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Zusammenfassung

Zusammenfassung

1.1 Deutsche Zusammenfassung

Die ,kongenitale Aniridie“ ist eine seltene angeborene Erkrankung (1:40.000 bis 1:100.000),
die mit schweren Fehlbildungen fast aller Augensegmente einhergeht. In Deutschland wird die
Zahl der Betroffenen auf etwa 1000 geschéatzt. Charakteristisches und namensgebendes
Merkmal der Aniridie ist das teilweise oder vollstéandige Fehlen der Iris. Regelhaft gehen damit
weitere Fehlbildungen des Auges einher, von denen manche bereits unmittelbar nach Geburt
(z. B. Makulahypoplasie und Papillenhypoplasie) diagnostiziert werden kénnen, und wiederum
andere Veranderungen (z. B. Keratopathie und Glaukom) erst mit zunehmendem Lebensalter
zum Vorschein treten. Insbesondere die Aniridie-assoziierte Keratopathie und das Aniridie-
assoziierte Sekundarglaukom stellen fiir die Betroffenen ein grof3es Risiko der Erblindung im
Lauf des Lebens dar. Von besonderer Bedeutung ist auch die angeborene Limbusstammzellin-
suffizienz, die mit Wundheilungsstérungen einhergeht und zur Folge hat, dass jede Operation

bei Aniridie-Patienten als erschwert und risikobehaftet eingestuft werden muss.

In der ersten Arbeit wurden die Ergebnisse und das Transplantatiiberleben nach perforieren-
der Keratoplastik bei Aniridie-assoziierter Keratopathie ausgewertet. Es konnte gezeigt wer-
den, dass die besten Ergebnisse durch eine Kombination von Modifikationen der Routine-
keratoplastik erreicht werden. Da die Krankheitsverlaufe aber so heterogen und schwierig zu
vergleichen waren, entstand hier der Gedanke, die weiteren Auswertungen vor einem grofl3e-

ren Hintergrund, ndmlich einem Aniridie-Register, durchzufihren.

Die zweite Studie beschreibt die Auswertung der ersten Daten aus dem Homburger Aniridie-
Register. Zum Zeitpunkt der Fertigstellung dieser Arbeit handelt es sich hierbei um die weltweit
groRte Patientendatenbank kongenitaler Aniridie. Als Hauptrisikofaktoren fur eine Erblindung
konnten die Aniridie-assoziierte Keratopathie und die bei Aniridie-Patienten haufig auftretende
Glaukomerkrankung bestatigt werden. Es konnte gezeigt werden, dass das komplette Fehlen
der Iris (klinisch ,komplette Aniridie®) einen signifikanten pradiktiven Marker fur das Auftreten

von Visus-bedrohenden Komplikationen/Verlaufen darstellt.

Die dritte Arbeit befasst sich mit Risikofaktoren des Voranschreitens der Aniridie-assoziierten
Keratopathie in Bezug auf die Glaukomtherapie. Auch hierfir wurden Daten aus dem Aniridie-

Register herangezogen. Es konnte gezeigt werden, dass die Notwendigkeit einer lokalen Ma-
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ximaltherapie mit einem fortgeschrittenen Stadium der Aniridie-assoziierten Keratopathie as-
soziiert ist. Zwischen den einzelnen Substanzklassen gab es keinen Unterschied. Dieser Zu-
sammenhang blieb auch nach Korrektur beziiglich Lebensalter bestehen und wurde zum An-
lass genommen, die Pathophysiologie/Kausalitat in einem Zellkulturmodell zu untersuchen.
Zum Zeitpunkt der Fertigstellung dieser Arbeit stehen die Ergebnisse des Zellkulturmodells

noch aus.

Unser Aniridie-Register wird weitere Analysen der Krankheitsverlaufe bei Patienten mit kon-
genitaler Aniridie im Langzeitverlauf ermdglichen. Da Operationen bei Aniridie als sehr risiko-
behaftet eingestuft werden muissen, erhoffen wir uns hierdurch, weitere prognostische Marker
und bestenfalls Interventionsmdglichkeiten vor Operationsnotwendigkeit identifizieren zu kon-

nen.

Fur die Klinischen Monatsblatter fiir Augenheilkunde als Journal flr unsere Baselinedaten ha-
ben wir uns deshalb entschieden, weil sie sowohl eine Publikation auf Deutsch als auch auf
Englisch anbieten. Dies ermdglicht uns, einerseits mehr Zuweiser aus dem deutschsprachigen
Raum fir unser Aniridiezentrum zu akquirieren, aber auch gleichzeitig unsere Daten der inter-
nationalen, englischsprachigen Forschungsgemeinschaft via Open Access zur Verfiigung zu
stellen.

1.2 Abstract

Congenital aniridia is a rare congenital disease (1:40,000 to 1:100,000) that is associated with
severe malformations of almost all segments of the eye. In Germany, the number of people
affected is estimated at around 1000. The characteristic and name-giving feature of aniridia is
the partial or complete absence of the iris. It is usually accompanied by other malformations of
the eye, some of which can be diagnosed immediately after birth (e.g. macular hypoplasia and
papillary hypoplasia), while other changes (e.g. keratopathy and glaucoma) only become ap-
parent with increasing age. Aniridia-associated keratopathy and aniridia-associated secondary
glaucoma in particular pose a major risk of blindness for those affected in the course of their
lives. Of particular importance is also the congenital limbal stem cell insufficiency, which is
associated with wound healing disorders and means that every operation in aniridia patients

must be categorised as difficult and risky.
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In the first study, the results and graft survival after penetrating keratoplasty for aniridia-asso-
ciated keratopathy were analysed. It was shown that the best results are achieved by a com-
bination of modifications of routine keratoplasty. However, as the course of the disease was
so heterogeneous and difficult to compare, the idea arose to carry out further analyses against

a larger background, namely an aniridia register.

The second paper describes the analysis of the first data from the Homburg Aniridia Register.
At the time of writing, this is the world's largest patient database of congenital aniridia. The
main risk factors for blindness were confirmed to be aniridia-associated keratopathy and glau-
coma, which frequently occurs in aniridia patients. It could be shown that the complete absence
of the iris (clinically "complete aniridia") is a significant predictive marker for the occurrence of

sight-threatening complications/progressions.

The third study focused on risk factors for the progression of aniridia-associated keratopathy
in relation to glaucoma therapy. Data from the aniridia register was also used for this study. It
was shown that the need for local maximum therapy is associated with an advanced stage of
aniridia-associated keratopathy. There was no difference between the individual substance
classes. This correlation remained even after correction for age and was taken as an oppor-
tunity to investigate the pathophysiology/causality in a cell culture model. At the time of finalis-
ing this paper, the results of the cell culture model are still pending.

Our aniridia registry will enable further analyses of disease progression in patients with con-
genital aniridia over the long term. As surgery for aniridia must be categorised very risky, we
hope to be able to identify further prognostic markers and, at best, intervention options before

surgery is necessary.

We decided in favour of the Klinische Monatsblatter fir Augenheilkunde as the journal for our
baseline data because it offers publication in both German and English. This enables us to
acquire more referring physicians from German-speaking countries for our aniridia centre, but
also to make our data available to the international, English-speaking research community via

Open Access.
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Einleitung und Motivation

Die Aniridie wird als seltene Erkrankung betrachtet mit einer weltweiten Pravalenz zwischen 1
zu 40.000 und 1 zu 100.000 [1]. Trotz ihrer Benennung handelt es sich bei der Aniridie um
eine panokulare Stérung, die aufgrund der eindeutigen Iris-Hypoplasie benannt ist, die in den
meisten Fallen auftritt (Abbildung 1). Diese Charakteristika kénnen von einem beinahe voll-
standigen Verlust der Iris bis zu einer VergrolRerung und UnregelméaRigkeiten der Pupille rei-
chen, die als Kolobom oder mikroskopische, schlitzartige Randanomalien mit einer Spaltlampe
erkennbar sind. Die Auswirkungen auf das Sehvermdgen variieren, oft mit angeborenem Seh-
verlust und nachfolgender pathologischer Sehentwicklung und Nystagmus [2]. Die kongenitale
Aniridie unterteilt sich in PAX6-genassoziierte Formen und PAX6-genlose Formen, wobei die
ersteren haufiger auftreten [2]. Klinisch manifestiert sich die PAX6-bedingte kongenitale Aniri-
die in verschiedenen Auspragungen, einschlief3lich dominanter Vererbung, sporadischem Auf-
treten (mit dann dominanter Vererbung) sowie in Verbindung mit Syndromen wie WAGR oder
WAGRO. Langzeitkomplikationen wie Glaukom oder Aniridie-assoziierte Keratopathie (AAK)
treten bei PAX6-Aniridie starker ausgepragt auf [1-3]. Die Bezeichnung "Aniridie-Syndrom”
oder "PAX6-Syndrom" wurde vorgeschlagen, da sich gezeigt hat, dass PAX6-Aniridie oft mit
systemischen Begleiterkrankungen einhergeht. Die Etablierung eines Aniridie-Zentrums ist
entscheidend fur verbesserte Behandlungsmoglichkeiten dieser seltenen Krankheit [4].

Keratokonjunktivitis sicca Anomalien der Anomalien des Glaukom
Meibomschen Driisen Trabekelwerkes
“\\\\\

Hypoplasie der Iris

¢ Hypoplasie der Fovea
/‘,\ﬁ\\\\\

A
/ \ *——— Hypoplasie des Sehnervs

Aniridie-assoziierte Keratopathie (AAK) Katarakt Nystagmus

T T

Abbildung 1. Augenbeteiligung bei kongenitaler Aniridie. Modifiziert auf Basis von [5].
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Die Aniridie reprasentiert eine genetisch bedingte Fehlentwicklung (fast) samtlicher Augen-
segmente. Wahrend einige Anomalien im Verlauf des Lebens stabil bleiben, wie beispiels-

weise die Irisanomalie, nehmen andere einen chronisch-progressiven Verlauf [1-3].

Es existieren vier durch Aniridie verursachte Komplikationen, die zu einem Verlust der Seh-

scharfe und potenziell zu dauerhaftem Visusverlust fihren kénnen:

Juvenile Kataraktbildung [6, 7]
Sekundares Glaukom (mit mdglicherweise irreversibler Optikusatrophie) [1-4, 8]

Limbale Stammzellinsuffizienz mit Bildung von Hornhautnarben [1-4, 9]

P w0 N PR

Aniridie Fibrose Syndrom (AFS): Eine profibrotische, nicht-infektiése entziindliche Re-
aktion des Auges auf intraokulare Operationen, die zu fibrokontraktiver Narbenbildung
und Netzhautablésung fiihrt [10-12].

Die Veranderungen unter Punkt 1 bis 3 kdnnen entweder kongenital vorhanden sein oder sich

im Laufe des Lebens entwickeln.

Iris

Die anomale Entwicklung der Iris stellt das charakteristische phéanotypische Merkmal bei Aniri-
die dar [1-4, 8, 9]. Diese kann, abhangig von der Mutation des PAX6-Gens, von einer vollstan-
dig fehlenden Iris bis hin zu einer leichten Verschiebung der Pupille (Korektopie) oder einem

untypischen Kolobom variieren. Die Irismalformation ist eine der Ausldser fur Photophobie.

Katarakt

Katarakte treten bei 50 bis 85 Prozent der Aniridie-Patienten auf. Oftmals zeigt sich bereits
kongenital eine Katarakt sowohl am vorderen als auch am hinteren Linsenpol (Cataracta po-
laris anterior oder posterior), die haufig im Verlauf des Lebens stabil bleibt. Zusatzlich kann es
zu einer fortschreitenden Trlibung anderer Abschnitte der Linse kommen, sowie zu einer Sub-
luxation der Augenlinse aufgrund von Zonulafaser-Insuffizienz. Beide Zustéande kénnen eine
Indikation fir die Entfernung der Linse und die Implantation einer intraokularen Linse darstel-

len, um die Sehschéarfe zu erhalten [1-9].

