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Developing and validating blood and imaging 
BIOmarkers of AXonal injury following 
Traumatic Brain Injury (BIO-AX-TBI) 



Histo & pathophysiology of 
traumatic axonal injury (TAI)

Sharp et al. Nat Rev Neurol 2014



Hemorrhagic TAI

TAI Neuroimaging markers

Non-Hemorrhagic TAI

Diffusion Tensor Imaging (DTI)  of TAI



Candidate biomarkers of TAI

Zetterberg, H. et al. Nat. Rev. Neurol.2013



Courtesy of David Sharp, Imperial College London, UK

NFL decline with time, but remains elevated in some patients >1 year

Preliminary data on NFL as blood 
biomarker



Courtesy of David Sharp, Imperial College London, UK

NFL correlates with post TBI 
atrophy





Clinical data collection (CRF)



Clinical data collection (CRF)



Clinical data collection (CRF)



BIO-AX-TBI:Inclusion criteria

TBI

GCS
(<13)

LOC
(> 30 min)

PTA
(> 24 h)

Age 
(18-80 )

Minor / no  abnormal findings
(brain CT) 

Major abnormal findings
(brain CT )

Mayo Clinic classification of Traumatic Brain Injury (TBI)



Inclusion criteria: 
major brain CT abnormal findings

Subdural H Epidural H Contusion

Brain edema  
(Marshall Diffuse III-IV)

T-SAH



Inclusion criteria: 
minor brain CT abnormal findings

NO brain edema  
(Marshall Diffuse I-II)

skull fracture
(isolated)



Exclusion criteria

• Absolute contra-indications to MRI   (e.g. pace maker)

• GCS = 3 AND Pupils at admission =  Bilaterally dilated and non-
reactive

• GCS not evaluable AND Pupils at admission =  Bilaterally
dilated and non-reactive



BIO-AX-TBI Recruiting centers

 Imperial College, London

 Niguarda, Milano

 Lausanne, CH 

 Ljubljana, Slovenia

 Policlinico, Milano 

 Careggi, Firenze 

 Santa Chiara, Trento



BIO-AX-TBI 
Recruitment progression

January 2018



• 3D-T1

• FLAIR

• SWI

• DTI 

• FMRI resting state

WP1 WP2

High resolution T1 DTI 64 dir

Resting state fMRI SWI

MRI protocol



Blood sampling

CREACTIVE



Blood sampling

CREACTIVE BIO AX TBI



Blood sampling

TBI 
day 1 day 5 day 20 1 year

MRI



Clinical assessment at follow up

6 months 12 months

• Glasgow Outcome Scale 
(GOSE)

• Quality of life scale 
(QOLIBRI-OS)

• Rehabilitation Pathway 
Questionnaire

Telephone Interview Ambulatory visit

TBI ICU discharge



12 months – ambulatory visit

• Administered at 12 months, aligned with CREACTIVE protocol

• Motor impairment assessment

• Computerised assessment
• Working memory (N back) 
• Inhibition (Go-No-Go)
• Spatial working memory (Corsi blocks)
• Imperial computerised assessment

• Questionnaires
• Hospital acquired anxiety and depression scale (HADS)
• Post-traumatic stress disorder (PTSD) PCL 5 
• Insomnia Severity Index scale
• Mayo-Portland Adaptability Inventory

• Montreal Cognitive Assessment (MOCA)



Case discussion: conventional MRI

FLAIR SWITC

FLAIR SWITC

IT078-CASE 1

*Age 30
*GCS 12
*Diffuse injury II



Case discussion: conventional MRI

FLAIR SWITC

FLAIR SWITC

IT078-CASE 1

IT078-CASE 2

*Age 30
*GCS 12
*Diffuse injury II

*Age 54
*GCS 4
*Diffuse injury III



Case discussion – FA in the Corpus 
callosum

Red regions of the Corpus Callosum were patient-2 has 30% reduction in FA  

IT078-CASE 1 vs case 2  




