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w Starting orbasic knowledgethe lectureconcentrateson thelatest guideline
recommendationsandexpert opinionsin each topic off Bimanagement

w After completion of thisducationalactivity
the participants should

Understandthe complexity of thedisease

Befamiliar with relevantneuroscoreqi.e.,
GC2ndFOUR Scoje

Understandthe rationale for (neuro-)
monitoring of severe TBI

Befamiliar with the «staircase> approach
to the managementof traumatic intracranial
hypertension

Gainsomeinsightinto contemporaryclinical
neurotraumaresearch
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Oslo ol The data to put neurology on top of the public-health agendal Oslo

2019 Every January issue of The Lancet Neurology includes a 2019

June28 - July 2 < spedal Round Up section. Its pages are a celearation of .
— = - research achievements over the previous year. Our 2018 wBut advocay for brain healtiesearch

Round Up reveals a booming specialty, in which the pace requires good evidencX
of ciscovery is acceleratng, and for which advocates

iare“r:eecled to raise awareness of ::is proar;ss av::/ bringl 0 X only few subspecialitiesvithin
n the investment to mzintain the pace. But advocacy R

for 5rain health research requires good evicence and ne!'"’OIO_gy h?V@ﬁeCthelygathered
accurate numbers on its social relevance, and only a few epldemIOIOglcaI dateo SUppOrtca"S
subspeciatties withir neurology have effectively gathered for resourcegndfunding

epidemiological data to suppert calls for
funcing. Luckily, thissituation is charging.

June 28 - July 2

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 SCl has not changed| () X TBland SClare severely disablincjnjuries
Neurcinflammation sign ficantly over time in terms of age-standardised incidence

dndpevdencs ! wX global burdenof TBI increasedignificantlyX

Neuromflammatvor
ol

bt

Adaptedfrom GBD2016 TraumaticBrainInjuryand SpinalCordinjuryCollaboratorsl.ancetNeurol2019;18: 56,87

NeuroCriticalCare

Medical University ofnnsbruck

ggr?gress TBI¢ Collaborative EuropeaNeuroTrauma Effectiveness ReseainhrBl

5" Congress of the
Europeon Academy

. ST y Europeon Acads
of Neursiogy Collaborative European NeuroTrauma : wrdogy

ean
congress

5" Congress of the

of Neurology
Effectiveness Research in Traumatic Brain Injury : .

ca)(s)llog (CENTER-TBI): A Prospective Longitudinal - 88509
Observational Study NTER-TBI -

June 28 - July 2 Collaborative European MeuraTrauma Effectiveness Research in TI

June 28 - July 2
SEVENTH FRAMEWORK
PROGRAMME

TABLE 5. Brain Injury Research Studies”

Project Acronym and
Project Title Sample Size Funding Agency
Europe
Collab i Effectiveness Research in TBI CENTER-TBI (n = 5400) European Commission

Collaborative REsearch on ACute Traumatic brain Injury in IntensiVe care Medicine in CREACTIVE (n = 7000) European Commission
Europe

United States
Transforming Research And Clinical Knowledge in Traumatic Brain Injury TRACK-TBI (n = 2700) NIH/NINDS
Approaches and Decisions for Acute Pediatric TBI ADAPT (n = 1000) NIH/NINDS
Managing severe TBI without ICP itori ideli P and testing (n = 780) NIH/NINDS
Canada
Predicting and preventing postconcussive problems in paediatrics (5P) study: protocol 5P (n = 2000) CIHR/ONF
for a prospective multicentre clinical prediction rule derivation study in children with
concussion.
proving the di: is and of mTBI in children and youth: the power of Common data (n = 1000) CIHR/FRQS
common data
A longitudinal prospective study of mTBI in youth ice hockey players Safe to play (n = 1000) CIHR/HBI
Neuroinflammation Post-concussion Syndrome in youth: assessing the GABAergic effects of melatonin PLAYGAME (n = 166) CIHR

Belonce Syhergies Solusem,

|D|__yeors

Neuromflammatlor
Neurocare: a clinical decision-making tool in youth mTBI NEUROCARE (n = 1400) CIHR/OBI Selence Sy

