
Department of Ophthalmology 

Saarland University Medical Center Homburg/Saar 

Director: Prof. Dr. Berthold Seitz 

 

Qualitative and quantitative assessment of cornea guttata 

and endothelial cell loss in the human donor cornea. 

 

Cumulative Dissertation for the Degree of Doctor of Medicine 

of the Faculty of Medicine 

 

 

 

UNIVERSITY OF SAARLAND 

2022 

 

 

 

submitted by 

Tarek Safi 

born on: 07.12.1994 in Tripoli, Lebanon



 

2 

Table of Contents 

1.1 Summary: .......................................................................................................................................... 3 

1.2 Zusammenfassung: ............................................................................................................................ 6 

2. Introduction and Purpose: .................................................................................................................. 9 

3. Description of the Included Publications: ......................................................................................... 17 

3.1 Publication 1: Reproducibility of non-invasive endothelial cell loss assessment of the pre-

stripped DMEK roll after preparation and storage............................................................................ 17 

3.2 Publication 2: Prevalence and impact of Cornea guttata in the graft following penetrating 

keratoplasty (PKP) ............................................................................................................................. 19 

3.3 Publication 3: Prevalence and severity of Cornea guttata in the graft following Descemet 

Membrane Endothelial Keratoplasty (DMEK) ................................................................................... 20 

3.4 Publication 4: Semiquantitative criteria in the eye bank that correlate with Cornea guttata in 

donor corneas ................................................................................................................................... 21 

4. Ongoing and Future Projects: ............................................................................................................ 22 

5. Attachments: ..................................................................................................................................... 25 

5.1 Publication 1: ............................................................................................................................... 25 

5.2 Publication 2: ............................................................................................................................... 35 

5.3 Publication 3: ............................................................................................................................... 43 

5.4 Publication 4: ............................................................................................................................... 52 

6. References: ........................................................................................................................................ 60 

7. Author´s Publication List: .................................................................................................................. 71 

8. Acknowledgment: .............................................................................................................................. 74 

 

  



 

 
 

 

 

3 Endothelial layer assessment of the donor cornea 

1.1 Summary: 

In contrast to penetrating keratoplasty (PKP), where all the layers of the donor cornea 

are transplanted, Descemet´s membrane endothelial keratoplasty (DMEK) designates 

the transplantation of only the Descemet´s membrane and the endothelial layer of the 

donor cornea which together form a thickness of 20-30 µm. The total number of corneal 

transplantations in Germany has drastically increased between the years 2001 to 2020 

from 4730 to 9042 keratoplasties, whereby DMEKs have surpassed PKP since 2014. 

In light of this constantly growing number, the need to increase not only the number 

but also the quality of the donor corneas is paramount. Therefore, an essential part of 

the quality control of the donor corneas in the eye banks is ensuring a healthy and 

functional endothelial layer since it plays an important role in maintaining the clarity of 

the cornea and, thus, a satisfying postoperative visual acuity. Yet, postoperative 

complications related to endothelial failure still appear in 3% to 7% of cases. 

Accordingly, the purpose of the following publications was to enhance the quality 

control of the endothelial layer of the donor corneas. This was achieved by studying 

the impact of two important factors on the endothelial layer of the donor cornea: 1) The 

preparation and storage of the DMEK roll (DR), as well as 2) Cornea guttata (CG).  

In the first paper, a novel, reproducible, and non-invasive method was introduced to 

quantify endothelial cell loss (ECL) of the DR caused by its preparation and storage for 

5 days. After the preparation of DRs, the tissues were placed in their storage medium 

containing organ culture medium 1 without dextran. Non-invasive and reproducible 

ECL measurements followed both before the preparation and directly after the 

preparation, as well as on days 1, 2 and 5 after storage using inverted light microscopy. 



