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/ I Advanced TRAUMA
e ¥/ Life Support | ACS
Advanced CARDIOVASCULAR 7

Life Support | AHA/ERC

«Improve brain perfusionand
thereby outcomes»

Addressing non-neurologic organ

dysfunction as a result of acute
!.‘Stf’;i?.“"ﬂi!:f:.‘.?“" ki ! NEUROCRITICAL CARE SOCIETY brain injury or secondary to Netroinflammatiorn
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Emergency NEUROLOGICAL brain-specific therapies L I__
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(TBI) — Outline
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After completion of this educational activity
the participants should

Understand the complexity of the disease

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

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

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

Gain some insight into contemporaryclinical
Neuroinflammation neurotrauma research

Belonce. Syhergies Solutiony

‘ Neuroinfiammatior
: [Sears Evears

ean Adapted from Rubiano et al., Nature 2015; 527:5193-S197 gk '\ )\ )
NeuroCritical Care

Medical University of Innsbruck




ean TBI
congress

5" Congress of the
Eoronan Asdemy
of Neurology

Oslo
2019

June 28 - July 2

THE LANCET
Neurology

— The Neurological Perspective

Volume 18 ¢ [ssue 1 ¢

January 2019

ﬁ The data to put neurology on top of the public-health agendal

Every January issue of The Lancet Neurology includes a

spedal Round Up section. Its pages are a celeoration of|
research achievements over the previous year. Our 2018
Round Up reveals a booming specialty, in which the pace
of ciscovery is acceleratng, and for which advocates
are needed to raise awareness of this progress and bring
in the investment to mazintain the pace. But advocacy|
for 5rain health research requires good evicence and
accurate numbers on its social relevance, and only a few
subspecia'ties withir neurology have effectively gatlvered

¢ But advocay for brain healthresearch
requires good evidence ...

.. only few subspecialities within
neurology have effectively gathered
epidemiological data to supportcalls
for resources and funding
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epidemiological data to suppert calls for
funcing. Luckily, thissituation is charging.

Global, regional, and national burden of traumatic brain
injury and spinal cord injury, 1990-2016: a systematic

analysis for the Global Burden of Disease Study 2016
Implications of all the available evidence

Our astimates suggest that TBland $Cl are severely dlsahl ng
injuries. The global turden of TBI increased signifi
between 1990 and 2016, whereas that of SCI has not changed
sign ficantly over time in terms of age-standardised incidence
and orevalence.

.. TBI and SCI are severely disabling injuries
Neuromﬂommatvon

Belnce. Syrves

Neuroinflammation

Sclence. Synergies Soluten

= ° - global burden of TBI increased significantly ...
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TBI — Collaborative European NeuroTrauma Effectiveness Research in TBI
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Collaborative European NeuroTrauma
Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI): A Prospective Longitudinal

Observational Study NTER-TBI

Callaborative Eurapean WeurTrauma Effectiveness Research in TBI

‘SEVENTH FRAMEWORK
PROGRAMME

TABLE 5.

Brain Injury Research Studies”

Project Acronym and

Project Title Sample Size

Funding Agency

Europe
Collab Effectiveness Research in TBI
Collaborative REsearch on ACute Traumatic brain Injury in IntensiVe care Medicine in
Europe
United States
Transforming Research And Clinical Knowledge in Traumatic Brain Injury
Approaches and Decisions for Acute Pediatric TBI
Managing severe TBI without ICP itori ideli
Canada
Predicting and preventing postconcussive problems in paediatrics (5P) study: protocol
for a prospective multicentre clinical prediction rule derivation study in children with
concussion.
proving the di: is and
common data
A longitudinal prospective study of mTBI in youth ice hockey players
Post-concussion Syndrome in youth: assessing the GABAergic effects of melatonin
Neurocare: a clinical decision-making tool in youth mTBI

CENTER-TBI (n = 5400)
CREACTIVE (n = 7000)

European Commission
European Commission

TRACK-TBI (n = 2700)
ADAPT (n = 1000)
(n = 780)

NIH/NINDS
NIH/NINDS
NIH/NINDS

P and testing

5P (n = 2000) CIHR/ONF

of mTBI in children and youth: the power of Common data (n = 1000) CIHR/FRQS
Safe to play (n = 1000)
PLAYGAME (n = 166)

NEUROCARE (n = 1400)

CIHR/HBI
CIHR
CIHR/OBI

Neuronnﬂammtmon
v Sl

Neuroinflammation

Adapted from Maas et al., Neurosurgery 2015; 76:67-80
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Observational Study : CENTER-TBI i 2019
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SEVENTH FRAMEWORK
PROGRAMME

ICKGROUND: Current classification of traumatic brain injury (TBI) is suboptimal, and

management is based on we: idence, with little attempt to personalize treatment. A
negd exists for new pvecusnon nd stratified management approaches that

OBJECTIVE: To improve| o Current classification of TBI is suboptim
clinical care, using comp:

% Q METHODS: This mulicd ® Management is based on weak evidenc
=% untries across Europe

¢ of Neurology, Division of Ny itical Care, ients, presenting W|thln ° H icii icil
y Innsbruck, In:;bruck‘ Austria. indication for c Need exists for peNjprecision medlc"'e

ately 20 000 patients will assess generalizability.

should provide novel multidimensional approaches to TBI characterization and clas-
tion, evidence to support treatment recommendations, and benchmarks for quality
ccare. Data and sample itories will ensure opp ities for legacy research.

EXLECTED OUTCOMES: Collaborative European NeuroTrauma Effectiveness Research in
T8l
sifi

| DISCUSSION: Comparative effectiveness research provides an alternative to reduc-
tiopistic clinical trials in restricted patient populations by exploiting differences in

biglogy, care, and outcome to support optimal p lized patient

FIGURE 1. Distribution and number of sites per country that will participate

in the Collaborative European NeuroTrauma Effectivencss Research in

Traumatic Brain Injury.

Adapted from Maas et al., Neurosurgery 2015; 76: 67-80 4 ~
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2019 : : injury and spinal cord injury, 1990-2016: a systematic 2019
Sune28-duy2 ===——u analysis for the Global Burden of Disease Study 2016 Sune 8- Juy2

Incidence Prevalence
2016 counts 2016 age- i Per ch i 6 ag i b
rates (per 100 000) age-standardised rates (per 100000) age-standardised rates,
rates, 1990-2016 1990-2016
Global Figure 3: Globa incidence of minor (A) and moderate or severe (B traumatic brain injury, by ageand sex, 2016 84
A B (77t092)

. 12504 —— Fomale
High SDI ~7:9(-8710-7)
ig o 7.9(-87t0-7:1)

High-middle SDI 10004 54

(-63to-45)

Middle SDI 750

324
(31:01033.9)
Low-middle SDI 500 i 187 )
177 to 200)

Incidence (per 100000)

250 33
(191048)

Ll 10 20 30 4 50 60 70 80 90 100 ¢ 10 20 30 40 50 60 70 80 90 100 ('3:&‘0_9‘1)
Age (years) Age (years)
Neuromflammatlon Westarn Eiops 1263700 75 34 Jo3143%% 73 128 Neuromﬂummatlor
RSy (1042418101546907) (2440 351) (-172t0-97) (2880245t03154517) (519t0572) (-138t0-117) #

Austria 28255 322 -199 66670 589 177
(23166 t035170) (26610388) (-245t0-14.8) (63606 to 69564) (56110 616) (-194t0-162)

k) a n Adapted from GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators, Lancet Neurol 2019; 18: 56-87 " 2N
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— However, level of consciousness might be obscured by confounders such as sedation,
June 28 - July 2 June 28 - July 2

neuromuscular blockade, or intoxication

Motor Response (M)

Eye Response (E)
Verbal Response (V)

M6 Obeying commands

4 Spontaneously Thadan
[ oo |
|Anambulance /5 Oriented - e =
<h—m_:§;m“°,' - MS5 Localizing pain

ital,
3 To command .
[wheream 'y
| whathas V4 Canfused

w / M4 withdrawal from

- pain
2 To pain i
run... |
ights ashing V3 Inappropriat

words M3 Flexion response

GCS 15-13 Mild TBI (MTBI) to pain

Unintelligibl|
GCS 12-9 Moderate TBI sor::; ¢ M2 Extension response

to pain

Neuroinflammation o GCS8-3 Severe TBI Neuroinflammation

Solutieny.

EF—yeors ‘

\\) (=lelg)

No verbal Science Synergies Solutiunm,
response M1 No motor response

Medical University of Innsbruck

ggr?gress Outcome Prediction after TBI — «/IMPACT Database» 7 R ggrr\‘gress
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Europeon Acodem v Europeon Academ,
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Adjusted Common odds ratio from praportianal odds madel
O s I o Niember Sample sample Reference O S I o

2 01 9 Variable of studies size size® category Caregory Univariate Model A Model B Madel C Maodel 2 01 9
Hypoxia 5626 5452 No 2.08

Suspected/definite 1.65 165
June28 - July 2 Hypoxensio_n 6595 6420 No Snspecled.’deﬁn?te 206 2.06
Hypothermia 4195 4178 No Suspected/definite 1.63 1.62
CT class 5209 5192 Diffuse No visible pathology 047
Swelling/shift . 223
Mass lesion . 148
Cisterns Present Compressed/absent .. 1.83
Shift No I-5 mm 131
1.38
1SAH Na 20
EDH Na . 0.63
SDH No . 133
Contusion No £ - 140
GCS eye score Pain/sound/ 1.54
issi 1.20
None 1.5
Missingfuntestable 142
GCS mator score S Localizes/ None —
obeys Extension —
Abnormal flexion —
Normal flexion —
Missing/untestable =
Pupil response Both reacting One reacting —
Neither reacting —
Systolic BP 120-150 mm Hg <120 mm He ;
=150 mm Hg 1.30
Mean arterial BP 85-110 mm Hg <85 mm Hg L4
=110 mm Hg 1.27
Sodium 137-142 mmol/L <137 mmol/L. 114
=142 mmal/L. 1.14

214 Z i :
iy yeors
Adapted from Murray et al., ] Neurotrauma 2007; 37: 329-337 4 " u'a \-) ean
L
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(i.e., E/V/M) separately

Consider relevant limitations and «confounders»

— Not only documentation of sum score, it is important to state the score of each catergory

June 28 - July 2

states that *, .

Neuroinflammation

Pelonce Syriergues, Solutim,

|_|E_)years

(=lelg)

Inter-rater reliability, validity and

objectivity

Major confounders are analgesia,
sedation and neuromuscular blockade

Other confounding factors areinjury
pattern as well as therapeutic

interventions

ggRgress GCS Score — Practical Considerations

S it

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

Notably, Teasdale and Jennett
themselves questioned the validity of the summarized use of the three components of the GCS’. The letter unequivocally
. the information conveyed by the coma score is less than that contained in the three responses separatcly.
(...) Indeed, in Glasgow, patients under treatment are always described by the three separate responses, and never by the
total”.
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Consider relevant limitations and «confounders»

— Not only documentation of sum score, it is important to state the score of each catergory

(i.e., E/V/M) separately
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Belonce. Syhergies Solutiony
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Adapted from Stahel, BrJ Surg 2012; 99 Suppl 1:131
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GCS Score — Practical Considerations

e Consider relevant limitations and «confounders»

— 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)

Ve o

The present study by Hoffmann and colleagues confirms the longstanding notion that the individual motor response
component, in conjunction with assessment of pupil reactvity, outweighs the summarized GCS score in predicting
outcome in a large cohort of 24 115 patients with TBI from the German Trauma Registry.

