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PbtO2 [Mean] (mmHg)

XXXXXX

Young woman s/p MCC, initial GCS6T

Young woman s/p MCC, initial GCS6T

Depth EEG

Ipsilateral Scalp EEG
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PbtO2 [Mean] (mmHg)

XXXXXX

Young woman s/p MCC, initial GCS6T

Jones 1994, Vespa 2005, Vespa 2016, Hartings 2020

Secondary Brain Injury
Common patterns:
• Hypotension
• Elevated ICP
• Metabolic Crisis
• Sz/PD
• SD

Supply

Demand

Spatial variation in regional physiology (Launey 2020)
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Intracranial Pressure

Propensity-matched analysis of 1327 sTBI 
patients (OR 0.22; 95%CI 0.15-0.35) 
(Ronning 2019)

Meta-analysis of studies of ICP monitoring 
and mortality (RR 0.85; 95%CI 0.73-0.98) 
(Shen 2016)
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Time from Admission (to 30 days)

Intracranial Pressure

ROC of mean ICP & CPP values for 
6-month GOS; AUC 0.64 at 35 
mmHg (Chambers 2001)

Impact of time on targeting ICP 
thresholds (Guiza 2015)

Mutual information from time-
pressure burden on outcome 
(Pahren, unpublished)
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Optimal Perfusion Pressure

Each % CPP less than the lower limit of 
autoregulation increases odds for 
unfavorable outcome by 4% (95%CI 2-6%; 
Donnelly 2017, Ercole 2018)

Optimizing Brain Oxygen
PaO2 = 120 mmHg
(dissolved = 0.36 mmHg)

• ↓ rCBF
• ↑ OEFeffective

• Similar A-VtissueO2

PvO2 = 30 mmHg
(dissolved = 0.12 mmHg)

A-VtissueO2

• Preserved/Increased rCBF
• ↓ OEFeffective

• ↓ A-VtissueO2

↓ PbtO2 <10 mmHg 

PbtO2 20 mmHg 

PvO2 30 mmHg

PvO2 80 mmHgEvidence for microvascular hypoxic-
ischemic injury after TBI (Veenith 2016)

Figures from Ostergaard 2013
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Seizures and Periodic Discharges

• Cortical Sz/PD are detected in 61% and associated 
with an increase in metabolic stress (Vespa 2016)

• Increasing PD burden is associated with brain tissue 
hypoxia (Witsch 2017)

Spreading Depolarizations
• Depolarization of brain tissue occurs in 

60% of those with surgical sTBI 
• Clusters of SD lead to electrical silence of 

tissue associated with impaired motor 
recovery and unfavorable outcome (OR 
2.29, 95%CI 1.13-4.65; Hartings 2020)

(Hartings 2020)

Impact of #SD on CMD (Hinzman 2016)
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Sz/SD Reflect Tissue At-Risk **

(SDI; Foreman unpublished)

Bifurcation diagram showing unification of 
Sz/SD dynamics in biophysical model; hypoxic 
conditions shown in blue (Wei 2014)

• Both may co-occur but with variable temporal
association (Fabricius 2008)

• Both result from and mediate metabolic
vulnerability: ischemia, hypoxia, mitochondrial
dysfunction

Summary

• Multimodality monitoring reflects the 
mismatch between supply-demand that 
characterizes secondary brain injury

• Targets for management should be 
individualized based on careful interpretation 
of integrated multimodal data 
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