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suggestion 1



suggestion 2





suggestion 3



the formulary/toolbox available



the framework (clin pharm) to work with: PK



hepatic

Kearns et al, NEJM 2003

the patient to aim for: a moving target (ADME)



neonatal pharmacokinetics: ADME 
maturational and non-maturational covariates



higher BSA/kg in young children: risk for inadverted absorption

Kearns et al, NEJM 2003

absorption, skin: BSA > permeability



absorption, skin: BSA > permeability



absorption, skin: BSA > permeability



absorption, skin: BSA > permeability



3 microgr/kg intranasal, single dose





oral

rectal

developmental pharmacology, absorption

Anderson et al, Anesthesiology 1999

absorption, rectal to oral paracetamol (ENT, children)



rectal paracetamol is effective, but…

PK/PD
Anderson et al, Anesthesiology 1999

absorption, rectal to oral paracetamol (ENT, children)



distribution
body composition, (non)maturational covariates

Rakhmanina et al, Adv Drug Deliver 2006

% total body water (extra cellular) decreases significantly over infancy
relevant for distribution of water soluble drugs (Cmax, Vd, loading dose approach)



distribution volumedistribution volume



distribution volume: relevance



distribution volume: relevance



pooled iv paracetamol in neonates. Arch Dis Child 2011

distribution volume: relevance



Pediatr Anesth, 2014

‘minor’ pain syndromes

distribution volume: relevance



relevance 2.0



after procedural pain (heel prick), uniform negative  

Reference Study design and pain 
model

Paracetamol
dosing

Results

Shah et al. 
Arch Dis Child Fetal 
Neonatal Ed 
1998

Double blind placebo controlled 
trial
75 term neonates, heel prick.
Facial action pain scores and cry 
score. 

Single oral 
paracetamol 
20 mg/kg or 
placebo, 
60 to 90 min before 
prick. 

No differences in facial action pain 
scores, 
nor in cry score.

Bonetto et al.
Arch Argent Pediatr 
2008

Prospective randomized trial
76 term neonates, heel prick
pain scores (NIPS, neonatal infant 
pain score>4)

Placebo, dextrose 
(25%)
EMLA or oral 
paracetamol (20 
mg/kg, 60 min)

NIPS<4 similar between placebo, 
paracetamol or ELMA (47, 42 and 
63 %). Oral dextrose 
most effective (84% NIPS<4, NNT 
2.7)

Badiee et al. 
Saudi Med J 2009

Randomized placebo controlled 
trial in 72 preterm (mean 32 
weeks) neonates, heel prick PIPP 
(premature infant pain profile) 
score

Single (high dose) 
oral paracetamol 
(40 mg/kg) 90 
minutes before 
prick. 

PIPP scores placebo (9,7, SD 4.2) 
were similar to paracetamol (11.1, 
SD 3.8) 



Hepatic enzymes

Extrahepatic enzymes

clearance: renal/hepatic

Slide provided by J van den Anker

clearance: metabolism + excretion/elimination



Phase I and Phase II of drug metabolism

Evans et al, Science 1999

Phase I and phase II metabolism, enzymes



disease

agegenetics

drugs

nutrition

herbal medicine

Slide provided by J van den Anker

Phase I and phase II metabolism, enzymes



Kearns et al, NEJM 2003

Age related maturation is the common main driver, but…



Völler S et al, Arch Dis Child 2019

fentanyl clearance as a first illustration



Völler S et al, Arch Dis Child 2019

fentanyl clearance as a first illustration



CYP2B6/3A4

34 %

UGT

77 %

propofol clearance is metabolic clearance

High capacity, low specificity : glucuronidation

Low capacity, high specificity: CYP2B6

propofol clearance as second illustration



Allegaert et al, Br J Anaesth 2007

propofol clearance as second illustration



Brussee et al, Br J Clin Pharmacol 2018

midazolam clearance as final illustration: age and disease !



the framework (clin pharm) to work with: PD



Rakhade et al, Nat Rev Neurol 2009

the framework (clin pharm) to work with: PD-target



Open chloride receptor-channels induce hyperpolarisation by increasing intracellular chloride 
two types of receptors, GABA-a and GABA-b (G-protein coupled mechanism).

GABA release reduction and K efflux

Compounds of interest: benzodiazepines, propofol

Rakhade et al, Nat Rev Neurol 2009

the framework (clin pharm) to work with: PD-target



the framework (clin pharm) to work with: PD-assessment



the framework (clin pharm) to work with: PD-assessment



the framework (clin pharm) to work with: PD-assessment



Green et al, Pain 2019

the framework (clin pharm) to work with: PD-assessment




