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Development of pain system
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Neuro-anatomy
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Neur otrophins and nociceptor development

a Moclceptor s ation b Meuronal survival & Axon growth

& Physiclagical phenatype f Meuropeptide expression

h Sensiization

Inflameiaion

A

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




Schematic diagram of the synaptic changes that
take placein the superficial laminae of the dor sal
horn over thefirst 2 -3 postnatal weeks
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Activity-dependent development in
spinal cord sensory connections
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Influencing factors in a clinical setting

Environment?

Medication
Bias?

. . . ’) ._--
Opioids/sedatives? I g S | “octors/nurses

Maternal Separation?




What outcome data should at least
be assessed ?

e - Detection thresholds? |

e - Pain thresholds?

e - Suprapan
sensitivity?




Neonatal period

Surgery group (n=57)
< 3 months of age

Abdominal/ thoracic surgery

Mechanical ventilation
group (n=53)

Artificial ventilation >5 days

No morphine

ECMO group (n=60)
Meconium aspiration / sepsis

Morphine >5 days

Schouw et al. In preparation

Follow-up

Guidelines Dutch
Paediatric Association
for follow up of critically
il newborns

Prospective

- lliness

- Development

- Hospital admissions

- Surgical procedures

Outcome

Detection threshold

Pain threshold

Suprapain threshold




Neonatal period

Surgery group (n=57) Controls (n=57)
< 3 months of age =

Abdominal/ thoracic surgery Outcome

Detection threshold

Mechanical ventilation Controls (n=53)
group (n=53) Pain threshold

Artificial ventilation >5 days

No morphine Suprapain threshold

ECMO group (n=60) Controls (n=60)
Meconium aspiration / sepsis

=

Morphine >5 days

Schouw et al. In preparation




Assessment pain sensitivity:
three different body |locations

Postoperative
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Neonatal pain exposure: developmental window

Premature neonate Term born neonate 2-3 months old

T 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







3 FOCHS ON PAIN

THE DEVELOPMENT OF
NOCICEPTIVE CIRCUITS

... Tissue damage during a

critical period of newborns can

cause prolonged alterations Iin

somatosensory function, which
last into adult life”...

& ZWE Haure Pablichhg Smup

Fitzgerald Nature Reviews 2005
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Gate Control Theory
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input

Peripheral nociceptors

Oplolds
Alpha agonists

Descending
modulation

Local anesthetics
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Are (pre)term born children capable of processing pain at
acortical level?
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Pain Threshold and PCA

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




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

Sensitisation versus Habituation

100
B Sensitized reflex

30 B Habituated reflex
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THE PROBLEM OF SENSITISATION
AND SENSITIVITY

o Effectsof 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




HE PROBLEM OF
SENSITISATION

Experimental approach in newborn rats

Human experiencein Rl WGAHRP Dory

Wikchll Neeonatal Treaipd

the newborn period T W
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Ruda MA et al. Science 2000;289:628-630
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DIFFERENT DRUGS, SAME ULTIMATE EFFECT

DRUGS OF ABUSE hit various targets in the brain, but all directly or NICOTINE induces

indirectly enhance the amount of dopamine signaling in the nucleus YTA cells to release
accumbens, thereby promoting addiction. Knowledge of the targets dopamine inta the
raises ideas for therapy [see boxon opposite page). ph b L

COCAINE AND RELATED
STIMULANTS block dopamine Dopamine-
uptake or increase dopamine releasing VTA
release by the terminals of neuinh
VTA cells and thus increase

Clutamate  ggpamine signalingin the

LoRer nucleus accumbens —

Projectian from
cortex, amygdala
or hippacampus

Glutamate

Nopamine
[ transporter s

Cocaine

Inhibitory |
neuron 4
inVTA

MANY DRUGS, including 18 :

cocaine, amphetaming ; : Dopamines, - o . ;
(speed), marphine and e : receptor A<y j Taamee ALCOHOL AND OPIATES
aleohol, can alterthe ; : B s : ~sie {opium, heroin and
responses of nucleus o 8 e -\ % ; their relatives)
accumbens and VTAcells B , enhance dopamine
to glutamate in long-lasting : ; B release by quieting
ways. Those changes 7 i ; Dpiate = nvuronstﬁlatw?uld
contribute to drug cravings e B AFosE receptor : Dpiumlike chherw.ise |nh|mtl
by heightening memaries B neurotransmitter dopamine-secreting
of past drug experiences grios h il made by neurons neurons

even after the substance & = e & v Nucleus Fole
is no longer used ' i accumbens OPIATE DRUGS mimic some

neuron of dopamine's actions in
S nucleus accumbens cells
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2 iﬁ and activates spacific

Those rises rapidly Fio |
activate a protein
called CREB. Then CREB
bound to ONA activates &
| specific genes :

genas [different from those
switched an by CREE]

The activated

ZENEs give rise
to proteins Involved
In sensitizing
responses to drugs
andto reminders
.of pastdrug use

Days

InitiElly LRES dominates, leading
totolerance and,in the drug's
absence, discomfort that only
more drug cancure, But CRER
activity falls within days whan
not boosted by repeated hits. In
contrast, AFosB zoncentrations
stay elevated forweeks after the
lsstdrip exposure. As CREB
activitu declines, the dangerous
long-te-m sensitizing effecis of
AFnsH tome to dominate.

The protein COKS, for
example, may promote
gtructural changes that could

make nucleus sccumbans
neurons persistently sensitive
1o drugs and drug-related cuss

3 4 5
Last exposure

Sci. Amer march 2004



Research needs
(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
paln

PK\PD data of all analgesics

ncorparate models which show patterns of
response




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

Solutions are near and “far a ay”

Profound cognitive impair ed

- children elderly people

-multidrug effect

tolerance and addiction routine PET-scan




