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sBP > mmHg or MAP > 90 mmHg
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=i Hb > 10 g/dL 3FFHTH> 7 g/dL
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JUNE 20, 2013 VOL. 368 NO. 25

Rapid Blood-Pressure Lowering in Patients ‘ sBP <140mmHg
FRilE

with Acute Intracerebral Hemorrhage

Craig S. Anderson, M.D., Ph.D., Emma Heeley, Ph.D., Yining Huang, M.D., Jiguang Wang, M.D.,
Christian Stapf, M.D., Candice Delcourt, M.D., Richard Lindley, M.D., Thompson Robinson, M.D.,

Pablo Lavados, M.D., M.P.H., Bruce Neal, M.D., Ph.D., Jun Hata, M.D., Ph.D., Hisatomi Arima, M.D., Ph.D.,
Mark Parsons, M.D., Ph.D., Yuechun Li, M.D., Jinchao Wang, M.D., Stephane Heritier, Ph.D., Qiang Li, B.Sc.,
Mark Woodward, Ph.D., R. John Simes, M.D., Ph.D., Stephen M. Davis, M.D., and John Chalmers, M.D., Ph.D.,
for the INTERACT2 Investigators*

‘ \ ‘ e l I rOlO The most widely read and highly cited
peer-reviewed neurology journal AMERICAN ACADEMY OF

NEUROLOGY

Home Latest Articles Current Issue Pastlissues Residents & Fellows

October 21, 2014; 83 (17) ARTICLE

Intensive blood pressure reduction in acute intracerebral hemorrhage
A meta-analysis

Georgios Tsivgoulis, Aristeidis H. Katsanos, Kenneth S. Butcher, Efstathios Boviatsis, Nikos Triantafyllou, loannis Rizos, Andrei V. Alexandrov




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Intensive Blood-Pressure Lowering

in Patients with Acute Cerebral Hemorrhage SN 5;'2;;;@;%% ’
ROE XA /K

Adnan |. Qureshi, M.D., Yuko Y. Palesch, Ph.D., William G. Barsan, M.D.,
Daniel F. Hanley, M.D., Chung Y. Hsu, M.D., Renee L. Martin, Ph.D.,
Claudia S. Moy, Ph.D., Robert Silbergleit, M.D., Thorsten Steiner, M.D.,
Jose I. Suarez, M.D., Kazunori Toyoda, M.D., Ph.D., Yongjun Wang, M.D.,
Haruko Yamamoto, M.D., Ph.D., and Byung-Woo Yoon, M.D., Ph.D.,
for the ATACH-2 Trial Investigators and the Neurological Emergency
Treatment Trials Network*




British Journal of Anaesthesia 113 (5): 832-9 (2014)
Advance Access publication 25 June 2014 - doi:10.1093/bja/aeul85

NEUROSCIENCES AND NEUROANAESTHESIA

Flurbiprofen and hypertension but not hydroxyethyl starch
are associated with post-craniotomy intracranial
haematoma requiring surgery

M. Jiant, X. Li1f, A. Wangl, L. Zhang?, R. Han'* and A. W. Gelb3

! Department of Anaesthesiology, Beijing Tiantan Hospital, Capital Medical University, No. 6 Tiantan Xili, Beijing 100050, China
? Department of Epidemiology and Biostatistics, School of Public Health and Family Medicine, Capital Medical University, Beijing, China
3 Department of Anaesthesia and Perioperative Care, University of California San Francisco, San Francisco, CA, USA

* Corresponding author. E-mail: ruquan.han@gmail.com

Results. A total of 202 patients suffered post-craniotomy intracranial haematoma during the
study period, for an incidence of 0.48% (95% CI=0.41-0.55). Haematoma requiring surgery
was associated with an intraoperative systolic blood pressure of =160 mm Hg (OR=2.618,
95% C1=2.084-2.723, P=0.007), an intraoperative mean blood pressure of >110 mm Hg
(OR=2.600, 95% (CI=2.312-3.098, P=0.037), a postoperative systolic blood pressure of
>160 mm Hg (OR=2.060, 95% CI= 1.763-2.642, P=0.022), a postoperative mean blood
pressure of >110 mm Hg (OR=3.600, 95% CI= 3.226-4.057, P=0.001), and the use of
flurbiprofen during but not after the surgery (OR=2.256, 95% CI=2.004-2.598, P=0.005).
The intraoperative infusion of HES showed no significant difference between patients who
had a haematoma and those who did not.
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D-dimer & TBI