Adapted from Stahel, Br J Surg 2012; 99 Suppl 1:131
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s (B) |

Respiration (R)

Eyelids open g
to command

Eyelids open Y Not intubated, regular breathing pattern
Eyelids closed Not intubated, CHeYNE-STOKES breathing

pattern
Eyelids closed

Not intubated, irregular breathing
Eyelids remai

Intubated, but triggering or breathing above

MO  No response-te-pain-orgenerati ventiator rate

myoclonus status

RO Apne? Of breathing at venjjator rate

Adapted from Wijdicks et al., Ann Neurol 2005; 58: 585-593 4

NeuroCritical Care

Medical University of Innsbruck
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TBI — Media Coverage

30.12.2013

«... dans une situation critique sur
le plan de la réanimation cérébrale que
tous les traitements qui sont
a I'heure actuelle recommandés
sont mis en ceuvre.»

Neuroinflammation

Peiance. Syhergies. Solutiam, = e 3 é
| years PROFESSEUR JEAN-FRANCOIS PAYEN

\\\!)))ean CHEF DU SERVICE ANESTHESIE-REANIMATION

Source: https.//www.bbc.com/sport/formulal/46734484 (access on 30 June 2019) & v
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Guidelines for the Management

of Severe Traumatic Brain Injury
3rd Edition

A Join Project of the

Brain Trauma Foundation

Improving the Outoome of Brain Trauma Patients Workiwide
and

Ameri 4 ion of Newrologi

! Surgeons (AANS)
Cangress of Newrological Surgeons (CNS)
AANS/CNS Joint Section on Newrotrauma and Critical Care

708 Thisd Avenue, Suie 1

Ine Copics e B Traumo Foundtion.
€10, Hew Vork NY 100174201, phone (212) 720600, fax (212 7720397,
Websit: wen: [N ——

org

Hiang s i, It

2007

J Neurotrauma 2007; 24 Supp! 1: S1-S106

NeuroCritical Care
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The scope and purpose of this work is 2-fold: to synthesize the available evidence and
to translate it into { This provides only
when there is evidence to support them. As such, they do not constitute a complete
protocol for clinical use. Our intention is that these recommendations be used by
others to develop treatment protocols, which necessarily need to incorporate con-
sensus and clinical judgment in areas where current evidence is lacking or insuffi-
cient. We think it is important to have evidence-based recommendations to clarify
what aspects of practice currently can and cannot be supported by evidence, to
encourage use of evidence-based treatments that exist, and to encourage creativity
in treatment and research in areas where evidence does not exist. The communities of
neurosurgery and neuro-intensive care have been early pioneers and supporters of
evidence-based medicine and plan to continue in this endeavor.

Living Guidelines

This Fourth Edition of the Guidelines is transitional. We do
not intend to produce a Fifth Edition. Rather, we are moving to
a model of continuous monitoring of the literature, rapid
updates to the evidence review, and revisions to the recommen-
dations as the evidence warrants. We call this the Living
Guidelines model.

Neuroinflammation 2016/2017

. Neuroinflammation
i J Neurotrauma 2007; 24 Suppl 1: $1-5106 Neurosurgery 2017; 80: 6-15 i

| o rs https://www.braintrauma. org/coma/guidelinf | o rs
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Incidence rate™’ 235 226 344
Prevalence rata” NR NR 709

Table 5  Comparison with review of Tagliaferri et al. 2006 [38]

Tagliaferi et al. 2006 This review

Time period of included studies 1980-2003 1990-2014
Number of included studies 23 28 (9%
Number of countries 12 16
Average incidence rate per 10°/year 235 326
Mast frequent cause of TBI (number of studies) RTAs (8)>falls (6) Falls (14)>RTAs (11)
Male>female Male>female
Nevertheless, changes in epidemiological pat- 10,5
terns are found: falls are now the most common cause of TBI,
™ most notably in elderly patients. Improvement of the quality | © falls are now the most common
) 5 of standardised data collection for TBI is mandatory for reli-|  cause of TBI, most notably in elderly ) :
!f,ﬁtfl? ‘".I.'."M?.f’"m able monitormng of epidemiological trends and to inform ap- patients Dedroustaianon

Belone rgies Solutiany.
propriate targeting of prevention campaigns.
[Eyears

ea n Modifiziert nach Peeters et al., Acta Neurochir 2015; 157: 1683-1696
NeuroCritical Care

Medical University of Innsbruck
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TBI — A Complex Disease Entity

raumalis.Bgin;)njury — the Most Complex Injury
to the Most Complex Organ of the Body»
—

Earl is, PhD

3y, School of Medicine, Medical College of
onwealth University, Richmond, Virginia, USA

Department of Pharmacology a
Virginia Campus, Virginia Cof

17th Annual Neurotrauma Symposium,
October 1999, Miami Beach, Florida, USA

TBI — Heterogeneous Injury & «Vitious Circle»

Multiple injury patterns

e Brain injury|diffuse

BBB { [FENCE ‘g
(Brain Edema)| ‘{ Vicious CirCIe
o A

N
|\

(P)tio, &

y/

Ischemia

Non-ischemic
Metabolic Crisis

- NeuroCritical Care
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TBI — A «Multisystem» Disorder
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Non-neurologic organ dysfunction in
severe traumatic brain injury

uropeon Academy
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Oslo

® Respiratory failure 23%

Objective: To describe the incidence of non-neurologic organ
dysfunction and its i with in patients with
severe traumatic brain injury admitted to lnlenslve care.

Patients: Patients were 209 consecutive patients with severe
traumatic brain injury.

Measurements and Main Results: Non-neurologic organ dys-
function was measured by the maximum modified multiple organ
dysfunction score. Organ system failure was defined as a com-
ponent score of =3 on any day during the patient's intensive care
unit stay. One hundred and eighty-five (89%) P

e Cardiovascular failure 18%

2019

June 28 - July 2

¢ Failure of coagulation system 4%

Table 3. Hospital mortality and neurological outcome by quartile of maximum modified
multiple organ dysfunction (mMOD) score

Maximum mMOD
Score 0-1 2-3 45

42 (67)
21(33)

6-12

24(52)
22 (48)

Survivors, n (%)
Nonsurvivors, n (%)

44 (80)
11(20)

32(7)
13 (29)

dysfunction of at least one non-neurologic organ system. Ninety-
six organ system failures were identified in 74 patients (35%).
Respiratory failure was the most eommon non-neurolonlc organ
system failure, in 23% of p

Favorable, n (%)
Nonfavorable, n (%)

23 (58)
17 (43)

12 (29)
30071

9(30)
21(70)

5(14)
30 (86)

Table 4. No. of organ system failures and mortality rate

cular failure occurred in 18%. Eldlt patients (4%) had failure of
the coagulation system. One patient had renal failure, whereas no
patient developed hepatic failure. In a multivariate model, non-
neurologic organ dysfunction was independently associated with
hospital mortality (odds ratio for hospital mortality, 1.63; 95%
confidence interval, 1.34, 1.98 for one maximum modified multiple
organ dysfunction score point).

No. of Organ
System Failures

Proportion of Patients Not
Surviving to Hospital Discharge

No. of
Patients

026 135
0.40

047

1.0

1.0

Neuromﬂommatvon

Beience. Syv

Neuroinflammation

Selence Syhergien Soltieny

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

Adapted from Zygun et al., Crit Care Med 2005; 33: 654—-660

NeuroCritical Care
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Paroxysmal Sympathetic Hyperactivity
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A Review of Paroxysmal Sympathetic
Hyperactivity after Acquired

Oslo y e
Brain Injury

2019
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TABLE 3: Sample Characteristics of Paroxysmal
Sympathetic Hyperactivity Cases

Characteristic

Value

TABLE 1: Age, mean yr + SD
Sex, No. (%)
Male
Female
GCS severe injury [<9], No. (%)
GOS, No. (%)
1: Death
2: PVS
3: Severe disability
4: Moderate disability
5: Good recovery
Clinical setting, No. (%)
Icu
Rehabilitation
Combined

Features of P | 242£11.8

Clinical Features

Category Mixed
Autonomic
Hyperactivity
Increases in HR, RR, BP, temperature, sweating, and Yes

pupillary dilation

Decreases in HR, RR, BP, temperature, and pupillary Yes
contraction

112(78)
31(22)

Sympathetic 199 (100)

Parasympathetic 22(18)
37 (30)
56 (45)
7(5)
3(2)

Moror features Variable

Decercbrate posturing, decorticate posturing,
spasticity, hypertonia and/or dystonia, tecth-grinding,
agitation

Other

Hiceups, lactimation, sighing, yawning Yes

139 (45)
119 (39)
48 (16)

Severe excessive autonomic overactivity occurs in a subgroup of people surviving acquired brain injury, the
majority of whom show paroxysmal sympathetic and motor overactivity. Delayed recognition of paroxysmal sym-
pathetic hyperactivity (PSH) after brain injury may increase morbidity and long-term disability.

Neuroinflammation

Belonce. Syhergies Solutiony

lfyears
@ an

Neuroinflammation

Belance. Syvergies Solutiany.

%ears

(=lelg)

Adapted from Perkes et al., Ann Neurol 2010; 68: 126-135
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porary Reviews in Cardiovascular Medicine

The Brain—-Heart Connection

Paroxysmal Sympathetic Hyperactivity

Adrenal
Catecholamines

—

Sympathetic Storm

o

Neurally Released
Catecholamines

—

Exogenous
Catecholamines

ean
congress
S* Congress of the

Europeon Academy
of Neurology

Oslo
2019

June 28 - July 2

L.

Possible therapeutic :_:\pproaches ECG Changes
to prevent neurocardiacdamage:

Wall Motion Disorders
o GABA Agonists Contraction Bands

@ Beta-Blockers ‘

Free Radical Release

10

Calcium Entry
Enzyme Leak
Contraction Band Necrosis

Cardiac Receptor Operated e
Calcium Channel e

Sudden Death

Takotsubo

© calcium Channel Bloc kers
0 Free Radical Scavengers
e Anti-Oxidants

Neuroinflammation
felonce o, Salihers

Neuroinflammation
Sphasgu

s BBl

Adapted from Samuels, Circulation 2007; 116: 77-84
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ggrr\\gress TBI — «Sometimes Size Matters ...»
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Europeon Academy
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congress
5" Congress of the

Europeon Academy
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Oslo
2019

June 28 - July 2

High-volume trauma centers have better outcomes
treating traumatic brain injury

Oslo
2019

June 28 - July 2

Survival and discharge status from severe traumatic brain injury (TBI) patients|
onship betw
T for years 2|
Modificatio|
core (ICIS!