Makula und Sehnerv

Aniridie-Patienten zeigen vermehrt eine Hypoplasie des Sehnervs (N. opticus) und der Makula.

Die Makulahypoplasie tritt nicht zwangslaufig gleichzeitig mit der Optikushypoplasie auf; sie

5
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kann auch als isoliertes Symptom im Kontext angeborener Sehbehinderungen auftreten. Zu-

satzlich sind haufig ein horizontaler Nystagmus und Strabismus zu beobachten [1, 3, 4].

Sekundarglaukom

Das Sekundarglaukom bei Aniridie tritt mit einer Inzidenz von 6 bis 75 Prozent, oft sogar vor
dem Erwachsenenalter, auf. Aufgrund eines fehldifferenzierten Kammerwinkels entsteht eine
Abflussbehinderung durch eine abnormale Positionierung des Schlemm-Kanals oder durch
Irisrudimente, die den Kammerwinkel oder das Trabekelmaschenwerk verschlieRen und somit

den Abfluss des Kammerwassers behindern [1-4, 8, 9].

Die Diagnose erfordert regelméRige Kontrollen des Augeninnendrucks und des Sehnervs. Auf-
grund der verdickten Hornhaut ist die Druckmessung haufig erschwert und erfordert eine Mes-
sung der Hornhautdicke sowie entsprechende Umrechnungen. Das Sekundéarglaukom kann
aufgrund der glaukomatdsen Optikusatrophie zu einer irreversiblen Beeintrachtigung des Seh-
vermaogens bis zur Erblindung fihren und muss daher als potenziell schwerwiegendste Kom-

plikation betrachtet werden (Abbildung 2).

Aniridie-assoziiertes Sicca-Syndrom

In Aniridie stellt besonders das Sicca-Syndrom als Vorlaufer und Begleiter der Aniridie-asso-
ziierten Keratopathie (AAK) eine erhebliche Herausforderung dar. Die Ursache fur die gestorte
Tranenfilmproduktion liegt in der PAX6-Mutation. PAX6 spielt eine entscheidende Rolle in der
embryonalen Entwicklung des Auges, speziell in der Entwicklung des Oberflachenektoderms.
Da die Meibom-Driisen aus dem Ektoderm entstehen, liegt eine genetische Ursache fiir die

Dysfunktion der Meibomschen Driisen nahe [1-9].

Aniridie-assoziierte Keratopathie (AAK)

Bei bis zu 70 Prozent der von PAX6-Aniridie Betroffenen tritt im Laufe des Lebens eine Aniri-
die-assoziierte Keratopathie (AAK) auf, die durch die Kombination mehrerer Faktoren verur-
sacht sein kann. Dazu z&hlen unter anderem eine ausgepragte Sicca-Problematik, eine Lim-
busstammzellinsuffizienz mit gestorter Differenzierung der Hornhautepithelzellen sowie abnor-
male Zelladhasion und Wundheilungsstérung an der Oberflache der Hornhaut. Die Auswirkun-
gen fur den Patienten sind eine anhaltende Instabilitat des Tranenfilms, wiederholte dufRerst

schmerzhafte Hornhauterosionen und eine Verschlechterung des Sehvermégens durch die
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Bildung von vaskularisierten Narben (Pannus) [9]. Am Limbus befinden sich in den sogenann-
ten Palisaden von Vogt die epithelialen Stammzellen, die fiir die Regeneration des Epithels,

die korneale Homoostase und die Aufrechterhaltung der Grenze zwischen Hornhaut und Bin-
dehaut verantwortlich sind [1-4, 9].

Abbildung 2. Zunehmende Optikusatrophie durch Glaukom.

Durch den kongenital anatomisch verandert-angelegten Schlemm-Kanal kommt es aufgrund
von reduziertem Kammerwasserabfluss zu einem erhéhten Augeninnendruck. Die damit be-
dingte Reduktion der Perfusion fuhrt zu einem kontinuierlichen Absterben von Sehnervenzel-
len. Funduskopisch lasst sich das an einer zunehmenden Exkavation und Abblassung
a =2 b =2 ¢ =2 d 2> e > f) des Sehnervs beobachten.
Bildquelle: https://www.allentownvision.com/glaucoma
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Die Aniridie-assoziierte Keratopathie (AAK) hat ihre Ursache unter anderem in der Lim-
busstammzellinsuffizienz (LSZI), die durch den PAX6-Gendefekt verursacht wird [1-3]. Dies
aulert sich durch eine sich zentripetal ausbreitende Vaskularisierung, Konjunktivalisierung
und Dickenzunahme der Hornhaut. Die AAK ist ein fortschreitender Zustand, gekennzeichnet
durch Entziindung, Vaskularisierung, gestérte Wundheilung, Schmerzen, Sehscharfebeein-
trachtigung und Infiltration von konjunktivalen Becherzellen. Der naturliche Verlauf der AAK

zeigt mehrere Progressionsstufen (Abbildung 3).

In der Jugend treten Anzeichen einer Keratopathie oft mit Dickenzunahme des peripheren
Hornhautepithels ohne funktionelle Manifestation auf. Im zweiten Lebensjahrzehnt zeigen die
Patienten chronische Irritationen und eine diinne, oberflachliche Vaskularisation in der peri-
pheren Hornhaut, die kontinuierlich in die zentrale Hornhaut voranschreitet. Haufig sind
Schmerzen, Lichtempfindlichkeit und wiederholte korneale epitheliale Erosionen. In fortge-
schrittenen Stadien schreitet die Keratopathie voran, bis die gesamte Hornhaut durch Pannus-
bildung und vaskularisierte Narben betroffen ist, begleitet von einer starken Zunahme der zent-
ralen Hornhautdicke [1-4, 9].

Die AAK ist als eine kombinierte Erkrankung aus Limbusstammzellversagen und dem defekten
antiangiogenen Privileg der Hornhaut, wie in Abbildung 3 dargestellt, einzustufen. Unter-
schiedliche Stadien von AAK mit Transparenzverlust der Hornhaut sind mit einer pathologi-
schen Transgression von Gefalien tber den Limbus und zentripetal in die Hornhaut verbun-
den, nachweisbar durch die Angiographie des vorderen Augenabschnitts [4].

Aufgrund der Seltenheit der kongenitalen Aniridie gestaltet sich die Etablierung klinischer prog-
nostischer Parameter und Behandlungsstandards als schwierig. Zur Entwicklung effektiverer
Behandlungsmdglichkeiten ist die Einrichtung eines Aniridie-Registers unerlasslich. Unser
Aniridiezentrum wird detaillierte Langsschnittanalysen von Augen- und Systemerkrankungen

bei Patienten mit kongenitaler Aniridie wahrend langfristiger Nachbeobachtungen durchfihren.

Unsere Farschungen fiihren von der speziellen Fragestellung zur Optimierung der perforieren-
den Keratoplastik bei kongenitaler Aniridie, Gber die Untersuchung der Entstehung der AAK
und mdglicher pradiktiver Marker in einer zweiten Veroéffentlichung, bis hin zur Erforschung
von Risikofaktoren der AAK. Diese bilden die Grundlage fir zukinftige geplante Zellkulturver-

suche.
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Abbildung 3. Vorderabschnittsangiographien bei Aniridie-assoziierter Keratopathie.

Wahrend in al ein Normalbefund zu sehen ist, zeigt a2 die korrespondierende Angiographie.
Von b Uber c zu d sieht man zunehmende Stadien der Aniridie-assoziierten Keratopathie. Der
Limbus wird sukzessive von den Gefal3en tberschritten. Sie breiten sich zentripetal aus bis
sie schlie3lich auch das Zentrum bedecken. Eigene Aufnahme, bereits publiziert in [13].
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Optimierungsversuch des Outcomes bei perforierender Keratoplastik in Féallen von kon-

genitaler Aniridie-assoziierter Keratopathie (AAK) (Veroffentlichung 1) [14]

In dieser Studie untersuchten wir die Verbesserungsmaoglichkeiten sowohl mikrochirurgischer
als auch konservativer Verfahren, um das Risiko von Komplikationen nach einer perforieren-
den Keratoplastik (PKP) bei Patienten mit Aniridie-assoziierter Keratopathie (AAK) zu minimie-
ren. Unsere Analyse basierte auf einer retrospektiven Betrachtung von 25 PKP-Fallen bei 16
Patienten mit AAK. Die praoperativen Indikationen umfassten endotheliale Dekompensation
und vaskularisierte Narben (68 %) sowie Transplantatversagen (32 %), verursacht durch Lim-
busstammzellinsuffizienz. Unser optimierter Ansatz beinhaltete die Verwendung kleiner Horn-
hauttransplantate (ca. 7,0 mm Durchmesser), 10-0-Nylon-Einzelknopfnahte, simultane Am-
nionmembrantransplantation als Abdeckung, Anwendung grof3er Verbandskontaktlinsen, tem-
porére laterale Tarsorrhaphie, postoperative autologe Serum-Augentropfen und systemische
Immunsuppression. Die HauptzielgroRen unserer Studie umfassten die Sehschérfe, die Uber-
lebensrate der Transplantate und aufgetretene Komplikationen wéhrend einer durchschnittli-
chen Nachbeobachtungszeit von 107 Wochen. Die PKP bei kongenitaler Aniridie stellt eine
Hochrisiko-Keratoplastik dar. Unser optimierter therapeutischer Ansatz zeigte vielverspre-
chende Ergebnisse, um die postoperative Komplikationsrate bei diesen anspruchsvollen Fal-

len zu reduzieren.

Trotz umfassender Vor- und Nachbehandlung zeigten die Ergebnisse signifikante Verschlech-
terungen im Vergleich zu Standardkeratoplastiken. Dies flihrte zu einer Fokussierung auf
frhere Stadien der Keratopathie, um potenzielle Ansatze zur Verlangsamung des Krankheits-

fortschritts zu erforschen und die PKP als ultimative Behandlungsoption zu bewahren.