(=lelg

Adapted from Maas et al., Neurosurgery 2015;6780
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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
L teck I o

ORJECTIVE: To improve| ¢y Currentclassificationof TBI isuboptim

clinical care, using comp:

% < METHODS: This multicd 0 Mlanagementis based onveakevidend
_ = untries across Europe

of Neurology, Division of N itical Care, ients, presenting W|thln i isi ici

- Tnnshnuck TinsbrockscAuscila indication for c wNeedexists for nevprecisionmedicine
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-
N infl ati tiopistic clinical trials in restricted patient populations by exploiting differences in N infl ati
| sﬂrsgf‘",_gmm‘ bl biglogy, care, and outcome to support optimal p lized patient %o we‘_f‘.";?'f;',_?mm_ bl
FIGURE 1. Distribution and number of sites per country that will participate
l yeors in the Collaborative European NewroTrauma Effectiveness Research in

Traumatic Brain Injury.

ean Adapted from Maas et al., Neurosurgery 2015; 76;881
\ NeuroCriticalCare
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Oslo Global, regional, and national burden of traumatic brain Oslo
2019 : — injury and spinal cord injury, 1990-2016: a systematic 2019
Sune28-duy2 === AR 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

1000+ v
(-63to-45)

Middle SDI 750

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

Incidence (per 100000)

250 33
(191048)

Highincome -102

(-11:0t0-9:2)

1'02'0}'0”5‘05‘07‘03‘09’0160 ('41‘02'032]4’05‘06‘07‘03‘09’01(‘\0

Age (years) Age (years)
Neuroinflammation Westarn Eiops 1263700 75 W) Jorian 73 128 Neuroinflammation
Scionce. Sytiergues, Soiutury

i (1042418101546907) (2440 351) (-172t0-97) (2880245t03154517) (519t0572) (-138t0-117) iy

Austria 28255 322 -199 66670 589 177
| E y (23166 t035170) (266 t0388) (-245t0-148) (63606 to 69564) (56110 616) (-19410-162)

Adaptedfrom GBD2016 TraumaticBrainInjuryand SpinalCordinjuryCollaboratorsl.ancetNeurol2019;18: 56,87
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w Capturingthe severityof TBlbasedon the levelof consciousnesby usingGCScore
International accepted standardAANSBTFEBICWHO)

However Jevelof consciousnesmightbe obscuredby confounderssuchassedation
neuromuscular blockadeor intoxication

Eye Response (

Open
your
eyes!

—

E4Spontaneously

3To command

2To pain

s
{‘Where am 17,

| Whathas\V4 C:

IrNg X oz

©w GCS5¢13

L [|w GCI2¢9

w GCSc3

Mild TBI (MTB
Moderate TB

SeverelB

Verbal Response ('

~“Thadai
( accident. |
Anambulancel/5 Oriented
“brought me to

< hospial.

x
\ lights flashingV/3 Inappropriat

words

Unintelligib|
sounds

Noverbal
response

& M6 Obeying commands
QR e

M2 Extensiorresponse
to pain

Motor Response (M)

M5 Localizingain

M4 withdrawalfrom
pain

M3 Flexionresponse
to pain

M1 No motor response

Adaptedfrom TeasdaleindJennettLancetl974; 2: 8£84 &
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Outcome Prediction after TRI«IMPACDatabase

Tane L. Poorep Covvon Opns Ramios DERIVED FROM PROPORTIONAL OnDs MODELS ADJIUSTING FOR A RANGE OF COVARIATES

Number
of studies

Sample

Variable size

Adjusted
sample
size"

Reference
category

Caregory

Common odds ratio fram prapartional odds madel

Univariate Model A Model B Madel C Maodel D

Hypoxia
Hypotension
Hypothermia
CT class

5626
6595
4195
5209

Cisterns

Shift

1SAH

EDH

SDH

Contusion

GCS eye scare
GCS verbal score

GCS mator score

Pupil response
Systolic BP
Mean arterial BP

Sodium

5452
6420
4178
5192

Suspected/definite
Suspected/definite
Suspected/definite
No visible pathalogy
Swelling/shift

Mass lesion
Compressed/absent
I-5 mm

Sounds-orientated

Localizes/
obeys

Both reacting
120-150 mm Hg
85-110 mm Hy

137-142 mmol/L

None
Missingfuntestable
None

Extension
Abnormal flexion
Normal flexion
Missing/untestable
One reacting
Neither reacting
<120 mm He
=150 mm He
<85 mm Hg
=110 mm Hg
<137 mmol/L.
=142 mmal/L.

