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Neurotrophins and nociceptor development

Marie Fitzgerald et al.  Nature 2005;6:507-520



Schematic diagram of the synaptic changes that
take place in the superficial laminae of the dorsal
horn over the first 2 – 3 postnatal weeks

Marie Fitzgerald et al.  Nature 2005;6:507-520



Fitzgerald et al. 2005



Activity-dependent development in 
spinal cord sensory connections

Marie Fitzgerald et al.  Nature 2005;6:507-520



Stress?

Maternal Separation?

Environment?

Influencing factors in a clinical setting

Medication

Opioids/sedatives?
Bias? 
doctors/nurses



• - Detection thresholds?

• - Pain thresholds?

• - Suprapain
sensitivity?



Neonatal period

Surgery group (n=57)

3 months of age

Abdominal/ thoracic surgery

8-9 years

Outcome

Detection threshold

Pain threshold

Suprapain threshold

Mechanical ventilation 
group (n=53)

Artificial ventilation >5 days

No morphine

ECMO group (n=60)

Meconium aspiration / sepsis

Morphine >5 days

Follow-up

Guidelines Dutch 
Paediatric Association 
for follow up of critically 
ill newborns

Prospective

- Illness

- Development

- Hospital admissions

- Surgical procedures

Schouw et al. In preparation
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Controls (n=57)

Age and gender matched

No hospital experiences

Controls (n=53)

Age and gender matched

No hospital experiences

Controls (n=60)

Age and gender matched

No hospital experiences



Assessment pain sensitivity: 
three different body locations

Postoperative ECMO

Respiratory insufficiency



Neonatal pain exposure: developmental window
Premature neonate Term born neonate 2-3 months old

hypo sensitive thermal detection &

hyper sensitive pain than term born counterparts

Hypo sensitive thermal detection &

Hyper sensitive pain than when operated upon
at 2-3 months of age





….”Tissue damage during a 
critical period of newborns can 
cause prolonged alterations in 
somatosensory function, which 

last into adult life”…

• Conclusion: mainly based 
on studies in animals

• Pain studies in human 
infants: max. follow-up 3 
years

Fitzgerald Nature Reviews 2005









Are (pre)term born children capable of processing pain at 
a cortical level?

Slater et al. 2006



Pain Threshold and PCA

Fitzgerald et al. Pain 1989; 39: 31-36

3.0

2.5

1.5

1.0

0.5

0
<27.0 27.5- 30.0- 32.5- 35.0- 37.5- Term

29.5 32.0 34.5 37.0 39.5
PCA (wks)



Fitzgerald et al. Pain 1989; 39: 31-36

Sensitisation versus Habituation
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THE PROBLEM OF SENSITISATION 
AND SENSITIVITY

• Effects of previous potentially painful events on

– pain threshold

– distribution of opioid receptors

– neurophysiological parameters

– long-term behavioural problems

• Genetic heterogenecity

– genetic defects transgenic mice

– DNA fingerprints mutation analysis



THE PROBLEM OF 
SENSITISATION

Experimental approach in newborn rats

Human experience in 
the newborn period







Sci. Amer march 2004



(NIH\FDA conference april 2004)

• Empiric foundations for composite measures in 
the youngest neonates (22-26 weeks)

• Understanding autonomic responses and how they
change in the youngest neonates

• Need for assessment scales for chronic\ongoing
pain

• PK\PD data of all analgesics

• Incorparate models which show patterns of 
response



Pediatric pain, the research agenda: 
future (2005- ? )

Solutions are near and “far away”

Profound cognitive impaired

- children elderly people

-multidrug effect

f-MRI tolerance and addiction routine PET-scan


