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OUR DAILY LIFE 

From the smallest to the biggest one… 3 
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CHILDREN ARE NOT LITTLE ADULTS 
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AGE CATEGORIES: VARIABILITY 
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Adapted from  : Tomlin S, EAHP 2014  

Survival 

phase 

Adaptation 

Growth, 

proliferation 

Differentiation 

Puberty 

Sexual 

maturation 

<500 g >100kg 



VARIOUS DISEASES : EXEMPLES 
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Adapted from  : Tomlin S, EAHP 2014  

Respiratory 

distress 

syndrome 

 

Necrotising 

enterocolitis 

 

Patent ductus 

arteriosus 

Neonatal asphyxia 

 

Neonatal sepsis 

 

Metabolic desease 

Meningitis 

 

Bronchiolitis 

 

Cardiac surgery 

Trauma 

 

Near-drowning 

 

Peritonitis 

Intoxication 

 

Asthma 

 

Anorexia 

nervosa 

<500 g >100kg 



PATIENTS  
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27 beds 
~ 1000 patients/year 

 

12 PICU beds  

(7 IC + 5 intermediate) 

  

 23 NICU beds  

(13 IC + 10 intermediate) 

 

20% Cardiac surgery (>200 patients/year) 

50% Premature and neonates (>500 patients/year) 

 

Liver transplantation (~10 patients/year) 

 

Other: post chirurgical, traumatic injuries, infections (bronchiolitis, sepsis)  



USING DRUGS IN ICUS 

 

 

 

VS 

11 > 18 years 

ADULT ICU 

newborn 

PICU / NICU 
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ADULT needing DRUG 

1 amp q 8h 
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Newborn  needing DRUG 

1 amp q 8h 

7 Fr 

2.3mm 1.2 Fr 

0.4mm 



"I KNOW THAT I KNOW    NOTHING“… 
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CONCERNING DRUGS USE AND PK… 

    …BE PRAGMATIC 



PHARMACOKINETIC PARAMETERS 
15 

Exposition 

Receptors 

A 

D 

M 

E 
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“what the body does to a drug”  

“what a drug does to the body”  

Pharmacokinetic  
-> profile of drug concentration over time 

Pharmacodynamic: 

Pharmacodynamic  

-> effect of the drug on the body (receptors) 

1. Absorption 

2. Distribution 

3. Metabolism 

4. Excretion 



WHAT INFLUENCE DRUG EFFECT? 
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Patient in NICU / PICU 

Administration 
Drug incompatibilities 

and in-line filters 

Drug delivery and 

infusion material 

… 

Drug 

effect 

Exposition 

Receptors 

A 

D 

M 

E 

Ontogenesis 

Pharmacogenetics 

Environment  

Nutritional state 

Critically ill 

•ECMO, renal dialysis  

•Drug interactions 

•Co-morbidity… 

 

http://www.google.ch/url?url=http://www.egliseccm.com/?p=879&rct=j&frm=1&q=&esrc=s&sa=U&ei=diKbU-CcHIKp0QXZi4DADw&ved=0CBYQ9QEwAA&usg=AFQjCNGrHCD4s0ipjtUgCH7ZMPa9RCEUhA


TWO MAIN PK PARAMETERS 

 Volume of distribution (Vd) 

Loading dose 

 

 

 Clearance  

Maintenance dose  

  to reach a certain Css 
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Adapted from Vaughan K,  Dell Children’s Medical Center of Central Texas 



PHARMACOKINETIC PARAMETERS 
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Cmax = Peak concentration 

Minimal therapeutic concentration   

Cmin = Trough concentration 

AUC Therapeutic range Area under the curve 

Cmax = dose   

Vd 

Vd: Volume of distribution 

Elimination half-life T1/2 = ln2 x Vd 

Cl 

T1/2:  Time taken for plasma concentration to halve 

Cl:  Clearance 

ln2 = 0.693 

In Children:  

• Pharmacokinetic parameters 

• Therapeutic levels  

• Therapeutic range 

Different than in adults and  specific for age categories! 