208
2.67
221
045
2.62

1.65
2.06
1.63
047
223
148

165
206
162

214

Adaptedfrom Murrayet al., JNeurotrauma2007;37: 329337
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TuasER=IHE Notably, Teasdale and Jennett JuosEl A2
themselves questioned the validity of the summarized use of the three components of the GCS’. The letter unequivocally
states that *. .. 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”.

e

¢ Inter-rater reliability, validity and P,
objectivity

¢ Major confounders aranalgesia
sedationandneuromusculaiblockade

¢ Other confounding factors argjury
pattern as well asherapeutic

interventions
Neuroinflammation Neuroinflammation
Belonce. Sy ng . Saluthuny, Belence. Syriergies Solutiunm,
years N ([Eyears
ean Adapted from Stahel, Br J Surg 2012; 99 Supaill & i ean
af. NeuroCriticalCare
R _Roor 201 == Medical University ofnnsbruck
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g '61 vo Amy%, PR | ity w W VA
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TI% b sohesiin ki A :szm

_NOTFALLANAMNESE

11 seicht s 3. sark s 7.
E\Uswuostios e emom

"Alo(gowm,

Neuroinflammation o | s P i IC: ! Bowimet ik Y Neuroinflammation
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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 !‘Isgzotvﬂ?mmgtwr
outcome in a large cohort of 24 115 patients with TBI from the German Trauma Registry.

Adapted from Stahel, Br J Surg 2012; 99 Suggill 4 &
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Eyelidsopend
to command

Eyelids open| Not intubated, regular breathing patte

Eyelids clos¢ Not intubated,CHEYNESTOKESreathing
pattern
Eyelids close

R2 Not intubated,irregular breathing

Eyelids rema
R1 Intubated, buttriggeringor breathing abov

" < MO No resports i P N ;
Neuroinflammation P ventiauwr rawe Neuroinflammatior
Belowiie Syhergies’ Sl myoclonus status

. Belonce Syergies Solutien,
RO  ApneROr breathing avenijator rate
: [Sears

A |E_7ears
k) ean Adaptedfrom Wijdickset al., AnnNeurol2005;58: 585593 C oL Y I@) ean
o B pee NeuroCriticalCare .
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—— of Severe Traumatic Brain Injury Bt
{ Xdans une situation critique sur s
le plan de laéanimation cérébralgue 3rd Edition
tous les traitementsgui sont
t £ KSdzNB | O dzS
a2yl YAia» Sy

A Join Project of the
Brain Trauma Foundation
Improving the Outoome of Brain Trauma Patients Workiwide

and
American A

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

Ine Copics e B Traumo Foundtion.
708 Thisd Avenue, Suie 1610, New Yk, NY 100174201, phone (212) T72.0608, fux (212) T72004T.
Websit: wen: ong Bl befinfos coonmn g

Mery Aot Lichert, ru._%ﬁu‘wlua
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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 201620 17

[beimifs p Neuroinflammation
""'“ i J Neurotrauma 2007; 24 Suppl 1¢S10€ Neurosurgery 2017; 80c65 | e

Eyeors https://www.braintrauma.org/coma/guidelih Eeo rs

ean Pad N ean
@ > nea NeuroCriticalCare .
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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 wX falls are now themostcommon
! : of standardised data collection for TBI is mandatory for reli-|  causeof TBI, most notably ialderly _ :
petre ‘".I.'."M?.f’"m able monitormng of epidemiological trends and to inform ap- patients Dedroustaianon

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

ean ModifiziertnachPeeterst al., ActaNeurochir015;157:1683;1696
NeuroCriticalCare
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TBIg A Complex Diseadentity

TraumateBrain Injury; the Most Complex Injury
to the Most Cenmaplex Organf the Body»
—

