et al. (Gain et al.
2002), recommend including the oldest
age group for cornea donation.

An interesting observation is the
apparent negative association of the
DEI on the endothelial cell count.
The correlation is however weak
(Pearson’s correlation = —0.077). As
shown, we could demonstrate that
older donors tend to have lower endo-
thelial cell counts (Fig.2; Pearson’s
correlation —0.341; p < 0.001) — now,
the DEI also correlates (positively)
with donor age (Pearson’s correla-
tion = 0.143; p < 0.001). We there-

fore conclude that decreasing cell
counts found at increasing DEIs
might exclusively depend on the paral-
lel donor age increase.

The preponderance of male donors
at the HEB (64.8% of all donors) cor-
responds to the results published by
other eye banks (Patel et al. 2005).
Statistically, men die earlier than
women [peak of male deaths is
between 70 and 79 years compared
with female deaths between 80 and
89 years (Statistisches Bundesamt 2010;
Oktober 25)]. This is attributed to
higher male mortalities from traumata
and cardiovascular diseases. The com-
parable number of male and female
donors who died as a result of trauma
or cardiovascular failure observable in
our data (Fig. 3) has to be interpreted
as a selection bias for young cornea
donors. Further comprehensive analy-
ses will unclose, whether and how
death causes (and other biological
donor properties) have an impact on
important cornea quality parameters
as endothelial cell count, endothelial
loss during culture and others.

In 1985, with the change in standard
HEB policy from hypothermic to
organ culture storage, the storage
duration increased from a maximum of
7-10 days to 23 days (Fig. 1B).
Increased storage duration allowed
improved microbiological and serologi-
cal screening for tissue-compatibility
matching and subsequent allocation.
The storage methods used by different
eye banks around the world vary sig-
nificantly (Bourne 1983; Tullo & Dyer
1995; Chu 2000; Ehlers 2002). Hypo-
thermic storage decreases costs and
requires less complex technical equip-
ment. It has also been suggested that
short-term storage has positive effects
on corneal swelling and endothelial
viability (Szaflik et al. 2000). However,
several studies have clearly shown that
ECD and morphology are well main-
tained even up to 35 days of storage in
organ culture (Doughman 1980; Lind-
strom et al. 1992; Probst et al. 1997)
and that, postoperatively, survival and
corneal thickness were similar com-
pared with short-term storage (Ehlers
2002). However, we found an average
rate of endothelial cell loss per week of
cultivation of 5.7% (Fig. 1C). An
extrapolation to the average cultiva-
tion time (23 days) reveals that, on
average, 17.5% endothelial cells will be
lost during this period.




Postoperative infectious keratitis
and endophthalmitis are rare, but
potentially sight-threatening complica-
tions of corneal transplantation.
Therefore, donor screening, microbio-
logical screening and decontamination
of donor tissue are eye bank priorities.
During the period reported here, a
median of 5.3% of all donor corneas
were discarded because of contamina-
tion. Values from other eye banks
vary widely from 4 to 37% for hypo-
thermic storage (Pardos & Gallagher
1982; Kloess et al. 1993; Reed et al.
1994; Gomes et al. 1995) and 0.6% to
16% for organ culture storage (Erb-
ezci et al. 1995; Hagenah et al. 1995;
Builles et al. 2006; Fontana et al.
2007, Hermel et al. 2010). The con-
tamination rate in our study increased
significantly between 2006 and 2007
and reaching 19.4% in 2008 and
17.4% in 2009. Thereafter, contamina-
tion rates decreased rapidly to the cur-
rent rate of 10.3%. The increase, since
2007, could be caused by an alteration
of the cornea procurement procedure:
excision of the corneoscleral button
rather than enucleation was intro-
duced in 2007 but only became the
standard procedure for corneal tissue
procurement at the HEB in 2008.
In situ corneoscleral disc explantation
is potentially more prone to contami-
nation, which is reflected in the peak
contamination events in the year that
our eye bank began to switch to this
new technique. However, optimized
decontamination and handling tech-
niques, as well as specific training of
the eye bank staff performing all retri-
evals, resulted in a rapid decrease in
contamination frequencies of donor
corneas.

The average corneal utilization rate
identified in this study (43.5%) is
somewhat below those published by
other eye banks. Williams et al. (Wil-
liams et al. 1990) reported that 55%
of the 1580 corneas collected in the
Lions Eye Bank of Australia were
transplanted; noteworthy in this
study is that only cornea with an
ECD of <1500 cells/mm? were dis-
carded. Patel et al. (2005) reported a
utilization rate of 79.1% in the New
Zealand National Eye Bank Study
for 1991-2003. Our utilization ratios
display a generally upwards trend
over the years, peaking in 1989
(68%) and 2007 (75%) (Fig. 1A).
Although there were decreasing num-

bers of cultured corneas and increas-
ing  utilization ratios  (Fig. 1A)
between 1988 and 2007, the absolute
number of transplanted corneas,
endothelial integrity and endothelial
cell loss per week of cultivation was
relatively stable (Fig. 1A-C). This
indicates that the reduced cornea
transplantation ratio may be the con-
sequence of the contemporaneous
legal situation, the structural circum-
stances of donor recruiting or trans-
plantation activity rather than a
result of problems in cornea cultiva-
tion routine. The most likely reason
for the increasing utilization rate
since 2003 is the thorough pre-screen-
ing of potential donors (for age and
medical contraindications) before pro-
curement of tissue. In 2004, a Euro-
pean Directive on setting standards
of quality and safety for the dona-
tion, procurement, testing, processing,
preservation, storage and distribution
of human tissue and cells entered
into force (Directive 2004/23/EC).
This guideline was complemented by
two additional directives in 2006
(2006/17/EC and 2006/86/EC) focus-
ing on the management of donation,
procurement and testing of human
tissues and cells, as well as the trace-
ability, notification of serious adverse
events, coding, processing, preserva-
tion, storage and distribution of
human tissues and cells. These
requirements were established in our
laboratory mainly before 2004 (at the
very latest by 2006/2007). This is
mirrored by the decrease in cultured
corneas and the increased culturing
times since 2004/2005. Owing to the
restrictions required to implement
these directives, we changed the eye
bank’s policy and no longer applied
a donor age restriction, as donor age
was not restricted by the directives.
In spite of the change in the policy
regarding the donor age, this direc-
tive led to a decrease in the number
of donor corneas as well as in the
number of transplanted corneas.
Because the latter decrease was less
pronounced, an increase in the share
of transplanted corneas was observed.
The strong decrease in the share
of transplanted corneas in 2007 can
be explained by the shift in explanta-
tion technique (corneoscleral disc
versus whole globe), which was ini-
tially associated with a higher con-
tamination rate. Nevertheless, the

numbers for 2009 show that the
introduction of this new technique
did not affect the number of donor
corneas or the number of trans-
planted corneas.

The HEB-DB provides comprehen-
sive information on many aspects of
eye banking for more than 10 000 cor-
neas. Over the 30-year period ana-
lyzed, various trends and changes
were identified in relation to donor
demographics, procurement, tissue
processing and storage, biological con-
tamination and utilization of donor
corneas. Future studies adding clinical
outcome of transplanted corneas will
help to further improve the safety,
efficiency and prognosis of cornea
procurement, culturing and subse-
quent transplantation.
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