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History 

• Little research in children prior to 19th century 
• Children not valued  



First trial in children  

• Jenner vaccinated his son with cowpox in 1796
• Then his gardener’s son James Phipps aged 8
• Later repeatedly exposed him to smallpox  



19th Century 

• Increase interest in children
• Industrial revolution – healthy children needed to work
• Romantic period – steadily greater emphasis on the child 

• Children in orphanages often used for experiments, or physicians’ own 
children (or their slaves) 

• Beginning to understand anatomy, digestion  
• Emphasis on vaccination



Early 20th Century  

• Continued use of children in orphanages
• Antivivisectionists (animal rights) most vocal group against this

• Diabolical Nazi experiments on children 
• Post WW2 – Nuremberg code stated that medical research should be 

forbidden in those that cannot consent – implying research would be 
unethical in children

• This tended to be ignored 



Willowbrook State School experiments

• Large home for mentally disabled in New York
• 1960s
• Deliberately infected children with hepatitis   

• Raised awareness about research in children  



Late 20th century 

• Emphasis on protecting children – greater scrutiny of protocols, 
minimization of risk  

• Pharma and researchers tended to avoid clinical trials in children

• Financial disincentive
• Smaller market for Pharma, 
• More obstacles to do paediatric trials 



Bias persists today 

• Paediatric trials 15-20% of registered trials 
• Even fewer trials in those with the greatest disease burden

• Neonates 
• Diseases impacting Low & Middle Income Countries 

• Most medicines used in children are still unlicensed or off label
• No RCT data in more than half of interventions in children 



Bias persists today 

• Vast majority of trial protocols exclude children 
• Sometimes biologically valid to do so 
• Sometimes ethically appropriate
• Mostly just done automatically 

• Maybe things will change as sexism and agism challenges the selection of 
populations for trials 



The need



The need

2.5 Billion
Children 

and young 
people



How many children have anaesthesia 

• Australia ~ 200,000
• UK ~ half a million
• USA ~ 6 million
• Rest of the world - ? 



Why the need for paediatric research 

• Different diseases, comorbidities 
• Physiology different
• Pharmacology different 

• Pharmacokinetics
• Pharmacodynamics
• Toxicity 

• Psychosocial framework and environment different 

• <10% of drugs can easily extrapolate adult data to children 
 



Examples of paediatric toxicity 

• Tetracycline – severe enamel dysplasia
• Chloramphenicol – grey baby syndrome  



Another need for paediatric research 

• Many “adult” diseases have their origin in children
• Mental health
• Cardiovascular disease
• Obesity 



Ethics



Ethics 

• Children are classified as vulnerable: 

• Unable to fully understand and thus provide sufficient consent
• Risk of coercion by parents, peers or researchers
• Conflicting values between parents and children

• Being vulnerable needs extra protection 
 



Consent

• Infants: unable to take part in the discussion & can’t consent 
• Young children with limited capacity to understand: limited discussion but 

can’t consent 
• Young people with developing maturity: capacity to understand but still 

vulnerable – consent required but not sufficient 
• Mature young people: not vulnerable - consent required and sufficient 

• Consent tailored to maturity and not set at particular ages
• Assent versus Consent



Dissent

• A child’s refusal must be respected – within the context of their maturity 
• If not sufficiently mature, then dissent may be over-ruled by parents if 

participation is in the child’s best interests 



Other ethical requirements 

• Research must be relevant to children 
• Only if it cannot be done in adults 
• As well as being vulnerable and limited understanding, children have limited, 

or no capacity to be altruistic – reduces the acceptability of risk and hence 
risk must be minimal 

• Levels of “acceptable risks” not well defined   
• Acceptable risk requires consideration of risk versus real or potential benefit 

versus value to others 



“…researchers must establish that there is no reason to believe that 
participation is contrary to that child’s or young person’s best interests.” 



“particular tension between not placing children at risk in studies of new 
interventions and the need for knowledge about how such interventions are 
best used for children” 



Trial phase 

• Phase I clinical trials are done to test a new biomedical intervention for the first time in a small 
group of people (e.g. 20-80) to evaluate safety (e.g. to determine a safe dosage range and identify 
side effects).

• Phase II clinical trials are done to study an intervention in a larger group of people (several 
hundred) to determine efficacy (that is, whether it works as intended) and to further evaluate its 
safety.