Ea

Department of Pharmacology
Virginia Campus, Virginia €

llis, PhD

0logy, School of Medicine, Medical College of
monWealth University, Richmond, Virginia, USA

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

TBI¢ Heterogeneous Injury &\dtious Circle

Multiple injury patterns

w Braininjury| diffuse

BBBE
(Brain Edemd

Non-ischemic
Metabolic Crisis
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: - w Respiratoryfailure 23%
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2019 w Cardiovasculafailure 18% 2019
Objective: To describe the incidence of non-neurologic organ
dysfunction and its ation with in patients with w Failureof coagulationsystem 4%
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- S ) i e o D

t urvivors, n (%
m&?&g:&m’:&fﬂ ::’y’!;e:"’ p’“‘"‘(g;')”"s'“ care § | Nonsurvivors, n (%) 11 20) 21(33) 13 20) 22 (18)
dysfunction of at least one non-neurologic organ system. Nlnerly- Favorable, 2 (%) 23 (58) 12(29) 9(30) 5(14)
six organ system failures were identified in 74 patients (35%). Nonfavorable, n (%) 17 (43) 30(71) 21 (70) 30 (86)
Respiratory failure was the most eommon non-neurolonlc organ
system failure, rring in 23% Of Table 4. No. of organ system failures and mortality rate
cular failure occurred in 18%. Eldlt patients (4%) had failure of No. of Organ Proportion of Patients Not No. of
the coagulation system. One patient had renal failure, whereas no System Failures Surviving to Hospital Discharge Patients
patient developed hepatic failure. In a multivariate model, non- 026 135
neurologic organ dysfunction was independently associated with 040
hospital mortality (odds ratio for hospital mortality, 1.63; 95% 047
confidence interval, 1.34, 1.98 for one maximum modified multiple 1.0
organ dysfunction score point). 1.0

June 28 - July 2 June 28 - July 2

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 6-12

f’fﬁﬂ"ﬁ?'“f'c’dﬂ“""’“" w Systemid(i.e.,non-neurologi complicationsafter TBlarecommonandindependent Beuronficenmation

Selence Syrergies Solutiuns
contributorsto morbidity and mortality

Adaptedfrom Zygunet al., CritCareMed 2005;33: 654660 4 &
NeuroCriticalCare
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Oslo Hyperactivity after Acquired Oslo
2019 Brain Injury TABLE 3: Sample Characteristics of Paroxysmal 2019

Sympathetic Hyperactivity Cases

June 28 - July 2 Characteristic Value June 28 - July 2

TABLE 1: Features of F 1 % ivit i i i Age, mean yr + SD 242£11.8
oy < Sex, No. (%)
Category Clinical Features Mixed
Autonomic Male 112(78)
Hyperactivity Female 31(22)
Sympathetic Increases in HR, RR, BP, temperature, sweating, and Yes GCS severe injury [<9], No. (%) 199 (100)
pupillary dilation GOS, No. (%)
Parasympathetic Decreases in HR, RR, BP, temperature, and pupillary Yes Ié Déaitli 22(18)

contraction
Motor features  Decerebrate posturing, decorticate posturing, Variable 248D 37 30)
spasticity, hypertonia and/or dystonia, tecth-grinding, 3: Severe disability 56 (45)
N 4: Moderate disability 7(5)
5: Good recovery 3(2)
Clinical setting, No. (%)
Icu 139 (45)
Rehabilitation 119 (39)
Combined 48 (16)

Other Hiceups, lactimation, sighing, yawning Yes

Severe excessive autonomic overactivity occurs in a subgroup of people surviving acquired brain injury, the
Neuroinflammation majority of whom show paroxysmal sympathetlc and motor overactivity. Delayed recognition of paroxysmal sym-{ | =~ |
EeSa s sy pathetic hyperactivity (PSH) after brain injury may increase morbidity and long-term disability. Balonia yite g s, Sailucy

years 4 | years
el Adaptedfrom Perkes eél., AnnNeurol2010;68: 126135 i 4 ID edan
3 o NeuroCriticalCare A
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E.“:.".‘:‘,‘:?év‘"’"" porary Reviews in Cardiovascular Medicine & ! g;..:ﬁ%ﬁ:ﬂ?.:,
Oslo The Brain—Heart Connection Oslo
2019

