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CHILDREN ARE NOT LITTLE ADULTS










AGE CATEGORIES: VARIABILITY

Evolving physiology

Sexual
maturation

Differentiation

Puberty
Growth,
proliferation
Adaptation

Survival

phase

Pre-term Mewborns Infants & toddlers Children Adolescents
newhborns 27 days 28 daysto 23 months 2to 11 years 12t0 16-18 years
<500 g >100kg

Adapted from : Tomlin S, EAHP 2014




VARIOUS DISEASES | EXEMPLES

Intoxication
Asthma
Trauma Anorexia
. _ nervosa
Meningitis Near-drowning
Respiratory Neonatal asphyxia Bronchiolitis Peritonitis
distress i
syndrome Neonatal sepsis Cardiac surgery
Necrotising Metabolic desease

enterocolitis

Patent ductus
arteriosus

Pre-term Mewhborns Infants & toddlers Children Adolescents
newhborns 27 days 28 daysto 23 months 2to 11 years 12t0 146-18 years

<500 g >100kg

Adapted from : Tomlin S, EAHP 2014




Hopitaux
Universitaires
Genéve

27 beds

~ 1000 patients/year

PATIENTS

¥

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)
CEHNTRE SUIS5E DES

: : ; MALADIES DU FOIE
Liver transplantation (~10 patients/year) . OF LENEANT

Other: post chirurgical, traumatic injuries, infections (bronchiolitis, sepsis) 0




USING DRUGS IN ICUS

ADULT ICU

> 18 years

PICU [ NICU

newborn
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"I KNOW THAT | KNOW 2 NOTHING". ...

CONCERNING DRUGS USE AND PK...
...BE PRAGMATIC 0




Exposition
Receptors
‘ PHARMACOKINETIC PARAMETERS
-




Pharmacokinetic
“what the body does to a drug”

-> profile of drug concentration over time

1. Absorption
2. Distribution
3. Metabolism

4. Excretion

Pharmacodynamic
“what a drug does to the body” 6

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




WHAT INFLUENCE DRUG EFFECT?

Patient in NICU / PICU
Administration

Drug incompatibilities
and in-line filters Drug
Drug delivery and effect

infusion material
Exposition
Receptors

Ontogenesis Critically ill
Pharmacogenetics *ECMO, renal dialysis
Environment *Drug interactions

Nutritional state *Co-morbidity...
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TwoO MAIN PK PARAMETERS

o Volume of distribution (Vd)
L oading dose *

o Clearance
< Maintenance dose 7
to reach a certain Css




PHARMACOKINETIC PARAMETERS

Concentration, mg/L

Cmax/~ dose
Vd

of distribution

* Pharmacokinetic parameters

* Therapeutic levels

* Therapeutic range

Different than in adults and specific for age categories!

T- - 3%

«— > Time, hours

1 T1/2

Elimination half-llfe T1/2 - |n T1/2: Time taken for plasma concentration to halve Q
1 Cl:  Clearance
In2 =0.693




STEADY-STATE

o Absorption or infusion rate balanced by

elimination rate
» Plasma concentration does not increase anymore

» Time to reach steady-state: 4-5T,)
Time to be completely eliminated: 4-5T,)
60 Intermittent dosing (x mg at each interval &= (ex. 12 h))
50 Half-life :_12 hours L 1 _ Cmax
% A . " Y oy Continuous infusion (mg/h)
£ 40 ! T e .
= T, * - Css = steady-state concentration
= L Y
= 30 : o
] .
o 20 - L Steady state =
E IS
S
10—+
0

0 12 24 36 48 60 72 84 96

Time { ho LJI'S}I Starkey ES et al. Arch Dis Child Educ Pract Ed 2015;100:37-43




VOLUME OF DISTRIBUTION VD

Small VVd : drug mainly within systemic circulation

o Plasma volume (Vd 0.05 L/kg): large MW or high protein binding (ex. heparin, aspirin)
o Extracellular water (Vd 0.2 L/kg): ex. penicillins
o Total body water (Vd 0.6 L/kQ): ex. paracetamol, indometacine