 

4 1.1 Summary: 

The results showed an ECL of 11% due to the preparation procedure and 12% due to 

the 5 days storage of the tissues. Based on the results of these non-invasive 

measurements that proved to be highly reproducible with Cronbach's alpha values 

between 0.85 and 0.98, shipping of DRs after several days of storage to be used in a 

DMEK is debatable. To avoid excessive ECL and to maintain good quality of the donor 

endothelial layer, we recommend a storage time of the DR as short as possible.   

The second paper determined the prevalence and severity of CG in grafts after PKP 

and investigated its clinical significance during the postoperative follow-up. In this 

retrospective study, it was shown that the prevalence of CG was 14.9%, the majority 

of which showed mild CG (G1) 13.6% and only 1.3% showed high-grade CG (G2 and 

G3). The mean corneal thickness, pleomorphism and polymegalism were significantly 

affected by high-grade CG. A progression to a higher grade of CG was detected in 

16.8% of the CG cases during long term follow-up.  

The third paper investigated the prevalence and severity of CG in grafts after DMEK 

and assessed its impact on various clinical parameters during the postoperative follow-

up. CG appeared postoperatively in 18.7% of the grafts. 16.9% of those could be 

classified as mild CG (G1), and 1.9% as high-grade CG (G2 and G3). A significant 

clinical deterioration with increasing grades of CG was found in the following 

parameters: corrected distance visual acuity (CDVA), central corneal thickness, 

pleomorphism, and polymegalism. Fortunately, the second and third papers proved 

that only high-grade CG have a significant clinical impact on the patients during the 

postoperative follow-up examinations.  

Due to the high prevalence of CG demonstrated in the above-mentioned papers and 

the negative impact of high-grade CG on the postoperative clinical parameters, the 

fourth paper aimed to detect CG in the donor corneas before their transplantation. 



 

 
 

 

 

5 Endothelial layer assessment of the donor cornea 

Therefore, semi-quantitative criteria for the detection of CG in the donor corneas in the 

eye bank were introduced. This retrospective study was able to show that three criteria 

that can be detected in the eye bank using inverted light microscopy seem to correlate 

with postoperative CG: 1) The presence of blebs (a small hyperdense thickening of the 

cell membrane), 2) the presence of cell membrane defects and interruptions, as well 

as 3) endothelial pictures with less than 50% of the cells having a hexagonal or circular 

shape. 
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1.2 Zusammenfassung: 

Im Gegensatz zur perforierenden Keratoplastik (PKP), bei der alle Schichten der 

Spenderhornhaut transplantiert werden, bezeichnet die Descemet-Membrane 

Endothelial Keratoplasty (DMEK) nur die Transplantation der hinteren 

Korneaschichten. Das aus der Endothelschicht und der Descemet-Membran 

bestehende Transplantat hat eine Dicke von 20-30 µm. Die Gesamtzahl der 

Hornhauttransplantationen in Deutschland ist zwischen den Jahren 2001 und 2020 von 

4730 auf 9042 Keratoplastiken drastisch angestiegen, wobei die DMEK seit 2014 die 

PKP zahlenmäßig überholt hat. Angesichts dieser stetig wachsenden Zahl ist es 

notwendig, nicht nur die Anzahl, sondern auch die Qualität der Spenderhornhäute zu 

erhöhen. Daher ist vor allem die Sicherstellung einer gesunden und funktionellen 

Endothelschicht ein wichtiger Bestandteil der Qualitätskontrolle zur Eignung der 

Spenderhornhäute für die Transplantation. Das Endothel ist dabei besonders für die 

Erhaltung der postoperativen Klarheit der Hornhaut verantwortlich. Dennoch kommt es 

in 3% bis 7% der Fälle zu postoperativen Komplikationen die in Zusammenhang mit 

einem Endothelversagen stehen. Das Ziel der folgenden Arbeit war es daher, die 

präoperative Qualitätskontrolle des Spenderendothels durch die Untersuchungen der 

folgenden Faktoren zu verbessern: 1) Die Durchführung der Präparation und Lagerung 

der DMEK-Rolle (DR) und 2) das Vorhandensein von Cornea guttata (CG). 

