
1  

 
 

 
 
 
 
 

5th  Congress of the European Academy of Neurology  
 

Oslo, Norway, June 29 - July 2, 2019  
 

 

 
Teaching Course 16  

 
 

Traumatic Brain Injury, stroke and subarachnoid  
haemorrhage ð How to Make an Impact in neurocritical care 

management and research (Level 2)  
 

Acute management of TBI, including an outlook on 
forthcoming TBI trials  

 
Ronny Beer 

Innsbruck , Austria  
 

 

 

 

 

 

 

 

Email: ronny.beer@i-med.ac.at    



2  

Contract research 

Meeting attendance compensation 

Meeting attendance compensation 

Potential Conflict of Interest: Contract Research (Principal and National Lead Investigator) 
Sposored by vasopharm GmbH, Wuerzburg, Germany 

5th Congress of the European Academy of Neurology | Oslo 2019 

 

 
 

 

 

 

 
 

Disclosures ς Speaker's Potential Conflicts of Interest 

Research support; meeting attendance compensation 

Contract research; speaker's fees; meeting attendance 
compensation 

Research support; meeting attendance compensation 

Speaker's fees 

Competitive research grant (KLIF) 

R. Beer 2019 
NeuroCritical Care 
Medical University of Innsbruck 

Contract research; speaker's fees; consultant services (European 
Advisory Board) 

Speaker's fees; consultant services (Austrian Advisory Board) 



3  

R. Beer 2019 

Adapted from Rubiano et al., Nature 2015; 527: S193ςS197 

NeuroCritical Care 
Medical University of Innsbruck 

Acute Management of Traumatic Brain Injury (TBI) ς Outline 

ω After completion of this educational activity 
the participants should 

ς Understand the complexity of the disease 

ς Be familiar with relevant neuroscores (i.e., 
GCS and FOUR Score) 

ς Understand the rationale for (neuro-) 
monitoring of severe TBI 

ς Be familiar with the «staircase» approach 
to the management of traumatic intracranial 
hypertension 

ς Gain some insight into contemporary clinical 
neurotrauma research 

ω Starting on basic knowledge, the lecture concentrates on the latest guideline 
recommendations and expert opinions in each topic of TBI management 

 

 
 

 

 

 

 
 

Advanced TRAUMA 

Life Support | ACS 

Advanced CARDIOVASCULAR 

Life Support | AHA/ERC 

ω «Improve brain perfusion and 
thereby outcomes» 

Emergency NEUROLOGICAL 

Life Support | NCS 

ω Addressing non-neurologic organ 
dysfunction as a result of acute 
brain injury or secondary to 
brain-specific therapies 

R. Beer 2019 
NeuroCritical Care 
Medical University of Innsbruck 

Emergency Life Support ς Emphasis on the «First or Golden Hour» 
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R. Beer 2019 

Adapted from Maas et al., Neurosurgery 2015; 76: 67ς80 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Collaborative European NeuroTrauma Effectiveness Research in TBI 

 

 
 

 

 

 

 
 

±ƻƭǳƳŜ му ω LǎǎǳŜ м ω 
January 2019 

Adapted from GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, Lancet Neurol 2019; 18: 56ς87 

NeuroCritical Care 
R. Beer 2019 Medical University of Innsbruck 

TBI ς The Neurological Perspective 

ω Χ TBI and SCI are severely disabling injuries 

ω Χ global burden of TBI increased significantly Χ 

ω But advocay for brain health research 
requires good evidence Χ 

ω Χ only few subspecialities within 
neurology have effectively gathered 
epidemiological data to support calls 
for resources and funding 
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NeuroCritical Care 
Medical University of Innsbruck 

Adapted from Maas et al., Neurosurgery 2015; 76: 67ς80 

al 

e 

TBI ς Collaborative European NeuroTrauma Effectiveness Research in TBI 

 
 

 
ω Current classification of TBI is suboptim 

ω Management is based on weak evidenc 

ω Need exists for new precision medicine 

±ƻƭǳƳŜ му ω LǎǎǳŜ м ω 

Adapted from GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, Lancet Neurol 2019; 18: 56ς87 

NeuroCritical Care 
R. Beer 2019 Medical University of Innsbruck 

TBI ς The Neurological Perspective 

January 2019 
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Χ ƳŀƭŜΗ 
 

 

E1 No eye opening 

Ouch!        V2 
 

 

 

 

V1 

 

 
 

 

 

 

 
 

TBI ς Classification Issues 

ω Capturing the severity of TBI based on the level of consciousness by using GCS score 

ς International accepted standard (AANS, BTF, EBIC, WHO) 

ς However, level of consciousness might be obscured by confounders such as sedation, 
neuromuscular blockade, or intoxication 

Eye Response (E) 
Squeeze my 

hand! 