Large Vd (2-10 L/kg): drug distributed into peripheral
compartments (ex. morphine)

Useful to determine loading doses

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



CLEARANCE CL

Sum of drug clearance Cltot = hepatic + renal
Hepatic clearance

Phase 1. oxidation, demethylation
by enzymes (CYP450)

Phase Il: conjugation

Phase Ill: excretion — elimination
(renal or biliary)

Phase |
ROH
XOH =
- I £ :GET|

c=llule

Elimination

e e Drug transport proteines:
Phase Il : expulsion du produit parent ou des métabolites conjugués P'gP (P_glycoprotelne)

I:::} :expulsion du xénobictique sous forms inchangée ou conjuguée

MRP (Multidrug resistance protein)

Renal clearance: unchanged /metabolites
Glomerular filtration: aminoglycosides, digoxin
Proximal tubular secretion: penicillins, furosemide

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



BASIC PAEDIATRIC PK PRINCIPLES
AND ONTOGENESIS
‘ IN THE NON - CRITICALLY ILL CHILD
Challenge:
- Normal physiological and developmental changes
) - Variability




3 PAPERS

Practical pharmacokinetics:
what do you really need to know?

E S Starkey," H M Sammons?

Starkey 5, ef al. Arch Dis Child Educ Pt Ed 2015;100:37-43.

Drug metabolism for the paediatrician

Saskia N de Wildt,' D Tibboel," J S Leeder?
de Wildt SN, et al. Arch Dis Child 2014,0:1-6.

Developmental Pharmacology —
Drug Disposition, Action, and Therapy
in Infants and Children

Gregory L. Kearns, Pharm.D., Ph.D., Susan M. Abdel-Rahman, Pharm.D.,
; iE Sarah W. Alander, M.D., Douglas L. Blowey, M.D.,
J. Steven Leeder, Pharm.D., Ph.D., and Ralph E. Kauffran, M.D.

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




. Absorption

1

2. Distribution
3. Metabolism
4

. Excretion

‘ GASTRO-INTESTINAL
® ABSORPTION




ABSORPTION

250 1

200

150

Changes in Gastrointestinal Function

Hyd rechloric acid production
Bile acid secretion

Intestinal and body length
Intestinal glutathicne conjugation —
Intestinal v P1AL

OEEOMN

100 3

50

Percentage of Adult Act ity

I 1 1 s

Bith '~ 1wk 2wk | 3wk | 1mo | 3mo I1—3:|-T

T Age

Day 1. pH 1-3
At 24h and for 1 to 2 weeks: pH neutral

|
46T

10T

A

adult

v

Adult

> adult

< adult

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




ABSORPTION Bioavailability

Kearns GL et al. N Engl J Med 2003;349:1157-67
Bartelink IH. Clin Pharmacokinet 2006; 45;1077-1097




.Q‘ DISTRIBUTION

1

2

3.
4.

. Absorption

- Distribution

Metabolism

Excretion



BODY COMPOSITION

B Developmental Changes in Distribution Sites
100- Vd

@ Total body water
@ Extracellular water

80 ® Body fat NEEIER
60 - * larger Vd for hydrophilic

drugs (aminoglycosides)

40

-> risk of underdosing

 lower Vd for fat-soluble drugs
(fentanyl, midazolam)

M -> risk of toxicity
¥r

e

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

Percentage of Total
Body Weight
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VD AND GENTAMICINE

o Alarger Vd requires a higher loading dose of the
drug (in mg/kg) to reach the same plasma
concentration

Dosing Chart

PMA Postnatal " Dose Interval
(weeks) (days) / (mg/kg) \ (thours)
Oto7 5 48
8to28 4 36
=29 =29

- 4 24 Cmax/Z dose
30to 34 0;%7 \ 445 / 33 V_d
vd ¥ =8 \J

=35 ALL N 4] 24

* or significant asphyxia, PDA, or treatment with indomethacin

Message 1.
Increased volume of distribution

means increase the dose (loading dose),
to " fill up all the spaces "