In der ersten Arbeit wurde eine neuartige, reproduzierbare und nicht-invasive Methode 

zur Quantifizierung der Endothelzellverluste (ECL) der DR vorgestellt, die durch deren 

Präparation und Lagerung für 5 Tage verursacht werden. Nach der Vorbereitung der 

DR wurden die Gewebe in ihr Lagermedium (Organkulturmedium 1 ohne Dextran) 

gelegt. Mittels inversem Mikroskop wurden dabei nicht-invasive und reproduzierbare 

ECL-Messungen sowohl vor der Präparation als auch direkt nach der Präparation an 
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den Tagen 1, 2 und 5 nach der Lagerung durchgeführt. Die Ergebnisse zeigten eine 

ECL von 11% aufgrund des Präparationsverfahrens und 12% aufgrund der 5-tägigen 

Lagerung des Gewebes. Basierend auf die Ergebnisse dieser nicht-invasiven 

Messungen, die sich mit Cronbachs Alpha-Werten zwischen 0,85 und 0,98 als hoch 

reproduzierbar erwiesen haben, ist der Versand von DR nach mehrtägiger Lagerung 

zur Verwendung für eine DMEK umstritten. Um einen übermäßigen ECL zu vermeiden 

und eine gute Qualität der Spenderendothelschicht zu erhalten, empfehlen wir eine 

möglichst kurze Lagerungszeit der DR.  

In der zweiten Arbeit wurden die Prävalenz und der Schweregrad von CG in 

Transplantaten nach PKP bestimmt und ihre klinische Bedeutung während der 

Nachuntersuchungen ermittelt. In dieser retrospektiven Studie zeigte sich, dass die 

Prävalenz von CG bei 14,9% lag. Dabei konnte in den meisten Fällen eine leichte CG 

(G1) 13,6% und nur in 1,3% eine hochgradige CG (G2 und G3) nachgewiesen werden. 

Die mittlere Hornhautdicke, der Pleomorphismus und der Polymegalismus waren bei 

der hochgradigen CG signifikant erhöht. Bei 16,8% der CG-Fälle wurde während der 

langfristigen Nachbeobachtungszeit eine Progression zu einem höheren CG-Grad 

festgestellt.  

Die dritte Arbeit untersuchte die Prävalenz und den Schweregrad von CG in 

Transplantaten nach DMEK und bewertete ebenfalls ihren Einfluss auf verschiedene 

klinische Parameter während der postoperativen Nachsorge. CG traten postoperativ 

bei 18,7% der Transplantate auf. Dabei konnten 16,9% als leichte CG (G1) und 1,9% 

als hochgradige CG (G2 und G3) klassifiziert werden. Eine signifikante klinische 

Verschlechterung mit zunehmendem Grad der CG wurde bei folgenden Parametern 
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festgestellt: korrigierter Fernvisus (CDVA), zentrale Hornhautdicke, Pleomorphismus 

und Polymegalismus. Zusammenfassend zeigten die Studien zwei und drei, dass nur 

hochgradige CG bei den postoperativen Nachuntersuchungen einen signifikant 

negativen klinischen Einfluss auf die postoperativen Ergebnisse hatte.    

