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Challenges with current pain 
measurement approaches

o Neonatal pain measurement is primarily reliant 
on observing  changes in behavioural and 
physiological activity (e.g. heart rate).

o These measures are subjective, lacking specificity 
and sensitivity
o Non-noxious stimuli (e.g. diaper change) can 

evoke high pain scores 
o Noxious stimulation may not elicit behavioral 

change in high % of neonates leading to low pain 
scores

o Advances in understanding neonatal physiology 
have occurred in recent years that may help 
improve measures of neonatal pain

Green at al., (2019) Pain



O2: oxygen; CO2: carbon dioxide; NIRS: near-infrared spectroscopy; EEG: electroencephalography fMRI: functional MRI

Quantifying noxious-evoked 
activity in the neonate



Moultrie at al., (2017) Current Opinions in supportive and palliative care

Quantifying noxious-evoked 
activity in the neonate



Advances in brain-derived approaches 
to better understand neonatal pain

2015, 2017
eLife, Acta Paed
Measuring noxious-evoked 
brain activity using fMRI.

2021
Nature Comms
Understanding individual 
variability in pain responses.

2008
EJP
Recording noxious-evoked 
electrical brain activity 
(EEG).

2006
J Neuro, Pain
Recording noxious-evoked 
haemodynamic activity 
(NIRS).

2017
Current Biology
Impact of stress on noxious-
evoked brain activity

2006
Pain
Long-term consequences 
of early life pain.

2010 & 2018
Lancet
Using brain-derived 
endpoints in clinical trials.

2011
Current Biology
Early development of noxious-
evoked brain activity.



Measuring noxious-evoked 
brain activity in the infant brain
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Slater et al. (2006) Journal of Neuroscience; Slater et al. (2010) European Journal of Pain

Measuring noxious-evoked 
brain activity
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Noxious-evoked brain activity in 
adults compared with infants 

Similar patterns of noxious-
evoked brain activity are 
recorded in neonates and 
adults when the same 
intensity nociceptive input is 
applied to the body, and 
adults verbally report that the 
stimuli are mildly painful. 

Adult derived 
Neurologic Pain Signature (NPS)

Goksan et al., (2015, 2017) eLife Duff et al., Lancet Digital Health (2020) … in collaboration with Tor Wager  



Data reproducibility at independent 
sites: noxious-evoked brain activity 

van der Vaart at al., ……. in collaboration with Fabrizi et al., at UCL (2021) Cerebral Cortex revision under review

(N = 74)                        (N = 71)



Pilot data: paracetamol modulates 
neonatal noxious-evoked brain activity

Cobo et al., (2021) eLife

Paracetamol

No paracetamol

immunisation



Cobo et al., eLife (2021); van der Vaart at al., (2021) Cerebral Cortex revision under review

Classifier correctly classified 85 % of observations as noxious in 
neonates who did not receive paracetamol prior to the 
immunisation. The scores were  significantly lower when the 
infants were treated with paracetamol (p = 0.025)Probability that the procedure is noxious

Pilot data: paracetamol modulates 
neonatal responses to immunisation



Using brain activity as a measure 
of analgesic efficacy in infants

Slater et al. (2010) Lancet; Cobo et al. (2021) eLife; Hartley et al. (2018) Lancet; Gursul et al. (2018); Curr Bio Hartley et al. (2018) STM 



Collaboration with regulators, 
industry, clinicians and academics

Slater, Moultrie, Bax, van den Anker & Bhatt (2020) Lancet  



Brain-derived 
approaches can be used 
as end points in clinical 
trials.

Advances in imaging and 
analytical methods provide 
an opportunity to test the 
efficacy of analgesics across 
a range of clinical 
procedures. 

Develop methods to 
improve treatments, 
through better 
understanding of the 
pharmacokinetic and
pharmacodynamic 
properties of analgesics.

Eccleston et al., (2020) Lancet Child & Adolescent Health



Thank you 


