
Selective fetal growth restriction in identical twins: from
womb to adolescence
Groene, S.G.

Citation
Groene, S. G. (2023, January 11). Selective fetal growth restriction in
identical twins: from womb to adolescence. Retrieved from
https://hdl.handle.net/1887/3511752
 
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/1887/3511752
 
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/license:5
https://hdl.handle.net/1887/3511752


 
 

Selective fetal growth restriction in identical twins:  

from womb to adolescence 

 

 

 

 

 

 

 

 

 

 

 

 

Sophie Groene 
 

 

 

 

 

  



 

 

 

Selective fetal growth restriction in identical twins: from womb to adolescence 

© 2022 – Sophie Groene 

All rights reserved. No part of this publication may be reproduced or transmitted in 
any form or by any means, electronic or mechanical, including photocopy, recording, 
or any information storage or retrieval system, without permission in writing from the 
author. 

The research described in this thesis was performed at the Willem-Alexander 
Children’s Hospital, the Department of Pediatrics; the Department of Obstetrics; and 
the Department of Biomedical Data Sciences of the Leiden University Medical Center, 
the Netherlands. 

ISBN:      978-94-6458-585-8 

Cover and part/chapter illustrations:  Lisanne Tollenaar 

Lay-out:     Sophie Groene 

Printing:     Ridderprint | www.ridderprint.nl 

The research described in this thesis was supported by a grant from the Dutch Heart 
Foundation (DHF 2017T075).  
Chapter 7 was supported by a grant from Chiesi Pharmaceuticals B.V. (2018-6090). 

The publication of this thesis was financially supported by: Leiden University Medical 
Center, Universitaire Bibliotheken Leiden, Stichting Oranjekliniek, the TAPS Support 
Foundation, de Nederlandse Vereniging voor Ouders van Meerlingen (NVOM), 
Nutricia Nederland B.V., Canon Medical Systems Nederland, Chiesi Pharmaceuticals 
B.V., Platform Ex-couveusekinderen.  

Financial support by the Dutch Heart Foundation for the publication of this thesis is 
gratefully acknowledged.  

All photos in this thesis in which children are depicted are used with permission from 
themselves and/or their parents.  



 
 

 

Selective fetal growth restriction in identical twins:  

from womb to adolescence 

 

Proefschrift 

 

ter verkrijging van  

de graad van doctor aan de Universiteit Leiden,  

op gezag van rector magnificus prof.dr. ir. H. Bijl, 

volgens besluit van het college voor promoties 

te verdedigen op woensdag 11 januari 2023 

klokke 15:00 

door 

Sophie Gabrielle Groene 

geboren te Hoofddorp 

in 1997 

 

 

 

  



Promotores 

Prof. dr. E. Lopriore 

Prof. dr. B.T. Heijmans 

Co-promotor 

Dr. J.M.M. van Klink 

Leden promotiecommissie 

Prof. dr. E.H.H.M. Rings 

Prof. dr. L. Lewi, Universitair Ziekenhuis Leuven, Leuven 

Prof. dr. S. Counsell, King’s College London, London 

Prof. dr. T.J. Roseboom, Amsterdam Universitair Medisch Centrum, Amsterdam 

 

 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

Voor mijn ouders 

Voor opa Hans en oma Gonny 

  



Table of contents 
General introduction and outline of this thesis 
 

9 

Part I: From unequal placental sharing to a discordant intrauterine environment 
 

Chapter 1: Placental characteristics in monochorionic twins with 
selective fetal growth restriction in relation to umbilical artery 
Doppler classification. 

 

23 

Chapter 2: Impact of placental sharing and large bidirectional 
anastomoses on birth weight discordance in monochorionic twins: 
a retrospective cohort study in 449 cases. 

37 

 
Part II: From fetus to newborn 
 

Chapter 3: The optimal gestational age at birth for monochorionic 
twins with selective fetal growth restriction: a systematic literature 
review.  
 

61 

Chapter 4: Respiratory distress syndrome and bronchopulmonary 
dysplasia after fetal growth restriction: lessons from a natural 
experiment in identical twins. 
 

89 

Chapter 5: Early structural cardiovascular changes after adverse 
intrauterine circumstances in identical twins: a cohort study using 
neonatal cardiac ultrasound.  
 

107 

Chapter 6: Changes in structural brain development after selective 
fetal growth restriction in monochorionic twins.  
 

125 

          
Part III: From infant to adolescent 
 

Chapter 7: The impact of selective fetal growth restriction or birth 
weight discordance on long-term neurodevelopment in 
monochorionic twins: a systematic literature review.              
 

151 

Chapter 8: Long-term effects of selective fetal growth restriction 
(LEMON): a cohort study of neurodevelopmental outcome in 
growth discordant identical twins in the Netherlands.  
 

167 

Chapter 9: Insecure attachment and internalizing behavior 
problems in birth weight discordant identical twins. 
  

187 

Chapter 10: Fetal growth restriction inhibits childhood growth 
despite catch-up in discordant identical twins. 
 

203 

 



 
 

Part IV: Summary and discussion 

Summary 
 

222 

General discussion 
 

226 

Nederlandse samenvatting 
 

248 

Appendices 

Abbreviations 
 

256 

List of publications 
 

258 

Curriculum Vitae 
 

261 

Dankwoord 262 
  



 

 

  


