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limited size, extensive variability
neonatal and infant physiology

" Pediatrics does not deal with miniature men and women,
with reduced doses and the same class of diseases in
smaller bodies, but....it has its own independent range and

horizon..."

Dr. Abraham Jacobi, 1889

a child is not (just) a small adult
a newborn is not (just) a small child
a micro-preemie is not (just) a small preterm



developmental pharmacokinetics and -dynamics
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developmental pharmacokinetics and -dynamics
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developmental pharmacokinetics and -dynamics
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suggestion 1
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Figure: Pain response during HIB injection in circumcised and

uncircumcised boys

Data not available for cry on 1 infant. p=0-02 for cry, p=0-01 for

behavioural pain score.

Anand et al. New Engl J Med 1987
Taddio et al. JAMA 2002
Taddio et al. Lancet 1995 and 1997
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suggestion 2

MIEUX VAUT PREVENIR QUE GUERIR !!!




suggestion 2

Venipuncture Is More Effective and Less Painful Than Heel Lancing for
Blood Tests in Neonates

Bjorn A. Larsson, MD*; Gunnilla Tannfeldt, RN; Hugo Lagercrantz, MD, PhDY; and
Gunnar L. Olsson, MD, PhD*

Fig 1. Three devices used for the PKU test. From the top: the CCS
Minilancet used in the SL group, the Microlance used in the LL
group, and the Microlance needle (0.9 > 40 mm) used in the VP

> roun
group.




suggestion 3

If a procedure is painful
in adults, it should be
considered painful in

newborns, even if they

are preterms.



the formulary/toolbox available

Deep sedation/analgesia or —_—
general anesthesia fep @

Local anesthetics:
subcutaneous infiltration [EEIclES
or nerve blocks

Slow intravenous infuzion of
opioids

Acetaminophen: orally or
rectally

Topical anasthetics:
cream or gel

Pacifier, sucrose,

kangaroo care, massage,
sensorial saturation

Avoid painful procedures,
physical handling

Baseling

Figure 1. Stepwise approach to neonatal analgesia.




the framework (clin pharm) to work with: PK/PD

dose - concentration - effect

Pharmacokinetics Pharmacodynamics
Absorption concentration-effect
Distribution maturational differences
Metabolism

Elimination

e.g. e.g.

transcutaneous absorption neurotoxicity of ethanol

higher body water content hypothyroidism-related cretinism
reduced metabolic capacity neurotoxicity of hypoglycaemia

reduced elimination capacity bilirubin toxicity (brain barrier)




the patient to aim for: a moving target (ADME)
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neonatal pharmacokinetics: ADME
maturational and non-maturational covariates




absorption, skin: BSA > permeability
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absorption, skin: BSA > permeability

Cyanosis in a premature infant induced by topical
anesthesia

Methemoglobinemia is a rare cause of cyanosis in
pediatric patients and it s characterized by
Increased quantities of hemoglobin in which the
iron of heme is cxidized to the ferric (Fe*") form.
The condition may arise as a result of a genetic
defect In red blood cell matabolism or hemoglobin
structure, or it may be acquired following exposure
to various oxidant drugs or toxins,

Preterm neonates are exposad to a range of painful
procedures and topical anesthetics as EMLA are usad
routinely for pain management. Because premature
neonates are low weight and consequently they are
easily overdosed, routinely use of EMLA should be
carefully evaluated.




absorption, skin: BSA > permeability

Table 15.3 Reported papers on the analgesic effects of tetracaine/amethocaine in neonates (type of procedure highlighted)

Reference
Shah et al. [88]

Jain A et al. [89]

Lemyre et al. [90]

Lemyre et al. [91]

Jain et al. [92]

Study design and results

Randomized, double-blind, placebo-controlled trial, intramuscular injection (vitamin K) in 110 term neonates,
topical amethocaine gel 4 %. There were no differences in crying duration, in pain score and only the latency
to cry was somewhat longer in the treated group. Topical amethocaine gel 4 % was ineffective in reducing pain
intramuscular injection of vitamin K in full-term neonates

Randomized, double-blind, placebo-controlled trial in 40 (pre)term neonates during venipuncture. Topical
amethocaine provided effective pain relief (crying, neonatal facial coding system) during venipuncture in the
newborn when used as single technique for analgesia

Randomized, double-blind, placebo-controlled trial in 142 preterm (from 24 weeks onward) infants during
venipuncture. Tetracaine did not significantly decrease procedural pain in infants undergoing a venipuncture,
when used in combination with routine sucrose administration