Aufgrund der wie in den oben genannten Studien auftretenden hohen Prävalenzen von 

CG und deren negativen Einflusses in hochgradigen Stadien, zielte die vierte Arbeit 

darauf ab, CG in den Spenderhornhäuten präoperativ zu ermitteln. Dazu wurden 

semiquantitative Kriterien für den Nachweis von CG in den Spenderhornhäuten in der 

Hornhautbank untersucht. Es konnte gezeigt werden, dass drei verschiedene Kriterien, 

die in der Hornhautbank mit Hilfe des inversen Mikroskops erkannt werden können, 

mit dem Vorhandensein einer CG korrelieren: 1) das Vorhandensein von so genannten 

“Blebs“ (kleine fokale Verdichtungen der Zellmembran), 2) das Vorhandensein von 

Zellmembrandefekten und -unterbrechungen und 3) Endothelbilder, bei denen weniger 

als 50% der Zellen eine hexagonale oder kreisförmige Form aufwiesen. 
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2. Introduction and Purpose:  

Corneal transplantation is a rapidly evolving field in ophthalmology. The two main types 

of corneal transplantation surgeries are 1) penetrating keratoplasty (PKP) whereby the 

patient’s diseased cornea is excised and the donor cornea with all its layers is directly 

transplanted and 2) Descemet´s membrane endothelial keratoplasty (DMEK) which 

was introduced in 2006 [54, 55]. During DMEK, a DR consisting only of the Descemet´s 

membrane and endothelial layer of the donor cornea is previously prepared by 

stripping those layers from the rest of the corneal layers using a delicate preparation 

technique (Figure 1). After removal of the defected endothelial layer of the patient’s 

cornea, the previously prepared DR is transplanted on the stromal layer of the patient’s 

cornea [82]. The number of corneal transplantations in Germany has increased 

drastically between the years 2001 to 2020 from 4730 to 9042 keratoplasties, whereby 

DMEKs have surpassed PKP since 2014 [25, and unpublished data of the German 

Keratoplasty Registry]. 
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Figure 1: Stripping of the Descemet´s membrane and endothelial layer from the 
other layers of the cornea during DMEK preparation (self-created image). 

 

The innermost layer of the cornea is called the endothelial layer (Figure 2). It measures 

5 μm in thickness and is formed by single-layered hexagonal endothelial cells. This 

layer plays a critical role in keeping the cornea clear and transparent by pumping out 

water from the cells through an active transport system of electrolytes and liquids [29, 

65]. Through a membrane-bound Na+-K+-ATPases, the endothelium regulates the 

outflow of the aqueous humour from the stroma and provides a barrier function 

between the anterior chamber of the eye and the cornea [11].  

 

Figure 2: The layers of the cornea. This cross-section view of the cornea shows the 

3 cell layers separated by Bowman's layer and Descemet's membrane. The 

multilayered epithelium is about 50 μm thick, the stroma is about 500 μm and the 

single layered endothelium is about 5 μm thick [26]. (Open access image distributed 

under the terms and conditions of the Creative Commons Attribution (CC BY) 

licensehttps://creativecommons.org/licenses/by/4.0/).  

 
 
Since the endothelial cells are mostly non regenerative, damage to this layer leads to 

the disruption of the endothelial cell function leading eventually to corneal edema and 

https://creativecommons.org/licenses/by/4.0/
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decompensation such as in Fuchs Endothelial Corneal Dystrophy (FECD) [95]. This 

dystrophy is the most common and important endothelial dystrophy. Its prevalence in 

the normal population varies a lot depending on the population studied and is higher 

in the older population affecting around 10% to 23% of the population above 60 years 

old [22, 101]. FECD is highlighted by the presence of widespread Cornea guttata (CG). 

CG are excrescences of the Descemet´s membrane made by accumulations of 

basement membrane and fibrillary collagens that disrupt the endothelial mosaic and 

usually appear in the central area of the cornea and then spread to the peripheral 

cornea in the advanced stages of the disease [29] (Figure 3). CG appear on the slit 

lamp as “beaten metal” [47] (Figure 4). As a diagnostic method for objective detection 

and quantification of CG, non-contact specular microscopy is typically used in daily 

clinical practice. It enables an enlarged in-vivo visualization of the reflected light from 

the endothelium [52] (Figure 5). However, this microscope can only be used on living 