57 years under

GCS

0/68
0%

1/7
14.3%

D-

Takayama et al. B¥ZLE5 22: 837-841, 2013
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5/20
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D-dimer & TBI

Factor p Value Odds ratio 95% CI

AIS 0.02 7.21 1.31 - 47.01
D-dimer <0.001 37.31 5.77 - 740.13

AIS: abbreviated injury score, 95% CI: 95% confidence interval.
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Effects of tranexamic acid on death, disability, vascular
occlusive events and other morbidities in patients with

acute traumatic brain injury (CRASH-3): a randomised, -
EnwaAy A — + \
placebo-controlled trial <15 3 KA

The CRASH-3 trial collahorators* G CS 9 - 1 5
Tranexamicacid  Placebo RR (95% Cl) %t Y_I—/\'TE—F 12 . 5% VS 14-0%

Mild to moderate 166/2846 (5.8%) 207/2769 (7-5%) €= 78 (0-64-0-95)
(9-15)
Severe 689/1739(39-6%) 685/1710 (40-1%) 99 (0-91-1-07)

Mild and moderate GCS score Severe GCS score
(3-0

p=0-030

Pupil reactivity
Both react 4403820 (11-5%) 493/3728 (13-2%) 0-87 (0-77-0-98)
Any non-reactive  415/793 (523%)  399/786 (50-8%) —Jl}— 103 (0-94-113)
p=0-032
Overall 855/4613 (18.5%) 892/4514 (19-8%) =~ 0-94 (0-86-1.02)

Risk ratio (95%Cl)

1

T I
075 080 085 090095 1.0 11 T T T T T T
60 120 180 60 120 180 240

< Time to treatment (min) lime to treatment (min)

Favours tranexamic acid
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recommended to reduce in-hospital and 2-week post-injury mortality.
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A Trial of Intracranial-Pressure Monitoring
in Traumatic Brain Injury Class 1
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Intracranial Pressure Monitoring Class 2

in Severe Traumatic Brain Injury:
Results from the American College of Surgeons
Trauma Quality Improvement Program

Aziz S. Alali]® Robert A. Fowler"**® Todd G. Mainprize,” Damon C. Scales,"**° Alexander Kiss,*’
Charles de Mestral"° Joel G. Ray?>®° and Avery B. Natheng #8'°

J Neurotrauma. 2013;30(20):1737-1746.

Adjusted OR

Covariate

Patient-level characteristics
ICP monitoring (yes) 0.44

Lower Mortality Higher Mortality

ICP Rate

Quartile No.

16.1-26%

T
1.0 15

Adjusted Odds Ratio (95% CI)*

95% CI1 p value

0.31-0.63 <0.0001

ICPE=%X U > 7(3
WTEXRIET & EEICEE




Class 2

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

Clinical article

ARASH FARAHVAR, ML.D., Pu.D.,! LiINpDA M. GERBER, Pu.D.,? YA-LIN CHiu, M.S.,?
NaNcy CARNEY, PH.D.,* ROGER HARTL, M.D.,* AND JAMSHID GHAJAR, ML.D., Pu.D.*5

Predictor Variable

ICP monitoring
yes
no
age (yrs)
=60
<60
initial GCS score
6-8
3-5
hypotension present on Day 1
yes
no
CT scan findings
abnormal
normal
pupil abnormalities on Day 1
yes
no

Adults
Adjusted OR (95% CI)

0.64 (0.41-1.00)
reference

2.43 (1.56-3.79)
reference

0.46 (0.37-0.57)
reference

2.08 (1.48-2.92)
reference

2.45 (1.05-5.75)
reference

1.38 (0.99-1.91)
reference

p Value

<0.0001

<0.0001

All Ages

Adjusted OR (95% Cl)

0.63 (0.41-0.94)
reference

2.50 (1.65-3.78)
reference

0.44 (0.36-0.53)
reference

2.08 (1.54-2.82)
reference

2.71 (1.11-6.60)
reference

1.40 (0.98-2.00)
reference

J Neurosurg 117:729-734, 2012

<0.0001

<0.0001
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Impact of intracranial pressure monitoring on mortality
in patients with traumatic brain injury: a systematic
review and meta-analysis

