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Guide early decision making? Who may benefit from certain Rx? 

Return to sport? Clinical Trials 

Mild TBI – replace CT? 
Secondary injury in ICU 
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Potential biomarkers in TBI (in the ICU 
setting) 

• Intracranial dynamics (ICP, CPP, PrX, PbtO2) 

• Microdialysis markers (glucose, lactate, 
pyruvate, glycerol, glutamate, tau). 

• MRI 

• PET (Regional cerebral metabolic rate of 
glucose (CMRglc) or oxygen (CMRO2), 
activated microglia (PK 11195) 

• Blood and CSF (proteomics, metabolomics) 
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Scandinavian Neurotrauma Committee Guidelines 2013 

 

 
 

 

 

 

 
 

 

 
 

 

 
Zetterberg et al, 2013:9;201-2010 
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Neuron Specific Enolase (NSE) 
 

 

 

 

 

 

 

 

 

 

 

 

 
Cheng et al, Plos One, 2014;9(9)e106680 

 

 
 

 

 

 

 
 

s100b in severe TBI 
 

 

 

 

 

 

 

 

 

 

 

 
 

Ercole et al, BMC Neurol, 2016;16:93 
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• Prospective, multicentre 
observational trial 

• 1959 patients 
• TBI with GCS 9 to 15, needed CT 

Head, bloods collected within 12 
hours of injury 

• Measurement UCH-L1 and GFAP 
• Sensitivity and negative 

predictive value for lesion 
detected on CT 

Design 
 
 
 

 
 
 
 

 

Patients 
 
 
 
 
 

 
 
 
 
 

Inclusion 
 
 
 
 
 

 
 
 
 
 

Intervention 
 
 

 
 
 
 
 
 

 
 

Outcome 

 

 
 

 

 

 

 
 

GFAP and UCH-L1 in mild TBI 

 
Trauma Controls 

 

 

 

 

 

 

mTBI 
No lesions 

 

 

 

 

 
mTBI 
Lesion positive 

 

 

 

 

Pappa et al, JAMA Neurol, 2016;73(5):551-560 
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Mondello et al, Crititical Care 2011;15:R156 

 

 
 

 

 

 

 
 

 
ALERT-TBI 
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GFAP in severe TBI 
 

 

 

 

 

 

 

 

 

 

 

 

 

Lei et al, Crit Care, 2015;19:362 

 

 
 

 

 

 

 
 

GFAP in 
severe TBI 

 

 

 

 

 

 

 

 

 

 

 

 
Lei et al, Crit Care, 2015;19:362 
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Neuro-filament Light in CSF 
 

 

 

 

 

 

 

 

 

 

 

 
Al Nimer et al, PlosOne 2015 

 

 
 

 

 

 

 
 

Neuro-filament Light in CSF and Plasma 
 

 

 

 

 

 

 

 

 

 

 
 

Al Nimer et al, PlosOne 2015 
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Thelin et al 

 

 
 

 

 

 

 
 

Neuro-filament Light in CSF 

 
No relationship to 
outcome or imaging 
findings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Al Nimer et al, PlosOne 2015 
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New biomarkers (for example microRNA) 
Panels rather than individual 
Better understanding of individual temporal dynamics 
Prevent secondary injury? 
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Does brain chemistry monitored by 

microdialysis relate to clinical outcome? 

 

 

 

 

 

 
Unfavourable outcome is associated with: 

 

➢ High lactate / pyruvate ratio (> 25) 
➢ hypoxia or mitochondrial dysfunction 

 

➢ High glutamate 
➢ excitotoxic cell injury 

 

➢ High glycerol 
➢ cell membrane breakdown 
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Interpreting Microdialysis Data 
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• Impact of TBI on the brain 
 

• Improved understanding of pathophysiology 
 

• Prognostication 
 

• Imaging treatment effects 

 
Can brain chemistry be improved with therapeutic 

interventions? 