patients, and cannot be applied on donor corneas.  
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Figure 3: Fuchs endothelial corneal dystrophy (FECD). A: The Descemet´s 
membrane is irregular in caliber and studded with guttate excrescences. Some of 
the residual endothelial cells contain melanin granules. B: FECD, buried guttae. 
Guttae have been “buried” by a newly synthesized layer of extracellular matrix 
material. The endothelium is markedly atrophic. Buried guttae typically occur in the 
center of the cornea. This is also seen in pseudoexfoliation keratopathy whereby 
irregular thickening of Descemet’s membrane is seen along with focal 
accumulations of locally produced pseudoexfoliation material onto or within 
Descemet’s membrane  [61] C: Mushroom or anvil-shaped excrescences disclosed 
by scanning electron microscopy covers the posterior surface of the Descemet´s 
membrane. The specimen is oriented epithelial side down. D: Flat preparation of 
the Descemet´s membrane stripped from patient with FECD during DSEK 
procedure. Many endothelial cells between round pink guttae contain melanin 
granules.  
(A. PAS ×250, B. PAS ×250, SEM ×300, D. Whole mount flat preparation stained 
with H&E ×100, Courtesy Dr. R. C. Eagle, Jr. [21]). 
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Figure 4: Guttae visible with the slit lamp. 
Arrows point to the "beaten metal" 
appearance typically seen in advanced 
Cornea guttata on the posterior surface of 
the cornea (self-created image). 

 

 

 

 

Figure 5: Endothelial layer illustrated by 
the specular microscopy after penetrating 
keratoplasty. A: Represents a healthy 
cornea. B: Represents a transplanted 
cornea having Cornea guttata indicated 

with the red arrows (self-created image).  

 

 

  

When CG progresses significantly and leads to the loss of a large number of 

endothelial cells, the remaining living cells cannot maintain the transparency of the 

cornea anymore leading to corneal edema and decrease of visual acuity. At this point 

CG is no more considered as an isolated finding anymore but a manifestation of FECD 

[15, 95, 96]. Unfortunately, until now, there is no clear and validated method for CG 
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detection in the donor cornea using inverted light microscopy in the eye bank. 

Therefore, each keratoplasty bears the risk of transplanting a donor cornea with guttae. 

As part of the routine quality control of the endothelial layer of the donor corneas in the 

eye banks, the corneas are first examined using slit lamp examination for large defects 

and then assessed using inverted light microscopy examination, whereby a minimum 

of 6 pictures of the endothelial layer are taken in order to calculate the endothelial cell 

density (ECD). Only corneas having a minimum of 2000 cells/mm2 for PKP and 2200 

cells/mm2 for DMEK are considered suitable for transplantation. 

In contrast to PKP, we require a higher ECD for DMEK, because larger ECL is 

expected in DMEK at several timepoints: 1) preoperatively due to technical reasons 

during donor tissue preparation, 2) intraoperatively when the 20 µm thin DR is being 

unrolled and attached to the host stroma, as well as 3) postoperatively, especially if re-

bubbling is performed due to incomplete postoperative graft attachment [5, 20, 73, 82, 

98]. 

Despite the above-mentioned strict criteria set to ensure a satisfying quality of the 

endothelial layer, two main issues might negatively affect the status of this important 

layer, potentially leading to suboptimal postoperative results.  

1. CG in the donor cornea. Until now, this entity cannot be detected 

preoperatively in the eye banks. First, the visual conditions associated with corneal 

evaluation using the slit-lamp are notably different than evaluating a donor cornea in 

vitro. The donor cornea must be examined while stored in its culture medium to 

maintain sterility, which leads to excessive light diffusion and refraction, significantly 

affecting the resolution and clarity of the reflected image. Also, the examined corneas 

are placed in organ culture medium 1 without dextran, which causes their swelling up 

to 1000–1500 µm leading to poor delineation of the endothelial cells and making the 
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typical “beaten metal” appearance of the guttae almost impossible to detect (Figure 

6). For the above-mentioned reasons, there are currently no clear criteria for the 

detection of CG in donor corneas. Furthermore, the impact of CG in donor corneas on 

the postoperative results is until now not studied in the literature.  