*Qiang Yuan, MD, Xing Wu, MD, PhD, Yirui Sun, MD, PhD, Jian Yu, MD, PhD, Zhiqi Li, MD,
Zhuoying Du, MD, PhD, Ying Mao, MD, PhD, Liangfu Zhou, MD, PhD, and Jin Hu, MD, PhD J Neurosurg. 122:574-587, 2015.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio SE_Weight IV, Random. 95% CI IV, Random. 95% CI
1.5.1 ICU mortality
Mauritz et al 2007 -0.157 0.011 64.0% 0.85(0.84,0.87) O
Haddad et al 2011 001 0456 25% 1.01[0.41,247)
Mauritz et al 2008 0.042 0092 325% 1.04[0.87,1.25)
Gaoetal 2013 03 0774 09% 1.35(0.30,6.15)
Subtotal (95% CI) 100.0% 0.92[0.79, 1.06)
Heterogeneity: Tau*= 0.01; Chi*=5.09,df=3 (P=0.17);F=41%
Test for overall effect: Z=1.13 (P = 0.26)

1.5.2 Hospital mortality

Talving et al 2013 -1.897 0818 2.7% DISNNB0 T —mmm———=——————

Alali et al 2013 -0.821 0181 14.3% 0.44(0.31,0.63) /L_ N Q

Thompson et al 2008 0062 0076 17.4%  0.94[0.81,1.09) 2 O 1 2 T J//< lg @ St d
Mauritz et al 2008 0.039 0096 16.9% 1.04 [0.86, 1.26) — _'EI: u y

Lane etal 2000 0182 0.099 16.8% 1.20(0.99, 1.46)

Gao etal 2013 03 0774 30%  1.35(0.30,6.15] R _ N\ ——
Haddad et al 2011 0536 0394 7.9%  1.71(0.79,3.70) | C P c j: t t >_‘Z\< /(—EE C F ﬁ ==
Shafi et al 2008 0598 017 147%  1.82(1.30,2.54) § = | - gé ==1
Griesdale et al 2010 103 0476 63%  280(1.10,7.12) —_— —

Subtotal (95% CI) 100.0% 1.06 [0.80,1.42)

\Y N 4
Heterogeneity: Tau*= 0.12; Chi*= 48.83, df= 8 (P < 0.00001); I*= 84% —_ _: N ﬁ 7'l<
Test for overall effect: Z= 0.41 (P = 0.68)
w / / -:I: N\

1.5.3 2-week mortality

— A/ N e A\
Chesnut et al 2012 0474 0250 434%  0.62(0.37,1.03) p— N w2l
Farahvar et al 2012 0446 0227 566%  0.64(0.41,1.00) — | —
Subtotal (95% Cl) 100.0%  0.63[0.45, 0.88) ]—E IO\ V —

Heterogeneity: Tau*= 0.00; Chi*= 0.01, df=1 (P = 0.94), F= 0%
Test for overall effect: Z= 2.68 (P = 0.007)

1.5.4 6.month mortality

Zengetal 2013 -1.514 0769 10.4% 0.22(0.05, 0.99)
Chesnut etal 2012 -0.202 0236 54.0% 0.82(0.51,1.30)
Biersteker etal 2012 -0073 035 355% 0.93[0.47,1.85)
Subtotal (95% CI) 100.0% 0.75 [0.45, 1.25)
Heterogeneity: Tau*= 0.07, Chi*= 3.00, df= 2 (P= 0.22), F= 33%

Testfor overall effect: Z=1.11 (P=0.27)

0.2 1 5
Favors [ICP monitor]  Favors [No ICP monitor]




Clinical applications of intracranial pressure monitoring

| C P O) i_l%_j }/_l:lj\ in traumatic brain injury

Report of the Milan consensus conference

Nino Stocchetti - Edoardo Picetti - Maurizio Berardino - Andras Buki -

Randall M. Chesnut - Kostas N. Fountas - Peter Horn - Peter J. Hutchinson -
Corrado Iaccarino - Angelos G. Kolias - Lars-Owe Koskinen - Nicola Latronico -
Andrews L. R. Maas - Jean-Francgois Payen - Guy Rosenthal - Juan Sahuquillo -
Stefano Signoretti - Jean F. Soustiel - Franco Servadei

Acta Neurochir (2014) 156:1615-1622

Monitoring the ICP of comatose TBI patients with a
normal mitial CT 1s generally not recommended.