Sympathetic Storm 2019
June 28 - July 2 | ‘ 0 I June28 - July 2

Adrenal Neurally Released Exogenous
Catecholamines Catecholamines Catecholamines

| Cardiac Receptor Operated e

Calcium Channel e

Possible therapeutiapploaches ‘

. ECG Changes
to prevent neurocardiadamage Wall Motion Digsor e . Sudden Death

GABA Agonists Contraction Bands Takotsubo
Beta-Blockers ‘

. Free Radical Rel
Calcium Channdlockers s Rancatnoicies ()

Free Radicabcaveniers 3 ‘
LSl Easry Neuroinflammation
Enzyme Leak Syrvergus Salisem

Contraction Band Necrosis

Negroinﬂ_qmmation Anti-Oxidants

Adaptedfrom SamuelsCirculation2007;116:77¢84
NeuroCriticalCare
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High-volume trauma centers have better outcomes ]

of Neurology

5" Congress of the
Europeon Academy
of Neurology

Oslo treating traumatic brain injury Oslo
2019

2019

June 28 - July 2

June 28 - July 2

Survival and discharge status from severe traumatic brain injury (TBI) patients| Lowervolume hospitals discharged

desi . onship betw Rt A f
bas 1| Highestvolume centers demonstrated | foryear o @ Significantly morepatients toskilled

o el NUrsing facilities
RG] 9% lower mortalityrisk M""‘(':g's“’ g o

% - — oy ﬂ w Fewerpatients tohome or rehabilitation
random effects model controlling for Wmcuy. and statu

inpatient mortality and functional recove

ned as discharge to home or rehabilitation versus transfer 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 to home or
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).

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

standards will benefit patients with severe traumatic brain injury.

| interventions to improve pli with best-pi

Nrarfintaton wHighvolume (>_ 40 patients per quater) isassociatedvith improved severeTBlsurvival M
faem e’ Sliieny, and, probablyjmproved QoL

L_Feurs , [rears
an Adaptedfrom Tepast al., JTraumaAcuteCare Sur@013;74:143¢148 lD ean
: s NeuroCriticalCare
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«Level» Neurotrauma Managemerg Media Coverag

Sendezeit Exakt die Story
Mi, 20:45 Uhr

Exakt - Die Story | MOR FERNSEHEN | 25.05.2016 | 2045 Uhr

Ruckkehr ins Leben: Schicksal Schadel-
Hirn-Trauma -3

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

bis Patienten wieder ihre v¢
wiedererlangen

«Level» Neurotrauma Managemerg Media Coverag

14


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

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

thee Me & My New Brain

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 Broadca.07.201¢
https://www.bbc.co.uk/programmes/b063h171 g

b NeuroCriticalCar

TBI¢ «EvidenceBased Medicine

) ) B BRAIN TRAUMA TION TBI GUIDELINES
':.'Wlﬂd(':?;l'ﬂefi for }lil-l{ﬁ' M:ﬂ,l?tﬁg‘@f:‘ﬂ)@ﬂ{ Guidelines for the Management of Severe

¢ w For a disease as complexT&s| a commorconcern aboutapplyingthe resultsof a dition
clinical trialis thegeneralizabilityof the resultsto a particular patientor circumstance

e evidence and

¢ Determine wherthoughtful deviationfrom guidelinesis appropriate

¢ Makingclincial decisionsnustalwaysintegnte knowledge ofwvailable evidence [ or i
with a particulampatient's condition, aphysiian's trainingandexperience and the

setting in which the care is beimgovided

1w Strengthof supportingdataisrelatively weak

+] @ Nosingletreatment can beuniformly appropriateacross the wide range of conditic
within TBI b

¢ Supports the search for moiadi vidualized treatment approaches

w Goals arémproved efficiencyreducedcosts andbetter patient outcomes

ZUUT | ZUTOIZOXL]

