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1.1 Summary 

 

As the rate of partial thickness corneal transplantations has increased in the last 

decade, the need for penetrating keratoplasty (PKP) has decreased. Microsurgeons tend to 

avoid large-diameter PKP (LDPKP) because of the risk for intra- and postoperative 

complications. Nevertheless, PKP is still the treatment of choice in cases requiring 

transplantation of all corneal layers, such as combined endothelial and stromal disease, severe 

corneal opacity precluding evaluation of endothelium status, severe keratoconus, and 

complicated infectious keratitis. 

In the first study, we report on the indications and outcomes of 8.5/8.6-mm excimer 

laser-assisted PKP. It could be shown that this type of PKP is an excellent treatment option in 

cases of ectatic disorders for which an 8.0-mm graft seems too small, and for corneal scars 

that require larger grafts to completely remove the lesion. This applies especially in cases of 

repeat PKP, in order to excise the previous graft completely. However, in complex cases of 

keratitis, the prognosis with 8.5/8.6-mm excimer laser-assisted PKP may be poor due to the 

consequences of the infectious disease itself.  

In the second study, we assess the prevalence, clinical manifestations, required 

keratoplasties, follow-up, and outcomes in patients with Herpes Simplex Virus Keratitis. PKP 

was indicated in cases of scars impairing visual acuity, corneal decompensation, deep corneal 

ulcers, or corneal perforations. In this study, a total of 288 keratoplasties was performed. At 

the last follow-up, 90% of the elective PKPs, but only 55% of the emergency PKPs remained 

clear. The risk for emergency keratoplasty is expected to decrease further, due to good results 

with amniotic membrane transplantation (AMT) for the treatment of herpetic corneal ulcers.   

In the third study, we report on the indications and outcomes of penetrating 

keratoplasties with a graft diameter >8.5 mm in severe corneal diseases. We concluded that 

complex cases of infectious keratitis unresponsive to conservative management and with a 

history of previous transplants require these oversized grafts up to 15 mm to remove the 

complete pathology and preserve the integrity of the eye. The visual outcomes are poor not 

only because of the well-known immunological risks of large-diameter keratoplasties but also 

because of the consequences of the infectious disease itself. Finally, 17% of these eyes 

required enucleation. This knowledge is important for adequate counseling of these patients 

preoperatively.  

Difficult corneal predispositions may require special types of corneal transplantation 

“beyond routine”. 
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1.2 Zusammenfassung 

 

Der Bedarf an perforierenden Keratoplastiken (PKP) ist zurückgegangen, da die Rate 

der lamellären Hornhauttransplantationen im letzten Jahrzehnt zugenommen hat. 

Mikrochirurgen neigen dazu, die PKP mit großem Durchmesser zu vermeiden, weil ein 

höheres Risiko für intra- und postoperative Komplikationen besteht. Dennoch ist die PKP 

immer noch die Behandlung der Wahl in Fällen, in denen alle Hornhautschichten transplantiert 

werden müssen, wie z. B. bei kombinierter Endothel- und Stromaerkrankung, schwerer 

Hornhauttrübung, die eine Beurteilung des Endothelstatus ausschließt, schwerem 

Keratokonus und komplizierter infektiöser Keratitis. 

In der ersten Studie berichten wir über die Indikationen und Ergebnisse der 8,5/8,6-mm 

Excimerlaser-assistierten PKP. Es konnte gezeigt werden, dass diese Art der PKP eine 

hervorragende Behandlungsoption bei ektatischen Erkrankungen ist, für die ein 8,0-mm-

Transplantat zu klein erscheint, sowie bei Hornhautnarben, die größere Transplantate 

erfordern, um die Läsion vollständig zu entfernen. Dies ist besonders bei Fällen von 

wiederholter PKP der Fall, um das vorherige Transplantat vollständig zu entfernen. In 

komplexen Fällen von Keratitis kann die Prognose bei 8,5/8,6-mm-Excimerlaser-assistierter 

PKP jedoch schlecht sein aufgrund von Folgen der Infektionskrankheit selbst. 

In der zweiten Studie untersuchen wir die Prävalenz, die klinischen Manifestationen, 

die erforderlichen Keratoplastiken, das Follow-up und die Ergebnisse bei Patienten mit Herpes 

Simplex Virus Keratitis. Die PKP wurde bei visusbeeinträchtigenden Narben, 

Hornhautdekompensation, tiefen Hornhautulzera oder Hornhautperforationen indiziert. In 

dieser Studie wurden insgesamt 288 Keratoplastiken durchgeführt. Bei der letzten 

Nachuntersuchung waren 90% der elektiven PKPs, aber nur 55% der Notfall-PKPs klar. Es 

wird erwartet, dass das Risiko für Notfall-Keratoplastiken aufgrund der guten Ergebnisse bei 

der Amnionmembrantransplantation (AMT) zur Behandlung von herpetischen Hornhautulzera 

weiter abnimmt.                                                                                              

In der dritten Studie berichten wir über die Indikationen und Ergebnisse von 

perforierenden Keratoplastiken mit einem Transplantatdurchmesser >8,5 mm bei schweren 

Hornhauterkrankungen. Wir kamen zu dem Schluss, dass komplexe Fälle von infektiöser 