ICPT \/*JL— Ci

However, due to the occurrence of early negative CT r ﬁ J /4& 22 /4
1C

scans which may subsequently worsen, a second CT N
scan 1s recommended. In case of further neurological A * LD N L/
worsening,| the second CT scan should be (

urgently.
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Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4t" edition

Level I A

e Prophylactic use of phenytoin or valproate isjnot recommended for preventing late PTS.

e Phenytoin isjrecommended to decrease the incidence of early PTS (within 7 daysof
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 levetiracetamjover phenytoin

regarding efficacy in preventing early post-traumatic seizures and toxicity.
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Anaesth Crit Care Pain Med 37 (2018) 171-186

B SFAR

Somete Francaise d'Anesthésie et de Réanimation

Guidelines

Management of severe traumatic brain injury (first 24 hours)™* > |

R8.3 - We suggest measuring intracranial pressure during
extracranial surgical procedure in severe TBI patients.
Grade 2+, Strong Agreement
Argument:
The neurological monitoring of these patients is essential to

limit episodes of decreased cerebral perfusion pressure. SBP < 90 mm Hg
Pietropaoli et al. studied the haemodynamic effects of ex-

tracranial surgery in the first 72 hours after severe TBI &Et%\__’\_SZ%(SO%iEE)
(207]. Thirty-two percent of patients had episodes of intra-
operative arterial hypotension (systolic blood pressu-
re < 90 mmHg). These patients had a mortality of 82%,
whereas patients without intraoperative arterial hypoten-
sion had a mortality of 32%.
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Davenport. Hemodial Int. 2008 Jul;12(3):307-12.

Davenport.Semin Dial. Mar-Apr 2009;22(2):165-8.
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AICP during dialysis (mm Hg)

P
(o))
e ot
=
S
~
o
=3
n
[72]
o
Q.
S
=
o
O
Z
=

20 25 30
Plasma urea before dialysis (mmol/L)

Time relative to dialysis (min)

Lund et al. Acta Anaesthesiol Scand. 2019 Apr;63(4):493-499.
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Take home message

s AIEICHEWTIHEME, YRR, BREREENDIIGHE
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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 45:1783-1794

T [eiEoes Sovers T8I Care-

Expected Interventions:
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1 I

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

* Maintain CPP 60-70 mmHg
Increase analgesia to lower ICP
Increase sedation to lower ICP

Maintain PgCO2 at low end of normal
(35-38 mmHg/4.7-5.1 kPa)

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

Principles for Using Tiers:

Hypertonic saline by intermittent bolus*

When possible, use

CSF drainage if EVD in situ er treatment
Consider placement of EVD to drain CS# There is no rank order within a tier
if parenchymal probe used initially It is not | modalities in
viaxis for 1 week onl a lower ter before moving to the next tier

Consider anti-seizure propt

tn contintie
AN

{ e indicatinn , e arnneidonnd achane o ;
(LI less indication to co ue) | consaerad agvar !dxjg_-u“s e

Consider EEG monitoring

/hen advancing treatment

Y

I EN

* Mild hypocapnia range 32-35 mmHg/4.3-4.6 kPa)

* 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 a ONSeE

No other therapeutic adjustments (ie. sedation) should be performed during the MAP C

Initiate or titrate a vasopressor or inotrope to increase MAP by 10 mmHg for not more than 20
Monitor and record key parameters (MAF, CPP, ICP and P, O,) before during and after the ch

Adjust vasopressor/inotrope dose based on study findings

* Raise CPP with fluid boluses, vasopressors and/or inotropes 1o lower ICP when

SSOSS response

MAP Challk

Y

* Pentobarbital or Thiopentone coma

titrated to ICP control if efficacious}

¢ Secondary

¢ Mild hypothermia (
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Hawryluk et al. Intensive Care Med (2019) 45:1783—-1794
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CPP: cerebral perfusion pressure