Neofax 2010




1. Absorption

2. Distribution

.. Metabolism

4, Excretion

.Q‘ HEPATIC METABOLISM




% of adult a

METABOLIC CAPACITY
AND DEVELOPPEMENT

160

Hepatic

- Prenatal pattern:

ity

140 CYP3AT, FMOL, Clearance
120 /-\ SULT1A3
- — / — = Constant pattern: N eonates
80 CYP3AS5, SULT1A1, .
. \ TPMT - Reduced hepatic clearance
” ----:y--_ e = = -l . =—Postnatal pattern: " rISk Of tOXICIty
CYP2C9, 2C19, 2D6, -
* } \\ 2E1, 3A4, FMO3, most Ch I | d

0 T o T T T T T T T T T UGTs

* Increased hepatic clearance
for some drugs
-> risk of underdosing

1st trimester

Table 2 Drug metabolism and age

Age CYP3A4  CYP1A2  Glucuronidation  Sulphation
Preterm neonates  + + + +4+

Term neonates + + + +++
Infants +++ ++ ++ ++
Children +4++ +++ +++ +
Adolescents ++ +++ +++ +

de Wildt SN, et al. Arch Dis Child 2014
Choonara I, et al. Arch Dis Child 2014;99:1143-1146




IMPACT ON HALF-LIFE

midazolam | ibuprofen indomethacin | caffeine morphine | paracetamol
CYP3A4 CYP2C9, CYP2C9 CYP1A2 UGT2B7 UGT1A6,1A9
2C19
T, NN 6-12h PNA3j: 43h  PNA<2sem: NN: 72-96h  Premature: NN: 2-5h
PNAS5j: 27h  20h 10-20h Sulphation
PNA>2sem: NN: 8h
11h
T, child 1-1.5h 1-2h - 5h (at 9 1-2h
months) Sulphation
T,, adult 1.5-3.5h 2-4h - 3-5h 2-4h 1-3h
Glucuro-
conjugation
PA: post natalage 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




1. Absorption

2. Distribution
3. Metabolism

.. EXcretion

.Q‘ RENAL EXCRETION




RENAL FUNCTION

Renal
Acquisition of Renal Function CI earance
8001 -160
?§ E o Glomerular , & Reduced renal clearance
6001 i -120 @® . .
o filtration P in the first year of age
35 B for:
2 E 400- 30 SR o
SE Dara. e E. . Drugs_wnh high renal
E 3 200 aminohippuric L0 = _E_ excretion
v | . B — . .
S g acid M (aminoglycosides,
“S o 1, & penicillines, furosemide)
1-2 2-4 2 6 1 2 6 12 . .
mo  yr yr yr o yr » Active metabolites
Age (morphine-6-glucuronide)

Proximal
tubular
secretion

Adult values (100 — 120 ml/min)
at about 1 year

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




CLEARANCE AND GENTAMICINE

o Renal Clearance is affected by immature glomerular
filtration

o A decreased Clearance requires a longer dosing interval
to maintain trough concentrations low (to limit toxicity)

Cl AN

Dosing Chart

T\

PMA
(weeks)

Postnatal
{days)

Dose /
(mg/kg) /

Interval
(hours)

=29*

Oto7
8to28
=29

4

48
36
24

30to 34

Oto7
=8

36
24

=35

ALL

24

* or significant asphyxia, PDA, or treatment with indemethacin

Message 3:

Decreased clearance

means longer half-life and higher plasma concentrations
Need to increase dosing interval

~—_—

Neofax 2010




THERAPEUTIC DRUG MONITORING

At HUG:

o No specialist for interpretation of drug levels
oM\l Message 4:

! ...changing dose and interval all the time !