Keratitis, die nicht auf eine konservative Behandlung ansprechen und in der Vergangenheit 

bereits transplantiert wurden, diese übergroßen Transplantate bis zu 15 mm benötigen, um 

die gesamte Pathologie zu entfernen und die Integrität des Auges zu erhalten. Die visuellen 

Ergebnisse sind nicht nur wegen den bekannten immunologischen Risiken von 

Keratoplastiken mit großem Durchmesser, sondern auch wegen der Folgen der 

Infektionskrankheit selbst schlecht. Schließlich war bei 17% dieser Augen eine Enukleation 

erforderlich. Dieses Wissen ist wichtig für eine adäquate präoperative Beratung und 

Aufklärung der Patienten. 
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Schwierige korneale Ausgangssituationen erfordern nicht selten spezielle Typen von 

Hornhauttransplantationen „jenseits der Routine“. 
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2. Introduction  

 

The rising number of partial-thickness corneal transplantations performed in the last 

decade has been associated with a reduced need for penetrating keratoplasty (PKP). In 2016, 

partial-thickness corneal grafts comprised over half of all keratoplasty procedures in the United 

States [11], and lamellar keratoplasties represented 60% of all keratoplasties in Germany [15]. 

However, PKP remains the treatment of choice in cases requiring transplantation of all corneal 

layers, for example, in combined endothelial and stromal disease, severe corneal opacity 

precluding evaluation of endothelium status, severe keratectasias, and complicated infectious 

keratitis [20].  

For a successful PKP, the optimal graft size is as large as possible (for optical reasons) 

and as small as necessary (for immunological reasons) [44]. Microsurgeons tend to avoid 

large-diameter PKP due to the risk of intra- and postoperative complications. Mader and 

Stulting [35] reported that the graft’s proximity to the limbal vasculature is a main reason for 

graft failure. Cherry et al. [9] found a positive correlation between graft size and allograft 

rejection. Kirkness et al. [30] reported a 46% 4-year survival probability in 17 grafts with a 

diameter ≥10 mm. These authors found that large-diameter PKP is associated with an overall 

markedly worse prognosis than smaller keratoplasties.  

Theoretically, large-diameter PKP has the advantage of reduced astigmatism after 

surgery. In patients with keratoconus or pellucid marginal degeneration who underwent large 

diameter grafts (8.7−10.0 mm), Speaker et al [55] reported an average astigmatism of only 

0.75 D after complete suture removal. Excimer laser-assisted keratoplasty has several 

advantages over other trephination techniques (e.g. mechanical and femtosecond laser-

assisted), including a reduced amount of astigmatism, higher regularity of astigmatism, and 

better visual acuity following suture removal [44]. This is due to the avoidance of distortion and 

compression during trephination, yielding reductions of decentration, vertical tilt, and horizontal 

torsion of the graft in the recipient bed [46,50,62]. 

Large-diameter PKPs are indicated to treat conditions involving pathology that extends 

into the far peripheral cornea, such as pellucid marginal degeneration, keratoglobus, 

uncontrolled large corneal ulcers, fungal keratitis, and other severe melting corneal conditions 

that threaten vision or the eye itself [13,54]. In addition to rejection and glaucoma, another 

frequent complication of large-diameter PKP is recurrence of the previous disease. In these 

cases, a repeat even larger PKP may be needed.  In order to be prepared for a recurrence, 

diagnostic PCR, culture, and histology from the excised tissue are mandatory [13]. 

The purpose of our work was to report the indications and outcomes of corneal 

transplantations under difficult conditions.  In order to achieve this objective, we reviewed the 

files from patients between 2010-2016 who underwent 8.5/8.6mm excimer laser assisted 

penetrating keratoplasty in the Department of Ophthalmology at Saarland University Medical 
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Center. Knowing the results from this group of patients, we extended our objectives and we 

decided to analyze the data from patients who underwent PKP because of Herpes Simplex 

Virus associated complications as well as from patients who underwent a large-diameter PKP 

(>8.5mm) independently of the aforementioned reason. 
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4. Conclusions 

 

We can conclude that the 8.5/8.6-mm excimer laser-assisted PKP is an excellent 

treatment option in cases of ectatic disorders for which an 8.0-mm graft seems too small, and 

for corneal scars that require larger grafts to completely remove the lesion. All the patients with 

ectatic disorders (n=30) in our first study, exhibited a clear graft until the last follow-up. 

Additionally, 8.5/8.6-mm excimer laser-assisted PKP represents a good treatment option in 

cases of highly irregular astigmatism, with such cases showing significant improvement of 

BCVA due to increased corneal regularity. All the patients with high irregular astigmatism 

(n=30) in our first study also showed clear grafts until the last follow-up.  

Nevertheless, we also found that PKPs bigger than 8.5/8.6mm performed in patients 

with complex cases of infectious keratitis unresponsive to conservative management and with 

a history of previous transplants, the visual outcomes were poor not only because of the well-

known risks of large-diameter keratoplasties but also because of the consequences of the 

infectious disease itself. 17% (n=6) of eyes included in the third study required enucleation. 

This knowledge is important for adequate counseling of these patients preoperatively.  
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