Lower-volume hospitals discharged

e Significantly more patients to skilled
nursing facilities

desi

Data i Highest-volume centers demonstrateda
DRG
was di

* 9% lower mortality risk

- — - ¢ Fewer patients to home or rehabilitation

random effects model controlling for s':y/hmcuy. and statu

inpatient mortality and functional recove ned as discharge to home or rehabilitation versus transfe?mh\ ursing

facilities. Hospitals were categorized i arterly TBI volume quintiles, using the top quintile (highest-vol tgr) as

¢ After controlling Nven’ty, demo-
graphics, and insurance status, highest-volume centers demonstrated a 9% lower mortality risk (p < 0.001). Lower-volume
hospitals discharged a significantly larger proportion of TBI patients to skilled nursing facilities and fewer patients
rehabilitation facilities (p < 0.01).

a ly larger proportion of TBI patients to Skilled nursing Tacilitics and fewer patients to home or
rehabilitation facilities (p < 0.01).

to home or

High volume (>40 patients per quarter) is associated with improved severe TBI patient survival and, probably, improved quality
of life. Efforts to identify best p and imy i with best-practi

standards will benefit patients with severe traumatic brain injury.

inter

to improve

¢ High volume (> 40 patients per quater) is associated with improved severe TBI survival

Neuroinflammation .
beier + Solutions and, probably, improved QoL

|_Eears
oJ

Neuroinflammation

Below esgies Soltom,

@5—'-__)@5%

an

Adapted from Tepas et al., ] Trauma Acute Care Surg 2013; 74: 143-148 4
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«Level1» Neurotrauma Management — Media Coverage

Sendezeit Exakt die Story
Mi, 29.06.2016 | 20:45 Uhr
Uhe

Exakt - Die Story | MOR FERNSEHEN | 25.05.2016 | 2045 Uhr LIVE UND ON DEMAND

Ruckkehr ins Leben: Schicksal Schadel- Exakt - Die Story in der MDR
Hirn-Trauma - r o T A

Ein Unfall mit schwerer Kog
die Betroffenen hat eine sofil
Teile des Gehirns kénnen ir]
keine bleibenden Schaden

bis Patienten wieder ihre v¢
wiedererlangen

Patienten mit schwerem Schad
Koma versetzt - damit das Gehi

A TEEEESCL

PARY

mdr Exakt — Die Story «Riickkehr ins Leben»; Reportage vom 25.05.2016
http://www.mdr.de/mediathek/fernsehen/a-z/sendung661700_ipgctx-false_zc-ba8902b5_zs-73445a6d.html 4
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«Level1» Neurotrauma Management — Media Co

|B|B|C I News | Sport = Weather | Shop | Earth

thee Me & My New Brain

L 8
A young woman who suffered a brain injury in an accident retraces
ithe steps of her dramatic recovery and meets other young people
dj to life after serious brain injuries.

BBC three Broadcast20.07.2015

https://www.bbc.co.uk/programmes/b063h17m

b NeuroCritical Care
I‘ g2l h T iﬁn E Hi r 2010 cal University of Innsbruck

TBI — «Evidence-Based Medicine»

BRAIN TRAUMA F DATION TBI GUIDELINES

G “ﬂd(”\:ﬁﬂef’. for }jh ' M:ﬂ,l}ﬁgﬂ@f;‘ lent Guidelines for the Management of Severe
¢  Foradisease as complex as TBI, a commonconcern about applying the results of a dition

clinical trial is the generalizability of the results to a particular patient or circumstance

dence and

— Determine when thoughtful deviation from guidelines is appropriate

— Making clincial decisions must always integrite knowledge of available evidence
with a particular patient's condition, a physician's training and experience, and the
setting in which the care is being provided

* Strength of supporting data isrelativ ely weak

.iis] ® Nosingle treatment can be uniformly appropriate across the wide range of conditions
within TBI b

— Supports the search for more indi vidualized treatment approaches 1

e Goals are improved efficiency, reduced costs, and better patient outcomes
ZUU7 I | ZU19/ZU17

J Neurotrauma 2007; 24 Suppl 1: S1-S106 Neurosurgery 2017; 80: 6-15
https://www.braintrauma.org/coma/guidelines

A-_ NeuroCritical Care
I‘ u h n Iin B ﬁiﬁ[ 2010 cal University of Innsbruck
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gggsress Managment of TBI — «Who Cares About Guidelines?» ggRgress
2" Congrn:{:m' S Congress of the

ey Suboptimal compliance with evidence-based guidelines in e
Oslo patients with traumatic brain injuries Oslo
2019 i 2019

June 28 - July 2 POC Compliant June 29 - July 2
No. Process of Care Definition Eligibility (no. eligible) (%)

atadmis-  all patients (2056) 1890 (92)
sion or in the field

Resuscitation transfusion of packed RBCs in 1st  SBP on admission <90 mm Hg & he- 48 (75)
24 hrs if hypotensive & bleeding matocrit on admission <30 (64)

Correction of coagulopathy transfusion of fresh-frozen plasma  admission INR >1.5 (243) 164 (67)
in 1st 24 hrs if coagulopathic

ICP monitoring use of ICP monitor or ventriculos-  total GCS score <8 at 24 hrs & age 818 (52)
tomy to measure ICP <65 yrs (1569)

ICP-directed therapy maintaining CPP =50 cm H,0 on  all patients w/ ICP monitor or ventricu- 742 (76)
Day 2 lostomy on Day 2 (978)

Physical therapy & rehabilitation discharge to rehabilitation w/ per-  all patients who survived to discharge 71(64)

after discharge sistent deficits at discharge & & w/ GCS score of 12 or 13 at dis-

able to participate in therapy charge (111)

Results. The overall compliance rate was 73%, and there was wide variation among centers. Only 3 centers |
achievg L . - L . . .

than av] ® Despite widespread dissemination of EBM guidelines, patients with severe TBI continue to
Neuroinflammation associ  receive inconsitent care

Belance. Syriergies Soluen

Neuroinflammation

Sclance Syriergues Solutiony

Barriers to adoption of EBM need to be identified and mitigated to improve outcomes
| [Sears B i 2 B Sye

< Cyears
ean i Y

Adapted from Shafiet al., J Neurosurg 2014; 120: 773-777 # UV ean
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ggrqgress TBI — Brain Trauma Foundation TBI Guidelines, 4t Edition 2016

5" Congress of the

ean
congress
Europeon Academy X | Congress ot the

i Europeor
of Neurology of M.urMogy

O SI o Topic : : Recommendations O s I o
2 01 9 Decompressive craniectomy l..z;v'::"l::. 2 01 9

i Decompress:ve craniectomy: IIA l"“'“‘ by the GOS-E score at 6 mo post-injury

_ and with ICP elevation to values >20 mm Hg T e
a 1-h period that are refractory to first-tier therapi this procedure i 4
o ... results of the RESCUEicp trial uce ICP and to minimize days in the ICU.

released soon aﬂ»er the completion I DC (not less than 12 x 15 cm or 15 cm dhmmr) is recommended over
T H for reduced mortality and d i in pati
of these Guidelines

P! g

June 28 - July 2

*The committee is aware that the results of the RESCUEicp trial> were released soon after the completion of these
Guidelines. The results of this trial may affect these recommendations and may need to be considered by treating
physicians and other users of these Guidelines. We intend to update these recommendations if needed. Updates
will be available at https:/brai org/coma/quideli
Prophylactic hypothermia Level IIB

+ Early w| o Prophylactic hypothermia: 11B ypothermia is not ded to

Hyperosmolar therapy Recommendaﬂons from the prior (Third) Edition not supported | by evidence meeting current standards.

Mannitol i | hypotension (systolic
blood p| ® Hyperosmolar therapy: Not supported by evidence
Restrict ml tion or

log not to extracranial causes.

Cerebrospinal fluid drainage Level Ill

* An EVD inage of CSF may be considered to lower ICP
burden| ® CSF drainage: Il

Neuroinflammation * Use of CSF dnlmgo to lower ICP in patients with an initial GCS <6 during the first 12 h after injurymaybe | |} = |
Belonce Syiergies Solutiun, 'y Belonie 5

Sclence. Syheryes Saltum
|__years a Cyears
an https://www.braintrauma.org/coma/quidelines  H=SY 4 an

NeuroCritical Care ’ }
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ggggress TBI — Brain Trauma Foundation TBI Guidelines, 4t Edition 2016

Stcenaressctihe
uropwon Academy
or Neurology

ean
congress
S* Congress of the

Europeon Academy
of Neurology

Oslo g — Oslo
2019 V:::ﬂ:atlon therapies Level IIB — 2019

' P'°‘°“9‘1 * Ventilation therapies: 11B t“g b not recommendex. o ]
Recommel evidence meeting current standards.
Hyper ilation is recc ded as a temporizing measure for the reduction of elevated ICP.
Hyperventilation should be avoided during the first 24 h after injury when CBF often is reduced critically.
If hyperventilation is used, SjO, or BtpO, are rec ded to monitor oxygen delivery.
Anesthetics, analgesics, and Level IIB
sedatives ¢ Anesthetics, analgesics, and

* Adminis sedatives: 1B isured by EEG as prophylaxis against the

June 28 - July 2

* High-dose barbiturate administration is recommended to control elevated ICP refractory to maximum standard
medical and surgical treatment. Hemodynamic stability is essential before and during barbiturate therapy.

* Althoug t recommended for improvement in mortality or
[RUENY * Steroids: | can produce significant morbidity.’
Level |

* The use of sterolds is not ded for imp g or reducing ICP. In patients with severe TBI, high-
dose mett lone was associated with increased mortality and is dicated.
Level 1A

+ Feeding patients to attain basal caloric replacement at least by the fifth day and at most by the seventh day
post-injury is recommended to decrease mortality.
Level IIB

& o - T g jejunal feeding is ded to reduce the incid of
euroinflammation —
Wi * Nutrition: IIA & IIB [

E;lears M ([Sears
ean https://www.braintrauma.org/coma/guidelines 4 i ean
T § NeuroCritical Care GEINY. \

Medical University of Innsbruck

ggrqgress TBI — Brain Trauma Foundation TBI Guidelines, 4t Edition 2016 ggggress
5" Congr-unm

\ Al 5 Congressotthe
Europeon Aco Vo Europeon Acad
of Neurology of M.urMogy

OSI o Topic Recommendations OSIO
2 019 Inf:ction prophylaxis Level 1A 2 019

 Early trac

ougwed o Infection prophylaxis: A &Il ’tion days when the overall benefit is thought to June 28 - July 2

However, there is no evidence that early

tracheostomy reduces mortality or the rate of nosocomial pneumonia.

* The use of Pl oral care is not rewmmended to uduce ventilator-associated pneumonia and may cause an
i d risk of acute y

Level Ill

. b may be dered to p during

June 28 - July 2

Deep vein thrombosis Level Il
Prophylaxis

5 "MWH“I * DVT prophylaxis: 1l

ination with mechanical prophylaxis. However,
there is'arr TISKTOT

* In addition to compression stockings, ph ologic prophylaxis may be considered if the brain injury is stable
and the benefit is considered to outweigh the risk of Increased m(racramal hemorrhage
« There is insufficient evidence to support rec d g g the p d agent, dose, or timing of
pharmacologic prophylaxis for deep vein thrombosis.
Seizure prophylaxis Level IIA

. Prophy|1 o Seizure prophylaxis: A for preventing late PTS.