To change trough level,
adapt dosing interval

Steady-State?

o How to adapt trough level if to high or to low




GENTAMICINE chez le NOUVEAU-NE et PREMATURE LG
Carte de poche o

| Posclogie et administratio

Electronic prescribin Rgs Gooilonael | Sgepoeiant | Does | ariase
P g [semalnas] pours do vis] / | jmgkgidoss) | _[neurus]
=
£20 B-28 4-5 36
. = =29 4-5 24
Choix Médicaments P 57 4-5 36
——— - - LX) 4-5 24
Aperu =35 4-5 24
= Perfusion IV sur 30 min. Diufion aves G5% W mgémL, m
o Groupe patient: Unite: T
NéoNat NEONA | TOM ing} |
= LE sChéma de posciogle rite W 12 fonction rénals. Mesurer | taux
Groupes Medicaments résidusl avant la &5 poursuid pendant = 45 haurses_
e x prboutors duree 1 Uk e 21 v
denut 1" dose  fenant compte de laccumuiaion 3 venir. En
> MEDICAMENTS SI bas, £'assurer qul N'y 3 Pas de sUMoeage, un intervala raceour !
>MEDICAMENTS NN de prélévameant.
ANTALGIQUE ngé pendant =10 jowrs, répater TOM et consulier les Infectiologuss au 33753,
ANTIALLERGIQUE pic ne oot pas &tre contndié en rouBine. Indication : Prescription dune posologe
= = rente de ces recommandalons, présence dun 3éme sacteur ou non rRporse au ralkement.
Préparations Noms genériques soment ou dosage - 3pres 3 3*™ dose, 30 min 3pres 3 fin de 13 perfEsion.
Gardenal fiol 40mg=2mi :‘ 3 | _DDS&GEA LU'EQUILIBRE
Gentamicine (= Refobacin) 1] Glucagon =
Glucagen fiol sec 1mg=1ml Gluca — DOSAGE A L'EQUILIBRE
Clucaden secimesitt < Taux résiduel cidké = 1 mg/L
4 |
= ‘ Mhm actuel Action proposée
\24neutes smooseestcocecte mwbmﬁmmﬂmt
Prescriptions par déf... <0.5SmglL ﬁ neurss Diminuer Nmervaile a3 24 heures. Refaire un 005302 apres deux Joses.
Gentamicine <29SA <7J vie & Dimihuer Nnmenaile 3 36 heures. Refaire un 00S3Qe apres deux 006es.

Gentamicine <29SA >29j vie

24 Augmenier Intervalie acuel 3 35 heures, contnuer avec cet intervale.
Gentamicine <29SA 8-28J vie

Refare un 006302 aprés deux 00ses.

Gentamicine >35SA
Gentamicine 30-34SA <7j vie

»>2mglL 36[“,“ Augmenier ntervaie acluel 3 43 heures, CoONtinuer avec cat Intervaie.
Refaire un dosage aprés deux 6oses.

Gentamicine 30-345A >8) vie 5 heures Ne pas 0onner ia prochaine dose. Controier 13 conc. 4ans 24 haures.

Reéagulier

PSE ] (> 3 mgiL pour '3ge) | Ne pas donner i3 prochaine dose. Controler @ conc. 4ans 24 heures.

b e e TorEe T T T

=1.1mgl Daonner ia Ermrme dose, continuer aves un Intenvalle de 34 heures

Eermer 1.2-2.3 mgl | Donnerla prochaine dose dans 12 hiewnes, conbnuer avec un imtenvalie de 36 heuras
— 24 -3.2mglL | Donnerla prochaine dose dans 24 hewnes, continuer avec un Imenvale de 4B heuras
= 3.3 mgiL Me pas donnes la dose, coninder la conceniration dans 24 heures

PhiTracn dew HLKS ) Ciocurmadl ool b - 25 00 00 | itecr | (-2 cinmadon iwien b 1908 2017 par cofli pid ps
‘alston infele | Prot A Sereste, P. Formanabarged, J Dewmeules, D R Ploer, B Poafiy Bate, f Cotbell, O Kanas W

bl AT DA R OO LSS SO DR B Gl T LDRRAC et ST s i e " R AT DOTL e UL e & R B (RO s
TR B IS LR T b RS i b Y

Huprpnariacie. nuy-ye. Civinnuiiieuiu/ utiisi neuiv/ i _valivu_altiniu_lieu_puulie.pul