M6 Obeying commands 

E4 Spontaneously 

M5 Localizing pain 

Open 
your 
eyes! 

E3 To command 

M4 Withdrawal from 
pain 

E2 To pain 

words 

Mild TBI (MTBI) 
M3 Flexion response 

to pain 

Moderate TBI 
Unintelligibl 
sounds M2 Extension response 

to pain 

Severe TBI No verbal 
response M1 No motor response 

R. Beer 2019 

Adapted from Teasdale und Jennett, Lancet 1974; 2: 81ς84 

NeuroCritical Care 
Medical University of Innsbruck 

 
ω GCS 8ς3 

ω GCS 15ς13 
 
ω GCS 12ς9 

e 

e 
/ŀǊ Χ ǳǳƘ Χ 

lights flashing V3 Inappropriat 

I had an 
accident. 

An ambulance V5 Oriented 
brought me to 

hospital. 

. 
 

Where am I? 

What has V4 Confused 
happened? 

Verbal Response (V) 

Motor Response (M) 

Outcome Prediction after TBI ς «IMPACT Database» 

R. Beer 2019 

Adapted from Murray et al., J Neurotrauma 2007; 37: 329ς337 

NeuroCritical Care 
Medical University of Innsbruck 
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ω Consider relevant limitations and «confounders» 

ς Not only documentation of sum score, it is important to state the score of each catergory 
(i.e., E/V/M) separately 

R. Beer 2019 

Adapted from Stahel, Br J Surg 2012; 99 Suppl 1: 131 

NeuroCritical Care 
Medical University of Innsbruck 

GCS Score ς Practical Considerations 

ς Inter-rater reliability, validity and 
objectivity 

ς Major confounders are analgesia, 
sedation and neuromuscular blockade 

ς Other confounding factors are injury 
pattern as well as therapeutic 
interventions 

ω Consider relevant limitations and «confounders» 

ς Not only documentation of sum score, it is important to state the score of each catergory 
(i.e., E/V/M) separately 

C 

A 

R. Beer 2019 

Adapted from Stahel, Br J Surg 2012; 99 Suppl 1: 131 

NeuroCritical Care 
Medical University of Innsbruck 

GCS Score ς Practical Considerations 
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Eye Response (E) 

E4 E3 
 

Look up, 
look down, 
blink twice! 

 
 

 

Open 
your 
eyes!! 

 

E2 E1 E0 

E4 Eyelids open or opened, tracking, or blinking 
to command 

 

E3 Eyelids open but not tracking 
 

E2 Eyelids closed but open to loud voice 

E1 Eyelids closed but open to pain 

E0 Eyelids remain closed with pain 

Motor Response (M) 

M4 M3 M2 
 
 

 

M1 M0 
 

oder 

 
M4 Obeys commands (e. g., thumbs-up, fist, or 

peace sign) 
 

M3 Localizing to pain 
 

M2 Flexion response to pain 
 

M1 Extension response to pain 
 

M0 No response to pain or generalized 
myoclonus status 

Brainstem Reflexes (B) 

B4 B3 B2 
 

 
B1 B0 

 

 

 

 
B4 Pupil and corneal reflexes present 

 
B3 One pupil wide and fixed 

 
B2 Pupil or corneal reflexes absent 

 
B1 Pupil and corneal reflexes absent 

 
B0 Absent pupil, corneal, and cough reflex 

 

 
 

 

 

 

 
 

GCS Score ς Practical Considerations 

R. Beer 2019 

Adapted from Stahel, Br J Surg 2012; 99 Suppl 1: 131 

NeuroCritical Care 
Medical University of Innsbruck 

ω Consider relevant limitations and «confounders» 

ς   GCS does not include relevant clinical indicators that could reflect severity of coma such 
as pupil reactivity and other brainstem reflexes (refer to herniation syndromes), changing 
breathing patterns, and complex motor responses (of clinical significance) 