CPP — MAP — ICP MAP: mean arterial pressure

T ' ICP: Intracranial pressure

|
60-70 > 22

(1) Level 1B (2) 7'L — FA (1) Level IIB (2) 7'L — FA

ICP > 20 mmHgH 53 LU EFFE D ICPTLIE D B
e CPP<SO0IXFHEAE >70(XARDSD J R  ()tevelin (2) 7L~ FA
o CPPOEBEEIFEAICKY RS ()ieverns )7L —Fa

e |CP-oriented & CPP-oriented
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Table 1 Problems potentially associated with deep seda-
tion

Loss of human contact
Respiratory depression
Inactivity-induced diaphragm dysfunction

Myocardial depression and haemodynamic instability

. B4 8ERS - SR AF I/ B, I BEEFRET B, Microvascular alterations

Altered gut function—ileus
= Airway (micro)aspiration

AIFEGh(Z (X8 -SEEEEZBYICALS, BEFIZIATITRABEEDR Increased risk of pneumonia
E&EY, VAP OREHREFXIET, Increased risk of thrombophlebitis

EiEAE

(1) $88 R4 —)LELTIXRichmond Agitation-Sedation Scale (RASS) D{EA% .
WIS D, Risk of ICU-acquired weakness

(2) RASS DRI7IF—3~0 LHAHLSIHEBERET 5. Peripheral muscle weakness

(8) MWILT (FiEREHRLEE) I, E-BRECFERKRE. EeFT M0 EHME R Immunosuppression
175, & [E 8B &E1T5, Prolonged mechanical ventilation/weaning

(4) BROEFEDM - BEEREIL . RASSEHAWMERLANIILEZEMT 5, HER
X ARETHEBEREZERT S, G4H. HEEICEALTIIRELEGL, Permanent cognitive deficits

(5) HFAtABEE(XAF R AN H DS LIS S IFIERE LA, e

(6) ESF—LOHTHEBEDBMEBZERITISOVNTORE- SFEETL#:ER | Chronicpsychologicalilinesses
HWERHD, Costs

Risk of decubitus ulcers
Delirium

Prolonged ICU and hospital stay

AxfraREss ALERREIA T/ > FIL 201055 P4 Vincent et al. Intensive Care Med (2016) 42:962-971




The NEW ENGLAND
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CMD(Cognitive-motor dissociation)
PEEDEFTHCMDDH Y
EENRE DXL ECMDAE R B

Sedation
level

1 | moderate
low
minimal
none

ESTABLISHED IN 1812 JUNE 27, 2019 VOL. 380 NO. 26

Detection of Brain Activation in Unresponsive Patients
with Acute Brain Injury

Jan Claassen, M.D., Kevin Doyle, M.A., Adu Matory, B.A., Caroline Couch, B.A., Kelly M. Burger, B.A,, R.E.E.G.T,,
Angela Velazquez, M.D., Joshua U. Okonkwo, M.D., Jean-Rémi King, Ph.D., Soojin Park, M.D.,
Sachin Agarwal, M.D., David Roh, M.D., Murad Megjhani, Ph.D., Andrey Eliseyev, Ph.D.,
E. Sander Connolly, M.D., and Benjamin Rohaut, M.D.
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Consideration of Sedation Holiday in Patients with ICP Controlled

Sedatlon hOlIday on Tier 2 or 3 Therapy

Marshall Classification of
X M}o_ﬂ R ecent ( ,',

4

ICPETE L TH » 72K E]

?\

Hawryluk et al. Intensive Care Med (2019) 45:1783-1794
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CPOT (Critical-Care
Pain Observation Tool)
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794

* Mild hypocapnia range 32-35 mmHg/4.3-4.6 kPa)

Neuromuscular paralysis in adequately sedated patients if eficacious*™®

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 safety
No other therapeutic adjustments (le. sedation) should be performed during

Initiate or titrate a vasopressor or inotrope to increase MAP by 10 mmHg f

Monitor and record key parameters (MAF, CPE ICP and P, .O, ) befoi

Adjust vasopressori/inotrope dose based on study findings

¢ Raise CPP with fluid boluses, vasopressors and/or inotropes 1o lower ICP wher
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Howells, et al. J Neurosurg 102:311-317, 2005

