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Anand et al. New Engl J Med 1987

Taddio et al. JAMA 2002 

Taddio et al. Lancet 1995 and 1997





Reynolds & Fitzgerald. J Comp Neurol 1995; 358: 628-31

hyper(re-)innervation following neonatal skin laesions 

Wounded Control

14 days after skin wounding

21 days after skin wounding

7 days after skin wounding

12 weeks after skin wounding



Ruda et al. Science 2000; 189: 628-31/ Walker  et al. Pain 2003; 105: 185-95

early insult rewires pain circuits

Maximal effect in 

rats: 6-9 days (Anand 

& Scalzo 2000)

No effect in rats: 14 

days
(Ruda et al. 2000)

Rat - Human

0 day - 24 wks GA

7 days - full-term

14 days - 1-year-old



Dorsal horn cellsSkin

Receptive 

fields

Neonate
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PAIN assessment

Tools include:

- Behavioural parameters: 

movement, crying, facial movements (nasolabial furrow, eye squeeze, brow bulge), etc… 
all relatively sensitive for pain

- Physiological parameters:

heart rate, blood pressure, etc

If you want to use it for clinical care the pain assessment tool needs cut-off points/scores: 

Cut off point for pain (above that score analgesia is needed)

(Cut off point for over-sedation: above that score analgesia needs to be lowered )



Different facial expressions: which faces
show pain?



Facial expression of pain 

Most sensitive:

 Brow bulging

 Eyes sqeezed

Nosalabial furrow

Horizontal strechted mouth

 Cupped tongue

JWB Peters, 2001.



PAIN assessment

To have appropriate pain assessment and evaluation of therapy an algorithm is 
needed:

Including validated scores

and cut-off points

Example: Pain and Analgesia algorithm











Pain management in preterm infants

Recognize it Measure it Treat it

EvaluateAdequate 
assessment

Adequate therapy:
- Non-pharma
- Pharmacological



Treatment of pain in neonates/infants

• Reduction of painful events

• Altered procedure (venipuncture vs heel lance)*

• Non-pharmacological measures
• Holding
• Swaddling
• Oral sucrose/glucose
• Breastfeeding
• Non-nutritive sucking
• Kangaroo care (skin-to-skin contact)
• Limiting environmental stimuli

*Shah V.  Cochrane Database Syst Rev 2011; CD001452
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Treatment of pain in neonates

Oral sucrose

Very well studied non-pharmacological intervention

Leads to reduced pain response to painful procedures

Widely implemented in neonatal care

Discussion

Rebecca Slater et al. found that oral sucrose did reduce pain scores (PIPP score) but did not 
change the nociceptive brain activity 

Advice is still to use sucrose in clinical practice. But it is important to realize that sucrose 
might not protect the newborn infant against pain as good as we thought. 















suggestie 4: beperkt effect – if any – in neonates, proven in infants



hepatic

renalBody composition

Formula dependent

Ref: Kearns et al, NEJM 2003





L-arginine-nitric oxide 

(NO) pathway

Substance P mediated

NMDA (N-methyl D-

aspartate)

Serotonergic pain

pathways

cannabinoid pathways, 

through paracetamol 

metabolite

(p-amino phenol + 

arachnidonic acid,

Subsequent cannabinoid

receptor activation

(through vanillin receptor 

– act as ligand)



analgesic ceiling or not ?

any type of pain syndrome ?

median conc 10 mg/l  

> 25

antipyretic ? lower10

20

mg/l, plasma

how does paracetamol ‘work’ (pharmacodynamics)

http://www.acdlabs.com/webzine/6/images/rr6-paracetamol.gif


Pacifici, Curr Ther Research 2015



Treatment of pain in neonates
Example dose suggestions for term newborn



standard rectale dosis paracetamol is onvoldoende

lagere bio-availabiliteit

vertraagde absorptie

belangrijke variabiliteit

oral > iv > rectal

denk aan een oplaaddosis: distributie volume

leeftijd gerelateerde veranderingen in klaring zijn eerder beperkt

suggestie 5: paracetamol werkt, soms…



oral route

rectal route

Anderson et al. Anesthesiology 1999

rectaal of oraal, 20 mg/kg single dose na NKO heelkunde



oral route

rectal route

Anderson et al. Anesthesiology 1999

rectaal of oraal, 20 mg/kg single dose na NKO heelkunde



Solid box= 50th centile

Values outside the 97.5% 

centile are shown individually

Anderson et al. Anesthesiology 1999

hogere doseringen rectaal ? 



body water/paracetamol distribution

Anderson BJ et al, Paediatr Anaesth 2004



body water/paracetamol distribution

pooled iv paracetamol in neonates. Arch Dis Child 2011



Ceelie et al. JAMA 2013



Pediatr Anesth, 2014



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) 





OPLADEN IS VAN BELANG, NOG MEER BIJ PASGEBORENEN
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pain/exitocytosis

exposure to analgesics

apoptosis-synaptogenesis
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Mind numbing: Anesthesia in baby rats stunts

brain development.

Common general anesthetics given at an early age

may cause brain damage and other neurologic

problems



Wilder et al. Anesthesiology 2009







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



NIKS DOEN IS GEEN OPTIE

PREVENTIEVE MAATREGELEN BESTAAT EN WERKEN

METEN IS WETEN ?

PROCEDURALE PIJNSTILLING 
PRO EN CO VAN SUCROSE EN DE VARIANTEN
PRO EN CO VAN TOPISCHE LOCALE ANALGETICA

PARACETAMOL WERKT, SOMS 
MILDE PIJNBEELDEN
MORPHINE SPAREND
PROCEDURALE PIJNSTILLING

OPLADEN IS VAN BELANG, NOG MEER BIJ PASGEBORENEN

TEVEEL IS OOK NIET GOED