 

Figure 6: Slit lamp Photo of a donor cornea in organ culture medium 1. (self-created image) 

2. The preparation and storage of the DR. Several studies mentioned in the 

literature assessed the effect of the preparation and the storage of the DR on the 

endothelial layer. However, the results of these studies varied from insignificant to 

detrimental [3, 37, 51, 58, 56, 72, 88]. Therefore, there was a need for a non-invasive 

and reproducible method to assess the impact of the preparation and storage of the 

DR on the quality of the endothelial layer.  

In our studies we aimed at optimizing the quality of the donor endothelial cell layer in 

the eye bank in order to achieve the best results and to reduce the postoperative 

complications related to ECL and failure of the endothelial layer. In the first study, we 
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measured the impact of the preparation of the DR on the endothelial layer and 

quantified the resulting ECL using a new non-invasive and reproducible method. 

Subsequently, we assessed the consequences of the DR storage on the quality of the 

donor endothelium and on the ECL. After quantifying the ECL caused by the 

preparation of the DR, we investigated another potential cause of ECL and endothelial 

failure of the transplanted graft. In the second and third study we assessed the 

prevalence and impact of postoperative CG in the transplanted grafts after PKP and 

DMEK respectively. In light of the significant results of these studies, showing that the 

presence of high-grade CG negatively affected the clinical postoperative results, we 

were urged to conduced our fourth study aiming to define morphological semi-

quantitative criteria that correlate with CG detection on the donor cornea before its 

transplantation.  
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3. Description of the Included Publications:  

3.1 Publication 1: Reproducibility of non-invasive endothelial cell loss assessment of 

the pre-stripped DMEK roll after preparation and storage 

The ability to measure the endothelial cell loss (ECL) due to DMEK preparation before 

surgery allows the surgeon to better assess the quality of the graft, long term ECL and 

indirectly graft failure rates. According to the literature, the endothelial cell loss (ECL) 

after DR preparation varied from 0% to 23% in several studies [3, 51, 56, 58, 72]. To 

the best of our knowledge, there are 2 methods to measure the ECL after DR 

preparation. The first method involves complete stripping of the Descemet’s membrane 

then manually unrolling it, and the usage of an inverted light microscope and enhanced 

image-analysis software titled “Fiji” to analyze the pictures taken and calculate the 

ECL. The ECL measured with this preparation method varied widely between different 

studies, i.e., from 9.3% [88] to 22.5% [37], and 12.44% in a study using the 

pneumodissection preparation method [3]. The second method involves measuring the 

ECL after partial peeling of the Descemet´s membrane, while leaving a small part of it 

attached to the stroma and the rest of the graft laid back against the stroma. The ECL 

caused by this preparation method directly after preparation varied from 0% directly 

after preparation [51], to 9.1% after 24 hours of storage [58], to 4.12% [58] and 23% 

[56] after 3 days of storage. In our study, a novel, reproducible, and non-invasive 

method was introduced to quantify endothelial cell loss (ECL) of the DR caused by its 

preparation and storage for 5 days. The donor corneas used in this study had a 

minimum ECD of 1800 cells/mm2 and had no detectable endothelial pathologies. After 

the preparation of 30 DRs by stripping the Descemet´s membrane from the donor 

cornea (as usually done before DMEK), the tissues were, without further manipulation, 
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directly placed in their storage medium containing organ culture medium 1 without 

dextran. 5 corneoscleral discs that did not undergo any stripping were used as a control 

group and were directly placed in organ culture medium 1 without dextran. ECL 

measurements followed directly after the preparation, and on days 1, 2 and 5 after 

storage using inverted light microscopy. For each sample, each measurement was 

repeated 5 times to ensure reproducibility of the results and to minimize bias. For each 

single measurement, a minimum of 3 clear images was obtained, 1 from the center 

and 2 from the peripheries of the DR. Our results showed an ECL of 11% due to the 

preparation procedure and further 12% due to the 5 days storage of the tissues. A high 

reproducibility of the results was demonstrated by Cronbach’s alpha values that varied 

between 0.85 and 0.98 on all measurement days. Therefore, in order to prevent 

excessive ECL and to maintain a good quality of the donor endothelial layer, shipping 

