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SpO, = PaO, >80 mmHg

PaCoO, mmHg
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Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4t edition

Level IT A
e Prophylactic use of phenytoin or valproate i1sjnot recommended for preventing late PTS.
e Phenytoin isjrecommended to decrease the incidence of early PTS (within 7 days jof
injury), when the overall benefit is felt to outweigh the complications associated with

such treatment. However, early PTS have not been associated with worse outcomes.

At the present time there 1§ insufficient evidence to recommend levetiracetam|over phenytoin

regarding efficacy in preventing early post-traumatic seizures and toxicity.
PETR OWenA =77 725 LT/Zan
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Factor p Value Odds ratio 95% CI

AIS 0.02 721 131-47.01 Talk and deteriorate® !) X 77

D-dimer <0.001 37.31 5.77 - 740.13

AIS: abbreviated injury score, 95% CI: 95% confidence interval.

- D-dimer =
1% 3 IR CTIRET

Sensitivity
Sensitivity
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040 0.60 ). .0 0. 040 0.60
1-Specificity 1-Specificity

LT E K. it B A ESES 25: 247-253, 2014
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CONFERENCE REPORTS AND EXPERT PANEL

A management algorithm for patients

with intracranial pressure monitoring: the
Seattle International Severe Traumatic Brain
Injury Consensus Conference (SIBICC)

Hawryluk et al. Intensive Care Med (2019) 45:1783-1794
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Hawryluk et al. Intensive Care Med (2019) 45:1783—-1794
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794

+« Maintain CPP 60-70 mmHg
+ |ncréase analgesia to lower ICP
Increase sedation to lower (CP

Maintain PaCOs at low end of normal
(35=38 mmHg/4.7-5.1 kPa)

Mannital by intermittent bolus (0.25-1.0 g/kg)

Principles for Using Tiers:

ar trealmeant

Hyparlonic saling by intermittent bolus®

CSF drainage if EVD in sifu When possible, use

l:_':,\:_:,|'|t;|.'_|[.r I-.'|-|.-Il-_'l:"|'l[""| I'_I1 L'.J'_':' o drain "‘_"'E\I- Tr‘IIF'Hz B no rank order within a ter
It s nol | mogalities In

a lower ber pefore moving 1o the next tar

| parenchymal probe used iniialhy
Consider anti-seizure prophylaxis for 1 week only
(unkess indication to continue) If considered advantageous, tier can be

Consider EEG monitoring ihan advancing treatment

1 I

v

Re-axamine the patient and

Y consider repeat CT to re-evaluate

* Mild hypocapnia range 32-35 mmHg/d4.3-4.6 kPa)

» Neuromuscular paralysis in adequately sedated patients if efficacious*®*

« Parform MAP Challenge to assess cerebral autoregulation and guide MAP and CPP goals in individual patients+

¢ Should be performed under direct supenvision of a physician who can assess response and ensure safety

* No other therapeutic adjustments (fe. sedation) should be performed during the MAP Challenge .
Initiate or fitrate a vasopressor of inofrope to increase MAP by 10 mmHg for not .
Maonitor and record key paramatars (MAE CPR ICP and Py, O,) before during and after the challenge
Adjust vasopressoninotrope dose based on study findings

* Haise CPP with fluld boluses, vasopressors andfor inotropes to lower ICF when autoregulation is inta

ew that basic physiologic

not more than 20 minutes
parameiers are in desired range

_—

g. CPP blood gas values

tion with highar
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+« Pantobarbital or Thiopentong coma

titrated to ICF control il afficacious:

= Sacondary

+ Mid hypothermia (35=-36°C) using active coo
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Consideration of Sedation Holiday in Patients with ICP Controlled

SedatIOn hOlIday on Tier 2 or 3 Therapy

Marshall Classification of

Most Recent L1 GCS, & B3, 3
Ll AF NP P
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794



CPOT (Critical-Care
Pain Observation Tool)
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* Miid hypocapnia range 32-35 mmHg/4.3—4.6 kPa)

Hawryluk et al. Intensive Care Med (2019) 45:1783-1794

Neuromuscular paralysis in adequately sedated patients if efficacious™”

Perform MAP Challenge to assess cerebral autoregulation and guide MAP and CPP goals in individual patientst
Should be performed under direct supervision of a physician who can assess response and ensure sa

No other therapeutic .'—{(};u:;:mwnr}.‘ (le. sedation) should be performed aunng the