PRx - pressure reactivity index



MAP challenge
Tz

* Mild hypocapnia range 32-35 mmHg/4.3-4.6 kPa)

* Neuromuscular paralysis in adequately sedated patients if efficacious™

| Perform MAP Challenge to assess cerebral autoregulation and guide MAP and CPP goals in individual patientst

TERDEERHD AL EMDEERRT TIT)

MAP challenge R 3D &% (F4T40 75 Uy

FEACIFIEZ T1EET207 LURNIZMAPZ 10mmHg L FE & %
MAP. CPP. ICPD{EZEZ=ZX VT35
ERICEDTREFICEEZE N EDIRSEZ AT 5

HRaise CPP with lluid boluses, vasopressors and/or inotropes 1o lower ICP when autoregulal

Hawryluk et al. Intensive Care Med (2019) 45:1783—-1794
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Front Neurol. 2017 Jul 17;8:250.
Hyperventilation Therapy for Control
of Posttraumatic Intracranial
Hypertension

Daniel Agustin Godoy'?*, Ali Seifi®, David Garza“, Santiago Lubillo-Montenegro?®
and Francisco Murillo-Cabezas®

&8

(“
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(\/ Prophylactic

[\\\\\

In the first 48 hours of sTBI

Without Intracranial hypertension
For prolonged time

Without brain oxygenation monitoring

Don’t stop suddenly

\

>




*« Maintain CPP 60-70 mmHg

* Increase analgesia to lower ICP

* Increase sedation to lower ICP

Maintain PgCO2 at low end of normal

AMild hwnoer: .\'( y s / \
£35-98 mnko/d, 7-6.1 kPa) Mild hypocapnia range 32-35 mmHg/4.3-4.6 kPa)

* Mannitol by intermittent bolus (0.25-1.0 g/kg)

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

Level Il B

e Prolonged prophylactic hyperventilation with partial pressure of carbon dioxide in arterial

blood (PaCO;) gf 25 mm Hg or less 1s not recommended.

Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4th edition

PaC0,33-37mmHg CFERREIFE WLWHIREH Y

Mauritz et al. Wien Klin Wochenschr (2007) 119/1-2: 46-55
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794

¢« Maintain CPP 60-70 mmHg Hypertonic s
* Increase analgesia to lower ICP CSF drainage if EVD in

* Increase sedation to lower ICP Consider placement of EVD 1o drz

{ A\ TN Yda 2P nrobe QO 5(-'L.‘ V
* Maintain PgCO32 at low end of normal I parenchymal probe used initially

(35-38 mmHg/4.7-5.1 kPa) Consider anti-seizure prog
]

(uniess Indication to contint

Mannitol by intermittent bolus (0.25-1.0 g/kg)
Consider EEG monitoring

Level I, Il, and III
e Although hyperosmolar therapy may lower intracranial pressure,
evidence about effects on clinical outcomes to support[a specific recommendation]or to
support use of any for patients with severe traumatic brain

injury.

Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4t edition
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Hypertonic saline or mannitol for treating elevated intracranial pressure
in traumatic brain injury: a meta-analysis of randomized controlled trials

Jiajie Gu' - Haoping Huang' - Yuejun Huang? - Haitao Sun® - Hongwu Xu*
Neurosurgical Review (2019) 42:499-509

HS vs Mannitol
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Cochrane Database Syst Rev. 2020 Jan 17;1(1):CD010904.

Hypertonic saline versus other intracranial pressure-lowering
agents for people with acute traumatic brain injury (Review)

Chen H, Song Z, Dennis JA

HTS Mannitol Risk Ratio Risk Ratio

Study or Subgroup Events Total BEvents Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
- Co C h ra n e 1.2.1 Mortality at 6 months’ follow-up (avallable data for Jagannatha)
Coftenceau 2011 6 22 6 25 37.2% 1.14(0.43, 3.02)
E E'
L J

Jagannatha 2016 18 10 20 B28% 0.67 [0.30, 1.46)

(=}
Ll b ra r’y Subtotal (95% CI) 40 45 100.0%  0.84 [0.46, 1.55]

Total events 12 16
Heterogeneity, Chi*f=070,df=1(P=040); F=0%
Testfor overall effect Z=056 (P =058)