Randomized, double-blind, placebo-controlled trial in 54 preterm neonates on the add-on effect of tetracaine
gel in addition to sucrose to treat procedural pain related to peripherally inserted central catheter (PICC)
placement. Tetracaine 4 % when applied for 30 min was not beneficial in decreasing procedural pain associated
with a PICC in very small infants

Randomized, double-blind, placebo-controlled trial in 60 (pre)term neonates during heel prick blood sampling.
Topical amethocaine gel does not have a clinically important effect on the pain of heel prick blood sampling.
Its use for this purpose cannot therefore be recommended



absorption, skin: BSA > permeability
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Intranasal dexmedetomidine, as midazolam-sparing drug, for
MRI in preterm neonates

TABLE 1 Number of patients in the historical and
dexmedetomidine group according to number of midazolam doses
needed to achieve sedation for MRI at equivalent age

Historical midazolam Dexmedetomidine
Number of doses of  group (n = 40), group (n = 53),
midazolam number (%) number (%)
0 0 27 (51)
1 12 (30) 25 (47)
2 14 (35) 1(2)
3 14 (35) 0

3 microgr/kg intranasal, single dose



absorption, rectal to oral paracetamol (ENT, children)
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absorption, rectal to oral paracetamol (ENT, children)
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Neonatal formulary'
Oral

Rectal

Intravenous

Dutch formulary'

Oral

Rectal

Intravenous

Loading dose
Maintenance

Loading dose
Maintenance

Loading dose
Maintenance

Loading dose

Maintenance

Loading dose
Maintenance

Loading dose
Maintenance

24 mgkg

12 mg/kg/dose

q4h in = 32 wk PMA, g8h in
= 32 wk

36 mg/kg

24 mg/kg, q8h in term neonates
No advice in preterm neonates
20 mg/kg, irrespective of age

15 mg/kg, q6h in term cases
12.5 mg/kg, 31-36 wk PMA

10 mg/kg, =30 wk PMA

Not sufficiently supported by
clinical evidence

60 mg/kg/d, =32 wk PMA

30 mg/kg/d, 28-32 wk PMA

30 mg/kg, =32 wk PMA

20 mg/kg, 28-32 wk PMA

20 mg/kg, q8h in term neonates

20 mg/kg, q12h in preterm
neonates

Off label in preterm neonates

20 mg/kg, irrespective of age

10 mg/kg, max 40 mg/kg/d, in
term cases

10 mg/kg, max 30 mg/kg/d, 31-
36 wk PMA

10 mg/kg, max 20 mg/kg/d, =31
wk PMA

PMA = postmenstrual age (in weeks).




distribution

body composition, (non)maturational covariates
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Rakhmanina et al, Adv Drug Deliver 2006




distribution volume
adult versus newborn




distribution volume and clearance
newborn versus adult

therapeutic level

vd (L/kg) vd (L/kg)

Cl (I/kg.h) < Cl (I/kg.h)




distribution volume: relevance

Table 2 Dose suggestions for systemic analgesics in the surgical term
neonate are formulated based on the currently available evidence on
pharmacokinetics or dynamics of these analgesics in neonates (iv=

intravenous) [4, 5, 10, 12]

Route Loading dose Maintenance dose
Morphine v 50-100ugkg 10-30pug/kg/h
Fentanyl v 1-3ugkeg |-5ug'kg/h
Tramadol Y 2 mgkg/30 min 6-8 mgkg/day
Paracetamol Oral 20 mgkg 4=10 mg/kg/day

Rectal 40 mgkg 4=20 mg/kg/day

Y 20 mgkg 4=10 mg/kg/day




distribution volume: relevance (CNS compartment)

The ontogeny of P-glycoprotein in the developing human
blood-brain barrier: implication for opioid toxicity in neonates

Jessica Lam'?, Stephanie Baello®, Majid Igbal®, Lauren E. Kelly?, Patrick T. Shannon®, David Chitayat®’, Stephen G. Matthews®
and Gideon Koren'**
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distribution volume: relevance (CNS compartment)

The ontogeny of P-glycoprotein in the developing human
blood-brain barrier: implication for opioid toxicity in neonates

Jessica Lam'?, Stephanie Baello®, Majid Igbal®, Lauren E. Kelly*, Patrick T. Shannon®, David Chitayat®’, Stephen G. Matthews?
and Gideon Koren'#*
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distribution volume: relevance (continuous)
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distribution volume: relevance (intermittent)
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Figure 3 A typical concentration profile for neonates of 28—44
weeks’ premenstrual age given a paracetamol loading dose of

20 mg/kg (black continuous line) or not given a loading dose (grey
continuous line), followed by a maintenance dose of 10 mg/kg every 6
h. A mean concentration of 11 mg/l is achieved.