Impact of Clinical Decision Support Guidelines on
Therapeutic Drug Monitoring of Gentamicin in Newborns
Caroline Fonzo-Christe, MSc, PhD,* Bertrand Guignard, MSc, PhD,* Claudia Zaugg, MSc,*

Ana Coehlo, MSc,* Klara M. Posfay-Barbe, MD,7 Alain Gervaix, MD, [ Jules Desmeules, MD, PhD,§Y

Victoria Rollason, MSc, PhD,§9 Christophe Combescure, PhD,|| Regula Corbelli, MD,**
Peter Rimensberger, MD,** Riccardo Pfister, MD, PhD,** and Pascal Bonnabry, MSc, PhD*Y

BEFORE AFTER Statistical analysis
(Control-group) |(Case-group)

ODD scheme 61.6% 97.7% p<0.001

% peak level measurement 17.2% 0.9% p<0.001

mean number of levels sampled 1.7 £ 1.4 08%1.0 p<0.001 ’,./'
% of trough levels <1 mg/L 33.0% 68.5% p<0.001 -

Fonzo-Christe C et al. Ther Drug Monit 2014 ;36:656-62




‘ CRITICALLY ILL AND PHARMACOKINETIC




IMPACT ON DRUG PK

Critical iliness
Hyperdynamic Altered fluid balance Mo organ dysfunction Renal or hepatic dysfunction, Organ support
Increased cardiac output Third spacing or altered protein or both RRT, or ECMO, or both
binding, or both

Message 5:
In children
g * 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...)

Therapeutic failure Toxicity Thgrapeutic
failure or

Toxicity
Cmax/~ dose T~
‘ ‘ Elimination half-life T1,2=|n2<y£_gw)
|

Vd: Volume of distribution

Roberts JA et al. Lancet Infect Dis 2014;14:498-509




Antibiotics

. ENHANCED
Q‘ RENAL CLEARANCE




RENAL CLEARANCE

o Enhanced in some critically patients (adult)
ARC: augmented renal clearance

Inflammation

GFI'IEI

s Sub-optimal exposure of
- antibiotics with t>MIC?
E ARC affects AUC and fT,mic
————————————————— MIC
ARC .

Current Opinion in Pharmacology

Fig. 2. Mechanisms underlying augmented renal clearance (ARC) in
the critically ill. CO=cardiac output; GFR=glomerular filtration rate;

IV =intravenous; RBF=renal blood flow; SIRS=systemic inflammatory

response syndrome; T indicates increase.

Udy AA et al. Clin Pharmacokinet 2010; 49:1-16
Sime FB et al. Curr Opin Pharmacol 2015;24:1-6




ARC IN CRITICALLY ILL CHILDREN

o Has not been reported in children

o In two PK modelling studies in critically ill children :
» high mean clearance for amoxicillin estimated -> ARC?

[ Jourmaks.ASharg

Augmented Renal Clearance Implies a Need for Increased Amoxicillin-
Clavulanic Acid Dosing in Critically Ill Children

Pieter A. ). G. De Cock,®™* Joseph F. Standing,®2" Charlotte I. 5. Barker,®? Annick de Jaeger,® Evelyn Dhont,® Mieke Carlier,"
Alain G. Verstraete,™ Joris R. Delanghe,™ Hugo Robays,? Peter De Paepe®

Departmenit of Pharmacy, Ghent University Hospital, Ghent, Babgium®; Heymans Institute of Pharmacology, Ghent University, Ghent, Belgium®; Department of Pediatric
Intensive Care, Ghent University Hospital, Ghent, Belgium® Infection, Inflammation and Rheumatology Section, University College London, Institute of Child Health,
University College London, London, United Kingdom®; CoMPLEX, University College London, London, United Kingdom®; Department of Pharmacy, Great Ormond Street
Hospital, London, United Kingdom'; Paediatric Infectious Diseases Research Group, Institute for Infection and Immunity, St George's, University of London, London,
United Kingdom®, Department of Clinical Chemistry, Microbiology and Immunalogy, Ghent University, Ghent, Belgium®™, Department of Laboratory Medicine, Ghent
University Hospital, Ghent, Belgium