DRs after several days of storage to be used in a DMEK cannot be recommended.  
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3.2 Publication 2: Prevalence and impact of Cornea guttata in the graft following 

penetrating keratoplasty (PKP)  

CG is a known complication detected after PKP. Nevertheless, to the best of our 

knowledge, no studies have been performed to estimate its prevalence and severity. 

Our research article aimed to determine the prevalence and severity of CG in grafts 

after PKP and investigated its clinical significance during follow-up. In this retrospective 

study, 1522 patients who underwent PKP performed in the Department of 

Ophthalmology at the Saarland University Medical Center (UKS, Homburg/Saar, 

Germany) were included. Postoperative follow-up examinations until September 2020 

were included. The presence of CG was assessed using specular microscopy during 

every follow-up visit, and a detailed guttata grading system was established to classify 

the patients into several groups: Group 0 (G0) had no CG, Group 1 (G1) had mild CG, 

group 2 (G2) had moderate CG and group 3 (G3) had severe CG. The results of this 

study showed that the overall prevalence of postoperative CG on the graft was 14.9%. 

While the majority showed only a low-grade CG and belonged to G1 with a percentage 

of 13.6%, only 1.3% showed high-grade CG with G2 and G3 constituting 0.9% and 

0.4% respectively. The mean corneal thickness, pleomorphism and polymegalism 

were significantly affected by high-grade CG with a p<0.001. During long-term follow-

up examinations, a progression to a higher grade of CG was noted in 16.8% of the CG 

cases.  
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3.3 Publication 3: Prevalence and severity of Cornea guttata in the graft following 

Descemet Membrane Endothelial Keratoplasty (DMEK) 

Similar to the above mentioned second publication, this third paper investigated the 

prevalence and severity of CG in grafts after DMEK instead of PKP and assessed its 

impact on various clinical parameters during postoperative follow-up. 664 patients 

were included in this retrospective study. The presence of CG was also assessed using 

specular microscopy during every follow-up visit, and the same detailed guttata grading 

system mentioned in the second publication was used to classify the patients into 

several groups: Group 0 (G0) had no CG, Group 1 (G1) had mild CG, group 2 (G2) 

had moderate CG and group 3 (G3) had severe CG. CG was postoperatively detected 

in 18.7% of the grafts. 16.9% could be classified as low-grade CG (G1), and 1.9% as 

high-grade CG (1.4% as G2 and 0.5% as G3). A significant clinical deterioration was 

found with increasing grades of CG concerning the following parameters: corrected 

distance visual acuity (CDVA), central corneal thickness, pleomorphism, and 

polymegalism with p values of 0.02, 0.02, 0.003 and 0.04, respectively. In conclusion, 

studies two and three showed that around 1-2% of the transplanted corneas have high-

grade CG, and only high-grade CG have a significant clinical impact on the patients 

during the postoperative follow-up examinations.   
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3.4 Publication 4: Semiquantitative criteria in the eye bank that correlate with Cornea 

guttata in donor corneas 

The prevalence of CG in the normal population varies a lot depending on the population 

studied and is higher in the older population reaching 10% to 23% [22, 101]. Despite 

careful preoperative examination of the endothelial layer of the donor corneas in the 

eye banks, CG can only be detected postoperatively (but not preoperatively) using 

specular microscopy. Therefore, each keratoplasty bears the risk of transplanting a 

donor cornea with guttae. Depending on the severity of the guttae, the consequences 

of transplanting such a diseased cornea vary from being completely asymptomatic to 

significantly affecting the visual acuity. Corneal decompensation may necessitate a 

repeat keratoplasty in severe cases [22]. The aforementioned studies 2 and 3 proved 

the significant negative impact of high-grade CG on the follow-up of corneal grafts. 

