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Impact of traumatic brain injury

• Every 15 seconds in the USA someone suffers a TBI.

• Causes more deaths in men < 35 years old than all other 

diseases combined.

• 2% of US population lives with TBI-related disability

• Leading cause of death and disability in children aged 1-

15 years worldwide.

• Costs for long-term care in the US estimated ~ $60 billion 

each year. 

• Signature Injury of the Iraq/Afghanistan War.



Background

• At present there are no effective drug treatments for TBI.
• Outcome is often determined by secondary brain injury e.g. hypoxia, 

hypotension, fever, hyperglycemia
• The Glasgow Coma Scale (GCS) is used to help triage TBI patients and 

eventually evolved to predict outcome.  
• The Acute Physiology and Chronic Health Evaluation II (APACHE II) scale is 

used in critical care units.  
• Radiological scales (Marshall and Rotterdam) based on admission CT used 

in TBI clinical trials.

• Ultimately, there exists a need of measuring direct markers of 
cellular function and malfunction and more invasive monitoring 
(ICP, Sjv02, microdialysis, Bt02, TCD).

• NINDS/NIH recognizes it “will be important to provide additional detail 
necessary for accurate pathoanatomic classification” of TBI (NINDS 

Conference Bethesda, MD October 2007).



Monitoring in NICU

Monitoring of neurologic function in 
patients at high risk for

– Primary brain injury

– Secondary brain injury (hypoxia, hypotension, 
fever, hyperglycemia).  

The primary focus of Neurocritical Care in TBI patients is the 

prevention, identification, and management of secondary brain injury.



TBI guidelines for Monitors

• Patients with severe TBI (GCS < 8) should have an 
ICP monitor
– Level II recommendation: ICP should be monitored in all 

salvageable patients with a severe TBI (GCS) 3–8 after 
resuscitation and an abnormal CT scan. 

– Level II recommendation: ICP monitoring is indicated in severe 
TBI with a normal CT scan and ≥ two of the following: > 40 
years, unilateral or bilateral motor posturing, or SBP < 90 mm 
Hg.

• ICP >20mmHg is associated with mortality.

• Evidence supports a Level III recommendation for 
use of SjVO2 or Brain oxygen (PbtO2) monitoring, in 
addition to ICP monitors. 



Brain oxygen and outcome: 
a systematic literature review

• Medline, Biosis, Dissertation Abstracts, Index Medicus search

• Inclusion:  >10 pts; direct brain O2 monitor; brain hypoxia 
defined; 6 month outcome data;  clear report of outcome and 
brain oxygen. For meta-analysis - data to determine RR

• 13 studies, 3 for systematic review

• 159 patients

• Outcome - 71 favorable, 87 unfavorable

• Brain oxygen <10mmHg

– Favorable outcome 26%

– Unfavorable outcome 64%

• Brain hypoxia (<10mmHg)

– Worse outcome OR  4.00 (95% CI 1.9-8.2)

– Increased mortality OR 4.6 (95% CI 2.2-9.6)

Maloney-Wilensky E et al CCM 2009



Predictors of outcome by 
multivariable analysis

Variable Adjusted OR for 

favorable outcome 

95% CI Adjusted P 

Marshall CT score 0.41 0.24-0.70 <0.01 

APACHE II score 0.83 0.71-0.96 0.01 

Brain tissue hypoxia# 0.88 0.78-0.99 0.04 

Intracranial hypertension   0.99 0.98-1.01 0.11 

 

Retrospective analysis of prospective database of 103 patients with severe TBI

Multivariable logistic regression controlling for age, admission Glasgow Coma 

Scale, Marshall CT, APACHE II
#duration of PbtO2 < 15 mm Hg; †AUC of ICP > 20 mm Hg



Objective

• To examine whether clinical scales (GCS and 
Apache II) or radiographic scales based on 
admission CT imagining (Marshall and 
Rotterdam) are associated with intracranial 
pressure (ICP) or brain oxygen (PbtO2) in 
severe TBI patients during their ICU care.



Methods

• Prospective observational cohort

• 101 patients with severe TBI

• Managed according to ATLS and Brain Trauma 
Foundation guidelines

• GCS, APACHE II, Marshall and Rotterdam scores 
calculated

• All patients had continuous ICP (Camino) and 
PbtO2 (Licox) monitoring 

• 30 day outcome recorded



Marshall’s  CT Classification

J Neurosurg. Volume 75, Nov 1991.



Rotterdam Score = 5

2 - absent basal cisterns

0 – no midline shift

1 – no epidural

1 – SAH

+1

Rotterdam Score
Basal cisterns

Normal 0 
Compressed 1
Absent 2  

Midline shift 
No shift or shift  <5 mm 0
Shift  >5 mm 1

Epidural mass lesion 
Present 0
Absent 1

Intraventricular blood or tSAH
Absent 0
Present 1

Sum score + 1 

Neurosurgery 57:1173-1182, 2005



Brain oxygen

• First 90 minutes of PbtO2 readings were 
discarded to allow probe stabilization 

• The duration of time PbtO2 < 20, <15 and <10 
were calculated using the simple averaging 
method.

• Data examined using 

– Mann-Whitney U 

– Spearman Rho

– Logistic regression analysis



Demographics, Initial Scores

Sex 76 males  25 Females

Age years (mean SD) 43 19.3

GCS 3 4

APACHE II w/o GCS 11 5

Marshall 3 2

Rotterdam 4 1

Data reported as median and IQR 25-75% unless otherwise stated



Physiological data and outcome

Clinical Parameter Average Standard Deviation

ICP 15.48 10.73

PbtO2 29.93 10.76

Clinical Parameter Percent (%)

10 ²PbtO2 < 20 38.61

PbtO2 < 10 42.57

Survival at 30 days 62.4



Clinical Scores and Mortality

Measure OR 95% CI P value

Apache II 1.2 (1.05, 1.3) 0.003

Apache-non-GCS 1.2 (1.1, 1.3) 0.006

Marshall 2.1 (1.4, 3.2) 0.0002

Rotterdam 2.5 (1.6, 4.0) 0.0001

Admission post resuscitation GCS with not associated with 

mortality p =0.18
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GCS correlation with PBtO2 and ICP
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Conclusions
• APACHE II, Marshall and Rotterdam Scores 

are associated with 30-day outcome

• Admission GCS is not associated with 30-day 

outcome

• NONE of the scales predict ICP or PbtO2

during a patient’s ICU course

• Brain hypoxia was not predicted by clinical or 

radiographic scales

• We recommend that intracranial monitoring 

be used in all severe TBI patients admitted to 
the ICU


