
Trial@home for children: novel non-invasive methodology for the pediatric clinical trial of the future
Kruizinga, M.D.

Citation
Kruizinga, M. D. (2022, February 10). Trial@home for children: novel non-invasive methodology for the pediatric clinical trial of the
future. Retrieved from https://hdl.handle.net/1887/3274248
 
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/1887/3274248

 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3274248


Trial@home for children
Novel NoN-iNvasive methodology for the pediatric cliNical trial of the future



Trial@home for children
 Novel non-invasive methodology for  

the pediatric clinical trial of the future

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 donderdag 10 februari 2022

klokke 16:15 uur

door
Matthijs Derk Kruizinga

geboren te ’s-Gravenzande
in 1991



ParT i - inTroducTion
1 The Future of Clinical Trial Design – The transition from hard endpoints to value-based endpoints – 9
2 Development of Novel, Value-Based, Digital Endpoints for Clinical Trials – A structured approach 
 toward fit-for-purpose validation – 35

ParT ii - Technical validaTion of digiTal endPoinTs 
3 Development and technical validation of a smartphone -based cry detection algorithm – 59
4 Development and technical validation of a smartphone-based pediatric cough detection algorithm – 75
5 Technical validity and usability of a novel smartphone- connected spirometry device for pediatric  

patients with asthma and cystic fibrosis – 89

ParT iii - clinical validaTion of digiTal endPoinTs 
6 Towards remote monitoring in pediatric care and clinical trials – Tolerability, repeatability  

and reference values of candidate digital endpoints derived from physical activity, heart  
rate and sleep in healthy children – 107

7 Digital biomarkers for pediatric patients with asthma and cystic fibrosis – Clinical validation  
of physical activity, heart rate, sleep and fev1 – 129

8 Post-discharge recovery after acute pediatric lung disease can be quantified with digital biomarkers – 153
9 Objective home-monitoring of physical activity, cardiovascular parameters and sleep in pediatric  

obesity patients using digital biomarkers – 171
10 Remote monitoring with digital biomarkers in pediatric patients with sickle cell disease – A pilot study – 189
11 Finding Suitable Clinical Endpoints for a Potential Treatment of a Rare Genetic Disease – The case  

of arid1b – 199

ParT iv - non-invasive PharmacokineTics  
12 Theoretical performance of non-linear mixed effect models incorporating saliva as alternative  

sampling matrix for therapeutic drug monitoring in pediatrics – A simulation study – 219
13 Population pharmacokinetics of clonazepam in saliva and plasma – First steps towards non-invasive 

pharmacokinetic studies in vulnerable populations – 239
14 Saliva as sampling matrix for therapeutic drug monitoring of gentamicin in neonates – A prospective  

population pharmacokinetic- and simulation study – 257
15 Pharmacokinetics of intravenous and inhaled salbutamol and tobramycin – An exploratory study  

to investigate the potential of exhaled breath condensate as a matrix for pharmacokinetic analysis – 277

ParT v - discussion 
16  Discussion: Trial@home in pediatrics – A framework for remote and non-invasive data collection  

in pediatric clinical trials – 290
17 Nederlandse samenvatting: Trial@home bij kinderen – Een raamwerk voor non-invasieve  

dataverzameling op afstand voor klinisch onderzoek binnen de kindergeneeskunde – 301

aPPendices  
  Curriculum Vitae – 311
 List of publications – 312  

Dankwoord – 314

PromoTores
Prof. dr. A.F. Cohen
Prof. dr. G.J.A. Driessen, Maastricht umc

coPromoTor
Dr. F.E. Stuurman

leden PromoTiecommissie
Prof. dr. E. Dompeling, Maastricht umc
Prof. dr. C.A.J. Knibbe, St. Antonius Ziekenhuis
Dr. P.J.M. van der Boog
Dr. M.G.H. van Oijen

Design Caroline de Lint, Voorburg (caro@delint.nl)

Publication of this thesis was financially supported by the foundation Centre for Human Drug Research  
(chdr) in Leiden, the Netherlands