* Phenytoi (within 7 d of injury), when the overall benefit is
“treatment. However, early PTS have not been

I : associated with worse outcomes y 8
Neuroinflammation « At the present time there is insufficient evid to d I Neuroinflammation
Belance Syrergues. Soluianm, [t

regarding efficacy in p g early post and Sclence. Syhergies. Saltum,
lfyears — |Eyears

\\v)) an https://www.braintrauma.org/coma/guidelines AL %Y 4 \\:) an
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ggr?gress TBI — Brain Trauma Foundation TBI Guidelines, 4t Edition 2016

S* Congress of the
T
of Neurology

ean
congress

5" Congress of the
Europeon Academy
of Neurology

OSIO Recommendations OSIO

a o 19 T.opJI: Recommendations 2 01 9

Blood pressure thresholds Level Il

. Malnhlnh{ e BP thresholds: Il orat =110 mm Hg or above for patients 15

to 49 or lity and imp
Intracranial pressure thresholds Level IIB

* Treating o ICP thresholds: 1B & Il ve this level are associated with increased
mortali

Level Il

* A combination of ICP values and clinical and brain CT findings may be used to make management decisions.

*The committee is aware that the results of the RESCUEicp trial® were released after the completion of these
Guidelines. The results of this trial may affect these recommendations and may need to be considered by treating

physicians and other users of these Guidelines. We intend to update these recommendations if needed. Updates
will be available at https:/brai Ima.org/cs ideli

Cerebral perfusion pressure Level IIB
thresholds

June 28 - July 2

2

« The recon] ® LFP TNresnoias: np & i
Whether
autoregulatory status of the patient.

Level Il

outcomes is between 60 and 70 mm Hg.
old is unclear and may depend upon the

g aggressive pts to maintain CPP >70 mm Hg with fluids and pressors may be considered because of
the risk of adult respiratory failure.
Advanced cerebral monitoring  Level Il

E‘llsgromf.l_‘o LII,'I‘..?“" thresholds

o] Neuroinflammation
* Advanced cerebral monitoring Sriergi

* Jugular ve| in order to reduce mortality and improve
thresholds: 11|

outcomey

https.//www.braintrauma.org/coma/guidelines
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ggr?gress ICP Monitoring in TBI — «Damned If | Do Ya, Damned If | Don't»

5" Congress of the
Europeon Academy
of Neurology

ean
congress

5" Congress of the

A Trial of Intracranial-Pressure Monitoring ==
in Traumatic Brain Injury

Oslo
2019

June 28 - July 2 CONCLUSIONS

For patients with severe traumatic brain injury, care focused on maintaining mon-
itored intracranial pressure at 20 mm Hg or less was not shown to be superior to
care based on imaging and clinical examination.

June 28 - July 2

Adapted from Chesnut et al., N Engl J Med 2012; 367: 2471-2481

Increased mortality in patients with severe traumatic brain
injury treated without intracranial pressure monitoring

Conclusions. In patienis with severe TBI treated for intracranial hypertensicn, the use of an ICP monitor is as-
sociated with significantly lower mortality when compared with patients treated without an ICP monitor. Based on

these findings. the authers conclude that ICP-directed therapy in patients with severe TBI should be guided by ICP
maonitoring.

Adapted fromFarahvar et al., J Neurosurg 2012; 117: 729-734
Neuroinflammation Neuroinflammation

[Syears
b ean
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TBI Guidelines, 4t Edition 2016 — «Facts and Myths»

A Trial of Intracranial-Pressure Monitoring

. Managemeﬁ of severe TBI p using information from ICP itoring is r ded to reduce in-
hospital and 2-week post-injury mortality.

Recommendations from the prior (Third) Edition not supported by evidence meeting current standards.

ICP should be monitored in all salvageable patients with a TB! (GCS 3-8 after resuscitation) and an abnormal CI
scan. An abnormal CT scan of the head is one that reveals hematomas, contusions, swelling, herniation, or
compressed basal cisterns.

ICP monitoring is indicated in patients with severe TBI with a normal CT scan if =2 of the following features are
noted at admission: age >40 years, unilateral or bilaterzl motor posturing, or SBP <90 mm Hg.

« Management of severe TBI patients using guidelines-based rec dati for CPP itoring is
recommended to decrease 2-wk mortality.

Increased mortality 1n patients with severe {raumatic brain

injury treated without intracranial pressure monitoring

I » Treating ICP >22 mm Hg is recommended because values above this level are associated with increased
mortality.

{ * A combination of ICP values and clinical and brain CT findings may be used to make management decisions.
T —

.| * The recommended target CPP value for survival and favorable outcomes is between 60 and 70 mm Hg.
Whether 60 or 70 mm Hg is the minimum optimal CPP threshold is unclear and may depend upon the
autoregulatory status of the patient.

* Avoiding aggressive attempts to maintain CPP >70 mm Hg with fluids and pressors may be considered because of '
the risk of adult respiratory failure. N —

L

<l

~

A
2

A

||

https.//www.braintrauma.org/coma/guidelines
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ANOre alculation ot CPP ere to Measure Mean A nNnore
Calculation of cerebral perfusion pressure in the
® management of traumatic brain injury: joint position ®
O 2 . o
N10 statement by the councils of the Neuroanaesthesia N1C
and Critical Care Society of Great Britain and Ireland
(NACCS) and the Society of British Neurological
Surgeons (SBNS)
Whilst not wishing to dictate local clinical practice, based
on the available evidence, the Councils of NACCS and SBNS
would recommend that when calculating CPP in TBI the
MAP used in the equation CPP=MAP-ICP should be the
il cer:ebra] arter.ial PIEEBUTE e_sti.mated Councils do not endorse positioning (levelling) ths arterial
of t}’? m.lddle crafua[ fossa, Wl_“Ch can b| transducer at heart level (phlebostatic axis) for CPP-based treat-
positioning (levelling) the arterial ransdy ment decisions because there is a requirement for subsequent
the ear. cerebral MAP to be calculated, which is dependent on the rela-
They also recommend that the arterial f| tionship:
tioned to remain levelled with the tragus fq
body elevation or position. MAP brain — MAP heart
~ (water column between heart and brain x C)
where C s a coefficient, always lower than 1, dependent on con-
oinhia ave ditions of both the arterial and the venous elements of the cere- BUPOINTIC atio
bral circulation, which is not reliably predictable and is variable
B0 between individuals. 2C
=& Adapted from Thomas et al., Br J Anaesth 2015; 115: 487-488 =&
b NeuroCritical Care v ]

ggr?gress Calculation of CPP— Where to Measure Mean Arterial Blood Pressure? ggggress

Europeon Academy
of Neurology

Oslo
2019

June 28 - July 2

5" Congress of the
Europeon Academy
of Neurology

Oslo
2019

June 28 - July 2

A Comparison of Clinical and Research Practices in
Measuring Cerebral Perfusion Pressure: A Literature
Review and Practitioner Survey

BACKGROUND: Our objective was to determine whether there is variability in the foundational
literature and across centers in how mean arterial blood pressure is measured to calculate
cerebral perfusion pressure.
ETHODS: We reviewed foundational literature and sent an e-mail sUBLELICR S EIOTAR TR CEETT TR EB TG L)
Neurocritical Care Society. Pressure (CPP) in Published Literature
RESULTS: Of 32 articles reporting cerebral perfusion pressure data

Neuroinflammation

Gcionce es. Slutiens,

I_Eyears

k) (=lelg

mean arterial blood pressure was identified in 16: 10 heart and 6 nj
vey response rate was 14.3%. Responses from 31 of 34 (91%) Unite
Subspecialties fellowship-accredited Neurointensive Care Units indicg
was most often the heart (74%), followed by the midbrain (16%). ¢
received from 10%.
CONCLUSIONS: There is substantive heterogeneity in both resear|
practice in how mean arterial blood pressure is measured to deter
pressure.

"n 1959, Lassen' defined cerebral perfusion pressure
(CPP) based on “arterial blood pressure measured at the
_level of the head,” ie., the midbrain, using the tragus as

an external landmark.

Reference

Andrews et al., 2002
Bouma et al., 199217
Chambers el al., 2000*®
Chambers et al., 20012°
Changaris et al., 19872
Clifton et al., 200272
Contant et al., 2001
Cremer et al., 2C05%
Howelle et al., 20062
Robertson et al., 1999**
Schreiber etal., 2002%°
Steiner et al., 200234
Stiefel et al., 2005%°

i et al., 20047°

Struchen et al., 2001¢
Tolas et al., 200427

Author contact
Author contact
Author contact
Author contact
Author cotact
Author contact
Published methods
Author contact
Author contact
Published methods
Author contact
Author contact
Author contact
Published methods
Published methods
Author contact

Right atrium
Tragus
Right atium
Right atrium
Right atrium
Right atrium
Tragus
Right atrium
Right atrium
Tragus
Right atrium
Tragus
Rignt atrium
Tragus
Tragus
Right atrium

The authors of 16 articles could not be contacted or could not recall how they

established methodology.

MAP = mean arterial blood pressure; CPP = cerebral perfusion pressurep

Adapted from Kosty et al., Anesth Analg 2013; 177: 694-698 & \«\
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ggggress Traumatic Intracranial Hypertension — «Definition» of the Problem ‘ ggRgress

5" Congress of the i < 5" Congress of the
o A odeny X 4 onarsssotihe

oty Visualizing the pressure and time burden| a5
Oslo of intracranial hypertension in adult Oslo
2019 and paediatric traumatic brain injury 2019

June 28 - July 2 June 28 - July 2

Conclusion

An image can be worth a thousand words: the visualiza-
tions presented here summarize the complexity and
dynamic aspect of secondary insults of raised ICP in TBI,
showing that not all TBI patients are equal in their ability
10 cope with such injury.