STEADY-STATE  

 Absorption or infusion rate balanced by 

elimination rate 
 Plasma concentration does not increase anymore 

 Time to reach steady-state:        4-5 T1/2 

 Time to be completely eliminated:  4-5 T1/2 
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Continuous infusion (mg/h)  

Half-life : 12 hours 

Intermittent dosing (x mg at each interval   (ex. 12 h)) 

Css = steady-state concentration 

Starkey ES et al. Arch Dis Child Educ Pract Ed 2015;100:37-43 

 



VOLUME OF DISTRIBUTION VD 

 Small Vd : drug mainly within systemic circulation 
 Plasma volume (Vd 0.05 L/kg): large MW or high protein binding (ex. heparin, aspirin) 

 Extracellular water (Vd 0.2 L/kg): ex. penicillins 

 Total body water (Vd 0.6 L/kg): ex. paracetamol, indometacine 

 

 Large Vd (2-10 L/kg): drug distributed into peripheral 

compartments (ex. morphine) 

 

 Useful to determine loading doses 
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Starkey ES et al. Arch Dis Child Educ Pract Ed 2015;100:37-43 

Cmax = dose   
Vd 



CLEARANCE CL 

 Sum of drug clearance Cltot = hepatic + renal  

 Hepatic clearance 
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Allorge  D, Loriot A. Ann Biol Clin 2004;62:499-511 

Starkey ES et al. Arch Dis Child Educ Pract Ed 2015;100:37-43 

 

Phase 1:  oxidation, demethylation  

 by enzymes (CYP450) 

Phase II:  conjugation 

Phase III: excretion – elimination 

 (renal or biliary)  

 

Drug transport proteines:  

P-gP (P-glycoproteine) 

MRP (Multidrug resistance protein)  

hydrophilic 

hydrophobic 

Cell 

 protection 

 Renal clearance:  unchanged /metabolites  

 Glomerular filtration:  aminoglycosides, digoxin 

 Proximal tubular secretion: penicillins, furosemide 

 



BASIC PAEDIATRIC PK PRINCIPLES 

AND ONTOGENESIS  

IN THE NON - CRITICALLY ILL CHILD 

Challenge:  

- Normal physiological and developmental changes  

- Variability 

23 



3 PAPERS 
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Kearns GL et al. N Engl J Med 2003;349:1157-67 



GASTRO-INTESTINAL 

ABSORPTION 
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1. Absorption 
2.  Distribution 

3.  Metabolism 

4.  Excretion 



ABSORPTION 

   adult 

   > adult 

  < adult 

Kearns GL et al. N Engl J Med 2003;349:1157-67 
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Day 1: pH  1 – 3 

At 24h and for 1 to 2 weeks: pH neutral 



ABSORPTION 

Neonate Infant Child 

Gastric emptying 
Delayed 

 Absorption time 
Enhanced Slighltly enhanced 

Gastric pH 

pH >5 

1-2 weeks of life  

 progressively 

4-2 
>2 years age:  

Adult value (pH 3) 

Intestinal transit time 
Decreased 

 Delayed 

absorption time 

Enhanced Slighltly enhanced 

Biliary system 
Immature 

 Fat absorption 

Almost adult 

value 
Adult value 

Intestinal enzyme 

CYP1A1, CYP3A 

PgP 

 

Immature 

Unclear 

 

Immature 

Unclear 

 

Adult value 

Unclear 

Bioavailability 

  

Kearns GL et al. N Engl J Med 2003;349:1157-67 

Bartelink IH. Clin Pharmacokinet 2006; 45;1077-1097 
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DISTRIBUTION 
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1.  Absorption 

2.  Distribution 
3.  Metabolism 

4.  Excretion 



BODY COMPOSITION 

 

80% water 

20% fat 

60% water 

20% fat 

Neonates  

• larger Vd for hydrophilic 

drugs (aminoglycosides)        

-> risk of underdosing 

• lower Vd for fat-soluble drugs 

(fentanyl, midazolam)              

-> risk of toxicity 

Kearns GL et al. N Engl J Med 2003;349:1157-67 
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Vd 

  

http://www.google.ch/url?url=http://www.clipartpanda.com/categories/jellyfish-clip-art&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CB4Q9QEwAmoVChMItp37kP6JxgIViJpyCh3LewUd&usg=AFQjCNHfMfjSEZ2oTq4N6rd3BQeH1TqTCA


VD AND GENTAMICINE 

 A larger Vd requires a higher loading dose of the 

drug (in mg/kg) to reach the same plasma 

concentration   
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Neofax 2010 

 

Message 1:  

Increased volume of distribution   

means increase the dose (loading dose),  

to " fill up all the spaces "    

