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Defining novel biomarkers of dysautoregulation after subarachnoid haemorrhage using 

non-invasive optical techniques 

 

Background 

Cerebral autoregulation (CA) describes the normal ability of cerebral vasculature to maintain cerebral 

blood flow despite changing perfusion pressure. It is frequently impaired after acute brain injury and 

this has been linked with poor outcome. Conventional methods of measuring CA are intermittent or 

invasive, and the prospect of monitoring CA continuously and noninvasively at the bedside has 

obvious advantages. Near infrared spectroscopy (NIRS) provides a non-invasive, continuous measure 

of cerebral haemodynamics, via assessment of changes in oxyhaemoglobin (Hb O2) and  

deoxyhaemogloibin (HHb) and metabolism via changes in the oxidation status of cytochtrome c 

oxidase (CCO). We hypothesise that novel analysis of NIRS signals will allow the identification of 

biomarkers of CA embedded within these signals.  

 

The primary aim of this short-lived project was to derive a number of potential biomarkers of CA 

from previously collected NIRS data in patients with subarachnoid haemorrhage. One of the concerns 

with the clinical application of NIRS is the potential for ‘contamination’ of the NIRS signals by 

extracranial tissue and a secondary aim was to determine whether the CCO signal is more brain-

specific than other, haemoglobin based, NIRS variables. 

 

Methods 

A post-doc biomedical engineer was funded by this grant for fours months with a specific brief to 

analyse previously collected NIRS data from patients with subarachnoid haemorrhage using a wide 

range of advanced time- and frequency-domain data analysis techniques to identify potential 

biomarkers for CA. Further, using datasets from volunteer studies, conventional analysis techniques 

were applied to determine the depth sensitivity of the oxCCO signal. 

 

Results 

Key subsets of data that can be used as biomarkers of CA to guide clinical management were 

identified in the primary analysis. Specifically, wavelet analysis of phase relationships revealed 

antiphase [HbO2]-[oxCCO] and in-phase [HbO2]-[HHb] oscillations between 0.1Hz-0.01Hz consistent 

with compromised flow-metabolism coupling. These data are being prepared for publication and 

being used to inform the design of future studies, and funding applications, to investigate the 

delivery of clinically relevant information about CA at the bedside. 



  

Figure 1: These graphs demonstrate the group phase differences. 

Specific features are apparent between 0.1Hz and 0.01Hz with anti 

phase [HbO2] versus [CCO] activity. The asterisk marks 0.1Hz. 

 

 

 

 

Figure 2:  Wavelet coherence and phase difference for [HbO2] versus [CCO] 

in an individual patient. Time is represented on the x axis and a non-linear 

representation of frequency on the y axis. A band of interest can again be 

observed between 0.1Hz and 0.03Hz (asterisk). A band of coherence in this 

frequency region (dark grey) indicates a strong relationship between the 

signals. The phase difference plot shows similar findings to the group data 

in this region - around 0.1Hz [HbO2] is antiphase to [CCO] indicated by 

black/dark-grey, at 0.01Hz this changes to predominately light grey 

indicating phase difference close to 0.  

 

 

 

Analysis of volunteer data confirmed that the magnitude of the CCO response to changes in cerebral 

oxygen delivery increases with light tissue penetration depth, a behaviour that was not observed in the 

haemoglobin signals. This finding suggests a high specificity of CCO for intracerebral changes and 

strengthens the clinical appeal of CCO as a non-invasive marker of regional cerebral metabolic status. 

These data have already been published at  

Kolyva C et al. Cytochrome c oxidase response to changes in cerebral oxygen delivery in the adult shows 

higher brian-specificity than haemoglobin. Neuroimage 2014; 85: 234-44  

 

Conclusions 

NIRS derived variables might offer unique insights into microvascular and metabolic dysfunction following 

SAH, and in the future identify therapeutic windows or targets. The NIRS-derived CCO signal is highly 

specific for intracerebral changes, potentially making it a superior biomarker to haemoglobin-based NIRS 

variables. 
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