• Phase III studies are done to study the efficacy of an intervention in large groups of trial 
participants (from several hundred to several thousand) by comparing the intervention to other 
standard or experimental interventions (or to non-interventional standard care).  Phase III studies 
are also used to monitor adverse effects and to collect information that will allow the intervention 
to be used safely

• Phase IV studies are done after an intervention has been marketed. These studies are designed to 
monitor the effectiveness of the approved intervention in the general population and to collect 
information about any adverse effects associated with widespread use over longer periods of 
time.  They may also be used to investigate the potential use of the intervention in a different 
condition, or in combination with other therapies.



What phase trials are done in children? 

• Safety data, efficacy and kinetics usually established in adults first
• Typically phase three in children 

• Except if the condition only occurs in children or can only be delivered in children
• E.g. surfactant, gene therapies 

• Or, if toxicity and safety likely different in children 
• If the disease has a different natural history in children
• If there are no other therapies



Challenges



Challenges – diversity 

• Children are a very heterogenous population

• Wide range of ages
• Developing physiology
• Developing psychosocially   

• Wide range of diseases and conditions 



Challenges – numbers

• Diversity means smaller numbers
• Also, many rare diseases in children 

• Ways to generate numbers
• Adaptive designs 
• Collaboration 
• Extensive networks 



Challenges – participation 

• Both clinicians and parents may be reluctant to participate – concerned 
about risk and safety

• Enrolment 
• Extra time required to discuss participation
• Include the child in the discussion 
• Approached early and in an appropriate setting 

• Parents often do see it as a positive experience – access to treatment, 
helping other children, better care, etc 

• Children may also see it as a positive experience   



Challenges – participant information sheets  

• Age appropriate
• Context appropriate 

• Use of videos, pictures etc 



Challenges – waiver of consent 

• Minimal risk
• Significant value 
• Impractical to get consent

• The parents are often there… 



Challenges – child appropriate environment 

• Staff trained in paediatric care
• Facilities designed to accommodate children 
• Processes for reducing anxiety for procedures
• Paediatric resuscitation available etc 



Challenges – the right questions 

• Trials and research can’t answer every question
• Need to carefully choose which one is important 
• Extensive stakeholder engagement before and during design 
• Consumer input
• Consider research prioritisation processes 



Which problems? 

• Those that we worry about

Davidson, 2012 & 2013





• Those that our patients and families 
worry about

Sommerfield et al. 2023 



1.

8.



Child consumer input 

• Increasingly important for all stages of research
• Australia somewhat slow to take up
• Must be done well to be effective
• Engage children and parents 



Study design

• Experimenting on children demands the highest quality research

• Right question
• Involve a statistician 
• Right design to answer the question accurately and efficiently
• Right outcomes 
• Sufficient numbers



Challenges – dose 

• Can you simply extrapolate from adults? 
• Dose finding studies required? 
• Dosing needs to be appropriate for range of ages/weights 
• Appropriate formulation for children 

• Similar issues for non-drug interventions 



Challenges – pharmacokinetics 

• Blood sampling harder in children
• Limited sensitive micro-analytical techniques 

• Opportunistic sampling may be the best 



Pilot studies  

• Often essential in paediatrics due to the particular challenges 

• How easy is it to recruit?
• Will families be accepting of randomisation?
• Is the intervention feasible and accepted? 
• Is it feasible to collect the outcome measures?
• Do you need data on the variability in outcome measures?
• How many data are likely missing? 



Challenges – outcomes 

• Many outcomes simply extrapolated from adults
• Must be appropriate for children 
• Must be appropriate for the age range(s)
• Validated in all age ranges? Normative data for all ages?
• Clear processes for generating outcomes
• Patient & family centred 
• Patient reported outcomes may be more difficult 
• Rare “significant” outcomes – how reliable are the surrogate outcomes?  
• Long term outcomes often desirable 



Pediatric Perioperative Outcomes Group 

• COPAC: Core Outcome Measures for Peri-operative 
and Anaesthetic Care 
• Stakeholders: patients, families, clinicians, 

nurses
• Which domains to include in the core outcome 

sets 

• StEP: Standardising Endpoints in Perioperative 
medicine 
• Delphi process to choose best outcomes within 

the domains 



• 4 age groups
• Neonates < 60 weeks PMA
• Infants <1 year
• Toddlers and school age children 1-13 years
• Adolescents 13-18 years

