
Advances in endothelial keratoplasty
Birbal, R.S.

Citation
Birbal, R. S. (2020, November 17). Advances in endothelial keratoplasty. Retrieved from
https://hdl.handle.net/1887/138387
 
Version: Publisher's Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/138387
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/138387


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/138387 holds various files of this Leiden University 
dissertation. 
 
Author: Birbal, R.S. 
Title: Advances in endothelial keratoplasty 
Issue Date: 2020-11-17 
 
 
 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/138387
https://openaccess.leidenuniv.nl/handle/1887/1�


[0560] Omslag: Renuka Birbal 
FC

Formaat: 170 x 240 mm
Rugdikte: 10,5 mm

Boekenlegger: 60 x 230 mm
Datum:  05-10-2020



Advances in 
Endothelial 
Keratoplasty
Rénuka S. Birbal 



Advances in Endothelial Keratoplasty

Thesis, Leiden University Medical Center, The Netherlands

Cover image and design by:  Claudia Claas, Valetti 

Cover:    The cover image displays a watercolor drawing of the Sakura flower. 

The Sakura flower is a symbol of spiritual beauty and hope. When it 

blooms, it is a stunningly, transformative depiction of spring’s prom-

ise of renewal after a dark winter. Its fleeting presence reminds us to 

live life with gratitude and to savour small joys in every moment.

Photography:   Netherlands Institute for Innovative Ocular Surgery (NIIOS), Rotter-

dam, The Netherlands

Layout and printed by:  Optima Grafische Communicatie, Rotterdam, The Netherlands  

(www.ogc.nl)

ISBN:   978-94-6361-455-9

Copyright © 2020 Rénuka Sadhna Birbal, Leiden, The Netherlands

No part of this thesis may be reproduced in any form or by any means without written permission 

from the author. 

Financial support for the cover design and printing of this thesis was generously provided by:

Frédérique Bak Oogprothesen B.V., Visser Contactlenzen, Stichting Researchfonds Cornea Centrum 

Nederland and Stichting Leids Oogheelkundig Ondersteuningsfonds 



Advances in Endothelial Keratoplasty

Proefschrift

Ter verkrijging van

de graad van Doctor aan de Universiteit Leiden,

op gezag van de Rector Magnificus prof. mr. C.J.J.M. Stolker

volgens besluit van het College voor Promoties

te verdedigen op dinsdag 17 november 2020

klokke 16.15 uur

door

Rénuka Sadhna Birbal

Geboren te ‘s-Gravenhage

in 1987



Promotor

Prof. Dr. M.J. Jager

Copromotor

Dr. G.R.J. Melles, Netherlands Institute for Innovative Ocular Surgery (NIIOS), Rotterdam, Nederland

Leden Promotiecommissie

Prof. Dr. G.P.M. Luyten 

Prof. Dr. F.H.J. Claas  

Dr. D. Gatinel, Rothschild Foundation, Parijs, Frankrijk

Dr. V. Kocaba, NIIOS, Rotterdam, Nederland & Singapore Eye Research Institute, Singapore



For my Family





CoNTENTS

Preface

 

8

Chapter 1 General Introduction and Thesis Outline 11

Part I Donor Tissue Preparation

Chapter 2 Donor Tissue Preparation for Descemet Membrane Endothelial 

Keratoplasty: An Updated Review.

43

Cornea 2018;37:128-35

Part II Selective, Minimally-Invasive and Potentially Tissue-Sparing 
Surgical Treatment Modalities for Corneal Endothelial 
Disorders

Chapter 3 Effect of Surgical Indication and Preoperative Lens Status on 

Descemet Membrane Endothelial Keratoplasty Outcomes.

65

Am J Ophthalmol 2020;212:79-87
Chapter 4 Five-Year Graft Survival and Clinical Outcomes after Descemet 

Membrane Endothelial Keratoplasty: Results of the First 500 

Consecutive Cases.

85

Cornea 2020;39:290-7
Chapter 5 Clinical Outcomes of Descemet Membrane Endothelial 

Keratoplasty in Eyes with a Glaucoma Drainage Device.