Initiate or titrate a vasopressor or inotrope to increase MAFP by 10 mmHg for not mor

Monitor and record key parameters (MAF, CPFE ICP and P,, Q) before during an

Adjust vasopressor/inotrope dose based on study findings

« Raise CPP with lluid boluses, vasopressors and/or inotropes 10 lower ICP v
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794
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« Maintain CPP 60-70 mmHg Hypertonic saline by intermittent bolus’ :.b_l—l: T /\J 75\ /\J ;é'_é (/j:

Incréase analgasia to lower ICH C5SF drainage if EVD in

Cifrd
el ILE

(O J—
Increasa sadation to lowear |CP Consider placement of EVD 10 drain CS /r ! ) ; ;
Maintain PgCO2 at low end of normal I parenchymal probe used initially
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injury), when the overall benefit s felt to outweigh the complications associated with -+ JL
injury), when the overall benefit is felt to outweigh the complications associated wi 71—\_ %;HH TX'E"T&IJ :E)
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such treatment. However, early PTS have not been associated with worse outcomes.

At the present time there ig|insufficient evidence to recommend levetiracetam

regarding efficacy in preventing early post-traumatic seizures and toxicity.

Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4t edition
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« IETDGCS Min3 Max 15 HHR{E7 (IQR 6-10)

e 7y bk 17 7= a7 L 254

« Marshall CT classification 1-2 (IE& 74 L M) HY12)
« % 5 HiFibrinogenfB

Min 99 Max 435 HR{E 181.5(IQR 166.75 — 254.25)
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“ E %B@éﬂ%'f?’w_f :E) %/] 20%| :;gﬁ & Bﬁ% Greuters S et al. Critical Care 2011;15(1):R2.
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72h-2w——> Time (h)

D-dimer
PT, PTT, APTT
Platelet count Fletcher-Sandersjoo et al

Platelet function Neurocrit Care. 2021 Apr;34(2):635-656.




Number
of
patients

Definition of TBI

Definition of coagulopathy

Prevalence of
coagulopathy in
patients with TBI

patients
with coagp-
lopathy
afterTB

Mortality in #/0dds ratio for mortylity

[unfavourable
outcome] in patients
with coagulopathy
after TBI (95% Cl)

Harhangi et al (2008)*
Epstein et al (2014)*
Zehtabchi et al (2008)*

Talving et al (2009)*
Lustenberger et al (2010)"

Lustenberger et al (2010)
Wafaisade et al (2010)*
Chhabra et al (2010)*
Greuters et al (2011)"

Shehata et al (2011)*
Schéchl et al (2011)7
Franschman et al (2012)*

Genet et al (2013)>
Alexiou et al (2013)*

Joseph et al (2014)*

Epstein et al (2014)”

De Oliveira Manoel et al
(2015)>

Dekker et al (2016)*

Studies reporting the prevalence of coagulopathy in patients with clinical moderate-to-severe and/or CT-confirmed TBI, including mortality rates (and unfavourable outcome if available) T

5357

7037

224

387
278

132
3114
100
107

101

88

48

52

Heterogeneous
Heterogeneous

AlS, ... >2 or any intracranial
haematoma on CT

AlS,... =3 and extracranial AlS <3
AlS, ., =3 and extracranial AIS <3

AlS, ., 23 and extracranial AIS <3
AlS, ., 23 and extracranial AIS <3
GCS <13

Brain tissue injury on CT and
extracranial AIS <3

Isolated TBI on admission CT
AlS, ., =3 and extracranial AIS <3

Isolated TBI on CT and
extracranial AIS <3

AlS,... =3 and extracranial AlS <3

Isolated TBI on CT with exclusion
of multisystem trauma

AlS, .., =3 and extracranial AIS <3

AlS, ., =3 and extracranial AIS <3

AlS,... =3 and extracranial AlS <3

AlS,,.=3

Heterogeneous
Heterogeneous
aPTT >34 sorINR >1.3

aPTT >36 sor INR >1-1 or <100 x 10° platelets per L
aPTT >36 sor INR >1-4 or <100 x10° platelets per L

aPTT >36 sor INR >1-2 or <100 x 10° platelets per L
PT, <70% or <100 x 10° platelets per L