10
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Querschnittsanalyse von 556 Augen aus dem Homburger Aniridiezentrum (Vero6ffentli-
chung 2) [15]

In unserer retrospektiven, monozentrischen Studie wurden Patienten einbezogen, die sich zwi-
schen Juni 2003 und Januar 2022 einer umfangreichen augenéarztlichen Untersuchung durch
die Leitung der Homburger KiOLoN-Abteilung (Kinderophthalmologie, Orthoptik, Low Vision
und Neuroophthalmologie) unterzogen. Berlcksichtigt wurden Daten des ersten Untersu-
chungszeitpunkts. Die Studie umfasste 556 Augen von 286 Teilnehmern (Durchschnittsalter:
20,1 Jahre; 45,5% mannlich). Bei 518 Augen (93,7%) wurde Nystagmus diagnostiziert, wah-
rend 327 Augen (58,8%) Strabismus aufwiesen. Von den untersuchten Augen hatten 436
(78,4%) eine altersentsprechende Achsenlange, 104 (18,7%) zeigten Mikrophthalmus und 13
(2,3%) Buphthalmus. Irisfehlbildungen traten in 34 Augen (6,1%) als atypisches Kolobom, in
61 Augen (10,9%) als Irisreste Uber mehr als 6 Uhrzeiten, in 96 Augen (17,2%) als Irisreste
unter 6 Uhrzeiten und in 320 Augen (57,5%) als vollstandige Aniridie auf. Die Einteilung der
Patienten in die verschiedenen Stadien der Aniridie-assoziierten Keratopathie (AAK) ergab:
Stadium 0 (96 Augen [17,2%)], keine Keratopathie), Stadium 1 (178 Augen [32,0%]), Stadium
2 (107 Augen [19,2%)]), Stadium 3 (67 Augen [12,0%]), Stadium 4 (62 Augen [11,1%]) und
Stadium 5 (45 Augen [8,0%]). Sekundéres Glaukom wurde bei 307 (55,5%) Augen festgestellt,
Makulahypoplasie bei 395 (71,4%) und angeborene Pathologien des Sehnervenkopfes bei
223 (40,3%) Augen. Ein signifikanter Zusammenhang bestand zwischen dem Typ der Irisfehl-
bildung und dem AAK-Stadium, Linseneigenschaften, Glaukompréasenz sowie angeborenen
Makula- und Sehnervenkopf-Pathologien (p < 0,001 fiir alle), wobei vollstdndige Aniridie mit
den meisten Komplikationen assoziiert war. Im Homburger Aniridiezentrum waren AAK, Iris-
fehlbildung, Katarakt und Makulahypoplasie die vorherrschenden ophthalmologischen Merk-
male bei kongenitaler Aniridie. Der Irisfehlbildungstyp kénnte auf die zukiinftige Entwicklung
von AAK, Katarakt und Glaukom hinweisen und korreliert mit angeborenen Pathologien des

Sehnervenkopfes und der Makula.

Diese Ergebnisse motivierten uns, weitere Subgruppenanalysen durchzufiihren, um Risiko-
faktoren fir die Entwicklung der Aniridie-assoziierten Keratopathie zu identifizieren. Eine die-

ser Subgruppen wird im folgenden Abschnitt detaillierter beschrieben.
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Einleitung

Die Auswirkung der Glaukombehandlung auf die Aniridie-assoziierte Keratopathie
(AAK) — Ein Bericht aus dem Homburger Register fir kongenitale Aniridie (Veroffentli-
chung 3) [16]

Diese Studie analysierte dieselbe Patientenkohorte wie in Veroffentlichung 2, wobei jedoch
eine Unterteilung in neue Subgruppen erfolgte, um eine andere Fragestellung zu adressieren.
Es wurden insgesamt 556 Augen von 286 Probanden (Durchschnittsalter: 20,1 Jahre; 45,5%
mannlich) einbezogen. Bei 307 dieser Augen (55,2%) von 163 Patienten (Durchschnittsalter:
27,5 Jahre; 43,1% mannlich) wurde ein Glaukom diagnostiziert. Der durchschnittliche Augen-
innendruck in der Glaukomgruppe betrug 19,0 mmHg (+8,0), verglichen mit 14,1 mmHg (+£3,6)
in der Nicht-Glaukom-Gruppe (p < 0,001). Unter den Glaukompatienten befanden sich 68 Per-
sonen mit einer Monotherapie, 51 mit einer Zweifachtherapie, 41 mit einer Dreifachtherapie, 7
mit einer Vierfachtherapie und 140 ohne lokale Therapie (z. B. nach drucksenkender Opera-
tion, bei schmerzfreiem Endstadium des Glaukoms oder bei Noncompliance).

Die Patienten wurden gemalR den AAK-Stadien klassifiziert: Stadium 0 (96 Augen, 17,2%,
keine Keratopathie), Stadium 1 (178 Augen, 32,0%), Stadium 2 (107 Augen, 19,2%), Stadium
3 (67 Augen, 12,0%), Stadium 4 (62 Augen, 11,1%) und Stadium 5 (45 Augen, 8,0%). Das
durchschnittliche AAK-Stadium variierte je nach Therapie: 1,4 in der Gruppe ohne Augentrop-
fen, 1,9 in der Monotherapie-Gruppe, 1,8 in der Zweifachtherapie-Gruppe, 1,9 in der Drei-
fachtherapie-Gruppe, 3,4 in der Vierfachtherapie-Gruppe und 3,3 nach drucksenkender Ope-
ration. Es zeigte sich eine signifikante positive Korrelation zwischen dem AAK-Stadium und
der Anzahl der drucksenkenden Medikamente (p < 0,05) sowie einer vorangegangenen druck-
senkenden Operation (p < 0,05). Interessanterweise war die Verwendung von Prostaglandin-
Analoga, trotz bekannter proinflammatorischer Nebenwirkungen, nicht signifikant mit einem

hoheren AAK-Stadium korreliert.

In unserem Aniridiezentrum wiesen Patienten, die eine lokale antiglaukomattse Vierfachthe-
rapie erhielten oder eine antiglaukomatése Operation hatten, deutlich héhere AAK-Stadien
auf. Die Art der verwendeten Wirkstoffe zeigte keinen Einfluss auf das AAK-Stadium. Zudem
wurde eine Zellkulturuntersuchung zur Erforschung der Pathophysiologie und Kausalitat von
der Ethikkommission der Arztekammer des Saarlandes genehmigt und eingeleitet. Die Ergeb-
nisse dieser Studie stehen noch aus. Unser Register wird zukinftig eine detaillierte Analyse
der ophthalmischen und systemischen Erkrankungen bei Patienten mit kongenitaler Aniridie

im Langzeitverlauf ermdglichen.

12



Ergebnisse

Veroffentlichung 1

Int Ophthalmol (2021) 41:4091-4098

®

https://doi.org/10.1007/510792-021-01982-z Sliock ot
ORIGINAL PAPER

An attempt to optimize the outcome of penetrating

keratoplasty in congenital aniridia-associated keratopathy

(AAK)

C. J. Farah@® - F. N. Fries + L. Latta - B. Kismann-Kellner * B. Seitz

Received: 9 February 2021/ Accepted: 16 July 2021/ Published online: 29 July 2021

© The Author(s) 2021

Abstract Results A complete  modified  keratoplasty

Purpose  To propose an optimized microsurgical and
medical approach to reduce the risk of complications
after penetrating keratoplasty (PKP) in patients with
aniridia-associated keratopathy (AAK).

Methods Retrospective observational case series of
25 PKP performed in 16 patients with AAK. Preop-
erative indications were endothelial decompensation
and vascularized scars (68%) or graft failure (32%)
due to limbal stem cell deficiency. The optimized
approach included a combination of a small corneal
graft size (around 7.0 mm), interrupted 10-Onylon
sutures, simultaneous AMT as a patch, large bandage
contact lens, temporary lateral tarsorrhaphy, postop-
erative autologous serum eye drops, and systemic
immunosuppression. Main  outcome  measures
included: visual acuity, transplant survival, and com-
plications encountered during follow-up of 107 weeks
on average.
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scheme was used in 10 of 25 PKP (group 1), while
at least one of the modifications was missing in the
other 15 PKP (group 2). After 8 weeks of follow-up,
the epithelium was closed in 23 eyes. Visual acuity
improved in 19 eyes at 6 months of follow-up, and
remained stable in six eyes. None of the eyes showed a
decrease in visual acuity. At the last post-operative
follow-up, this visual improvement persisted in 14
eyes and graft survival rate after 156 weeks (3 years)
was 69% in group | versus 44% in group 2 (p = 0.39,
log-rank test). Secondary corneal neovascularization
(8%), scarring (4%), ulcer (4%), or graft rejection
(8%) happened mostly in the second group which was
missing at least one of the suggested modifications.
Conclusions PKP in congenital aniridia must be
considered as a high-risk keratoplasty. An optimized
therapeutic approach seems to be promising in order to
reduce the postoperative complication rate in these
most difficult eyes.

Keywords Aniridia-associated keratopathy -
Penetrating keratoplasty - Limbal stem cell
deficiency - Amnion membrane transplantation -
Autologous serum
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Introduction

First described as “congenital irideremia” in the
nineteenth century, congenital aniridia is a rare
(1:60.000-1:90.000) pan-ocular disease that can be
differentiated in two major categories depending on
the presence of a PAX-6-Gene mutation [1-4]. Among
those with a mutation of the PAX-6-Gene, frequent
mutations involve point mutations and deletions. A
deletion of the short arm of chromosome 11(p13) may
be autosomal dominant or sporadic, and to a lesser
extent autosomal recessive, e.g., in the Gillespie
syndrome [5]. A PAX-6-Gene mutation is more
frequently associated with ocular complications com-
pared to aniridia triggered by other mutations than the
PAX-6-Gene [2, 3]. Congenital aniridia is linked to
different malformations such as iris, macular or optic
nerve hypoplasia, but also to deteriorating progressive
major ocular dysfunctions such as limbal stem cell
deficiency, premature onset of cataract, and secondary
glaucoma that can lead to blindness throughout life
[2, 3, 6-8]. The incidence and severity of aniridia-
associated keratopathy (AAK) increases with age
affecting about 20-30% of those patients and leads to
corneal opacities, scarring, and vascularization due to
a unique form of limbal stem cell deficiency [2, 9-11].

With time, it may result in corneal ulcers, dense
vascularized scars, or endothelial decompensation
(especially after complicated cataract and/or glau-
coma surgery), where a penetrating keratoplasty
becomes indicated [8]. Persisting epithelial defects,
suture loosening, and an increased risk of graft
rejection are typical postoperative complications in
those high-risk keratoplasties [8]. We hypothesized
that the combination of a small corneal graft size,
interrupted sutures, simultaneous amniotic membrane
transplantation (AMT) as a patch [12, 13], large
bandage contact lens, temporary lateral tarsorrhaphy,
postoperative autologous serum eye drops [14], and
systemic immunosuppression [15, 16] may improve
the outcome after PKP in congenital aniridia.

Patients and methods
This study is a retrospective observational case series
of 25 penetrating keratoplasties (PKP) performed in 20

eyes of 16 patients with AAK at the Department of
Ophthalmology of the Saarland University Medical

@ Springer

Center in Germany between 2012 and 2019. Four
patients received a bilateral surgery. All procedures
were performed in accordance with the ethical stan-
dards of the 1964 Helsinki Declaration and its later
amendments. Transplantation had been proposed as a
last resort therapy in corneas with severe endothelial
decompensation and stromal scars (68%) and graft
failure (32%), due to limbal stem cell deficiency with
no success of conservative treatments (stage IV or V
according to Yazdanpanah et al. [17]).

The mean age during keratoplasty was 52 + 8
(from 26 to 64) years, and most eyes (92%) had a
history of previous surgeries (Table 1). We defined a
small graft as ranging from 6.0 to 7.5 mm diameter.
Two types of 10-0 nylon sutures were used as follows:
double-running cross-stitch sutures according to Hoff-
mann versus 24-32 interrupted sutures (Fig. 1).
Amniotic membranes were collected from healthy
women with their consent and properly processed in
the eye bank before transplantation [18]. They were
transplanted at the end of the keratoplasty as a single
16-mm layer membrane with the stromal side facing
the corneal graft and fixed with a running 10-0 nylon
episcleral suture as a patch [12]. The membrane was
covered with a large 17-mm bandage contact lens, and
both sutures and contact lens were removed after a
period of 4-6 weeks. Temporary lateral tarsorrhaphy
was performed using 5-0 silk and left typically for
4-6 weeks after PKP.

After exclusion of systemic infectious diseases,
100%-concentrated autologous serum eye drops were
prepared [19, 20]. During the first postoperative days,
they were applied hourly alternating with preserva-
tive-free hyaluronic acid containing artificial tear eye
drops. A topical antibiotic coverage for at least
4 weeks with ofloxacin or moxifloxacin eyedrops five
times daily was necessary to prevent infections until
complete epithelial healing was achieved, and the
bandage contact lens was removed, typically after
4 weeks. An additional long-term therapy with topical
acyclovir (five times daily) and systemic acyclovir
(starting with 400 mg five times daily for 6 weeks,
then two times daily for 1 year) was given to patients
with history of herpetic keratitis.