/ L
AR

Insult duration (minutes)

D: Insult Duration

I: Insult Intensity 20 @5 0 B 4
- Insult intensity (mmHg) — Dark red episodes mean
N il ati I that such ICP insults, on average, are associated with worse N infla ati
Mfgrgfz‘gqumm_ on 4 075 05 025 0 025 05 075 1 outcome (lower GOS categories); dark blue episodes mean that mflﬁfrsgf_',‘gu‘ Fmahon
such ICP insults, on average, are associated with better outcome

r (higher GOS categories). The contour of zero correlation is E

| yeGrS highlighted in black, and is called the transition curve . years
ean Adapted from Giiiza et al., Intensive Care Med 2015; 41: 1067-1076 § ) ean

\ NeuroCritical Care X g \

olkliniken R _Roo Q Medical University of Innsbruck 3

ean
congress
e = |

ey Visualizing the pressure and time burden ] ERL
Oslo of intracranial hypertension in adult Oslo
2019 and paediatric traumatic brain injury 2019

June 28 - July 2 June 28 - July 2

Irrespective of CPP [ — Autoregulation
CPP >50 mmHg passive

CPP >60 mmHg
CPP >70 mmHg

— Irrespective of
autoregulation

=

— Autoregulation
active

Insult duration (minutes)
Insult duration (minutes)

Niw ey g

Neuroinflammation 1= 2 2 0 & @ g & Neuroinflammation
Belomce. Syhreripes Soriom Insult intensity (mmHg) Insult intensity (mmHg) riflallide

I__ears N ([Syears
@ean Adapted from Giiiza et al., Intensive Care Med 2015; 41: 1067-1076 £ @ean
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ggRSI’ESS Note on Neurophysiology — Human Cerebrovascular Autoregulation

5" Congress of the
Eirarin Amadvng
of Neurology

Oslo

fic focus OSIO
2019 S = 2y —‘_. O ction of 2019
June 28 - July 2 - Z - / ‘ %.

ean
congress
S* Congress of the

- . - @ i 4 Europeon Academ
|Integrat|ve regulation of human brain blood flowl iy

rmation

3 2 June 28 - July 2

lionship

control

x of CBF

\ fonomic
| pvidence

50 T 150
Perfusion Pressure (mmHg)

Figure 3. Stylized representation of the classical (left) and contemporary (right) relationships between
Neurcinflammation mean arterial pressure and cerebral blood flow - i.e., autoregulation

Beion Solutens, Left panel s a stylized representation of the classical view of the relationst mean ar re (MAP)
and cerebral blaod flow (CBF), i e. autoregulation, put forward by Lassen et /. (1959) based on the between-subject
analysis of patients during various pharmacological interventions or pathologies. Right panel is a schematic diagram
based on contemporary data indicating a small plateau region (Tan, 2012) and cerebral autoregulation hysteresis, ke

Neuroinflammation

Adapted from Willie et al., J Physiol 2014, 592.2: 841-859
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ggr?gress ICP versus CPP — Impact on Outcome

5" Congress of the
Europeon Academy
of Neurology

ean
congress

f i,
Intracranial pressure versus cerebral perfusion . of Nevroloay
Oslo pressure as a marker of outcomes in severe head

2019 injury: a prospective evaluation (2)8|109

June 28 - July 2

Independent predictors of all in-hospital mortality in patients with ICP monitoring

Step Variable AOR (95% CI) Adjusted P value

ISS = 25 24.56 (21.74, 27.75) <.001
Intraparenchymal hemorrhage on CT 9.58 (1.91, 48.06) .006
Age > 55y 12.84 (1.52, 18.37) 019
Sustained elevated ICP 5.87 (1.19, 28.95) .030
Fixed dilated pupils on adm

TEl-related mortality
RESULTS: A totzl of 216 patients me s

those, 46.8% (n = 101) were subjectd R S —
increased all in-hospital mortality (adju: :

P = .031) and death because of cerebry
9.25 [1.19, 10.48]. P = .035). Decreaseq

0.1 10
Decreases mortality Increases mortality
Retronrisnmation « Asingle episode of sustained increasedICP is an accurate predictor of poor outcomes

| E_eqr's * Decreased CPP did not affect survival

@ean Adapted from Karamanos et al., Am J Surg 2014; 208: 363-371 &
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June 28 - July 2 Brain multimodality monitoring for the detection and the management of secondary brain injury

Monitering
madality ICP PbO,

Cerebral microdielysis

Secondary brain | ICP (>20-25mm Hg); | PbiO; (< 15-20mm Hg);

1 LPR >40; brain energy failure
insult detected infracranial Hyperiansian cerebral hypoxio/ischemiu

Clinical vility Detection cf elevated ICP; Detection of secondary cerebral Monitoring of brein energy supply

treatmen® of intracranial hypoxia/ischemia; management and deizction of energetic
hypertension; CSF drainage of CPP targeted 1o PbiO; dysfunction; Tirratien of insulin
(intraventricular ICP); therapy

mancgement of CPP

Relationship with | ICP >20mmHg is associated | PbtOs (<15mm Hg) is associated

1 LPR >40 is associated with
outcoms with worse outcome [5,6™"] with worse outcome [20,21]

worse outcome [42%%]

Feasibility, ICU +t
implemantation

Neuroinflammation Cost : -

Belonce Sytergies Salutian,
| [Sears
@ean Adapted from Oddo et al., Curr Opin Crit Care 2012; 18: 111-118
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TBI Guidelines, 4t Edition 2016 — «Facts and Myths»

Brain multimodality monitoring: an update |

Brain multimodality itoring for the detection and the g it of dary brain injury
Moniforing
modality ICP PbO, Cerebral microdiclysis

« Jugular bulb monitoring of AVDO,, as a source of information for management decisions, may be considered to
reduce mortality and improve outcomes at 3 and 6 mo post-injury.

|

« Jugular venous saturation of <50% may be a threshold to avoid in order to reduce mortality and improve
outcomes.

(intraveniricular ICP|; therapy
management of CPP

Relationship with [ ICP >20mmHg is associated | PbtO, (<15 mm Hg) is associated | LPR =40 is associated with
outcoms with worse outcome [5,6™"] with worse outcome [20,21] worse outcome [42""]

Feasibility, ICU +++ e o
implementation
Cost

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

NeuroCritical Care
Medical University of Innsbruck

Brain Multimodality Monitoring — «I'm a Believer»

| BELTEVE

ICP [Mean]
Goal
<22 mmHg

Total
7470 Min

Total
3759 Min

Perfusion (zowmsr)

Total

Goal
20 mi/100/mi S315(Min

Total
by 3438 Min

50 M e e |

1200
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Brain tissue oxygen and outcome after severe traumatic brain

injury: A systematic review™

13 studies met the initial inclusion
criteria and 3 were included in the
final outcome analysis:

* More than 10 patients described

¢ Brain hypoxia defined as PbtO,
<10 mmHg for >15 or 30 min

* 6-month outcome data

Table 4. Published safety results of the Licox System (Integra Neurosciences, Plainsboro, NJ) used to

measure brain oxygen

Number of

Study (Reference)

Patients Safety Parameters

Adverse Effects

van den Brink et al 2000 (43)
Dings et al 1998 (33)

van den Brink et al 1998 (20)
van Santbrink et al 1996 (76)
Meixensherger et al 1998 (39)
Sarrafzadeh et al 1998 (50)
Kiening et al 1996 (34)

Bruzzone et al 1998 (45)

Sarrafzadeh et al 1997 (50)

1m° Hematoma; infection

Hematoma; infection

Hemorrhage; infection
Hematoma; infection
Bleeding; infection
Hematoma; infection
Intracranial bleeding:
infection
Intracranial bleeding;
infection
Infection; bleeding

None
Two iatrogenic
hematomas
None
None
None
None
None

None

None

Table 1. Study and patient characteristics for the studies selected for analysis

Study
(First Author),
Location

Number of
Patients

(Evaluable) Gender/Age

Definition of

Duration of
Bto, Monitoring

No. Patients
with Brain

Hypoxia

Brain
Hypoxia

Duration of
Follow-Up

van den Brink et al
2000 (43),
Rotterdam

Bardt et al 1998
(32), Berlin

Kiening et al 1997
(44), Berlin

101 (99) 83M/18F 34 * 16

years
35
23 (16)

(15-66 years)

28M/TF 33.2 = 113

years
19M/4F 26.3 years

Average 86 hrs Bto, <1

Average 119 hrs

7 days

Bto, <10 mm Hg >30 min

0 mm Hg >30 min 43

23

Bto, <10 mm Hg >15 min 5

Adapted from Maloney-Wilensky et al., Crit Care Med 2009; 37: 2057-2063

PbtO,

Monitoring in TBI — Impact on Outcome

NeuroCritical Care

Medical University of Innsbruck

Brain tissue oxygen and outcome after severe traumatic brain

injury: A systematic review*

e Outcome

Table 2. The association between brain oxygen levels (i.c.. brain hypoxia [<:10 mm Hg]) and patient ouhcomz’nt,ﬁ months

Number of

Brain Hypoxia (n = 71)

No Brain Hypoxia (n = 79)

Study (First Author),
Lacation

Patiznts
(Evaluable)

Unfavorable Cutcame
{No. Patients)

Favorable Outcome
(No. Patients)

Unfavorahle Outcorme
{No. Patients)

Favorable Outcome
(No. Fatients)

0dds Ratio

49% C1)

van den Brink et al 2000 (43)
Rotterdam

Bardt et al 1998 (32), Berlin

Kicning ct al 1997 (44),
Berlin

101 (99) 29

35 18
23(16) 5

14

5
o

24 32

3 9
d 4

4.0(1.9-82)

Table 3. The association between brain oxygen levels (i.e., brain hypoxia [<10 mm Hg]) and mortality at 6 months

Number of Patients

Study (First Author), Location (Evaluable)

Brain Hypoxia (n = 71)

No Brain Hypoxia (n = 79)

Death
(No. Patients)

Survivor
(No. Patients)

Death
(No. Patients)

Survivor
(No. Patients)

van den Brink et al 2000 (43),
Rotterdam

Bardt et al 1998 (32),
Berlin

Kiening et al 1997 (44),
Berlin

101 (99)
35
23 (16)

24 19

13 10

2 3

42
11
9

Adapted from Maloney-Wilensky et al., Crit Care Med 2009; 37: 2057-2063  § Y
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PbtO, Monitoring in TBI — Additional Benefit Beyond ICP/C

Reduced mortality rate in patients with severe traumatic
brain injury treated with brain tissue oxygen monitoring

Monitored physiological variables among 53 patients who

underwent ICP/CPP-based therapy or combined
ICP/CCP and brain tissue PO ~based therapy

ided Therapy

Monitored Variable

Group A

Group B

p Value

1CP monitor
(days per patient)

mean daily ICP
(mm Hg}

mean max daily ICP
(mm Hg)

no. of ICP episodes
=20 mm Hg

mean daily CPP
(mm Hg)

mean min Caily
CPP(mm Hg)

no. of CPP episodes
<60 mm Hg

373+ 389

21,52 69

5.30 £ 7.65

7293 = 876

56.3 + 9.6

3.82 = 497

5.76 £5.08

17.00 = 7.36

255598

14.05 £ 2285

72.90 £06.19

STdEdd

8.00 = 13.18

0.9
0.34
0.16
0.43
0.44
0.63

0.46

® PbtO, <10 mmHg (!) in Group B
— 29% of episodes when ICP < 25 mmHg
— 27% of episodes when CPP > 60 mmHg

e App. 30% of episodes with ischemic PbtO,
(< 10 mmHg) could not be explained by
the ICP/CPP pathophysiological concept

* Mortality rate
— ICP/CPP management 44%

— Also PbtO, monitoring 25%

The mean daily ICP and CPP lg;

P were similar in each group. The mortal-
ity rate in patients treated using conventional ICP and CPP management®as 44%. Patients who also underwent brain
tissue PO, monitoring had a significantly reduced mortality rate of 25% (p < 0.05).

