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The Need

There is an increasing concern regarding the use
of medicines in children. Many of these
medicines have not been formally tested in
clinical trials, and unlicensed and off-label drug
use is widespread1–3. There is widespread
agreement between paediatricians, clinical
pharmacologists, the pharmaceutical industry
and regulatory authorities, that this situation is
unsatisfactory. There is support for developing
training programmes in the field of paediatric
clinical pharmacology from both paediatricians
and clinical pharmacologists who feel that clinical
pharmacology needs to expand beyond adult
medicine4. The scientific study of medicines in
children of all ages would be improved by the
establishment of an agreed training programme.

Training

The background of those individuals who may
wish to undergo training in this field may include
individuals who have previously trained in
paediatrics or clinical pharmacology. This needs to
be taken into account in devising a training
programme for a specific individual.

Individuals with experience in adult clinical
pharmacology may decide to seek training in
paediatric clinical pharmacology. These
individuals will need to receive training in clinical
paediatrics and also the specific aspects of
paediatric clinical pharmacology listed below:

• Ethics of clinical trials in children
• Pharmacokinetic studies in children
• Analytical methods
• Ontogeny of drug metabolism
• Pharmacogenetics
• Non-invasive methods of studying drug

metabolism
• Age-related delivery systems (formulations/

inhalers)
• Validity of animal models for the developing

human
• Age-dependent pharmacodynamic studies in

children
• Neonatal clinical pharmacology
• Drug toxicity in the fetus, infant and child
• Surveillance for drug toxicity
• Regulatory requirements for the licensing of

medicines for children
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Training in Paediatric Clinical Pharmacology

Abstract

Paediatric clinical pharmacology is a relatively new discipline with training programmes
established in several countries worldwide. Within the UK, there is no formal approved training
programme. This is an area of increasing interest and the essentials of training are described.
This includes areas similar to adult clinical pharmacology but also areas specific to paediatrics.



Ethics of Clinical Trials in Children

Previously it had been felt that clinical trials in
children were not ethical. There has now been a
change in attitude and it is recognised that to give
children medicines that have not been tested in
clinical trials is unethical. There are, however,
differences between children and adults in that
the use of healthy children for pharmacokinetic
studies is considered inappropriate by most health
professionals working in this field. There is also
the question of whether it is appropriate to use a
placebo in many of the clinical trials that are
required in children. Usually it is more
appropriate to compare a new drug with an
established drug. Other ethical issues relate to the
number of blood samples that are required and
whether other methods can be used to avoid the
need for invasive techniques5.

Pharmacokinetic Studies in
Children

It is essential that the numbers of blood samples
required are kept to the minimum. The use of
population kinetics, whereby a small number of
blood samples are collected from an individual
child but the total number of children studied is
significantly increased, is being used more
extensively6. It is not essential to determine every
pharmacokinetic parameter. It may be more
appropriate to calculate which pharmacokinetic
parameter is of importance. Blood sampling at
steady state of drugs delivered by a continuous
intravenous infusion allows the determination of
plasma clearance. Several groups have shown
that this can be studied by using a single blood
sample7. The individual needs to be able to
determine the minimum number of samples
required.

Analytical Methods

It is important that a basic understanding of the
different analytical methods for determining drug
concentrations in plasma or other body fluids is
achieved. This will involve a knowledge of HPLC,
GCMS and radioimmunoassay. The development
of microassays is of particular importance in the
field of paediatrics. The circulating blood volume
in neonates and infants is considerably lower
than that in adults.

Ontogeny of Drug Metabolism

The development of enzyme maturity varies for
different metabolic pathways. P450 enzyme
activity is usually reduced in the neonatal period.
This may be increased in infants before reaching
adult values in childhood. Glucuronidation is also

usually significantly reduced in neonates,
whereas sulphation may be increased. One needs
to be aware of drug metabolism both in adults
and in different stages of childhood. The inter-
relationship between drug metabolism, efficacy
and toxicity also needs to be understood.

Pharmacogenetics

Genetic differences in drug metabolising enzymes
and/or receptors are increasingly being identified.
The inter-relationship between pharmacogenetics
and development is an area where there has been
limited research. It is, however, important that
this inter-relationship is understood for the safe
and effective use of drugs in paediatrics. A greater
understanding of the impact of pharmacogenetics
in paediatric patients should both increase
efficacy and reduce toxicity.

Non-invasive Methods

Both saliva and urine have been used as
alternatives for blood sampling. Unfortunately,
neither is popular with children. The caffeine
breath test, which involves the use of a stable
non-radioactive-labelled isotope of caffeine, has
been shown to be useful for studying both drug
interactions and the effect of disease on drug
metabolism. This technique has been used in
children as young as three years of age and also in
neonates8,9. One needs to be aware of the avail-
ability of non-invasive methods.