Neuroscores ς Full Outline of UnResponsiveness (FOUR) Score 

Respiration (R) 

R4 R3 R2 

R1 R0 

R4 Not intubated, regular breathing pattern 

R3 Not intubated, CHEYNE-STOKES breathing 
pattern 

R2 Not intubated, irregular breathing 

R1 Intubated, but triggering or breathing above 

tilator rate 

R. Beer 2019 

Adapted from Wijdicks et al., Ann Neurol 2005; 58: 585ς593 

NeuroCritical Care 
Medical University of Innsbruck 

lator rate 
 
a or breathing at ven Apne R0 

venti 
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TBI ς Media Coverage 

R. Beer 2019 

Source: https://www.bbc.com/sport/formula1/46734484 (access on 30 June 2019) 

NeuroCritical Care 
Medical University of Innsbruck 

29.12.2013 

TBI ς Media Coverage 

ζΧ dans une situation critique sur 
le plan de la réanimation cérébrale que 

tous les traitements qui sont 
Ł ƭ ƘŜǳǊŜ ŀŎǘǳŜƭƭŜ ǊŜŎƻƳƳŀƴŘŞǎ 

ǎƻƴǘ Ƴƛǎ Ŝƴ ǆǳǾǊŜΦ» 

2007 

R. Beer 2019 

J Neurotrauma 2007; 24 Suppl 1: S1ςS106 

NeuroCritical Care 
Medical University of Innsbruck 

30.12.2013 

http://www.bbc.com/sport/formula1/46734484
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Modifiziert nach Tagliaferri et al., Acta Neurochir 2006; 148: 255ς268 

Modifiziert nach Tagliaferri et al., Acta Neurochir 2006; 148: 255ς268 

 

 
 

 

 

 

 
 

2007 
J Neurotrauma 2007; 24 Suppl 1: S1ςS106 

2016/2017 
Neurosurgery 2017; 80: 6ς15 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck R. Beer 2019 

TBI ς «Evidence-Based Medicine» 

cause of TBI, most notably in elderly 
patients 

Modifiziert nach Peeters et al., Acta Neurochir 2015; 157: 1683ς1696 

NeuroCritical Care 
Medical University of Innsbruck R. Beer 2019 

TBI ς Epidemiology Update 

ω Χ falls are now the most common 

http://www.braintrauma.org/coma/guidelines
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Multiple injury patterns 

ω LƴƧǳǊȅ ǘƻ ǘƘŜ cranial «soft tissues» 

Multiple injury patterns 

ω LƴƧǳǊȅ ǘƻ ǘƘŜ bones 

Multiple injury patterns 

ω LƴƧǳǊȅ ǘƻ ǘƘŜ vessels 

Multiple injury patterns 

ω Brain injury|focal 

Multiple injury patterns 

ω Brain injury|global 

R. Beer 2019 Medical University of Innsbruck 

 

 TBI ς A Complex Disease Entity  

 
«Traumatic Brain Injury ς the Most Complex Injury 

to the Most Complex Organ of the Body» 
 

Earl F. Ellis, PhD 
Department of Pharmacology and Toxicology, School of Medicine, Medical College of 

Virginia Campus, Virginia Commonwealth University, Richmond, Virginia, USA 
 

17th Annual Neurotrauma Symposium, 

October 1999, Miami Beach, Florida, USA 

NeuroCritical Care  

 

 

 

 

 
 

Vicious Circle 

R. Beer 2019 
NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Heterogeneous Injury & «Vitious Circle» 

Multiple injury patterns 

ω Brain injury|diffuse 

Ischemia 

Non-ischemic 
Metabolic Crisis 

(P)tiO2 Ė 

BBB Ė 
(Brain Edema) 

CBF Ė 

CPP Ė ICP ĕ 
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ω Respiratory failure 23% 

ω Cardiovascular failure 18% 

ω Failure of coagulation system 4% 

R. Beer 2019 

Adapted from Zygun et al., Crit Care Med 2005; 33: 654ς660 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς A «Multisystem» Disorder 

ω Systemic (i.e., non-neurologic) complications after TBI are common and independent 
contributors to morbidity and mortality 

R. Beer 2019 

Adapted from Perkes et al., Ann Neurol 2010; 68: 126ς135 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Paroxysmal Sympathetic Hyperactivity 
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TBI ς «Sometimes Size Matters ...» 