Adapted from Stiefel et al., J Neurosurg 2005; 103: 805-811 s

NeuroCritical Care

Day 4

Brain Tissue Hypoxia

g

Credits: Dr. M. Kofler, Neurological Intensive Care Unit, Department of Neurology, Medical University of Innsbruck  fi

cPP

100 1 140 160

cpPP
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PbtO,Monitoring in TBI — Therapeutic Considerations

Medical Management of Compromised Brain Oxygen in Patients
with Severe Traumatic Brain Injury

907
B0 i i
0%
o' —— — ——
" s 5 10
] G0% E a ——
T son| 77H| 75%| g0y| 75% B2 g ——
H 2§
2. 409 -
c;f' s 50% Eé 0.5 e
30% = ——
; —
Table 2 Comparison of PhtO; in survivors versus non-survivors
Ovenll (7 = 49) Survivors (1 = 38) Non-survivors (n = 11) P value
Mean daily PbtO, BIEILB 352+ 118 288k 11.1 0.07
Mean daily episodes of PbtO; <25 mmHg 2012 20+ 1.3 20+ 09 .66 | |
L[ Mean daily episodes of PbtO, <15 mmllg 0.6 L06 0.5 L 0.6 1.0 L 0.8 0.03
Mean no. interventions 7.7+63 85 + 6.6 49+ 29 .15
Mean response rate 0.65 + 0.34 0.72 £ 0.33 0.44 + 0.28 0.01
Mean daily minutes of PbtQ, <25 mmHg 295 + 287 232 + 234 513 + 357 0.003
Mean daily minutes of PbiC; <15 munHg 102 + 210 69.9 + 140 213 + 351 0.009
Mean length of episodes Pbi0» <25 mmHg 163 £ 171 132 £ 159 273+ 178 0.002
Mean length of episodes Phi0, < 15 mmHg 106 + 182 76.3 + 137 210+ 273 0.01
Al

Adapted from Bohmann et al., Neurocrit Care 2011; 14: 361-369
NeuroCritical Care

e

Traumatic Intracranial Hypertension — «Staircase» Approa

Traumatic Intracranial Hypertension

Therapy Levels of
Steps  Evidence Treatment Risk
"""" T N Infection o delayed hematoma
Subdural eff
8 Notreported Decompressive craniectomy H‘;d,:::p;ar:s"’;:\d e
of the trephined
7 Levelll Metabolic suppression (barbiurates) | F/Betension and increased number
""" Tremmemsssssssssessessessssneeeeeeeeeeeee=| Table 3 Comparison of contemporary therapies for intracranial
€ L hypertension
------------------------------------------- Therapy Total number Average decrease  Standard
T — po— of patients in ICP deviation
""""""""""""""""""""""""""" Hyperventilation 126 6.08 4.22
N
Hyperosmolar therapy | [s
4 Levelll Mannitol or hypertonic salint z Mannitol 140 7.93 5.34
...................................... Barbiturates 167 8.47 6.71
3 Notreported Ventricular CSF drainage | Infection Hypothermia 367 9.97 6.66
,,,,,,,, Hypertonic saline 133 15.06 7.34
‘: rainag 2 ; 5 0
2 Level lll Increased sedation | Hypotension CSF drainage 7 15.41 4.67
Decompressive 192 19.15 7.70
—— craniectomy
Not Coughing, ventilator p
2 reported No'mefa'b'( i iated [

Adapted from Schrickinger and Marion, Neurocrit Care 2009; 11: 427-436
NeuroCritical Care




ggggress BTF TBI Guidelines, 4t" Edition 2016 — «Facts and Myths» ggRgress
o Congrn:{:m' S Congress of the

Sy Comparison of Effects of Equiosmolar Doses of Mannitol Sheuraogy
Oslo and Hypertonic Saline on Cerebral Blood Flow Oslo

and Metabolism in Traumatic Brain Inju
2019 B Furthermore, 2019

T : considering the impact of HTS on cerebral hemodynamics, the
SRR * Prospective RCT choice of HTS appears to be justified in patients with estab-
— Mannitol 20% 4 ml/kg vs | lished cerebral ischemia, especially in the vicinity of focal in-

H(T)S 7.5% 2 mi/kg juries and intracranial masses or for hemodynamically
instable patients.

June 28 - July 2

Mannitol Hypertonic Saline
Recommendations from the prior (Third) Edition not supported by evidence meeting current standards.

Mannitol is effective for control of raised ICP at doses of 0.25 to 1 g/kg body weight. Arterial hypotension (systolic
blood pressure <90 mm Hg) should be avoided.

Restrict mannitol use prior to ICP menitering to patients with signs of transtentorial herniation or pregressive
neurologic deterioration not attributable to extracranial causes.

CMRGle 3.29+2.94 317£2.77 3.54+2.52 3.64+4.93 3.41+6.11 349+3.29 ns ns
CMRLte -029+£043 -0211£042 -0.32+041  -019£0.69 -0.14%x069 -013%0.52 ns ns
Na 141.3+5.1 139.1+4.11 1405+4.74%  144.2+51 148.5+52% 147.3+4.71% 00000  0.0000

Hb 105+1.4 10.8+1.6 108+1.7 10112 10.0£12 10.2+1.3 ns ns
g(t,lcN The present study did not support a definite advantage of :ﬁzigz 0'?;37 J.00%
petroinflammation HTS over MTL for ICP control whenever given at equios- e Neuroinflammation

. i z Science Syriergues Solutuny
molar doses, although it was suggestive of a possible supe-

|| years riority of HTS in diffuse brain injuries.

ean

https.//www.braintrauma.org/coma/guidelines
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ggRgress Traumatic Intracranial Hypertension — «Hyperosmolar» Therapy ggggress

5" Congress of the 5" Congress of the
Euronaan Academy ong

PRy A SYStematic Review of Randomized e ... clinically important differences ALt

Oslo Controlled Trials Comparing Hypertonic in mortality, outcomes, and ICP Oslo
2019 Sodium Solutions and Mannitol for reduction were not observed 2019
et Traumatic Brain Injury: Implications for
Emergency Department Management

e HTS appears to lead to fewer|CP June 28 - July 2
treatment failures

Study Selection and Data Extraction: Pros| ized trials comparing
HTS and mannitol in adults (=16 years) with severe TBI (Glasgow Coma Scale sc levated |ICP were included.
ICP elevation, ICP reduction, and treatment failure were defined using sr.udy d ata Synthesis: Of 326 articles
screened, 7 trials enrolling a total of 191 patients met inclusion criteria. Study underpowered to detect a significant
difference in mortality or neurological outcomes. Due to significant hete ity and differences in reporting ICP change
from baseline, this outcome was not meta-analyzed. No difference be HTS and mannitol was observed for mean ICP
reduction: however, risk of ICP treatment failure favored HTS (ris! o [RR] = 0.39; 95% Cl = 0.18-0.81). Serious adverse
events were not reported. Conclusions: Based on limited data, clinically important differences in mortality, neurological
outcomes, and |CP reduction were not observed between HTS or mannitol in the management of severe TBI. HTS appears
to lead to fewer ICP treatment failures.

HTS Mannitol Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total \Weight M.H,Random,95%Cl Year 11.H, Random. 95% CI
Vialetet al. 2003 1 7 10 152% 0.14[0.02,0.96] 2003 TTE— E——
Battison et al. 2005 2 4 18 224% 0.50 [0.10,2.40] 2005 =
Harutjunyan et al. 2005 2 4 53 200% 0.46 (009, 2.43] 2005 e
Francony et al. 2008 1 0 10 57% 3.00(0.14,65.90) 2008 =
Ichai etal 2008 3 8 27 3B7% 0.33[010,1.11] 2008 —

Total (95% CI) 118 100.0%  0.39(0.18,0.81) - _ S
Total events 9 23 Neuroinflammatior
Heterogeneity: Tau®= 0.00; Chi*= 2.97, df= 4 (P = 0.56); F= 0% + Sclence Syverges Selany

01 10 100
Test for overall eflect Z= 252 (P =0.01) Favours HTS Favours Mannitol
I__years A Y"":"'s

a n Adapted from Burgess et al., Ann Pharmacother 2016; 50: 291-300 X ) a n
NeuroCritical Care

Medical University of Innsbruck
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BTF TBI Guidelines, 4t" Edition 2016 — «Facts and Myths»

* Prophylactic use of phenytoin or valproate is not recommended for preventing late PTS.

* Phenytoin is recommended to decrease the incidence of early PTS (within 7 d of injury), when the overall benefitis
thought to outweigh the complications associated with such treatment. However, early PTS have not been
associated with worse outcomes.

« At the present time there is insufficient evidence to recommend levetiracetam compared with phenytoin
regarding efficacy in preventing early post-traumatic seizures and toxicity.

Changing trends in the use of seizure prophylaxis after
traumatic brain injury: A shift from phenytoin
to levetiracetam [~

Percent of patients
40 60 80

20

0

g

Medical University of Innsbruck

BTF TBI Guidelines, 4" Edition 2016 — «Facts and Myths»

* Prophylactic use of phenytoin or valproate is not recommended for preventing late PTS.

* Phenytoin is recommended to decrease the incidence of early PTS [within 7 d of injury), when the overall benefitis
thought to outweigh the complications associated with such treatment. However, early PTS have nol been
associated with worse outcomes.

* At the present time there is insufficient evidence to recommend levetiracetam compared with phenytoin
regarding efficacy in preventing early post-traumatic seizures and toxicity.

More harm than good: Antiseizure prophylaxis after traumatic
brain injury does not decrease seizure rates but may inhibit
functional recovery

Outcomes NP (n = 43)
1 (2%)

17413

PP (n = 50) r
2 (4%) 0.50
21+ 10 0.10

Seizure
ICU LOS

Ventilator days
Hospital LOS

12+12
25+ 16

13+6 0.72
36+ 31 0.03
GOS score 34+1.1 29+1.0 0.01
mRS score 2307 ]S 0.02
Disposition NS

* Phenytoin prophylaxis may

— Not decrease early post-
traumatic seizure

— Suppress functional outcome

Mortality 3 (7%) 4 (8%) NS
Rehabilitation center 23 (53%) 30 (60%) NS
Home 17 (40%) 16 (32%) NS

Adapted from Bhullar et al., ] Trauma Acute Care Surg 2014; 76: 54-60 §
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From Villain to Victor:
M Ketamine in Acute Neurologic Injury

p— ” N | |
The Ketamine Effect on ICP
in Traumatic Brain Injury

Table 2 Ketamine treatment characteristics and ICP response

References Ketamine dose Mean duration ICP response Cerebral hemodynamic Adverse Conclusions [ l

References  Ketamine dose Mean duration  ICP response Cerebral hemodynamic  Adverse Conelusions
of ketumine response effects to
References  Ketamine dose Mean duration _ICP response T hemodynami Adverse Conclusions

- of ketamine esponse effects to
et] = administration ketzmine
Boir; (days)

Continious ICP was 2 mmg hizher (statisically  Ketamine group MABP  Nore No diffetence between ketamire
and fentany| for sedation in
terms of ICF control; CPP easier
to conirol with ketamire

Kol:nda et al.  Initial dese: 65
1'5] (adjusied to o

Bar- requirements) ketamire group compared to the
et

Z

ical infusion significant orly at day 8 and 10} in the

Maan dose: 104 mg/kg/day

Duration 1-10 days Paticnts u tanyl had 1CP matility issues
- of 20 or more on 12 treatm g

Kketamine patients on 19 treatment

11 patients had ICP crisis k
al from study (6 fe

S ketamine group)
Schmittner Inifial bolus Continious Not statisically significant difference  No d ffereace in depth of  None No difference between ketamire
Boind  © al [16] then titrated 1o Ramsay  infusion between ketamine or fentanyl for ICP sedation, gastric motility and fentany) sed erms of

Sedation Score of 6, or CPP or GOS ICP control; no ele

e Systematic review of the literature on the use of ketamine in TBI and its effects onICP

— Level Ilb, GRADE C evidence to support that ketamine does not increase ICP in severe
TBI patients that are sedated and ventilated

FrEssuTe,

— In fact ketamine may lower ICP in selected cases I
N

——u' 4| _ — INO signiITicant aaverse events related to ketamine Wwere recoraed in any or tne stuaies

L2010

BTF TBI Guidelines, 4t" Edition 2016 — «Facts and Myths»

* Administration of barbiturates to induce burst suppression measured by EEG as prophylaxis against the
development of intracranial hypertension is not recommended.