Cochrane Database of Systematic Reviews
1.2.2 Mortality at 6 months’ follow-up (worst case for HTS data for Jagannatha)
Coftenceau 2011 6 22 6 25 37.2% 1.14[0.43,3.02]
Jagannatha 2016 10 18 10 20 628% 1.11 [0.61, 2.03]
Subtotal (95% CI) 40 45 100.0% 1.12[0.66, 1.89]
Total events 16 16

M Heterogeneity. Chi*=0.00,df =1 (P=097),F=0%
VS a n n I O Test for overall effect Z= 042 (P = 0.67)

1.2.3 Mortality at 6 months’ follow-up (best case for HTS data for Jagannatha)

Cottenceau 2011 6 22 6 25 298% 1.14[0.43 3.02]
Jagannatha 2016 6 18 14 20 70.2% 0.48[0.23,0.97]

Subtotal (95% CI) 40 45 100.0%  0.67[0.38, 1.18]
__\_L_L_ - 7L ~ Total events 12 20
E Heterogeneity Chi*= 201, df=1(P=0.16); F=50%
JLUN /L1 (J\ l / Testfor overall effect Z=1.37 (P=017)

Test for subdaroun differences: Chi*=1.70. df=2(P=043). F=0%

t t -
0.1 1 10 200
Favours HTS Favours mannitol
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« ) O—IILOERFKRESIZITHARL ICP > 20 mmHgh' 5L E DRz S

 ERIIEREBIEK = h—ILHHA
* CV: 10%NaCl 60 mL(1 mL/kg). >=*8: 3%NaCl 260 mL(5 mL/kg)
e ¥ F—JL 150 ml—300 mL(0.25—-1g/kg) 4-6 hdH T T

c ANBDIRKMTNaF = v 7., BEEF vy (KEIEZFETE(Dr))
« MEZREE > mOsm/L. Na > mEq/LIZIX 5 H 1E
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* Pentobarbital or Thiopentone coma e Secondary decompressive |
titrated to ICP control If efficacious]

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

e Early (within 2.5 hours), short-term (48 hours post-injury) prophylactic hypothermia is

not recommended to improve outcomes 1n patients with diffuse injury.

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

m) 38°CHRBAIEWLNLDIC
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Lancet Neurol. 2011 Feb;10(2):131-9.

Very early hypothermia induction in patients with severe
brain injury (the National Acute Brain Injury Study:

Hypothermia Il): a randomised trial

Guy L Clifton, Alex Valadka, David Zygun, Christopher S Coffey, Pamala Drever, Sierra Fourwinds, L Scott Janis, Elizabeth Wilde, Pauline Taylor,
Kathy Harshman, Adam Conley, Ava Puccio, Harvey S Levin, Stephen R McCauley, Richard D Bucholz, Kenneth R Smith, John H Schmidt,
James N Scott, Howard Yonas, David 0) Okonkwo

m) Evacuated mass lesionfiE!] D & %)

Effect of Early Sustained Prophylactic Hypothermia
on Neurologic Outcomes Among Patients
With Severe Traumatic Brain Injury

The POLAR Randomized Clinical Trial

D. James Cooper, MD; Alistair D. Nichol, MB, PhD; Michael Bailey, PhD; Stephen Bernard, MBBS, MD; Peter A. Cameron, MD;

Sébastien Pili-Floury, MD, PhD; Andrew Forbes, PhD; Dashiell Gantner, MBBS; Alisa M. Higgins, MPH; Olivier Huet, MD, PhD; Jessica Kasza, PhD;
Lynne Murray, BAppSci; Lynette Newby, MHSc; Jeffrey J. Presneill, MBBS, PhD; Stephen Rashford, MBBS; Jeffrey V. Rosenfeld, MD, MS;

Michael Stephenson, BHSc; Shirley Vallance, MClinRes; Dinesh Varma, MD; Steven A. R. Webb, MD, PhD; Tony Trapani, BEmergHealth;

Colin McArthur, MB, ChB; for the POLAR Trial Investigators and the ANZICS Clinical Trials Group

w AL ZEZ WL AL HEMERLEZE DL 5L

JAMA. 2018 Dec 4;320(21):2211-2220.
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Thermogard System
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BSAS(Bedside shivering assessment scale)