J Neurotrauma 2007; 24 Suppl 1¢S10€ Neurosurgery 2017; 8615 r ——
https:// www.braintrauma.org/coma/guideline: |

A-_ NeuroCriticalCare

University ofnnsbruck



http://www.bbc.co.uk/programmes/b063h17m
http://www.braintrauma.org/coma/guidelines

Eg,',‘gress Managment of TBt «Who Cares About Guidelinex

Stcenaressctihe S* Congress of the
uropwon Academy

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) (%)

ean
congress

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 |
achievd . . L S . . "
than av] @ Despitewidespreaddisseminationof EBMguidelines patientswith severeTBlcontinueto

Neuroinflammation associf  receiveinconsitent care Neuroinflammatior
Nikia Stk Somlrn

Sclance Syriergues Solutiony

| years wBarriersto adoption of EBM need to hidentified and mitigated to improveoutcomes I__

< Cyears
ean i Y

Adaptedfrom Shafiet al., JNeurosur2014;120: 773777 & Vi ean
NeuroCriticalCare
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ggRgress TBI¢ Brain TraumaFoundationTBI GuidelinesAt" Edition2016

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..er'::ollA

’i ® Decompresswe craniectomjtA l""'“‘ by the GOS-E score at 6 mo postnjury | [~ |~
and with ICP elevation to values >20 mm Hg

a 1-h period that are refractory to first-tier therapi this procedure QUOKEESIOHR

w X resultsof the RESCUEitpal uce ICP and to minimize days in the ICU.
released soorafter the completior I DC (not less than 12 x 15 cm or 15 cm dhmmr) is recommended over

of these Guidelines for reduced mortality and improved neurologi in pati

*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 Wl y Prophylactic hypothermiallB ypothermia is not ded to

June 28 - July 2

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

Mannitol i K | hypotension (systolic
blood p| wHyperosmolar therapyNot supportedbyevidence
Restrict ml

log ioration not to extracranial causes.

tion or prog

Cerebrospinal fluid drainage Level Ill
* An EVD inage of CSF be considered to | icp
burden| @CSF drainagéll Rttt o Tower

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

\)OI"S A Cyears

an

https:// www.braintrauma.org/coma/guideline: i \ 3 ean
NeuroCriticalCare

Medical University ofnnsbruck

16


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

ggRgress TBI¢ Brain TraumaFoundationTBI GuidelinesAth Edition2016

Stcenaressctihe
uropwon Academy
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Oslo
2019

June 28 - July 2

Neuroinflammation

Belance. Syriergies Soluen

|_—l_=yeors

@ean

5" Congress of the
Europeon Academy
of Neurology

June 28 - July 2

Neuroinflammation

Belonce. Syhergies Solutiony

[Eyears
@ean

Topic

Recommendations

Ventilation therapies

Anesthetics, analgesics, and
sedatives

Level 1IB
! "'°‘°“9‘i w Ventilation therapies I1B t“g_ AL I

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 d to monitor oxygen delivery.

Level IIB

wAnestheticsanalgesics and

+ Administ  gadatives I1B

isured by EEG as prophylaxis against the

* 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
6-mont ARSI EI(e] (e ]

can produce significant morbidity.”

Level |
* The use of steroids is not
dosemehvibradnisol

ded for g or reducing ICP. In patients with severe TBI, high-

was associated with increased mortality and is

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

* Transg jejunal feeding is ded to reduce the incid| of

ean
congress

5" Congress of the
uropeon Academy
of Neurology

Oslo
2019

June 28 - July 2

@ Nutrition: IA& IIB I

https:// www.braintrauma.org/coma/guideline:
NeuroCriticalCare

Medical University ofnnsbruck

Topic

Recommendations

Infection prophylaxis

Deep vein thrombosis
Prophylaxis

Seizure prophylaxis

Level IIA

« Early tra w Infection prophylaxisIIA &Il tion days when the over.all benefit is thought to
outwei 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

lated infecti

dtop during

Level Ill

« LMWH “I wDVT prophyIaX|sIII

there is'arr

ination with mechanical prophylaxis. However,

* In addition to compression stockings, ph is may be considered if the brain injury is stable
and the benefit is considered to outweigh the risk of Increased muacramal 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.