* High-dose barbiturate administration is recommended to control elevated ICP refractory to maximum standard
medical and surgical treatment. Hemodynamic stability is essential before and during barbiturate therapy.

* Although propofol is recommended for the control of ICP, it is not recommended for improvement in mortality or
g-month outcomes. Caution is required as high-dose propofol can produce significant morbidity.®

= Early tracheostomy is recommended to reduce mechanical ventilation days when the overall benefit is thought to
outweigh the complications associated with such a procedure. However, there is nc evidence that carly
tracheostomy reduces mortality or the rate of nosocomial pneumonia.

+ The use of Pl oral care is not recommended to reduce ventilator-associated pneumonia and may cause an
increased risk of acute respiratory distress syndrome.

= Antimicrobial-impregnated catheters may be considered to prevent catheter-related infections during
external ventricular drainage.

* LMWH or low-dose unfractioned heparin may be used in combination with mechanical prophylaxis. However,
there is an increased risk for expansion of intracranial hemorrhage.

* In addition to compression stockings, oharmacologic prophylaxis may be considered if the brain injury is stable
and the benefit is considered to outweigh the risk of increased intracranial hemorrhage.

« There is insufficient evidence to support recommendations regarding the preferred agent, dose, or timing of
pharmacologic prophylaxis for deep vein thrombosis.

https://www.braintrauma.org/coma/guidelines
. NeuroCritical Care
I‘ u h n Iin B ﬁiﬁ[ 2019 cal University of Innsbruck
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TBI and Oral Anticoagulant Therapy —

Diagnostic and therapeutic approach in
adult patients with traumatic brain injury
receiving oral anticoagulant therapy: an
Austrian interdisciplinary consensus
statement

Marion Wiegele', Herbert SchixchP*'@®, Alexander Haushofer’, Martin Ortler™, Johannes Leitgeb’, Oskar Kwasny?,
Ronny Beer’, Cihan Ay'® and Eva Schaden'

Interdisciplinary Consensus Statement

The task force for perioperative coagulation of the
Austrian Society of A hesiology, R ion and
Intensive Care Medicine (OEGARI) assembled a national
expert committee comprising representatives of the
OEGAR], the Austrian Society for Hematology and Med-
ical Oncology (OeGHO), the Austrian Society for Labora-
tory Medicine and Clinical Chemistry (OGLMKC), the
Austrian Society of Neurology (OGN), the Austrian Soci-
ety for Neurosurgery (OGNC) and the Austrian Society

for Traumatology (OGU).

LDIagnnsls

. Ll:uagulatlon tests and therapeutic target levels

"7 " | Reversal of anticoagulants

anticoagulation

Thromboembolism prophylaxis and resumption of therapeutic

inact

function)

expertise from multidisciplinary team

= Thrombosis prophylaxis: Clinically and radiographically stable TBI (i.e., no progressive
hemorrhagic injuries) — start LMWH SC at 24 hat a dose recommended for high risk patients
(e.g., enoxaparin 5000 IU SC qd; nete: caution s required in the presence of impaired renal

= Therapeutic anticoagulation: Nio definie recommendation = case-by-case decision with

Adapted from Wiegele et al., Crit Care 2019; 23: 62

NeuroCritical Care

Medical University of Innsbruck

— Overview of Phase Il Trials

Pharmacological interventions in traumatic brain injury:
Can we rely on systematic reviews for evidence?

* Magnesium

¢ Monoaminergic and dopamine agonists
¢ Aminosteroids

o Excitatory amino acid inhibitors

o Antifibrinolytic drugs in TBI

There is currently insufficient evidence for the use of

“Total no. of
participants

Conclusion

17 Limited evidence

536 No evidence for
clinical use

990 No difference

127 No reliable evidence
2287 Insufficient evidence
480 Insufficient evidence

20541 Limited evidence for T

Roberts et al. [14] 201 Sedative agents (prog|

fentanyl, sufentanil,
Progesterone

seizures with
Ma et al. [16]
Lei et al. [17] Barbiturates, aminost
anti-fibronolytic drug
haemostatic drugs,

levetiracetam

Anticonvulsants are only effective in reducing early

¢ No significant difference between phenytoin and

ly

calcium channel bloci
corticosteroid, pramumne
ant-epileptic drugs,
excitatory amino acids

Guetal [18] 2014 Propofol and midazolam

Zeiler et al. [15] 2014 Ketamine

There is no significant difference beween
propofol and midazolam for sedatior in
TBI patients

e Ketamine may not causeincreased ICP

Adapted from Gultekin et al., Injury 2016; 47: 516-524
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Very Early Administration of Progesterone for Acute
Traumatic Brain Injury

RESULTS

Subgroup
Sex
Male
Female
Race
Nonblack
Black
Ethnic group
Hispanic
Non-Hispanic
Unknown or not reported
Initial injury severity
Moderate

A total of 882 of the planned sample of 1140 patients underwent randomization
before the trial was stopped for futility with respect to the primary outcome. The
study groups were similar with regard to baseline characteristics.

There was no significant difference between the progesterone group and the
placebo group in the proportion of patients with a favorable outcome (relative ben-
efit of progesterone, 0.95; 95% confidence interval [CI], 0.85 to 1.06; P=0.35).

Phlebitis or thrombophlebitis was more frequent in the progesterone group than in
the placebo group (relative risk, 3.03; CI, 1.96 to 4.66). There were no significant
differences in the other prespecified safety outcomes.

'
V
'
|
v

Moderate to severe
Severe
Head injury only

! 0.75 (0.52-1.09)
—a— 1.01 (0.88-1.16)
—_—. 089 (0.72-1.11)
—— 0.87 (0.75-1.01)

10

Placebo Better Progesterone Better

¢ This clinical trial did not show a benefitof progesterone over placebo in the
improvement of outcomes in patients with acute TBI

Adapted from Wright et al., N EnglJ Med 2014; 371: 2457-2466
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A Clinical Trial of Progesterone for Severe
Traumatic Brain Injury

RESULTS

Worst Prognosis
(N=393)
Progesterone
(N=185)

Death
Vegetative state

Severe disability >

Favorable

Moderate disability l:> 121 (65.4%)

Good recovery

=>

P=0.36

Favorable
127 (61.1%)

Proportional-odds analysis with covariate adjustment showed no treatment effect of
progesterone as compared with placebo (odds ratio, 0.96; confidence interval, 0.77

Place to 1.18). The proportion of patients with a favorable outcome on the Glasgow
(N=2 Outcome Scale (good recovery or moderate disability) was 50.4% with progester-

one, as compared with 50.5% with placebo. Mortality was similar in the two groups.

No relevant safety differences were noted between progesterone and placebo.

Unfavorable
103 (51.5%)

Unfavorable
90 (46.9%)

Favorable
96 (46.6%)

Favorable
85 (45.2%)

Favorable
97 (48.5%)

Favorable
102 (53.1%)

P=0.82 P=0.38

center trials that provided

o Efficacy analysis showed no clinical benefit of progesterone in patients with severe TBI

¢ These data stand in contrast to the robust preclinical data and results of early single-

impetus to initiate phase 3 trials

Adapted from Skolnick et al., N Engl J Med 2014; 371: 2467-2476 4 8
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Erythropoietin in traumatic brain injury (EPO-TBI):
a double-blind randomised controlled trial
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Within 24 h of brain injury, 606 patients were randomly assigned by a concealed
web-based computer-generated randomisation schedule to erythropoietin (40000 units subcutaneously) or placebo
(0-9% sodium chloride subcutaneously) once per week for a maximum of three doses. Randomisation was stratified
by severity of traumatic brain injury (moderate vs severe) and participating site.

2019

June 28 - July 2

Dead or vegetative (GOS-E 1or2) T 3R02(14%) 531294 (18%) 079 (055t0114)  38(-97t021) 021

Severe disability (GOS-E 3 or 4) 91/302 (30%) 791294 (27%) 112 (0-87 to 1-45) 33(-4-0t010:5) 038
GOS-E5-8 168/302 (56%) 162/294 (55%) 1.01(0-87t0117) 0.5 (-7-5t0 85)

Moderate recovery (GOS-E 5 or 6) 115/302 (38%) 104/294 (35%) 1.08 (0-87t01:33) 27(-50t010-4) 0-49

Good recovery (GOS-E 7 or 8) 53/302 (18%) 58 (20%) 089(064t0124)  -22(-8-4to41) 0.50
A-priori subgroup analyses

GOS-E1-4

Severe traumatic brain injury (GCS 3-8) ~ 108/220 (49%) 109/219 (50%) 099(082t0119)  -07(-100t087)

Moderate traumatic brain injury (GCS 26/82 (32%) 23/75(31%) 1.03 (0-65 to 1-65) 1.0 (-135t015:5)
9-12)

Intracranial mass lesion*
Yes 38/63 (60%) 30/60 (50%) 1.21(0-87 to 1.67) 103(-7-2t027-8)
No 96/239 (40%) 102/234 (44%) 0.92(075t0114) -34(-123t055)

* Following moderateor severe TBI, erythropoietin did not reduce the number of patients with
severe neurological dysfunction (GOS-E 1-4) or increase the incidence of DVT of the lower limbs

¢ The effect of erythropoietin on mortality remains uncertain

Adapted from Erythropoietin for Neuroprotection after TBI — EPO-TBI &

.
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Therapeutic Hypothermia after TBI — Eurotherm3235 Trial

Hypothermia for Intracranial Hypertension|
after Traumatic Brain Injury

Trumatic ey Core Temperature

Intracranial Pressure
2.
E
S
In patients with an intracranial pressure of more than 20 mm Hg after traumatic

brain injury, therapeutic hypothermia plus standard care to reduce intracranial
pressure did not result in outcomes better than those with standard care alone.