Postoperative topical corticosteroids (starting at
five times daily, being reduced by 1 drop every
6-8 weeks) and systemic corticosteroid (pred-
nisolone, prednisolonacetat, and methylprednisolone)
were slowly tapered over 4 weeks, starting at 100 mg

14
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Table 1 Characteristics of 16 patients with congenital aniridia (25 keratoplasties)

Patients n =16 (100%)
Males 6 (37,5%)
Females 10 (62,5%)

Genetics n =16 (100%)
PAX-6 7 (43,75%)
WAGR(O) 1 (6,25%)
Genetically not analyzed 8 (50%)

Type of Keratoplasty n =25 (100%)
First keratoplasty (with or without simultaneous pannus removal) 13 (52%)
Repeat keratoplasty (with or without simultaneous pannus removal) 5 (20%)
Classical triple procedure (combined with cataract surgery and intraocular lens implantation) 4 (16%)
Pole-to-pole surgery (keratoplasty combined with lens and vitreoretinal surgery) 2 (8%)
HLA-typed keratoplasty 1 (4%)

History of previous surgeries before keratoplasty (Multiple choices possible) n =25 (100%)
Glaucoma surgery 11 (44%)

Trabeculotomy 3 (12%)
Cyclophotocoagulation 9 (36%)
Ahmed valve 5 (20%)
Corneal surgery 12 (48%)
Pannus removal (*pannectomy”™) 3 (12%)
Phototherapeutic keratectomy (PTK) 1 (4%)
Penetrating keratoplasty (in domo) 5 (20%)
Penetrating keratoplasty (ex domo) 3 (12%)
Cataract surgery 8 (32%)
Retinal surgery 4 (24%)
None 2 (8%)

daily and being reduced by 20 mg every second day
until 20 mg daily, then being reduced slowly. A
systematic preoperative evaluation for long-term use
of immunosuppression with mycophenolate mofetil or
cyclosporin A and systemic follow-up were estab-
lished in collaboration with the family physician, and
doses were adapted to the general condition of the
patient.

Transplantations were combined with simultaneous
cataract or vitreoretinal surgeries where indicated.
Characteristics of recipients are shown in Table 1. The
optimized approach included a combination of a small
corneal graft size (around 7.0 mm), interrupted 10-0
nylon sutures, simultaneous AMT as a patch, large
bandage contact lens, temporary lateral tarsorrhaphy,
postoperative autologous serum eye drops, and sys-
temic immunosuppression. Main outcome measures

included: visual acuity, transplant survival, and com-
plications encountered during the follow-up of
107 weeks on average.

For statistical analysis, eyes were separated into
two groups based on the therapeutic scheme. A
complete, modified keratoplasty scheme was used in
10 of 25 PKP (group 1). The second group included all
other PKP, where at least one modification of the
modified keratoplasty scheme was missing (group 2).
Techniques used are illustrated in Table 2.

Statistical analysis was performed using SPSS v.
20.0.0 (IBM Corp., Armonk, NY, USA). Visual acuity
was recorded in decimal and converted into logMAR
before analysis. Graft survival was analyzed using the
Kaplan-Meier method and log-rank test, which is
appropriate to compare small sample sizes and
unequal censoring groups.

) Springer
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Fig. 1 a Patient 1: Preoperative picture with decompensated
and severely vascularized graft, 6 years after penetrating
keratoplasty. Visual acuity: Hand motion (logMar 2.7). b Patient
1: 8 months postoperative picture with 26 interrupted sutures
after repeat penetrating keratoplasty with Barron trephine (7.00/
7.25 mm). Visual acuity has reached logMar 2.3. ¢ Patient 2:

64-year old woman with corneal decompensation, vascularized
cornea, secondary amyloidosis, and premature cataract in
congenital aniridia. Visual acuity: Hand motion (logMAR
2.7). d Patient 2: Clear corneal graft, 18 months after classical
excimer laser-assisted triple procedure (7.0/7.1 mm) and suture
removal. Visual acuity improved to logMAR 1.0

Table 2 Techniques used Diameter of recipient openings (diameter in mm) n =25 (100%)
in 25 keratoplasties
(Multiple choices possible) 6.5 mm 1 (4%)
7.0 mm 14 (56%)
7.5 mm 9 (36%)
12.0 mm (Limbo-keratoplasty) 1 (4%)
Sutures n =25 (100%)
Interrupted sutures 18 (72%)
Double-running cross-stitch sutures according to Hoffmann (1976) 7 (28%)
Use of simultaneous amnion membrane transplantation (Patch) n =25 (100%)
Yes 24 (96%)
No 1 (4%)
Use of simultaneous lateral tarsorrhaphy n =25 (100%)
Yes 14 (56%)
No 11 (44%)
Use of postoperative autologous serum eye drops primarily n =25 (100%)
Yes 19 (76%)
No 6 (24%)
Use of long-term immunosuppressive therapy n =25 (100%)
Mycophenolate mofetil 20 (80%)
Cyclosporin-A 3 (12%)
None 2 (8%)

a Springer

16



Ergebnisse

Int Ophthalmol (2021) 41:4091-4098

4095

Results
Visual acuity

At 6 months of follow-up, the mean visual acuity
(VA) improved from logMAR 2.18 to logMAR 1.65.
None of the eyes showed a decreased VA. On the other
hand, the VA remained unchanged in six eyes and
improved in 19 eyes. The last examination was made
on average 107 weeks postoperatively with a mean
VA of logMAR 1.69 in group 1 and logMAR 1.77 in
group 2.

All patients reported a subjective improvement in
their visual acuity, either by increased clarity of the
image, or by decreased visual discomfort caused by
corneal optical phenomena such as glare. However, no
specific questionnaires have been used to standardize
subjective assessment of patients. This visual
improvement persisted in 14 eyes until the end of
follow-up (107 weeks on average).

Graft survival

At 8 weeks of follow-up, the epithelium was closed in
23 eyes and only 2 eyes needed a second AMT. Graft
survival was referred to as a clear and transparent
graft, without endothelial decompensation scars or
corneal opacities. Graft survival is demonstrated in a
Kaplan—Meier chart (Fig. 2). The mean postoperative
follow-up was 119 weeks in group 1 and 216 weeks in
group 2. Graft survival rate after 156 weeks (3 years)
was 69% in group | and 44% in group 2 (p = 0.39, log-
rank test). The median graft survival time was
97 weeks in group 1 and 81 weeks in group 2.

Adverse events

While only two eyes needed a repeat keratoplasty in
group |1 and 3 eyes in group 2, severe corneal
complications such as graft rejection (8%), anterior
segment fibrosis syndrome (4%) or graft ulcer (16%),
mostly occurred in group 2. Other, less severe corneal
complications such as persistent epithelial defects
(20%) and premature suture removal/replacement
(28%) were present in both groups (Table 3).

A second AMT as patch was used to treat persistent
epithelial defects in five eyes. Loose corneal sutures
were removed as quickly as possible to prevent
infiltrates and infections. Graft rejections were

primarily treated with topical intracameral and sys-
temic steroids, followed by a repeat keratoplasty, if
needed. The two eyes that required a repeat kerato-
plasty after graft rejection had contraindications to
systemic immunosuppressive therapy.

Extracorneal complications, regardless of the cho-
sen therapeutic scheme, were changes in ocular
pressure (hypo- and hypertension) (20%), retinal
detachment (4%), retinal vein occlusion (4%), and
intraocular lens luxation (4%). Those complications
were handled according to the respective German
guidelines.

Discussion

The development of microsurgical techniques and the
knowledge of limbal stem cell function has led to a
considerable improvement in the treatment and visual
prognosis of eyes with congenital aniridia over the
years [3-9, 21-23]. Each small improvement is
helpful for those progressively visually impaired
patients. The global therapeutic approach should
always consider a high risk of concomitant glauco-
matous damage with irreversible optic atrophy due to a
mispositioning of the ciliary body processes toward
the iris stump and a very short ciliary body [2, 7, 24].

In well-selected cases, the treatment of AAK with
PKP has shown to be beneficial, even though the post-
operative complications turned out to be more fre-
quent in those high-risk eyes [6, 8, 25]. Our modified
treatment scheme appears to reduce the severe post-
operative complications and improve visual prognosis
as well as graft survival in the mid-term follow-up.

At first glance, the Kaplan-Meier curve may
suggest a different trend between the groups, but the
log-rank test could not detect a statistically significant
difference between the two groups in terms of graft
survival (p = 0.39). We attribute this to the low
number of cases, which is due to the rarity of the
disease. Based on our clinical experience, we refrain
from randomizing patients as we do not want to
deprive them of what we believe to be the optimal
treatment nowadays.

We explain this difference by the following
preventive measures: the use of interrupted sutures
allows a quick removal of loose sutures at the slit lamp
without risking graft slippage, and thus reduces the
risk of infections and secondary immune reactions

) Springer
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Fig. 2 Survival of corneal
grafts in group 1 (complete
treatment) versus group 2
(incomplete treatment).
Graft survival rate after
156 weeks (3 years) was
69% in group 1 and 44% in
group 2, (p = 0.39, logrank
test)

Table 3 Corneal
complications during

Kaplan-Meier graph for corneal survival
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follow-up. n= 25 Group 1 3 (12%)
keratoplasties (100%). Group 2 2 (8%)
Group 1: Complete
therapeutic modified Premature suture removal/replacement n =7 (28%)
scheme (n = 10). Group 2: Group 1 3 (12%)
Incomplete therapeutic Group 2 4 (16%)
scheme (n = 15) s .
Corneal endothelial decompensation n=4(16%)
Group 1 2 (8%)
Group 2 2 (8%)
Immunological graft rejection n=28%)
Group 1 0 (0%)
Group 2 2 (8%)
Graft ulcer/neovascularization/scarring/anterior segment fibrosis syndrome n =135 (20%)
Group 1 1 (4%)
Group 2 4 (16%)

[27]. A temporary lateral tarsorrhaphy combined with
simultaneous AMT as a patch and 17-mm bandage
contact lens considerably reduces postoperative
epithelial defects due to a mechanical protective effect
[12, 28, 29].

Furthermore, the amnion membrane supports
epithelialization, it has anti-fibrotic effects (due to a
reduced expression of TGF B1, B2, B3 isoforms and

A Springer

TGF-beta receptor II), and anti-inflammatory effects
(through inhibition of proinflammatory cytokines).
Moreover, anti-angiogenic effects (due to production
of thrombospondin-1, endostatin and tissue inhibitors
of metalloproteases), and immunomodulatory effects
have been reported [12, 13, 18, 26]. Similar positive
effects have been described for the autologous serum
eye drops [13, 18, 25]. Due to the higher risk of graft
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rejection, a systemic immunosuppressive therapy
proved to be useful in most patients [15, 16].

The limitations of the study are the small sample
size due to the rare condition and the lack of long-term
observation periods to demonstrate a significant
difference between groups. A prospective randomized
study is not possible for ethical reasons. As our
proposed therapeutic scheme does not directly address
the cause of AAK, it could be combined with a prior
transplantation of allogenic limbal stem cells, even
though limbal stem cell transplantation alone in
patient with AAK has been significantly associated
with progression of limbal stem cell deficiency
severity and visual impairment [30]. However, the
survival curve looks promising, with a major separa-
tion after only 2 years of follow-up. We may expect an
average graft survival of 50% at 5 years for the group
which was treated with the complete scheme, and only
30% for the other group (Fig. 2). This highlights the
difficulty of surgical management in AAK compared
to other corneal pathologies with limbal stem cell
deficiency such as herpes keratitis (survival rate of
90% after 2 years and 49% after 10 years), while
chemical burn-associated limbal stem cell deficiency
could best benefit from our modified scheme to
enhance graft survival (survival rate of 35% after
5 years and 14% after 10 years) [31, 32]. Moreover,
the four patients that received a bilateral surgery
showed a better graft survival in the eyes who
benefited from the optimized treatment scheme. This
may also speak in favor of the efficacy of our modified
scheme.