Fibrinogen <2.0 g/L

aPTT >40sor INR >1-2 or <120 x 10° platelets per L

PT >13 s or INR =1-2 or D-dimer-positive or
<100 x 10 platelets per L

aPTT >35 s or PT, <70% or fibrinogen <1-5 g/L or
<100 x 10° platelets per L
aPTT >40sor PT >1-2 sor <120 x10° platelets per L

aPTT >35sorINR >1-2
aPTT >40 sor INR >1-2 or <120 x 10° platelets per L

aPTT =35 s or INR =1-5 or <100x 10° platelets per L

INR=1-3
aPTT =60 s or INR 21-5 or <100 x 10° platelets per L§

aPTT >40sor INR >1-2 or <120 x 10° platelets per L

32:7% (10-0-97-5) 51% (35-93)

35-2% (7-86-1) 17-88%
17% (8-30)

34%
45-7%

36-4%
22:7%

7%
24% (54%%)

63%
15-8%
25% (44%%)

13%
14-8% (22-8%%)

13-3% 23%

77%
12.5%

45-1%
66%

42% 45-5%

9.0 (7:3-11:6)
[363(187-705)]
Between 3-0 (2:3-3-8)
and 9.6 (4-1-25.0)

96 (4-1-25.0)

5.0 (1.5-17-0)
[12.0 (4:0-29-4)]

3-8(1-1-13-5)
3:0(23-3:9)

3-8(11-13:5)

91 (2-2-37-3)||

97(31-30-8)

2.6 (1-1-4-8)
[4-0 (17-10-0)]

115 (3-9-34-2)

Bl in thgfPresence

of coagulopathy. --=Data not available. TBl=traumatic brain injury. AIS=Abbreviated Injury Scale. GCS=Glasgow Coma Scale. aPTT=activated partial thromboplastin time. INR=international normalised ratio.
PT=prothrombin time. PT =prothrombin ratio. *Meta-analysis (1966-2007); n=34 studies included. tMeta-analysis (1990-2013); n=22 studies included. tAfter 24 h. §Additional coagulation tests: fibrinogen
<1.0 g/L, any clotting factor <05 (<50% activity), and abnormal viscoelastic test results. ||Based on viscoelastic test results.

Table 1: Studies of the prevalence of coagulopathy after traumatic brain injury

SEERIME (1
REREEZFD &
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Maegele et al.
Lancet Neurol.
2017 Aug;16(8):630-647.




"ORIGINAL WORK

NEUR#S&CRITICAL

CARE SOCIETY

Extended Coagulation Profiling in Isolated

Bohm et al

raumatic Brain |njU|'y: A CENTER'TBI AnaIySiS Neurocrit Care. 2022 Jun;36(3):927-941.
PT-INR>1.2 TlI<1.2{CLE R TIMEDIBARCIH T, FERARDERL G
Acute and delayed mild coagulopathy are related

‘: CRITICAL CARE
to outcome in patients with isolated traumatic

Greuters et al. Critical Care 2011;15(1):R2. [eY&-HaMIati0l¢
PEENR & 2EZ 24BN TORE RS LI L 7= FRAR DO FHIEF
SmGALow NEUR#[ECRITICAL

Check for
ates

CARE SOCIETY

Derivation of Coagulation Phenotypes
and the Association with Prognosis in Traumatic

Brain Injury: A Cluster Analysis of Nationwide Fujiwara et al
Multicenter Stud Neurocrit Care. 2024 Feb;40(1):292-302.
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Nakae et al. Acta Neurochir (Wien). 2019 Sep;161(9):1943-1953.

ORIGINAL ARTICLE - BRAIN TRAUMA m

Check for
updates

A retrospective study of the effect of fibrinogen levels during fresh
frozen plasma transfusion in patients with traumatic brain injury

High-fibrinogen subgroup Low-fibrinogen subgroup
(n=267) (n=44)

Laboratory parameters
Fibrinogen concentration at admission (mg/dL) (mean + SD) 252.4+784 217.3+£90.6
Fibrinogen concentration 3 h after injury (mg/dL) (mean + SD) 2473 £81.7 116.1+£25.4
Fibrinogen concentration 12 h after injury (mg/dL) (mean £ SD) 276.2 £ 88.6 140.0+124.3

Factor Odds ratio (95% CI)

Age (10-year increments) 1.83 (1.23-3.03)
GCS score (1-point decrements) 1.16 (1.00-1.37)

AlS-head (1-point increments) 1.36 (0.28-7.26) . JL —0f hva =
ASDH 3.89 (0.43-44.69) FFPIX 5 S NICEREROME

AEDH 130 (0.26-6.28) 1S %3E. 125 Fib < 150 mg/dL
ICH 327 (0.34-41.28) . F1HNNRERF