pooled iv paracetamol in neonates. Arch Dis Child 2011



distribution volume: relevance

‘minor’ pain syndromes
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Pediatr Anesth, 2014




after procedural pain (heel prick), uniform negative

model dosing

Shah et al. Double blind placebo controlled Single oral No differences in facial action pain
Arch Dis Child Fetal trial paracetamol scores,
Neonatal Ed 75 term neonates, heel prick. 20 mg/kg or nor in cry score.
1998 Facial action pain scores and cry placebo,
score. 60 to 90 min before
prick.
Bonetto et al. Prospective randomized trial Placebo, dextrose = NIPS<4 similar between placebo,
Arch Argent Pediatr 76 term neonates, heel prick (25%) paracetamol or ELMA (47, 42 and
2008 pain scores (NIPS, neonatal infant EMLA or oral 63 %). Oral dextrose
pain score>4) paracetamol (20 most effective (84% NIPS<4, NNT
mg/kg, 60 min) 2.7)
Badiee et al. Randomized placebo controlled Single (high dose)  PIPP scores placebo (9,7, SD 4.2)
Saudi Med J 2009 trial in 72 preterm (mean 32 oral paracetamol were similar to paracetamol (11.1,
weeks) neonates, heel prick PIPP (40 mg/kg) 90 SD 3.8)
(premature infant pain profile) minutes before

score prick.



clearance: metabolism + excretion/elimination

Extrahepatic enzymes

Hepatic enzymes

Slide provided by J van den Anker
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Phase | and phase Il metabolism, enzymes




Phase | and phase Il metabolism, enzymes

herbal medicine ~ disease

genetics age

Slide provided by J van den Anker



Age related maturation is the common main driver, but...
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fentanyl clearance as a first illustration

Clearance [L/h]

Gestational Age [weeks]
32

- 30
28
26

- ° 24

20

40

60 80

Postnatal Age [days]

Voller S et al, Arch Dis Child 2019




fentanyl clearance as a first illustration

Individual predicted concentration [mcg/L]

Continuous infusion of Tmcg/kg/h over 10 days
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propofol clearance as second illustration

High capacity, low specificity : glucuronidation
Low capacity, high specificity: CYP2B6

Propofol 4-hydroxypropofol
OH OH
CYP2B6/3A4
34 %
. .
UGT OH
77 %

Glucuronide and sulphate metabolites

v

Eliminated
(mainly in urine)




propofol clearance as second illustration
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midazolam clearance as final illustration: age and disease !
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midazolam clearance as final illustration: age and disease, AKI !

® Midazolam
10 000 .
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Figure 1: Serum concentration time profile of midazolam and

Figure 2: Displacement of specific tritiated-flumazenil bindi g to
metabolites in patient 1

rat cortical membranes by midazolam and metabolites

A case report on prolonged sedation, Bauer et al., Lancet 1995



the framework (clin pharm) to work with: PD

dose concentration effect
Pharmacokinetics Pharmacodynamics
Ab=sorption concentration-effect
Distribution maturational differences
Metabolism
Elimination
e.g. 2.3,
transcutaneous sbsorption neeurotonicity  of ethano

higher body water content hypothyroidizm-related cretinizm
reduced metabolic capacity neurotonicity of hypozhrcaemia
reduoed elimination capacty bilirubin tosicity [brain barmer)




Reasonable to assume (pediatric vs adult)

- Similar disease progression?
- Similar response to intervention?

No / \\ Yes to both

Conduct PK studies Reasonable to assume similar
Conduct safety/efficacy trials CR in pediatrics and adults

Is there a PD measurement 7. Conduct PK studies to
that can be used to achieve levels similar to adults

predict efficacy? Conduct safety trials

| Yes




the framework (clin pharm) to work with: PD-target
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the framework (clin pharm) to work with: PD-target
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Figure 1 Key sites of developmental transition in infant pain pathways. The
areas of the nervous system are indicated where developmental changes and
plasticity Impact pain detection and treatment in this group. (1) Peripheral
innervation is vulnerable and sensitive to tissue Injury. (2) Dorsal horn sensory
pathways undergo considerable postnatal reorganization. (3) Noclceptive

reflex pathways are diffuse and poorly tuned. (4) Primary hyperalgesia develops
before secondary hyperalgesia. (5) Endogenous descending controls via the
brainstem are unbalanced. (6) Extensive cortical development begins postnatally,
but little Is known of the development of intracortical network connections in
infancy. (7) The somatasensary cortex is activated by noxious stimulation from an
sarly age, but little is known of activation in other cortical reglons.
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the framework (clin pharm) to work with: PD-target

Fig (1) -
i Na+ = 14 /
K+ = 160
O i CaZ+ = 104 Depolarisation
c- =14

mmol/L \ Calt

a

Hyperpolarisation

Kr =4 Extracellular

CI =150
mmol/L

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

PAIN BEHAVIOR

A multifaceted model of the components of pain.