• 724 research papers 2008-2018 
• 3192 outcomes – sorted into domains

• Great variability
• Many poorly validated  



The right outcome 

• Sometimes need years of work
• Find the outcomes that matter 
• Develop the tools to measure those outcomes 



Outcome problems – pain  

• Post op pain 
• Dozens of different measures
• Pain on function or at rest 
• What time points to measure it 
• Maximal or average pain 



Outcome problems – behaviour  

• Vernon Post Hospitalisation Behaviour Questionnaire
• 27 measures of behaviour
• Developed 1966
• Never properly validated 
• Not logical (activity, use of pacifier etc)
• No consensus on how to interpret the data 

• Absolute or relative behaviour 
• Continuous or dichotomous outcome 
• No way to accommodate improvements in behaviour



Outcome problems – anxiety on induction  

• Modified Yale Preoperative Anxiety Scale
• Activity 
• Emotional Expressivity 
• Vocalisations
• State of Apparent Arousal 
• Use of parent 

• Designed to assess premedication and preparation strategies
• What if there is no parent?
• Not applicable to distraction techniques 



Outcome problems – emergence delirium 

• Mostly measuring agitation
• Even in the best scale (PAED) there is significant overlap between pain and 

delirium 



Outcome problems – Blood Pressure

• What is a “normal” intraoperative blood pressure in a child?
• What is an unacceptable blood pressure? 
• What about infants and neonates 



Outcome problems – anaesthetic in a 
neonate
• What is the best anaesthetic in a neonate?

• How do we measure consciousness?
• How do we measure amnesia? 
• What other outcomes are we worried about?



Challenges – funding 

• Paediatric research is more difficult and hence expensive
• No extra funding for paediatric research

• Priorities often on adult health 



Challenges – expertise 

• Lack of skills 
• Lack of mentorship 

• Importance of international collaboration and networks 



Incentives to increase paediatric research



Encouraging paediatric trials 

• United Nations 1989 “Convention on the Rights of the Child”

• Right to have research evidence for commonly used treatments in children
• Reasonable to include children in the developmental pipeline for drugs likely 

to be used in children 



Encouraging trials – legislation for Pharma

• USA 1997 Legislation 
• EU 2007 Legislation
• Pharma obliged to evaluate safety and efficacy in all appropriate ages
• Have paediatric data in the product label
• Paediatric appropriate formulations
• Submit a “Pediatric Development Plan” & “Paediatric Investigation Plan”

• Penalised if no consideration of paediatric trials
• 6 month patent extension if they conduct paediatric trials 



Encouraging trials – legislation for Pharma

• Moderate increase in activity

• Mostly in endocrinology, oncology, infectious diseases and cardiovascular 
disease

• Drugs where there is a huge adult market rather then addressing paediatric 
burden of disease 

• Off patent drugs still understudied 



USA  2011

• National Institute of Child Health and Human Development Pediatric Trial 
Network

• Specific funding for trials in off patent drugs 



EU 2011

• Invested in creating a pan European paediatric trial network
• Education & training
• Streamlining processes 



UK 2005

• National Institute for Health Research Medicines for Children Research 
Network 

• Government funded 



Rare disease and novel therapies 



Rare diseases

• Definition: <5 in 10,000
• Majority in childhood
• One in twenty children have a rare disease 
• Many don’t live to 5th birthday

• Novel therapies are often the only therapy
• Life changing therapy 



Novel therapies

• Gene Therapies
• Cellular therapies
• CAR T 
• mRNA technologies
• Antisense oligonucleotides 
• Bacteriophage



Novel therapies research challenges  

• Understanding the regulatory framework
• Institutional and hospital processes in place
• Education staff and the public 
• Expertise in ethic committees
• Facilities for safe preparation and delivery 
• Fair processes to select the children 
• Plan for transition to standard care – who will pay 

• Must be a strategic priority for the country/hospital/institution 



Paediatric research in low resource settings

• Expertise 
• Time 
• Money
• Access to the literature 



Low resource settings

• Focus on your problems 
• Consider Health Services Research – how to provide the best outcomes with 

what you have 

• Build collaborations in your region
• Build relationships with established groups of researchers 



Summary

• There is a great need for paediatric research including paediatric 
anaesthesia

• Numerous challenges 
• Major challenge is having the right outcome measures
• Focus on the important problems for your patients
• Collaborate



Thank you 

andrew.davidson@rch.org.au
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