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




ARC AND BETA-LACTAM AB

Augmented renal clearance, low B-lactam concentrations and clinical
outcomes in the critically ill: An observational prospective cohort

study

Angela Huttner®*, Elodie Von Dach?, Adriana Renzoni?, Benedikt D. Huttner?,

Day 1 imipenem trough levels and creatinine clearance Message 6
Increased clearance

means low troughs for AB’s that needs t>MIC
need to increase frequency (reduce interval)

6
'

. Clinical implications for
¥ memmmeseen LIMeE-dependent (t>MIC) AB
* More frequent dosing (shorter
= dosing interval)
* Increased total daily dose
» Continuous/extended infusions?
- TDM

Comemn‘ﬁon (mg/L)
°

2

100 250

U cUU
Creatinine clearance at inclusion
| ® imipenem trough level regression line |

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




QUESTIONS

ARC and antibiotics resistance? No data

Antibiotics as a continuous infusion:
pharmaceutical considerations
Stability of drugs

Tableau & Stabilité de différentes béta-lactamines en

fonction de la température. 9 N ee d tO C h an g e
Duréee de stabilité (heures) : dégradation <10% .
the drug solution

37°C 25°C

Aztréonam >24 - (Syrlnge) regLIIarIy
Pipéracilline 21 30

PIP + tazobactam >24 72

Ceftazidime 8 14

Cefepime 13 20

Cefpirome 7 23

Imipénéme 3 3,5

Méropénéme 1,5 5

Drug compatibility (IV line « occupied » during 24h)
Potential for vasculitis and extravasation?

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



® ECMO

Antibiotics, sedation/analgesia




ECMO: IMPACT ON PK

mm s e

Fig. 2 Impact of eritical illness, inflammation, and ECMO on drug PK. SIRS indicates systemic inflammatory syndrome; CO, cardiac output.

Often ECMO and CRRT combined ! 6

Shekar K etal. J Crit Care 2012; 27: 741.e9-741.e18




* Inversely proportional to age

 Impact mainly for hydrophilic

HEMOD|LUT|ON drugs with small Vd (AB)

Percent of circulating blood volume

100 ~
80
B ECMO prime volume
60
M Patient native blood
40 -
volume
20 4
0 = T T T T T 1

Neonate Child Adult
(3 kg) (30 kg) (75 kg)

Graphic representation of the proportion of circulating blood volume attributable to patient’s
own native blood volume and the amount added with priming of the ECMO circuit. This
assumes a blood volume of 80ml/kg for a neomate and 70 ml/kg for an older child and adult.
ECMO prime volumes are per our institution’s ECMO protocols: approximately 300 ml PRBCs
for children <20 kg and 1.5 L crystalliod for children >20 kg and adults.

Sherwin J et al. Clin Ther. 2016;38:1976-1994




DRUG SEQUESTRATION

Table 1 Drug recoveries in ex vivo circuits and controls relative to baseline and their relationship to lipophilicity and

protein-binding characteristics”

Drug Mean (SD) drug recovery (%) Mean (5D) drug recovery (%) Lipophilicity (log P) Protein binding (%)
from controls at 24 hr from circuits at 24 hr

Ciprofloxacin 119 (4) 96 (17) 23 20 to 40

Fluconazole 102 (1) 91 (4) 04 12

Linezolid 102 (4) 91 (4) 09 3

Ceftriaxone 102 (1) 80 (6) 1.7 g5

Caspofungin 90 (8) 56 (13) 01 a7

Thiopentone 102 (8) 12 (5) 23 a0

Fentanyl® 82 (63) 3(38)

Midazalam® 100 (36 13 (2

Meropenem® 42 (15) 20(7) 0.6 2

Vancomycin® g8 (9) a1 (11) 3.1 55

Morphine® 103(11)

97 (26) 08 30

o 3 key factors: drug stability, lipophilicity and protein

binding
o Dependent of

» oxygenator and circuit type (silicone vs polypropylene
hollow fiber membrane, coated vs uncoated circuit)