Although the Boston keratoprosthesis shows
promising results in small series of patients with
AAK, other complications such as retroprosthetic
membrane formation or device extrusion exists
[6, 33]. Regarding the limbo-keratoplasty, Lang
et al. reported a median graft survival of 3.2 years
over a long-term observation, indicating that this
might also be a favour of approach in “partial” limbal
stem cell deficiency [34].

In conclusion, an optimized high-risk PKP
approach seems to be promising to reduce the
postoperative complication rate in these most difficult
eyes with congenital aniridia. Furthermore, an exten-
sion to treat other high-risk corneal pathologies with
limbal stem cell deficiency seems promising (e.g.,
chemical burn).
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ABSTRACT

Purpose Congenital aniridia is a severe malformation of al-
most all eye segments. In addition, endocrinological, meta-
bolic, and central nervous systems diseases may be present.
In order to develop better treatment options for this rare dis-
ease, an aniridia center must be established. The purpose of
this work is to summarize ophthalmic findings of aniridia sub-
jects examined at the Department of Ophthalmology, Saar-
land University Medical Center in Homburg.

Methods Our retrospective single-center study included pa-
tients who underwent a comprehensive ophthalmic examina-
tion through the head of the KiOLoN (“Kinderophthalmolo-
gie”, Orthoptics, Low Vision and Neuroophthalmology) Unit
of the department between June 2003 and January 2022.
Data at the first examination time point have been included.
Results Of 286 subjects, 556 eyes of (20.1%20.1 years;
45.5% males) were included. There was nystagmus in 518
(93.7 %) eyes, and strabismus in 327 (58.8%) eyes. There were
436 (78.4%) eyes with age-appropriate axial length, 104
(18.7 %) eyes with microphthalmos, and 13 (2.3%) eyes with
buphthalmos. There was iris malformation with atypical colo-
boma in 34 eyes (6.1%), more than 6 clock hours of iris rem-
nants in 61 eyes (10.9%), less than 6 clock hours of iris rem-
nants in 96 eyes (17.2%), and complete aniridia in 320
(57.5%) eyes. The patients were graded according to the fol-
lowing aniridia-associated keratopathy (AAK) stages: Stage 0
(96 eyes [17.2%], no keratopathy), Stage 1 (178 eyes
[32.0%]), Stage 2 (107 eyes [19.2%]), Stage 3 (67 eyes
[12.0%]), Stage 4 (62 eyes [11.1%]), Stage 5 (45 eyes
[8.0%]). There was secondary glaucoma in 307 (55.5 %), mac-
ular hypoplasia in 395 (71.4%), and congenital optic nerve
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head pathology in 223 (40.3 %) eyes. The iris malformation
type was significantly positively correlated with AAK stage,
lens properties, presence of glaucoma, congenital macular,
and optic nerve head properties (p<0.001 for all), while com-
plete aniridia showed the most complications.

Conclusions At the Homburg Aniridia Center, the most com-
mon ophthalmic signs in congenital aniridia were AAK, iris
malformation, cataract, and macular hypoplasia. The iris mal-
formation type may indicate future expression of AAK, cata-
ract, and glaucoma development and it is correlated with a
congenital optic nerve head and macular pathology. Our
registry will support further detailed longitudinal analysis of
ophthalmic and systemic diseases of aniridia subjects during
long-tem follow-up.

ZUSAMMENFASSUNG

Hintergrund Die kongenitale Aniridie ist eine schwere Fehl-
bildung fast aller Augensegmente. Dariiber hinaus kénnen
auch endokrinologische, metabolische und zentralnervése Er-
krankungen vorliegen. Um bessere Behandlungsmaglichkei-
ten fiir diese seltene Krankheit zu entwickeln, ist die Einrich-
tung eines Aniridie-Zentrums notwendig. Unser Ziel ist es,
die ophthalmologischen Befunde von Aniridiepatienten zu-
sammenzufassen, die in der Klinik fir Augenheilkunde am
Universitatsklinikum des Saarlandes (UKS) in Homburg unter-
sucht wurden.

Methoden Unsere retrospektive, monozentrische Studie um-
fasste Patienten, die sich zwischen Juni 2003 und Januar 2022
einer umfassenden augenarztlichen Untersuchung durch die
Leiterin der Abteilung KiOLoN (Kinderophthalmologie, Or-
thoptik, Low Vision und Neuroophthalmologie) unterzogen.
Die Daten des ersten Untersuchungszeitpunkts wurden ein-
bezogen.

Ergebnisse Es wurden 556 Augen von 286 Probanden
20,1+ 20,1 Jahre; 45,5% Manner) eingeschlossen. Bei 518
(93.7%) Augen lag ein Nystagmus vor, Strabismus bei 327
(58.8%) Augen. 436 (78.4%) Augen wiesen eine altersent-
sprechende Achsenlinge auf, 104 (18,7%) Augen hatten
einen Mikrophthalmus und 13 (2,3%) Augen einen Buphthal-
mus. Bei 34 Augen (6,1%) lag eine Irisfehlbildung mit atypi-
schem Kolobom vor, bei 61 Augen (10,9%) ein lrisrest von
mehr als 6 Uhrzeiten, bei 96 Augen (17,2%) ein Irisrest von
weniger als 6 Uhrzeiten und bei 320 Augen (57,5 %) eine voll-
standige Aniridie. Die Patienten wurden nach den folgenden
Stadien der aniridieassoziierten Keratopathie (AAK) eingeteilt:
Stadium 0 (96 Augen [17,2%], keine Keratopathie), Stadium 1
(178 Augen [32,0%]), Stadium 2 (107 Augen 819,2%]), Sta-
dium 3 (67 Augen [12,0%9), Stadium 4 (62 Augen [11,1%]),
Stadium 5 (45 Augen [8,0%]). Ein sekundires Glaukom lag
bei 307 (55,5%), eine Makulahypoplasie bei 395 (71,4 %) und
eine angeborene Pathologie des Sehnervenkopfes bei 223
{40,3%) Augen vor. Die Art der Irisfehlbildung war signifikant
positiv korreliert mit dem AAK-Stadium, den Llinseneigen-
schaften, dem Vorhandensein eines Glaukoms, den angebo-
renen Makula- und Sehnervenkopf-Eigenschaften (p <0,001
fiir alle), wobei eine komplette Aniridie die meisten Komplika-
tionen aufwies.

Schlussfolgerungen Im Homburger Aniridiezentrum waren
die hiufigsten ophthalmologischen Zeichen bei kongenitaler
Aniridie AAK, lrisfehlbildung, Katarakt und Makulahypoplasie.
Der Typ der Irisfehlbildung kann auf die zukiinftige Auspra-
gung von AAK, Katarakt und Glaukom hinweisen und ist mit
der angeborenen Pathologie des Sehnervenkopfes und der
Makula korreliert. Unser Register wird eine weitere detaillierte
Analyse der ophthalmischen und systemischen Erkrankungen
von Aniridie-Patienten im Langzeitverlauf emaaglichen.

Introduction

Aniridia is considered a rare disease, with a global prevalence of 1
in 40000 to 1in 100000 [1 - 5]. Despite its name, aniridia is a pan-
ocular disorder that takes its name from the obvious hypoplasia of
the iris, which is present in most cases. This feature can range
from a conspicuous, almost complete loss of the iris to enlarge-
ment and irregularity of the pupil, representing a coloboma, to
microscopic slit-like anomalies of the pupillary margin that can
only be seen with slit lamp illumination. The effects on vision are
also variable. In most cases, there is already congenital severe vi-
sual loss and, consequently, pathological visual development and
nystagmus [1-4,6].

In congenital aniridia, one can distinguish between the PAX6
gene-associated forms and other forms without alterations in the
PAX6 gene, with the PAX6 forms being significantly more com-
mon [7,8]. The typical clinical PAX6-related congenital aniridia
occurs in several forms: dominant inheritance, occurring sporadi-
cally (then inherited dominantly), as part of the WAGR (Wilms tu-
mor, aniridia, genitourethral anomalies, retardation) or WAGRO
(WAGR plus “obesity”) syndrome, and associated with other syn-

dromes. Long-term complications with visual impairment, such as
glaucoma or severe aniridia-associated keratopathy (AAK), are
more frequent in PAX6-related aniridia [1,3].

Since it has become more and more evident in recent years
that so-called “isolated™ PAX6 aniridia can also frequently have
systemic concomitant diseases (hormonal, gastrointestinal, meta-
bolic, cerebral), the term “aniridia syndrome” or “PAX6 syn-
drome” has been recommended [1, 3].

In order to develop better treatment options for the rare dis-
ease congenital aniridia, establishment of an aniridia center is nec-
essary. The purpose of this work is to summarize ophthalmic
properties of aniridia subjects examined at the Department of
Ophthalmology, Saarland University Medical Center, in Hom-
burg/Saar, Germany.

Patients and Methods

Ethical considerations

Our retrospective single-center study included patients from the
Department of Ophthalmology, Saarland University Medical Cen-
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» Fig. 1 Age distribution of subjects at the Homburg Aniridia Center at the first examination time point.

ter in Homburg/Saar, Germany. This study was approved by the
Ethics Committee of Saarland/Germany (No 144/15) and followed
regulations of the Declaration of Helsinki. Informed consent was
obtained from all participants. In case of minors or guardianship,
informed consent was obtained from the legal representative or
legal quardian.

Inclusion criteria, data collection,
and examination methods

Inclusion criteria was the presence of partial or complete congen-
ital aniridia, visible at slit lamp examination. All subjects under-
went a structured ophthalmic examination through the Head of
the KiOLoN (“Kinderophthalmologie”, Orthoptics, Low Vision and
Neuroophthalmology) Unit of the Department of Ophthalmology
of Saarland University, Prof. Dr. Barbara Kasmann-Kellner. Uncor-
rected and best-corrected visual acuity (UCVA and BCVA) mea-
surement using Snellen charts, intraocular pressure (IOP) mea-
surement using Goldmann applanation tonometry or iCare (Icare
Finland Oy, Vantaa, Finland), and a detailed slit lamp and fundus
examination were performed.

Iris malformation was dassified as atypical coloboma, more
than 6 clock hours of iris remnants, less than 6 clock hours of iris
remnants, and complete aniridia (no iris remnant tissue is visible
at slit lamp examination, without gonioscopy). Limbal stem cell
insufficiency (LSCI) was classified as follows: (1) no limbal
changes, (2) avascular pannus with less than 3 mm width, (3) vas-
cularized pannus with less than 3 mm width, (4) vascularized pan-
nus over 3 mm width. AAK was classified as Stage 0 (no limbal
changes), Stage 1 (conjunctival tissue just crosses the limbal bor-
der but remains 1 mm or less from the limbus), Stage 2 (the pan-
nus extends across the peripheral cornea and is typically present
in 360 degrees of the cornea), Stage 3 (the pannus invades the
central cornea, typically covering the entire cornea with vessels),

FhesPN etal A Cross-sectional Analysis ... Kin Manatshl Augenheilkd | ©2023. The authors).

Stage 4 (the cornea is completely vascularized), or Stage 5 (end-
stage with an opaque, thick, vascularized cornea) [7,8].