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

(scores)

General observations: N
body movements, 7 35 DCeer=0csvRe
sleep state, crying < @ )

‘Emotional’ behavior:
facial expression

Specific flexor
muscle EMG activity

Cortical neural
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e T “ NIRS and EEG
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et 1] |t )

Cardiovascular and
respiratory responses:
heart rate, pO,

— el patiee
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Hormonal
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Figure 2 Methods of assessing infant pain. In the absence of language, infant pain is assessed by
a number of different physiological methods. Some of these methods are integrated into current
clinical pain assessment tools. The neurophysiological techniques EMG, EEG and NIRS are not
used for routine pain assessment but are increasingly being used in research studies of infant pain.
Abbreviations: EMG, electromyogram; NIRS, near-infrared spectroscopy; pO,, partial pressure

of oxygen.



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

Oral sucrose as an analgesic drug for procedural painin >W
newborn infants: arandomised controlled trial

Rebeccah Slater, Laura Cornelissen®, Larenzo Fabrizi*, Debbie Patten, fan Yoxen, Alan Werley, Stewart Boyd, Judith Meekt, Maria Fitzgeraldt

Drug assigned MNan-noxious Sucrcse/sterilewater Miwious
to infant cortral intervention heel lance

L g e
LA S

Outcome measure ; | 2min |
Behavioural state E E ........ __
fridea) ! ! -1Es 105
| | |
Facial expression E - e
fridea) i : 0si 30s
| i |
Heart rate and axygen saturation ' - - —
{pulse ctimetry) ' E -15s ! a0s
Bvcked potential -1 — e h
EES) <055 L0s | -DEsy 105
Redle: limb withdrawal — R — —
(EMG) -10s 1 1Ls ! 105 T 1G5

Figure 1: Experimental time line
EEG=electroencephalography. EMG=electromyography.



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

Oral sucrose as an analgesic drug for procedural painin

newborn infants: a randomised controlled trial

Rebeccah Slater, Laura Cornelissen®, Lorenzo Fabrizi*, Debbie Patten, Jan Yoxen, Alan Werley, Stewart Boyd, Judich Meekt, Maria Fitzgeraldt

> @

Sucrose (N=20) Sterllewater (N=24) pvalue
Primary outcome
Nociceptive-specific brain activity (mean weight) 010 (0-04-016) 008 (004-012) 040
Secondary outcomes
Mean baseline heart rata (bpm) 1326124 3-1409) 1318(122.2-1415) 090
Mean baseline ayigen saturation (%) 99.4% (38-8-100-1) g7 -4% (95-0-99.8) 013
Baseling behavioural score (from PIPF) 13(0:8-17) 13 (0818 091
FIPP score 58 (37-74) 85073-58) 002
Latency to chang in facial expression (s) 3813-64) 35{10-61) 0-86
Facial non- responders 7/20(35%) 0/24{0%) 200001
Mean nociceptive refla withdrawal activity {jiv) 3611124-20-4802) 3082 (1851-4313) 049
Mean latency to nociceptive refle withdrawal activity (ms) 3633(2564-4701) 4135(262.0-564-9) 056

Data are mean (95% O or /N (% ). bpm=beats per min. PIPP= prematureinfant pain profile,




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

e
ws)

Facial grimacing Facial grimacing
(occurrence) (duration)

Proportion of infants

D -l T T T T T T 1
28 30 32 34 36 38 40 42
Gestational Age (weeks)

Total duration (s)
O = P W & N =) 00 WD

Innocuous Noxious Innocuous Noxious
Below | bove

A
P value m < 0.01 1 threshold threshaold
0.1 0.01

—— Noxious stimulation
Innocuous stimulation

Green et al, Pain 2019






polymorphisms matter, but...

Association of OPRM1 and COMT
Single-Nucleotide Polymorphisms

With Hospital Length of Stay and Treatment
of Neonatal Abstinence Syndrome




polymorphisms are not limited to drug metabolism
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Concentration effect relationship of M6G and morphine in subjects with the A118G SNP in the p-opioid receptor gene and wild-type subjects. The
curves were calculated from the individual estimates of the parameters of the sigmoid Enax pharmacodynamic model (Table 1) that described the
dose—response relationship. They represent the mean + SD per group. While the SNP resulted in a right shift of the curve for MBG, indicating
lower potency, it had no effect on the potency of morphine. A schematic drawing of the E,.x model with indication of the parameters from equation

1 is also given.
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