Shekar K et al. Critical Care 2015;19:164
Shekar K et al. J Crit Care 2012; 27: 741.e9-741.e18




THERAPEUTIC IMPLICATION

Factors
1 i Prl il n g / ﬂ - d Therapeutic implication Drugs affected
2. Circuit / Filter
3 i Pat | ent 1 Loading dose S]);dgihniggcl ;l:;gfis:ieig, Plactams
4. Drug caracteristics @ 1 Loating dos Highly proein-bound drugs
requency eg, teicoplanin and cefiriaxone
Circuit-related factors
Is)gu t?gtr]]uesiration I g;ll N 1 Loading dose fl:;?:;il;,l]l:zn d;ulifa ;Zgélgt;oroquinolones
Drug inactivation 1 CL 1 Frequency regarding dose Furosemide, nitroprusside,
Ex. photodegradation | Bioavailability a
Patient factors e M ess ag e 7
Systemic . .
inflammation/sepsis | Cmax Increased Vd means increase the loading dose
LIL - 0
Grgntiealies e Decreased clearance means increase interval
Drug factors g Increased clearance means reduce interval
| ydrophilicity [P For Abs, do TDM

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

renal function)
Lipophilicity Vd largely unchanged 1 Loading dose For example, fluoroquinolones,

1 Circuit sequestration 1 Frequency macrolides, and propofol
1T CL (dependent on
hepatic function)

Cmax indicates peak concentrations.

Shekar K etal. J Crit Care 2012; 27: 741.e9-741.e18




Pharmacokinetic in the critically ill:

« If you do not understand It,
Drugs don’t work! »

True and important, but
even more important in NICU/PICU:.

Where Is the drug?




DRUG PREPARATION AND
@ ADMINISTRATION
S




DRUG PREPARATION

Table 1  Examples of ‘not measurable’ doses

Concentration of Calculated Syrin
Prescribed Administration  drug available on Presaribed  volume to be avail:
drug route ward dose given/taken the
Chloral hydrate Oral 500 mg/5 mL 50 mg 05 mL 2.5m
Cefotaxime Intravenous 250 mg/mL 580 mg 232 mL 2.5m
Dexamethasone Intravenous 3.3 mg/mL 1.4 mg 0424 mL 1mL
Gentamicin Intravenous 80 mg/2 ml 66.5 mg Lol 2.5
Hydrocortisone  Intravenous 50 mg/mL 1.6 mg (D.E]EZ mL) 1mL
Metronidazole  Oral 200 mg/5 mL 175 mg T3l 5 mL
Morphine Oral 10 mg/5 mL 1.48 mg 0.74 mL 1mL
Phenobarbitone Intravenous 60 mg/mL 5 mg 0.0833 mL 1mL
Phenytoin Oral 30 mg/5 mL 5 mg 0.8333 mL 1mL
Vancomycin Intravenous 50 mg/mL 88 mg 1.76 mL 2.5 mL

Morecroft CW, et al. Arch Dis Child 2013;98:831-832




Delivered Volume %

Accuracy of enteral syringes with commonly
prescribed paediatric liquid medicines

Sara Arenas-Lopez,' Karuna Gurung,? Shane M Tibby,'
Miguel Angel Calleja Hernandez,® Catherine Tuleu?

0.05mL 0.1 mL 0.25 mL
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N
. Message 8:
& x Take at least 25% of
21 5 the volume of a syringe
5 4 = | to limit variability
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Arenas_Lopez S et al. Arch Dis Child 2017, doi: 10.1136/archdischild-2016-312492
De Giorgi |, 2007 http://pharmacie.hug-ge.ch/rd/posters/jfsph06_idg_precision_seringues.pdf




‘ CONCLUSION AND KEY MESSAGES
®




WHENEVER « DRUG CULTURE » IS LACKING...

A « BEDSIDE » PHARMACIST AS A
« TRANSLATIONAL DRUG SPECIALIST »

To Care for the patient ... Take also Care of the drug!




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!



@ THANKS FOR YOUR ATTENTION !
®