All patient data were entered pseudonymized in a Microsoft
Access database. In collaboration with the Department of Oph-
thalmology, Saarland University Medical Center in Homburg/Saar
(Chair: Prof. Dr. B. Seitz) and the Dr. Rolf M. Schwiete Center for
Limbal Stem Cell and Aniridia Research, Homburg/Saar (Chair:
Prof. Dr. N. Szentmary), our aim was to build up a database in or-
der to get better insight intothe pathomechanisms and stage-ap-
propriated treatment options of congenital aniridia. The present
study summarizes patient data at the first examination time point
for subjects examined between June 2003 and January 2022.

Results

Of 286 subjects, 556 eyes (age 20.1 + 20.1 years; 45.5% males)
were included. Age distribution of the subjects is displayed in
»Fig. 1. UCVA was 0.074+0.013 (0.001-1.0) and BCVA was
0.15+0.08 (0.001-1.0; » Fig.2) at the first examination time
point.

There was nystagmus in 518 (93.7%) eyes and strabismus in
327 (58.8%) eyes. There were 436 (78.4 %) eyes with age-appro-
priate axial length, 104 (18.7%) eyes with microphthalmos, 13
(2.3%) eyes with buphthalmos, and in 3 (0.6) eyes, no axial length
measurement was performed at the first examination time point.
There was iris malformation with atypical coloboma in 34 eyes
(6.1%), more than 6 clock hours of iris remnants in 61 eyes
(10.9%), less than 6 clock hours of iris remnants in 96 eyes
(17.2%), and complete aniridia in 320 (57.5%) eyes (» Fig.3a~d).
Nevertheless, in 45 (8.3 %) eyes, we could not collect data on the
exact iris malformation type, mainly due to corneal opacities.

LSCl was dlassified as follows: (1) no limbal changes in 97 eyes
(17.4%), (2) avascular pannus with less than 3 mm width in 174
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» Fig. 2 Uncomrected visual acuity (UCVA) and best-corrected visual acuity (BCVA; Snellen) of the analyzed subjects at the first examination time

point.

eyes (31.2%), (3) vascularized pannus with less than 3 mm width
in 79 eyes (14.2%), and (4) vascularized pannus over 3mm width
in 190 eyes (34.1%). In 16 eyes (3.1 %), no data on LSCl was avail-
able at the first time point of examination.

There was AAK Stage 0 (no keratopathy) in 96 eyes (17.2%),
Stage 1 in 178 eyes (32.0%) eyes, Stage 2 in 107 eyes (19.2%)
eyes, Stage 3 in 67 eyes (12.0%) eyes, Stage 4 in 62 eyes
{11.1%), and Stage 5 in 45 eyes (8.0%). One eye (0.3%) could not
be included in any of the groups along the available clinical data
(» Fig.3e-i).

The lens was clear in 127 eyes (22.8%), there was cataract in
224 eyes (40.2%), subluxated lens in 9 eyes (1.6 %), pseudophakia
in 129 eyes (23.2%), aphakia in 32 eyes (5.7%), and in 35 eyes
(6.5%), the lens status could not be assessed. There was second-
ary glaucoma in 307 eyes (55.5%), macular hypoplasia in 395 eyes
(71.4%), and congenital optic nerve head pathology in 223 eyes
(40.3%) eyes (» Fig. 4).

The iris malformation type was significantly positively corre-
lated with AAK stage, lens properties, presence of glaucoma, con-
genital macular, and optic nerve head properties (p<0.001 for
all), with complete aniridia showing the most complications.

Discussion

Collecting data of 556 eyes of 286 subjects from one of the largest
worldwide aniridia databases, the Homburg Aniridia Center could
be established in Homburg/Saar. About one-fourth of the in-
cluded subjects were children. With a mean UCVA below 0.1 and
a mean BCVA below 0.2, most of the analyzed subjects necessi-
tated special education and visual aids during life [1-3].

The misdevelopment of the iris is the characteristic phenotypic
appearance in aniridia. it can range from a complete absence of
the iris to a slight shift of the pupil (corectopy) or an atypical colo-
boma [7,8]. Iris malformation is one of the causes of photopho-
bia. We could observe that about two-thirds of the analyzed sub-
jects (75.3%) had less than 6 clock hours of iris remnants (17.4 %),
or complete aniridia (in 320 eyes [57.9%]), which enables a rela-
tively obvious immediate diagnosis for ophthalmologists. Never-
theless, ophthalmologists ako have to take into consideration
that about 17% of the patients with congenital aniridia may
present with an atypical coloboma (6.1%), or more than 6 clock
hours of iris remnants (11%), but these signs may also indicate
congenital aniridia. Additionally, in some cases, due to corneal

fries PN et al. A Crosssectional Analyss ... Klin Monatsb] Augenhelid | © 2023, The authar(s).

24



Ergebnisse

=6 hours of irfs remnants

Corectopy

Iris

Clear comnea Pannus < 1mm

Pannus > 3Imm

<6 hours irls remnants Complete aniridia

Central Pannus Complete

vascularisation

» Fig. 3 Iris malformation (a - d) and aniridia-associated keratopathy (e, f, g, h) in congenital aniridia subjects.

opacities, the lack of iris might not be observable, which may re-
sult in a wrong diagnosis.

Most interestingly, statistical analysis confirmed the clinical
suspicion that the iris malformation type was significantly posi-
tively correlated with AAK stage, lens properties, presence of
glaucoma, congenital macular, and optic nerve head properties
(p<0.001 for all), with complete aniridia showing the most com-
plications.

Up to 70% of PAX6 aniridia sufferers develop AAK with age,
which may be due to a combination of several factors [1-3,6-
10]. These include a pronounced dry eye problem, LSCl with im-
paired corneal epithelial cell differentiation, abnormal cell adhe-
sion, and wound healing [1~-3,5~10]. The consequences for the
patients are permanent tear film instability as well as recurrent ex-
tremely painful corneal erosions, and a progression of visual loss
due to vascularized corneal pannus andfor scars [5,7~9]. Among
our subjects, with relatively young age, most of the subjects be-
longed to the Stage 1 AAK group (38.8% of the eyes), followed
by Stage 2 with 19.3%, Stage 0 with 17.4%, Stage 3 in 12.1%,
Stage 4in 11.2%, and Stage 5in 8.1% of the eyes.

AAK is characterized by centripetal spreading vascularization,
conjunctivalization, and thickening of the cornea, which is, in
part, due to LSCI [5, 10~ 14]. There was LSCI with avascular pan-
nus with less than 3 mm width in 174 (31.2%) eyes, vascularized
pannus with less than 3 mm widthin 79 (14.2%) eyes, and vascu-
larized pannus over 3mm width in 190 (34.1%) eyes.

The natural history of AAK shows several stages of progression.
Signs of keratopathy often appear in early youth with thickening
of the peripheral corneal epithelium but no functional manifesta-
tion. In the second decade, patients show chronic irritation and
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thin superficial vascularization in the peripheral comnea, which
gradually progresses to the central cornea. Pain, photophobia,
and recurrent corneal epithelial erosions are common. In later
stages, the keratopathy progresses until the entire cornea is in-
volved, with a severe increase in central corneal thickness due to
pannus formation and vascularized scars [5,7,9].

Cataractoccursin 50-85% of aniridia patients. Inthe Homburg
Aniridia Center, there was a clear lens in 127 eyes (23.0%), cata-
ract in 224 eyes (40.6%), subluxated lens in 9 eyes (1.6 %), pseu-
dophakia in 129 eyes (23.3 %), aphakia in 32 eyes (5.8%), and in
21 eyes (3.8%), the lens status could not be assessed. In many
cases, a cataract of the anterior and posterior lens pole (cataracta
polaris anterior or posterior) is found congenitally, which often re-
mains stable during life. In addition, progressive opacification of
the other lens segments may occur, as well as subluxation or luxa-
tion of the crystalline lens due to lackfinsufficiency of zonular fi-
bers. Both may be an indication for lens removal and if possible,
implantation of an intraocular lens to preserve visual acuity [1-
3,6,9].

Secondary glaucoma occurs with an incidence of 6-75% in
aniridia subjects, often before adulthood. There was secondary
glaucomain 307 eyes (55.5%) of our subjects. Aniridia-associated
glaucoma is caused by an abnormal localization of the Schlemm
canal or by iris rudiments, which close the chamber angle or the
trabecular meshwork and thus obstruct the outflow of aqueous
humor. Diagnosis requires regular monitoring of 10P as well as
the optic nerve. Often, a pressure measurement is difficult due
to the thickened cornea and requires a corneal thickness measure-
ment. Secondary glaucoma can lead to irreversible visual loss,
even ending up in blindness due to glaucomatous optic atrophy
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» Fig.4 Congenital optic nerve head pathology (a, b) and macular hypoplasia (c), glaucomatous excavation (d, e), and macular hypoplasia (f) in
congenital aniridia.

and thus must be potentially considered the most serious irrever-
sible complication [1-3,6].

The Homburg Aniridia Center examined 395 (71.4 %) eyes with
macular hypoplasia and 223 (40.3%) eyes with congenital optic
nerve head pathology. In aniridia patients, hypoplasia of the optic
nerve and macula was more common. Macular hypoplasia does
not necessarily occur together with optic hypoplasia, it can also
occur as an isolated symptom in the context of congenital visual
impairment. Furthermore, a mostly horizontal nystagmus as well
as strabismus can be observed. We observed nystagmus in 518
(93.7%) eyes and strabismus in 327 (58.8 %) eyes.

With regard to therapy, there are currently no generally ac-
cepted treatment modalities. In case of corneal involvement

(AAK), different therapeutic options arise depending onthe sever-
ity, which range from autologous serum eye drops, amniotic
membrane transplantation, and phototherapeutic keratectomy
to lamellar and penetrating keratoplasty. For penetrating kerato-
plasties, the following procedure has been proven helpful in our
Department of Ophthalmology in these high-risk patients: sys-
temic immunosuppression, small-sized penetrating keratoplasty
with single knot sutures, simultaneous transplantation of an
amniotic membrane as a patch, temporary lateral tarsorrhaphy,
and autologous serum eye drops [9].

As treatment for limbal stem cell deficiency in congenital
aniridia, the use of limbal allografts (4 eyes), keratolimbal allo-
grafts (31 eyes), cultivated limbal epithelial cells (10 eyes), and
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cultivated oral mucosal epithelial cells (17 eyes) have been re-
ported [15]. These procedures may be combined with systemic
immunosuppression, simultaneous transplantation of an amniotic
membrane as a patch, temporary lateral tarsorrhaphy, and post-
operative use of autologous serum eye drops. Following surgery,
visual acuity improves during the first 6 months, which thereafter,
gradually declines. Patients were followed for 12-18 months after
epithelial (stem) cell transplantation, however, longer term out-
comes and further procedures have not been reported, yet [1-4,
9,14,15].

Because of the feared aniridia-fibrosis syndrome and the in-
creased risk of glaucoma due to obstruction of the chamber angle
and thus of the aqueous humor outflow, the surgical insertion of
an artificial iris should be avoided. Anti-glaucomatous therapy
should be started before visual field loss occurs. If an IOP increase
is resistant to therapy, trabeculotomy is the method of first
choice. Lens opacification can be surgically treated by insertion
of an artificial lens, if necessary, with a capsular tension ring (small
incision, “in-the-bag”), if visual acuity is clearly impaired [1-4,9].