 

 

 

 

 

 

Intervention Effect Reference 

Glucose / insulin Reduction in glucose 

increase in LP ratio 

Vespa 2006, Oddo 2008, 

Helbok 2010, Rostami 

2011, Vespa 2012 

Hyperoxia Increase in brain tissue 
O2, variable decrease in 

LP ratio 

Tolias 2004, Nortje 2008, 

Rockswold 2012, 

Rockswold 2013 

Hyperventilation Decrease in glucose 

Increase in LP ratio 

Marion 2002, Hutchinson 

2002 

Mannitol Decrease in LP ratio Sakowitz 2007, Helbok 

2011 

Decompressive 

craniectomy 

Decrease in LP ratio, 

decrease in glycerol 

Ho 2008, Nagel 2009 

Hypothermia Decrease in glucose, 

decrease in lactate, 

decrease in glutamate 

Soukup 2002, Berger 

2002, Stocchetti 2005 

 

 

 

 

 

 

 
 

Imaging as a biomarker 

• Diagnostic: Who needs surgery or other urgent therapy? 
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Sequence Most relevant tissue contrasts for TBI imaging 

T1 Normal grey-white contrast 

T2 High signal in CSF, vasogenic oedema, gliosis, acute and subacute 
bleed (may be hypointense signal in hyperacute or chronic bleed) 

FLAIR Like T2, but CSF nulled, so good for superficial lesions 

Gradient echo 
(SWI, SWAN) 

Sensitised to blood – very useful for petechial haemorrhages 
associated with TAI. Most prone to artefacts (air in sinus, probes) 

DWI, ADC, DTI Early cytotoxic oedema, white matter shearing, tractography 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Saatman et al, J Neurotrauma, 2008; 25(7):719-38. 
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• Improved understanding of pathophysiology 
 

• Prognostication 
 

• Imaging treatment effects 

 

 
 

 

 

 

 
 

Imaging as a biomarker 

• Diagnostic: Who needs surgery or other urgent therapy? 
 

• Diagnostic: Impact of TBI on the brain 

– Lesion detection 

– Lesion characterisation 

 

 

 

 

 
 

 

Mannion et al, 2007;24(11):128-35 
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Maas, Menon et al, The Lancet Neurology 2017 16, 987-1048 

DWI CT 

FALIR 

SWI FLAIR 

 

 

 

 

 

 

 

 

 
 

 

 

 

4 days 3 months 12 months 
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• Improved understanding of pathophysiology 
 

• Prognostication 
 

• Imaging treatment effects 

 

 
 

 

 

 

 
 

Imaging as a biomarker 

• Diagnostic: Who needs surgery or other urgent therapy? 
 

• Diagnostic: Impact of TBI on the brain 
 

• Prognostication 

 

 

 

CT Classification 
 

 

 

 

 

 

 

 

 
http://www.tbi-impact.org/?p=impact/calc 
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Traumatic Axonal Injury (Severe TBI) 
The Prognostic Value of Lesion Load in Corpus Callosum, Brain Stem, and Thalamus in 

Different MRI Sequences 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

MRI mean of 8 days after injury (within 4 weeks) 

 
Moen et al, J Neurotrauma. 2014;31:1486-1496 

Moen et al, J Neurotrauma. 2014;31:1486-1496 

AUC=0.8763 

Core+ CT+ All MRI AUC=0.8287 

Traumatic Axonal Injury 
The Prognostic Value of Lesion Load in Corpus Callosum, Brain Stem, and Thalamus in 

Different MRI Sequences 

 
Core (IMPACT Model; age, GCS, pupils) 
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Haghbayan et al, Critical Care Medicine, 2017(45);12:e1280-1288 

Haghbayan et al, Critical Care Medicine, 2017(45);12:e1280-1288 

Bilateral pons 
OR 2.81 

Brainstem 
OR 4.57 

Bilateral midbrain 
OR 2.67 

Corpus Callosum 
OR 2.01 

Unilateral Brainstem 
OR 1.64 

Subcortical lobar WM/ 
Cerebellum OR 1 

Supratentorial lesions only 
OR 1.0 

Adams-Gentry Classification Firsching Score 
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Moe et al,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Maas, Menon et al, The Lancet Neurology 2017 16, 987-1048 

MRI is showing new, prognosis defining 
pathology 
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Maas, Menon et al, The Lancet Neurology 2017 16, 987-1048 

MRI is showing new, prognosis defining 
pathology 

 
May not be modified significantly by 
better ICP control, or decompressive 
craniectomy 
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• Prognostication 
 

• Imaging treatment effects 

 

 
 

 

 

 

 
 

Imaging as a biomarker 

• Diagnostic: Who needs surgery or other urgent therapy? 
 