Vd  

Cmax = dose   

Vd 



HEPATIC METABOLISM 
31 

1.  Absorption 

2.  Distribution 

3.  Metabolism 
4.  Excretion 



METABOLIC CAPACITY  

AND DEVELOPPEMENT 
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de Wildt SN, et al. Arch Dis Child 2014 

Choonara I, et al. Arch Dis Child 2014;99:1143–1146 

Neonates  

• Reduced hepatic clearance    

-> risk of toxicity  

Child 

• Increased hepatic clearance 

for some drugs                       

-> risk of underdosing 

Hepatic  

Clearance 

  



IMPACT ON HALF-LIFE 

midazolam 

CYP3A4 

ibuprofen  

CYP2C9, 

2C19 

indomethacin 

CYP2C9  

caffeine 

CYP1A2 

morphine 

UGT2B7 

paracetamol 

UGT1A6,1A9 

T1/2 NN 6-12h PNA 3j: 43h 

PNA 5j: 27h 

PNA<2sem: 

20h 

PNA>2sem: 

11h 

 

NN: 72-96h Premature: 

10-20h 

NN: 8h 

NN: 2-5h 

Sulphation 

T1/2 child 1-1.5h 1-2h - 5h (at 9 

months) 

1-2h  

Sulphation 

T1/2 adult 1.5-3.5h 2-4h - 3-5h 2-4h 1-3h 

Glucuro-

conjugation 
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PNA:  post natal age 

NN:  neonate Reduced hepatic clearance and longer half-life in NN 

Increased hepatic clearance in childhood 

 
Message 2:  

Metabolic clearance of drugs matures at different rates,  

depending on the drug metabolism pathways involved  



RENAL EXCRETION 
34 

1.  Absorption 

2.  Distribution 

3.  Metabolism 

4.  Excretion 



RENAL FUNCTION 

Kearns GL et al. N Engl J Med 2003;349:1157-67 

Proximal 

tubular 

secretion 

Adult values (100 – 120 ml/min) 

at about 1 year 
35 

Reduced renal clearance 

in the first year of age 

for:  

• Drugs with high renal 

excretion 

(aminoglycosides, 

penicillines, furosemide) 

• Active metabolites 

(morphine-6-glucuronide) 

Renal   

Clearance 

  



CLEARANCE AND GENTAMICINE 

 Renal Clearance is affected by immature glomerular 

filtration 

 A decreased Clearance requires a longer dosing interval 

to maintain trough concentrations low (to limit toxicity)  
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Neofax 2010 

Message 3:  

Decreased clearance  

means longer half-life and higher plasma concentrations 

Need to increase dosing interval    

Cl  



THERAPEUTIC DRUG MONITORING 

At HUG: 

 No specialist for interpretation of drug levels 

 No sophisticated system such as population PK 

modelling (software) 

 Pragmatic attitude (gentamicine, vancomycine):  

 Preformated drug prescription in electronic prescription 

system 

 Written guidelines in the pocket  for neonates and for 

child over 1 year  

 How much drug should be given depending on age and at 

which interval 

 How to adapt trough level if to high or to low  37 

 

 

  …changing dose and interval all the time ! 

   

  To change trough level, 

  adapt dosing interval 

 

  Steady-State? 
 

 

Message 4:  
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http://pharmacie.hug-ge.ch/infomedic/utilismedic/tdm_vanco_amino_neo_poche.pdf 

Situation  taux 

visés élevés 

v 

Electronic prescribing 



Fonzo-Christe C et al. Ther Drug Monit 2014 ;36:656-62 
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CRITICALLY ILL AND PHARMACOKINETIC 
40 



IMPACT ON DRUG PK 
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Roberts JA et al. Lancet Infect Dis 2014;14:498-509 

Therapeutic failure Toxicity Therapeutic 

failure or 

Toxicity 

Message 5:  

 In children 

• Principles are identical to adult  

• Cases more or less represented depending on age categories  

• Renal function difficult to evaluate < 1 year 

• Congenital malformations (heart, kidney…) 



ENHANCED  

RENAL CLEARANCE 
Antibiotics 42 



RENAL CLEARANCE 
 Enhanced in some critically patients (adult) 

 ARC: augmented renal clearance 

Udy AA et al. Clin Pharmacokinet 2010; 49:1-16 

Sime FB et al. Curr Opin Pharmacol 2015;24:1-6 

43 

Sub-optimal exposure of  

antibiotics with t>MIC? 



ARC IN CRITICALLY ILL CHILDREN 

 Has not been reported in children  

 In two PK modelling studies in critically ill children :  

 high mean clearance for amoxicillin estimated -> ARC?   