NEPE . B0, ERICHEZ FD> N v Al DB THIRD L

DB TN v THBDH BN, BRI N Tk L

SAEB and/or ERICARB T 2> /N 7
BEEb-CRERIc A ERICRERRA N T
rgr, L TTRORNBNG S NY 7

Badjatia et al. Stroke. 2008;39(12):3242-3247

w 22T (TENIEFIRUT) #8187




Shivering
Protocol

AhFEEICERIM Mg 3-4 mg/dLICfRD

Acetaminophen 650 mg PT q 4 hr

Topical warming
BSAS > 1 0) & g Buspirone 30 mg PTq 8 hr
Magnesium sulfate 4 gm IV bolus, goal 3-4 mg/di

NOY R x— 22y (FRABRORE) =

7Y A 1000mg% 1 S NCG =t Meperidine 12:25 mg IV/PT q 6 hr

| ﬂ? N / ~>30m g WHE Dexmedetomidine infusion 0.2 mcg/kg/hr
d/

AR oY 12-25mg § ;\I Fentanyl m?Ssi:r: 25 meg/hr

W e

Shiver Score > 17

Intubate if not already done

z *LT HBSAS>1D & = Propofol infusion

or
Midazolam infusion

1. 7> &X=ZJ)25ug/hor 7 LT v 7 X0.2ug/kg/h
Shiver Score > 1?

2. AR T7A—I, IKXYITLA
3. A/A=7 L

Brophy et al. Neurocrit Care 2015 23:548-568
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: 7 \ \E/
« Maintain CPP 60-70 mmHg Hypertonic saline by intermittent bolus* )—I_) /7I<\
* Increase analgesia to lower ICP CSF drainage if EVD in situ fo)
* Increase sedation to lower ICP Consider placement of EVD to drain CS /r ; ; ;

it parenchymal probe used initially

Maintain PgCO2 at low end of normal N x
(35-38 mmHg/4.7-5.1 kPa) Consider anti-seizure prophylaxis for 1 week only 1 1/ D]_ Faﬁ @ %L

(uniess Indication to contint

Mannitol by intermittent bolus (0.25-1.0 g/kg) '
Consider EEG monitoring y\q 5[ 6 j: /\ <
;- El / I \

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

Level II A

e Prophylactic use of phenytoin or valproate ignot recommended for preventing late PTS
e Phenytoin iy recommended to decrease the incidence of early PTS (within 7 daysjof

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 isjinsufficient evidence to recommend levetiracetam pver phenytoin

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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| Pentobarbital or Thiopentone coma ¢ Secondary decompressive cranectomy

titrated to ICP control If efficacious? * Mild hypothermia (35-36°C) using active cooling measures

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

Level Il B

e Administration of barbiturates to induce burst suppression measured by EEG as

Iprophylaxislagainst the development of intracranial hypertension islnot recommended.l

. IHigh-dose barbiturate administration is recommended to control elevated ICPIrefractory

t(i maximum standard medical and surgical treatment.|Hemodynamic stability 1s essential

before and during barbiturate therapy.

Brain trauma foundation Guideline for the Management of Severe Brain Traumatic Injury 4t edition
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« EAMICERDF
* |ICP (/j:'f-&—lt é.: ’tj._ —/Z) b\%?ﬁ (,j: B&% L/ 7,3: L) (Majdan et al. J Neurotrauma. Jan 2013;30(1):23-29.)

e FARYEZ—I)L (TR} —JL) % Loading L THi:
«2-10 mg/kg > 1-6 mg/kg/h (4-6 mg/kg/h TBurst suppression)

*EEGEZ=X YU V7 L TER
e Burst suppression ' HHIR L 7= T LA EE= L 4Ly
c ICPZFEEIC L. MHFEEVCEEGZ FERZEIC L 74 Ly
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Hawryluk et al. Intensive Care Med (2019) 45:1783-1794

Maintain CPP 60-70 mmHg Hypertoni

Increase analgesia to lower ICP CSF drainage if EVD

Increase sedation to lower ICP Consider placement ol EVD1

~ )arenchymal probe used i
Maintain PgCO2 at low end of normal | parencriymal probe ust

(35-38 mmHg/4.7-5.1 kPa) Consider anti-seizure

(UNiess Ingication 1o contw

Mannitol by intermittent bolus (0.25-1.0 g/kg)
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Take home message
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