Level IIA

* Prophyl A A for preventing late PTS.

* Phenytoi wSeizure prophyIaXIS IA (within 7 d of injury), when the overall benefit is
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 evid to d I

ologic prophy

regarding efficacy in p g early post and

Medical University ofnnsbruck
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Blood pressure thresholds Level Il

. Mllnhlnhi w BP thresholdslIl orat =110 mm Hg or above for patients 15

to 49 or lity and imp
Intracranial pressure thresholds Level IIB

-T’r::'ttl.nl? ®ICP thresholddIB & 111 ve this level are associated with increased

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/ ideli

Cerebral perfusion pressure Level IIB
thresholds

June 28 - July 2

< 2

« The reco WU UITESIIOIUSID & 111
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
Eqweﬂu romflan:ml‘atlon thresholds

. Neuroinflammation
wAdvanced cerebral monitoring Scence Syverges Soteny

* Jugular ve| in order to reduce mortality and improve
outcomed  thresholds 111

https://www.braintrauma.org/coma/guideline: v
NeuroCriticalCare %

Medical University ofnnsbruck

ggr?gress ICP Monitoring in TRl«Damned If | Do Ya, Damned If | Den't

5" Congress of the
Europeon Academy
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ean
congress

5" Congress of the

A Trial of Intracranial-Pressure Monitoring ulll
Oslo in Traumatic Brain Injury Oslo
2019 2019

CONCLUSIONS

June 28 - July 2
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.

Adapted from Chesnut et al., N Engl J Med 2012; 367:¢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¢ 724

NeuroCriticalCare

Medical University ofnnsbruck
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BTF TBI Guideling4h Edition2016¢ «Facts and Myths

A Trial of Intracranial-Pressure Monitoring

. Manageme:; of severe TBI p tie using information from ICP itoring is rec 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 in pafients with severe traumatic 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.

sos hndinae tha anthare canalinda that I D dirantad tharaat in motiante vnth oouars TR chanld ha mndsd b 0000

.| * 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. b

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

https:// www.braintrauma.org/coma/guideline: 4

ol NeuroCriticalCare
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ANOre alculation of CRPNhereto Measure Mean A ANGre
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
=0 Adaptedfrom Thomaset al., BrJAnaesth2015;115:487¢488 =G
af. NeuroCriticalCare v ]
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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

\Q)ean

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°

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

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

Struchen et al., 2001¢ Published methods Tragus
Tolas et al., 200427 Author contact 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

Adaptedfrom Kostyet al., AnesthAnalg2013;177:694c698 »\
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Traumatic Intracranial HypertensianDefinitior» of the Problem

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

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
rV

Insult duration (minutes)

D: Insult Duration

I: Insult Intensity 20 @5 0 B 4

- Insult intensity (mmHg) — Dark red episodes mean
that such ICP insults, on average, are associated with worse
outcome (lower GOS categories); dark blue episodes mean that
such ICP insults, on average, are associated with better outcome
(higher GOS categories). The contour of zero correlation is
highlighted in black, and is called the transition curve

Adaptedfrom Guizaet al., IntensiveCareMed 2015;41: 1061076 4 i
NeuroCriticalCare
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<1 075 05 025 0 025 05 075 1

ayxDefinitior» of the Problem

Visualizing the pressure and time burden
of intracranial hypertension in adult
and paediatric traumatic brain injury

¢ Irrespectiveof CPP
¢ CPP>50mmHg
¢ CPP>60mmHg
¢ CPP>70mmHg

¢ Autoregulation
passive

¢ Irrespectiveof
autoregulation

¢ Autoregulation
active

Insult duration (minutes)
Insult duration (minutes)

Ny uacy o 4 A
15 20 25 30 35 40 3 @
Insult intensity (mmHg) Insult intensity (mmHg)

Adaptedfrom Gliizeet al., IntensiveCareMed 2015;41: 106Z1076
NeuroCriticalCare
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wAsingle episodeof sustained increaselCPis anaccurate predictorof poor outcomes
wDecreased CP#id not affectsurvival

Adaptedfrom Karamanot al., AmJSurg2014;208:363371 K
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