• Diagnostic: Impact of TBI on the brain 
 

• Prognostication 

 
• Improved understanding of pathophysiology 

Related to clinical treatment and functional outcome? 
Slide curtesy of Prof David Menon 

(Rehabilitation & repair) (Acute treatment) (Prognosis) 

Tissue fate 

6 month MRI 

Pathophysiology 
Post-operative blood flow 

Injury 
Admission CAT scan 

Severe head injury 
University of Cambridge 
Wolfson Brain Imaging Centre 
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Newcombe et al. J Cereb Blood Flow Metab 2013 

14 hr (PET CBF) 158 hr (FLAIR) 14 hr (ADC) 14 hr (FLAIR) 

Contusion evolution in TBI 
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Microvascular dysfunction: 

• Perfusion utilisation mismatch 

• Microvascular ischaemia 
• Increased O2 diffusion barriers 

Menon et al. Crit Care Med 2004;32:1384-90. 

(TBI) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crit Care Med 2004;32:1384-90. 

Tissue pO2 (direct measurement) <<< Vascular pO2 (PET) 
PO2(kPa) 

Surprising finding: Implies a diffusion gradient for oxygen delivery 

Normal Simple hypoperfusion: 

Macrovascular ischaemia 
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IBV High k3 mask 

 

 
 

 

 

 

 
 

 
Microvascular 

disruption 

in head injury 

 

 

 

 

 

 

 

 

 

Rodriguez-Baeza et al. 

Anat Rec 2003; 

273A: 583-93. 

TBI Control 

[15O] & [18F]-fluoromisonidazole PET 

FLAIR OEF(%) 

Triple oxygen PET 

k3 (per minute) 

[18F]FMISO PET 

Veenith et al. JAMA Neurology 2016;73(50:542-550 

RCTs for PtbO2 guided therapy - BOOST-3 and BONANZA 

Severe TBI (GCS 5), sedated for high ICP, 5 days post-injury (ICP 21 mmHg, CPP 74 

mmHg) 

• High signal on FLAIR: Vasogenic oedema 

• High OEF = ischaemic brain volume (CvO2 <3.5 ml/dl): Critical ischaemia 

• High k3 for [18F]-FMISO (> 3 SD above control voxel mean): Critical tissue hypoxia 

Note pathophysiological heterogeneity 
• Matched ischaemia and tissue hypoxia (classical macrovascular ischaemia) 
• Mismatched tissue hypoxia (microvascular/diffusion hypoxia) 
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Pattern seen in ~20 to 30% of TBI patients 

Correlates with trajectory of functional 
recovery 

Potential new therapy biomarker 

 
 
 
 

 
Newcombe et al. Neurorehab Neuro Repair 2016;30(1):49-62 

 

 

 

 

 

 

 

 

 

 

 

 
Normal aging 
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Magnoni et al, 2015;138(8): 2263–2277 

 

 
 

 
Overall, the risk of Alzheimer’s Disease in later 
life may be increased up to ~2 fold in individuals 
who have sustained a significant head injury in 
the past 

 
This increase in risk possibly scales with severity 
of head injury 

 

However, when combined with a genetic 
predisposition to Alzheimer’s Disease, the risk 
may increase up to ~10 fold 
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Clearance mechanisms 

overwhelmed 

 

 
 

Alzheimer’s Disease 

 

 

 

 

 

 

 

 

 
 

NNoorrmmaall cclleeaarraannccee 

mmeecchhaanniissmmss 

β Amyloid (Aβ) 

Johnson VE, Stewart W, Smith DH. Widespread tau and amyloid-β pathology many years after 

a single traumatic brain injury in humans. Brain Pathol 2012; 22(2):142-9 
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Alzheimer’s Disease 

30% of patients who die hours - 

weeks after TBI show Aβ 

aggregates at postmortem, 

even in young patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

[3H] PIB 

Autoradiography 
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Immunostaining 
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Ramlackhansingh et al. Annals of Neurology, Volume: 70, Issue: 3, Pages: 374-383. 

Conclusions 

Biomarkers may help us to understand: 
 

• Diagnosis and the impact of TBI on the brain 
 

• Improved understanding of pathophysiology and disease 
progression 

 

• Prognostication 
 

• Treatment effects 

– Biomarker for the effectiveness of treatments 

– Better selection of patients for trials 

– Better selection and monitoring of patients for therapy 
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