TSAH 1.93 (0,09-43.75)
ibrinogen level 3 h after injury (10 mg/dL decrements) 1.16 (1.07-1.28)
Operation 28 1TSTI 96 019.4)
Duration of mechanical ventilation (1-day increments) 1.02 (0.79-1.33)




RESEARCH ARTICLE

Impact of fibrinogen leve

Open Access

| on the prognosis

of patients with traumatic brain injury: a
single-center analysis of 2570 patients

Fib < 200
34 HSE

mg/dL
DAL L 7= FoH

®

Check for
updates

Lv et al. World J Emerg Surg. 2020 Sep 25;15(1):54.

ThH 5



Contents lists available at ScienceDirect

Journal of Critical Care

journal homepage: www.jccjournal.org

Efficacy and safety of fibrinogen concentrate in trauma patients— \!)cm

a systematic review ™ X

C. Aubron, MD, PhD #*, M.C. Reade, MBBS, MPH, DPhil, FANZCA, FCICM °,
J.F. Fraser, MBChB, PhD, MRCP, FRCA, FFARCSI, FCICM ¢, D.J. Cooper, BMBS, MD, FRACP, FCICM *

* ANZIC Research Center, Department of Epidemiology and Preventive Medicine, Monash University, Melbourne, VIC 3004, Australia
b Australian Defense Force and Burns, Trauma and Critical Care Research Center, University of Queensland, Brisbane, QLD 4029, Australia
¢ Critical Care Research Group, University of Queensland, Brishane, QLD 4029, Australia

Aubron et al. J Crit Care. 2014 Jun;29(3):471.e11-7.
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CRITICAL CARE

Fibrinogen in the initial resuscitation of severe trauma
(FiiRST): a randomized feasibility trial

B. Nascimento'*, J. Callum®, H. Tien', H. Peng?, S. Rizoli’, P. Karanicolas®,
A. Alam', W. Xiong", R. Selby’, A-M. Garzon?, C. Colavecchia®, R. Howald,
A. Nathens?! and A. Beckett*

Placebo FC

All-cause 28-day mortality® 1/24 (4.2) 2/207 (10)
Death by exsanguination® 0] 1/21 (4.8)
Symptomatic Deep Venous Thrombosis 0 0

Deep Venous Thrombosis on Leg Doppler 3/14 (21.4) 2/15 (13.3)
Pulmonary Embolism 1/24 (4.2) 2/21 (9.5)
Myocardial Infarction 0

Stroke

Acute Lung Injury . 0

Acute Respiratory Distress Syndrome . 0

Acute Kidney Injury 3/21 (14.3)
Multiple Organ Failure 2/21(9.5)
Infection 5/21 (23.8)

Nascimento et al. Br J Anaesth. 2016 Dec;117(6):775-782.

Relative Risk

24
NA
NA
0.62
2.3
NA
NA
NA
NA
1.7
11
0.7

95% CI

—0.2to0 23
NA

NA
—0.1to0 3.2
—0.2to 234
NA

NA

NA

NA
—0.3t0 9.3
—-02to7.4
—03t01.8
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Davenport et al. JAMA. 2023 Nov 21;330(19):1882-1891.
JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Early and Empirical High-Dose Cryoprecipitate for Hemorrhage
After Traumatic Injury N
The CRYOSTAT-2 Randomized Clinical Trial . -

Standard care overall
Cryoprecipitate overall

Ross Davenport, PhD; Nicola Curry, MD; Erin E. Fox, PhD; Helen Thomas, MSc; Joanne Lucas, MSc;

Amy Evans, MMedSci; Shaminie Shanmugaranjan, BSc; Rupa Sharma, BSc; Alison Deary, MSc;

Antoinette Edwards, MA; Laura Green, MD; Charles E. Wade, MD; Jonathan R. Benger, MD; Bryan A. Cotton, MD;
Simon J. Stanworth, MD, DPhil; Karim Brohi, MD; for the CRYOSTAT-2 Principal Investigators

Cryoprecipitate (penetrating injury)

Patients who died, %

Standard care (penetrating injury)

Time since admission, d
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Role of fibrinogen in cerebrovascular dysfunction after traumatic
brain injury
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N T Y LABE  ~CRASH 3 trial~

Effects of tranexamic acid on death, disability, vascular
occlusive events and other morbidities in patients with
acute traumatic brain injury (CRASH-3): arandomised,

placebo-controlled trial
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