44 

De Cock PAJG et al. Antimicrob Agents Chemother 2015; 59:7027–7035 



ARC AND BETA-LACTAM AB 
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Clinical implications for  

time-dependent (t>MIC) AB 

• More frequent dosing (shorter  

 dosing interval) 

• Increased total daily dose 

• Continuous/extended infusions? 

• TDM 

Huttner A et al. Int J Antimicrobiol Agents;2015:45:385-92 

Udy AA et al. Intensive Care Med 2013;39:2070–82 

Sime FB et al. Curr Opin Pharmacol 2015;24:1-6 

Message 6:  

Increased clearance 

means low troughs for AB’s that needs t>MIC   

need to increase frequency  (reduce interval) 



QUESTIONS 

 ARC and antibiotics resistance? No data 

 Antibiotics as a continuous infusion:    

pharmaceutical considerations 

 Stability of drugs 

 

 

 

 

 

 

 Drug compatibility (IV line « occupied » during 24h) 

 Potential for vasculitis and extravasation?  
46 

Jehl F et al. Réanimation 2009;18:343-52 

  

 Need to change 

 the drug solution 

 (syringe) regularly 

 

 



ECMO 
Antibiotics, sedation/analgesia 47 



ECMO: IMPACT ON PK 
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Shekar  K et al. J Crit  Care 2012; 27: 741.e9–741.e18 

Often ECMO and CRRT combined !  



HEMODILUTION 

 

• Inversely proportional to age 

• Impact mainly for hydrophilic 

drugs with small Vd (AB) 

Sherwin J et al. Clin Ther. 2016;38:1976–1994  
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DRUG SEQUESTRATION 

 3 key factors: drug stability, lipophilicity and protein 

binding 

 Dependent of  

 oxygenator and circuit type (silicone vs polypropylene 

hollow fiber membrane, coated vs uncoated circuit) 
50 

Shekar K et al. Critical Care 2015;19:164 

Shekar  K et al. J Crit  Care 2012; 27: 741.e9–741.e18 

 

-90% 



THERAPEUTIC IMPLICATION 
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Shekar  K et al. J Crit  Care 2012; 27: 741.e9–741.e18 

Ex. photodegradation 

Sorption 

Furosemide, nitroprusside, 

vitamins 

Message 7:  

Increased Vd means increase the loading dose 

Decreased clearance means increase interval  

Increased clearance means reduce interval  

For Abs, do TDM  

For sedation/analgesia, titration (morphine 1st choice) 

Factors 

1. Priming / fluid 

2. Circuit / Filter 

3. Patient 

4. Drug caracteristics 
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True and important, but  

even more important in NICU/PICU:   

Where is the drug? 

Pharmacokinetic in the critically ill:  

 

« If you do not understand it, 

Drugs don’t work! » 



DRUG PREPARATION AND 

ADMINISTRATION 
53 



DRUG PREPARATION  
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Morecroft CW, et al. Arch Dis Child 2013;98:831–832 

1.5 drops! 
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Arenas_Lopez S et al. Arch Dis Child 2017, doi: 10.1136/archdischild-2016-312492 

De Giorgi I, 2007 http://pharmacie.hug-ge.ch/rd/posters/jfsph06_idg_precision_seringues.pdf 

Message 8:  

Take at least 25% of 

the volume of a syringe 

to limit variability 



CONCLUSION AND KEY MESSAGES 
56 



WHENEVER « DRUG CULTURE » IS LACKING… 

 

 A « BEDSIDE » PHARMACIST AS A 

« TRANSLATIONAL DRUG SPECIALIST » 
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To Care for the patient … Take also Care of the drug! 

Prescription Preparation Administration 

Teaching 
PK  

TDM 
Drug Safety 

Clinical 

research 

Good practice 

survey 

IT tools Literature 

research 
… 



SICK KIDS … 

… PRAGMATISM NEEDED 

 Prefer « no drugs » if possible 

 Prefer « old drugs » if possible 

 Prefer « safe drugs » in adults if possible 

 Fight fuzziness (or even mistakes)  

   in prescription, preparation, delivery 

 Fill the Vd 

 Think to the kidney 

 In some cases, do TDM 

 ECMO, give more and monitor 

 No effect…  Where is the drug ? 

 Ask the pharmacist! 
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THANKS FOR YOUR ATTENTION ! 
59 