Prognosis limiting is the observation that surgical therapy op-
tions in aniridia patients have a multiple higher complication rate
than in patients not affected by this disease. One well-known
complication after repeated ocular surgery is progressive anterior
segment fibrosis syndrome. In this case, a non-acute inflamma-
tory fibrotic membrane develops in the anterior chamber starting
from the iris remnants, which grows into the posterior chamber
over the ciliary body, detaching the ciliary body and thus causing
bulbar hypotony, with consecutive retinal detachment [1-4,9].

Due to the rarity of aniridia, all ophthalmic clinics in Germany,
university based or others, care for relatively few patients. Thus,
no sound treatment guidelines exist for PAX6 aniridia and its com-
plications. We established a clinical aniridia registry (observational
study) at our hospital in order to systematically record the course
of this rare disease, to optimize its diagnostics and therapy, and
thus to furtherimprove the treatment of the disease in the future.

Currently, 460 patients with congenital aniridia are regularly
followed at our clinic (2/3 are children and adolescents under
16 years of age, and 1/3 are adults over 16 years), more than
98% of whom live outside Saarland. Nevertheless, it is estimated
that there are currently about 940 patients in Germany with the
diagnosis “congenital aniridia” (about 85% may be PAX6-assodi-
ated aniridia). Most of these patients or their parents or legally
designated caregivers have registered themselves in the national
self-help organization “AWS Aniridie-WAGR e.V." (www.aniridie-
wagr.de).

Prof. Kasmann-Kellner has been a volunteer medical advisor to
the association since its inception, and the association supported
the establishment of our Aniridia Center. A large proportion of the
patients we care for are children, and accordingly - as with most
of the rare congenital diseases - measurable effects of our
planned interventions may not become apparent for many years.
The aim is therefore to store the data collected in the registry for
the long term, initially for 10 years, allowing a longitudinal long-
term follow-up.
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CONCLUSION BOX

Already known:

« In congenital aniridia, there is an increased risk of develop-
ing blindness during life.

= As congenital aniridia is a rare disease, it is difficult to es-
tablish clinical prognostic parameters and treatment stan-
dards.

= In order to develop better treatment options in congenital
aniridia, establishment of an aniridia center is necessary.

Newly described:

» The most prevalent ophthalmic signs in congenital aniridia
are AAK, iris malformation, cataract, and macular hypo-
plasia.

« The irfis malformation type may indicate future expression
of AAK, cataract, and glaucoma development and it is
correlated with congenital optic nerve head and macular
pathology.

« Our Aniridia Center will support further detailed longitudi-
nal analysis of ophthalmic and systemic diseases of these
difficult patients with congenital aniridia during long-term
follow-up.
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ABSTRACT

Background Congenital aniridia is a severe malformation of
almost all eye segments. Aniridia-associated keratopathy
(AAK) and secondary glaucoma, which occur in more than
50% of affected individuals, are typically progressive and pose
a high risk of blindness for patients with congenital aniridia.
Our aim was to investigate the effect of glaucoma treatment
on AAK in patients of the Homburg Aniridia Center.
Methods Our retrospective monocentric study included pa-
tients who underwent a comprehensive ophthalmological ex-
amination at the Homburg Aniridia Center between June
2003 and January 2022.

Results There were 556 eyes of 286 subjects (20.1 £20.1
years; 45.5 ¥ males) included. In 307 (55.2%) eyes of 163 sub-
jects (27.5% 16.3 years; 43.1% males), glaucoma was present
at the time of examination. The mean intraocular pressure in
the glaucoma group was 19.0 mmHg ( 8.0), while in the non-
glaucoma group, it was 14.1 mmHg (£ 3.6) (p<0.001). In the
glaucoma group, 68 patients used antiglaucomatous topical
monotherapy, 51 patients used 2 agents, 41 patients used
3 agents, 7 patients used quadruple therapy, and 140 did not
use topical therapy (e.g., after pressure-lowering surgery,
pain-free end-stage glaucoma, or incompliance). Patients
were classified according to the following stages of AAK:
Stage 0 (96 eyes [17.2%], no keratopathy), Stage 1 (178 eyes
[32.0%]), Stage 2 (107 eyes [19.2%]), Stage 3 (67 eyes
[12.0%]), Stage 4 (62 eyes [11.1%]), Stage 5 (45 eyes
[8.0%]). The mean stage of AAK was 1.4 (1.2-1.5) in the
group without eye drops, 1.9 (1.5-2.2) in the group with
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monotherapy, 1.8 (1.5-2.1) in the group with 2 drugs,
1.9 (1.5-2.2) in the group with 3 drugs, 3.4 (2.3-4.6) in the
group with 4 drugs, and 3.3 (3.1-3.6) after antiglaucomatous
surgery. The stage of AAK was significantly positively corre-
lated with the number of pressure-lowering eye drops
(p<0.05) and prior pressure-lowering surgery (p<0.05).
Prostaglandin analogues were not correlated with a higher
AAK stage compared to the other drug groups.

Conclusions At the Homburg Aniridia Center, patients using
topical antiglaucomatous quadruple therapy or who had pre-
viously undergone antiglaucomatous surgery had by far the
highest AAK stage. The different drug groups had no influ-
ence on the AAK stage.

ZUSAMMENFASSUNG

Hintergrund Die kongenitale Aniridie ist eine schwere Fehl-
bildung fast aller Augensegmente. Insbesondere die Aniridie-
assoziierte Keratopathie (AAK) sowie das bei mehr als 50 X der
Betroffenen auftretende Sekundarglaukom verlaufen typi-
scherweise progressiv und stellen ein hohes Risiko der Erblin-
dung fiir Patienten mit kongenitaler Aniridie dar. Unser Ziel
war es, bei Patienten des Homburger Aniridie-Zentrums die
Auswirkung der Glaukombehandlung auf die AAK zu unter-
suchen.

Methoden Unsere retrospektive, monozentrische Studie um-
fasste Patienten, die sich zwischen Juni 2003 und Januar 2022
einer umfassenden augenarztlichen Untersuchung durch das
Homburger Aniridie-Zentrum unterzogen.

Ergebnisse Es wurden 556 Augen von 286 Probanden (20,1 =
20,1 Jahre; 45,5% Manner) eingeschlossen. Bei 307 (55,2%)
Augen von 163 Patienten (27,5 16,3 Jahre; 43,1 % Manner)
lag zum Zeitpunkt der Untersuchung ein Claukom vor. Der
Augeninnendruck lag in der Glaukomgruppe im Mittel bei

19,0 mmHg (% 8,0) wihrend er bei den Patienten ohne Glau-
kom bei 14,1 mmHg (2 3,6) lag (p<0,001). In der Glaukom-
gruppe nutzten 68 Patienten eine lokale antiglaukomatése
Monotherapie, 51 Patienten nutzten 2 Wirkstoffe, 41 Patien-
ten nutzten 3 Wirkstoffe, 7 Patienten nutzten eine Vierfach-
therapie, 140 nutzten keine Lokaltherapie (z.B. nach druck-
senkender Operation, schmerzfreies Glaukom-Endstadium
oder Incompliance). Die Patienten wurden nach den folgen-
den Stadien der Aniridie-assoziierten Keratopathie (AAK) ein-
geteilt: Stadium 0 (96 Augen [17,2%], keine Keratopathie),
Stadium 1 (178 Augen [32,0%]), Stadium 2 (107 Augen
[19.2%]), Stadium 3 (67 Augen [12,0%]), Stadium 4 (62 Au-
gen [11,1%]), Stadium 5 (45 Augen [8,0 %]). Das Stadium der
Aniridie-assozierten Keratopathie lag in der Gruppe ohne Au-
gentropfen im Mittel bei 14 (1,2-1,5), in der Gruppe mit
Monotherapie bei 1,9(1,5-2,2), inder Gruppe mit 2 Wirkstof-
fen bei 1,8 (1,5-2,1), in der Gruppe mit 3 Wirkstoffen bei
1,9 (1,5-2,2), in der Gruppe mit 4 Wirkstoffen bei 3.4 (2,3~
4,6) und nach antiglaukomatdser Operation bei 3,3 (3,1-3,6).
Das Stadium der Aniridie-assoziierten Keratopathie war sig-
nifikant positiv korreliert mit der Anzahl der drucksenkenden
Augentropfen (p<0,05) und einer zuvor durchgefiihrten
drucksenkenden Operation (p <0,05). Prostaglandinanaloga
waren im Vergleich zu den anderen Wirkstoffgruppen nicht
mit einem hdherem AAK-Stadium korreliert.
Schlussfolgerungen Im Homburger Aniridie-Zentrum wie-
sen die Patienten, die eine lokale antiglaukomatése Vierfach-
therapie nutzten oder zuvor antiglaukomatds operiert wur-
den mit Abstand das hochste AAK-Stadium auf. Die verschie-
denen Wirkstoffgruppen hatten keinen Einfluss auf das AAK-
Stadium.

Introduction

The introduction as well as the patients and methods section of
this study have already been described and published in detail
[1]. The authors therefore limit themselves to presenting an ab-
breviated topic-specific manuscript.

Congenital aniridia is a hereditary bilateral ocular disorder
characterized by autosomal dominant inheritance. During a life-
time, over 50% of patients with aniridia will develop aniridia-asso-
ciated glaucoma. While open-angle glaucomais more prevalentin
individuals with aniridia, there have also been reports of anatomi-
cal malformations linked to the underdeveloped iris obstructing
the trabecular meshwork [2-4].

Diagnosing and monitoring aniridia-associated glaucoma
present challenges due to the presence of keratopathy, nystag-
mus, and foveal and optic nerve head hypoplasia. Topical glauco-
ma therapy for aniridia does not significantly differ from general
glaucoma treatment; however, the use of preservative-free for-
mulations is recommended. Often, monotherapy alone proves in-
sufficient, necessitating a combination of treatments. In case the

effect of conservative treatment is not sufficient, an antiglaucom-
atous surgical intervention may become necessary [5 - 8].

Nevertheless, in case of a painless eye, without light percep-
tion, there is no more necessity of antiglaucomatous surgery.
Since congenital aniridia is characterized by a pathologically al-
tered conjunctiva, a more or less evident inflammatory state and
healing disorders due to limbal stem cell insufficiency, the risks of
glaucoma surgery are significantly higher, and the interval of sur-
gically induced pressure reduction is usually shorter compared to
non-aniridia (glaucoma) patients [6,8,9]. In our dinical routine,
trabeculotomy is considered the primary option if the anatomy
of the chamber angle permits [6,8]. Otherwise, trabeculectomy
is an option, but drainage implants are also effective in lowering
intraocular pressure (IOP) [10]. In severely damaged eyes, cyclo-
photocoagulation can be performed as the last option, whereby
aniridia fibrosis syndrome and phthisis bulbi are feared complica-
tions [4,8].

There is limited literature on glaucoma therapy specifically for
congenital aniridia and no randomized controlled studies have ex-
plored the efficacy of different treatment options and their evi-
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dence-based use in this context. The progression of keratopathy
further complicates glaucoma follow-up assessments, as it leads
to diminishing visual clarity and must, therefore, be taken into
consideration when devising a glaucoma treatment plan [8,9].
The purpose of this cross-sectional study was to compare the
different substance classes with regard to their effect on the AAK
in order to create more evidence for therapy recommendations.

Patients and Methods

Ethical considerations

Our retrospective single-center study included patients at the De-
partment of Ophthalmology, Saarland University Medical Center
inHomburg/Saar, Germany. This study was approved by the Ethics
Committee of Saarland/Germany (No 144/15) and followed requ-
lations of the Declaration of Helsinki. Informed consent was ob-
tained from all participants. In case of minors or guardianship, in-
formed consent was obtained from the legal representative or le-
gal guardian.