ω High volume (>  40 patients per quater) is associated with improved severe TBI survival 
and, probably, improved QoL 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
Highest-volume centers demonstrated a 

ω 9% lower mortality risk 

Lower-volume hospitals discharged 

ω Significantly more patients to skilled 
nursing facilities 

ω Fewer patients to home or rehabilitation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
R. Beer 2019 

Adapted from Tepas et al., J Trauma Acute Care Surg 2013; 74: 143ς148 

NeuroCritical Care 
Medical University of Innsbruck 

R. Beer 2019 

Adapted from Samuels, Circulation 2007; 116: 77ς84 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Paroxysmal Sympathetic Hyperactivity 

kers 

ers 

oaches 
amage: 

Possible therapeutic appr 
to prevent neurocardiac d 

 GABA Agonists 

 Beta-Blockers 

  Calcium Channel Bloc 

  Free Radical Scaveng 

 Anti-Oxidants 
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Source: https://tvthek.orf.at/schedule/20.01.2011 

 

 
 

 

 

 

 
 

«Level 1» Neurotrauma Management ς Media Coverage 

mdr Exakt ς Die Story «Rückkehr ins Leben»; Reportage vom 25.05.2016 
http://www.mdr.de/mediathek/fernsehen/a-z/sendung661700_ipgctx-false_zc-ba8902b5_zs-73445a6d.html 

NeuroCritical Care 
R. Beer 2019 Medical University of Innsbruck 

«Level 1» Neurotrauma Management ς Media Coverage 

Approved by: Departments of Radiology & Neuroradiology, General & University Hospital, Medical University of Innsbruck 

NeuroCritical Care 
R. Beer 2019 Medical University of Innsbruck 

http://www.mdr.de/mediathek/fernsehen/a-z/sendung661700_ipgctx-false_zc-ba8902b5_zs-73445a6d.html
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2007 2016/2017 

 

 
 

 

 

 

 
 

«Level 1» Neurotrauma Management ς Media Coverage 

R. Beer 2019 

BBC three Broadcast 20.07.2015 
https://www.bbc.co.uk/programmes/b063h17m 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς «Evidence-Based Medicine» 

ω For a disease as complex as TBI, a common conc 
clinical trial is the generalizability of the results 

ς Determine when thoughtful deviation from 

ς Making clincial decisions must always integr 
with a particular patient's condition, a physi 
setting in which the care is being provided 

ely 
 

y a 

vid 
 

ced 

J Neurotrauma 2007; 24 Suppl 1: S1ςS106 Neurosurgery 2017; 80: 6ς15 
https://www.braintrauma.org/coma/guidelines 

R. Beer 2019 
NeuroCritical Care 
Medical University of Innsbruck 

ualized treatment approaches 
 

costs, and better patient outcomes 

weak 
 

ppropriate across the wide range of conditions 

ω Strength of supporting data is relativ 
 

ω No single treatment can be uniforml 
within TBI 

ς Supports the search for more indi 
 

ω Goals are improved efficiency, redu 

ern about applying the results of a 
to a particular patient or circumstance 

guidelines is appropriate 

ate knowledge of available evidence 
cian's training and experience, and the 

http://www.bbc.co.uk/programmes/b063h17m
http://www.braintrauma.org/coma/guidelines
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Managment of TBI ς «Who Cares About Guidelines?» 

ω Despite widespread dissemination of EBM guidelines, patients with severe TBI continue to 
receive inconsitent care 

ω Barriers to adoption of EBM need to be identified and mitigated to improve outcomes 

R. Beer 2019 

Adapted from Shafi et al., J Neurosurg 2014; 120: 773ς777 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Brain Trauma Foundation TBI Guidelines, 4th Edition 2016 

ω Χ results of the RESCUEicp trial  
released soon after the completion 
of these Guidelines 

R. Beer 2019 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck 

ω CSF drainage: III 

ω Hyperosmolar therapy: Not supported by evidence 

ω Prophylactic hypothermia: IIB 

ω Decompressive craniectomy: IIA 

http://www.braintrauma.org/coma/guidelines
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TBI ς Brain Trauma Foundation TBI Guidelines, 4th Edition 2016 