103

Am J Ophthalmol 2019;199:150-8
Chapter 6 Descemet Membrane Endothelial Transfer: Ultimate Outcome. 125

Cornea 2018;37:141-4
Chapter 7 Outcomes of Hemi-Descemet Membrane Endothelial 

Keratoplasty for Fuchs Endothelial Corneal Dystrophy.

134

Cornea 2018;37:854-8
Chapter 8 Quarter-Descemet Membrane Endothelial Keratoplasty:  

One- to Two-Year Clinical Outcomes. 

149

Cornea 2020;39:277-82

Chapter 9 Summary and Future Directions 163
Chapter 10 Nederlandse Samenvatting (Dutch Summary) 183

Appendices List of Publications 206
Acknowledgements 208
Curriculum Vitae 211



PREFACE

Corneal diseases are among the leading causes of reversible blindness world-

wide. When conservative measures fail, many eyes can be managed with 

corneal transplantation, also known as corneal grafting or keratoplasty.

The first successful corneal allograft transplantation in a human was performed 

by Dr. Eduard Zirm in 1905. Since then, innumerable ophthalmologists and 

scientists have contributed to the development of operating microscopes, 

the refinement of surgical instruments and new methodologies for corneal 

transplantation and the establishment of eye banks. Additionally, an increased 

understanding of corneal biology and an improved management of allograft 

rejection with anti-inflammatory agents, such as corticosteroids, have dramati-

cally improved clinical outcomes.

Currently, corneal transplantation is one of the most often performed and most 

successful types of tissue transplantation. Historically, full thickness corneal 

transplantation, also known as penetrating keratoplasty (PK), has been the 

mainstay of care in the treatment of corneal disorders. In the past two decades, 

however, there has been a trend towards the selective, minimally-invasive re-

placement of the diseased corneal layers, rather than replacement of all layers. 

These partial thickness corneal transplantations are known as lamellar kerato-

plasties. Lamellar keratoplasty has revolutionized the management of corneal 

disorders and has significantly improved the utilization of cadaveric corneal 

grafts and clinical outcomes after keratoplasty.

In 2006, Descemet membrane endothelial keratoplasty (DMEK), the latest re-

finement of lamellar keratoplasty, was introduced, enabling selective replace-

ment of Descemet membrane (DM) with its endothelial layer. DMEK provides a 

near-perfect corneal restoration yielding drastically improved clinical outcomes 

for patients with endothelial disorders.

Shortly after its introduction, corneal clearance was described in eyes with a 

(partial) graft detachment after DMEK or an almost ‘free-floating’ DMEK graft 

in the recipient anterior chamber. The latter procedure, which at some point 

was performed intentionally, was tentatively referred to as Descemet mem-

brane endothelial transfer (DMET). DMET entailed descemetorhexis followed 

by insertion of a free-floating DMEK graft that contacted the posterior cornea 

only at the corneal incision. While some eyes showed corneal clearance after 



the procedure, a major drawback of DMET is that, if corneal clearance occurs 

at all, it may take up to several months.

While DMEK was clinically very successful, it had yet failed to adequately ad-

dress the significant shortage of corneal donor tissue in many parts of the 

world. Therefore, attempts were made to obtain more than one endothelial 

graft out of one donor cornea and a further refinement of DMEK included 

Hemi-DMEK, that is, transplantation of a full diameter, semi-circular graft. A 

preliminary study on the clinical outcomes of Hemi-DMEK showed that Hemi-

DMEK may result in visual outcomes similar to those after conventional DMEK.

Aiming to use donor tissue even more efficiently and to surpass the drawbacks 

of DMET, Quarter-DMEK was developed as a hybrid technique that aimed to 

combine the advantages of both DMEK (fast corneal clearance) with DMET 

and ‘descemetorhexis only’ (host peripheral endothelial cell migration). 

Quarter-DMEK has shown promising 6-month results for an initial cohort of 

Fuchs endothelial corneal dystrophy eyes and bears the advantage of poten-

tially quadrupling the availability of endothelial donor grafts if outcomes would 

remain stable on the longer term.

This thesis will focus on donor tissue preparation for DMEK and the feasibility 

and clinical outcomes of DMEK, DMET, Hemi-DMEK and Quarter-DMEK.