Diagnosis of glaucoma

As there are some disease specifics to consider when examining
aniridia patients, we would like to go into more detail about the
convention we use regarding the presence of glaucoma. The clas-
sical definition of glaucoma includes the triad of increased IOP,
nerve fiber damage, and visual field loss. We also used these crite-
ria in order to define glaucoma disease within our congenital
aniridia patients. Nevertheless, we were confronted with several
difficulties during examination of congenital aniridia subjects.

Due to nystagmus and large daily fluctuations in ocular surface
integrity, the visual field examination is very stressful for aniridia
patients without providing satisfactory reproducibility to deter-
mine progression. Our examination and dinical evaluation there-
fore focus mainly on the morphology and morphological changes
of the optic nerve head during progression, taking into account
I0OP. Both increasing optic disc excavation in the presence of in-
creased IOP (over 21 mmHg) and increasing optic disc excavation
in the presence of non-increased I0P (neurological cause ex-
cluded) are considered by us to be positive for the presence of
glaucoma. Taking optic disc photos regularly facilitates the as-
sessment of excavation progression. The measurement of the
nerve fiber layer thickness by means of optical coherence tomog-
raphy is included as a supportive measure. Here, too, it must be
borne in mind in congenital aniridia that due to congenital optic
nerve anomalies (often hypoplastic), a single measurement does
not allow any conclusion to be drawn about increasing damage
to the nerve cells, but only the evaluation of several examinations
in the course allows this assessment to be made. In this context,
morphological assessment and diagnosis should be reserved for
an experienced examiner. Frequent changes of the examiner
should also be avoided in order not to complicate the assessment
of the course. This was taken into account and implemented in
our department.

FéesFNetal TheEffectof .. Kin Monatsbl Augenheilkd | © 2023. The authors).

Inclusion criteria, data collection,
and examination methods

Inclusion criterion was the presence of partial or complete con-
genital aniridia, visible at slit lamp examination. All subjects
underwent a structured ophthalmic examination through the
head of the KiOLoN (“Kinderophthalmologie®, Orthoptics, Low
Vision and Neuroophthalmology) Unit of the Department of Oph-
thalmology of Saarland University (Prof. Dr. Barbara Kasmann-
Kellner). Uncorrected and best-corrected visual acuity (UCVA and
BCVA) measurements using Snellen charts, IOP measurement us-
ing Goldmann applanation tonometry or iCare (Icare Finland Oy,
Vantaa, Finland), and detailed slit lamp and fundus examinations
were performed. If there was sufficient cooperation, a measure-
ment was taken using Goldmann applanation tonometry, whereas
younger children were more likely to be measured using iCare. For
the refinement of the IOP measurement, the Dresden correction
table according to Kohlhaas was used to compensate for system-
atic measurement errors caused by a change in corneal thickness
[11].

AAK was dassified as follows: Stage 0 (no limbal changes),
Stage 1 (conjunctival tissue just crosses the limbal border but re-
mains 1 mm or less from the limbus), Stage 2 (the pannus extends
across the peripheral cornea and is typically present in 360 de-
grees of the cornea), Stage 3 (the pannus invades the central cor-
nea, typically covering the entire cornea with vessels), Stage 4
(the cornea is completely vascularized), Stage 5 (end-stage with
an opaque, thick, vascularized cornea) [1,12]. In the evaluation
of the eye drops, mono preparations were evaluated as one eye
drop, and combination preparations were assigned according to
their active ingredients and were accordingly included in the eval-
uation as two eye drops. This made it possible to evaluate the dif-
ferent substance classes in relation to each other.

All patient data were entered pseudonymized in a Microsoft
Access database. Data analysis was performed using IBM SPSS Sta-
tistics for Windows Version 29.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to characterize data and assess
the distribution of study variables. Categorical variables were
summarized in frequencies or percentages. A chi-square test was
performed to check for the presence of an association between
dependent variables and indepe ndent variables, a t-test was used
to compare normally distributed variables, and a Pearson correla-
tion was used after adjusting for confounding variables to de-
scribe the correlation between the identified risk factors and the
progression of AAK. The statistical significance was considered at
a pvalue <0.05 and a 95% confidence interval (Cl).

In collaboration with the Department of Ophthalmology, Saar-
land University Medical Center in Homburg/Saar (Chair: Prof. Dr.
B. Seitz) and the Dr. Rolf M. Schwiete Center for Limbal Stem Cell
and Aniridia Research, Homburg/Saar (Chair: Prof. Dr. N. Szent-
mary), our aim was to build up a database in order to get a better
insight into the pathomechanisms and stage-appropriate treat-
ment options of congenital aniridia.

The present study summarizes patient data for subjects exam-
ined between June 2003 and January 2022.
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Comparison of intraocular pressure within the aniridia cohort

No glaucoma diagnosed

Intraocular pressure
2

1w

V8, glaucoma diagnosed

]

%

o1
g

» 3
“
g

» 3

10

°

@O0 %0 00 V0 O w00
Number of eyes

0O 00 %0 0
Number of eyes

100 200

» Fig. 1 Combined histogram showing intraocular pressure distribution of subjects at the Homburg Aniridia Center. The patients with glaucoma

are shown in green (right), the others are shown in blue (left).

Results

There were 556 eyes of 286 subjects (20.1+20.1 years; 45.5%
males) included. In 307 (55.2 %) eyes of 163 subjects (27.5+16.3
years; 43.1% males), glaucoma was present at the time of exami-
nation. The mean IOP in the glaucoma group was 19.0mmHg
(+8.0), while in the non-glaucoma group, it was 14.1 mmHg
(£3.6; p<0.001, »Fig. 1). In the glaucoma group, 68 (20.5%)
patients used topical monotherapy, 51 (16.6%) patients used
2 agents, 41 (13.4%) patients used 3 agents, 7 (2.3%) patients
used quadruple therapy, and 140 (45.6 %) did not use topical ther-
apy (e.q., after pressure-lowering surgery or pain-free end-stage
of glaucoma). Patients were classified according to the following
stages of AAK: Stage 0 (96 eyes [17.2%], no keratopathy), Stage
1(178 eyes [32.0%]), Stage 2 (107 eyes [19.2%]), Stage 3 (67 eyes
[12.0%]), Stage 4 (62 eyes [11.1%]), Stage 5 (45 eyes [8.0%]) [1].
The mean stage of AAK was 1.4(1.2-1.5) in the group without eye
drops, 1.9 (1.5-2.2) in the group with monotherapy, 1.8 (1.5-2.1)
in the group with 2 drugs, 1.9 (1.5-2.2) in the group with 3 drugs,
3.4 (2.3-4.6) in the group with 4 drugs, and 3.3 (3.1-3.6) after
antiglaucomatous surgery. The stage of AAK was significantly
positively correlated with the number of pressure-lowering eye
drops (p<0.05) and prior antiglaucomatous surgery (p<0.05;
(» Fig. 2). Even after correction for age, there was still a significant
corrélation between the number of eye drops and AAK stage
(r=0.166 and p <0.001, Pearson correlation). After previous cor-
neal surgery (PKP, PTK, AMT, pannus abrasion), no correlation be-
tween glaucoma therapy and AAK stage was found (» Fig. 3).
Prostaglandin analogues were not correlated with a higher AAK
stage compared to the other drug groups, despite their pro-
inflammatory side effect (p >0.05).
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[
» Fig. 2 Comparison of stage of aniridia-associated keratopathy

(AAK) considering the glaucoma therapy.

Discussion

Keratopathy and glaucoma are considered the main causes of sec-
ondary blindness in the context of congenital aniridia. Both pa-
thologies are progressive and require different therapeutic ap-
proaches [5-9,13]. So far, there are only a few studies dealing
with secondary glaucoma in the context of congenital aniridia
[14,15]. The incidence of glaucoma in aniridia is reported to be
50-75% [3, 16]. Our experience confirms these descriptions also
in the presentlarger cohort, with an incidence of 55.2 % regarding
the presence of glaucoma overall.

Limbal stem cell insufficiency and altered ocular surface as well
as a continuous inflammatory processes are discussed as the
cause of the progression of keratopathy [17-25]. Therefore,
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» Fig. 3 Comparison of stage of aniridia-associated keratopathy
(AAK) considering the glaucoma therapy comrecting for previous
comeal surgery (PKP, PTK, AMT, pannus abrasion). The patients who
did not have any previous corneal surgery are represented in blue,
the patients who did have previous corneal surgery before assess-
ment are represented in green.

there is a consensus among experts to use preservative-free prep-
arations for topical therapy, if possible, in order to avoid aggrava-
tion of the inflammatory state by proinflammatory additives such
as benzalkonium chloride [6-8,12].

Despite these precautions, more intensive pressure-lowering
topical therapy seems to be associated with a higher stage of
AAK. However, no comparative studies are currently available that
would allow a closer discussion against the background of already
published literature.

Prostaglandin analogues have established themselves as the
most effective substance class in general glaucoma therapy but
are well known for their undesirable proinflammatory effects. In-
terestingly, no difference between the individual substance
classes (beta-blockers, alpha-agonists, carbonic anhydrase inhib-
itors, prostaglandin analogues) and AAK could be demonstrated
in the present study. It should be taken into account that due to
the division of our cohort into smaller subgroups, small differ-
ences may no longer be evident for statistical reasons. For this
reason, the available data do not allow us to make a reliable state-
ment about a causative impact of a pressure-lowering substance
class on the stage of AAK.

However, a closer look atour larger group of patients suggests
that there is a correlation between advanced glaucoma or the
need for more intensive pressure-lowering therapy and the pro-
gression of keratopathy. A significant difference was found for
the number of pressuredowering eye drops, whereby patients
who were not (or no longer) dependent on topical therapy or
who did not apply eye drops due to noncompliance showed the
least pronounced AAK. No significant difference was found be-
tween monotherapy, double therapy, and triple therapy. How-
ever, it should be pointed out that larger numbers of cases and
further studies are necessary to be able to make a reliable state-
ment. The most advanced keratopathy was seen in patients with

FéesFNetal Thetffectal.. Kin Manatshl Augenheilkd | ©2023. The autharis).

quadruple therapy and after antiglaucomatous surgery. This clini-
cal observation alone does not yet allow us to draw any conclu-
sions about the pathomechanism and can therefore only be seen
as a suggestion for future basic research studies. In addttion, a
specific approach s necessary in order to verify glaucoma pro-
gression in time. Due to the very small number of patients, a fur-
ther differentiation between the surgical procedures (e.g., trabe-
culotomy, trabeculectomy, cyclophotocoagulation, drainage im-
plant) is currently not considered useful and is therefore not dis-
cussed further.

Our goal is to include more patients in our registry and to val-
idate the previously observed trends with larger numbers of cases
and in the long-term follow-up in terms of a longitudinal study
outline.

CONCLUSION BOX

Already known:

= Incongenital aniridia, there is an increased risk of develop-
ing blindness during life.

= AAK and glaucoma are the most common causes of blind-
ness in congenital aniridia.

= In order to develop better treatment options in congenital
aniridia, establishment of an aniridia register is necessary.

Newly described:

» Amore intensive pressure-lowering topical therapy is asso-
ciated with a higher stage of AAK.

= AAK stage of patients that had previously undergone glau-
coma surgery was comparable to patients who used anti-
glaucomatous topical quadruple therapy.

= Our aniridia register will support further validation of pre-
viously observed trends with growing numbers of cases.

Condlusions:

At the Homburg Aniridia Center, patients using topical anti-
glaucomatous quadruple therapy or who had previously
undergone pressure-lowering surgery had the highest AAK
stage. The different drug substance groups had no influence
on the AAK stage. Our registry will allow further detailed
analysis of ophthalmic and systemic disease in patients with
congenital aniridia over the long term.
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