R. Beer 2019 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck 

ω Nutrition: IIA & IIB 

ω Steroids: I 

ω Anesthetics, analgesics, and 
sedatives: IIB 

ω Ventilation therapies: IIB 

TBI ς Brain Trauma Foundation TBI Guidelines, 4th Edition 2016 

R. Beer 2019 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck 

ω Seizure prophylaxis: IIA 

ω DVT prophylaxis: III 

ω Infection prophylaxis: IIA & III 

http://www.braintrauma.org/coma/guidelines
http://www.braintrauma.org/coma/guidelines
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ω ICP monitoring: IIB 
 

 

 
 

 

 

ω CPP monitoring: IIB 
 
 

 
 

ω Advanced cerebral monitoring: III 

 

 
 

 

 

 

 
 

R. Beer 2019 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck 

TBI ς Brain Trauma Foundation TBI Guidelines, 4th Edition 2016 

ω CPP thresholds: IIB & III 

ω BP thresholds: III 

ω Advanced cerebral monitoring 
thresholds: III 

ω ICP thresholds: IIB & III 

R. Beer 2019 
NeuroCritical Care 
Medical University of Innsbruck 

Adapted fromFarahvar et al., J Neurosurg 2012; 117: 729ς734 

Adapted from Chesnut et al., N Engl J Med 2012; 367: 2471ς2481 

ICP Monitoring in TBI ς «Damned If I Do Ya, Damned If I Don't» 

http://www.braintrauma.org/coma/guidelines
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Modifiziert nach Chesnut et al., N Engl J Med 2012; 367: 2471ς2481 

Modifiziert nach Farahvar et al., J Neurosurg 2012; 117: 729ς734 

 

 
 

 

 

 

 
 

BTF TBI Guidelines, 4th Edition 2016 ς «Facts and Myths» 

R. Beer 2019 

https://www.braintrauma.org/coma/guidelines 

NeuroCritical Care 
Medical University of Innsbruck 

Calculation of CPPς Where to Measure Mean Arterial Blood Pressure? 

CPP = MAP ɀ ICP 

© Neurological Intensive Care Unit, Department of Neurology, General & University Hospital, Medical University of Innsbruck 

NeuroCritical Care 
R. Beer 2019 Medical University of Innsbruck 

http://www.braintrauma.org/coma/guidelines


20  

 

 
 

 

 

 

 
 

Calculation of CPPς Where to Measure Mean Arterial Blood Pressure? 

R. Beer 2019 

Adapted from Thomas et al., Br J Anaesth 2015; 115: 487ς488 

NeuroCritical Care 
Medical University of Innsbruck 

Calculation of CPPς Where to Measure Mean Arterial Blood Pressure? 

R. Beer 2019 

Adapted from Kosty et al., Anesth Analg 2013; 177: 694ς698 

NeuroCritical Care 
Medical University of Innsbruck 
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R. Beer 2019 

Adapted from Güiza et al., Intensive Care Med 2015; 41: 1067ς1076 

NeuroCritical Care 
Medical University of Innsbruck 

Traumatic Intracranial Hypertension ς «Definition» of the Problem 

R. Beer 2019 

Adapted from Güiza et al., Intensive Care Med 2015; 41: 1067ς1076 

NeuroCritical Care 
Medical University of Innsbruck 

Traumatic Intracranial Hypertension ς «Definition» of the Problem 

 
 

ς Autoregulation 
passive 

ς Irrespective of 
autoregulation 

ς Autoregulation 
active 

 
 

ς Irrespective of CPP 

ς CPP > 50 mmHg 

ς CPP > 60 mmHg 

ς CPP > 70 mmHg 
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R. Beer 2019 

Adapted from Willie et al., J Physiol 2014; 592.2: 841ς859 

NeuroCritical Care 
Medical University of Innsbruck 

Note on Neurophysiology ς Human Cerebrovascular Autoregulation 

R. Beer 2019 

Adapted from Karamanos et al., Am J Surg 2014; 208: 363ς371 

NeuroCritical Care 
Medical University of Innsbruck 

ICP versus CPP ς Impact on Outcome 

ω A single episode of sustained increased ICP is an accurate predictor of poor outcomes 

ω Decreased CPP did not affect survival 