Control Group Hypothesmia Group.
Continue stage 1 treatmeats and add stage 2 Continwe stage 1 reatments and initate
treatments withaut therapeuti hypothermia ypotherma

Addstage ifnseded Yoy

Ml»lﬁvlld (maintain ser
i el Variable Estimate (95% Cl) P Value
e |

inotiopestomantan | Physiol

ical 5
3 T

Barburates nt permitted

L Adjusted mean difference in ICP on days 1-7 — mm Hg

-0.48 (-2.04 to 1.08) 0.55

-2.14 (-2.34 to -1.94)
Adjusted mean difference in mean arterial pressure on days 1-7— mm Hg 1.20 (-0.46 to 2.86)

Adjusted mean difference in core temperature on days 1-7 —°C

Adjusted mean difference in cerebral perfusion pressure on days 1-7 — mm Hg 1.61 (-0.36 to 3.58)
Primary analysis: adjusted common odds ratio for GOS-E score at 6 mo 1.53 (1.02 to 2.30)§
Adjusted odds ratio for unfavorable outcome

Unadjusted hazard ratio for death at 6 mo

—— T

1.69 (1.06 to 2.70)§
1.45 (1.01 to 2.10)

Adapted from Andrews et al., N EnglJ Med 2015; 373: 2403-2412
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VAS203 (Ronopterin) for Neuroprotection after TBI — NOSTRA Phase IlI

IN THIS 1SS

o behe e
g A

March 2017

Traumatic Brain Injury Research in Europe:

The Quest for a Pharmacologic Intervention Goes On -

NOSTRA Phase Il Trial

By Raimund Helbok. MD, and Rony Beer, MD

‘Traumatic brain injury
(TBI) constitutes a
major health and

pharmacological and/ or non-pharmacological treatment,
none of the recently conducted intervention trials have shown
efficacy. for example, nmlm randomized clnical trials

ic problem
throughout the world
Suill

for neuroprotection a{ln "I i hold promise for a treatment

death

that could signi outcome. Further,

y and disability in young
Raimund Helbok, ~ Ronny Beer, D 24ults in the United
D States and Europe,

THI has also become
a huge burden of disease in countries with emerging economies.
Noteworthy, inseveral regionsof Europe, midie aged and elderly
persons are more and mare affected by this d

i ive agents that
provided hope for a pnlcmnlly dfmm treatment of acute THI
in experimental and phase Il dlinicalinvestgations, wh as

e poapactivg for oty nesropmtiion il
in TBI?

eaningthatth requent comadbicite eenn this paint cobart
i 1o the critical care

major constraint of clinical research activities in the field of T
is the heterogeneity of injury pattems strongly arguing for an
individualized treatment approach.

i T8I are complex as
secondary brain injury cascades that substantially contribute to
morbidity and martality are triggered by the primary impact.
Contemporary basic and clinical research has identified the
gaseous neurotransmitier NO as one of the key factors in the
development of secondary injury alter TBI. Under pathological
conditions, NO is generated by the inducible isoform of the
enzyme NO synthase (iNOS). Importantly, induction of NOS

TBI. Despite the

lln’nﬂ\maml) e progress hasbeen made in developing
f X

ts that with of NO has bee

Tt Bt Y epath o umury an Armm in'TBI and inereased levels of NO have been found t correlate

with the elevation of intracranial pressure. The .\mimtrin

compound VAS203 (4-Amino-(6R.)-5. trahydro-L-

biopterin dlhydw(hlom!t indeae) s rdenural snsdoghe of
N

Collaboratlve European NeuroTrauma
Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI): A Prospective Longitudinal
Observational Study

phase | clinical study, the compound was

lied phase
1 dinical trial including 32 patients with TBI in six European
centers!, The innovative part of this trial was the inclusion of
cerebral microdial the monitaring protocol. Exploratory
analysis of the cerebral microdialysis samples proved the detection
of VAS203.metabolites in the brain extracellular fluid of TBI
patients: microdialysis analysis also showed a tendericy by VAS203
10 increase the argi ratio, an indirect marker of NOS.
activity. Exploratory outcome analysis after six months showed
significant improvement by VAS203 compared to placebo in
extended Glasgow Outcome Scale Interview (eGOS1). o
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Medical University of Innsbruck

TBI — Collaborative European NeuroTrauma Effectiveness Research in TBI

Collaborative European NeuroTrauma
Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI): A Prospective Longitudinal
Observational Study

CENTER-TBI ==

Collaborative European MeuraTrauma Effectiveness Research in TI
Salishomyve buropean MewreTeuma St

‘SEVENTH FRAMEWORK
PROGRAMME

i Bemh;narklr‘ 1
quality of care

FIGURE 3. The Collaborative European NewroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI)
participanss represent a knowledge network that will analyze the clinical database and associated biorepositories. This highly
granular information commons, aided by novel bioinformatic approaches, will improve disease characterization, resulting in
a new taxonomy of traumatic brain injury (precision medicine). Clinical data will be subjected to comparative effectiveness
| research (CER) analysis, both directly and afier refinement with precision medicine to identify more effective and targeted
therapies. The increased data inpuss will improve prognostic accuracy, allowing better benchmarking of care (Adapted from the

National Research Council'®).

development
Adapted from Maas et al., Neurosurgery 2015; 76:67-80
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of Neurology Variation in monitoring and treatment of Neurology
Oslo policies for intracranial hypertension in Oslo

traumatic brain injury: a survey in 66
2019 neurotrauma centers participating in the 2019

CENTER-TBI study S —
IcP First line (65) Second line (58)
Medical
>15 mmHg N=3 (5%) N= 0 (0%) Target CPP * (66)
N >20 mmHg N= 54 (83%) N=7 (11%) > 50 mm N=7 (1%
Methods: A 29-item surve | J5¢ g N=6 (9%) N= 32 (50%) >60 mm:g N= 3é (59%)
opinion, and it was pilot-t¢ | >30 mmHg N=0(0%) N=19 (30%) >70 mmHg N= 14 (21%)
in the Collaborative Europ Individualized ~ N=2 (3%) NA '=6 (9%) Individualized N= 25 (38%)

Results: The survey was

(=60, 91%) and dacinnatad lavel | traima contarc (n— 44 A704) Tha Brain Trauma Enundati fclinac e |
used in 49 (749| Parenchymal monitor Ventricular catheter

patients with s T Chosen in the following situations ' (35)

or on peri-insert ?Rmmn l:;::l ';‘e’lglmmmm. (35) N= 24 (68%) - Routine in our department N=5(14%)
Z : = - Not routine but enlarged ventricles N=8 (23%)

U ] etk pra bl - External CSF drainage N=21(60%)

treatment (=3

- Low cost N=1(3%)
Concluslons: 5 | Drainis open (38) N=19 (50%)

i ol Start prophylacicantvotcs* (51 N=26 (43%) b oo s
ntracrana: dhx uiPmP'WIlcﬂcmﬂbloﬂul(BO) N=5 (8%) | ittt An Al

June 28 - July 2 June 28 - July 2

| Assess a coagulation panel * (65) =50 0T%) I Start prophylactic antibiotics * (58) N=32 (55%)
Continue Prophylactic antibiotics * (57) N=6(11%)

Neuromflcmmatvon

| Assess a coagulation panel  (65) N= 50 (77%) I

Adapted from Cnossen et al., Crit Care2017; 21: 233
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5" Congress of the 5 Congress of the
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b Variation in monitoring and treatment i euroloay
policies for intracranial hypertension in Relatively aggressive

88'109 traumatic brain injury: a survey in 66 centers (n = 32) (2)8&09
neurotrauma centers participating in the

CENTER-TBI Study — Table 1 Factors associated with an aggressive ICP mar}aﬁer@t style

| icp Factor Relatively aggresslv?| Relatively conservative

centers (n=32) centers (n=34)
Methods: A 29-itq | CSF drainage* (68) | pegicated neurosciences ICU

opinion, and it wg Sedtsiivesand ansl Available 19 (49%) 20 (51%)
Igesi|
in the Collaboratiy | Fentanyl (64) Not available 13 (48%) 14 (52%)
Results: The surve| poaroam &0 | 8TF quideiines used?
(n=60,91%) and Propofol (68) Yes 25 (51%) 24 (49%)
used in 49 (74%) {| Neuromuscular
= blocking agent (64) No 7 (41%) 10 (59%)
patients with sevé | Aif 2 agonist ® (64) R
or on peri-insertior) | Barbiturates (64) Volume
ICP. Approximately| Other ® (66) High volume 17 (47%) 19(53%)
(n=32, Low volume 15 (50%) 15 (50%)
Conclusions: SUb! [ pecompressive cranieq Geographic location”
intracranial hypertd [ Hypothermia (65)
Northern E 4 (449%) 5
centers and proviq Deep hyperventilation | iemn Europe (44%) (56%)
Westem Europe 13 (52%) 15 (48%)
United Kingdom 3 (43%) 4 (57%)
Target PaCO, hyperver| Southemn Europe 5 (42%) 7 (58%)
<35mmHg N= 4 (6%) Z
i :?I.n AR <30 Zmﬂg N= 29( (47)% Baltic states 20 3460%)
<25mmHg N=29 (47%  Eastern Europe 3 (50%) 3 (50%)

Israel 2 (100%) 0 (0%)
Adapted from Cnossen et al., Crit Care2017; 21: 233
NeuroCritical Care
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Key messages Recommen| 5
T e e '/E
4,9 devastating impact on patlemslnd their families reducing thy =

and promot| 'l

Sections1,4  In low-i and middle-i ies, the incid f T8I due totraffic  Anintemati
incidents s increasing, while in high-i tries, TBI increasingly affects itori

eldedy peoy!e moﬂlydue tofalls. however methodological variations and compa

p of TBI between regions, =

countries, and continents

Key messages

interventions for T8l is weak

Methods of di is and classi i ithTBlarei to Research is needed to improve the precision of diagnosis, classification, and characterisation

permit wge!mg of current and new !hwapnes tothe needs of individual of TBI using multidomain approaches
patients

T distirbs the brain &

medical, surgical, and

impr for patients with TBI

pli affecting multipl tidimensional i Il burden of disability from T8I
domains. dtobe developed i S L 5
high-quality research
Avalidated set of quality indicators i ial for the benchmarking of quality  Effort: ded to develop
of care, but none exists for TBI process, and outcome metrics

PEICTEeH | & SO =

1 SIS dentifyb
y TBloffers  C

i iti prove tt improve the level of evidence for systems of care andduymxandtherapum(
Neuromﬂommatvon strength of evidence interventions Neuroinflammation
Soli

Section9 Coordinated h effo global basi A . K 1 and Vunding bodi + 3 Sclence. Syrergien Solutium.
growing public health problem of TBI partners, is needed to foster global coll i d blish national and i
biorepositories and databases that could facilitate future TBI research

t of quality indicators for TBI that includes structure,

andto

Adapted from Maas, Menon et al., Lancet Neurol 2017; 16: 987-1048
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2019 The epidemiology of TBI is changing (i.e., number of elderly people with TBI is increasing, OSIO
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« 1BlIs pathophysiologically heterogeneous attributable to the complexity of the brain as S
well as to the pattern and extent of the primary injury

Globally, TBI is a leading cause of injury-related death and disability Sy

June 28 - July 2

— Pathological processes can vary between patients, within individual patients over
time, and even between different parts of the brain at any given time

Current management guidelines emphasize prevention of secondary insults, suchas
hypoxia and hypotension, and focus on control of ICP, and maintenance of CPP

Strong evidence to support treatment guidelines is scarce

— Most multicenter clinical trials of medical and surgical interventions have failed to
show efficacy, despite promising preclinical results

¢ A number of neuromonitoring modalities can be used to detect incipientsecondary
injury, however, there is a lack of certainty

therapies Precision Medicine in Neurocritical Care

I % — Although population-based targets for ICP and CPP management provide a useful
Neuroinflammation S q q q q Neuromflummatlor
Pelonce. Syhergies Solutian initial basis for care, required target ranges differ between patients and should

Syherges Salutin,
I ars preferably be directed to the needs of individual patients

Cyears

an Adapted from Shrestha, Suarez and Hemphill 3rd, JAMA Neurol 2018; 75: 1463-1464 »\ { ) ean
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« Trme is out.of joint. The'rest is silence’»
The=Tragedy of Hamlet, Princejof.Denmark; W..Shakespeare
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