Therefore, in this research article we aimed to establish semi-quantitative criteria for 

the detection of CG in the donor corneas in the eye bank. Retrospectively, 262 patients 

who underwent keratoplasty were classified according to the postoperative CG grade 

(no CG, mild CG, and severe CG). After that, the corresponding 1582 preoperative 

donor corneal endothelial pictures of these patients were collected and analyzed using 

five potential morphological semi-quantitative criteria. Our results showed that three of 

these criteria that can be detected in the eye bank using inverted light microscopy 

seem to correlate with postoperative CG: The presence of blebs (a small hyperdense 

thickening of the cell membrane), the presence of cell membrane defects and 

interruptions, as well as endothelial pictures with less than 50% of the cells having a 

hexagonal or circular shape. As a conclusion, these 3 criteria seem to be predictive 

factors for the detection of preoperative CG.  
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4. Ongoing and Future Projects:  

Currently we are taking our project one step further, as we are performing a study in 

our eye Bank implementing the novel method introduced in our first publication to 

measure the ECL of the prepared DR directly before transplanting it. This allows a 

detailed quantification of the ECL during the DR preparation and post DMEK while 

describing the clinical findings during the postoperative follow-up period.  

On the other hand, we are currently also performing further studies together with 

researchers from the DFKI (German Research Center for Artificial Intelligence) aiming 

at improving the screening methods of the endothelial layer of donor corneas and thus 

facilitating the detection of CG in the eye bank. This project comprises >1000 patients 

and >5000 preoperative endothelial images, integrates more objective criteria and 

incorporates artificial intelligence (AI) as a more accurate and precise method of 

analyzing endothelial pictures in the eye bank. Creating an AI software that is able to 

precisely predict the risk of having CG in donor corneas would prevent the 

transplantation of such diseased donor corneas thus leading to a reduction in the rate 

of post-keratoplasty CG. The first step was the segmentation of the data, i.e., 

determination of the relevant (pixel) zones and “region of interests” within an image. 

During this step, the blurry and unanalyzable areas of the endothelial pictures were 

detected and eliminated, also the potentially defected cells having an abnormally large 

surface area were highlighted and marked. Afterwards, a hybrid classification algorithm 

was created to determine the quality of the corneas and to classify them according to 

the CG grade. A so-called "deep learning" method was used, i.e., a machine learning 

algorithm based on complex neural networks.  

Finally, a decision support tool for the detection of CG was subsequently created 

combining the above-mentioned instruments into 2 components: (1) Graphical analytic 
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tools, whereby the endothelial images pass multiple OpenCV-based image processing 

steps including the Watershed transform algorithm. In this step, cell membranes are 

delineated, and abnormally large cells or cell depleted areas are marked in red. Several 

other cell representations such as “honeycomb” representation are created for an 

enhanced visualization of the endothelial layer. (2) Machine learning classifiers 

including Case-Based Reasoning were created to detect CG (Figure 7). Preliminary 

unpublished results showed a performance comparable to humans and proved that 

the created decision support tool is able to improve the decision accuracy of the 

clinicians optimizing the classification process of preoperative cornea guttata.  

 

Figure 7: KIttool: decision support tool for the detection of CG integrating 2 

components: (1) Graphical analytic tools, whereby endothelial cells are processed 

to generate several cell representations such as “honeycomb” representation for an 

enhanced visualization of the endothelial layer (EL). (2) Machine learning classifiers 

including Case-Based Reasoning were created to detect CG. (Self-created image) 
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