Age-related Delivery Systems

Most adults prefer to take their medicine as
tablets. This is impractical for young children.
Suspensions are required and it is important that
doctors in training understand the difficulties of
preparing a medicine in an appropriate formula-
tion. This is an area that has been studied
predominantly by pharmacists, but medical input
would be valuable10. In the field of asthma there
are numerous inhalers for children of different
ages. It is important that one understands the
capabilities of children of different ages in relation
to different inhaler techniques. The need to study
drug delivery from these different inhalers is now
being recognised by regulatory authorities.

Validity of Animal Models

There is a requirement from the FDA to carry out
neonatal/juvenile toxicology studies. The
rationale of validity of the use of animal models
needs to be understood. Different animals have
different levels of enzyme maturation. It is
inappropriate to carry out toxicology studies in a
juvenile animal and assume that a similar
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scenario exists in the developing human. The
differences and similarities between different
animal models and the developing human is an
area where more research needs to be carried out.

Pharmacodynamic Studies in
Children

In the young child and neonate it may be difficult
to assess pharmacodynamic effects. This is
particularly important in the fields of pain and
analgesia. Numerous pain scales have been
developed which have been validated for children
of different ages for different types of pain11.
Understanding the development of these scales
and the need for appropriate objective pharmaco-
dynamic end points is crucial.

Neonatal Clinical Pharmacology

It is important to recognise that the study of
clinical pharmacology in the neonate is very
different to that in children. This is for a variety of
reasons and includes differences in drug
metabolism, pharmacodynamic response, and the
lower circulating blood volume of the preterm
newborn infant, in particular. Differences
between premature and full-term neonates also
need to be clearly understood.

Drug Toxicity

It is well recognised that drug toxicity in young
infants and the fetus is considerably different
from that of adults12. There have been numerous
examples of age-related drug toxicity, e.g
valproate hepatotoxicity in the young child, the
metabolic acidosis as a consequence of use of
propofol as a sedative in critically ill children and
the grey baby syndrome owing to chloram-
phenicol. One needs to be able to link drug
toxicity to drug metabolism in children.

Surveillance for Drug Toxicity

There is an increasing interest in surveillance for
drug toxicity in children and the adaptation of
models used for adults for use in children is to be
encouraged. Adverse drug reaction surveillance
in children has mainly been related to
surveillance in hospital. This is in contrast to
surveillance in adults where the majority of
adverse drug reactions occur in the community.
The individual needs training in proactive
methods of drug surveillance involving both
specific drugs13 and groups of drugs or groups of
patients14.

Regulatory Requirements

It is important that individuals are aware that
many medicines used in children have bypassed
the licensing process1–3. With major changes
introduced in the USA by the FDA and the new
ICH guidelines on clinical trials in children, it is
essential that trainees are fully aware of the
moving goal-posts.

Situation in the UK

The United Kingdom at present has three
paediatric clinical pharmacologists who are self-
taught. There are two approved training posts,
each for a single individual, in Great Ormond
Street, London, and in Aberdeen. There are also
plans to establish a post for training greater
numbers of individuals in a shorter training
programme in Derby and Nottingham.

Within the UK, clinical pharmacologists have
responsibility for patients. The situation in the
rest of Europe is different in that many countries’
clinical pharmacologists do not have patients of
their own. Within the UK it is important that, in
new subspecialities such as paediatric clinical
pharmacology, the individual is competent in
both paediatrics and clinical pharmacology.

European Network for Drug
Investigation in Children

In order to ensure adequate training, individuals
may have to work in more than one centre. The
European Network for Drug Investigation in
Children includes the key paediatric clinical
pharmacologists in Europe15. There is an
agreement and understanding within the
Network that individuals will offer training to
junior doctors from other centres provided
funding can be arranged.

In order to obtain more extensive training in
certain aspects of paediatric clinical pharmacology,
an individual is restricted to a handful of centres.
For example, if one is to receive training in
neonatal clinical pharmacology then it is best to
contact one of the experts in this field, such as
Professor Aranda or Professor John van den Anker,
who have had papers published extensively in this
area16,17. Similarly, if one desired experience in
pharmacogenetics, then one should contact experts
such as Professor Evelyne Jacqz-Aigrain in Europe
or Professor Greg Kearns in the United States18,19.

It is only by working together, both within
Europe and, one would hope, within the USA,
that we will be able to improve training in this
developing area.
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