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1. Title of project  

Non-invasive optical sensors for the monitoring of cerebral oxygenation and detection of 
Hypoxic Ischaemic Encephalopathy (HIE) in critically ill neonates 

 
 
2.  Describe the project and how it meets the criteria for the competition 
 

This project focuses in the development of impact as both investigators have a 
strong track record of research collaboration in this area. 
 

Project/Motivation 
Existing commercial technologies such as pulse oximeters (used for the non-invasive measurement of 
arterial blood oxygen saturation (SpO2)) or Near Infrared Spectrometers (NIRS) are used for the 
assessment of perfusion in neonates. When peripheral perfusion is poor, as in states of 
hypovolaemia, hypothermia, vasoconstriction, low cardiac output seen typically in menigococcal 
septicaemia, oxygenation readings become extremely unreliable or cease. These clinical situations 
also commonly occur in children and neonates undergoing prolonged surgical procedures such as 
cardiac surgery. The problem arises because conventional pulse oximetry sensors must be attached to 
the most peripheral parts of the body, such as the toe, finger or an ear lobe, where pulsatile flow is 
most easily compromised. Hence, pulse oximetry becomes unreliable in a significant group of children 
and neonates just at the time when the readings would be most essential. There is an urgent need to 
find a means of solving this serious clinical problem. Also, when babies suffer from Hypoxic Ischaemic 
Encephalopathy (HIE), a condition in which the brain does not receive enough oxygen, there is no 
readily available technology to detect such deficiency of oxygen in the brain. When NIRS techniques 
are used to assess cerebral perfusion there is the possibility that the measurements might not reflect 
direct brain perfusion since the technology also acquires signals from other vasculature unrelated to 
the brain.   
 
To avoid the difficulties associated with conventional measurements of arterial blood oxygen 
saturation during conditions of poor peripheral perfusion and pulsation, it is proposed that the 
neonatal anterior fontanelle be used as a measurement site. The use of a more central monitoring 
site should increase the likelihood of obtaining reliable oxygen saturation readings even during 
periods of compromised peripheral perfusion.  
 

Research so far 
Both partners (Dr Petros and Prof Kyriacou) have already engaged in a pilot study to establish 
whether it is feasible to detect any optical signals (photoplethysmographs (PPG)) from the neonatal 
fontanelle. For this purpose a prototype reflectance optical PPG sensor has been developed. 



Preliminary PPG studies from the fontanel have been takes place for the first time from a small 
population of neonates. The results are very encouraging as good quality PPG signals at the 
appropriate optical wavelengths have been detected. However, more rigorous clinical studies and 
more advanced technologies, both hardware and software, are needed in order to estimate blood 
oxygen saturation from the fontanelle. Also, the developed technology needs to be compared with 
current state of the art technologies. However, this initial step provides enough confidence and 
momentum for the proposed study.   
 

Proposed Plan for this award 
It is proposed: 

1. Redesign and fabricate a new wearable reusable optical sensor (closer to a commercial 
prototype level). This sensor will be smaller than previous versions, more compact, more 
flexible which will made placement on the fontanelle much easier. 

2. Perform a larger clinical trial in neonatal intensive care where the technology will be tested 
in healthy and critically ill neonates (50 babies).  

3. Evaluate/compare the technology against current state of the art routine monitors/tests         
(Near Infrared Spectroscopy, Blood gas analysis) used in the hospital.  

4. Commercialise the probe and launch it in NHS and other health systems 
 
3. Describe the outcomes of the project by which its success may be judged (half side): 

 A new neonatal fontanelle sensor 

 MHRA approval of the new sensor 

 CE Marking of the new Sensor (possible but not essential at this stage) 

 A new patent  

 Completion of clinical trials (ethics approval already in place) 

 NIHR i4i Challenge award Research Grant Application (proposing Phase I clinical trials) 

 Welcome Trust translational Research Grant Application 

 MRC Catalyst Research Grant Application 

 Explore commercial opportunities with relevant industry 
 
4. Amount requested: £13,000  

 Funding will support a PDRA to redesign the probe and perform the clinical trials (ethics 

approval already in place) 

 Costs for technical developments will be covered by the Biomedical Research Centre 

 
5. Start date anticipated (the project must be completed by the end of June 2016): Sept 2015 
 
6.  I agree to present this at the Competition on 4 June 2015: Yes 
 
 
 
 
 
 

Approved on behalf of School by Associate Dean for Research (signature):  
 


